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Abstract
The investment and financing instrumentAT1, or Contingent Convertible bond,
has become popular in the post-crisis capital markets, prompting interest and
research in the academic world. The instrument’s debt definition but equity
boosting properties makes it rather extraordinary, and its stochastic features
makesmultiplemathematical valuationmethodologies relevant, especiallywith
regard to the risk of extending the call date of the instrument. With investors
still relying on screening tools for valuation, there is an absence of applica-
tions using existing mathematical approaches. This report therefore aims to
narrow the gap between academia and industry by evaluating the use of such
mathematical approaches in a practical investment setting, in particular the
Improved Credit Derivative approach and the Extension Premium Relative
Value approach shall be examined. Both models strive to account for the ex-
tension risk, a commonly disregarded yet critical risk, adding computational
challenges to the implementation. Besides from discovering necessary prac-
tical adjustments, and their effects, the two pricing approaches are compared
in an attempt to confirm their joint purpose of accounting for extension risk.
Ending up with varying results consisting of evident offsets for the improved
credit derivative model but significant correlations in the case of the extension
premium model, their individual performance was diverse while the hypothe-
sis of joint behaviour could be dismissed.





v

Värdering av AT1 CoCo-obligationer
(eng. Additional Tier-1 Contingent Convertible Bonds)

Beaktande av förlängningsrisk

Sammanfattning
Investerings- och finansieringsinstrumentet AT1, eller Contingent Convertib-
le bond, har blivit populärt i kapitalmarknaderna efter finanskrisen, vilket lett
till intresse och forskning i den akademiska världen. Instrumentets grund som
skuld men egenskaper för att tillskjuta eget kapital gör det extraordinärt, och
dess stokastiska funktioner öppar upp för flertalet värderingsmetoder, speciellt
gällande förlängningsrisken hos datumet för kallning. Eftersom att investera-
re fortfarande använder sig utav screening-verktyg för värdering finns det en-
dast begränsad forskning rörande användande av matematiska metoder. Denna
rapport har därför som mål att minska avståndet mellan den akademiska värl-
den och industrin genom att utvärdera användandet av sådana matematiska
metoder för praktiska investeringar, särskillt skall Improved Credit Derivative
och Extension Premium Relative Value metoderna användas. Båda modeller-
na strävar efter att ta hänsyn till förlängningsrisken, en risk vanligtvis bort-
sedd ifrån men trots det kritisk, vilket tillägger ytterligare beräkningsutma-
ningar vid implementationen. Bortsätt ifrån att upptäcka praktiska justeringar
och dess effekter jämförs de två värderingsmetoderna i ett försök att bekräfta
deras gemensamma syfte, att ta hänsyn till förlängningsrisken. Att i slutändan
nå blandade resultat besående av uppenbara avvikelser för improved credit
derivative modellen men starka korrelationer i fallet av extension premium
modellen gjorde att man kunde dra slutsatsen att deras individuella prestanda
skilde sig medan hypotesen om gemensamt beteende kunde avfärdas.
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Chapter 1

Introduction

The contingent convertible (Coco) instrument has come to be favored as an
attractive choice of investment and a comforting method for issuers to hedge
themselves against future risk. Cocos allow issuers to sell debt in form of
bonds which will be triggered should the issuer experience financial distress,
which results in the bonds injecting equity into the issuing institution. Hence,
the issuer is not only exposed to default risk. With greater risk comes also
greater reward in form of wide spreads and large coupons, making the instru-
ment a common component of investment funds and portfolios. Due to the
technical nature of Cocos, the valuation process becomes significantly more
advanced in comparison to corporate bonds where the cash flows are more
predictable. In short, the risks of Cocos consist of issuer capitalization, dis-
cretionary coupons and extension risk, i.e. postponement of maturity date,
which will be the focus of this report. As the issuer base consist of banks and
financial institutions, contributing important functions to society, governing
authorities also possess the ability to control how issuers act with respect to
these risks, introducing a close to impossible aspect to quantify which shall
be omitted in this report. Investment managers are equipped with limited re-
sources to evaluate these risks and theymost often utilize relative value screen-
ing tools to assess the risks they are willing to take and the yields necessary
for compensating for these risks. Some have turned to academics to figure out
how to fairly price Cocos, resulting in valuation approaches such as the credit
derivative and equity derivative models in De Spiegeleer and Schoutens [1].
However, many of these techniques are difficult to implement in a practical set-
ting as they require extensive modifications for individual Cocos and issuers.
Additionally, some advocate a rather naive assumption, that the bonds will be

1



2 CHAPTER 1. INTRODUCTION

called on the first call date, effectively neglecting extension risk.

The year 2020 marks ten years since the birth of Cocos and with average time
to first call of 5-10 years the first bulk of securities have just started to reach
their first call dates. Because of this, discussions around quantifying the val-
uation impacts of extension risk has only recently surfaced among investors.
Hence, extension risk is now treated very differently and it is of importance
to these investors to establish a systematic approach towards this type of risk
and uncertainty. Issuers initially treated the option to extend Cocos as a no-no,
largely in fear of alarming sentiment, which is why the extensions of 2019 and
2020 have caused surges in trading volume and volatility of these securities. In
2019, Santander’s Mar-19 Coco dropped almost 5% on the day of announcing
the extension (see Figure 2.2), while 2020 very recently introduced Deutsche
Bank’s choice of extending their Apr-20 Coco. Since Cocos acts fundamen-
tally as debt, extensions justifies higher yields, meaning investors must not
take the naive approach of pricing Cocos plainly to their first call dates with-
out preparing for fast downturns in the market.

Returning to academia, attempts have been made to account for extension risk
in what this report treats as fair value models. Among few existing models, the
credit derivative approach has been expanded in De Spiegeleer and Schoutens
[2]. The approach, as presented by the authors, still hold limitations when it
comes to creating a generalised model to be employed by an investment man-
ager. This report should therefore investigate the so-called Improved credit
derivative approach1 in order to assess the possibilities of deploying such a
model in a practical investment setting. The model shall be tested on Cocos
using relevant data available to a investment manager and statistical measure-
ments and parameters shall be studied to provide evidence of the usability and
accuracy of the model. To support the Improved credit derivative model and
to strengthen the investor analysis, a screening valuation tool developed to ac-
count for extension risk shall be examined too. The tool, called the Extension
Premium Relative Value approach, is described in Finsterbusch and Henriques
[3] and was developed at one of the industry players. As this report partly aims
to put forward pricing methods usable to investors, a section shall be devoted
to comparing the results of the two approaches in order to examine analogies
and distinctions based on their independent inputs and results.

1This name is made up by the author of this report as the original authors had no explicit
name for it.
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1.1 Research Questions
Addressing two methods to account for extension risk in pricing Cocos and
evaluating the usefulness of the models in the investor analysis, separately and
jointly, this report strives to answer the following questions:

• What adjustments need to be made in order to apply the improved credit
derivative approach and the extension premium relative value approach
in a practical investment setting?

• What are the effects of these adjustments with respect to the prices of
the improved credit derivative approach?

• Do the improved credit derivative approach and the extension premium
relative value approach compute prices synchronously under these ad-
justments?

1.2 Thesis Outline
For readers not familiar with the characteristics of Cocos, the report first pro-
vide a background on its main features. The background also consist of a
section on extension risk, further motivating work on the topic as well as pre-
senting an example of a Coco being extended. The heart of the report is in-
troduced in chapter 3, by an overview of one of the basic procedures of pric-
ing Coco bonds from an academic perspective, the credit derivative approach.
The approach is followed by chapter 4, focused on extension risk, including
the improved credit derivative approach and the extension premium relative
value approach, where the later one address the issue from an industry point
of view. Chapter 5 displays the results of applying the models from chapter 4
to a large data set and a case study, it collects evidence and contains an evalu-
ation and discussion of the appropriateness of using the models in a practical
investment setting. The report ends with chapter 6, containing the conclusions
most relevant to the questions above.

1.3 Thesis Considerations
Evaluating fair value models is a difficult task primarily because there is no
correct price to compare to the models output. Some academics argue the mar-
ket price to be the true fair value of a security, leaving zero purpose to research
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within the field of security modelling. Assuming fair value as something un-
known, it becomes impossible to know when the model is correct, in turn
making it impossible to assess the adequacy of a model. The choice of bench-
mark therefore comes down to the goal of the investor, which is to act when
she believes the market price will move in a certain direction. The investor is
therefore bound to the market price in order to collect her profits. With this
short motivation, the market prices will be used as the benchmark in assessing
the models’ performance on Cocos and the adequacy will be determined based
on the models’ ability to predict and mimic the market’s behaviour.

A few constraints with this study: The report will consider banks as the main
type of issuer of Cocos even though other financial institutions, e.g. insurance
companies, also represents common issuers. Restricting the issuers is done in
order to solely include issuers whose stocks are floating publicly, a require-
ment for acquiring some of the necessary parameters. Also, while some of
the old-school Cocos may be categorized as T2 instruments, this study put an
emphasis on AT1 Cocos. This is due to the fact that T2 instruments may have
so called coupon step-ups on call dates, i.e. the coupon is increased should the
issuer not call the instrument. Since AT1 categorized Cocos must not include
any incentive either to call or not to call, these instruments are treated very
differently when it comes to extension risk. As the valuation approaches in
this report do not comply with coupon step-ups, T2 instruments are not con-
sidered. Finally, as mentioned previously, governing authorities in the region
of each issuer have the ability to intervene the banks decisions on coupon pay-
ments and call dates. Most prominently, they are able to convert the Cocos to
equity injections as they see fit. Given the difficulty in quantifying this risk, it
will not be accounted for.

For full disclosure, this project has been carried out in collaboration with SEB
Investment Management (SEB IM), one of the leading asset managers in the
Nordic region. Hence, while the results and conclusions from this report can
be replicated by anyone, the intended users are the investment managers at
SEB IM. Also, the programming portion of the project has been executed co-
operatively with another master student, Adrian Djerf, who studied the trigger
risk of Cocos in Djerf [4]. For the reader interested in gaining a deeper under-
standing of the most delicate risk of Cocos, his report may be of use.
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1.3.1 Data
The data used directly or indirectly in this report has been retrieved from
Bloomberg through its API services and consist of both static and historical
daily data for selected bonds and issuers. The historical data runs up to 2020-
03-17. Some statistics on parameters have been fetched from Cocos’ prospec-
tus. Issuers have been chosen by preferences of the investment managers at
SEB IM, although without regard to any particular investment strategy, and a
complete list of the 42 issuers can be found in the appendix. Note that the data
observable in this report should not be reused for commercial purposes.



