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Papiere kontinuierlich weiterzuentwickeln. Meinem Koautor Prof. Michael Brennan möchte ich für die anregende gemeinsame Arbeit und für viele interessante
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Introduction
This dissertation is a collection of four independent research papers which were
written during my doctoral studies at the University of Konstanz from April 2005
to October 2008. All papers deal with credit securitization. In these transactions
the originating bank sells (part of) its loan portfolio to a Special Purpose Vehicle
(SPV) which funds itself by issuing diﬀerent tranches of bonds that are strictly
subordinated to each other. Such structures evolved in the beginning of the 1990s
and became very popular during the last decade. After the beginning of the subprime crisis in mid 2007 new issuance volumes in this market segment dropped
sharply because investors became increasingly afraid of the complexity and intransparency of these products making it diﬃcult to assess the inherent risks
correctly. This thesis sheds light on such securitization structures by analysing
various aspects. The ﬁrst paper takes a closer look at securitizations of mezzanine capital in Germany. The second paper deals with the question about the
eﬀects and the optimal choice of credit enhancements in such securitization transactions. Motivated by the subprime crisis, the third paper discusses the impact
of an interest rate freeze on residential mortgage backed securities. The fourth
paper analyzes the source and magnitude of marketing gains from selling structured debt securities at yields that reﬂect only their credit ratings, i.e. at yields
on equivalently rated corporate bonds. In the following I brieﬂy summarize the
main results.
Chapter 1 is a reprint of the article “Securitization of Mezzanine Capital in
Germany”, published jointly with Günter Franke, University of Konstanz, in Financial Markets and Portfolio Management, Vol. 22 (3), September 2008, pp.
219 – 240. The main purpose of this paper is an empirical analysis of German
mezzanine securitizations to illustrate the beneﬁts and risks inherent in these
1
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transactions. In particular, we study ten mezzanine securitizations that were
originated by several large German banks between May 2004 and July 2006.
After a short description of these deals, we provide a simpliﬁed analysis of the
portfolios underlying these transactions showing that they are attractive to originating banks, investors and medium-sized obligor companies. Additionally, we
perform a detailed simulation analysis of each transaction indicating that despite
the relatively low interest rates charged on obligors, originators and investors can
earn attractive returns at fairly low risk. Especially the junior tranches of these
securitizations generate rather high expected internal rates of return with a low
downside risk. Since these junior notes are often at least partly sold to outside
investors, our results indicate that originating banks generously reward investors
for holding this position.
Chapter 2 discusses the role of credit enhancements in credit securitizations.
These are contractual provisions to reallocate credit risk between diﬀerent tranche
holders and, thus, to reduce the credit risk of senior tranches. Taking the loss
allocation rule and the reserve account speciﬁcation as two important examples,
I show how these features can inﬂuence the ratings of issued tranches and answer the question which speciﬁcation should be preferred by the originator. By
means of a cash ﬂow simulation model I ﬁrst demonstrate that the combination
of the two credit enhancements has a strong impact on the tranches’ risk proﬁles
and, therefore, on tranche ratings or tranche sizes, respectively. This result indicates that it is important to consider the exact contractual speciﬁcations when
rating a transaction and that it is not suﬃcient just to analyze the risk characteristics of the underlying portfolio. In a second step I determine an optimal
transaction structure from the originator’s point of view by taking several market
imperfections into account. Simulation results indicate that the optimal structure
strongly depends on equity costs and costs generated by information asymmetry.
Higher equity costs induce a smaller First Loss Position (FLP) whereas higher
information asymmetry costs support a larger FLP.
Chapter 3 is joint work with Thomas Weber, University of Konstanz. Motivated by the current ﬁnancial crisis, which was triggered by rising delinquency
and foreclosure rates in the US subprime mortgage market, we analyze an interest
rate freeze on adjustable rate mortgages (ARM) as one possible policy reaction
2
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to mitigate the crisis. These ARMs oﬀer initial interest rates at a fairly low level
which are replaced by higher rates after two or three years. Since often these
subprime mortgages were sold in residential mortgage backed securities (RMBS),
an interest rate freeze does not only aﬀect borrowers and lenders but also investors in RMBS tranches. Therefore the paper especially analyzes the eﬀects on
RMBS investors. Looking at three sample portfolios we ﬁrst show that the current crisis situation leads to severe ﬁrst order stochastic dominance shifts in the
portfolios’ discounted cash ﬂow distributions. Consequently, all RMBS tranches
written against these portfolios need to be downgraded by several rating notches.
Departing from this crisis situation we examine the direct eﬀects of an interest
rate freeze in a second step. On the one hand, the waived interest rate step-up
decreases the claims on the RMBS portfolio. On the other hand, foreclosure rates
in the RMBS portfolio decrease since subprime borrowers evade a payment shock.
Our simulation results indicate that the net eﬀect on the discounted cash ﬂow
distributions as well as on most rated tranches is negative as compared to the
crisis situation. Third, we also take a second round eﬀect into account meaning
that lower foreclosure rates due to the interest freeze might have a stabilizing
eﬀect on the housing market such that the downward trend in house prices can
be stopped. Given this combined eﬀect, we show that the positive eﬀects of an
interest rate freeze can (over-)compensate the negative eﬀect of lower interest
income such that RMBS investors might be better oﬀ. Our results further reveal
that the main part of the losses due to the interest rate freeze is borne by equity
tranche holders.
Chapter 4 is joint work with Michael J. Brennan, UCLA, and Ser-Huang
Poon, Manchester Business School. In this paper we analyze the marketing gains
from issuing tranched debt in a market in which bonds and tranches can be sold
to investors at prices that only reﬂect their credit rating. We distinguish between credit ratings that are based on probabilities of default (e.g. Standard &
Poor’s) and ratings that are based on expected default losses (e.g. Moody’s).
For both rating systems, we ﬁrst derive general conditions under which tranched
debt is overpriced. Hence, subdividing a bond issued against given collateral
into subordinated tranches can yield signiﬁcant proﬁts under the hypothesized
ratings-based pricing. Increasing the systematic risk or reducing the total risk as
3
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compared to the rating agency reference ﬁrm (from which ratings-based yields are
derived) increases the proﬁts further. Using the CAPM and the Merton (1974)
structural debt model to value bonds, we, secondly, quantify the marketing gains
available to a corporate issuer issuing tranched debt. We ﬁnd that the potential
gains are greater under the S&P rating system than under the Moody’s rating
system. Finally, we show that due to diversiﬁcation potential marketing gains
from a corporate bond securitization are even higher. In particular, our results
indicate that the more junior tranches are likely to be signiﬁcantly mispriced
under ratings-based pricing. Thus, our analysis implies that equally rated corporate bonds and securitization tranches can be expected to trade at signiﬁcantly
diﬀerent yields which in turn supports the discussed proposal to introduce rating
modiﬁers for structured products.

4

Zusammenfassung
Die vorliegende Dissertation besteht aus vier unabhängigen Forschungspapieren,
die ich im Rahmen des Promotionsprogramms “Quantitative Economics and Finance” an der Universität Konstanz erstellt habe. Alle vier Papiere beschäftigen
sich mit Kreditverbriefungen, welche ein relativ junges Instrument zum weltweiten
Handel von Kreditausfallrisiken darstellen. In einer solchen Transaktion bündelt
die verbriefende Bank geeignete Kredite in einem Portfolio und verkauft dieses an
eine Zweckgesellschaft, welche den Kauf durch die Emission von Anleihen unterschiedlicher Bonität ﬁnanziert. Die vertraglich vereinbarte gestufte Zahlungsreihenfolge an die emittierten Tranchen führt dazu, dass die oberste Tranche beinahe
risikofrei ist, wohingegen die unterste Tranche, die so genannte Erstverlustposition, als erste von Verlusten getroﬀen wird. Insbesondere in den letzten 10
Jahren haben Banken verstärkt Kreditverbriefungen initiiert. Mit dem Ausbruch
der Immobilienkrise Mitte des Jahres 2007 in den USA und deren Ausweitung
zu einer internationalen Finanzkrise ist der Markt für Kreditverbriefungen allerdings schlagartig zum Erliegen gekommen. Aufgrund der hohen Komplexität
und Intransparenz dieser Transaktionen, welche eine korrekte Risikobeurteilung
der emittierten Anleihen erschweren, zogen sich viele Investoren aus dem Markt
zurück. Die vorliegende Arbeit untersucht verschiedene Aspekte von Kreditverbriefungen und möchte hierdurch zum besseren Verständnis dieser Transaktionen beitragen. Im Folgenden fasse ich die Ergebnisse der einzelnen Papiere kurz
zusammen.
Kapitel 1 ist bereits unter dem Titel “Securitization of Mezzanine Capital
in Germany” in der Zeitschrift Financial Markets and Portfolio Management,
Vol. 22 (3), September 2008, S. 219 – 240 veröﬀentlicht worden.

Gemein-

sam mit Günter Franke, Universität Konstanz, untersuche ich in diesem Papier
5
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zehn Verbriefungen von mezzaninem Kapital in Deutschland, welche im Zeitraum
von Mai 2004 bis Juli 2006 initiiert wurden. Die verbrieften Portfolien setzen
sich in diesen Transaktionen überwiegend aus Nachrangdarlehen und Genussscheinen zusammen, welche an mittelgroße deutsche Unternehmen vergeben wurden. Mit Hilfe einer einfachen Analyse der Zahlungs- und Verlusteigenschaften
der einzelnen Instrumente zeigen wir zunächst, dass die verbrieften Portfolien
relativ hohe Gewinnmargen aufweisen, weshalb die Barwerte der Portfolien deutlich die zugehörigen Nennwerte übersteigen. Anschließend führen wir eine umfassende Simulationsanalyse durch, um die Rendite- und Risikoeigenschaften der
emittierten Tranchen zu bestimmen. Hierbei zeigt sich, dass insbesondere die
Investoren in die untersten Tranchen, welche zuerst von Verlusten getroﬀen werden, eine hohe Rendite bei einem vergleichsweise geringen Verlustrisiko erzielen
können.
Im zweiten Kapitel beschäftige ich mich mit der Rolle von so genannten credit
enhancements in Kreditverbriefungen. Hierunter fallen verschiedene vertragliche
Vereinbarungen, die dazu dienen, Risiken zwischen den einzelnen Tranchen umzuverteilen und dadurch das Ausfallrisiko der obersten Tranche zu reduzieren. In
diesem Zusammenhang sind insbesondere die Verlustzuweisungsregel sowie die
Ausgestaltung des Reservekontos von entscheidender Bedeutung. Mit Hilfe eines
Simulationsmodells zeige ich, inwieweit diese Vertragsbestandteile das Rating der
einzelnen Tranchen beeinﬂussen können und welche Speziﬁkationen von der verbriefenden Bank bevorzugt werden sollen. Die Ergebnisse zeigen, dass abhängig
von der gewählten Kombination aus Verlustzuweisungsregel und Reservekontoregel die Rendite-/Risikoproﬁle der einzelnen Tranchen stark variieren. Dieses
Resultat verdeutlicht, dass im Laufe des Ratingprozesses die konkrete Vertragsgestaltung mit einbezogen werden muss, um eine korrekte Risikobeurteilung abgeben zu können. Unter Berücksichtigung verschiedener Marktunvollkommenheiten bestimme ich in einem zweiten Schritt die optimale Kombination aus
den beiden credit enhancements aus Sicht der verbriefenden Bank. Die Simulationsresultate weisen darauf hin, dass die optimale Vertragsgestaltung stark
von der Höhe der Kosten für regulatorisches Eigenkapital und der Kosten für
asymmetrische Information abhängt. Da die Erstverlustposition vollständig mit
Eigenkapital unterlegt werden muss, ist es bei hohen Eigenkapitalkosten sinnvoll,
6
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eine kleinere Erstverlustposition zu wählen, was zum Beispiel durch ein unbegrenztes Reservekonto erreicht werden kann. Allerdings verursacht eine kleine Erstverlustposition zugleich hohe Kosten für asymmetrische Information aufgrund
von moral hazard Problemen. Folglich muss die verbriefende Bank die Höhe der
beiden Kosten gegeneinander abwägen, um eine optimale Entscheidung bezüglich
der Vertragsgestaltung zu treﬀen.
Kapitel 3 entstammt einer gemeinsamen Arbeit mit Thomas Weber, Universität Konstanz, welche durch die Immobilienkrise in den USA motiviert wurde.
Fallende Hauspreise führten seit Beginn des Jahres 2007 zu steigenden Insolvenzraten und Zwangsversteigerungen auf dem amerikanischen Hypothekenmarkt.
Betroﬀen waren insbesondere Hypothekarkredite, die an Schuldner mit geringer
Bonität vergeben wurden und deren niedriger Eingangszinssatz nach einer Periode von zwei oder drei Jahren deutlich angehoben wird. In der Politik wurden
mehrere Maßnahmen diskutiert, um die Krise abzumildern. Ein Vorschlag bestand darin, den Schuldnern den Zinsanstieg zu erlassen. Da jedoch viele Hypothekarkredite in so genannten residential mortgage backed securities (RMBS)
verbrieft wurden, hätte eine solche Vereinbarung nicht nur Auswirkungen auf
die Schuldner und die Hypothekenbanken, sondern auch auf die Investoren in
die emittierten Tranchen. Ziel unserer Untersuchung ist es, diese Auswirkungen
genauer zu analysieren. Anhand von drei Beispielportfolien zeigen wir zunächst,
dass die derzeitige Krise eine deutliche Verschlechterung der Rückzahlungsverteilung der Portfolien bewirkt und damit die Ausfallwahrscheinlichkeiten der einzelnen Tranchen signiﬁkant ansteigen. Dementsprechend muss das Rating der jeweiligen Tranchen stark herabgestuft werden, was wir auch am Markt beobachten
konnten. Der Zinserlass bewirkt in dieser Situation zwei gegensätzliche Eﬀekte:
Zum einen gehen weniger Zinszahlungen aus dem Portfolio ein. Zum anderen
sinken die Ausfallraten im Portfolio, da die Schuldner einem Zinszahlungsschock
entgehen. Unsere Simulationsergebnisse zeigen, dass der Netto-Eﬀekt dennoch
negativ ist und sich das Risikoproﬁl der einzelnen Tranchen weiter verschlechtert.
Berücksichtigt man allerdings zusätzlich noch positive Rückkopplungseﬀekte auf
den Immobilienmarkt, so zeigt sich, dass alle emittierten Tranchen vom Zinserlass proﬁtieren. In diesem Fall reichen die sinkenden Ausfallraten zusammen mit
der Hauspreisstabilisierung aus, um die entgangenen Zinseinnahmen zu kompen7
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sieren. Die Tranchen proﬁtieren allerdings nicht gleichmäßig von dieser Maßnahme. Vielmehr proﬁtieren die oberen Tranchen am stärksten, wohingegen die
Erstverlustposition den Großteil der Kosten dieses Zinserlasses trägt.
Kapitel 4 entstammt einer gemeinsamen Arbeit mit Michael Brennan, UCLA,
und Ser-Huang Poon, Manchester Business School. In diesem Papier untersuchen wir die Gewinne, die ein Investmentbanker erzielen kann, wenn er sowohl
Unternehmensanleihen als auch Verbriefungstranchen zu einem Preis verkaufen
kann, welcher lediglich deren Rating widerspiegelt. Dabei betrachten wir zwei
verschiedene Ratingsysteme: ein Ratingsystem, welches nur Ausfallwahrscheinlichkeiten berücksichtigt (z.B. Standard & Poor’s), und eines, welches die erwarteten Verluste berücksichtigt (z.B. Moody’s). In einem theoretischen Modell
leiten wir zunächst allgemeine Bedingungen her, unter denen tranchierte Anleihen überbewertet werden. Dieses Resultat impliziert, dass unter der gegebenen Bepreisungsannahme die Unterteilung einer bestehenden Anleihe in unterschiedliche Tranchen signiﬁkante Gewinne abwerfen kann. Die erzielbaren Gewinne steigen mit dem systematischen Risiko und sinken mit dem Gesamtrisiko des
Emittenten der neuen Anleihe im Vergleich zum Emittenten der Referenzanleihe
mit gleichem Rating, welche zur Bewertung verwendet wird. Unter Verwendung
des CAPM und Merton’s (1974) Strukturmodell zur Bewertung von Anleihen
quantiﬁzieren wir in einem zweiten Schritt die Höhe der möglichen Gewinne, die
ein Unternehmen durch Tranchierung seiner Verbindlichkeiten erzielen kann. Unsere Ergebnisse zeigen, dass diese Gewinne generell höher ausfallen, falls das Ratingsystem von Standard & Poor’s verwendet wird. Schließlich zeigen wir, dass
aufgrund von Diversiﬁkationseﬀekten die Gewinne aus einer Verbriefung eines
Portfolios von Unternehmensanleihen sogar deutlich höher ausfallen. Insbesondere die Preise der unteren Tranchen werden im angenommenen Bepreisungsmodell systematisch überschätzt. Insgesamt deuten unsere Ergebnisse darauf
hin, dass die Preise von Verbriefungstranchen nicht vergleichbar sind mit Preisen
von Unternehmensanleihen derselben Ratingkategorie. In dieser Hinsicht liefert
unsere Untersuchung ein weiteres Argument für die viel diskutierte Einführung
eines separaten Ratingsystems für Verbriefungstranchen.
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Chapter 1
Securitization of Mezzanine
Capital in Germany
1.1

