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ABSTRACT

_In Germany, structured financial products already account for 6-8% of all asse§
fnvested, proving that the market for these products is still very attractive for retail
investors. A question often discussed in this context is whether these products are
priced fairly. One of the latest contributions in this field is the papet by Rathgeber
and Wang (2011), who analyzed the pricing of credit linked notes (CLNs) 10 the
primary market. In this paper, we significantly extend the work of Rathgeber and

Wang (2011) and analyze the effect of the 2007-9 financial crisis on the pricing of
CLNs: specifically, on their pricing in the secondary market. Therefore, we analyze
‘he_PfiCing of ninety CLNs covering 13555 daily quoted prices. In addition to the
major finding that CLNs in the secondary market are not only overpriced but also
underpriced in many cases, we discover that the overpricing of CLNs significantly

decreased after the financial crisis.
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1 INTRODUCTION

In the last few years, structured financial products have increased in popularity among
retail investors. In Germany, they account for 6% to 8% of all invested assets. Evenin
i the United States, structured financial products have an annual growth rate of approxi-
mately 30%, although the local market for these products is strongly regulated (Rieger
2012). To put these relative figures into absolute terms, the gross sales of structured
retail investment products accounted for €174.2 billion in Europe, US$179.8 billion
i in the Asia-Pacific market and US$65.1 billion in North America in 2010 (Jprgensen
; et al 2011). One such structured product is the so-called credit linked note (CLN),
which allows the issuing bank to securitize its credit risk, particularly concentration
risks. As explained in Rathgeber and Wang (2011), the mechanism of CLN is as fol-
lows: the buyer of the CLN receives payment for the notes only when the reference
entity, another debtor of the CLN issuer, does not go into default. As a premium for
taking over the risk, the buyer receives an attractive coupon. In case of the reference
entities” default, the buyer receives only the recovery rate of the CLN. Although the
figures mentioned above show that CLN contracts are very popular for retail investors,
as they provide the opportunity for a high coupon payment, they are the subjectof cor-
troversial discussions in financial research and the public. Therefore, unsurprisingly
credit default swaps (CDSs), which are similar to CLNs, were voted Europe’s “most
dangerous financial product” in 2013 (Greens—European Free Alliance 2013). Or¢
of the major points of criticism of such structured products is their nontransparency
with r.egard to whether the coupon payments for and the prices of these instruments
are fair and adequate compared with the related risk.

Several studies exist on the pricing of equity-linked notes, on certificates in general
and the pricing of CLNs in particular. In one of the latest studies on the pricing of
g:;:lst’ il;a:hhegt::;and Wang (2011) found that they are generally overpriced toa lari

ary market, ie, on the date of their issue. This major finding ¥

ﬁn:fxlc)jaion&stem with previous results in the literature. Since issuers of structur%d
1al products are market makers, they participate in almost every transaction an”
therefore, have the incentiv

€ to overprice. Further, overpricing tends to increase as
prc;d: ‘;‘lseb:;(;mebmol;: complex and as markets become less transparent. St
pricing of C Llfl,s iy : thg.eber and Wang (2011) primarily focused on the gld o
et Misprici ofnCLe primary market, this study aims to apply 2 sirmla'r m ”e(the
difference bet%veen ?Js In the secondary market. Consequently, “mispricit8 i
but also underprici a lair price and a quoted price) does not only imply overPrc
prices can fall bel(:?vgtgf CI.'NS’ as, particularly in the secondary matket, quoted e
financialcrisis of 2007 ¢ fair value. In our study, in particular, we analyze Wh?mzisis
revealed the ~9had an effect on the mispricing of CLNs. The financizl
enormous complexity and inherent risks of structured financial products-
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Thus, an investor’s behavior may have changed from risk loving and only bounded-
rational to more reflective (reasoned, among others, in a decrease of information
asymmetry between the issuer and the investor), leaving CLN issuers less space
for overpricing and inducing a decline in demand for such products. By testing the
change in mispricing during the financial crisis, we simultaneously test the validity
of the product life cycle hypothesis for CLN, ie, whether mispricing — in the sense of
Wefpﬁcing (which is higher for CLN than for other standard certificates) — decreases
d“_“ﬂg the products’ lifetime. Therefore, in a first step, we calculate the daily fair
prices of the CLN. In a second step, we compare them with the daily quoted prices
and track the daily development of price differences.

. The paper is structured as follows. First, we provide an overview of the existing
literature regarding the pricing of structured financial products. We then derive our
bypotheses and explain the details of the methodology. Next, we explain our valuation
fmlm.work and describe the widespread data sample used for our analyses, which
:;‘:l_ns ninety CLN contracts from the German retail market with a total of 13 555
Ofm:‘:::aqumed pnces. on a daily basis (2008-12), reflecting a significant extension
o dog sample used in Rgthgeber and Wang (2011). Based on our methodology and
S Saml?le, we statistically test our hypotheses. In our test, we find statistically

cant evidence that the mispricing of CLNs changed during the financial crisis.

2 UTERATURE

A'ccordmg 1 Fabozzi er al (2007), a CLN is a credit derivative that represents a
Iceiveg Zomfa(ft under which the seller sells the credit risk of the reference entity and
eredit | Certain premium from the protection buyer. Regarding the pricing of such
el:lva‘f"fes’ Rathgeber and Wang (2011) pointed out that various studies exist
ad Se:rl; S?lr;c;(r)ng of equity-linked notes. For example, Chen et al (1990) and Chen
inthe U5 ek ) were the first to find evidence of the overpricing of these products
foundet;Whereas' the former focused on overpricing in the primary markf:t,
secondary e first evidence of decreasing overpricing with decreasing mat@ty
’egarding the o market and, thus, for the life cycle hypothesis. Later, these findings
studics I;:m;ary and secondary markets were transferred to non-US markets by
Baule (20 ) ch as Wilkens et al (2003) or Gruenbichler and Wohlwend (2005).
found thyy fprO\{xded furthel: evidence for the existence of a product life cycle.
s dry, ezrbdlscount certificates on the German DAX index, the investo.r’s
ity of just Y tax benefits. Because of the high demand for certificates with
and, thus, g n over one yetar, banks anticipate a significant number of net sa'les
Werson ang ;:0 Charge higher premiums than for shorter maturities. According
With Pearson (2011), some structured financial products are even sold

avi .
fVerage margins, although they have expected negative returns. Stoimenov
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and Wilkens (2005) provided further evidence for the existence of life cycle effects,
as banks are net sellers at the beginning of a product’s lifetime and net buyers toward
the end in order to increase the bank’s margin. .
Rathgeber and Wang (2011) provided the first comprehensive study on the mis-
pricing of CLNs. Thereby, they focused on the primary market, in other words, on
the pricing of CLNs on their date of issue, The paper provides evidence that CLN
products are generally overpriced and further confirms the finding of, for examp}e»
Benet et al (2006) and Entrop et al (2009) that the coupon rate and the complexity
of a contract (measured by the number of reference entities, the number of payment |
days and the coupon structure) have a major influence on mispricing. . i
To the best of our knowledge, no study is available that has analyzed the pricing |
]

of CLNs on the secondary market, as proposed by Rathgeber and Wang (2011) at the
end of their paper. By analyzing pricing in the CLN secondary market, we are able
to test whether the results for the primary market are transferable to the secondary |
market, Further, we analyze whether significant differences exist regarding the causes
of mispricing in the primary and secondary markets. Moreover, we are able to test
the hypothesis of the product life cycle for CLNG.