Chapter 2

Background

Deviating significantly from theoretical zero-coupon bonds and traditional cor-
porate bonds, Cocos deserve a proper introduction for the reader to fully com-
prehend the more sophisticated mathematical pricing formulas presented later
in this paper. Prior to walking through the technicalities of the instrument,
a short motivation behind its debut is presented since Cocos serves a valu-
able purpose in the financial markets and its features closely resembles this
purpose. Going beyond the characteristics of the instrument, the topic of this
paper, extension risk, is established. The concept of extension risk will be
described followed by a brief introduction to previous work and an example
displaying the importance of taking extension risk into account. The example
will include Santander’s Mar-19 Coco bond which was the first of its kind not
to be bought back at its first call date.

2.1 AT1 Contingent Convertible Bonds

2.1.1 Purpose of the Instrument
The fallout of the financial crisis in 2007-2009 evidently demonstrated the ur-
gency for stricter policies and guidelines for capital reserves in the banking
industry. As a result of increased risk taking and soft liquidity in many in-
stitutions, hazardous circumstances arose which, when securities across all
asset classes took a downturn, concluded in bankruptcy and extremely dis-
tressed situations for some of the worlds largest and oldest institutions. One of
the greatest contributors to the troubles these institutions faced was the write-
downs of mortgages in the United States where billion of dollars worth of

6
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securities suddenly became worthless, consequently diminishing the value of
the banks which possessed them. Over the years, financial institutions, such
as banks, have become an integral cornerstone of society and with increased
complexity and interconnectedeness the fall of actors in the financial industry
quickly escalates to serious issues concerning the general public. Because of
the link between the health of the banking sector and the financial systems,
to prevent the collapse of the modern economy, governments and later com-
petitors were forced to rescue certain institutions back in 2007-2009. In the
former case, the so called bail-outs involved the delicate matter of using tax-
payers money. Naturally, this led to heated discussions and increased pressure
on banks to restrain from such levels of risk taking. In accordance with the
Basel III proposals, a proactive strategy with focus on strengthening the loss
absorption capacity of the banks was enforcedwith the aim tomaintain a safety
net available during turbulent times. One part of the implementation of this
strategy was the introduction of contingent convertible capital, an instrument
which in good times acts as debt, but will be used to boost the equity and limit
the liabilities of a issuer if the said issuer falls into distress. Hence, Cocos do
in practice cover and absorb losses in extreme events which supports stabi-
lization of the operations of the issuer, protecting investors, customers and the
financial systems from the effects of a possible downfall [5].

2.1.2 Regulatory and Hybrid Bank Capital
To construct a sustainable relationship between banks and society, and to re-
strain banks from taking excessive risk, regulators have since long imposed
requirements on banks. In particular, banks are forced to maintain specific
minimum capital requirements. Hybrid capital in general exist to absorb losses
inflicted by the issuing institution’s business or the financial risk of the issuer.
Authorities responsible for governing capital levels of banks vary by nation-
ality of the bank. However, national governance is commonly carried out by
central banks and financial supervisory authorities. Additionally, international
standards are also upheld by the Basel-based Bank for International Settle-
ments and the London-based European Banking authority. In following the
capital requirements, segments of the regulatory capital are divided into Tier
1 and Tier 2 capital. The group of Tier 1 capital include high-quality capital
and should be accessible to cover losses in a going concern context. Tier 2
capital should instead be accessible only in a gone concern context. During
the financial crisis, the concept of regulatory capital showed not to be a suf-
ficient indicator of financial stability. Several banks with high levels of Tier
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1 and seemingly lower Tier 2 capital suffered material losses, mostly since
the loss absorbing mechanism of going concern Tier 1 capital failed. At the
time, there was also significant discrepancies in the forms of hybrid instru-
ments and where they fit into the capital structure of the issuer. For example,
while it has become popular to consider hybrid capital as subordinated debt,
this was not a commonplace back in 2007-2009. To improve conditions for
another possible crisis, continent capital instruments was proposed and sub-
sequently introduced as a fix to the problem of loss absorbing Tier 1 capital.
More precisely, contingent convertible capital (Cocos) belong to the groupAd-
ditional Tier 1 capital and hence possess’ the beneficial properties of both the
going concern characteristics, i.e. the loss absorption may be activated before
bankruptcy, and the gone concern characteristics, i.e. the activation will occur
only in extremely distressed scenarios [6]. To assess the solvency of the issu-
ing institution and to find a relative value of the capital level, management and
governing authorities observe the Tier 1 capital in relation to risk-weighted
assets, commonly referred to as the Common Equity Tier 1 (CET1) ratio. The
risk-weighted assets, which in the case of a bank consists of credit exposure,
represents the sum of assets under a risk weight model. The model itself often
differs depending on which institution is doing the calculation. While author-
ities have certain standards, banks often apply internal models [7].

2.1.3 Anatomy and Loss Absorption Mechanism
There are several rather distinctive characteristics of Cocos which could be
unfamiliar to the ordinary bond-holder. Features such as perpetual maturity
and discretionary coupons both immediately introduce complications when it
comes to theoretical valuation. Perpetual maturity means the bonds theoreti-
cally have no set maturity date, but instead may be bought back/called on pre-
defined call dates. Discretionary coupons say that paying coupons is optional
to the issuer and that cancellation of coupons does not require a default. In
addition to the event of a default, the bonds are subject to trigger events which
has the potential to cut the value to the investor prior to a default [8].

The design of Cocos, as a form of hybrid capital, must satisfy a number of
criteria in order to fulfill its functionality as a capital safety net in a fitting
manner. For the extent of details covered in this report, the three most promi-
nent criteria are: (1) The Cocos must absorb the losses of its issuer prior to
or at the exact time of insolvency of the issuer. (2) The conversion to equity
or write-down of the Cocos must be dependent on the capitalisation level of
the issuer. (3) The Cocos cannot position itself and/or other instruments of
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the issuer as victims to pricing manipulations [8]. Below is a dive-in into how
two components, loss absorption mechanism and trigger, of Cocos reflect the
three criteria.

Loss Absorption Mechanism

In accordance with the purpose of Cocos, they must be able to absorb the pos-
sible losses of its issuer, and they must do so prior to or at the exact time of
insolvency. This component can be constructed in two different ways: By con-
verting the bonds to shares or by writing down the principal value of the bonds.
Both mechanisms are activated by a trigger event based on the capitalization of
the issuer. The trigger event is further described in the next subsection.

The first mechanism of loss absorption, conversion, effectively means that on
the occurrence of activation the Coco-holder/investor loses her right to a pay-
back of the principal amount of the bonds, but instead receive a number shares
of the issuing institution. For the issuer, this mean he is forced to issue new
shares to the bond-holders. On the other hand, he can move some of the debt
to the equity side of his balance sheet, cutting his liabilities which he can then
use to cover losses. By issuing new shares, the issuer dilutes the current shares
outstanding which only adds to the fact that the value of the shares most likely
already suffered a significant depreciation due to the distressed status of the
issuer. This will indeed disfavor current shareholders in the issuing institution.
The Coco investor will hence receive shares at a low relative value, especially
if the number of shares she receives is based on the share price on issue date
of the Coco (presumably higher share price) rather than on the current share
price, which is not uncommon. One upside to the investor is that she gets to
participate in the potential future growth of the share price [8].

The second mechanism, write-down, is more in line with the event of a default
of a traditional corporate bond. As in the case of conversion, the issuer moves
some of his debt to the equity side of his balance sheet, but he does this without
offering compensation to the investors. Hence, the investor will in fact lose the
amount of the principal that is being written down. However, differently from
traditional corporate bonds, the written down amount can actually be written
back up if the issuing institution manages to stabilize its financial records and
capitalization accordingly [8].

In either scenario (conversion orwrite-down), the issuermay technically choose
to only convert or write-down a certain portion of the amount. The reader
should be aware of the fact that in a real world scenario of a trigger event,
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the issuer will be in such bad shape financially that the conversion/write-down
will most likely be of the full amount.

Trigger Types

To decide when the loss absorptionmechanism should be activated there needs
to be some sort of common factor to measure. Since the activation of the
loss absorption should be dependent on the capitalization of the issuer, there
are a couple of different trigger events which can be taken into consideration.
As brought up in the section on regulatory and hybrid capital, a frequently
used ratio is the CET1 ratio. The CET1 ratio is applied broadly by issuers but
another measure with important properties is the share price of the issuer, a
measure also more favorable to academia. The final trigger type considered in
this report is the discretionary trigger. As the name suggests, the discretionary
trigger is an option for activating the loss absorption mechanism when there
exists a clear need for liquidity, without the necessity of another trigger or
regulatory breach.

The CET1 ratio is a so called accounting trigger, meaning it is based on bal-
ance sheet information. Since it is commonly used as a capital requirement by
governing authorities it serves as a convenient measure for the solvency and
capitalization of the issuer. One downside with an accounting trigger is the
fact that they cannot be observed in real time, but is only updated regularly on
a quarterly basis [8].

To have a real time observable trigger, an alternative is to adopt the share price
of the issuer, representing the market value of the equity capitalization and
consequently referred to as a market trigger. Furthermore, the share price adds
new problems, more specifically regarding the third criteria presented above
on pricing manipulations. As the stock market is open freely for trade, a share
price trigger could create an incentive for Coco investors to drive down the
share price of the issuer in order to acquire shares at favorable conditions of
the issuer in terms of capitalization and operations [8].

Lastly, the discretionary trigger is an important consideration of valuing Cocos
as it represent an event with a probability impossible to quantify. Due to the
difficulties in modelling the discretionary trigger, the possibility of a discre-
tionary trigger will be omitted as part of the assumptions in this report.
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2.1.4 Risks
Examining Cocos as an investment, the investor benefits from awareness of
the three main risks associated with Cocos. First, as discussed previously, the
main risk to regard is the event of a trigger followed by a conversion or write-
down of the principal amount. Second, and the topic of this report, the risk
that the issuer decides not to buy back/call the Coco on the first call date. This
risk is commonly referred to as extension risk and will be explained in greater
detail in section 2.2. Third, the risk of coupon cancellation, i.e. due to some
circumstance the issuer cancels one or several coupon payments.

Closely related to the risk of a defaulting issuer, trigger risk should be judged
on the basis of the financial health of the issuer as the trigger event usually
occurs when there is concern in the capitalization as described above in the
section on trigger types. By construction, the trigger event will always take
place in advance of a default, discarding default risk which usually serves as
the main consideration in bond investments [9].

Coupon cancellation is most often a result of shortage of cash of the issuer but
may be enforced even under normal circumstances. The decision may also be
forced upon the issuer by a governing authority should they deem the condi-
tion of the issuer to be a future risk to the financial system. With respect to
the influence of coupons on the payoff of the bonds and the negative signals
a cancellation sends to investors, it is highly unlikely that cancellation is re-
alized when the issuer operates healthy. Because of this, it is assumed in this
report that cancellation would only occur at the same stage as a trigger event.
Practically speaking, this means the risk of coupon cancellation will be left
out in the pricing procedure [9].