Introduction

In the subprime crisis that started in July 2007, many observers wondered how a
rather limited number of defaults in the U.S. housing sector could trigger a worldwide crisis in ﬁnancial markets. Some observers blame the rating agencies for too
optimistic ratings, others put the blame on the complexity and intransparency of
securitization transactions. Alan Greenspan (2007) predicted that securitization
would never recover to pre-subprime crisis volume. Given the diﬀerent views
about the subprime crisis and the lack of thorough analyzes of the securitization
market, this paper aims to add to the knowledge about securitization transactions by analyzing German securitizations of mezzanine loans. These loans are
subordinated and, thus, more risky than standard loans. Hence securitization
of these loans may encounter strong skepticism in a ﬁnancial market crisis. The
main purpose of this paper is an empirical analysis of German mezzanine securitizations to illustrate the beneﬁts and risks inherent in these transactions.
These securitizations do not use commercial paper for funding, they are funded
with long-term bonds. Hence they are not exposed to the funding risks of many
structured investment vehicles that heavily contributed to the subprime crisis.
The ﬁndings of this paper may help to evaluate these transactions with respect
to ﬁnancial stability.
9
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Within the European asset-backed securities (ABS) market, securitizations
of bank portfolios of commercial loans (Collateralized Loan Obligations; CLO)
saw strong growth in 2005: the issuance volume in this market segment more
than doubled in 2005 as compared to 2004 (see HSBC Bank plc. 2006; Deutsche
Bank AG 2006a). This growth was primarily due to high issuance volumes in
SME-related securitizations (26 billion e), which account for approximately 40%
of the CLO sector. Along with Spain and the Netherlands, Germany is strong
within this sub-sector.
The growth in the German market is also driven by the trend to securitize
mezzanine loans granted to medium-sized enterprises (MEs). From May 2004 to
July 2006, ten mezzanine securitizations were originated by several large German
banks. Since these transactions are mainly focused on medium-sized companies,
they are also called “middle market” securitizations. They emerged as an answer
to serious problems in ME ﬁnancing. Fairly high insolvency rates and thin equity
capitalization of MEs together with high regulatory capital requirements due to
Basel II and strong proﬁtability pressure on banks, had led to a more restrictive
lending policy (see European Central Bank 2005). Therefore MEs turned to
alternative ﬁnancial instruments, in particular, mezzanine debt.
Mezzanine loans are subordinated to standard debt and senior to equity. Dependent on the contractual features, mezzanine loans have the advantage that,
under certain conditions, they account (partially) for equity in the ME’s balance
sheet or, at least, for economic equity capital (wirtschaftliches Eigenkapital ) in
the rating process. Nevertheless, interest payments are tax deductible. Therefore, MEs that make use of these ﬁnancial instruments can enhance their equity
capitalization at comparably low costs, which in turn facilitates their access to
standard loans. Due to the new securitization structures, in which mezzanine
loans are directly granted by a special purpose vehicle (SPV), MEs can obtain
indirect access to the capital market.
This paper ﬁrst describes German middle market deals and compares them
to classical CLO transactions. Since mezzanine securitizations are fairly new,
previous research (e.g. Jobst 2005; GBRW Ltd. 2004) focused on “classical”
SME loan securitizations. Second, this paper provides a simpliﬁed analysis of the
portfolios underlying middle market transactions showing that they are attrac10
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tive to originating banks, investors and medium-sized obligor companies. The
third and main contribution of this paper is a detailed empirical analysis of the
risks of these securitizations. This analysis uses simulation tools which are also
employed by the rating agencies. Since the simulation results are strongly dependent on the input parameters, which are controversial, the sensitivity of results
with respect to these parameters plays a major role in the analysis. Therefore, we
perform several robustness checks, which reveal that the loss rate distributions
of the transactions are fairly insensitive to the assumed recovery rate, but quite
sensitive to the initial obligor rating. From the investors’ viewpoint, it is more
important to analyze the risks of the bond tranches issued in the securitization
process. The most risky tranche is the junior note which is eﬀectively a “First
Loss Position”. This note is at least partly sold to investors. Hence it is essential
for investors to understand the beneﬁts and risks of the junior notes. Therefore
we analyze the junior notes in detail. The simulations show that the junior notes
exhibit quite attractive risk-return proﬁles for investors. Particularly, these notes
generate rather high internal rates of return with low downside risk indicating
that originating banks generously reward investors, a practice presumably necessary for selling substantial parts of the junior notes to other banks, which then
incur high equity capital costs.
The remainder of this paper is structured as follows. In the next section,
current problems with ME ﬁnancing are addressed and some mezzanine claims
underlying middle market transactions are explained. Section 3 characterizes
middle market transactions in Germany and compares them to classical SME
loan securitizations. In Section 4 the risk-return characteristics of the underlying
portfolios are studied in detail. Section 5 discusses the tranching of the transactions and, in particular, the risk-return proﬁles of the junior notes. Section 6
concludes.
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1.2
1.2.1

ME Financing in Germany
A Brief Overview of the Current Situation

Medium-sized enterprises (MEs) can be deﬁned as enterprises with between 50
and 500 employees. Although MEs represent only around 2% of all German
SMEs, they employed 50% of all SME employees and realized around 50% of
total SME investment volume in 2005. Whereas small enterprises reduced their
investment volume between 2004 and 2005, MEs increased theirs. These ﬁgures
illustrate the importance of MEs to the German economy.
MEs in Germany mostly ﬁnance their investment projects from internal funds.
These funds accounted for more than 50% of the total investment volume in 2005.
Although MEs increasingly use leasing and trade credits, standard bank loans
accounted for about 20% of the total investment volume in 2005 and remains the
most important source of external ﬁnancing.1
Until recently, a long-term lending relationship between an ME and its preferred bank, the so-called Hausbank, stabilized access to debt at fair terms. However, the increasing proﬁtability pressure in the banking industry, together with
diﬀerentiated capital charges under Basel II and rather high insolvency rates in
the ME sector, has induced banks to pursue a more restrictive, more risk-returnoriented lending policy. As noted by KfW Bankengruppe (2006), around 30%
of all loan negotiations failed in 2005. Whereas MEs rejected loan oﬀers mostly
because of high interest rates, banks were not willing to engage in loan contracts
due to insuﬃcient collateral and low credit quality.
German banks increasingly rely on internal rating systems to assess the risk
of a loan and determine risk-adjusted interest rates. Because of high risks and
low equity capital it is diﬃcult for MEs to attain an investment grade rating and
attractive loan terms. Low equity ratios are typical of German MEs, due to their
low proﬁtability and the owners’ unwillingness to restrain their independence by
sharing ownership with with anyone else. According to Deutsche Bundesbank
(2007), more than 25% of all MEs have an equity ratio below 10%. The median
equity ratio of around 17% is signiﬁcantly lower than the median equity ratio
1

See KfW Bankengruppe (2006).
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of large enterprises (24%). The average equity ratio (slightly above 20%) is also
very low compared to the average equity ratios in other countries, for example,
France (35%), Spain (40%) and the United States (45%). Consequently, more
than 45% of MEs intend to increase their equity ratios during the next several
years (see KfW Bankengruppe 2005).
Thinly capitalized, low-rated MEs ﬁnd it very diﬃcult to obtain a standard
bank loan. As a consequence, around 60% of all ME planned investment projects
were postponed or even abandoned in 2005 due to the lack of capital.2 Raising
money at the capital market, like issuing shares or corporate bonds, is rarely
possible for most MEs because of their limited size. Also private equity is less
attractive since the owners seek to retain their independence. Therefore, MEs,
in their search for new ﬁnancing alternatives, ﬁnd mezzanine debt increasingly
attractive.

1.2.2

Mezzanine Loans

There is a large variety of mezzanine loans. In general, these instruments are
debt instruments that also have some equity characteristics. The loans are subordinated to standard debt, but senior to equity. Most mezzanine loans are
repayable after ﬁve to eight years, only very few are perpetuals. Due to their
subordination, mezzanine loans bear more default risk than standard loans and
thus banks charge higher interest rates as compared to senior debt. Examples are
subordinated loans and proﬁt participation agreements (PPA; Genussscheine).3
Subordinated loans are typically unsecured claims with a ﬁxed interest
rate. Sometimes, they also include a small proﬁt-related interest component to
be paid in addition to the ﬁxed component if certain success triggers are reached,
in which case the instrument can be viewed as a debt-like PPA. Since it neither
allows for interest deferral nor for loss participation, it accounts for debt in the
balance sheet. Nevertheless, a fraction might be recognized as economic equity
2

According to KfW Bankengruppe (2006), the realized investment volume of German MEs

amounted to around 100 billion e in 2005.
3
Further examples are convertible bonds and equity-like claims in a typische/atypische stille
Gesellschaft. This paper concentrates on subordinated loans and PPAs as typical instruments
to be securitized.
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capital (“wirtschaftliches Eigenkapital ”).
In contrast, interest deferral (e.g., if no proﬁts are reported) is usual in (equitylike) proﬁt participation agreements. Some PPAs even allow for loss participation of the principal, in which case the principal is reduced by losses of the
current period, but may be replenished by proﬁts in the following periods. Hence,
under German accounting rules, PPAs may account for equity in the ME’s balance sheet.4 Nevertheless, the interest payments, which are comprised of a ﬁxed
component, interest deferral surcharges and often a proﬁt-related component, are
tax deductible.
From the ME’s point of view, mezzanine loans are attractive because the
buyer of these claims has almost no management or control rights. This is important because most MEs are privately owned and the entrepreneur is usually
not keen on sharing decision-making power with anyone else. Instead, mezzanine
loan ﬁnancing contracts usually require MEs to provide lenders with annual ﬁnancial statements and quarterly reports. However, if the ME’s rating falls below
investment grade, the buyer of a mezzanine loan may be entitled to interfere in
the ME’s management.
In summary, mezzanine loans can help MEs to increase their (economic) equity
ratio at comparably low cost. An improved equity ratio allows the ME to obtain
standard bank loans on better terms. The new securitization structures, described
in the next section, stimulate the supply of mezzanine loans, which eventually
should lower the interest rates charged.

1.3

Securitizations of Mezzanine Loans

In 2004, the Capital Eﬃciency Group together with HypoVereinsbank (HVB)
initiated the ﬁrst German securitization of subordinated loans and proﬁt participation agreements granted to German MEs (PREPS 2004-1). Several mezzanine
transactions, also by other large German banks, followed during the last two
4

According to the German commercial code HGB, capital is classiﬁed as equity if it satisﬁes

the following four conditions: (i) subordination, (ii) long-term capital investment (more than
ﬁve years), (iii) loss participation and (iv) proﬁt related compensation. According to IAS 32,
PPAs do not count as equity due to a ﬁxed maturity.
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Table 1.1: Overview of ‘Middle Market’ Securitizations in Germany
Transaction

Date of

Volume

Number

Average Loan

issue

(million e)

of loans

Volume
(million e)

Average
Loan
Rating

PREPS 2004-1

May 2004

249.0

34

7.3

BBB-

PREPS 2004-2

Dec 2004

616.0

67

9.2

BBB-

PREPS 2005-1

Jul 2005

313.0

51

6.1

BBB-

H.E.A.T. I 2005

Aug 2005

220.0

32

6.9

BBB-

PREPS 2005-2

Dec 2005

360.0

62

5.8

BBB-

FORCE 2005-1

Dec 2005

370.5

57

6.5

BBB

CB MezzCAP

Apr 2006

199.5

35

5.7

BBB

H.E.A.T. II 2006

Apr 2006

280.0

47

6.0

BB+

StaGe Mezzanine

Jun 2006

175.8

51

3.4

BBB

PREPS 2006-1

Jul 2006

321.0

61

5.3

BBB

3,104.8

497

Source: Moody’s New Issue/Pre-Sale Reports, Deutsche Bank AG (2006b), J.P. Morgan
Securities Ltd. (2006)

years. Table 1.1 lists 10 such transactions which were set up between May 2004
and July 2006.5 By July 2006, around 500 mezzanine loans with a total volume
of more than 3 billion e were securitized in 10 true-sale transactions.
In contrast to standard SME loan securitizations, the mezzanine loans are
not granted to MEs by a bank and then transferred to a SPV, but are granted
by the SPV itself. Since the SPV is not a bank, middle market transactions
are not undertaken so as to obtain regulatory capital relief as is the case for
standard SME CLO securitizations. Instead the originating bank’s main motive
is to earn an arbitrage proﬁt (see Table 1.2 for a comparison between standard
SME CLO and middle market CLO securitizations). Hence, these transactions
do not transfer the default risk of existing loans, but of newly granted loans.
To date, all mezzanine transactions have been static, true-sale deals, whereas
standard SME loan securitizations are often synthetic.
The SPV usually cooperates with one or more German banks that act as
5

There are also some loans of MEs in other European countries (especially Austria, Switzer-

land and Italy) in the PREPS portfolios, but most loans involve German companies.
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Table 1.2:
SME Loan Securitizations versus ‘Middle Market’ Securitizations
Standard SME CLO

Middle Market CLO

Motivation

regulatory capital relief

arbitrage proﬁt

Underlying

existing portfolio

portfolio of new

of bank loans

subordinated loans, PPAs

(large part secured)

(unsecured)

No. of claims

> 200

30 − 70

Loan Volumes

200,000 to 1.5 million e

1 to 18 million e

Transaction Volume

often exceeds 1 billion e

175 to 650 million e

no

yes

Junior Note

Coupon6

intermediaries. Other ﬁnancial experts may be engaged in the process as well.
As usual, a trustee must be appointed to safeguard the interests of investors
buying bonds issued by the SPV. Rating agencies certify the ratings of claims
and of issued bonds. Other ﬁnancial advisers may be employed to screen obligors
or monitor the transaction. In some transactions, a recovery manager is involved
to sell oﬀ distressed loans or to restructure the obligor companies so as to improve
the value of distressed loans.
The obligors in middle market transactions are rigorously screened before being selected for the portfolio. In general, they are required to have an investment
grade rating, generate an annual turnover above 50 million e (see Maier 2006),
and have capital needs of at least 1 million e. In fact, relatively large loan volumes (1 - 18 million e) are a special feature of mezzanine transactions and thus,
at least until recently, small enterprises do not have access to middle market
transactions. Moreover, as indicated in Table 1.1, the number of loans in these
transactions is relatively small so that the loan portfolios are not well diversiﬁed
making them more vulnerable to economic downturns. In contrast, securitizations of SME standard loan portfolios are more granular (often more than 200
6

In contrast to standard SME CLOs, the junior note of a middle market CLO receives a

coupon which is explicitly stated in the oﬀering circular.

16

Securitization of Mezzanine Capital in Germany

loans) and characterized by small average loan volumes, mostly between 200,000
e and 1.5 million e (see HVB Corporates & Markets 2005). Furthermore, the
volume of a standard SME loan securitization usually exceeds 1 billion e, which
is substantially more than the volume of middle market securitizations.
In a typical middle market transaction the underlying mezzanine loans have
a seven-year bullet maturity without any call provision of the obligor. In general,
the claims are unsecured. The types of loan instruments vary across mezzanine
transactions. For example, the portfolios underlying the PREPS transactions
consist only of subordinated loans or debt-like PPAs without any loss participation or interest deferral possibilities. In these transactions, obligors pay a ﬁxed
interest coupon plus a stepwise proﬁt-dependent component of 1% or 2%, respectively. For example, Q-Cells AG (2005), one of the portfolio companies in
PREPS 2004-2 with a 15 million e obligation, states in its annual report that
it pays a ﬁxed interest of 7.5% as long as the adjusted net income for the same
year is less than 45 million e, 8.5% if it is between 45 and 55 million e and
9.5% if it is above 55 million e. The H.E.A.T. I and CB MezzCAP transactions
comprise a mixture of subordinated loans (approximately one-third) and PPAs.
The portfolio in FORCE 2005-1 is mainly composed of PPAs (91%), which in
the absence of proﬁt and distributable reserves allow for interest deferral and
even loss participation. In this transaction, the obligors must pay an additional
interest if they do not provide annual statements in time.
The ﬁxed interest payable in all these transactions ranges between 6.5% and
9.5% depending also on the ME’s rating. The average ﬁxed interest rates of each
transaction are given in Table 1.3. These rates are far below comparable interest
rates required by mezzanine investment funds (between 13% and 16%; see Dentz
2006). This cost diﬀerential still remains substantial if the MEs have to pay
proﬁt-related premiums and/or a surcharge for interest deferral. This diﬀerential
is presumably due to some standardization of contracts that, on the one hand
reduce transaction costs but, on the other hand mean less contractual ﬂexibility
for the obligors. Additionally, the securitization of mezzanine loan portfolios may
generate beneﬁts that also justify lower interest rates.
The SPV funds the loans by issuing bonds. These bonds have the same
maturity as the loans. Hence the securitization is not exposed to liquidity risks
17
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induced by revolving short-term commercial paper funding. Several tranches of
bonds are issued. Usually, these tranches are strictly subordinated, i.e. a tranche
suﬀers from default losses only if all subordinated tranches have been completely
exhausted by default losses. The most subordinated tranche, which will be the
ﬁrst to absorb default losses up to its par value, is the First Loss Position (FLP).
It is nonrated and sometimes also called equity tranche or junior tranche. In a
typical loan securitization transaction, the FLP absorbs more than two-thirds of
the expected default loss of the underlying loan portfolio (Franke et al. 2007).
Due to proﬁt-related components in interest rates, interest deferral and loss
participation, the performance of mezzanine portfolios is diﬃcult to forecast.
Therefore, rating agencies require high FLPs for middle market transactions.
These range between 9.9% and 21% (the CBMezzCAP is an exception at 4.5%).
Usually, the FLPs are not retained by the originator, but are split between the
originating parties and a third party or even sold entirely to third parties. A full
sale of the FLP may raise investor concerns about moral hazard of the originator
because, given a full sale, the originator bears no default risk and hence will have
little motivation to monitor the obligors. Such a situation may raise the risks of
the transaction.
The originating bank beneﬁts from the transaction in various ways. It collects
initial and ongoing fees from the SPV for structuring the transaction, servicing
the loans and managing the SPV. Often, it acts as a swap counterparty, and thus
may also extract a swap rent. For example, an interest swap is required to match
the gap between the predominantly ﬁxed interest income from the loans and the
typically ﬂoating interest payments to the tranches. More importantly, at the
termination of the transaction, any surplus remaining in the SPV is distributed
to the originating bank, other parties involved in the SPV and, perhaps, the
owners of the FLP.
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1.4

Risk-Return Characteristics of the Underlying Portfolios

We now analyze the risk-return characteristics of the portfolios underlying mezzanine securitizations. This helps to answer the question why it is possible for
SPVs to charge much lower interest rates in middle market transaction compared
to those charged for other mezzanine loans.