Of further interest is the question of whether the 20079 financial crisis had an effect
on the mispricing of CLN. This consideration is based on the idea that CLN investos
often act in a risk-loving manner because they invest in a product that promises atrac-
tive coupon payments, even though it may contain a complex and nontransparent “s_k
structure, which investors do not know in detail due to, for example, asymmetric
information between the investor and the issuer. Thus, an investor’s decisions a%¢
often based on biased or incomplete information. Hens and Rieger (2014) used t?e
.cucumstance of incorrect beliefs (eg, probability misestimations) or behavioral ul'xl—
1ty functions (eg, prospect theory) to explain the utility gain of structured financia

products and, thus, their Popularity with retail investors. Breuer ef al (2009) found
ewden.c ¢ for such bounded rationg] behavior in the case of structured financial prod-
ucts with sports betting ¢

. Omponents, as their popularity can only be explained by the
sristence of inhomogeneous expectations and bounded rational, risk-loving investor:
Thls bouqded rational behavior may be intensified by very attractive COupons which
1VESLOrS in structural financia] products can receive. Wojtowicz (2014) showed thal
for.collateralized debt obligations (CDOs) in general, even fair spreads are, due to
their conditions, muc ’

This ) h larger than fair spreads on similarly rated corporate bond:s-
'8 dccompanied by a high sensitivity of these instruments in the case of chang

in the underlying’s default probability. Bounded rational behavior may have end

?‘lmnanmfi a‘:‘;rﬁ;\dancial crisis when investors became aware of the high risks of struct® .
ucts. For examp] ) b v appealln
to investors before ple, tranches for high-yield CDOs were very

the financial crisis because the ings reprosent 1
: y assumed that rating o
actual defaultrisks. Then, this market collapsed during the financial crisis (Wojto¥I¢
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2014). Thus, two effects of the financial crisis on the pricing of CLNs are conceivable.
On the one hand, investors may increasingly be faced with the underlying risks of
structured financial products (amplified by a stronger regulation) and, hence, consider

them in the course of their investment decisions. On the other hand, the demand for

such products may decrease. Based on theoretical considerations, both effects lead to

adecrease in overpricing.

wf:::;,fogr research questions are cqncretized as follows. Are daily prices of CLN

oot :\lil acrllltli adequat.e compared Tmth the related risk? If not, what are the reasons

Observablep g, ar_ld did the ﬁpanmal crisis have an effect on mispricing? Does an
product life cycle exist for CLNs?

3 HYPOTHESES

g&%&xg}’ énd Ljunggvist (2012), asset prices are strongly driven by asym-
of financial assetsni: o Sequently,. asymmetric information may lead to the mispricing
(1984) showed th;n orinstance, witha focgs on the primary market, Myers and Majluf
5 of informagis managers have strox_lg. incentives to issue overvalued equity in the
— inforn:l ;Sy@metw. Exan'nmng the interdependence of mispricing and
s, showeg thalta on k1n more det'aﬂ, Glosten and Milgrom (1985), among many
the senge of 0Verpricrir:1ar et makers (in terms of .security markets) use mispricing (in
ETOr inform i i) to compensate for t.he r}sk of trading with investors that have
complexiy Ofaﬁnan. - a;mther aspect ‘contnbutmg to information asymmetry is the
ifficuly for investorsci pr(?duct. Particularly in the case of CLN contracts, it is very
which can pe intCrprete(c)i estimate Qle defz‘mlt probabilities of the underlying assets,

tionally, the informm a§ some kind of information asymmetry, too (Rieger 2012).
by the act thay 1 N arat:;’n asymmetry and the resulting mispricing are amplified
nvestors. Thus, no ad o the Onbf fnaJOf .cred.lt derivative products available to retail
1 replicate N cogﬁuate position exists in the retail market, making it difficult
W?;g 2011), act (particularly for mulii-reference CLNs) (Rathgeber and

additj
the case of ?Ltlgsth;eaforefneﬂﬁOned general reasons of information asymmetry, in
of bank Jey, ding, 'i‘his iaftlcularly have to deal with information asymmetry in terms
from the issuer’s perspe::’ii‘lsoned in the c1r'cumstance that a CLN contract is, at least
e (1990), “a bank lear:sa loan (provided to the rc?ference entity). According to

; er's characteriation rélore than others about 1Fs own custorfler‘s”, eg, jabout

_ .advﬂntage regarding th dmz’sequemly’ the .CLN issuer has. a 51gn.1ﬁcant infor-
g g the possibility of e‘ e flu.lt probabilities compared with the investor, thus
e ) Drovides ey den mispricing the contract. Further, Wittenberg-Moeman
= ce that loans issued by institutional investors, ie, loans that are
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typically issued with long maturities, are associated with higher information costs,
thus leading to an increase of information asymmetry,

However, although it may be undisputed that markets for structured financial prod-
ucts show high information asymmetry, there is evidence for a decline of information
asymmetry concerning, for example, a specific product (group) in the course of time.
For instance, the recent contribution of McLean and Pontiff (2016) shows for the
case of stock returns that investors learn about mispricing from academic publica-
tions, thus implying that (some) stock market anomalies become less anomalous (and
instead more “normal”) after being published. Thereby, the fact that the number of
academic publications on the pricing of structured financial products has increasefl
over time is undisputed. For instance, when using the search database “ScienceDl;
rect” and searching for journal articles using the search items (“structured product
AND “pricing”), we obtain an increase of more than 68% regarding the number
of related articles between 2008 and 2012. Additionally, although more difficult to
express in numbers, the public coverage regarding structured financial products such
as CLNs has increased in recent years, too. Therefore, coinciding with McLean and
Pontiff (2016), we conclude that both academic research and public coverage have

contributed to a decrease of information asymmetry. Thus, our major hypothesis is 3
follows:

Hypothesis H1: mispricing of CLN in the German retail market decreases over time.
Hypothesis H1 is strongly based on the fact that the pricing of CLNG is influenced
by the presence of asymmetric information within the CLN market, and that this
nformation asymmetry generally decreases over time. Now, we want to examifie the
influence of the financial crisis on the mispricing of CLNs. Here, too, we use inf(_)f'

basic idea and obtain two major influences of the financial

mation asymmetry as our
. . e
8 to the aforementioned development of academic research, ¥

crisis. First, referrin
obtain a strong increase during (respectively, after) the financial crisis. Using the same

database and search items as above, we obtain 1096 related articles for the forty-six-

year pen‘od covering 1960 to 2006 and 221 9 related articles for the eight-year period
covening 2007 to 2015, Obviously, information asymmetry regarding the generdl

understanding for the pricing of structyred financial products decreased, thus leavifs
(SSUers less space to misprice. The second major influence of the financial crisis O

information asymmetry is related to regulation aspects, above all bank regulation and

FHMC§M regulation. Since the financial crisis, financial markets in general and ba;l;
g pmu;ula: have.been mmore strongly supervised by federal authorities (eg, the F ed f
ﬁmamf‘m Supervisory Authority for the case of Germany). This stronger regulation ©
mt:)an;;:l' markets has had an impact on the market for structured financial pfo‘lil“::s’
 Orinstance, the European Market Inf, ion (EMIR), whic
developed i gy " rastructure Regulation (E.

aresponse to the financial crisis, and which came into forc®
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inAugust 2012, aims to increase the stability of the over-the-counter (OTC) deriva-
tives market (which also includes CDSs as hedging for CLNs) and includes reporting
obligations for OTC derivatives, among others. To conclude, both the increased num-
ber of academic contributions after the financial crisis and the stronger regulation of
financial markets led to (1) an increase in the transparency of the CLN market and
(2) an increase in investors’ awareness regarding the complexity of such products.
Inaddition to these two aspects related to a decrease of information asymmetry and,
tus, to a decrease of mispricing, we assume a third aspect: how the financial crisis
Cha“g?d the mispricing of CLNs. During the financial crisis, the demand for structured
financial products strongly decreased. For instance, the German securitization market
broke d.own from €68.7 billion in 2006 to €7.7 billion in 2008, implying a decrease of
approximately 90% (Schiller ef al 2009). Similar evidence is provided by Wojtowicz
(2014), who showed that during the climax of the financial crisis of 2008, the CDO
m::lcllapséd. Even‘fomihighly rated CDO tranches lost up to 90% of their value
s a(S)SIIti;d as “junk”. Baseq on logical considerations, two effects could be
iﬂlhemaﬂ;et n hiei one l‘xand, one mxgt.xt .assume that mainly expert traders remained
ik exposure’ “I:‘ ne (anformed) retail n_westors left the market due to the unknov&_m
mWaIdamaﬂ;et?‘ ﬁ(l)l\;/mg .Glosten and Milgrom (19§5), among many'others, g S.hlft
1 CLN issuer w u(;(fl(mformed) experts” woulq 1mpl¥ an increas'e in overpricing,
4 e strong do : try to compensa?.te for the risk of insider trading. On th?, other
ot more i :easedm der.nand might have forced the CLN issuer to price the
b conclyg, y in order to increase dejmand.
¢, as both a decrease and an increase in the mispricing of CLNs due to

ancial crisis j i
jot ﬂ,Sls. is conceivable, we expect at least some effect. Thus, our second
Major ypothesis is ag follows:

Hypothesis H2: misprici
. - mispricing of CLNs in th i
financia) criis of 20079, n the German retail market changed after the

The b
ici "y:::lh:;;:eH;teagd H2 are related to the temporal development of CLN mis-
alysis, we vant t%) . m?rket level, regardless of a specific contract. To extend our
dependi, .aIm'He the develgpment of the mispricing of a specific CLN
W0 (cloge 8 On its time to maturity. Thereby, the third hypothesis is based on

Y related) research strands.