2.1.5 Lifespan of Cocos
In order to clarify the properties and functionality of Cocos there are three
example scenarios of Coco lifespans visualised below in Figure 2.1. Keep in
mind that these are just some of the possible scenarios and that combinations
of the scenarios are likely as well.
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Figure 2.1: Three scenarios of the Coco lifespan

Walking through the scenarios one by one, scenario (1) shows the typical lifes-
pan characterized by regular coupon payments and redemption (buyback of
bonds) on the first call date. Scenario (2) includes a trigger event taking place,
subsequently followed by either a conversion of the bonds to shares or a write-
down of the principal amount. In the case of a write-down, it is also possible
that a fraction or the full amount of the written down portion is written back up.
The write-up would also result in reinstantiation of coupon payments before
redemption at a future call date. Finally, scenario (3) displays what happens in
the case of an extension on the first call date. If extended, the Coco becomes
subject to a call schedule, where intervals between call dates not necessarily
match the time from issuance to the first call date. For example, say time from
issuance to first call date is 5 years, then a potential call schedule could include
calls on a quarterly basis.

2.2 Extension Risk
As illustrated in Figure 2.1, extension risk refers to the risk that the issuer of
a Coco decides not to call the bonds on a certain call date (i.e. postponing
payback of the principal). Most prominently, one usually points to extension
risk with regard to the first call date as this is usually when the issuer choose
to call the instrument. For a reader new to financial markets it might not be
so obvious why a bond investor would be interested in the time to maturity
of her investments and how this time affects valuation of bonds in general.
There are several considerations to present here, but the most notable ones are
the number of coupon payments received by the investor and to what extent
the investor should discount the payback of the principal amount of the bond
[9].



CHAPTER 2. BACKGROUND 13

When deciding whether to enter into an investment, it is of interest how much
onewill receive in compensation andwhen this compensationwill be received.
How much one receives in compensation is resembled by the number and size
of coupon payments, which in the case of bonds occurs a fixed number of
times per year. Hence, if the investor is uncertain of the maturity date of her
investment, she cannot know in advance of her investment how much she will
be compensated. To understand why the time to payback of the principal is
a critical component to the valuation process, it is important to be familiar
to the concept of time value of money. In short, one could think of the time
value of money in the following way: If an investor is to lend $100, what are
her options if she is paid back six months from now in contrast to if she is
paid back in one year? Should she be paid back in one year, she will obvi-
ously have $100 one year from now. However, should she instead be paid
back in six months, she can deposit her $100 in a bank account, and under
healthy economic conditions receive interest on her money, leaving her with
$100 plus six months interest after a one year period. So, a requirement for
absence of arbitrage is that the compensation for the one year loan is higher
than for the six month loan. Likewise, a Coco investor prefers to know when
she will receive her principal amount in order to evaluate the yield necessary
to compensate for her commitment to the time period she withholds from other
investments.

One technicality to keep in mind is that the coupon rate of the bonds will be
reset at each call date should the Coco be extended. The credit spread from
the coupon on the issue date, commonly referred to as the reset spread, will
however be constant while the risk-free rate is updated, consequently altering
the coupon proportionally.

2.2.1 Previous Work
Since the birth of Cocos there have been a surprisingly high output of academic
work on this relatively niche instrument. Given that issuers of Cocos tend to
call the bonds on the first call dates, only a limited share of this work have
been dedicated to the subject of extension risk, especially work with the aim to
account for extension risk in pricing processes. However, two types ofmethods
to approach extension risk shall be addressed and the second type will further
be implemented and evaluated in Chapter 4 and 5. Both methods follow very
intuitive ways of thinking around extension risk. The first method assumes
the call decision to be based on capitalization through the CET1 ratio. This
builds on the fact that a well capitalized issuer have more room for lowering
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its capitalization by calling a Coco, while a poorly capitalized issuer do not
have the same opportunity due to regulations and laws on the CET1 ratio.
Moreover, the secondmethod takes focus on the characteristics of the bond and
the issuer rather than the issuer alone. Given a constant need for capital and
hence a Coco in the market, an issuer will choose to call its Coco at a certain
call date if the issuer confidently can issue a new Coco at a lower coupon.
Conversely, the issuer will extend its Coco if it cannot issue a new Coco with
a lower coupon. The problem with this question, which might sound easy at
first, lies in predicting the coupons available to an issuer at future call dates.
These future coupons, or rather the credit spreads added to the risk-free rates,
will be referred to as refinancing levels and it is one of the key components
going forward in this report.

In Ritzema [10], the author suggest a structural approach to take on exten-
sion risk, specifically by using the Analytically Tractable First-Passage Time
(AT1P) model, originally developed in Brigo and Tarenghi [11]. The model is
characterized by simulations of the different parameters needed to price a Coco
according to a arbitrage free formula specified in Ritzema [10]. The paths of
the parameters are found using Monte Carlo simulations and assumptions of
Brownian Motions, particularly for the CET1 ratio. Extension risk is taken
into account by first assuming the risk to be driven by the CET1 ratio and then
setting a extra threshold to the simulated CET1 ratio. Should the CET1 ratio
be below the threshold on a call date, the issuer will not call the Coco due
the already weak capitalization and not wanting to decrease it even further.
One strength of the AT1P model is the fact that the model parameters can be
calibrated to the equity and credit markets both, which allows for greater flex-
ibility and less negligence. In contrast to standard First Passage Time models,
the AT1P model also calibrates parameters with regard to implied risk neutral
survival probabilities collected from Credit Default Swaps.

In comparison to the structural approach, De Spiegeleer and Schoutens [2]
build on their previous credit derivative method by introducing a intensity ap-
proach to extension risk. Utilizing the closed pricing formula for the Credit
Derivative model found in Chapter 3, they present an iterative procedure to ap-
proximate a expected call date based on probabilities of the bonds to be called
on a predefined set of call dates, which in their turn are limited by a start guess
of the expected call date. Each iterative step takes us closer to the most accu-
rate call date and corresponds to a Coco spread (credit spread) and the spread’s
standard deviation. The procedure originates from two relationships. First, a
longer time to maturity typically indicate a higher probability of a trigger event
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occurring some time during the lifespan of the Coco. In turn, this justifies a
higher yield and spread of the Coco since it is considered to hold greater risk.
Second, assuming that the yield to maturity and its spread demonstrate the cur-
rent refinancing level, a higher spread will decrease the probability of a call
which drives the maturity date longer into the future. Taking these relations
under consideration, it is possible to find a equilibrium point where the con-
ditions for each relation are met. This process is described further in chapter
4.

Going beyond academia, the industry has made their attempts to clarify the
implications of extension risk on valuation. J.P. Morgan Chase (JPM), one of
the American investment banks, have published Finsterbusch and Henriques
[3] on a relative value framework. Similar to the work in De Spiegeleer and
Schoutens [2], the researchers at JPM use the refinancing levels of the issuers
to make a regression on how much the extension risk is priced relative to other
Cocos in themarket. As a supplementarymodel, this frameworkwill be imple-
mented and evaluated in order to investigate if it can strengthen the conclusions
of the derivative approach.

2.2.2 Example: Santander Mar-19
To provide a real world example of extension risk and to display the conse-
quences of an extension, here is a recap of one of Santander’s Cocos which
had its maturity extended in advance of the first call date in March 2019. A
summary of the Coco is comprised in Table 2.1. As seen in the table, the orig-
inal call date was extended just until this January when Santander announced
the buyback in March 2020. What happened to Santander that made them fi-
nally call the bonds was that they were able to issue a new EUR 1.5 bn Coco in
January before the announcement to call the old one. The new Santander Coco
received great attraction from investors despite their reluctance to call the six
year old Coco. The new Coco ended up with a coupon at 4.375% which puts
their rationale on buying back the Santander Mar-19 (which had a coupon of
5.481%) in line with the previous explanation on the role of refinancing levels
[12].

In Figure 2.2 the price of the Santander Mar-19 is showed for the time pe-
riod 2014-2020. Before March 2019, it is clearly visible when Santander
announced they would extend the Santander Mar-19. Investors were disap-
pointed, resulting in a sell-off, causing the price to plunge. As seen right
before January 9 2020, when Santander issued their new Coco, the price of
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the Santander Mar-19 had rallied, consequently pushing the yield down which
gave Santander an indication of favorable refinancing levels, strengthening the
rationale to buy back the Mar-19 and replacing it with a new Coco.

ISIN XS1043535092
Rating (Moody’s) Ba1
Issuer Banco Santander
Coupon 5.481%
Coupon Frequency Quarterly
First Call Date 2019-03-12
Currency EUR
Issue Date 2014-03-12
Issue Size 1.5 bn
Next Call Date 2020-03-12
Call Effective Date 2020-03-12
Call Frequency Quarterly
CET1 Trigger 5.125%
Loss Absorption Conversion

Table 2.1: Summary of Santander Mar-19 prospectus. Source: Bloomberg

Figure 2.2: Santander Mar-19 Coco



Chapter 3

Pricing AT1 Contingent Convert-
ible Bonds

Starting from the main risk of Cocos, the first step in pricing the instrument
is to successfully model the yield in relation to the trigger risk. In this report,
one of the derivative approaches developed in De Spiegeleer and Schoutens [1]
will be used as the base in the valuation process, the credit derivative approach.
There are two reasons for this: First, the approach emerges from a standpoint
directly and fully related to the arena of financial mathematics. This is pri-
marily because of the concepts employed in the model, among others these
include theory on Black-Scholes. Second, the authors have made additional
steps in developing the approach to account for extension risk, steps which will
be described later in section 4.1. This chapter will consist of a mathematical
introduction to the approach which takes the perspective of a fixed income in-
vestor and tries to find the extra spread needed to make up for the credit risk.
As the main issue of this report is introduced in chapter 4, this chapter merely
serves as a baseline for the topic of this report and will therefore only include
a brief derivation of the mathematical concepts needed. For a more detailed
description, see De Spiegeleer and Schoutens [1].