1.4.1

Some Portfolio Data

Oﬀering circulars and Moody’s New Issue or Pre-Sale Reports, respectively, contain information about volumes of mezzanine loans and obligor ratings in the
underlying portfolios as well as about the weighted average coupons. Based on
this information, we derive two rough measures to evaluate the underlying portfolio. The ﬁrst measure is the present value of the portfolio using a standard
bond valuation model; the second measure estimates the annual proﬁt margin a
bank would earn on buying the portfolio at par value.
The present values of the portfolios at the issuance date of each transaction
are calculated by assuming that each loan has a bullet maturity of seven years and
is charged the weighted average interest coupon. Since the securitization of loans
causes transaction costs, these costs are subtracted from the annual contractual
payments. The assumed annual transaction costs are depicted in Table 1.3, based
on information given in some oﬀering circulars.7 To account for the risk, the net
payments are discounted at the risk-free rate plus the credit spread of comparable
corporate bonds. In particular, the risk-free rate is assumed to equal the index
value of the “iBoxx Euro Sovereign 5-7 Years” index at the issue date of each
transaction. As a credit spread, we take the spread of the “iBoxx Corporate BBB
5-7 Years” index. This index contains mainly senior bonds with an average rating
of BBB.8 In contrast the portfolios considered here contain only subordinated
instruments with a higher loss given default and a lower average rating of BBB-.
7

The present analysis does not distinguish between senior and subordinated expenses; in-

stead, the sum of those two is taken for the calculations.
8
The iBoxx index does not diﬀerentiate for notches within one rating class.
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To account for the higher expected loss, we take twice the corresponding iBoxx
spread at the issue date for discounting.9 The doubled spread ranges between
130 and 170 basispoints.
The results are shown in Table 1.3. As can be seen, the present values at
issuance clearly exceed the nominal value by 7% up to 13%. This means that the
interest paid by the obligors more than compensates for the risk of the mezzanine
loans provided that our spread assumptions are correct. Presumably, the excess
value is to a large part due to liquidity premia incorporated in the interest rates
charged on the loans. In fact this surplus is earned by the originating parties
when securitizing the loan portfolios and issuing bonds amounting to 100% of
the nominal value. It is extracted from the transaction partly by swap rents and
partly by the right to withdraw excess spread, i.e. the annual diﬀerence between
interest income paid by obligors and interest expense paid on issued bonds net
of transaction costs.
To study the costs and the corresponding proﬁt margins of the underlying
portfolios in more detail, we next take the view of a bank evaluating such a portfolio. In particular, the expected annual costs, which need to be covered by the
portfolio interest rate, i.e. the weighted average loan interest rate, are comprised
of the weighted average expected annualized default loss, a default risk premium,
perhaps a liquidity premium, the transaction costs of securitization and the funding costs of buying the portfolio. An annual proﬁt margin deﬁned as the portfolio
interest rate minus the expected annualized default loss, minus the transaction
costs and minus the funding costs can be derived for each transaction. This proﬁt
margin should cover the default risk premium and the liquidity premium.
The expected annualized default loss can be inferred from information on
obligor ratings. For each obligor we use the initial rating stated in the oﬀering
circular and derive the probability of default according to the idealized table of
Standard & Poor’s. This table assigns to each rating and each maturity a probability of default. Dividing this probability by the maturity yields the annualized
default probabilities. These are weighted with the volumes of the loans to ob9

According to Standard & Poor’s (2005), a bond rated BBB- exhibits a default probability

roughly twice as high as a bond rated BBB given a maturity of seven years. Together with a
high loss given default this justiﬁes doubling the iBoxx spread.
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3.90%

PREPS 2006-1

7.78%

8.14%

7.96%

7.74%

7.90%

6.91%

7.40%

6.80%

7.50%

30

30

40

50

40

40

50

50

30

65

65

60

50

60

65

50

50

50

50

(bps)

(bps)
30

Subord. Exp.

Senior Exp.

Transaction Costs

343.42

191.63

308.36

217.15

416.40

387.63

248.84

342.84

693.90

106.98%

109.00%

110.13%

108.85%

112.39%

107.68%

113.11%

109.53%

112.65%

109.70%

Nominal Value

(in million e)
273.14

Percentage of

PV at issuance

initial nominal value.

twice the iBoxx Corporate BBB 5-7 Years credit spread at the issuance date. The last column denotes the present value in percent of the

present value at the issuance date, which is derived by discounting the contractual cash ﬂows minus transaction costs at the risk-free rate plus

In FORCE 2005-1 the originator has a super-senior claim of 150 bps in the ﬁrst period to cover set-up costs.) The sixth column depicts the

that the costs are equal to those of similar transactions. Set-up costs are irrelevant since they are charged separately to the obligors. (Exception:

transaction costs, split into senior and subordinate expenses, based on the oﬀering circulars. If such information is not available, it is assumed

Then the weighted average coupon taken from the oﬀering circular is given. The next two columns depict the assumptions about the annual

The second column shows the risk-free rate, assumed to equal the iBoxx Euro Sovereign 5-7 Years index at the issue date of each transaction.

This table presents the present values of the portfolios underlying the ten mezzanine transactions. The ﬁrst column denotes the transaction.

3.90%

StaGe Mezzanine

3.15%

FORCE 2005-1
3.80%

3.15%

PREPS 2005-2

H.E.A.T. II 2006

2.90%

H.E.A.T. I 2005

3.80%

2.90%

PREPS 2005-1

CB MezzCAP

3.15%

PREPS 2004-2

7.90%

Coupon

Rate
3.75%

Average

Risk-free

PREPS 2004-1

Transaction

Table 1.3: Model Assumptions and Present Values of Underlying Portfolios
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tain the weighted annualized default probability. Since MEs might have higher
default probabilities than given in these tables, we stress our results by repeating
the calculations assuming an initial rating two notches below the original rating
(notching approach)10 . The annualized expected default loss is then calculated by
assuming a loss given default of 80%, i.e. a recovery rate of 20%, which accounts
for the highly subordinated character of the underlying mezzanine loans and the
fact that there is no collateral for these loans. Alternatively, a recovery rate of
even 0 is assumed to stress also this assumption. In fact, the rating agencies also
use recovery rates close to 0 (see Standard & Poor’s 2005 or Moody’s New Issue
Reports). Acharya et al. (2007) ﬁnd an average recovery rate of 18.28% on junior
subordinated claims and a median of 6.25%.11 Concerning the transaction costs
we take the same assumptions as in Table 1.3. The funding costs are assumed
to equal the risk-free rate plus a spread of 30 basispoints. This spread is slightly
above the mean spread of the “iBoxx e Corporates AA 5-7 Years‘”.
The derived expected annualized default loss and transaction costs plus funding costs are subsequently subtracted from the portfolio interest rate to derive
the annual proﬁt margin of the portfolio. The corresponding results for all ten
middle market transactions are shown in Table 1.4.12
As Table 1.4 shows, the annual proﬁt margins are quite high when using the
original obligor ratings. In fact, they are far above comparable corporate bond
spreads. As noted before, the spread of the “iBoxx Corporate BBB 5-7 Years”
index ranges between 65 and 85 basispoints. Doubling this spread yields 130 and
170 basispoints. The proﬁt margins shown in Table 1.4 are always higher than
this, except for some transactions in the case of assuming an initial rating two
notches below the original rating.
Interestingly, changing the recovery rate from 20% to 0% has only a small
eﬀect since the average probability of default is low. Given, for example, an
annual default probability of 0.69% for the PREPS 2004-1 transaction (fourth
column in Table 1.4), increasing the recovery rate from 0 to 20% reduces the
10

This approach also implicitly accounts for potential damages to investors generated by

interest deferral and loss participation.
11
Pindado/Rodrigues (2005) discuss the level of ﬁnancial distress costs.
12
The shown numbers are calculated based on the information given in the Oﬀering Circulars.
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0.478%
0.421%
0.478%
0.396%
0.483%
0.457%
0.597%
0.544%

PREPS 2005-1
H.E.A.T. I 2005
PREPS 2005-2
FORCE 2005-1
CB MezzCAP
H.E.A.T. II 2006
StaGe Mezzanine
PREPS 2006-1

2.089%

2.393%

2.406%

2.157%

2.840%

1.927%

2.779%

2.122%

2.768%

0.680%

0.746%

0.571%

0.604%

0.495%

0.598%

0.527%

0.598%

0.602%

0.690%

Loss

Exp.

1.953%

2.244%

2.292%

2.036%

2.741%

1.807%

2.673%

2.002%

2.648%

2.360%

margin

Proﬁt

0% Recovery

1.146%

1.300%

0.994%

1.094%

0.897%

1.057%

0.956%

1.056%

1.033%

1.160%

Loss

Exp.

1.488%

1.690%

1.869%

1.546%

2.338%

1.348%

2.244%

1.544%

2.217%

1.890%

margin

Proﬁt

20% Recovery

1.432%

1.625%

1.242%

1.368%

1.122%

1.321%

1.195%

1.319%

1.291%

1.450%

Loss

Exp.

1.201%

1.365%

1.621%

1.272%

2.114%

1.084%

2.005%

1.281%

1.959%

1.600%

margin

Proﬁt

0% Recovery

Notched obligor ratings

last columns illustrate the results for the notched ratings, starting two notches below the original rating.

columns depict the expected annualized default loss and the annualized proﬁt margin assuming a recovery rate (RR) of 20% resp. 0%. The

loan interest rate minus the expected annualized default loss and the transaction costs. The ﬁrst column denotes the transaction. The next

The table provides ﬁgures on the annual proﬁt margin of portfolios underlying middle market transactions, deﬁned as the weighted average

0.482%

PREPS 2004-2

2.498%

margin

Loss
0.552%

Proﬁt

Exp.

20% Recovery

Original obligor ratings

PREPS 2004-1

Transaction

Table 1.4: Expected Losses and Proﬁt Margins of Underlying Portfolios
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expected loss only by 0.69% ∗ 0.2 = 0.138% to 0.552%. However, the picture
changes when the original obligor ratings are downgraded by two notches. I this
scenario, the average portfolio rating is around BB+/BB- and the annual proﬁt
margin declines by about 60% or more. Hence, a rating error has much more
serious implications than an error in estimating the recovery rate.
Returning to the question of why mezzanine loans are so much cheaper in
securitization transactions than otherwise, the above results indicate that originating banks still earn a substantial proﬁt. However, in view of the doubling
of many credits spreads in the subprime crisis, some mezzanine loans maybe
underpriced in securitization transactions.

1.4.2

Simulation of Portfolio Cash Flows

The above results provide a ﬁrst look at the portfolio characteristics, ignoring
diversiﬁcation eﬀects as well as eﬀects of timing of default. In the following
we therefore simulate the portfolio cash ﬂows taking these eﬀects into account
by using the same simulation model as in Hein (2007). This model resembles
the Standard & Poor’s CDO Evaluator and is similar to the simulation model
used in Franke/Krahnen (2006).13 Given the bullet maturity of seven years for
each loan, annual rating migrations of the loans in the underlying portfolio are
simulated based on the one-year transition matrix of Standard & Poor’s, starting
with the initial obligor ratings.14 For two obligors within the same industry the
asset migrations are assumed to be correlated with 0.1, for two obligors from
diﬀerent industries the correlation is assumed to be 0.04 (see Standard & Poor’s
2005).15 If the claim’s new rating stays above D, the full interest is paid at the
next payment date. If a claim’s rating moves to D, default occurs, in which case
a recovery amount is paid immediately and there are no further payments on this
13

For a general discussion of Monte Carlo simulation in ﬁnancial economics, see Verhofen

(2005).
14
This approach of simulating rating transitions diﬀers from the approach of using factor
models, which is also widely used in the literature on securitization. For example, Hull/White
(2004), Gibson (2004) and Weber (2007) use a one-factor model to model loan defaults.
Duﬃe/Garleanu (2001) and Longstaﬀ/Rajan (2008) apply multi-factor models in their analysis.
15
The levels of default correlations are controversial. See Brommundt et al. (2006).
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loan. Again, a recovery rate of 20% is assumed in the base case in order to account
for the highly subordinated character of the mezzanine loans. This assumption
is stressed by assuming a recovery rate of 0% in an alternative simulation.
To date, there are no reliable data on rating transitions in the ME sector.
Thus, to account for possibly higher default rates of MEs, a notching approach
is again used, as is also done by the rating agencies (e.g. Standard & Poor’s
2006). In particular, the simulation results derived from the original ratings are
stressed by repeating the simulation starting from a rating two notches lower
than the original rating. For example, a claim with an original rating of BBB
starts with BB+ in the second simulation. This notching approach should also
- at least partially - account for possible interest deferral and loss participation,
which have a similar impact on the value of a claim as an increase in the default
probability.16 The corresponding weighted average annualized default probabilities are also shown in Table 1.4 since for a recovery rate of 0%, that is a loss
given default of 100%, the annualized expected loss equals the annualized default
probability.
Based on these assumptions, the portfolio cash ﬂows at annual payment dates
are simulated. These cash ﬂows are composed of the interest payments of undefaulted loans plus the recovery payments of loan that have defaulted at this date.
It is assumed that each loan pays the average ﬁxed interest coupon stated in the
reports (see Table 1.3). At ﬁnal maturity (after seven years) the portfolio cash
ﬂows also include the repayments of all non-defaulted claims. All payments are
compounded to the termination date at the assumed funding cost.
Given the simulated realized cash ﬂows of each simulation run, the total portfolio loss rate at the termination date is calculated as17
T erminal Loss Rate = 1 −

accumulated received payments
accumulated contractual payments

.

Thus the terminal loss rate distribution of the underlying portfolio is derived.
The simulated terminal loss rate distributions of the portfolio underlying
PREPS 2005-2 for diﬀerent model speciﬁcations are illustrated in Figure 1.1.
16
17

Ratings given in the oﬀering circulars are company ratings and not claim speciﬁc.
The accumulated contractual payments equal the accumulated received payments in case

of no default.
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Figure 1.1: Simulated Terminal Loss Rate Distribution of PREPS 2005-2
The Figure illustrates the terminal loss rate distribution of the portfolio underlying
PREPS 2005-2. Diﬀerent simulation speciﬁcations are considered: The ﬁrst simulation
takes the original ratings as a departure point and assumes a recovery rate of 20%.
Alternatively, the second simulation uses ratings two notches below the original ones
as a starting point. The same simulations are repeated for a recovery rate of 0%.

Again the eﬀect of increasing the recovery rate from 0% to 20% is much smaller
than the eﬀect of increasing the default probability by starting two notches below
the original rating.
Table 1.5 presents some descriptive statistics of the simulated loss rate distributions for the original as well as the notched rating approach given a recovery
rate of 20%. Whereas the expected terminal loss rate is between 2.5% and 3.5%
starting with the original obligor ratings18 (given the time horizon of seven years),
it more than doubles when starting from two rating notches below the original
rating. Also the standard deviation is substantially increased. Additionally, the
table gives the 99% quantile of the loss rate distribution.
18

These ﬁgures diﬀer from those in Table 1.4 because the simulation also includes interest.
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Table 1.5:
Descriptive Statistics of Simulated Terminal Loss Rate Distributions
Transaction

Original obligor ratings

Notched obligor ratings

Exp.

Std.

99%

Exp.

Std.

99%

Loss Rate

Dev.

Quantile

Loss Rate

Dev.