that the asymgml;p the already di§cussed strand of information asymmetry, we argue
Secreases witn d:?; Of‘mf(,mau'oﬂ between the CLN issuer and the CLN investor
et theten o (g ;‘E"i f:‘;:unty. Sharpe (1990) and Berger et al (2005) point out
tyin Sathering in, :n atiz CLé\I issuer) has a comparat'ive advantage over public
Ve € regarding the ref n. °f‘§eq’uemly, thfa CLN issuer has an information
o hm‘“lwﬂmm : erence. entities’ default risks at the beginning of maturity.
e information advantage disappears with decreasing maturity,
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which is also in line with Longstaff et al (2005), who proyide evidence fqr a lc;\rzzr
liquidity, ie, higher information asymmetry, of long mat.unty bondé, and vm(?tv we:
Thus, due to the decreasing information advantage with decreasing mat'utili yécu
expect a decrease in mispricing. Rathgeber and Wang (2011) sh9wed that, :11 Iaﬁm)i
associated with the idea of asymmetric information, the complexity of the ¢ Cu‘m o
of a CLN’s fair value strictly increases with the number of paymf-:nt days and w.1 b
maturity of a CLN. They outlined that several days may be required to determllne er
fair value for a (complex) CLN product with long maturity. Con§equean, a long
maturity contributes to information asymmeltry and with that to higher rmspnCI;Igi;rs
Second, we take up the idea of the productlife cycle. Among others, Chen and. nfens
(1990), Baule (2011), Henderson and Pearson (2011) and Stoimenov and W; o
(2005) provided evidence for a product life cycle, concluding that, for multiple

e . ing time 0
sons already pointed out in Section 2, mispricing decreases with decreasing
maturity,

Considering both lines of reasonin

g regarding the time to maturity and its predicted
effect on mispricing,

our third hypothesis is as follows:

. i . i turit
Hypothesis H3: mmispricings become more significant as the time to maturity
increases. '

In addition to the three aforementioned main hypotheses that refer to the .Chznﬁe
in mispricing over time, we seek to control for the remaining effects exlamlne arz
Rathgeber and Wang (201 1). We also analyze whether the results from their papet
valid on both the producy’s day of issue and over its entire lifetime. he

First, we adopt the notion that the number of reference entities has an effect gﬂr o
mispricing of CLN conracs, Rathgeber and Wang (2011) found that the num fiing
reference entities has 3 significant effect on mispricing. Among others, this ﬁnCLN
OWes to the fact that the calculagion of the fair value for a multiple referenced s
is very difficult, Ag Heméndez er al (2007) showed for equity-linked notes, o
flontransparency regarding defay] probabilities (amplified by the aforementi

problem of asymme

i . t CLN
tric information) and complexity might lead to the fact tha
issuers overprice multi-g,

s with
eferenced CLN contracts even more than CLN Contracillts of
only a small number of reference entities. This Paper seeks to confirm the 1e§
Rathgeber ang Wan

8 (2011) using a significantly larger data sample:
Hypothesig H4: mj

o . in
spricings become more significant as the number of underlying
reference entities ;

Ncreases,

“ﬁfst
Analogous to Rathgeber ang Wang (2011), our fifth hypothesis refers to the
sight effect”

. . nds
comparable to eqmty-hn?«’fd bo
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the expectation of a high return instead of the hidden factors behind the high coupon
rate (eg, underlyings with extremely high risk). Thus, because the size of the coupon
rate might influence the attractiveness of and, with that, the demand for CLN contracts,
italso affects the significance of the overpricing:

Hypothesis H5: mispricings become more significant with higher coupon rates.

The CLN contracts in our data sample also cover different coupon structures (mixed
and variable). As the complexity of a CLN contract increases with increasing variabil-
ity of payments, we further include the coupon structure (hereafter, coupon type) as an
additional control variable. The methodology used to test our hypothesis is presented
hereafter,

4 METHODOLOGY

4.1 Valuation of CLNs

Since a CLN can be interpreted as a bond with embedded CDSs, the key to the
valuation of a CLN is to duplicate the CLN cashflow with the help of CDS spreads.
Hence, in accordance with Rathgeber and Wang (2011), we use the CDS spreads to
“leulate the implied probabilities of default 4. Therefore, we impose the same central
aSSumptions: namely, that the recovery rate of a senior CDS RECcps is given and
constant, Further, there are four payment dates of the CDS in one year, each at the end
ofa quarter, which leads to premium payment days Ty = {fo.25: f0.5, 1075, Hs -+ -+ fm}
until maturity in . Tn order to achieve probabilities for less than one year, we apply
A natural cubic spline interpolation as our smoothing method. .

Inorder to estimate the fair value of a CLN, our first intermediate goal is to estimate
the probabilities curve of the implied default probabilities. To do 0, based on the
aforementioned assumptions, we (1) calculate the expected cashflows CFy,1 in the
fst payment year of a one-year CDS and (2) solve the resulting equation for the
def*_‘“h Probability ¢. The starting point of our calculation is the one-year CDS from
e investor's, e, risk buyer’s, point of view. As payments occur at four payment days,
thefse Payment days have to be discounted in order to achieve the present value. By
o1g 80, we get (4.1):

C - —
Fl.l(l + 70.25) 0.25 + CFl,l(l - q1|4)(1 + 70.5) 0.3

-1
FCFL1(L = )21 + r0.75)™07 + CFy1(1 = que)’ + 1) =0 @D

) the
:’n“th CF,; = —(1 —RECcps)q14 + 0.25CDS, (1 —q1)4), 88 one-qUar;;r Otf) o
262l CDS spread will be paid on each of the four annual payment days. 11ere ¥

line With Hull and White (2003), the CDS spread CDS is set in a way that the swap
' priced fairly, | ; ;

m’““%ﬂmal Journal of M il
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Based on the a priori estimated yield curve of spot rates r, and the CDS spcr:;atsi
CDS;, the quarterly probability of default qia=1-YT—q¢; for. a one-ye;ifl o
can be solved by means of (4.1). As a result, we receive the cumulative probability
default for the end of the first year according to (4.2):

q1=1-(1-qqa)t. 42

As CDS contracts with different maturities share the same underlying refererzgz
entity, they should also share the same cumulated probability of (‘le.fault dur}r(lf .
same period. Therefore, we adopt the cumulated default probability qn—xs s
first year by calculating the quarterly probability of default g, |4 fora CD 1‘::the
maturity of n years. Next, in line with Rathgeber and Wang (2011), we calcula i
Quarterly probability of default for CDSs with maturities of n years, as long as
spreads CDS,, are available. Analogous to (4.1), we receive

4n—-4 1
)" CF,, [T0 - gmmwya + reja) T4
=1 k=1
4n -1
~t/4 4.3)
+ Z CF,, H(l = qre/aa) (1 +ry))™ 0 =0, (
t=4n-3 k=1
with

CFny = —(1- RECcos)qre/ays + 0.25CDS, (1 ~ qyr/4714)

. date
representing the cashflow of the CDS with g maturity of n years at the P aymemriaw
1. Further, [ ] represents the ceiling function of Gauss. Equation (4.3) is appl:)llr)eady
(0 estimate the implied default probabilities qn/4, as the right-hand sum has1 o be
been calculated by the past n — 1 applications of (4.3). Thus, (4.3) ha_s solely
solved for g, /4- The cumulative probability of default is defined recursively as

(4.4)

I =(1~(1-gy)"1 = gp). »

Inour case, we receive acumuy

end
lative probability of default gy, g2, . . . , g» for the
of each year. Further, it can be s

tated that go = 0, since, due to logical coqs@eraﬂ?ﬁ;
adefault at the date of issue is assumed to be impossible. In a last step, and in line ;v ult
Rathgeber and Wang (2011), we estimate a continuous curve of cumulated d‘?l ’ztli .
probabilities by means of eleven data points, which consist of ten implied p mbab; lted
atten different timeg of maturity as well as the origin that we have already calculated

. . 1 i i our
In line with Pregg et al (2007), we used a natural cubic spline interpolation |flsative
Smoothing method, This results in a continuous isotonic function of the cum
probability of defay]g named

Q@) = 5(q1,qa...., q). as
After calculating these probabilities of default, we are able to price the CLN

. and
the expected discounteq cashflow under the martingale measure Q (see Jarrow
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Turnbull 1995; Jarrow et al 1997). In doing so, the CLN is priced arbitrage free with
respect to the CDS market (see, in general, Bielecki and Rutkowski 2002).!

Further, because our analyses also included CLNs with multiple references, we
consider the asset correlation of the underlying assets. By doing so, we are able to
model multiple defaults of the reference entities. A detailed description of the calcu-
lation of the default probabilities with multiple reference entities, which extends the
_aforementioned valuation model by enabling the possibility to handle joint defaults,
18 provided by Rathgeber and Wang (2011).