3.1 Credit Derivative Approach
The credit derivative approach, also referred to as the reduced form approach,
at large consist of an intensity model. From the beginning, consider a default
intensity parameter λ. Using this parameter, one can express the probability

17
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of survival during T years as exp(−λT ), giving the probability 1−exp(−λT )

of a default during the same period. Using this theory and a specific λ, it
is possible to compute the probability of a bond defaulting, which then can
be used to price it. Before expressing a price, or a spread in this case, it is
important to consider the potential payback in the scenario of a default. The
portion which can be recovered by the investor will be denoted as the recovery
rate R. Hence, the potential loss to the investor is (1 − R) × N , where N
represents the nominal amount of the investment. Based on the two intensity
parameters, an expression for the credit spread may be formulated as:

cs = (1−R)× λ (3.1)

Adapting this procedure to Cocos, instead consider the trigger intensity param-
eter λTrigger, which, given the nature of Cocos, will be greater than λ. While a
majority of Cocos rely on a accounting based trigger intensity, in order to find
a closed formula, the credit derivative approach uses a market trigger in form
of the issuer’s share price. The transformation from an accounting trigger to
an implied market trigger can be found by applying the model on the issue
date of the Coco, when the spread is deterministic. Also consider RCoco, the
potential recovery rate of a Coco. Since Cocos can be of either the conversion
or write-down type, RCoco can take two different forms:

RCoco, Conversion =
S∗

Cp

(3.2)

RCoco, Write-down = 0 (3.3)

Where S∗ denotes the share price when the bonds are converted and Cp the
price of the shares received. Under the assumption that a write-down would be
of the full amount, the investor would obviously recover zero of the nominal
amount. This leaves us with the final form of equation 3.1:

csCoco = (1−RCoco)× λTrigger (3.4)

Finding the credit spread then comes to identifying the λTrigger representative
of the probability of the share price of the issuer dropping below the implied
market trigger level. With parameters as below, this becomes the probability
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that the stock price S touches the implied trigger share price S∗. The prob-
ability, based on the Black-Scholes framework for the first exit time equation
used in barrier option pricing, is described as:

p∗ = N

(
log(S

∗

S
)− µT

σ
√
T

)
+

(
S∗

S

) 2µ

σ2

N

(
log(S

∗

S
) + µT

σ
√
T

)
(3.5)

With parameters:

µ = r − q − σ2

2
q : Continuous dividend yield
r : Continuous interest rate
σ : Volatility
T : Time to first call date
S : Current share price of issuer
S∗ : Implied trigger share price

Note that the naive credit derivative approach assumes maturity on the first
call date, consequently ignoring the extension risk. Using p∗ and the time to
the first call date as the period to be modelled, the intensity parameter λTrigger
becomes:

λTrigger = − log(1− p∗)
T

(3.6)

Combining equation 3.6 with equation 3.4 for the trigger intensity and insert-
ing either equation 3.2 or 3.3 for the recover rate, the closed form expression
for the Coco credit spread below is achieved:

csCoco = − log(1− p∗)
T

× (1−RCoco) (3.7)



Chapter 4

Accounting for Extension Risk
when Pricing Cocos

Following a theoretical background of a basic methodology for pricing Cocos,
it is now time to dive further into extension risk. It was particularly apparent
that the basic pricing approach disregarded the possibility of an extension of
the maturity date of the Coco, a naive assumption which ignores one of the
most prominent aspects of the instrument. As outlined in the introduction, it
was not until recent years the industry developed a demand for pricingmethod-
ologies sophisticated enough to account for the risk, a risk which became evi-
dent only as issuers started to debate the alternatives near the first call dates of
their Cocos. Therefore, this chapter shall continue to examine the pricing ap-
proaches available but with an important focus on including the maturity date
of the instrument as something unknown, rather than deterministic. Out of
the three approaches laid out in section 2.2.1, the two concluding approaches
will be analyzed in chapter 5 and are therefore presented in detail throughout
this chapter. The approaches are chosen because of their ability to be executed
within a reasonable time frame on a large universe of bonds. Starting with
the expansion of the credit derivative approach developed in De Spiegeleer
and Schoutens [2], which takes on extension risk from probabilistic angle and
deploys an iterative procedure to estimate a maturity date, this chapter is com-
pleted with a description of the Extension Premium Relative Value framework
designed in Finsterbusch and Henriques [3], at the American investment bank
J.P. Morgan Chase.
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4.1 Improved Credit Derivative Approach
In contrast to the theory in section 3.1, now let T be the time to the final
maturity of the Coco instead of the time to the first call date. In advance of
the time T , also consider the Coco to have k number of call dates at times
{t1 < ... < ti < ... < tk}. Closely prior to each of these occasions, the
issuer of the Coco needs to make the decision whether to call the bonds on
time ti or to extend the decision until the next call date at time ti+1, effectively
increasing the time to maturity with ti+1 − ti years. Besides the extension
of time to maturity, the coupons of the Cocos will be subject to resets with
regard to the risk-free rate rt included in the coupon calculation. Since the
coupon is regarded as the interest rate or "cost" of the bonds, it is essential to
account for the potential changes of the coupon. Keep in mind that the reset
spread csreset, which will stay constant throughout the life of the Coco, is the
most critical part of the coupon as this represents the interest rate which can be
compared with other Cocos. To get a good overview of the coupon structure a
table of coupon rates are displayed in Table 4.1. Note that there might be one
or several coupon payments in each interval, depending on the frequency of
payments and call dates.

Time Interval Coupon
[0, t1] r0 + csreset
(t1, t2] r1 + csreset
(t2, t3] r2 + csreset
... ...

(ti, ti+1] ri + csreset
... ...

(tk−1, tk] rk−1 + csreset

Table 4.1: Coupon structure of Cocos

The purpose of investigating the future coupon rates is that they can, and will,
be considered the cost of extending the Coco on any instance ti. This is the
cost to recognize in comparing if it is more expensive to extend the bond or to
issue a completely new Coco, where the least expensive option is the natural
path for an issuer to follow and will constitute the rationale behind whether
to extend a Coco or not. To determine which option is more/less expensive,
there needs to be a good proxy for the cost of issuing a new Coco, since the
true refinancing cost can only be observed by actually issuing a new Coco.
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This proxy consist of the so-called refinancing rate plus the risk-free rate ri.
The refinancing rate used in this report will be the credit spread cs(ti) for the
Coco. Because of the fact that both the reset of the coupon and the refinancing
cost at time ti depends on the same risk-free rate, the following conclusion can
be drawn: a Coco issuer will extend its Coco if cs(ti) > csreset, i.e. if it would
be more expensive to issue a new Coco.

Apart from assuming a constant need for having debt in the market, it is also
assumed that the proxy at each call date
{cs(t1), ..., cs(ti), ..., cs(tk)} does not depend on the time to maturity of the
Coco. This is because the proxy should work despite the issuers preference on
the tenor of a potential new Coco. Finally, assuming that the credit spread,
characterized by its volatility σc, follow a Geometric Brownian motion, it
becomes possible to express the credit spread cs(ti) at a future call date ti
as:

cs(ti) = cs(t0)× exp
(
−1

2
σ2
c (ti − t0) + σc(Wti −Wt0)

)
(4.1)

With the assumption of the credit spread following a Geometric Brownian
motion as in equation 4.1, it is possible to design the random variable Yi =

log( cs(ti)
cs(t0)

) which follows a Normal distribution and has meanMi and variance
Vi:

Yi = log
(
cs(ti)

cs(t0)

)
∼ N(Mi, Vi)

Mi = −1

2
σ2
c (ti − t0)

Vi = σ2
c (ti − t0)

Building on the variable Yi, let us now investigate the probability of a call
occurring in the first place and its effect on the maturity of the Coco. For
this educational example, consider only one possible call date at t1. Given our
previous assumptions, the probability of a call may then be quantified as:

Prob(call on t1) = Prob(cs(t1) < csreset) =

∫ log
(
csreset
cs(t0)

)
−∞

fN(u;M,V )du

(4.2)
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Where fN(u;M,V ) denotes the density function of normally distributed vari-
able with mean−1

2
σ2
c (t1− t0) and variance σ2

c (t1− t0). Replacing the integral
with the cumulative distribution function of a standard normal variable, equa-
tion 4.2 is equal to:

Prob(call on t1) = Φ

 log
(

csreset
cs(t0)

)
− 1

2
σ2
c (t1 − t0)

σc
√
t1 − t0

 (4.3)

Equipped with this handy tool, it becomes quite simple to estimate the time to
maturity since the Coco must be called on either the call date at t1 or on the
final maturity date at T . The expected maturity becomes:

TE = Prob(call on t1)× t1 + (1− Prob(call on t1))× T (4.4)

For an inexperienced mathematician it might not be as obvious, but from equa-
tion 4.3 it is evident that a high reset spread increases the probability of a call at
t1, which in equation 4.4 more clearly pushes the expected maturity towards
t1. These are important properties which are in line with the intuition of a
Coco issuer’s behaviour.

To put equations 4.2-4 in a more general setting, now consider a set of multiple
but finite number of call dates. Instead of thinking in terms of probabilities of
calls, the inverse of probabilities of extensions shall serve as more intuitive.
Since the probability of an extension at t1 is Prob(cs(t1) > csreset), the relation-
ship Prob(call at t1) = 1 - Prob(extension at t1) should display the simplicity
of thinking in each respective term.

Only should the bond be extended at t1 the issuer faces the next call date at
t2 where the same rational on whether to extend the Coco or not apply, i.e.
extension will occur if cs(t2) > csreset. Hence, the probability of an extension
at t2 becomes:

Prob(extension on t2) = Prob(cs(t1) > csreset, cs(t2) > csreset) (4.5)

Using said relationship and equation 4.5, the probability of a call at t2 may
then be expressed as:

Prob(call on t2) = Prob(extension on t1)− Prob(extension on t2) (4.6)
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And by generalising equation 4.5 and 4.6 we arrive at the probabilities of ex-
tension and call at time tj:

Prob(extension on tj) = Prob(cs(t1) > csreset, ..., cs(tj) > csreset) (4.7)

Prob(call on tj) = Prob(extension on tj−1)− Prob(extension on tj) (4.8)

Using the assumption of the credit spread following a Geometric Brownian
motion (see equation 4.1), returning to the variable Yi allows us to create a
more practical procedure of finding the probabilities at each given call date.
For i = 1, ..., k:

Yi = log
(
cs(ti)

cs(t0)

)
= −1

2
σ2
c (ti − t0) + σc(Wti −Wt0) (4.9)

K = log
(
csreset
cs(t0)

)
(4.10)

Prob(extension on tj) = Prob(Y1 > K, ..., Yj > K) (4.11)

For readers familiar with the work in De Spiegeleer and Schoutens [2], a no-
table change with respect toK should be explained since the authors treat the
the cost of extension as something variable, i.e. having Ki. While this re-
port considers csreset as something constant, hence making K a constant, De
Spiegeleer and Schoutens’ approach is subject to coupon step-ups. Therefore,
should csreset come to change during the lifespan of the Coco, K will change
accordingly. Coupon step-ups are omitted in this report since it has become
a very uncommon property of Cocos, and is prohibited for Cocos categorized
as AT1 instruments.