Quantile

PREPS 2004-1

3.226%

2.853%

11.605%

7.034%

4.272%

18.932%

PREPS 2004-2

2.839%

2.012%

8.823%

6.282%

3.072%

14.726%

PREPS 2005-1

2.857%

2.304%

9.738%

6.488%

3.579%

16.422%

H.E.A.T. I 2005

2.506%

2.526%

10.455%

5.858%

4.012%

17.651%

PREPS 2005-2

2.862%

2.214%

9.364%

6.505%

3.421%

15.848%

FORCE 2005-1

2.294%

1.905%

8.341%

5.416%

3.013%

13.766%

CB MezzCAP

2.801%

2.586%

10.726%

6.587%

4.157%

18.523%

H.E.A.T. II 2006

2.666%

2.278%

9.440%

5.991%

3.489%

15.405%

StaGe Mezzanine

3.510%

2.497%

10.735%

7.815%

3.880%

18.723%

PREPS 2006-1

3.172%

2.305%

9.940%

6.889%

3.483%

16.332%

This table presents some descriptive statistics concerning the simulated Terminal Loss Rate Distribution of the underlying portfolios. These are the expected terminal loss rate over seven years,
the corresponding standard deviation as well as the loss rate at the 99%-quantile. Columns 2
to 4 depict the results starting from the original obligor ratings and assuming a recovery rate
of 20%. The last three columns present the same statistics starting from an initial rating two
notches below the original rating.
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1.5

Analysis of Junior Notes

Having analyzed the risk-return characteristics of the underlying portfolios, we
now turn to the tranching of the middle market transactions. Most of the transactions have two rated tranches (AAA and A+/A) and one non-rated junior
note. In contrast, in PREPS 2004-1 only one rated tranche (AA), in FORCE
2005-1 four rated tranches (AAA, AA, A, BBB) and in CB MezzCap ﬁve rated
tranches (AAA, AA, A, BBB, BB) are issued. Table 1.6 presents the sizes of
the best tranche as well as the junior note size deﬁned by the par value of the
tranche over the total transaction volume. The best tranche is smallest for those
transactions with more than two rated tranches and highest for PREPS 2004-1
with only one rated tranche. The hard credit support (i.e. the portfolio loss rate
above which a tranche incurs losses) for the best tranche varies between 11% and
36%.
The size of the junior note depends on the properties of the loss rate distribution and the lowest rating of the notes above the junior note. A ﬁrst rough
guess shows that the size of the junior note is, on average, slightly above the 99%
quantile of the loss rate distribution, given the original rating and a 20% recovery
rate.19 The striking exceptions are FORCE 2005-1 and CB Mess CAP. Not surprising, in the latter transaction, the lowest rating of the note above the junior
tranche is BB allowing for a small junior tranche. Puzzling is that in FORCE
2005-1, where the lowest tranche rating is BBB, the junior tranche is much higher
(21%) than the 99% quantile of the loss rate distribution given the notched rating
and a 20% recovery rate (13.8%). Perhaps risk factors, not publicly known, matter. Given the notched ratings and a 20% recovery rate, the junior notes of the
other transactions range between the 84% and the 94% quantile of the terminal
loss rate distribution.

1.5.1

Modelling the Tranche Payments

We simulate tranche payments at annual payment dates by applying the typical
“CDO-waterfall”. In particular, the simulated portfolio cash ﬂows and losses
are allocated to the diﬀerent tranches at annual payment dates according to
19

see fourth column in Table 1.5 and third column in Table 1.6.
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Table 1.6:
Tranching and Junior Note Speciﬁcations of Middle Market Transactions
Transaction

Super

Junior

Junior Note

Senior

Note

PREPS 2004-1

88.35%

11.65%

22%

PREPS 2004-2

75.94%

10.07%

18.10% to 19.71%

RA: 36%

PREPS 2005-1

75.08%

9.90%

17.00% to 18.34%

RA: 43%

H.E.A.T. I 2005

71.55%

12.96%

17.15% to 19.10%

RA: 25%

PREPS 2005-2

75.00%

10.00%

14.50% to 16.26%

PS: 100%

FORCE 2005-1

63.70%

21.00%

20.19% resp. 19.14%

CB MezzCAP

69.07%

4.51%

17.00%

PS: 99.9%

H.E.A.T. II 2006

78.00%

11.00%

17.15% to 19.10%

RA: 25%

StaGe Mezzanine

75.54%

13.08%

23.9%

PS: 49.95%

PREPS 2006-1

74.46%

10.28%

14.50% to 16.67%

PS: 99.99%

Coupon

Add. Proﬁt
Participation
-

-

Source: Oﬀering Circulars.
This table presents some facts on the tranching of middle market transactions. In the second
column the size of the super-senior tranche deﬁned as the par value of the tranche relative to the
par value of the transaction is depicted. The third column shows the size of the Junior Notes.
Column 3 gives the Junior Note Coupon. This Coupon increases for the PREPS and H.E.A.T.
transactions. The ﬁrst (last) number denotes the initial (ﬁnal) interest rate. In column 4 the
proﬁt participation of the junior note holders is given, if such exists. This can be a terminal
repayment agio (RA, in percent of the initial par value) or an annual share in the proﬁts (PS)
after the Junior Coupon is paid (in percent of the remaining surplus).
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the payment structure described in the oﬀering circulars. All transactions use
a “single waterfall” structure, not diﬀerentiating between principal and interest
losses or payments, respectively. In fact, two allocations take place at the same
time: (1) the allocation of default losses and (2) the allocation of cash ﬂows.
Default losses (interest and principal losses) are allocated to principal as well
as interest claims from the bottom to the top of the structure.20 First, the reserve
account (if it exists) is reduced by the total period loss. The remaining loss is
subsequently allocated to the excess spread of the current period, then to the
interest claim of the junior tranche, then to the principal of the junior note, then
to the principal of the lowest rated tranche, then to the interest claim of the
lowest rated tranche and so on. If the principal of a tranche is reduced, its future
interest claims are also reduced pari passu.
The portfolio cash ﬂows are allocated as follows. First, the incoming payments
are used to cover senior expenses, such as servicing, rating and administration fees
as well as trustee expenses.21 Second, interest payments on the rated tranches
are made based on the remaining principal after loss allocation, starting with the
most senior tranche. We derive the contractual interest payments to the rated
tranches assuming a constant risk-free rate and adding the launch credit spread,
which is given in the prospectus. The risk-free rate is again assumed to equal the
“iBoxx Euro Sovereign 5-7 Years” index at the issue date of each transaction.
Since the issue dates of the transactions diﬀer, the assumed risk-free rate for the
transactions also varies (see Table 1.3).
Third, subordinate expenses are paid. The remaining cash is then used to
pay interest on the principal of the nonrated tranche adjusted for previous loss
allocation. This brings us to a peculiarity of middle market transactions: the
junior note, which is often (at least partially) sold to outside investors, bears a
“Junior Note Coupon” that is explicitly stated in the oﬀering circulars and is paid
20
21

For a discussion of diﬀerent loss allocation rules, see Hein (2007).
The explicit assumptions concerning the senior and subordinated expenses are set forth in

Table 1.3. Except for the FORCE 2005-1 transaction, no set-up costs need to be covered by
the portfolio cash ﬂows. Instead these costs, which include legal costs, rating costs, placement
costs and structuring costs, are paid by the obligors through an additional up-front fee or a
disagio between 4% and 5%. For the FORCE transaction, set-up costs of 150 bps are assumed,
which are due at the ﬁrst payment date.
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after all expenses and interest payments to rated tranches. For example, in the
PREPS and H.E.A.T. transactions the junior note receives a steadily increasing
coupon according to a speciﬁed schedule given in the oﬀering circular. The initial
and ﬁnal coupons of these schedules are set out in Table 1.6, together with the
junior note coupons in the other transactions.22
In considering what happens to the excess cash ﬂow after paying this junior
note coupon, that is, after paying all expenses and all interest claims, we need to
take a more individualized look at the mezzanine transactions. For example, in
CB MezzCap and StaGe Mezzanine the excess cash ﬂow is ﬁrst used to replenish
a reserve account up to a speciﬁed cap.23 In all other transactions, there is no
reserve account; instead, the remaining excess spread is directly paid out to the
general and limited partners of the SPV. In some transactions this surplus is
also shared with the junior note through additional interest. The corresponding
junior note participation rates (in percent of the remaining surplus) are presented
in Column 5 of Table 1.6 (indicated by PS). This remaining part of the portfolio
cash ﬂow can be substantial. In a best-case scenario where no losses in the
underlying portfolio occur, this surplus accounts for anywhere from 6% to 8% of
the transaction volume in most of the transactions.
At maturity, there is a further peculiarity of middle market transactions concerning the junior note to be considered. In some structures the repayment
amount of this nonrated tranche after seven years is raised by an agio deﬁned as
a percentage of the par value of the junior note. As shown in Column 5 of Table
1.6, in those transactions with repayment agios (indicated by RA), the repayment
amount exceeds the initial nominal value by as much as 25% - 43%. Thus, the
agio can be interpreted as an additional proﬁt participation of the junior note.
For each tranche, we derive the accumulated losses in each simulation run.
Hence, the payoﬀ proﬁles and risk characteristics for each tranche including the
junior note, are determined.
22

In FORCE 2005-1 20.188% p.a. are paid for the ﬁrst 18 months followed by 19.138% p.a.

Regarding StaGe Mezzanine the Junior Note gets EURIBOR + 20%. For the simulation a
constant risk-free rate at 3.9% is assumed.
23
The cap is at 4 million e in CB MezzCap and at 5% of the outstanding volume of rated
tranches in StaGe Mezzanine.
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1.5.2

Simulated Junior Note Characteristics

As mentioned previously, part or all of the junior tranche in a middle market
transaction is sold to outside investors. Is this tranche is a proﬁtable investment?
To answer this question, some payoﬀ characteristics of the junior note are derived
based on the simulations. The key ﬁgures describing the junior note of each
transaction are presented in Tables 1.7 and 1.8 for four simulation scenarios. The
base case is again deﬁned by the original obligor rating and a recovery rate of
20%. To test for the robustness of our results, we reduce the recovery rate to
0% and/or reduce the obligor ratings by two notches, resulting in four diﬀerent
scenarios.
(a) The Expected Internal Rate of Return
First, an investor may be interested in the expected internal rate of return (IRR),
which is deﬁned as the rate that solves:
T

E[P ayof ft]
t=1

(1 +

IRR)t

!

= P riceIssue Date

where T = 7. In general, the junior tranche is issued at par.24
In the simulations that start from the original obligor ratings and a recovery
rate of 20%, the junior notes have high expected internal rates of return between
15% and 25% (Table 1.7). The expected IRRs are only slighty reduced when
assuming a recovery rate of 0%. The highest possible internal rates of return range
between 17% and 29% (last column of Table 1.7).25 These results are due to a high
excess spread, that is a high interest diﬀerential between the asset and the liability
side of the transactions, which is around 3%. In fact, the portfolio companies
pay interest at much higher rates than the interest paid on the tranches. Even
after accounting for transaction costs of around 1%, this high margin is enough to
cover a large part of default losses and to pay high interest to the junior tranche
and sometimes even an additional performance premium.
The simulated returns depend on assumptions about the portfolio perfor24

One exception is FORCE 2005-1. In this transaction, the issue price of the junior note is

actually 101.17%. Therefore, the IRR is calculated based on this issue price.
25
For the PREPS 2004-2 transaction, J.P. Morgan Securities Ltd. (2004) arrives at similar
results in their presentation for potential investors.
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17.15%
16.12%
22.09%
24.95%

CB MezzCAP

H.E.A.T. II 2006

StaGe Mezzanine

PREPS 2006-1

4.26

4.21

2.58

1.68

5.00

4.09

3.06

2.24

3.06

24.18%

21.35%

15.16%

15.42%

15.51%

22.54%

15.74%

14.02%

15.96%

14.88%

IRR

Exp.

3.40

3.22

1.71

1.06

4.00

3.25

2.09

1.46

2.11

1.32

Ratio

Sharpe

0% Recovery

19.53%

16.98%

12.13%

10.37%

13.38%

17.94%

13.22%

10.32%

12.57%

10.98%

IRR

Exp.

1.93

1.61

1.00

0.46

2.26

1.78

1.29

0.79

1.22

0.70

Ratio

Sharpe

20% Recovery

17.95%

14.96%

9.24%

5.83%

12.50%

16.40%

10.90%

6.76%

9.63%

7.61%

IRR

Exp.

1.59

1.12

0.44

0.10

1.66

1.45

0.69

0.27

0.59

0.27

Ratio

Sharpe

0% Recovery

Notched obligor ratings

28.71%

25.01%

18.82%

20.00%

17.43%

26.68%

18.63%

18.39%

19.91%

19.76%

IRR

Max

This ﬁgure is the same for all speciﬁcations. Only the probability of this return changes.

for the notched ratings, starting two notches below the original rating. The last column shows the maximum possible internal rate of return.
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transaction. The next four columns depict the results departing from the original obligor ratings and assuming a recovery rate (RR) of 20%

The table presents some return characteristics of the Junior Notes for diﬀerent simulation speciﬁcations. The ﬁrst column denotes the

15.83%

FORCE 2005-1

16.51%

H.E.A.T. I 2005
23.25%

15.19%

PREPS 2005-1

PREPS 2005-2

16.90%

PREPS 2004-2

2.00

Ratio

IRR
16.15%

Sharpe

Exp.

20% Recovery

Original obligor ratings

PREPS 2004-1

Transaction

Table 1.7: Simulated Return Characteristics of Junior Notes

Securitization of Mezzanine Capital in Germany

Securitization of Mezzanine Capital in Germany

mance. As noted before, it might be too optimistic to start with the original
ratings in the simulation. Therefore, the results from the notching approach, in
which the portfolios’ default probabilities are approximately doubled, are also
shown in Table 1.7. However, even in this stressed scenario the expected internal
rate of return on the junior note is still above 10% for a recovery rate of 20%. If,
however, the recovery rate is reduced to 0% the expected internal rate of return
falls below 10% for half the transactions.
(b) The Sharpe Ratio
To relate the expected IRR of the junior note to its risk, the Sharpe ratio given
by

Exp. IRR − riskf ree rate
,
annualized standard deviation
is also set forth in Table 1.7. Given the original ratings and a recovery rate of
Sharpe Ratio =

20%, all transactions except CBMezzCAP have a Sharpe ratio above 2, with a
maximum of 5 for FORCE 2005-1. A Sharpe ratio higher than 2 clearly indicates
a proﬁtable investment. Comparable investments, such as investing in a diversiﬁed equity index (SDAX or TecDAX), exhibit Sharpe ratios below 1; private
equity funds usually exhibit Sharpe ratios below 2.26 Even under the notching
approach and a high recovery rate, most Sharpe ratios in our simulations remain above 1, and are thus still attractive to outside investors. However, for the
notching approach with a zero recovery rate, the Sharpe ratio is very low in three
transactions.
(c) The Downside Risk
Since the return distributions are skewed to the left, the downside risk of the
junior note is important for the value at risk. To illustrate this risk, (1) the
probability that the terminal payoﬀ is less than the payoﬀ that could be generated
by investing at the risk-free rate, and (2) the internal rate of return at the 1%
quantile are presented in Table 1.8.
The downside risk is very low when starting from the original ratings. In most
of the transactions, the probability of receiving less than the risk-free rate on the
initial investment is less than 3% and therefore almost negligible. For the original
26

For example, the Oppenheim Private Equity Fonds or Deka Private Equity Fonds usually

exhibit Sharpe ratios around 1.8 (see www.boerse-online.de).
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obligor ratings and a recovery rate of 20%, the internal rates of return at the 1%
quantile are always positive (except for CB MezzCap), indicating that an investor
will not lose money. The exception is explained by the very small size of the
junior note. Although the downside risk increases substantially under the more
conservative notching approach, it is still low as compared to other investments.
In three transactions, the probability of earning less than the risk-free rate is
still less than 3%, regardless of the assumed recovery rate. However, under the
notching appraoch with a zero recovery rate, the 1% quantile IRR indicates a
loss of more than 50% of the investment in seven transactions. Apart from CB
MezzCap, which has a very small junior note, the other six transactions are those
with a small number of loans, implying little diversiﬁcation. This demonstrates
the strong impact of size and diversiﬁcation on the risk of the junior tranche.
Small size and low diversiﬁcation not only imply a strong risk for the junior note,
but also a high probability that the rated tranches will suﬀer default losses.
In summary, the simulation results support the view that an investment in the
junior note of the analyzed mezzanine transactions is mostly attractive for outside
investors. Even in the scenario where the original ratings are stressed by two
notches the junior note mostly exhibits quite favorable risk-return characteristics
as long as the recovery rate is at 20%. The favorable risk-return characteristics
of junior notes are presumably induced by the fact that junior notes are partly
sold to other banks. They must support their investment in junior notes with
high equity capital which is considered costly. According to the Basel II, banks
must deduct the volume of the junior note from their equity capital (see Bank for
International Settlements 2005) and thus banks are unlikely to buy junior notes
with low expected IRRs.
Furthermore, it should be noted that, to date, the default rates in SME pools
have been low (see J.P. Morgan Securities LtD. 2006). Additionally, there are
reputational costs for the originating banks in case of bad portfolio performance.
This might explain why Commerzbank repurchased the NICI exposure from the
CB MezzCap transaction after NICI’s insolvency, thus avoiding a downgrade of
the transaction (see FINANCE 2006a).
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1.6