Our primary goal is to price a CLN with an annual or semi-annual fixed coupon rate
Cy maturing in T},, at a face value of N .2 The price of issue is P;. Let the date of issue
be Ty and the following payment dates be Ty, T2, . . . , Tra. On the basis of the default
probabilities curve Q(t) derived above, we can estimate the cumulated probability
gf default Q(T — To), Q(T; — To), . .., O(T, — To) accordingly on each of these

ays,

If we impose a certain recovery rate RECcpn, the value FV; of the CLN can be
expressed as

BV: = ;((CfN(Tt ~Tie)) + 1*N)(1 = Q(T: = To)

)To—Tt , (45)

+ REConN(Q(T; — To) — Q(Ti—1 — To)))(L + 11-To

V{here i = |t/m] is the result of the floor function and r1,—Ty, is the risk-adjusted
?SlssCOUnt rate. The latter is the sum of the risk-free rate and the credit spread of the
uer.

'To calculate the overpricing, we evaluate the difference between the theoretical .fajr
Price FV; and the price of issue in reality. A positive difference indicates overpricing,
fmd Yi?e versa. Further, we can assume the price of issue to be fair and estimate the
mplicit recovery rate, which fulfills this assumption:

REC,,
 B= T (G N = Ty) + M) = QT = T+ rromo)
T MO~ To) = Qe ~ T)( +rr-m) ™
S—

1
We are aw . . may also be
are of the joint- i i that the CDS contracts may
joint-hypothesis problem, implying ¢ CLNs, Nevertheless.

Mispyi .
M;gﬂ?ed, and, thus, leading to a biased result regarding the mispricing of & his problem
y Oslltldeama (1991) and most of the studies on capital market efficiency, we igoore H1iSP
§
.

2 F d . .

ora detailed description of the calculation and the specifics of the fair value of CLNs with

Tates, please refer to Rathgeber and Wang (2011), as we proceed analogously.

floating
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jor indicators to
The relative price difference and the recovery rate REC.imp are two majo(r1 H:l(tivaﬁables
determine if a CLN product is overpriced. Thus, they will serve as depende
in our subsequent test.

4.2 Mispricing of CLNs

Our primary aim is to analyze the mispricing of CLN in not only the prlmfg}(’) Illii;fk;té
but also the secondary market. Thus, in contrast to Rathgel?er -am.i Wal;gt ofiss’ue),
analyzed quoted prices of different CLNs not only at one point in tu‘ne (date o
but also across the time axis. Hence, as we obtained data for dxfferent c s
(different CLN contracts) at different points in time t, we had twq d1ffe.rent a(Keane
dimensions. As this circumstance implies the threat of aggregation biases o
and Runkle 1990), we tested our data sample for the existence of panel data. CLN,
we were able to analyze the effects of structurally different CLN contracts on
cing,

ml;f)rclletefmine whether the data contained fixed or random effects, w§ testgd th;(iaft::
regressions against an unweighted ordinary least squares (OLS) estimation. ot
random effects model, we conducted a Lagrange multiplier test. The central 1 e
this test is to compare the residuals between the time series for one CLN wi L we
residuals between the time series of different CLNs. For the fixed effects modea,red.
conducted a simple F-test, Therefore, the F-statistic of both regressions are comf:l "
Subsequently, we used the Hausman-Wu tes to show that the random effects .
dominates the fixeq effects model for all cases analyzed in this paper (excepdom
one robustness check). This test analyzes the regression coefficients of the raln1 o
effects model in relation to the regression coefficients of the fixed effects mode e
uses the differences in relation to the standard errors as test statistic. Because .
Hausman-Wy tegt showed the existence of random effects within our data samplc,

.n me
Wwe used a random effecs panel regression model to test our hypotheses regarding
mispricing of CLNs,

To test our hypothesis, in 3 fir

e Ns by
St step we operationalize the mispricing of CL
means of the contract’s implicit

ot time
recovery rate RECimp,i' for a CLN contract sa :)f the
1. Thereby, according to (4.6), the implicit recovery rate is calculated Py méinN value
abovementioneq multi-borrower Jarrow and Turnbujl model, with a given

in thi . assumed
(in this case, the market price) resolveq for the recovery rate. Further, we

, imation of
a fecovery rate of 40% for the CDS, which served as the basis for the estimati
the default probabilities

- This is because, according to the Standard North Amerg:iﬂr
Corporate CDS Converter Specification (ISDA 2009), the recovery rate of t)f the
priced) senior CDS i 40%. As the Tecovery rate of a CLN (during the c.o.urse very
financial crisis) wag only 8.8%, we can assume that the higher the implicit reco
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rate is, the more overpriced the CLN contract is.® To put it in other words, in the case
of an implicit recovery rate of 100%, the CLN contract equals a risk-free investment,
which a CLN in fact never is. The corresponding panel regression for the base case
is shown in (4.7):

RECimp,it = ag + toe1 + MAT; a2 + NoR;a3 + CRjos + CTias + v +eéirs 4.7

with / indexing the different analyzed panels, ie, the different n CLN contracts. The
parameter 7 is a variable for the ongoing date in years since April 1, 2008, which is
the earliest date with a quoted price in our data sample. CR; is the coupon rate of
the CLN and MAT;, is the time to maturity in ¢ in relation to the CLNs’ total time
to maturity. CT; is the coupon type of the CLN i (with CT; = 0 for fixed coupon
payments and CT; = 1 for variable coupon payments), and NoR; is the number of
reference entities of the CLN i. v; is the CLN random coefficient. Because we have
arandom effects model, the random coefficient v; is a random variable with a fixed
mean and variance. Further, to test the influence of the financial crisis, we conducted ‘
two random effects panel regressions according to (4.7). The first additional pff\n-el
regression covered all points of time ¢ with quoted prices during the financial cr1.51s.
The second additional panel regression covered all points of time ¢ with quoted prices
after the financial crisis.

We further tested the residuals for autocorrelation within the random effects model.
?’herefore, we used a modified Durbin—-Watson test according to Bhargava éf al (1982)
In association with Baltagi et al (2003). The test rests on the idea that, in a panel,.only
autocorrelation between the residuals of the time series (length T) of every s.mgle
CLN are accounted for. This circumstance reduces the number of observations in the
first Place. However, the modified DW statistics, as displayed in (4.8), are aggregated
i the second step over all N CLNS:

DWoy = Zie Dmaler =€zt “d
moa
PIARD IARY

1 Due to the special construction of the modified DW statistics, they cannot be_ an:l
¥2ed with the critical values used in time series analysis. For the panel case, CiLie

-

3 . R i ial crisis.
Obser."ng empirical recovery rates was possible for the first tme during m Brothers,

oy 8 to Rathgeber and Wang (2011), four weeks after the banknp™y CLN was 88%.

| 1vestors found that the realized recovery rate for Lehman-referenced _ ‘
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~ values are generated that account for this special setting and the randc;)r;l afsffi;i S:z

’ Bhargava 1982). To address the identified autocorrelation, we used 'z; e lengthof
estimation for the panel data, because this approach does not .modl y o
the time series. After one iteration, the residual’s autocorrelation was re -
sufficient extent. For the test of heteroscedasticity, we conducted a robu.st thge o
multiplier test according to Montes-Rojas and Escudero (2010). FOH(:)wmirformed,
of a Lagrange multiplier test, an auxiliary regression model has to be I; oo
testing for a homoscedastic covariance matrix. In this way, the test follow o
known idea of the Breusch—Pagan test. However, due to the fact that Wedel) e
differently distributed error termg for different CLNs (random effec.:ts mOh ; ’way
homoscedastic covariance matrix (null hypothesis) is constructed in suc

, exist in the
that differently distributed error terms for the different CLN contracts
covariance matrix,

. ‘anricine of CLN,
In another test for the influence of the financial crisis on the mispricing O

) ; ime during
we replaced the date Parameter 7 by a dummy variable for the points of tim
the crisis (respectively, after the crisis),

; reviously
To test the robustness of oyr results, we tested the panel regressions p

stimation
shown in (4.7) with alternating CDS fecovery rates (8.8% and 60%) for the e

. estimated
of the default probabiligjes, Further, we tested our results in the case of an
asset correlation equal 1o 0. i
. . . e relatlve
Additionally, we Tepeated the panel regression shown in (4.7) with th
mispricing ACLN

, d using
ir a3 dependent variable, Thereby, ACLN;, is calculate
4.9);
P, 49
=t
ACLN;, =

t
with the relative dey

ical fair valye Fv
4.10):