With j = 1, ..., k, the vector Y = [Y1, ..., Yj] is a j-dimensional Multivariate
Normal variable. Y then has the density function:

fMVN(y;M ,V ) = (2π)
−k
2 × |V |

−1
2 × exp

(
−1

2
(y −M )TV −1(y −M )

)
(4.12)
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Where M and V are the mean vector and the covariance matrix defined as
below, using the Brownianmotion property cov(Wti ,Wtl) = min(ti, tl):

M = [M1, ...,Mj], Mi = −1

2
σ2
c (ti − t0)

V = σ2
c


(t1 − t0) · · · (t1 − t0) · · · (t1 − t0)

... ... ...
(t1 − t0) · · · (ti − t0) · · · (ti − t0)

... ... ...
(t1 − t0) · · · (ti − t0) · · · (tk − t0)


To further develop equation 4.11 into a computable expression, the density
function in 4.12 is employed:

Prob(extension on tj) =

∫ ∞
K

· · ·
∫ ∞
K

fMVN(y1, ..., yj;M ,V )dyj...dy1, j = 1, ..., k

(4.13)

And using the symmetry of the Multivariate Normal distribution:

Prob(extension on tj) =

∫ 2M1−K

−∞
· · ·
∫ 2Mj−K

−∞
fMVN(y1, ..., yj;M ,V )dyj...dy1

= FMVN(2M1 −K, ..., 2Mj −K;M ,V ), j = 1, ..., k

Where FMVN is the cumulative distribution function of the Multivariate Nor-
mal distribution. Having a closed form equation for the probability, equation
4.4 can be generalised to multiple call dates instead of one:

TE =
k∑

i=1

Prob(call on ti)× ti + Prob(call on T ))× T (4.14)

Note that Prob(call on T ) = Prob(extension on tk). Finding the price of the
Coco corresponding to this value as the maturity will be the theoretical fair
value of the security according to the improved credit derivative approach.
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The careful reader has at this point made one crucial observation regarding the
above approach, the formulas are circular. In chapter 3 it was put forward that
the price, or spread cs(t0), is dependent on the maturity while in this chapter
the estimated maturity itself was shown to depend on the spread cs(t0). As
briefly described in section 2.2.1, the circularity is dealt with by applying an
iterative process which locates the equilibrium where the drivers of the price
and the maturity intersect. The process is twofold and can be implemented as
follows:

1. Maturity→ Price: A longer time to maturity is considered more risky
than a shorter time to maturity. The investor should therefore be com-
pensated for buying a Coco which matures longer into the future by a
higher yield, i.e. higher spread. Likewise, a shorter time to maturity
justifies a lower yield and spread. This factor is of course accounted for
in the credit derivative approach and a maturity date which is very likely
subsequent to an actual call serves as a good initial guess and outputs a
first Coco spread.

2. Price→Maturity: As included throughout this chapter, the spread of
the Coco is seen as the cost for issuing a completely new bond and is
compared to the reset spread of the Coco at every call date in order to
assess if it is cheaper to extend the current Coco or to refinance it. This
is particularly apparent in formulas 4.9-4.11. Using the Coco spread
determined by the initial guess and equations 4.13-14, an estimate for
the maturity is found. This estimate is then used as the input for the
credit derivative approach to find yet another Coco spread.

The steps above are repeated until a threshold is reached and the spread as
well as the maturity has converged. For detailed steps and an example pricing
process, please see De Spiegeleer and Schoutens [2].

4.2 Extension Premium Relative Value Approach
Turning to a more simplistic however yet very practical methodology proposed
in Finsterbusch and Henriques [3], the goal here is not to compute prices based
on alternative information as in previous approaches, but to take advantage of
the market prices and study their relevance to each other and the market aver-
ages. Highlighted in the background section was that this approach resulted
not in a price but a deviation from themarket average. Although this is true, for
the sake of the purpose of this report, an attempt have been made to adjust the
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market price of selected securities according to corresponding deviations pre-
sented by the model developed in Finsterbusch and Henriques [3]. With that
said, the extension premium relative value approach aims to approximate av-
erages of the AT1 market with respect to two parameters which constitutes the
likelihood of a Coco being called and the pricing of this likelihood. Analyzing
individual bonds against these averages allows the investor to draw conclu-
sions on how the market is pricing the likelihood/risk of this particular bond
being called in comparison to other bonds with similar likelihood of being
called. The two parameters studied are called extension premium and buffer
to extension, and definitions can be seen below. One of the ideas behind this
model is again that the reset spread and refinancing spread represents the costs
to compare when determining whether it is more advantageous for the issuer
to extend an outstanding Coco or to call it and issue a completely new bond.
What separates this model from the improved credit derivative approach in De
Spiegeleer and Schoutens [2] is the proxy for the refinancing spread. While the
improved credit derivative approach suggest that the plane spread of a single
Coco indicate a reasonable refinancing level, the authors of Finsterbusch and
Henriques [3] take this one step further and utilize multiple bonds per issuer in
order to get a better approximation. This proposal especially battles the previ-
ously mention flaw of the improved credit derivative approach, that the spread
of an outstanding Coco, despite time to maturity, should serve as a good ap-
proximation for a refinancing with unknown tenor, since an issuer most often
has several Cocos outstanding with distinctive maturities. Moreover, this in-
troduce another issue since the new method requires an issuer to have multiple
Cocos outstanding in order to make a good approximation, which further de-
teriorates the accuracy between separate issuers depending on the number of
outstanding bonds.

Buffer to Extension = Reset Spread− AT1 Refinancing Estimate
Extension Premium = AT1 Refinancing Estimate− Spread to Call

As seen in the formulas for Buffer to Extension and Extension Premium one
important first step is to compute the refinancing estimates for each issuer.
Only after that can the two parameters be calculated for the bonds in the desired
universe. The bonds are then grouped together and a linear regression is made
to find the averages in each dimension. An illustration of the final product can
be seen in Figure 4.2.
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Addressing the novelty of this model, the estimate for the refinancing spread is,
as mentioned, one vital component in dealing with extension risk, specifically
as it is used in order to assess whether it is financially rational to extend or to
call a Coco. As brought up previously, the method used here includes using
several bonds outstanding by one issuer to find the estimate which can then
be used to calculate the Buffer to Extension and Extension premium for each
of that issuer’s bonds. So while the aforementioned parameters are calculated
on a bond level, the AT1 Refinancing Estimate is unique to the issuer itself.
As in the improved credit derivative approach, market spread (however here
spread to call1) and reset spread will be the key components in the refinancing
analysis. The output is of course a spread and the most pedagogical explana-
tion is given along with the example of the issuer Nordea in Figure 4.1. In
the figure are the bonds of Nordea displayed with regard to their spread to call
and reset spreads. In addition, a simple linear regression shows an approx-
imated relation between spread to call and reset spread. Having established
this line, the ultimate target is to find where on this line a new issue would
occur. Luckily, at the moment of issuing a new bond, the spread to call and
reset spread will always be equal to each other, resulting in a linear relation-
ship Spread to Call = Reset Spread. Observing the intersection will reveal the
refinancing estimate which can be interpreted on any axis. While the new is-
sue must lie on the line with upward slope, it is important to remember that
the regression of the outstanding Cocos simply represents an estimate. In the
article Finsterbusch and Henriques [3], the authors provide a in-depth analysis
of the accuracy of this refinancing estimate including back-testing. Also, this
method does not fully eliminate the problemwith tenors as the estimate is only
as good as the outstanding Cocos. Particularly, short-dated bonds tend to trade
strangely, affecting the spread to call and the regression. To deal with this is-
sue the authors suggest excluding any Cocos within two years of their next call
date. Other limitations of the model, relevant to the improved credit approach
too, include disregarding currency effects as well as new issue premia.

1Instead of spread to worst. When translating price to spread you can use different matu-
rities.
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Figure 4.1: Finding refinancing estimate for Nordea on 2020-03-02. Blue line
is the regression and the dashed orange line represents the relationship Spread
to Call = Reset spread.

With refinancing levels for each of the issuers in the universe of interest, cal-
culations of Extension Premium and Buffer to Extension can be done using
data already at hand from the process of finding the refinancing levels, namely
Spread to Call and Reset Spread. Grouping all bonds in a graph with dimen-
sions representative of our main parameters and again applying a simple linear
regression leaves us with the final product of this approach. One example of
this graph, using few bonds, can be seen in Figure 4.2. First, Buffer to Ex-
tension, from the formula and our rationale, Cocos with greater reset spread
than refinancing spread should have a low probability of extension (cheaper to
issue new bond, i.e. call old bond), leading to Cocos with a positive Buffer to
Extension belonging to this group. On the other side, Cocos with a negative
Buffer to Extension should belong to the group of bonds with a high probabil-
ity of extension, since the refinancing spread is greater than the reset spread
(making a new issue more expensive than extending the outstanding Coco).
Second, Extension Premium tells us how a Coco trades in relation to its refi-
nancing level by comparing its own spread to call with the refinancing spread
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of the issuer in question. It might be tempting to assume that a Coco with neg-
ative Extension Premium, i.e. a Coco trading with a spread to call higher than
the refinancing spread, should be considered expensive, however this is not the
case. Onemust consider the probability of the Coco being extended, hence our
linear regression with respect to the buffer. The regression line, representative
of how the universe trades at average, is the divider we are interested in. Cocos
trading above this line are trading at low spread to calls relative to the market,
indicating that these bonds are cheap, while Cocos trading beneath the line are
trading at high spread to calls relative to the market, showing that these Cocos
are trading expensive2. As with the approximation of refinancing spreads, the
regression in the entire universe is dependent on the number of Cocos and their
quality. Interpretation of outliers quickly becomes difficult, a regression with
increased convexity or concavity is a potential solution to this problem.

One implied flaw discussed in Finsterbusch and Henriques [3] is the circu-
larity one could argue arises when the spread of a Coco eventually converge
to the market average, since the refinancing estimate will then be altered as
well. Should, for example, the spread to call widen, the refinancing spread
will widen too. However, the authors deem this a small issue since large move-
ments in one Coco has little effect on the resulting analysis. As an example
the authors take one of BNP Pariba’s Cocos which, should it converge the 69
basis points (bp) the model suggests, will still be expensive but only by 13bp,
since the refinancing spread increased barely 10bp.

Concluding on the Extension Premium Relative Value approach, in order to be
able to compare the results from this model to the improved credit derivative
approach, an extraction of the deviations from the regression line was made.
These deviations were then added to the spread to calls observable in the mar-
ket, leaving us with an adjusted spread to call.

2Cheap and expensive with respect to the spread. The inverse applies to the price.
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Figure 4.2: Illustration of Coco universe and regression. Bonds are issued by
Nordea and DNB.