Conclusion

This paper analyzes mezzanine transactions, a new trend in the German securitization market.
The ﬁndings indicate that these transactions are attractive to originators and
investors. The estimated present values of these transactions indicate a sizable
“arbitrage proﬁt” for the originators. Securitizations are also attractive for originating banks, because the banks often earn fees for administering the transaction
and may beneﬁt from swaps with the SPV. Additionally, the banks receive part
of the proﬁts earned by the SPV. Regarding the junior tranches, even under
pessimistic assumptions and ignoring proﬁt participations, these tranches mostly
yield high expected internal rates of return at low downside risk. This indicates a
strong desire of the originators to sell part of the junior notes to outside investors,
including banks. However, given bank equity costs, the return will need to be
high to make the junior note an attractive investment for banks.
MEs also beneﬁt from middle market securitizations because these transactions fuel the supply of mezzanine loans and stimulate competitive pressure in
the market for this type of instrument. This may explain why the interest rates
charged on these loans are relatively low. Mezzanine loans can strengthen (economic) equity and thus increase MEs’ creditworthiness. However, MEs need to
pass a stringent screening process before they will be considered for the pool of
such a transaction. Looking at statistics concerning current portfolio companies,
for example in PREPS 2004-2, only 15% of the enterprises reported an annual
turnover of less than 50 million eand 20% had turnover in excess of 300 million
e (see J.P. Morgan Securities Ltd. 2004). Furthermore, only about 39% of all
obligors in the FORCE 2005-1 portfolio employed less than 400 employees; 21%
employ more than 1000. Hence, the portfolios consist not only of MEs but also
of large enterprises.
The trend towards middle market securitizations is expected to continue. By
July 2006, only 432 diﬀerent obligors, 396 German enterprises and 36 from other
European countries, were involved in one or more of the current transactions (see
FINANCE 2006) and thus it appears that the market for this type of ﬁnancing
is largely untapped. Whether the subprime crisis will have a braking eﬀect on
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this trend remains to be seen. The strong increase in credit spreads will induce
higher interest rates on mezzanine loans and thus reduce MEs’ demand for them.
More importantly, to foster ﬁnancial stability, these transactions should include a
higher number of loans so as to improve diversiﬁcation. Also, the junior tranches
should absorb a large fraction of default losses and the originator should retain
a substantial portion of the junior tranche to improve investor conﬁdence.
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Pindado, Julio and Luis Rodrigues (2005): Determinants of Financial Distress Costs.
Financial Markets and Portfolio Management, Vol.19, No. 4, 343-359.
Q-Cells AG (2005): Annual Report 2005. Thalheim, Germany.
Standard & Poor’s (2005): CDO Evaluator Version 3.0: Technical Document, New
York.
Standard & Poor’s (2006): CDO Spotlight: Rating Methodology for CLOs Backed by
German Participation Rights, Frankfurt.
Verhofen, Michael (2005): Markov Chain Monte Carlo Methods in Financial Econometrics. Financial Markets and Portfolio Management, Vol.19, No. 4, 397-405.
Weber, Thomas (2007): Estimating Risk Aversion in the European CDO Market.
Discussion Paper, University of Konstanz.
WestLB AG and BayernLB (2006): StaGe Mezzanine Société en Commandite Simple
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Chapter 2
How to Inﬂuence Tranche
Ratings?
Optimization of Credit
Enhancements in Loan
Securitizations
2.1

Introduction

The European issuance of Collateralized Loan Obligations (CLOs) exhibited
strong growth during 2005 and 2006 and accounted for 13% of the total issuance
volume in the European Asset Backed Securities (ABS) market.1 Issuance volumes stayed at a high level during the ﬁrst half of 2007, but dropped sharply after
the beginning of the Subprime crisis in July 2007. Structured investment vehicles and ABCP-conduits, which mainly invested in highly rated CLO tranches,
got into trouble because of a severe fall in tranche prices due to several downgrade waves. Subsequently, the general demand for nearly all structured products
dropped because investors became more cautious and were afraid of the complexity and intransparency of CLO- and related transactions. Additionally, rating
1

see HSBC Global ABS Research 2007
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agencies came under criticism of having assigned too optimistic tranche ratings
and not having assessed the inherent risks correctly. This paper sheds light on
CLO-transactions by analysing the eﬀects and the choice of various contractual
elements. How do these special features inﬂuence tranche ratings? Which speciﬁcations should be preferred by originators?
The ﬁrst purpose of this paper is to examine the eﬀects of credit enhancements
in a true-sale transaction, in which the originating bank sells (part of) its loan
portfolio to a Special Purpose Vehicle (SPV).2 The SPV funds itself by issuing
diﬀerent tranches of bonds which are strictly subordinated to each other and
whose risk proﬁles are inﬂuenced by the credit enhancements. These encompass
a variety of contractual provisions to reallocate the credit risk between diﬀerent
bond holders and, thus, to reduce the credit risk borne by senior tranche holders.
Two important examples, the loss allocation rule and the reserve account, will
be studied in this paper.
The loss allocation rule states how interest and principal losses generated by
defaults in the underlying loan portfolio are allocated to interest and/or principal
claims of tranches. It explicitly describes the sequence in which tranches are hit
by losses in the underlying portfolio. The reserve account - if such exist - is built
up and periodically replenished by all interest surpluses - after loss allocation
and interest payments. This account earns the risk-free rate and is used to cover
losses in the following periods. Otherwise, in the case without an reserve account,
all interest surpluses are withdrawn periodically.
Using a cash ﬂow simulation model, I show that the combination of these two
credit enhancements has a strong impact on the tranches’ risk proﬁle. Comparing, for example, a transaction with a reserve account to a transaction without
a reserve account, the former provides a much higher protection against future
losses which translates into better tranche ratings or, equivalently, a bigger senior
tranche sizes and a smaller First Loss Position (FLP). Separating interest and
2

This assumption excludes synthetic transactions in which only the credit risk of the un-

derlying loan portfolio is transferred to the SPV, whereas the loans themselves stay in the
originating bank’s balance sheet. In this case the CDS between the originating bank and the
SPV only insures the bank against losses of principal, not of interest claims. Hence, there is no
reserve account.
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principal payments such that loan principal losses can only be oﬀset by tranche
principal reductions (and not also by interest surpluses) yields an even stronger
eﬀect making especially highly rated tranches signiﬁcantly worse oﬀ. These results indicate that it is important to consider the exact contractual speciﬁcations
when rating a transaction and that is is not suﬃcient just to analyze the risk
characteristics of the underlying loan portfolio.
The second purpose of this paper is to ﬁnd an optimal credit enhancement
proﬁle from the originator’s point of view. According to Modigliani/Miller (1958)
this question would not arise and the securitization structure would be irrelevant
in a perfect capital market. Only the existence of several market imperfections
poses an optimization problem. In particular, when modelling tranche payments
I will refer to actual credit spreads, which do not only compensate for expected
losses but also contain risk and liquidity premia (see Amato/Remolona 2003).
These spreads drive the originator’s proﬁt from securitization which is mainly
generated by spread arbitrage.3 In fact, the weighted average interest rate to be
paid on the rated tranches plus transaction cost caused by securitization is usually
lower than the weighted average interest rate received from the loan portfolio.
This interest diﬀerential is called excess spread.
Besides of incorporating market imperfections related to actual credit spreads,
I further explicitly account for: (i) regulatory costs, (ii) costs of information
asymmetry and (iii) transaction costs. First, Basel II requires full deduction
of the FLP from regulatory capital.4 Assuming that the originator retains this
position or that this position is sold to other banks being subject to the same
equity costs, the originator takes costs of regulatory capital into account when
deciding about the optimal credit enhancement portfolio. Second, the presence
of asymmetric information between the originator and investors in rated tranches
generates further costs. Since the size of the FLP mitigates information related
problems, investors accept lower credit spreads in transactions with a higher FLP
or, equivalently, are willing to pay higher tranche prices for given credit spreads.
Third, securitization causes several transaction costs. These costs include, for
example, legal costs, structuring costs, rating agency fees, administrative fees,
3
4

For a detailed description of spread arbitrage opportunities see Bluhm et al. (2003).
see Bank for International Settlements 2005
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trustee expenses and swap premia. Whereas some costs are external (actual)
costs and, thus, cannot be inﬂuenced by the originator, the originator faces the
possibility to extract additional fees for servicing, managing or administration.
Assuming that all fees are senior to all other claims, this fee claim can be seen
as a First Proﬁt Position (FPP) hold by the originator. Since these fees lower
the excess spread, protection for the rated tranches is reduced when introducing
a FPP and the originator will need to provide a higher FLP.
Throughout the paper I use PREPS 2006-1 as a reference transaction in order
to examine the originator’s decision problem when choosing between diﬀerent
credit enhancement proﬁles in the presence of these market imperfections. Given
the characteristics of the underlying loan portfolio, which consists of subordinated
loans granted to German small and medium-sized companies, I vary the loss
allocation rule, the reserve account speciﬁcation, the number of tranches issued
and also the amount of transaction costs. The simulation results show that
the optimal structure strongly depends on equity costs and costs of information
asymmetry. Higher equity costs induce a smaller FLP whereas higher information
asymmetry costs support a larger FLP. Hence, the originator trades oﬀ the size
of FLP against the reserve account and the amount of FPP.
The remainder of the paper is organized as follows: First, I review the related
literature. In section 3 the use of credit enhancements is explained and several
devices are presented. In the following section 4 the simulation procedure and
the underlying model assumptions are described. Additionally, I derive some
analytical results concerning an optimal First Proﬁt Position in a simple two
date model. In section 5 I turn to a multiperiod model in which the eﬀects of
diﬀerent loss allocation rules and reserve account speciﬁcations on the tranches’
risk proﬁles are analyzed. In section 6 I compare the simulated structures and
determine an optimal solution from the originator’s point of view. Section 7
concludes.

2.2

Related Literature

This paper is most closely related to the recent discussion about ratings of structured ﬁnance securities. Especially, in the course of the subprime crisis the rating
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agencies came under strong criticism for having assigned too optimistic tranche
ratings which needed to be adjusted in several downgrade waves. In general, there
are two diﬀerent rating methodologies for CLO tranches, the default probability and the expected default loss rating system, which are extensively discussed
and compared in the literature.5 Due to the complexity and intransparency of
these products these external ratings play an important role in the marketing of
structured ﬁnance securities. As pointed out in the IMF Global Financial Stability Report (2008): “Credit ratings have been a key input for many investors in
the valuation of structured credit products because they have been perceived to
provide a common credit risk metric for all ﬁxed-income instruments.”
Several authors show that - in contrast to investors’ perception - structured
ﬁnance ratings are not comparable to corporate bond ratings. Consequently, a
valuation only based on ratings leads to mispricing. Coval et al. (2008) point
out that it is possible to exploit investors, who solely rely on default probability
based ratings for pricing securities, by selling them bonds whose default losses
are concentrated in high marginal utility states. Brennan et al. (2008) make a
similar point and extend this argument to a rating system based on expected
losses. These results illustrate the limitations of existing rating systems, which
measure only the total risk but not the systematic risk of securities.
This paper wants to contribute to the CLO rating literature by analysing the
sensitivity of tranche ratings to variations in credit enhancements. It shows that
tranche ratings can be severely inﬂuenced by these contractual elements and that
it is not suﬃcient to look at the underlying loan portfolio characteristics when
assigning the rating.
This paper also relates to the broad literature on securitization. Most of the
research in this ﬁeld focuses on the question why tranching is preferred to issuing
one type of bond. In an empirical study Cuchra/Jenkinson (2005) found evidence
that tranching is driven by information asymmetry, market segmentation, market
incompleteness as well as liquidity aspects. Also in the theoretical literature on
security design asymmetric information and market incompleteness are identiﬁed
as main explanations.
Due to the fact that the originator of a Collateralized Loan Obligation (CLO)
5

see e.g. Peretyatkin/Perraudin 2002 or Fender/Kiﬀ 2004
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possesses private information about the loans in the underlying portfolio, the
asymmetric information literature indicates that splitting a claim into an information-sensitive and an information-insensitive component is value enhancing.6 Applying these results to the issue of ﬁnancial intermediation, DeMarzo (2005) shows
that pooling and tranching by the informed intermediary/originator - as it is done
in CLOs - may be optimal and can enhance the returns associated with private
information. This is the case as long as the risk diversiﬁcation eﬀect of pooling
and tranching, which allows to create a low risk and highly liquid senior security,
dominates the information destruction eﬀect of pooling. Riddiough (1997) points
out that adverse selection risk can be partly internalized through securitization
together with (partial) retention of the risky junior security. Then the seller of a
loan portfolio bears less ’lemons-related’ liquidation costs. Also DeMarzo/Duﬃe
(1999) and Gorton/Pennacchi (1995) show that the retention of a FLP is beneﬁcial in order to mitigate problems of information asymmetry. Holding this
position the originator can signal the quality of the underlying portfolio as well
as his willingness to further monitor the loans.
In the context of market incompleteness Gaur/Seshadri/Subrahmanyam (2005)
provide another explanation why pooling and tranching can create value. In particular they argue that the market pays a premium on assets like securitization
tranches, which improve spanning across future states. Also Fender/Mitchell
(2005) point out that tranching helps to reduce market incompleteness and even
allows for market segmentation by the creation of new, tailor-made securities. As
a consequence tranching, although it is costly, creates additional value.7
Contrary to these strands of literature, which study the eﬀects of tranching
itself, the present paper is - to my best knowledge - the ﬁrst one which takes a
closer look at the impact of several contractual elements like credit enhancements,
which are embedded in CLO structures in addition to tranching. In accordance
with the literature, costs due to information asymmetry will be incorporated in
the analysis. Hence, I analyze the trade-oﬀ between a smaller initial FLP and
higher information asymmetry costs.
6
7

see e.g. Bond 2004, Boot/Thakor 1993, Gorton/Pennacchi 1990
In contrast to these ﬁndings Hart (1975) shows that introducing a new security is not

always value enhancing.
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2.3

Credit Enhancements and Impairments

Banks use true-sale CLOs not only for reﬁnancing purposes, but also as an instrument for risk and capital management (see Deutsche Bundesbank 2006). They
transfer (part of) the credit risk of the underlying loan portfolio to the buyers of
the CLO tranches and obtain regulatory and economic capital relief.
The key feature of such a transaction is the strict subordination of tranches.
Hence, payments are made ﬁrst to the senior tranches followed by the mezzanine
tranches and ﬁnally to the junior tranches. This prioritization scheme causes the
tranches to exhibit strong diﬀerences in default probabilities. Whereas the senior
tranche is almost safe, the junior tranches bear the highest default risk which is
reﬂected in the rating of those tranches. Usually, CLOs comprise three to ﬁve
rated tranches plus one non-rated FLP, which is often (at least partially) retained
by the originator. The bank as the originator of a CLO speciﬁes in advance the
number of tranches and their desired ratings. Due to information asymmetries
between the originator and the investors concerning the quality of the underlying
portfolio, the tranches need to be rated by a rating agency. After a thorough
analysis of the transaction, which is mainly based on cash ﬂow simulations and
stress testing, two or three of the leading rating agencies (Standard & Poor’s,
Moody’s or Fitch) assign ratings to the tranches. Since the credit spreads of the
issued tranches depend on these ratings, it is crucial for the originator to get the
desired ratings. To obtain these, he does not only rely on the senior-subordinated
structure alone but includes credit enhancements in the contract which further
reduce the risk of the senior and mezzanine tranches.
In general, there are various devices to lower the default risk and thereby
enhance the rating of the senior tranches.8 This paper studies
• the Loss Allocation Rule
• the Reserve Account and
• the First Loss Position (FLP) .
8

see e.g. Hsu/Mohebbi 1996, Jobst 2002, Kimber 2004
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The loss allocation rule states how losses, which arise because of obligor defaults in the reference portfolio, are assigned to the diﬀerent tranches. In particular, it makes a diﬀerence if principal and interest default losses are considered
separately or not and also if losses are allocated ﬁrst to principal claims or to
interest claims of the tranches. This will be analyzed in section 2.5.1.
The reserve account, which has to be considered together with the excess
spread, is a further common internal credit enhancement device. The excess
spread can be periodically allocated to the holder of the FLP or it might be
accumulated on an extra account, the reserve account. This account earns the
risk-free rate and is used to cover interest (and principal) losses of the loan portfolio in the following periods. The balance remaining at maturity of the transaction
is then paid to the originator. In some transactions there exists an upper limit for
the reserve account. In this case the account is replenished by the excess spread
until this cap is reached. The balance above this cap is paid out periodically to
the originator. The eﬀects of these diﬀerent speciﬁcations on tranching will be
discussed in section 2.5.2.
The provision of a non-rated First Loss Position, which absorbs the ﬁrst principal and interest losses of the underlying loan portfolio up to its initial par value,
is another internal credit enhancement for the rated tranches. Additionally, this
position mitigates problems of information asymmetry. The holder of this FLP
is usually compensated for the risk either by getting a fairly high interest coupon
or even by being the residual claimant on the portfolio’s cash ﬂows as assumed
in this paper. The size of the FLP, so called hard credit support, determines the
rating of the lowest rated tranche.
In addition to credit enhancements, the originator might also include credit
impairments in the securitization structure. One particular example, which will
be studied in this paper, is the First Proﬁt Position (FPP). Besides external
transaction costs, which actually arise due to the securitization, the originator
often extracts additional money from the transaction, which might be declared
as additional management or servicing fees. The amount of this FPP can be
actively chosen by the originator and is diﬃcult to assess by tranche investors.
Together with the external transaction costs, the FPP ranks senior to the senior
tranche and, thus, reduces the excess spread and increases the risk of the rated
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tranches. Hence, an increase in the FPP translates into an increase in the FLP.
Assuming that in an information asymmetry environment investors only reward
a higher FLP (the hard credit support) by higher tranche prices and that they
ignore the eﬀect of a higher excess spread and/or reserve account (the soft credit
support), it can be consequently desirable for the originator to increase the FPP
and, thus, to reduce information asymmetry costs. But at the same time equity
costs paid on the FLP size increase. Therefore the originator has to trade oﬀ
these costs when deciding on the optimal FPP size.

2.4

The Terminal Distribution Model

In order to clarify the basic mechanism of tranching and to derive ﬁrst analytical
results, I start with a simple two-date model, the Terminal Distribution Model
(TDM), in this section. This model assumes that loss allocation and cash ﬂow
distribution only take place at the maturity of the transaction when the outcome
of the portfolio is completely known which corresponds to the strictest form of
subordination. Hence, this model can be seen as a limiting case which diﬀers
from reality where intermediate payments are made.
First, the simulation procedure for the underlying loan portfolio is described.
Portfolio cash ﬂows are determined by simulating annual rating changes of each
loan and the implied default status. Thus, the portfolio’s loss rate distribution
at the termination date can be derived. Next, I explain tranching in this simple
model and, subsequently, discuss optimality conditions for taking a First Proﬁt
Position in the presence of equity costs and costs for information asymmetry.