) theoret-
iation (P, /FVi) =1 of the market price P, frf’nrl .the;hown in
tofaCLNip ¢, The corresponding panel regression is

ACLN;, = ,30+tﬂl +MAT

L. (4.10)
1Bz +NoR; 8; + CR; B4+ CT;B5 + vi +¢€it

For the calculation of th

ates Of
¢ theoretical fajr value FV,, we used recovery f
40% and 8.8%, respectivel

. h served
Y, for both the CLN contracts and the CDSs, whic ated the
as the basis for the estimation of the default probabilities, Finally, we rep'eon equal
robustness check with g Tecovery rate of 40% and an estimated asset correlatt
to 0,

. ession
The next section presents the data sources for testing the panel regress™
models,
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5 DATA SOURCES

For our analysis, we identified six major German CLN issuers (two issuers more than
in the paper of Rathgeber and Wang (2011)):*

¢ Commerzbank AG (analogous to Rathgeber and Wang);

¢ Deutsche Bank AG (additional issuer);

* DZ Bank AG (analogous to Rathgeber and Wang),

¢ Landesbank Baden-Wiirttemberg (analogous to Rathgeber and Wang);
¢ Landesbank Berlin (additional issuer);

* UniCredit Group (analogous to Rathgeber and Wang).

The following data had to be obtained from each CLN contract to meet the
requirements of our model:

* payment dates, including the final payment day;

® coupon rate, coupon type and payment structure;

¢ issue price and issuer;

* underlying reference entities;

* market prices of trading days with positive trading volume.

Except for the different product names given by the specific issuers, all of these CLN

Products are constructed similarly. They only differ from one another in the following
aspects:

* number of reference entities, single or multiple;
* type of reference entities, corporate or national sovereign;

* coupon type, fixed rate or variable rate (floating rate or & mix of fixed and
variable);

* Payment structure, periodic or only at maturity;

* issue price and final payment at, under or over par.
—_—

4
WOgous to Rathgeber and Wang (2011), we used dummy
erences among the credit risk of the issuers.

variables to evaluate possible
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Altogether, we observed ninety CLN products issued from April 1, 2008 to February
27, 2012, covering 13 555 quoted market prices on a daily basis and correlated to a
positive trading volume (we excluded some of the 136 CLN products from Rathgeber
and Wang (2011) because the data required for our model was not available). Prices
for days that had a trading volume equal to 0 were ex ante excluded and are not part
of our 13 555 quoted prices spanning the data sample. The CLN data of the different
CLNs were obtained from the individual product descriptions, which were retrieved
from the issuers’ homepages. The daily market prices and the corresponding trading
volumes were retrieved from the European Warrant Exchange Stuttgart (EUWAX).
Table 1 on the facing page shows the descriptive statistics on the ninety different CLN
contracts used in our analysis. At the same time, the descriptive statistics show that
the composition of the data sample used in the paper at hand is comparable to that
used by Rathgeber and Wang (2011).

The descriptive statistics (Table 2 on page 61) of the implicit recovery rates of
the CLNs show that 4021 of the quoted prices (which is 29.66% of the entire data
sample) implied a recovery rate of 40% or higher. In comparison, the recovery rat
of a (fair priced) senior CDS is 40%, and the recovery rate of a Lehman-referenced
CLN during the financial crisis was only 8.8%. The highest implicit recovery rate in
the sample was 163.72%. Besides these rather high implicit recovery rates, W also
observed 6041 quoted prices (44.57%), implying negative recovery rates, with the
lowest implicit recovery rate being —3115.30%. On average, we observed an implicit
recovery rate of —36.98%.

.Funl?er, the descriptive statistics regarding the quoted prices of the CLN and ther cl-
ative mispricing ACLN; calculated using (4.4) and a recovery rate of 8.8% show that
none of the quoted prices were priced with their fair values. In fact, 8199 of the quoted
prices (which is 60.5% of the entire data sample) showed a deviation between market
price and fair value of more than 5%. Only 1396 quoted prices showed a deviation
of less than 1% (which is 10.3% of the entire data sample). In total, 6876 (50.73%)
of the quoted prices were overpriced, and 6679 (49.27%) of the quoted prices where
underpnced. The largest overpricing within the sample was 70.14% (observed for 8
fLNésiuefj by Commerzbank), and the largest underpricing was 30.76% (Obfef".ed
ora N ‘Ss}led by Landesbank Baden-Wiirttemberg). The average relative mispric”
ing ACLN; in absolute terms within the observation period was 9.38%, i€, CLNs
Xg :x:);]? ve;agg 9.38% (?Verpficed. Separated by issuers, Commerzbank, DZ Bank

n addi;no ets aﬂx;k Berlin shoned the largest average mispricing at more than 10%.
in acc0rdancne o ﬂf CLN data, input parameters are also needed to calculate values
we needed w.l our model. To discount the estimated cashflows for each date

eeded the risk-free spot rate on 3 daily basis. The required parameters for the

S Wi
¢ gratefully acknowledge the data provided to us by the EUWAX.
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TABLE 1 Descriptive statistics of analyzed CLNs.

Date Number of
of reference
Issuer Frequency issue Frequency  Maturity Frequency entities Frequency
Commerzbank AG 20 2006 2 < 1 year 0 1 51
Deutsche Bank AG 21 2007 3 1-3 years 3 2-5 47
DZ Bank AG 26 2008 22 > 3 years 97 6-10 1
Landesbank BW 22 2009 31 > 10 1
Landesbank Berlin 1 2010 22
UniCredit Group 10 2011 19
Type Number of
Coupon of payment Coupon
type Frequency references Frequency days Frequency rate Frequency
Floating 23 Sovereign 16 1-10 64 <3 8
Mixed 12 Corporate 84 > 10 36 3-6 78
Fixed 64 >6 14

All values in percent.
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calculation of the spot rates and discount factors were estimated by the German Central
Bank using the Svensson method (Svensson 1994).

The CDS spreads of the reference entities were retrieved through Thomson Reuters
Datastream, which uses historical data from Credit Market Analysis (CMA) as a
source. We used daily quoted closing rates of senior CDSs with maturities from one
to ten years, which were available for most of our required reference entities since
2008.

To calculate the joint default probabilities for CLNs with multiple underlying ref-
erence entities, we needed their asset correlation. Therefore, for each underlying
corporation, we used its daily stock return within the observation period of April 1,
2008 to February 27, 2012 (or shorter, if data was not available for the entire period).
As a proxy for the correlations of national sovereigns, we took the major stock index
of each underlying country and calculated the daily stock return. Following Rathgeber
and Wang (2011), we applied Merton’s model, because the credit risk of a sovereign s

closely related to its economic development, which is represented by the sovereign's
stock index.

6 TESTS AND RESULTS

6.1 Mispricing in the German CLN secondary market: base case

Table 3 on page 62 presents the test resuls for the entire observation period based on
the panel regression model from 4.7.

The Parameter values were negative for date and coupon rate. According t0 the
reg.resswn model, this result indicates that the implicit recovery rate decreased with
an mcreasing coupon rate (HS) and during the entire observation period (H1). For the
mau’mty (H3), the number of reference entities (H4) and the control variable “coupon
type” values were positive, Therefore, according to the regression model, this means
that the longer the maturity, the larger the number of reference entities, or the more
complex the coupon type, the larger the implicit recovery rate. In all cases exce!
the coupon rate, we observed highly significant results. The explanatory power of e
CLN contract panel regression was (0,229,

Further, the Hausman-Wy tegt statistic reported in Table 3 on page 62 distinctly
shows thaf arandom effects model is more appropriate than a fixed effects model. ThiS
EL unsurpmfng for several reasons, First, we are inspecting the time series of differeflt
theI;Iesg,I Zzs?(x)ﬁerent CLNs hjclve different characteristics; this is not accouflted forul;:
s n model accqrdmg 10 (4.7), eg, asymmetric information regar dmg defs

ties between the issuer (respectively, investor) and the reference entities (loa?

ls’:;f::gs). Consequently, this leads to different mispricings of different CLNS. Authe
© WE expect to observe the same dependence structure on the independeﬂt’
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TABLE 2 Descriptive statistics of quoted market prices, implicit recovery rate (calculated by means of a multi-borrower Jarrow and Turnbull
model with the quoted market price as CLN value, resolved for the recovery rate) and the relative mispricing (calculated by means of (4.4)).