Chapter 5

Results and Evaluation

Here, as the central chapter of this report, the theoretical pricing approaches
presented in chapter 4 are put to use to assess both the practicality of deploy-
ing such concepts in a investment setting as well as to evaluate desirable con-
junctions in their results. As the report aims to answer the question whether
the improved credit derivative approach and the extension premium relative
value model support each other’s findings based on alternative inputs and as-
sumption, chapter 5 lays out of a variety of evidence backing and contradict-
ing this proposal. The evidence consist of a comparison between the two ap-
proaches with regard to a set of statistical measures computed on a large data
set. The statistical measures are calculated in relation to the benchmark of
market prices but also between the two approaches. The broad analysis is
complemented by a case study of HSBC’s Mar-25 where the output of each
model is not only subject to statistical measures but also observed over time
and the the results of the improved credit derivative approach is manipulated
in a parameter study and a sensitivity analysis. Exposed to diverse results,
the sensitivity analysis shall also strive to detect parameters with significant
influence on the outcome. Prior to the evaluation part, considerable assump-
tions and adjustments made to each of the approaches are reviewed. Although
there exists academic literature and research on Cocos, implementation of the
pricing procedures in question proved difficult largely due to accessibility and
estimation of parameters.

32



CHAPTER 5. RESULTS AND EVALUATION 33

5.1 Improved Credit Derivative Approach

5.1.1 Assumptions and Adjustments
As outlined in section 3.1 of this report, the fundamental inputs of the credit
derivative approach are quite a few. Building our pricing models hence re-
quired access to to all these parameters for every issuer and bond of interest.
For the implementation to function properly for the 42 issuers and over 170
Cocos, this information had to be available throughout the bonds lifetime in
order to be able to perform backtesting. It goes without saying that this project
could never have been carried out without the information source Bloomberg
which, as one of the most reliable sources, unfortunately failed to provide each
of these parameters smoothly. Nevertheless, this pitfall did not put a stop to
the project as Bloomberg was able to provide us with sufficient information in
order for us to construct adequate solutions for the shortages. However, our
solutions had limitations with regard to the precision to the theoretical frame-
works developed in De Spiegeleer and Schoutens [1] and De Spiegeleer and
Schoutens [2]. The parameters which have been adjusted are presented below
in short with motivations and explanations following.

Adjusted Parameters

— Volatility

— Continuous interest rate

— Implied market trigger

— Conversion price

First, the volatility generally deployed in the Black-Scholes formula is the im-
plied volatility. This type of volatility cannot be fetched easily in Bloomberg
as it must be observed from options on the stock of the issuer. The implied
volatility was therefore replaced by the thirty day trailing volatility of the stock
price, taking the same approach as in Erismann [5]. As seen in the subsequent
results, this solution did not affect the model to a great extent in comparison
to the other parameters.

One parameter central to this discussion is the continuous interest rate, or the
"risk-free rate", which, in reality, is not uniquely observable. The continuous
interest rate was therefore replaced with a swap rate, commonly regarded as
a risk-free rate in the industry. With this supplement, however, materialized
additional difficulties since the swap rate is unique with respect to currency
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and maturity. Since pricing was made on several currencies and over time,
challenging programming tasks came with regard to data handling and con-
figuration. The implementations of these aspects was successful and included
functionality for interpolation over maturities in order to acquire as accurate
rates as possible.

Hardship also struck with pinpointing the implied market trigger levels since
all Cocos analyzed contained accounting triggers in form of the CET1 ratio.
Finding the implied market trigger for a Coco is done using the properties of
the bond at time of issuance, since the yield then equals the coupon of the bond.
Since the yield is known, and hence the spread, the credit derivative formula
is used backwards to find the market trigger which corresponds to this spread.
However, due to the form of the pricing formula in equation 3.5, this compu-
tation had to be performed as an iterative process with multiple computations
per bond. Not only did this require extensive programming once again, but it
had to be coded with careful respect to efficiency because of the size of our
data set. Despite the fact that numerical methods such as the iterative pro-
cedure adapted here cannot guarantee convergence, the program experienced
extremely few cases of divergence and instability. The program is also built
so bonds with such attributes are dismissed from the valuation process.

Perhaps the boldest assumption and estimation made in the implementation of
the credit derivatives approach was on the conversion price, i.e. the value of
the shares received in the scenario of a trigger event and a conversion. This
information is not found in Bloomberg or any other dynamic source and must
be pulled directly from the prospectus of each bond. Without a very effec-
tive and advanced scraper the conversion price proved impossible to import
in its correct format. To escape the pain of scrolling through over 170, 50+
pages, documents, an estimation was done using conversion prices from five
Cocos. The average was found using the conversion price as percentage of the
share price at the date of issuance. Rounding the average resulted in a estimate
of 90%, representing a combination of issuers from different regions, Cocos
in distinct currencies and issue dates sufficiently spread out through various
periods and economic climates.

It needs to be stressed that the solutions to apply acceptable risk-free rates,
finding market triggers and estimating conversion prices constituted a chal-
lenge merely in relation to the scale of the project and that the time put to-
wards implementing solutions necessarily did not result in enriched accuracy.
It is rather more likely that some of the generalised solutions could have been
more accurate should they be implemented to fit smaller data sets. The orig-
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inal implementation as well as the solutions also contributed to a long run-
time of the program. Even though efficiency has been thoroughly considered,
a better equipped programmer could potentially improve the performance fur-
ther.

5.1.2 Overall Performance
The first test was conducted on a large data set of Cocos in order to figure out
how the approach stood against the market prices. The statistical measures
presented include root mean square error (RMSE), Pearson correlation coeffi-
cient, root mean square error of derivatives and percentage of correct signs of
derivatives. Some of these measurements might be more or less well-known
and references to explanations therefore follows: root mean square error is de-
scribed in Chai and Draxler [13] and correlation in Benesty et al. [14]. The
results were obtained from a data set of 171 Cocos issued by 42 different banks,
priced during their entire lifespans. Statistical outputs can be found in Table
5.1, where the same figures for the original parameter setup can be found as
well. The original parameter setup is that in De Spiegeleer and Schoutens
[1], assuming market trigger as 50% of issue date share price and continu-
ous interest rate as the risk-free rate with the same maturity as as the next call
date.

Setup RMSE Correlation Derivative RMSE Sign of derivative
Adjusted 51.23 0.48 2.37 0.53
Original 34.68 0.50 2.94 0.53

Table 5.1: Improved credit derivative approach overall performance

It can easily be noted that the parameter adjustments have a substantial effect
on the measurements. An increase in root mean square error overall and a
decrease for the derivative, as well as a very small decrease in correlation and
percentage of correct signs on derivative can be observed. The data suggest a
relatively grand offset against the market price on average. Observing the re-
sults over time, as in the case study in Figure 5.1, confirms the suspicions see-
ing that the price given by the model at most times differ significantly against
the market price. Although, one interesting aspect is that the model, on aver-
age, can point in which direction the price is going given that the percentage
of correct signs on the derivative is > 50%.
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5.1.3 Case study: HSBC Mar-25
Given that the approach has questionable results on the larger data set, at least
with respect to some of the measurements, a case study of one specific Coco
shall be presented and analyzed more thoroughly. The initial measurements
on HSBCMar-25 is presented in Table 5.3, motivating it as a decent candidate
for our analysis given its mixed performance in comparison to the large data
set. This bond shall be used throughout the whole case study which will be
included in this section, the extension premium relative value section and the
comparison. What differs between the approaches’ analysis is the dates the
methods are pricing the Coco. While the improved credit derivative approach
can price the bond from its issue date, the extension premium relative value
approach is restricted by the time of issuance of the issuers most recent bond,
which is used for finding the refinancing estimate. Furthermore, a summary
of the Coco’s term sheet can be seen in Table 5.2.

ISIN US404280AT69
Rating (Moody’s) Baa3
Issuer HSBC Holdings
Coupon 6.375%
Coupon Frequency Semi-annually
First Call Date 2025-03-30
Currency USD
Issue Date 2015-03-30
Issue Size 2.45 bn
Call Frequency 5th year
CET1 Trigger 7.00%
Loss Absorption Conversion

Table 5.2: Summary of HSBC Mar-25 prospectus. Source: Bloomberg

The case study for this approach contains a walk-through of each of the statis-
tical measurements complemented by a parameter study which aims to isolate
variables sensitive against the particular measure, the output from this can be
seen in Table 5.4. A sensitivity analysis with two of the most sensitive param-
eters is also done. Finally, as described in Helleseth [15], a cross correlation
examination concludes this section.
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Setup RMSE Correlation Derivative RMSE Sign of derivative
Adjusted 17.40 0.73 2.20 0.35
Original 17.44 0.73 2.20 0.35

Table 5.3: Improved credit derivative approach: HSBC Mar-25 performance

Parameter RMSE Correlation Derivative RMSE Sign of derivative
σ (x1.50) 21.67 0.67 2.87 0.34
σ (x0.50) 21.35 0.70 1.88 0.35
r (x1.50) 15.67 0.75 2.14 0.35
r (x0.50) 20.21 0.71 2.39 0.35
q (x1.50) 27.36 0.63 3.05 0.37
q (x0.50) 16.02 0.72 1.86 0.33
Cp (x1.40) 22.96 0.72 2.60 0.36
Cp (x0.60) 18.31 0.26 1.39 0.32
S∗ (x1.50) 11.91 0.58 2.05 0.35
S∗ (x0.50) 20.56 0.66 1.90 0.34

Table 5.4: Parameter study on the Improved credit derivative approach - case
study HSBC Mar-25

Root mean square error

The final RMSE for HSBC Mar-25 was 17.40, significantly lower than the
average of 51.26. This result propose that the improved credit derivative ap-
proach with better accuracy mirrors the market prices of HSBC Mar-25 than
the larger Coco universe. Trying to figure out why both the RMSE for HSBC
Mar-25 and the original parameter setup average RMSE shows to be consider-
ably lower than the average RMSE, Table 5.4 containing the parameter study
shall be investigated. The parameters with the largest effect on the RMSE is
first the dividend yield q, second the conversion price Cp and third the mar-
ket trigger S∗. However, factoring the market trigger by x1.50 seems to lower
the RMSE to the greatest extent. Manipulating the market trigger should rea-
sonably have influence since its one of the parameters differing between our
adjusted and the original parameter setup, where the average RMSE differs
largely (51.26 vs. 34.68). This argument is further strengthened by the fact
that the other parameters differing between the adjusted and original param-
eter setup, the interest rate, volatility and conversion price, showed to have
smaller spreads on the RMSE, at least for HSBC Mar-25. The deviations in
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Table 5.4 thus suggests that the average market trigger computed by our model
is lower than the market trigger priced by the market and the market trigger as
in De Spiegeleer and Schoutens [1].

Correlation

Looking at Pearson correlation coefficient it can be seen that HSBC Mar-25
achieve higher correlation of 0.73, vs. 0.48 achieved on average, which dif-
fers less with respect to the parameter setup. Through the parameter study in
Table 5.4. it can be discovered that only factoring the interest rate by x1.50
increases the correlation briefly to 0.75. Extreme effect, however, is obtained
by manipulating the conversion price by factoring it by x0.60, resulting in a
correlation of 0.26.