2.4.1

Modelling the Underlying Credit Portfolio

Throughout the following analysis I take PREPS 2006-1 as sample transaction.
In this transaction 61 subordinated loans granted to medium-sized enterprises
were securitized with a total portfolio volume of M = 321 million e. These loans
have nominal values Mi (i = 1, . . . , 61) between 1 and 12 million e to be repaid
after seven years (bullet structure) and pay an annual coupon of c = 7.8% on
average which equals a 380 bps spread over the assumed constant risk-free rate
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rf = 4%.9 Given the rating information provided in the oﬀering circular, the
average loan rating is BBB-, which corresponds to an average default probability
over seven years of p = 4.76% according to Standard & Poor’s.
In each simulation run annual rating transitions of the underlying loans over
seven years are simulated, starting from the initial ratings as given in the oﬀering
circular:10 First, a vector of 61 multivariate normal random numbers (one per
loan) is drawn for each year. Then the drawn numbers are compared to critical
values derived from the one-year transition matrix of S&P. These critical values
correspond to quantiles of the standard normal distribution, which are chosen
such that the probability of each quantile equals the respective one-year transition
probability from the rating at the beginning of the year to the rating at the end of
the year. It is assumed that the one-year transition probabilities are independent
over time. The loan defaults when it moves to rating class D.
The 61 subordinated loans were granted to enterprises from 24 diﬀerent industries for which I assume that rating transitions are correlated with ρI = 0.1 within
an industry and with ρE = 0.04 between diﬀerent industries.11 I account for the
correlation structure by multiplying the vector of multivariate normal random
numbers with the Cholesky decomposition of the loans’ correlation matrix.12
In case of default a ﬁxed recovery rate of d = 15% is assumed, which implies
an immediate payment after default of 15% of the par value.13 For a given
9

In fact the subordinated loans include an interest rate step-up of 1% or 2% if the company

performs well. For simplicity this step-up is neglected in the present analysis.
10
The simulation model for the underlying loan portfolio resembles the S&P Evaluator (see
Standard & Poor’s 2005) and is basically the same model as used e.g. in Franke/Krahnen
(2006). Note that this approach of simulating rating transitions diﬀers from the approach of using factor models, which is also widely used in the literature on securitization. E.g. Hull/White
(2004) and Gibson (2004) use a one-factor model to model loan defaults. Duﬃe/Garleanu
(2001) and Longstaﬀ/Rajan (2008) apply multi-factor models in their analysis.
11
The denoted correlations are correlations for rating transitions and correspond to S&P
assumptions for medium-sized enterprises (see Standard & Poor’s 2005). The implied default
correlations are even lower.
12
For the mathematical justiﬁcation of this procedure see Glassermann (2004).
13
The fairly low recovery assumption is due to the subordination of loans and corresponds to
S&P assumptions (see Standard & Poor’s 2005). Moody’s even assumes recovery rates of 0%
for this transaction (see Moody’s Investors Service 2006).
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simulation run the yearly cash deﬁcit from the portfolio V (t) is then deﬁned as
V (t) = contractual claims (t) − realized cashf lows (t) f or t = 1, ..., T
where contractual claims are the scheduled interest payments (including nominal values in T =7) and realized cash ﬂows are the interest payments from nondefaulted loans (including also principal repayments in T ) plus recovery payments
of loans defaulted in the last period. Hence, V (t) might be negative in periods
with loan defaults.
The aggregated deﬁcit (the total portfolio loss) in T is then derived as
VT =

T


(1 + rf )T −t V (t)

(2.1)

t=1

The corresponding portfolio default rate, PDR, in T is given by
P DR =


M 1+c

VT
T

t=1 (1

+ rf )T −t

 =1−

Accumulated Realized cash ﬂows
Contractual Portfolio Claim

(2.2)
where M equals the transaction volume of 321 million e. Hence, the denominator
corresponds to the terminal portfolio outcome if no losses occur.
Repeating this calculation for 10,000 simulation runs yields the loss rate distribution of the underlying loan portfolio as shown in Figure 2.1. The graph
reveals a typical shape of a loss rate distribution, strongly skewed to the right.
The average loss rate equals 3.34% which corresponds to a loss of 17,312,466e
compared to the terminal portfolio value in case of no losses (518,337,308e). The
standard deviation of the loss rate equals 2.43%, the skewness 0.89 and the excess
kurtosis 0.97.

2.4.2

Tranching within the Terminal Distribution Model

In PREPS 2006-1 two rated tranches, one senior AAA tranche and one mezzanine
A tranche, and one non-rated junior tranche are issued. Given the derived terminal loss rate distribution, the speciﬁed tranche structure and (historical) default
probabilities for every rating as well as the time horizon of seven years (taken
from Standard & Poor’s 2005), it is possible to determine the highest possible
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Figure 2.1:
Simulated Terminal Loss Rate Distribution of Underlying Portfolio.

tranches’ terminal claims in T =7 assuming strict subordination of tranches. In
particular, these are determined by deriving the quantiles of the loss rate distribution corresponding to the default probabilities for the desired tranche ratings.
First, the detachment point of the lowest rated tranche, the A tranche, is calculated. Its default probability should not exceed 1.368% for seven years. Since
the 98.632%-quantile of the derived loss rate distribution is given by a PDR of
9.93%, the non-rated FLP must cover 9.93% of the terminal value of all contractual claims in order to protect the A tranche from losses above the rating
limit. Next, the detachement point of the AAA tranche is determined. This
tranche with seven years maturity should have a (maximum) default probability
of 0.285% which translates to a PDR of 12.13%. Hence, the size of the A tranche
equals the diﬀerence between 12.13% − 9.93% = 2.20% in T . Finally, it is necessary to account for transaction costs which are assumed to be senior to the AAA
tranche. Given the information in the oﬀering circular of PREPS 2006-1, annual
transaction costs add up to appr. 100 bps of the initial portfolio volume, which
translates to 25,353,525e over seven years or 4.89% of the terminal portfolio
value. Hence, the attachment point of the AAA tranche is at 95.11% such that
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the tranche size in T equals 95.11% − 12.13% = 82.98%. This resulting tranche
structure together with the terminal claim values are summarized in columns 2
and 3 of Table 2.1 (Panel A). As explained above, the depicted tranche sizes
correspond to claims on the terminal portfolio value after seven years. These
claims include all contractual payments to the tranches (principal plus interest)
accumulated to the terminal date.
The tranche structure at the beginning of the transaction (in t = 0) is then
derived by discounting the terminal claims of the rated tranches by their corresponding interest rates, ck = rf + spreadk , which are composed of the risk-free
rate plus a rating-dependent credit spread. Assuming that the interest paid to
the tranches at yearly payment dates is invested in the risk-free asset, each initial
tranche size is computed as
ClaimTk
SizeTk · Contractual P ortf olio ClaimT
=
Discount F actork
Discount F actork



T
T
T −t
Sizek · M 1 + c t=1 (1 + rf )
=
= Sizet=0
·M
(2.3)

k
1 + ck Tt=1 (1 + rf )T −t

Claimt=0
tranche k =

According to the PREPS 2006-1 oﬀering circular the AAA tranche pays a spread
of spreadAAA = 33 bps and the A tranche a spread of spreadA = 90 bps in
addition to the risk-free rate of 4%. Assuming that the transaction is issued at
100%, the initial size of the FLP is deﬁned as the residual percentage to 100% in
t = 0.14
Discounting the derived terminal claims by the corresponding interest rates
and dividing by the portfolio volume M, the structure illustrated in Panel A,
column 4 of Table 2.1 is revealed. Since the rated tranches bear lower interest
coupons than the portfolio coupon, the initial sizes are larger than the percentage
terminal portfolio claims.15 It might be astonishing that the rated tranches already add up to an amount larger than the initial portfolio volume such that the
implied initial FLP would be -2.41%. In fact, the market value of the portfolio
14

The 100% condition is used to derive the nominal value of the FLP in t = 0, which will be

diﬀerent from the actual market value.
15
Note that often the derived sizes in T =7 are taken as initial tranche sizes. This method
ignores the eﬀect of the diﬀerence in interest rates and, thus, predicts smaller initial tranche
sizes that would only be correct for synthetic transactions where interest payments are ignored.
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Table 2.1:
Derived Tranche Structure from Simulated Loss Rate Distribution.
Transaction Costs

Transaction Costs

100 bps

150 bps

Claim Value

Size

Size

Size

Size

T =7

T =7

t=0

t=7

t=0

25,353,525 e

4.89%

-

7.34%

-

430,115,226 e

82.98%

99.85%

80.53%

96.90%

A

11,412,193 e

2.20%

2.56%

2.20%

2.56%

NR


51,456,264 e

9.93%

n.a.

9.93%

0.53%

518,337,308 e

100.00%

102.41%

100.00%

100.00%

25,353,525 e

4.89%

-

7.34%

-

421,234,439 e

81.27%

97.78%

78.82%

94.84%

A

12,820,949 e

2.47%

2.88%

2.47%

2.88%

NR


58,928,395 e

11.37%

n.a.

11.37%

2.28%

518,337,308 e

100.00%

100.66%

100.00%

100.00%

Rating

Panel A: 15% Recovery Rate
TC
AAA

Panel B: 0% Recovery Rate
TC
AAA

In each Panel the ﬁrst column depicts the rating for each tranche. Columns 2 and 3 give
the derived percentage size and the terminal claim value of each tranche in T = 7 including
transaction costs (TC) of 100 bps p.a. and including the non-rated FLP. Column 4 depicts the
corresponding sizes in t = 0 (computed by discounting the terminal claims values) Columns 5
and 6 show the tranche structure in T = 7 and t = 0 for the case with an additional FPP of
50 bps p.a., e.g total annual transaction costs of 150 bps. Panel A shows the derived structure
assuming ﬁrst a recovery rate of 15%. Panel B gives the derived structure when a recovery rate
of 0% is assumed.
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exceeds the nominal value in t = 0 due to the assumed market imperfections incorporated in observed market spreads. Although the loans in the reference portfolio
exhibit an expected default probability of 4.76% over seven years, which equals
an expected loss of 4.05% (appr. 58 bps p.a.) given the recovery assumption of
15%, they pay an annual credit spread of 380 bps. This means that the spread
already incorporates a gross margin of roughly 3.2% for the bank. Consequently,
the originator can realize a remarkable proﬁt through securitization even though
this causes additional transaction costs. If he retains (part) of the FLP and,
thus, becomes the residual claimant of the SPV, he earns the interest diﬀerential
between the asset and liability side of the transaction after loss allocation. In
the present example the incoming interest payments of 7.8% exceed the sum of
the average interest payment to the tranches (appr. 4.4%) and the actual annual
transaction costs (100 bps) by appr. 2.4% per year. This gap explains a market
value of the transaction above 100%. The assumed strictest form of subordination together with the high excess spread are in this case more than suﬃcient to
support th A rating if the lowest rated tranche.
In reality, a transaction with a negative FLP could not be placed in the market because investors want to see a positive FLP mitigating information related
problems. The originator can create such a positive FLP by reducing the amount
of excess spread, e.g. the amount of soft credit support, through an additional
First Proﬁt Position (FPP). Panel A, column 6 of Table 2.1 shows the case when
the transaction costs are increased from 100 bps to 150 bps. Hence, the excess
spread is signiﬁcantly reduced as compared to the previous scenario. In this case
the terminal value of transaction costs add up to 38,030,288e or 7.34%, including
an FPP of 2.45%. The initial AAA tranche size at maturity is then reduced to
96.90%, while the size of the A tranche remains unchanged. This gives rise to a
positive FLP of 0.53% when applying the condition that the transaction is issued
at 100%.
Of course, these results strongly depend on the assumption of strict subordination within the Terminal Distribution Model which translates to the highest
protection for rated tranches. Intermediate (annual) loss and payment allocations, as done in reality, attenuate the loss protection such that even in the case
without any FPP a positive FLP will be necessary to ensure the desired ratings.
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Nevertheless, the previous example helps to illustrate tranching within this simple
two-date model. Further, it should be noted that the derived results depend on
the assumption concerning the underlying loan portfolio. For example, reducing
the assumed recovery rate to 0% as done by Moody’s leads to an increase in the
expected portfolio loss rate from 3.3% to 3.8% and causes a shift to the right in
the terminal loss rate distribution. Consequently, the derived initial size of the
AAA tranche needs to be reduced whereas the size of the FLP must be increased
as shown in Panel B of Table 2.1.

2.4.3

Optimal Choice of First Proﬁt Position within the
Terminal Distribution Model

In the previous section I derived the result that given the portfolio of the PREPS
2006-1 transaction and applying the Terminal Distribution Model the originator
would need to take a FPP in order to prevent a negative FLP. The question
arising from this special result is, whether even in the case of a positive FLP it is
optimal for the originator to take an (additional) FPP. In this section I want to
derive an analytical solution to this problem using the initial transaction value as
a decision criterion. As will be shown, the answer to this question will strongly
depend on the assumed equity costs and costs of information asymmetry which
are traded-oﬀ by the originator when deciding about the optimal FLP size and,
thus, the optimal FPP size.
The initial transaction value from the originator’s point of view is given by
the revenue from tranche sales plus the discounted expected terminal cash ﬂow
to the non-rated FLP minus the present value of annual equity costs and plus
the present value of the FPP:
n
Π = M[1 − α(1 − β · Sizet=0
F LP ) ]


k

Sizet=0
tranche k +

E[CFFTLP ]
(1 + rf )7

− P V (Equity Costs) + P V (F P P ) with α, β ≥ 0

(2.4)

The ﬁrst term of this equation captures the cost due to information asymmetry.
Tranche prices are assumed to be increasing in the initial size of the FLP meaning
that investors require a price discount when the initial FLP size is small.16 In
16

This assumption is equivalent to assuming that for ﬁxed tranche prices investors require
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particular, a convex relationship for the price discount is assumed meaning that
investors will punish transactions with a very small FLP by an extraordinary
high price discount. The parameter n, which must be an odd number, drives the
convexity in price diﬀerences whereas α and β are scaling parameters determining
the magnitude. In general, the price discount required by investors might vary
across tranches. Nevertheless, it is possible to ﬁnd α and β such that the above
equation holds, which is analytically more tractable.
The second term in equation (2.4) captures the expected payoﬀ from the nonrated FLP which may either be retained by the originator or sold to outside
investors at the fair market value (equal to the expected discounted cash ﬂows).
The third term represents the present value of equity costs, which are calculated
as a ﬁxed percentage, EC, on the outstanding FLP volume. These costs can
be interpreted as a risk premium which needs to be taken into account by FLP
investors being subject to Basel II regulatory requirements. Finally, the last term
equals the present value of the part of transaction costs that ﬂows back to the
originator through a FPP.
In general, taking a new FPP or increasing an existent FPP has three eﬀects:
(i) the originator receives an additional risk-free payoﬀ; (ii) due to the increase
in transaction costs the initial size of the FLP must be increased which in turn
translates to higher cost of regulatory capital; (iii) the higher initial FLP mitigates
information related problems for which investors will accept lower credit spreads
or, equivalently, higher tranche prices. In particular, an (additional) First Proﬁt
Position of annually q% of the initial portfolio volume, M, reduces the percentage
size of the AAA tranche in T = 7 by the terminal value of the FPP in percent of
the contractual portfolio claim:
SizeTAAA,F P P

=

SizeTAAA,no F P P

= SizeTAAA,no F P P


q%M Tt=1 (1 + rf )T −t
−
contractual portf olio claimT

q% Tt=1 (1 + rf )T −t

−
T
T
−t
1 + c t=1 (1 + rf )

higher credit spreads, e.g. an information asymmetry premium, when the FLP is small.
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Consequently, the size of the AAA tranche in t = 0 is reduced by17


T

1
q%
(1 + rf )T −t
T
1 + cAAA t=1 (1 + rf )T −t
t=1


(2.6)

DF

where the last term, DF , is the tranche speciﬁc discount factor for the senior
tranche. Due to the condition, that all tranches have to sum up to 100%, the initial FLP needs then to be increased by the same amount. Thus, the introduction
of a FPP increases the annual equity costs by


T

(1 + rf )T −t DF EC
Equity Cost Increase (p.a.) = M q%

(2.7)

t=1

Concerning the discounted expected cash ﬂow to the FLP the following lemma
holds, which is proved in the appendix:
Lemma 1 Assuming a ﬁxed rating structure for issued tranches and given the
condition that the initial nominal values of all tranches add up to 100%, the
discounted state dependent cash ﬂow to the FLP is the same in a structure with
a FPP as without a FPP.
Hence, the net gain of the originator in t = 0 is given by the present value of the
FPP plus the diﬀerence in sales revenues minus the present value of additional
equity costs:
N et Gain = Πwith F P P − Πwithout F P P
T

1
= q%M
(1 + rf )t
t=1

+M 1 − α 1 − β · Sizet=0
F LP,withF P P
−M
−M
17

n  

Size0k,with F P P

k
n  
t=0
1 − α 1 − β · SizeF LP,no F P P
Size0k,no F P P
k


T
T


1
q%
(1 + rf )T −t DF EC
(1 + rf )t
t=1
t=1

compare to equation (2.3).
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As shown in the appendix the net gain will be positive if:
N et Gain > 0
⇔

EC < spreadAAA + γ 1 − β · Sizet=0
F LP,with F P P

·γ

with γ =

PT

α

1
t=1 (1+r )t
f

n

n


+




Size0k,no F P P

k


n
− 1 − β · Sizet=0
F LP,with F P P

1 − β · Sizet=0
F LP,no F P P

q% Tt=1 (1 + rf )T −t DF

(2.9)

.