. Relative mispricing A CLN; (recovery rate 8.8%)
% of Implicit recovery rate Average,
quoted absolute
prices  Average Min Max <0 >04 >5% <1% Average value Med Min Max SD
Overall 13555 03698 —31.1530 1.6372 6041 4021 8199 1396 —0.0282 0.0938 0.0013 —0.3076 0.7014 0.1340
Issuer 1: 2362 —0.1215 —10.6463 1.0853 987 761 1721 122 0.0392 0.1138 0.0128 —0.2401 0.7014 0.1583
Commerzbank AG
Issuer 2: 12 —-0.4498 —-1.8454 0.2670 7 0 5 0 —0.0656 0.0702 —0.0190 —0.2274 0.0277 0.0801
Deutsche Bank AG
Bs%ug;r?k B 4355 02062 -—16.1531 1.8372 1892 1449 2976 330 0.0572 0.1232 0.0054 —0.2821 0.5863 0.1635
Issuer 4 5087 03776 —31.1530 1.0350 2269 1266 2512 762 0.0073 0.0624 0.0008 -0.3076 0.5406 0.0859
Landesbank Baden-
Wiirttemberg
Issuer 5: 540 —0.1040 108750 1.3718 112 419 474 7 0.1108 0.1369 0.1373 —0.1462 0.4673 0.1160
Landesbank Berlin

Issuer 6: 1199 15386 —264323 1.1863 774 126 510 171 -0.0467 0.0616 -—0.0232 -—0.2785 0.1034 0.0726
UniCredit Group

The average relative mispricing in absolute values onty takes into account the extent of the reiative mispricing, not its sign. Med denotes median. SD denotes standard deviation.
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TABLE 3 Results for the panel regression for the entire observation period.
Entire
observation
period
Ao —1.222***
{—1093.200)
aq (1) —2.000***
(—213.400)
ap (MAT) 13.993***
(98.400)
a3 (NoR) 4.130*
(822.200)
o4 (CR) —191.968
(—1.300)
as (CT) 17.229*
(211.800)
Durbin-Watson 0.215
Hausman-Wu 7.804
Adjusted R2 0.229

Valpes are for regression coefficients ay, @i, o2, a3, a4, as, Durbin~Watson test statistic (before Prais-Winsten
estimation), Hausir:ap—\{\{u test statistic and explanatory power R2 (values in brackets are ¢-values; *significance
at the 0.1% leval; **significance at the 1% level; *significance at the 5% lavel).

variables, which are stationary in time but at different levels. Interestingly, these
levels are not fixed but random instead. The latter can be explained by the fact that
these characteristics resulting in different levels are uncorrelated with the independent
variables and not constant in time,

To account for dynamic effects, we also tried to estimate a panel regression with
yeafl.y effects. However, the CLN specific effects clearly dominated the model. In
addition to that, due to the autocorrelation and the applied Prais-Winsten estimation,

we estimated the equations in differences, which additionally reduced the potential
influences of lagged variables.

6.2 Mispricing during and after the financial crisis

To test hypothesis H2 and, thus, CLN mispricing during and after the financial crisis,
:;lr first step was to conduct two further panel regressions; one with CLN data pefore
C:r?trilzlsof)ar?kand one after May 8, 2009. This date was selected because the Buropea?

performed the last reduction of the key interest rate with respect 0 the

financial crisis on Mg -
y 7, 2009. Tabl i of this
reotession. e 4 on the facing page presents the results th
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TABLE 4 Results for the panel regressions regarding the implicit recovery rate during and
after the financial crisis.

During After
financial crisis financial crisis
(April 1,2008- (May 8, 2009-

May 7,2009) February 27, 2012)

g 0.169*** —~1.379"*
(53.215) (~1022.400)

ay (r) 0.030 —-2.106**
(0.068) (—151.300)

ap (MAT) 6.896* 14.073***
(1.679) (101.000)

a3 (NoR) 1.045*** 4.610"
(32.997) (798.300)
a4 (CR) -222.543 —194.226
(-0.112) (~1.200)

as (CT) 9.501** 17.691***
(12.041) (203.900)
Durbin-Watson 0.149 0.227
Hausman-Wu 0.321 5.044
Adjusted R2 0.287 0.225

Valyes are for the regression coefficients ao, 1, a2, @3, @4, &6, Durbin-Watson test statistic (betore. I:’Lals-m
::::natlon), Hausman-Wu test statistic and explanatory power R? (values in brackets are ¢-values; *signi
© 0.1% level; “*significance at the 1% level; *signiicance at the 5% level).

Highly significant results were obtained, particularly after the financial crisis, at

least atthe 0,19 level, in all cases except for the coupon rate. For the maturity, the num
ber of reference entities and the control variable coupon type, e observed positive
values during and after the financial crisis, indicating an increasing implicit recovery
fate with an increasing maturity, increasing number of reference entities and increas-
Ing complexity of the CLN. We observed negative values for the coupon rate durng
and after the financial crisis, indicating that in both periods the implicit recovery ratel
decreased with increasing coupon rate. These findings are in line with the CLN pﬂﬂed
tegression previously shown in Table 3 on the facing page. The Pafm“‘."t“."al“es ha
Citferent signs during and after the financial crisis only for the date, indicating that 'th.e
"mplicit recovery rate increased (statistically not significant) during the ﬁnancm'l cn;]ls
but decreased (statistically significant) afterwards. The explanatory POWer during e
ancial crisis was 0,287 and, thus, higher than in the CLN contract panel regression
Pteviously shown in Table 3. After the financial crisis, the explanalory power Was
0.225 and was therefore almost on the level of the CLN contract panel regression
from Tabe 3, i
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TABLE 5 Results for the panel regression with a dummy for the period after the financial

crisis.
Dummy

regression

oo —1.545**
—1744.900

a1 (post-crisis dummy) —0.343**
(~639.200)

o (MAT) 15.688***
(119.700)

a3 (NoR) 3.998***
(806.200)
a4 (CR) --223.814
{—~1.200)

a5 (CT) 17.130***
(208.500)
Durbin-Watson 0.208
Hausman-wWu 3.198
Adjusted R2 0.224

R

L i insten
s ao, @y, @z, a3, @y, s, Durbin-Watson test statistic (before P:‘r*asI;'n‘ﬁ'c ol
tistic and explanatory power R? (values in brackets are -value;

significance at the 1% level; *significance at the 5% level).

Values are for the regression coefficie

estimation), Hausman-Wu test sta
atthe 0.1% levet; **

In a second step, we tested whether the mispricing of CLNs was signiﬁcaqﬂy
different during and after the financial crisis by conducting a Chow test, aC‘fordmg
to Chow (1960). The null hypothesis was that the mispricing of CLNs during the
financial crisis was equal to the mispricing of CLNs after the financial crisis. The
results of the Chow test at a 0.99 confidence level rejected the null hypothesis. Hence,

the Chow test is an indicator that the mispricing of CLNs did significantly chang®
through the financial crisis.

Because only thirty-five of the ninety CLNs in our data sample contain quote‘:
prices during the financial crisis (2545 out of 13 555 quoted prices), the Chow (€5
may only be convincing to a limited extent. Thus, our third step involved conductmi a
further panel regression including a dummy variable for the financial crisis, whereby
the dummy was equal to 1 for dates after the financial crisis and 0 otherwise. The dalt;
variable had to be excluded, given high autocorrelation with the dummy variable- ‘
this case, we (once again) obtained highly significant results for all variables eXCcP
the coupon rate. The explanatory power was 0.224. o

The financial crisis dummy parameter showed a highly significant negative S1E0 :
indicating that the implicit recovery rate decreased to a highly Sig"iﬁcan.t extegt
after the financial crisis, In line with the positive result of the Chow test, this ¢S

Journal of Credit Risk www.rlsk-"amw e




Market pricing of credit linked notes €5

provides further evidence for the existence of two structurally different regimes: one
during the financial crisis and one after the financial crisis. The remaining parameters
indicated the same sign as in the CLN panel regression, previously shown in Table 3
on page 62, ie, the implicit recovery rate and, thus, the mispricing of CLNs decreased
with an increasing coupon rate but increased with increasing maturity, an increasing
number of reference entities and an increasing CLN complexity.