Root mean square error of derivative

For the RMSE of the derivatives HSBCMar-25 received a slightly lower error
than the average. More interestingly, for both the large data set and HSBC
Mar-25, our adjusted parameter setup obtains a lower derivative RMSE than
the original parameter setup. This could be an indication of that, although the
adjusted parameter setup results in a offset, its derivatives are more accurate
with respect to those of the market. Building on the conclusions from the reg-
ular RMSE, could increasing the market trigger consequently result in better
performance here too, or does it push the RMSE towards that of the original
parameter setup? From Table 5.4 it is seen that factoring the market trigger
by x1.50 does in fact lower the derivative RMSE (2.05 vs. 2.20). Notably,
factoring the market trigger by x0.50 will lower the derivative RMSE even
further (1.90 vs. 2.20), contradicting our previous suspicions. Thus, accord-
ing to this measure, the market tend to price either a higher or lower market
trigger. Largest impact can again be observed by altering the dividend yield
and conversion price as well as the volatility σ not far behind.

Percentage of correct signs on derivative

The usefulness of this measurement is somewhat vague in comparison the
three first. It is hard to assess whether the measurement solely tells us which
parameter setup to use to find misspricings most effectively. The measure-
ment may nevertheless give us an indication of whether the approach signals
the price to move in the market’s direction on the same day, which can be ag-
gregated over time to figure out how the approach points on average. Still,
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diverse results are obtained since HSBCMar-25, on average, more often point
in the wrong direction while the approach on the large data set, on average,
more often point in the correct direction, all this while HSBC Mar-25 has
lower derivative RMSE than the large data set. This result is not necessarily
contradicting, it could originate from great deviations on correct sign days of
the derivatives on the large data set. Investigating Table 5.4, there seem to be
little influence from parameter alterations. Factoring the conversion price by
x0.60 has most impact and greatest percentage of signs are achieved factoring
the dividend yield by x1.50.

Sensitivity analysis

From measurements above, it is clear that some parameters have more or less
influence on the output. Two parameters, market trigger and conversion price,
are recurring parameters with significant impact. Given that these parameters
are included in the adjustments made for the practical implementation, a sen-
sitivity analysis table was created. The data for the RMSE in this analysis can
be seen in Table 5.5. With the factors included, the RMSE differs from 9.34
to 30.60, again signaling importance to the estimation of the parameters. In
Figure 5.1 the optimal combination resulting in a RMSE of 9.34 (Cp factored
by x0.80 and S∗ by x1.25) is plotted in comparison to the market price as well
as the prices using our model’s parameters. Based on the figure, it seems like
the decrease in RMSE can be identified in one time interval between 2015 and
2016. From Table 5.5 it can also be concluded that some combinations of fac-
tors result in at least one error in the entire pricing procedure. This is most
likely due to the relations in equation 3.2, in which RCoco, Conversion must not be
greater than one, meaning the investor could sell her shares for more than the
face value of her investment.

Root Mean Square Error
Cp \ S∗ x0.50 x0.75 x1.00 x1.25 x1.50
x0.60 20.48 16.86 18.31 N/A N/A
x0.80 20.41 17.15 13.23 9.34 N/A
x1.00 20.56 18.65 17.40 15.15 11.91
x1.20 20.75 19.91 20.70 21.93 23.85
x1.40 20.91 20.86 22.96 26.13 30.60

Table 5.5: Sensitivity Analysis - Root Mean Square Error



40 CHAPTER 5. RESULTS AND EVALUATION

Figure 5.1: HSBC Mar-25: Market prices with Improved credit derivative
prices with the adjusted setup and with modified parameters

Cross correlation study

Since the investor actually takes more interest in large deviations today, with
the belief that the deviations shall vanish within a certain future, another aspect
is the predictability of the model. The tool used to evaluate predictability
is cross correlation which, for a certain lag k, shows the Pearson correlation
coefficient. In other words, it demonstrates to which extent the model can
predict the movements of the price in the market k days ahead. The results
for k:s with the highest correlation are showed in Table 5.6, and hold results
for the improved credit derivative approach using our parameter setup as well
as the modified one (Cp factored by x0.80 and S∗ by x1.25). The modified
parameter setup, which might be believed to be the "optimal" one, surprisingly
have a lower maximum cross correlation. Additionally, for both setups, there
is little difference between the cross correlations for given k:s.
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#1 #2 #3
Setup k CC k CC k CC
Cp x1.0, S∗ x1.0 13 0.7449 12 0.7447 14 0.7445
Cp x0.80, S∗ x1.25 13 0.6271 14 0.6269 12 0.6260

Table 5.6: Top three cross correlation for Improved credit derivative approach

5.2 Extension Premium Relative Value Approach

5.2.1 Assumptions and Adjustments
Because of the fact that the extension premium relative value approach relies
on less parameters and is more straight forward from a mathematical perspec-
tive, there were fewer modifications made to the methods described in Fin-
sterbusch and Henriques [3]. Nonetheless, changes were made to one highly
significant parameter, the spread to call. Additionally, as the methods were not
originally designed to display prices over time, fixes were added both theoret-
ically and practically.

In distinction to the credit derivative approach, the extension premium relative
value model adopts the spread to call for its calculations. This means that the
calculation leading to the spread used incorporates cash flows up to and in-
cluding the next call date. Due to obstacles in data management, the spread to
call could not be obtained dynamically which certainly lead to complications
in fully replicating the methods and results in Finsterbusch and Henriques [3].
As a substitute for spread to call, spread to worst was continually used. Spread
to worst is considered the standard spread and the calculation incorporates
coupons up to and including the date which corresponds to the lowest yield
possible, e.g. it could be a date following one or multiple extensions. Most
importantly, the replacement leads to difficulties in the interpretation of the
comparison between this model and the improved credit derivative approach.
For the sake of this report and given that the spreads in practice do not differ
extremely, the evaluation shall treat spread to worst as spread to call. More-
over, for the interested reader, the exact spread used is the zero volatility spread
to worst, or simply put the Z-spread.

The extension premium relative value approach is designed to take input data
for one point in time, and output results for the same instance. Since backtest-
ing was used to calculate statistical measurements and compare the models
results, being able to produce prices over time was crucial. This meant that
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our implementation had to apply the calculations for finding refinancing es-
timates, calculate relevant variables and perform regressions over time. As
with the improved credit derivative approach this showed to be a challenge
programming wise, especially since the estimates and variables must be calcu-
lated for all bonds before the final regression was made and adjustments to the
prices could be done. Only after that could prices be put together to create the
historical implied prices, for each bond. The challenge arise since the model’s
performance is dependent on the number of Cocos included, making a large
data set working very desirable. On the other hand, visualising implied prices
over time grants us the opportunity to observe whether the markets eventually
adjust their prices to match the spreads attained through the model. These
movements could suggest whether an investor would benefit from acting on
the misspricings advocated by the model.

5.2.2 Overall Performance
Before discussing the performance of the extension premium relative value
approach, it must be repeated that the prices from the model are built on the
market prices, both to generate the deviations and to translate the deviations to
historical prices. Even as the prices shows to differ, it gives a clear advantage
to the model in comparison to the improved credit derivative approach. Again,
the extension premium relative value approach can only price historically to
the date of each issuer’s most recent new issue, limiting the data available
for computing the statistical measurements. For example, while the improved
credit derivative approach priced HSBC Mar-25 from 2015-03-30, the exten-
sion premium relative value approach could only produce prices from 2020-
02-24.

Moving to the performance results on the large data set in Table 5.7, what
stands out is the incredibly high correlation of 0.95 and the percentage of cor-
rects signs on the derivative of 0.79. A comparison to the improved credit
derivative approach shall be made in section 5.3 but it can already be seen that
the extension premium relative value approach has significantly higher simi-
larity to the market prices with respect to all measurements except derivative
RMSE.

Setup RMSE Correlation Derivative RMSE Sign of derivative
Original 10.10 0.95 4.87 0.79

Table 5.7: Extension premium relative value approach overall performance
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5.2.3 Case study: HSBC Mar-25
The case study is continued by inspection of the extension premium relative
value approach’s performance in comparison to the performance of the ap-
proach on the large data set. Afterwards, since there are no parameters to
investigate or manipulate, the parameter study is skipped and the cross corre-
lation study is instead analysed directly.

Examining Table 5.7 and 5.8 it can be observed that the result of the approach’s
performance on HSBC Mar-25 is similar to its overall performance. While
there is some increased correlation, the other measurements suffer slightly.
Prices from the model on HSBC Mar-25 are found in Figure 5.2.

Setup RMSE Correlation Derivative RMSE Sign of derivative
Original 11.08 0.95 5.44 0.76

Table 5.8: Extension premium relative value approach: HSBCMar-25 perfor-
mance

Cross correlation study

Shifting to Table 5.9, the top three cross correlations are displayed accompa-
nied by the lag k, for each correlation respectively. Note here that since the
extension premium relative value approach only produce prices from 2020-02-
24, corresponding to 17 data points, the study is constrained by lag k = 17 and
lags k > 8 can thus only be examined once. The correlation is very strong in
general, however this might be because of the direct dependency on the market
prices.

#1 #2 #3
Setup k CC k CC k CC
Original 11 0.97 12 0.96 0 0.95

Table 5.9: Top three cross correlation for Extension premium relative value
approach
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Figure 5.2: HSBC Mar-25: Market prices, Improved credit derivative prices
and Extension premium relative value (EPRV) prices

5.3 Accuracy and Comparison
After comparing the individual performance of the two approaches, to assess
whether the they do price Cocos synchronously, the previous benchmark, the
market price, shall be abandoned. The four measurements shall instead be
applied to the offsets between the results of the two approaches. As in past
sections, the overall performance on the large data set shall be evaluated first,
followed by our case study of HSBC Mar-25.

5.3.1 Overall Performance
The performance for each of the two methods is again found in Table 5.1
and 5.7. As hinted earlier, the extension premium relative value approach
achieved prices significantly more similar to the market prices, with the ex-
ception of RMSE for the derivative. Evaluating the validity of each approach,
with an RMSE of 51.26 it is clear that the improved credit derivative approach
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on average deviates strongly from the market prices. This makes it hard for
the investor to use the method to establish fair values and consequently make
successful investments, at least within a certain time frame. The extension
premium relative value approach was after all able to, on average, produce a
RMSE of 10.10, much more in line with a model usable by an investor. One
source of error which deserves to be brought up with regard to these mea-
surements is the extreme movements in Coco prices caused by the Covid-19
epidemic inMarch 2020. The strong reactions of bothmodels (and themarket)
can be observed in Figure 5.2. Since Coco bonds are hybrid instruments, the
prices are especially sensitive to such events which has a significant impact on
the stock markets. Moving on to the three remaining measurements, the cor-
relation was superior for the extension premium relative value approach (0.95
vs. 0.48), as with the percentage of correct signs on the derivatives (0.79 vs.
0.53). However, the improved credit derivative approach managed to produce
more accurate daily movements with a derivative RMSE of 2.37 vs. 4.87 for
the extension premium relative value approach. In the end, however, it can
be concluded that the extension premium relative value approach generally
follows the market more closely.