This optimality condition illustrates again the originator’s trade-oﬀ: On the
one hand, he faces an increase in equity costs when introducing a FPP by EC
times the change in initial FLP volume. On the other hand, he gains from reduced
spread costs amounting to spreadAAA times the reduction in the AAA-tranche
volume, e.g. the change in FLP volume, and from higher issue proceeds on the
rated tranches due to a lower price discount, which is represented by the last
two terms. In particular, the second term gives the gain from retaining a higher

initial FLP instead of selling q% Tt=1 (1 + rf )T −t DF under par value. The last
term represents the increase in tranche revenue normalized to the change in initial
FLP volume. Thus, the main drivers of the originators decision problem are the
costs for information asymmetry (driven by α, β and n) and the equity costs.
For ﬁxed β and n, the higher α and the lower EC, the more likely it is proﬁtable
for the originator to take an (additional) FPP.
In the absence of information asymmetry costs, e.g. for α = 0, the optimality
condition reduces to EC < spreadAAA and is independent of the size of a potential
First Proﬁt Position, q%. In this case the originator just trades oﬀ equity costs
against spread costs. Taking an additional FPP he is able to reduce his spread
costs by spreadAAA times the reduction in the AAA tranche volume. But at the
same time his equity costs increase by EC times the increase in initial FLP which
corresponds to the reduction in the AAA tranche volume. Given the fact that
usually the AAA spread is very small, the originator will therefore never take a
First Proﬁt Position but always try to minimize the FLP in order to maximize
his proﬁt in this case.
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2.5

Multiperiod Model

Until now I only considered a Terminal Distribution Model in which the loss
allocation is determined at T = 7. Hence, a tranche incurs a loss only if all lower
rated tranches including the non-rated tranche do not receive any payment. The
FLP, being the residual claimant, earns a cash ﬂow if and only if all rated tranches
incur no loss. This represents the strictest possible form of subordination.
In a second step the model is now extended to the more realistic case in
which the simulated default losses and simulated cash ﬂows from the underlying
portfolio are allocated to the diﬀerent tranches at annual payment dates. Thus,
the timing of default losses in the underlying portfolio becomes important for the
default characteristics of the tranches.
In order to simplify the simulation model, a bullet structure is assumed for
the tranches as well. This means that all principal payments on tranches are due
at T . The eﬀects of two loss allocation rules in combination with three reserve
account alternatives will be analyzed, which leads to six structural alternatives.
The exact speciﬁcations are explained in the following. The formulas behind these
deﬁnitions are shown in the Appendix. Initially, the case with real transaction
costs of 100 bps and no further FPP is considered. Later I will extend the analysis
to the case with an additional FPP. In contrast to the real transaction, I will also
consider the case, when three rated tranches, one additional BBB tranche, are
issued. This should illustrate the originator’s option to issue a further, lower
rated tranche in order to reduce the size of the FLP.

2.5.1

The Role of Loss Allocation

Two Loss Allocation Rules
Given an unlimited reserve account, I ﬁrst compare two diﬀerent loss allocation
rules, which are brieﬂy presented in Table 2.2. The reserve account is built up
and replenished by all interest surpluses, which arise due to the interest diﬀerential between the asset and liability side, as well as the interest on accumulated
recovery values. This account earns the risk-free rate and serves as a cushion to
cover future default losses. In this case no payments are made to FLP holders
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Table 2.2: Overview of the two analyzed Loss Allocation Rules
Loss Allocation

Explanation

Joint Loss

Loss = interest loss + principal loss

Allocation

Loss Allocation sequence:

(JLA)

1) reserve account
2) excess spread of current period
3) principal of FLP
4) principal of BBB tranche
5) interest claim BBB tranche
...

Separate Loss
Allocation

separate interest and principal cycles
Allocation of principal loss:

(SLA)

1) principal FLP
2) principal BBB tranche
...

Allocation of interest loss:

1) reserve account
2) excess spread of current period
3) interest claim BBB tranche
...

until the terminal date. In section 2.5.2 I will relax this assumption by allowing
for two other reserve account speciﬁcations, a structure with a cap on this reserve
account and a structure without any reserve account.
The Joint Loss Allocation (JLA) does not distinguish between principal
and interest losses of defaulted loans. Instead a ‘single waterfall’ is considered
which becomes more and more popular in CLO transactions. In this case the
total period loss, which is composed of the principal loss (= nominal value recovery value) plus the interest loss of loans defaulted in the ending period, is
allocated to tranche interest and principal.18
First this loss is allocated to the reserve account. Second, If the reserve
account balance is not suﬃcient to cover the loss, the residual loss is allocated
18

The total loss considered here diﬀers from the cash deﬁcit deﬁned within the TDM. Since

loss allocation is now done periodically, also the tranches’ interest claims are adjusted periodically meaning that only interest losses caused by defaults in the previous need to be considered.
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to the excess spread of the ending period. Whereas the reserve account contains
realized surpluses of former periods, the excess spread of the current period equals
the scheduled interest surplus of the current period, i.e. the scheduled incoming
interest payments minus the scheduled interest obligations to the tranches. If
after the loss allocation, there is still some of the excess spread left, it is placed
in the reserve account. Third, the remaining losses are otherwise allocated to
the principal of the FLP. The residual loss is next assigned to the principal
value of the lowest rated BBB tranche. Subsequently, the interest claim of this
tranche is reduced and so forth. Principal values which have been reduced can
never be raised again. They may be reduced further by new loss allocations.
Correspondingly, interest claims are reduced pari passu from the next date on.
The Separate Loss Allocation (SLA) distinguishes between principal and
interest losses of defaulted loans. In this case loan principal losses are only allocated to tranche principal claims and loan interest losses are only allocated to
tranche interest claims. Particularly, interest is paid from the senior to the junior
tranches as long as interest income is available. In fact, this rule was predominantly used in earlier CLO transactions. Since the basic idea behind a true-sale
CLO is to reﬁnance the loans in the reference portfolio by issuing tranches and to
cover the resulting interest obligations by the incoming interest from the loans,
this procedure makes intuitively sense: If the total principal volume of the portfolio is reduced due to defaults, the principal volume of the issued tranches is
reduced by the same amount. If less interest payments from the loans are obtained, less interest is paid to the tranches unless there are interest surpluses from
former periods, which are collected in the reserve account.
Eﬀects of Diﬀerent Loss Allocation Rules
In order to show the eﬀects of the chosen loss allocation rule on the tranches’
default rates I simulate the two diﬀerent structures by holding the tranche sizes
ﬁxed. In particular, I assume that three rated tranches (AAA: 95%, A: 2%, BBB:
2%) and one non-rated FLP (1%) are issued. Comparing the realized payments
with the contractual interest and principal payments for each tranche, the loss in
each simulation run is computed. Subsequently, the default probability as well
as the whole loss rate distribution for each tranche is determined. A tranche
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defaults if it receives less than the contractual payment.
The expected default probabilities of equally rated tranches taken from S&Ptables, the simulated default probabilities as well as the simulated expected losses
for each tranche and each structural alternative are presented in Panel A and B
of Table 2.3. Comparing columns 4 and 7 one can observe signiﬁcant diﬀerences
in the risk characteristics of the issued tranches when applying the joint or the
separate loss allocation. Whereas for the joint loss allocation the assumed tranche
sizes are suﬃcient to achieve the proposed ratings, the rating thresholds from the
rating agencies are strongly violated by separate loss allocation. In fact, all rated
tranches possess extremely high default probabilities and expected losses under
the separate loss allocation.
This can be explained by the separation of interest and principal losses. In this
case the reserve account does not provide any protection against loan principal
losses and it is likely that a rated tranche incurs a principal loss. Given the
rather small tranche sizes, already few loan defaults in the underlying portfolio
are suﬃcient to cause a principal loss of the BBB tranche. This cannot happen
under joint loss allocation since in this case the high excess spread of appr. 2.4%
(net transaction costs), which exceeds some loss given defaults in the portfolio,
is used to cover even principal losses. In general, the separate loss allocation
leads to early reductions of principal values and, consequently, also lower future
interest claims. Hence, there is much less protection against losses than under
the joint loss allocation.
Another eﬀect arising from diﬀerent loss allocations concerns the FLP. Of
course, the simulated default probability of this tranche is the same for all alternatives and equals 92.05%. This means that in 795 out of 10000 simulation
runs no defaults in the underlying portfolio occur and, thus, the FLP receives the
maximum possible payment. Also the total loss is the same in all two cases since
only the allocation of losses diﬀers across the alternatives. But looking at Panel
B in Table 2.3 it is interesting that the FLP takes nearly the total loss in the
alternative with a joint loss allocation (98.94%) whereas the percentage according
to the separate loss allocation is only about 45.98%. This can be again explained
by the fact that the excess spread in this case only covers interest losses, which
results in much higher principal losses for the tranches, whereas the FLP beneﬁts
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87.20%
2.80%
2.35%
7.65%

87.00%
2.40%
2.10%
8.50%

0.429%
29.315%
53.364%
45.98%

25.09%
49.37%
80.67%
92.05%

86.80%
2.60%
2.10%
8.50%

0.438%
29.583%
53.608%
45.50%

25.41%
49.73%
80.92%
92.05%

86.50%
2.60%
2.15%
8.75%

0.479%
30.766%
54.642%
43.34%

26.76%
51.17%
82.06%
92.05%

Separate Loss Allocation
Unlimited Capped
No
Reserve Reserve Reserve

Panel A shows the simulated average default probabilities for each rated tranche given the joint and the separate loss allocation with an
unlimited, a capped (Cap at 2% of initial portfolio volume) or no reserve account when holding tranche sizes (column 2) ﬁxed. Column 3
displays the historical average default probabilities (DP) for given ratings taken from S&P-tables. Panel B shows the historical expected losses
for given ratings taken from Moody’s tables as well as the simulated expected losses and the average total loss percentage taken by the FLP
for each credit enhancement combination. Panel C displays the adjusted tranche sizes when tranches are calibrated to S&P ratings. For
comparison, column 2 in this panel repeats the derived tranche structure in t = 0 within the Terminal Distribution Model. The adjusted
tranche sizes when only two tranches (AAA and A) are issued are the same. In this case the FLP is increased by the BBB size.

89.30%
2.70%
2.35%
5.65%

Panel C: Adjusted Tranche Sizes
Tranche TDMt=0
AAA
99.85%
A
2.56%
BBB
2.10%
NR
n.a.
96.05%
2.05%
1.20%
0.70%

0.259%
17.308%
32.808%
67.26%

Panel B: Expected Losses for Fixed Tranche Sizes
Tranche
Size EL (Moody’s)
AAA
95%
0.003%
0.002%
0.097%
A
2%
0.391%
0.301%
7.655%
BBB
2%
1.326%
1.608% 17.434%
ØLoss of FLP/Total Loss:
98.94%
84.36%

Panel A: Default
Tranche
Size
AAA
95%
A
2%
BBB
2%
NR
1%

Joint Loss Allocation
Unlimited Capped
No
Reserve Reserve Reserve
Probabilities for Fixed Tranche Sizes
DP (S&P)
0.285%
0.12%
6.24%
14.97%
1.368%
0.64%
15.07%
31.30%
4.443%
3.90%
32.50%
55.79%
92.05%
92.05%
92.05%
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from a higher residual reserve account balance.
To sum up, the results indicate that the chosen loss allocation rule signiﬁcantly
inﬂuences the risk characteristics of all issued tranches and, thus, also the rating
of tranches or, for given ratings, the tranche sizes. Whereas under the joint loss
allocation the originator could even slightly increase tranche sizes in order to
achieve the scheduled ratings, he has to reduce tranche sizes when the separate
loss allocation is applied.

2.5.2

The Role of the Reserve Account

Three Reserve Account Speciﬁcations
So far transactions with an unlimited reserve account were considered, in which
the FLP holders as residual claimants receive no payments in between.19 Of
course, other reserve account speciﬁcations are possible. Choosing between them,
the originator faces the following trade-oﬀ: On the one hand, the FLP holders
want to extract interest surplus as early as possible. On the other hand, these
surpluses can build up a cushion for future losses and thereby allow for higher
tranche ratings or larger tranche sizes given their rating. This conﬂict especially
arises when the originator retains (part of) the FLP.
The unlimited reserve account yields the strongest protection for the rated
tranches. In this case, there are no intermediate payments to the FLP. Instead the
reserve account is replenished by interest surpluses in each period. This interest
surplus is built by the incoming interest payments from the portfolio plus the
interest on accumulated recovery payments minus transaction costs and minus
the interest paid to the tranches.20 Only at the ﬁnal maturity the holder of the
FLP gets the remaining balance on the reserve account.
In order to serve the needs of the FLP holders, often a capped reserve
account is considered. In this case the reserve account is periodically replenished
until this cap is reached. Whenever the reserve account level exceeds the cap,
19

In contrast to the assumption of the FLP holders being the residual claimants it is also

possible that the FLP receives a ﬁxed interest coupon and that the residual is placed in the
reserve account or paid out to the originator. This makes no diﬀerence for the present analysis.
20
For simplicity it is assumed that recovery payments stay in the structure on a separate
account and earn the risk-free rate. Tranche principal is only paid at maturity.

67

Optimization of Credit Enhancements in Loan Securitizations

the diﬀerence is paid to the FLP holders. This reduces protection for the rated
tranches, especially, when large losses occur shortly before maturity. If the cap
is set to 0, e.g. if there is no reserve account, the interest surplus is paid
out periodically to the FLP holders which translates to least protection for rated
tranches.
Eﬀects of Diﬀerent Reserve Account Speciﬁcations
The eﬀects of diﬀerent reserve account speciﬁcations are again illustrated by
holding the tranche structure ﬁxed. Table 2.3 presents the results for the joint
and the separate loss allocation in combination with alternative reserve account
speciﬁcations. For the capped reserve account I assume a cap of 2% of the initial
portfolio volume, which is equal to 6.42 million e.
Especially under the joint loss allocation diﬀerences in the reserve account
cause large diﬀerences in the tranches’ risk proﬁles. It is not surprising that in
the case without a reserve account the default probabilities of the rated tranches
are much higher than in the case with a reserve account. Obviously, there is less
protection against losses if there does not exist a reserve account because the
surplus of former periods cannot be used to cover losses in the current period.
This is more severe for the lower rated tranches since they are less protected
through subordination. All default probabilities and expected losses in structures
with an capped or without a reserve account strongly violate the S&P or Moody’s
tranching requirements. This result underlines the strong power of a reserve
account as an credit enhancement. Nevertheless, the sensitivity to a change in
the loss allocation rule is stronger that the sensitivity to a change in the reserve
account speciﬁcation.
The expected loss share of the FLP is much lower without than with a reserve
account given the joint loss allocation. This is intuitively clear because in such
a transaction excess money is paid out to the originator as early as possible and
cannot be taken away from him for loss compensation in the following periods.
The diﬀerences under the separate loss allocation are rather small. This can
be explained by the fact that in this case the reserve account builds only a cushion
for interest losses which are much less than principal losses. Therefore the reserve
account is less powerful when combined with this loss allocation rule.
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Since the alternative with a cap on the reserve account is a mixture of the
two extreme cases, the simulated default probabilities and expected losses lie in
between those of the other two cases. This result shows that it is possible to
achieve speciﬁed default rates between the two boundaries just by varying the
size of the cap on the reserve account which could be an important tool for the
originator when he sets up the transaction.