6.3 Robustness check

Tocheck the robustness of these results, we conducted six robustness checks. For three
of the robustness checks, we applied the same procedure as previously described with
alternative recovery rates of 8.8% and 60% for the CDSs, which served as a basis for
the estimation of the default probabilities. (As mentioned above, in the base case, we
assumed a CDS recovery rate of 40%.) In another robustness check, we applied the
same procedure as previously shown but assumed an asset correlation of 0 (and aCDS
Iecovery rate of 40% analogous to the base case). During the remaining three robust-
niess checks, we repeated the aforementioned regression with the relative mispricing
according to (4.4) as dependent variable and different recovery rates (respectively,
°h asset corelation equal to 0). Table 6 on the next page shows the results for the
robustness checks with alternating recovery rates and an asset correlation equal to 0.
Table 6 on the next page shows that almost all of the results of the base case were
1obust against changes within the assumed recovery rate: regarding the CLN panel
fegression and the regression with the crisis dummy, all results from the base case
Wwere confirmed within these three robustness checks. The results of the base case were
20 confirmed during and after the financial crisis for an alternating CDS recovery
Tate of 8.8%. For a recovery rate of 60% as well as an asset correlation equa{ 0,
all parameters were analogous to the base case except for the date variable during
e risis. Tn bot cases, in contrast to the base case, the implicit recovery rate also
decreased during the crisis and not only after the crisis. Further, the robustness checks
"ad 10 impact o the significance of the results from the base case. o
'A d dicionally, we repeated the aforementioned regression with the relative mis-
oy s dependent variable (4.10). Thereby, the relative mispricing was calculated
a'ccording t0 (4.9). We further considered different recovery rates of 8.870 (rf:spec-
:Jh"ely, 40%) for the calculation of the CLN as well as CDS for the estimation of
co;dffa‘uh probability. In a separate robustness check, we further assumerc‘l) ;unsta:es:s
chect;(:uon equal (. Table 7 on page 68 shows the results of these three
Table 7 op Page 68 shows that the robustness checks with the relati‘le. mxsgn cing ai
dent variable confirms the results of the aforementioned regressions almos

\ , andthe
cases. The two major differences are the reversed signs for the coupon rate

wWﬁ"“““‘*ioumm 5 Wofmdknisk ~
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on next page.]

TABLE 6 Results for the robustness checks with alternating CDS recovery rates ft(?r ti;:
estimation of the default probabilities and an asset correlation equal to 0. [Table continu

(a) Recovery rate 8.8%

i rin After Dummy
::rtigz ?:‘:isisg crisis regression
a0 —2024" 071" —2.247*+  -2563™
(~1769.4) (22892) (-1626.6) (-28386)
oy -3228"* 0276 —3.618**  -04%
(z/post-crisis dummy) (—3596) (0.621) (~268.900) (-9234) "
az (MAT) 23443+ 7.488" 24.151** 26.198
(1722) (1.772) (180.6) (2090)
a3 (NoR) 5128 {174 5.696*** 4904
(1079.5) (35944)  (1040.0) (10465)
o4 (CR) —-2565.385  —253580 —249.029 305243
(-13) (~0.124) (—1.4) (=18
as (CT) 23024 113pg™ 24227 22972
(299.4) (13.939) (294.7) (296.0)
Durbin—Watson 0.208 0.147 0.219 0200
Hausman-Wuy 24,988 1493 15.006 9.172
Adjusted R2 0216 0291 0.211 0208
(b) Recovery rate 60%
Entire During After Dummy
period crigis crisis regression
o —0.722" Qo7 —0.842*** ~0913
(-686724)  (66216)  (-665.247) (-10853)
ay ~1282"*  _gq4g ~1.165*+  -0263
(t/post-crisis dummy) (~122472)  (_02346) (~76.694)  (-4916)
oz (MAT) 7946**  g502* 7.605*** 8850
(49.928) (1649) (48.909) 618
as (NoR) 3785™ g g7pre 4184+ 3664
(643017)  (32170)  (630.315)  (6367)
a4 (CR) —163.120* 203115 -172.654* 185648
(<1721)  (<0.07) (~1.933) (-12)
o5 (CT) 14362+ gagge 14274+ 14219
_ (152445 (11149) (142679 (148.900)
Durbin-Watson 0210 0.152 0.224 0208
Ha_usman-gVu 2.003 0.135 1.516 ”;g
Adjusted R 0.230 0.282 0.230 0229
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TABLE 6 Continued.

(c) Asset correlation = 0

Entire During After Dummy
period crisis crisis regression
% A7 0222 1332  -1509""
(—1056.1) (72978)  (-994916) (-17153)
a4 (t/post-crisis dummy) —2115**  —0.350 2211 —0.355*"
(—222.3) (-0769) (~157.152)  (-663.3)
o2 (MAT) 13.764*** 5.255 13922+ 15.486**
(95.3) (1.194) (98.582) (1173)
o3 (NoR) 4343 1.203** 4805 4202
(847.800)  (35243)  (818.346) (831.1)
o (CR) 195427  —201.182  -196.940™  —229.260"
(-1.3) (~0.094) (—2.488) (-18)
o (CT) 16972  9001™* 17447  16869™"
(204.500) (10529)  (197.669) (201.3)
Durbin-Watson 0215 0.150 0227 0208
Hausman-wu 8.350 0177 5602 3.767
Adusted R2 0229 0.251 0226 0222

on test statistic (before Pra{s—Winsten

Valuss are for the regression coefficients ap, @1, a2, @a, @4, @, Durbin-Wats b
brackets are ¢-values;

:::Lﬂ;a(t)ion), Hausmgn—Wu test statistic and explanatory power R? (values in
1% level; **significance at the 1% level; *significance at the 5% level).

maturity: in the case of the coupon rate, we observe positive signs in each case except

the. telative mispricing during the crisis in the case of a recovery rate of 40%, in.dl-
cating an increasing mispricing with increasing coupon rate. In the case of r.natun'ty,
We observed negative signs in each case, indicating an increasing mispricing with
decreasing maturity. We further observed smaller explanatory powers than in the base
case, especially in the case of a recovery rate of 40%.

6.4 Discussion of results

Overall, consolidatin g the base case and the robustness checks leads to the conc;:isi;::il
that all of oy hypotheses except HS (regarding the first sight effect) are v

Statistically, S
Our first hypothesis H1 is based on the idea that CLN markets are charactertz
at banks have a signifi-

by st.rong information asymmetry, not least due to the fact th an - ics
csn ! information advantage regarding borrower’s, ie, referenceentity’s, CWCI?CI N
(Sharpe 1990, These informatien asymmetries and the resulting overpricing ©

- due 1o
ontracts on an overall market level ought to decrease over the COUTSe of time a
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continues on next page.]

TABLE 7 Results for the robustness checks with the relative mispricing as dependent
variable, using different recovery rates as well as an asset correlation equal to 0. [Table

(a) Relative mispricing as dependent variable (recovery rate 8.8%)

Entire During After Dummy
period crisis crisis regression
Bo 0.020*  —0.003 —0.020*** —0.056**
(12.423) (—0.744) (-46478) (—121.002)
B1 (t/post-crisis dummy)  —0.441 -0.072 —0411%* 0.014"
(—-0418)  (-0.171)  (—6.298) (27.212)
B2 (MAT) -0.730 -0374*  —0.356*** -0.118™
(-1.149)  (-2670) (-6.198) (-6.145)
B3 (NoR) 0.460*** 0.248*** 0.747*** 0.646™"
(4.329) (11.251) (12.577) (20.193)
Bs (CR) 19.311 12.065 35.122 21.161
(0.003) (0.009) (0.043) (0.054)
Bs (CT) 3.433 1712 1005 1512*
(1.345) 3.601 1.126 2.768)
Durbin-Watson 0.100 (0.1 96) (0.082) (0.1 04
Ha}‘s"‘a“—zVu 5916 0.840 4735 2548
Adjusted R 0.230 0.320 0.094 0.125

(b) Relative mispricing as dependent variable (recovery rate 40%)

Entire During After Dummy

period crisis crisis regression

.30 —0.089**+ —0.089 —0.054"* —0.085***
_ (-122807) (~13832) (-90531) (-142.776)

B1 (t/post-crisis dummy) -0.004 -0 _277) ( _0_129*)*** ( -0.017*
(-0471)  (-0739)  (-3.128)  (~30.936)

P2 (MAT) -0107** 0077 -0.168**  —0.082""
(-5674)  (-0649)  (-5.127) (-5.835)

As (NoR) 0358 0165  0468* 0368
(25.539) (8.999) (14.967) (23.933)
B4 (CR) 9422 -3797 4.836 8.265
(0042)  (-0003) (0.012) (0.038)

Ps (CT) 1516™ 1491+ q1ag7v 1613

. (6.650) (3.786) (2.960) (6.172)
3:@:\;"330" 0131 0234 0.109 0134
Adiusted R? are! 2166 6240 o
0.154 0273 0.108 0.154
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TABLE 7 Continued.

o) Relati S
(c) Relative mispricing as dependent variable (asset correlation = 0)