Now, turning to Table 5.10, the similarities and differences between the two
methods on the large data set can be observed. On average, a RMSE of 62.15
directly signals that these methods, besides from deviating differently from the
market as explained above, differ even more towards each other. As shall be
showed for HSBCMar-25 too, the evidence clearly suggest that although both
these two methods are tailored to price Coco bonds with respect to extension
risk, they do not agree with each other. Furthermore, there is however greater
correlation between the models than for the improved credit derivative ap-
proach with the market, which could motivate similarity in behaviour despite
the offset. Unfortunately, it cannot be deduced if the cause for the correlation
is linked to the purpose of the models.

Setup RMSE Correlation Derivative RMSE Sign of derivative
Individual 62.15 0.74 4.61 0.59

Table 5.10: Alternative benchmark - Improved credit derivative approach
(with adjusted setup) vs. Extension premium relative value approach (with
original setup): Large data set performance
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5.3.2 Case study: HSBC Mar-25
Back to the case study, the individual measurements for each model is found in
Table 5.3 and 5.8. They exhibit relations very much alike the ones for the large
data set. Only in RMSE for the derivatives has the improved credit derivative
approach more accurate performance. Also, unlike the extension premium
relative value approach, the improved credit derivative approach has better
resemblance to the market for HSBC Mar-25 than on average. Here we shall
also look into the cross correlations for each approach. Comparing the first
row in Table 5.6 with Table 5.9, even though the analysis was limited for the
extension premium relative value approach, there is one common lag k = 12
in the top three cross correlations, and besides k = 0 other lags are in the same
proximity. Although both approaches showed large offsets in RMSE, it is clear
that similarity in the movements and predictive power exist.

Finally, in Table 5.11 it is confirmed that the offset between the models is
larger than each of the models’ RMSE to the market prices for HSBC Mar-25
too. Nonetheless, the correlation between the models is higher than for each
of the models with respect to the market, indicating increased resemblance
in the behaviour of the models on the case Coco bond. This can be seen in
Figure 5.2. Large offsets yet high correlation between the models have been
found for HSBCMar-25 and the large data set both, demonstrating distinct out-
puts but similar behaviours of the pricing approaches. Should the improved
credit derivative approach not be so volatile, maybe it could provide reliable
prices more close to the extension premium relative value approach. A com-
parison between the modified credit derivative setup, which had lower RMSE
(see Table 5.5, Cp factored by x0.80 and S∗ by x1.25), and the extension pre-
mium relative value approach would ideally then compare better. However,
calculating the measures showed that although the RMSE between the models
decreased, a material drop in correlation proved to be the cost.

Setup RMSE Correlation Derivative RMSE Sign of derivative
Individual 26.85 0.96 5.03 0.65

Table 5.11: Alternative benchmark - Improved credit derivative approach
(with adjusted setup) vs. Extension premium relative value approach (with
original setup): HSBC Mar-25 performance



Chapter 6

Conclusions

Breaking down the details of chapter 5, the practical adjustments implemented
showed to have more or less influence. For the improved credit derivative ap-
proach, while replacing and modifying the continuous interest rate and the
volatility contributed little to prices produced by the model, our method for
finding the market trigger seemed to have substantial effect (see Table 5.4).
As investigated in the parameter study (Table 5.4) and the sensitivity analysis
(Table 5.5), market trigger and conversion price accounted for drastic fluctua-
tions in deviations towards the benchmark, being some of the most influential
parameters. Modifying our adjustments according to the sensitivity analysis
did soften the errors but in turn cut the correlation as seen in Table 5.6. Com-
paring results in Table 5.1 and Table 5.3, our adjustments produced prices
demonstrating larger root mean square error (RMSE) than the less dynamic
setup proposed in De Spiegeleer and Schoutens [1] for the large data set, whilst
the results remained similar for the case study on HSBC Mar-25. The effects
of the adjustments made to the extension premium relative value approach was
not of primary interest in this report, however, the potential implications from
replacing spread to call must be carefully considered as there was significant
deviations between the model’s output and the benchmark for the large data
set in Table 5.7, and the case study in Table 5.8.

Despite offsets in pricing levels, both approaches produced prices with high
correlation to the market prices of HSBC Mar-25 in Table 5.3 and Table 5.8,
and even higher cross correlations for lags constituting around two weeks in
Table 5.6 and Table 5.9, suggesting similarities in themovements of themodels
towards the market. The relationship was further strengthened by a very high
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correlation between the models in Table 5.11. Concerning the large data set
in Table 5.10 and the RMSE for the case study in Table 5.11, the models were
found to share less similarities with each other than with the market price,
indicating a weak capability to value Coco bonds synchronously under these
adjustments and circumstances. Given the diverse results for the large data
set and the sensitivity of the improved credit derivative approach, the models
cannot be nominated as a complete toolbox for pricing Cocos. They could
instead be applied as an alternative assessment and taken into consideration in
a combined valuation framework with other methods.

This report has evaluated two models, one intensity model and one screening
tool, with the particular aim of accounting for extension risk. Future research
within valuation of Cocos could include a structural approach as mentioned in
the introduction. It would be of interest to investigate the practicality and accu-
racy of such amodel in comparison to the results obtained in this project.
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Ticker Issuer Ticker Issuer

DBK GR Equity Deutsche Bank AG RBS LN Equity Royal Bank of Scotland Group P

UCG IM Equity UniCredit SpA BKIA SM Equity Bankia SA

BNP FP Equity BNP Paribas SA STAN LN Equity Standard Chartered PLC

ISP IM Equity Intesa Sanpaolo SpA FBK IM Equity FinecoBank Banca Fineco SpA

UBSG SW Equity UBS Group AG KBC BB Equity KBC Group NV

UBI IM Equity Unione di Banche Italiane SpA SAB SM Equity Banco de Sabadell SA

CSGN SW Equity Credit Suisse Group AG BAER SW Equity Julius Baer Group Ltd

HSBA LN Equity HSBC Holdings PLC NDA SS Equity Nordea Bank Abp

BAMI IM Equity Banco BPM SpA SHBA SS Equity Svenska Handelsbanken AB

EBS AV Equity Erste Group Bank AG SWEDA SS Equity Swedbank AB

CBK GR Equity Commerzbank AG BCP PL Equity Banco Comercial Portugues SA

SEBA SS Equity Skandinaviska Enskilda Banken ARL GR Equity Aareal Bank AG

BARC LN Equity Barclays PLC VMUK LN Equity Virgin Money UK PLC

CABK SM Equity CaixaBank SA BG AV Equity BAWAG Group AG

RBI AV Equity Raiffeisen Bank International BKT SM Equity Bankinter SA

GLE FP Equity Societe Generale SA PBB GR Equity Deutsche Pfandbriefbank AG

BBVA SM Equity Banco Bilbao Vizcaya Argentari JYSK DC Equity Jyske Bank A/S

ACA FP Equity Credit Agricole SA SYDB DC Equity Sydbank A/S

BSKP SW Equity Basler Kantonalbank BCGE SW Equity Banque Cantonale de Geneve

SGKN SW Equity St Galler Kantonalbank AG CMBN SW Equity Cembra Money Bank AG

GLKBN SW Equity Glarner Kantonalbank OSB LN Equity OneSavings Bank PLC
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Script Function Script description

config.py To configure test midifications

derivative_approach.py Initiates each derivative approach

credit_derivative

equity_derivative

credit_derivative_extension

extension_risk_framework.py EPRV bottom-line functionality

get_refin

calc_refin

straigt_line

get_buffer

get_extension_premium

get_JPM_values

get_JPM_price

isNumber

functions.py Derivative methods functionality

get_interest_rate

get_P_value_equity

get_timesteps

get_years_between_dates

optimizationFunc_equity

optimizationFunc_credit

get_trigger_value_equity

get_conversion_price

get_trigger_value_credit

get_spread_value_credit

get_spread_value_with_extension

estimate_maturity

signal_handler

main.py Main script controlling all functions

test_functions.py To calculate statistical measures

avg_square_error

pearson_correlation

derivative_error

percent_correct_derivative

extract_elem

get_issuer_processed_data.py To fetch issuer and bond data

invert_dict
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Extension Premium Relative Value
Approach Example Output
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isin issuer sprd_to_call reset dev_ep dev_bte adj_sprd_to_call

US65559CAA99 ISIN Corp NDA SS Equity 400.304 411 -78.9011213 116.9176175 321.4028787

XS1506066676 ISIN Corp DNB NO Equity 305.411 508 -54.7866179 81.18415464 250.6243821

XS2075280995 ISIN Corp DNB NO Equity 420.187 314 -38.6429339 57.26204753 381.5440661

US65559D2A65 ISIN Corp NDA SS Equity 355.489 411 -34.0861213 50.50965093 321.4028787

US65557CAN39 ISIN Corp NDA SS Equity 394.078 338.8 -23.9514039 35.49177794 370.1265961

US65557DAL55 ISIN Corp NDA SS Equity 392.579 338.8 -22.4524039 33.27052296 370.1265961

XS1725580465 ISIN Corp NDA SS Equity 405.395 300.3 -9.2869202 13.76158621 396.1080798

XS1202090947 ISIN Corp NDA SS Equity 351.67 324.4 28.17434586 -41.749437 379.8443459

XS1207306652 ISIN Corp DNB NO Equity 84.513 407.5 233.9331772 -346.647922 318.4461772

isin issuer sprd_to_call reset dev_ep dev_bte adj_sprd_to_call

XS1207306652 ISIN Corp DNB NO Equity 84.513 407.5 233.9331772 -346.647922 318.4461772

XS1202090947 ISIN Corp NDA SS Equity 351.67 324.4 28.17434586 -41.749437 379.8443459

XS1725580465 ISIN Corp NDA SS Equity 405.395 300.3 -9.2869202 13.76158621 396.1080798

US65557DAL55 ISIN Corp NDA SS Equity 392.579 338.8 -22.4524039 33.27052296 370.1265961

US65557CAN39 ISIN Corp NDA SS Equity 394.078 338.8 -23.9514039 35.49177794 370.1265961

US65559D2A65 ISIN Corp NDA SS Equity 355.489 411 -34.0861213 50.50965093 321.4028787

XS2075280995 ISIN Corp DNB NO Equity 420.187 314 -38.6429339 57.26204753 381.5440661

XS1506066676 ISIN Corp DNB NO Equity 305.411 508 -54.7866179 81.18415464 250.6243821

US65559CAA99 ISIN Corp NDA SS Equity 400.304 411 -78.9011213 116.9176175 321.4028787

Ordered by: Cheapest first

Ordered by: Most expensive first
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