Entire Durin A
period crisis*.g crfitsei; reDgl::r:i‘{)n
Bo —0.032** —0.046"" —0.046*" -0.084"*
B4 (z/post-crisis dummy) ( iggig) (:2?3;2) (—?g':gglu (_14-(’)'2)321*.
Bp (MAT) (-0690) (-1 035) (-5.173) (-14431)
—0.437 -0.233" —0.248™" -0.113""
82 (NoR) (—1.088) (-1 937) (—6.624) (—7.476)
0375  0226"" 0.607*** 0.505""
84 (CR) (5.653) (12.049) (16.576) (28.600)
7.531 5.689 10.535 9.103
85 (CT) (0.002) (0.005) (0.021) (0.038)
2.545" 1.399"™ 1551 11635
Durbin-Watson (1.668) (3.484) (2.622) (5.444)
Hausman—Wu 0.124 0.223 0.101 0127
Adusted R2 3.405 1562 6.727 1677
— 0.230 0291 0.123 017

Values are fo

. N r the regr H e

@ e88ion CO

stimation); Hausmégn—w:‘,o:l . efficients Bo, A1, Ba, Ba, B, Bs, Durbin-Watson test statistic (before Prais-Winsten
st statistic, and explanatory power R2 (values in brackets aré t-values, ssgignificance

atthe 0.1% I
v W Wt ™
b level; **significance at the 1% level; *significance at the 5% level).

the entire observation

an inc M %

peﬁOdrefiZl::lgz(;;)dy of knowledge”. We can confirm H1 during

of mispricin 8 to 2.012, using the implicit recovery rate as
g. Accordingly, irrespective of the maturity O

Overpricin
g of CLNs decreased in our data sample. This perception coinct
ho postulate that academic research

recent evi
comﬂtbzldence of McLean and Pontiff (2016),
es to decrease market anomalies.

I

n a second step, hypothesis H2 examined the influence of the 2
In essence, we argy
papers dealing with the
to a stronger regulation of the

Crisis s s

) treniz;(tihe mispricing of CLNs in more detail.

of Slructurmés mcrezflse in the number of research
ed financial products after 2007, and due

financi
cial m .
arket, especially for credit derivatives, information as

CLN mar .
ket declined. We operationalized H2 by separately an
he financial crisis- 18

reCOVery T, .
ate (respectively, the mispricing) during and after

doin
850, we ot :
observe a statistically significant decreaseof mispricing

Crisis, In

“11818. In co . >

in misprj ci:"?fls‘t,‘durlng. the crisis, we observe a (statistic
g. This finding is basically in line with,

; that, as of today, bounded rational investors

"Ww.risk.netjournal

f single CLN contracts, the

for example,
are increasingly aware of

proxy for the extent

des with the

007-9 financial
ed that due 10
pricing

ymmetry within the
a]yzing the implicit
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underlying risks of structured financial products; thus, issuers are no longer ablfz .to
overprice their products to the same extent as they did before or during the crisis.
Hence, although it may also be conceivable that mispricing increased due to tl.le
financial crisis because of a shift toward a market full of “informed experts”, we obtain
the result that we ex ante consider to be logical. Moreover, our finding regarding .the
effect of the financial crisis is robust as both a Chow test and a further regresson
with a dummy variable for the time after the financial crisis confirm the result _that
mispricing decreased to a significant extent after the financial crisis. This provides
evidence for a structural break due to the crisis.

The third key hypothesis in our study, H3, examined the pricing of CLNs not on
an aggregated market level but on a contract level instead. In particular, we analyzed
whether the mispricing is correlated to the time to maturity. We confirm H3 fot the
entire observation period from 2008 to 2012 as well as in the cases of two identlﬁf’—d
regimes (during and after the crisis). In all cases, we observed an increase in ovefplfc‘
ing with decreasing maturity. This result strengthens the assumption that information
asymmetry between the issuer and the investor decreases with decreasing time 10
maturity, which is basically in line with Longstaff ef al (2005). Further, this result
is in line with the findings of, for example, Chen and Sears (1990), Stoimenov and
Wilkens (2005) or Baule (2011), thus providing evidence for the existence of a product
life cycle. Our results not only confirm existing contributions in this field of research
but also put them on a broader basis, as the data sample for this paper covers many
more data points (13 555) and a longer period (eg, Baule (2011) only analyzed t.he
period from November 2006 to December 2007). As a restriction, we have 0 point
out that in the case of relative mispricing as the dependent variable, we obseer'!d an
inverse product life cycle with an increase in mispricing with decreasing maturity:

Regarding the complexity of CLN products (which in turn also contributes ©
information asymmetry), we confirm hypothesis H4: the overpricing increases with
an increasing number of reference entities. The same result is observed for the control
variable coupon type, ie, the complexity of the coupon structure. Thus, the two €25
confirm the findings of Rathgeber and Wang (2011). .

Surprisingly, Hypothesis H5 regarding the first sight effect has to be rejec@ .
almost all of our tests (except the robustness checks with the relative mispricing &

the dependent variable). We hypothesized that the overpricing increases with highe;
coupons, In fact, our finding contrasts the findings of Rathgeber and Wang (2011)an
Wallmeier and Diethelm (

2009). One reason for this contradictory and Uﬂpfedlcf
result may be the aforementioned higher awareness of investors of the high undetyIé
risks f’f Structured financial products after the financial crisis, which is amplified by
the high number of academic and public coverage. Thus, a high couponl might 10

%Oﬂgef induce a positive first sight effect but rather put the investor on alert for the
inherent risk structure, '

Journal of Credit Risk




To summarize, our results provide evidence that the CLN market generally shows
a decrease in overpricing over the course of time. In particular, the overpricing of
CLN during and after the financial crisis changed significantly, to the effect that the
overpricing decreased to a more significant extent after the crisis, which is in line with
our expectations based on existing literature. Another interesting contribution to the
literature is the fact that Rathgeber and Wang (2011) only observed overpricing on
the date of issue. We have now identified that the majority of the 13 555 quoted prices
were actually underpriced instead of overpriced, showing (highly) negative implied
fecovery rates.

7 CONCLUSION AND OUTLOOK

The market for structured financial products has grown in the past few years. Hence, a
significant number of studies have analyzed the pricing of these products. This paper
significantly extended the contribution of Rathgeber and Wang (2011): we analyzed
Whether CLN contracts are priced with their fair value not only on their date of issue
but also during their life cycle. Thereby, our analysis was based on a widespread de‘\ta
sample covering 13 555 daily quoted prices of ninety CLN contracts from five major
issuers in the German market, This is also a significant extension of Rathgeber and
Wang (2011). Analogous to Rathgeber and Wang (2011), we applied a market-based
valuation model for the calculation of the fair value of CLNs, This approach is based
onthe reduced model by Jarrow and Turnbull (1995) and Jarrow et al (1997), extended
by the single-factor Merton model to estimate the joint default probabilities by means
of asset correlations. For the derivation of the default probabilities, we used the CDS
Spreads of the underlying entities. g
One of the major findings of this paper is that CLNs are not only OV?fPflced in
he secondary market but also often underpriced to a large extent. This result is
Tather Surprising in view of the fact that Rathgeber and Wang (2011) only Obs‘?“_’ed
OVerpriced CLN products on their issue date. Further, we discovered that overpricing
CLNs significantly decreased after the 20079 financial crisis due to a decrease if
nformaion asymmetry, although CLN markets are gradually recovering, @d demand
for structyreq products is still high. This result is also robust for changes in recovery
fates or Correlation coefficients. The theory of the product life cycle, ie, decreasfﬂg
Dverpricing with decreasing maturity, was confirmed as well as the positive correlation
notWeen the complexity of the CLN product and the mispricing. The latter;l;d:ﬁ
tonly confirms but also strengthens the corresponding finding of Rathge
S ang_(‘?-m 1) because of the extended and widespread data sample used :n this papez
\Iprisingly, the common theory of the first sight effect, ie, an investor’s focus ;nn p
“0upon rate in expectation of a high return instead of the hidden factors be

the i
high Coupon rate, had to be rejected.
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Based on the results of our paper, a few possibilities exist. to e?(tend (zlort ::grﬁl
Although our data sample is quite large, with 13 555 quot(?d prices, it d('): e
until April 2008. Thus, the data sample contains daFa dur.1r.1g the ﬁnanc; e o
after the financial crisis, but not prior to the financial crisis. By exten 11215 e
sample with data prior to the financial crisis, we wo.ulfi also be able. to andei'e(i o
mispricing before the crisis. Moreover, the change in interest ratc.:s is mczin own
specifically to more accurately calculate fair prices for CLNs with ﬂoadu Cfis "
payments. Further, the valuation framework may be used for CLN pro

are
on CLN markets other than the German market to test whether these hypotheses
universally valid.
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