2.5.3

Calibration of Tranche Sizes

As shown in the previous subsections, the loss allocation and reserve account
speciﬁcation strongly aﬀect the default probability and the risk proﬁle of the
rated tranches when tranche sizes are ﬁxed. Therefore ratings would change.
Alternatively, tranche sizes need to be adjusted, holding the ratings and, thus,
also the launch credit spreads constant. How do tranche sizes depend on loss
allocation and reserve account speciﬁcation? In the following, I calibrate tranche
sizes such that the default probability of each tranche in each alternative equals
or is slightly less than the expected default probability required for the particular
rating (as given in Standard & Poor’s 2005).21
The results for the joint and the separate loss allocation, respectively, in combination with three reserve account speciﬁcations are shown in Panel C of Table
2.3.22 In addition to the adjusted tranche sizes also the calibrated sizes within
the Terminal Distribution Model (TDM ) are presented as derived in section 2.4.2
(see Table 2.1). Thus one can see the strong diﬀerences in tranching.
The TDM, in which the loss allocation and all payments take only place at
maturity, provides the highest loss protection for the senior tranche. Hence, the
size of the senior tranche is the largest in this case. Given the multiperiod model
the strict subordination is relaxed by paying interest to junior and mezzanine
tranches at annual payment dates although future losses may wipe out these
tranches. Once this money it paid out, it cannot protect the senior tranches
against future losses. Therefore, the size of the senior tranche must be reduced
21

Calibrating to expected losses as it is done by Moody’s would lead to slightly diﬀerent

tranche sizes. Nevertheless the qualitative results stay the same.
22
The calibrated tranche sizes when only two tranches (AAA and A) are issued are the same.
In this case the junior tranche is increased by the size of the BBB tranche.
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as compared to the TDM in order to ensure a AAA rating. On the other hand,
the size of the initial FLP, which would be even negative in the TDM, must be
increased.
From the six diﬀerent speciﬁcations of the multiperiod model, the joint loss
allocation with an unlimited reserve account transfers most risk from the rated
tranches to the FLP. That is why the adjusted tranche size of the senior tranche
is highest in this case and only slightly less than in the TDM. In this case a
FLP of 0.7% suﬃces to provide enough credit support for the BBB tranche. Less
protection is given when only a capped reserve account is applied. Therefore a
higher credit support is necessary in order to reduce the default probabilities of
the rated tranches. This implies a smaller senior tranche and a bigger initial FLP.
The senior tranche needs to be further reduced and the FLP further increased
when going to the transaction without a reserve account.
Under separate loss allocation the probability of the senior tranches to suﬀer
interest or principal losses increases. This leads to a higher overall default probability such that the alternative with an unlimited reserve performs even worse
than the structure without a reserve account under joint loss allocation which
translates into a bigger FLP. The AAA tranche is now much smaller than under
the joint loss allocation with an unlimited reserve account. Again the alternatives
with weaker reserver account speciﬁcations exhibit lower AAA tranche sizes. But
the diﬀerence in adjusted tranche sizes are small which is due to the separation
of interest and principal.
The presented results illustrate that it is not appropriate to determine tranche
sizes or tranche ratings just on the basis of the loan portfolio characteristics and
the resulting portfolio loss rate distribution. In particular, interest payments to
the tranches and further structural elements like the speciﬁed loss allocation and
reserve account rule need to be taken into account when the calibrated tranches
are to exhibit the predetermined default probability and, consequently, get the
desired rating from the rating agencies.
Although I studied just two types of credit enhancements the analysis of the
previous subsections indicates that diﬀerent structural arrangements can have
strong eﬀects on the default probability and thereby on the rating of each tranche.
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2.5.4

Comparison to the Real Transaction Setup

Having calibrated the maximal possible tranche sizes for each speciﬁcation it
is worthwhile to compare these calibration results to the real PREPS 2006-1
transaction. In reality two rated tranches with ratings AAA (74.45%) and A
(15.26%) and one non-rated FLP (10.28%) were issued. As pointed out in the PreSale Report by Moody’s, the issuer “deploys a ‘single waterfall’ structure using
‘available funds’ concept and not dividing the incoming payments into principal
and interest” (Moody’s Investors Service 2006), which correspond to the joint loss
allocation of this paper. As described in the oﬀering circular, the non-rated junior
tranche gets an annual coupon and, additionally, 99.99% percent of all annual
surpluses, which basically corresponds to the case without any reserve account.23
Thus, the real tranche structure has to be compared to the calibrated tranche
sizes in column 6, Panel C of Table 2.3. As can be seen, the simulated maximal
possible AAA size of 87.2% clearly exceeds the real tranche size of 74.45%. But
the derived FLP of 10% comes very close to the real FLP size.24
Additionally, I simulated the structure with the real tranche sizes. The results
are shown in Panel A of Table 2.4. Given a recovery assumption of 15%, the
simulated default probabilities support the desired ratings from S&P. The AAA
tranche even exhibits a default probability and an expected loss of 0.00% which
indicates that for the rating of this tranche other criteria like additional stress
tests or qualitative aspects may play a larger role. The simulated expected loss
of the mezzanine tranche would even support an (AA-) rating from Moody’s in
this scenario. But as noted before, Moody’s assumes a recovery rate of 0% in
their calculations. Given this assumption, the derived expected loss ﬁts to the A
rating according to Moody’s. But in this case the simulated default probability
clearly violates the threshold for an A rating from S&P and only supports an
BBB rating. This shows that ratings are sensitive to the assumed recovery rate.
Interestingly, both rating agencies come to the same ratings although they make
diﬀerent assumptions.
Panel B of Table 2.4 shows the impact of an additional FPP of 50 bps p.a.
on tranche ratings. Whereas this increase in transaction costs has no inﬂuence
23
24

The remaining 0.01% of the surplus is paid out to the Issuer.
In the case of two tranches, the size of the junior tranche is given by 2.35% + 7.65%.
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Table 2.4: Simulation Results for PREPS 2006-1
15% Recovery
Tranche

Size

Rating

Simulation

Threshold

Implied

0% Recovery
Simulation

Rating

Implied
Rating

Panel A: 100 bps Transaction Costs
(i) Default Probabilities (S&P)
AAA

74.45%

0.29%

0.00%

AAA

0.00%

AAA

A

15.26%

1.37%

1.15%

A

3.19%

BBB

(ii) Expected Losses (Moody’s)
AAA

74.45%

0.003%

0.000%

AAA

0.000%

AAA

A

15.26%

0.391%

0.100%

AA-

0.329%

A

Panel B: 150 bps Transaction Costs
(i) Default Probabilities (S&P)
AAA

74.45%

0.29%

0.00%

AAA

0.00%

AAA

A

15.26%

1.37%

1.65%

A-

3.67%

BBB

(ii) Expected Losses (Moody’s)
AAA

74.45%

0.003%

0.000%

AAA

0.000%

AAA

A

15.26%

0.391%

0.132%

A+

0.409%

A-

This table presents the simulated default probabilities and expected losses using real tranche
sizes and applying the joint loss allocation without a reserve account which comes close to the
structure described in the oﬀering circular of PREPS 2006-1. The second column gives the
tranche sizes as given in the oﬀering circular. The third column in Panel A (i) (Panel A (ii))
shows the historical default probability (expected loss) for the given rating and a seven year
maturity taken from S&P (Moody’s) tables. Columns 4 and 5 display the simulation results
and the implied rating assuming a recovery rate of 15% as done by S&P whereas columns 6
and 7 are derived under the assumption of 0% recovery as done by Moody’s. Panel A gives
the results for actual annual transaction costs of 100 bps whereas Panel B assumes transaction
costs of 150 bps.
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on the senior tranche, the A tranche would need to be downgraded by one rating
notch. This example illustrates that it is important to assess the correct size of
this hidden position in order to assign reliable ratings.

2.6

The Originator’s Optimal Choice

The question arising from the previous results is which credit enhancement structure should be preferred by the originator. Given the calibrated tranche sizes the
originator maximizes the initial transaction value in t = 0 which is again given
by25
n
Π = M [1 − α(1 − β · Sizet=0
F LP ) ]



Sizet=0
tranche k + P V (Residual cashf lows)

k

−P V (Equity Costs)

+ P V (F P P )
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F LP ) ]
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T
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k

(1
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+ rf )t

T
T


EC · P rincipal F LP in t
1
−
+ q% · M
t
(1
+
r
)
(1
+
rf )t
f
t=1
t=1

α, β ≥ 0

(2.10)

Hence, the main part of the transaction value is built by the originator’s revenue
from the sale of all rated tranches. Due to information asymmetry, average
tranche prices are assumed to be directly related to the size of the FLP through
a non-linear function with parameters α, β and n. Additionally, the value of
the residual position has to be taken into account by adding the present value
of the residual cash ﬂows. As already mentioned in the introductory part, a full
deduction of the FLP from regulatory capital is required according to Basel II.
Assuming that, if the originator sells (part of) the FLP, the buyers are other banks
subject to the same equity costs, EC (due on the outstanding FLP principal), the
present value of these costs needs to be subtracted. This part can be interpreted
as a risk premium on the FLP. If the originator takes a FPP, the present value
of this claim is also added to the transaction value.
25

This is the same formula as in section 2.4.3.
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2.6.1

Optimal Solution in the Presence of Equity Costs

Ignoring the costs due to information asymmetry (e.g. α = 0) I ﬁrst look at the
optimal solution in the presence of equity costs. In this case all rated tranches
are priced at par. Panel A of Table 2.5 depicts the derived ﬁgures for the six
simulated alternatives assuming two rated tranches, real transaction costs of 100
bps and equity costs of k = 15%.26
At ﬁrst sight it might be surprising that in the case of joint loss allocation with
an unlimited reserve account the residual cash ﬂows exhibit a rather high present
value compared to the negligible nominal FLP value of 1.9%. As noted before
this is due to the contracted excess spread which in the present simulation is
initially at 2.4% net of transaction costs. If there were no defaults until maturity,
the excess spread would stay the same in each period and would be paid out to
the originator at the terminal date of the transaction (unlimited reserve account).
The present value of these contractual excess payments amount to around 46.2
million e in t = 0. Together with the initial FLP par value (appr. 6 million e)
this is the present value of the highest possible payoﬀ to the originator.
As can be seen in Table 2.5, for each alternative the transaction value exceeds
321 million e meaning that all structures will be proﬁtable from the originator’s point of view as compared to holding the non-securitized (non-marketable)
portfolio with a nominal value of 321 million e. Of course, this ﬁnding heavily
depends on the equity costs assumption but only for equity costs above 18% the
transaction value falls below 321 million e for some alternatives. Also the ordering of alternatives stays the same when varying equity costs between 1% and
25%. Only for very small equity costs below 0.5% the order changes, but in this
case the diﬀerences in transaction values are small (below 1,000,000e or 0.3%).
The results clearly indicate that a joint loss allocation should be preferred
against a separate loss allocation. This is in accordance with the observation, that
in recent transactions mostly a single waterfall structure is used. Additionally, a
structure with an unlimited reserve account should be preferred against the other
alternatives for realistic equity costs assumptions.
It might be surprising that the alternative with the highest protection for the
26

Hence, it is assumed that equity holders require a return of 15%.
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Separate Loss Allocation
Unlimited
Capped
No
Reserve
Reserve
Reserve

314,901,000
40,154,293
5,313,056
349,742,237

295,320,000
60,052,976
22,860,314
332,512,662

288,900,000
66,588,669
28,148,412
327,340,257

286,974,000
68,596,472
26,423,235
329,147,237

286,974,000
68,577,487
26,423,235
329,128,252

286,011,000
69,560,119
27,287,966
328,283,153
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318,753,000
36,008,237
1,911,607
352,849,630

302,863,500
51,857,572
16,036,908
338,684,164

296,443,500
58,392,043
21,567,265
333,568,278

293,715,000
61,271,639
20,390,005
334,596,634

293,715,000
61,257,531
20,390,005
334,582,526

292,912,500
62,066,194
21,105,343
333,873,351

311,691,000
33,788,668
8,075,105
9,633,298
347,037,861

293,715,000
52,055,641
24,175,381
9,633,298
331,228,557

287,295,000
58,602,473
29,246,999
9,633,298
326,283,771

286,974,000
58,963,174
26,423,235
9,633,298
329,147,237

286,492,500
59,447,748
26,855,551
9,633,298
328,717,995

285,208,500
60,741,456
28,008,895
9,633,298
327,574,359

This table shows the components of the initial transaction value as well es the transaction value itself for equity costs of 15%. Panel A gives the
results for each structural alternative when transaction costs are set to 100 bps and when two rated tranches (AAA and A) and one equity piece
are issued. Panel B shows the case when three rated tranches (an additional BBB tranche) are issued. The corresponding tranche structures
are given in Panel C of Table 2.3. Panel C considers the case with two rated tranches and 150 bps transaction costs, e.g. an additional First
Proﬁt Position of 50 bps as compared to Panel A.

Revenue Tranche Sales
PV Residual cash ﬂow
PV Equity Costs (15%)
PV First Proﬁt Position
Transaction Value Π

Panel C: Comparison of Transaction Values for 2 Tranches and Transaction Costs of 150 bps

Revenue Tranche Sales
PV Residual cash ﬂow
PV Equity Costs (15%)
Transaction Value Π

Panel B: Comparison of Transaction Values for 3 Tranches and Transaction Costs of 100 bps

Revenue Tranche Sales
PV Residual cash ﬂow
PV Equity Costs (15%)
Transaction Value Π

Panel A: Comparison of Transaction Values for 2 Tranches and Transaction Costs of 100 bps

Joint Loss Allocation
Unlimited
Capped
No
Reserve
Reserve
Reserve

Table 2.5: Optimal Solution in the Presence of Equity Costs
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rated tranches turns out to be optimal from the originator’s perspective since
in this case the originator gets no intermediate payments and therefore bears a
high risk. But although this structure seems to be unfavorable at ﬁrst sight, the
possibility to built a rather small initial FLP leads to much lower equity costs,
which gives rise to an optimal solution.
Panel B of Table 2.5 shows the results under the assumption that three instead
of two rated tranches are issued, which gives rise to a lower FLP. In this case
all transaction values exceed the corresponding transaction values when only two
tranches are issued as long as equity costs are higher than 2%. This result can be
explained by the fact that the risk premium of the market, e.g. the spread on the
additional tranche (which is 180 bps), is lower than the originator’s risk premium
which equals the equity costs. Still the joint loss allocation with an unlimited
reserve account should be preferred by the originator for realistic equity costs
assumption.
Panel C of Table 2.5 deals with the case of an First Proﬁt Position (FPP) of 50
bps p.a., which is paid in addition to the actual transaction costs of 100 bps and
are also senior to all interest payments. The present value of this FPP is the same
for all alternatives and amounts to appr. 9.6 million e. The introduction of the
FPP signiﬁcantly reduces the excess spread (from 2.4% in each period to 1.9%).
On the one hand, this aﬀects the cash ﬂows on the residual position. On the
other hand, also the risk proﬁle of the rated tranches, their default probabilities
and expected losses change when transaction costs are increased because the
enhancement by the excess spread is reduced. Therefore the tranche sizes must be
recalibrated again such that the default probabilities do not exceed the speciﬁed
maximum. The result of this recalibration is a reduced size of the super-senior
tranche and a bigger FLP. Concerning the volumes of the mezzanine tranches,
only slight changes are derived.
Also under these assumptions the joint loss allocation with an unlimited reserve account should be preferred by the originator. Again the ordering of alternatives is only changed for equity costs below 1%, in which case the diﬀerences
are very small. Compared to the results without a First Proﬁt Position, the
derived transaction values are smaller in each alternative which indicates that
taking a FPP is not favorable from the originator’s point of view. In eﬀect the
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Figure 2.2: Optimal Solution in the Presence of the Equity Costs
This Figure shows the derived transaction value for varying equity costs and ﬁve diﬀerent
structures: The basis is a structure with a joint loss allocation (JLA), an unlimited reserve
account, two rated tranches and 100 bps transaction costs. The other four structures are
variations where one characteristic is changed.

introduction of a FPP leads to a smaller revenue from tranche sales, a lower value
of the residual position due to a lower excess spread, and increased equity costs
due to a higher initial FLP. Those value reductions cannot be compensated by
the annual risk-free payment of 50 bps. Simulations with varying equity costs
assumptions indicate that only for really low equity costs (smaller than 0.3%)
a FPP gets proﬁtable. This is in accordance with the result derived within the
Terminal Distribution Model (see section 2.4.3), where it was shown that in the
presence of equity costs, the originator trades oﬀ equity costs against the spread
of the AAA tranche when introducing a FPP.
Figure 2.2 illustrates the dependence of the optimal solution on equity costs.
As can be seen, the transaction value is highest for the structure with the lowest
FLP, e.g. in case of a joint loss allocation, an unlimited reserve account, three
rated tranches, and 100 bps transaction costs. The diﬀerences in transaction
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values increase with increasing equity costs and vanish for equity costs below
1%. For realistic equity costs assumptions above 15% the originator looses a
substantial amount of money, when he applys a separate loss allocation or uses
no reserve account as compared to the other alternatives.

2.6.2

Optimal Solution in the Presence of Equity Costs
and Costs for Information Asymmetry

Extending the case of the previous section I assume in the following that investors react to information asymmetry by charging higher credit spreads, or,
equivalently, reducing the prices of tranches for given credit spreads. In particular, investors reward a structure with a higher FLP by paying a higher issue price.
As given in equation (2.10) the average tranche prices are assumed to be directly
related to the initial size of the FLP with parameters α, β and n determining the
diﬀerence in information asymmetry premiums across diﬀerent structures. For
given parameter values one can again derive the optimal structure dependent on
equity costs.
Figure 2.3 illustrates the results for α = 0.1, β = 10 and n = 3, which translates to average tranche prices as given below the ﬁgure. Now the alternatives
with a higher FLP, e.g. the joint loss allocation without reserve or the separate
loss allocation with reserve account, are optimal as long as equity costs are below
9%. For equity costs above 12% the alternatives with smaller FLPs should be
preferred. Although these results depend on the chosen parameter combination,
they show that the optimal solution strongly depends on the amount of equity
costs and on the costs due to information asymmetry. In general, the higher the
costs of information asymmetry, the more favourable are structures with high
FLPs whereas high equity costs imply that structures with a rather low FLP
should be preferred by the originator.
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Figure 2.3: Optimal Solution in the Presence of the Equity Costs and Costs
for Information Asymmetry
This Figure shows the derived transaction value for varying equity costs and ﬁve diﬀerent
structures: The basis is a structure with a joint loss allocation (JLA), an unlimited reserve
account, two rated tranches and 100 bps transaction costs. The other four structures are
variations where one characteristic is changed. Costs for information asymmetry are given by
α = 0.1, β = 10 and n = 3 which translates into average tranche prices as given below.

Alternative

Average Tranche Price

JLA, Reserve, 2 Tranches, 100 bps

96.51%

JLA, Reserve, 2 Tranches, 150 bps

98.20%

SLA, Reserve, 2 Tranches, 100 bps

100.00%

JLA, Reserve, 3 Tranches, 100 bps

93.00%

JLA, No Reserve, 2 Tranches, 100 bps
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2.7

Conclusion

This paper analyzes the eﬀects of credit enhancements on tranching. Simulations
show that the stated loss allocation rule in combination with the reserve account
speciﬁcation can signiﬁcantly inﬂuence the tranches’ risk proﬁles and thereby also
their size or - for ﬁxed tranche sizes - their rating.
The initial transaction value is used as a decision criterion to determine an
optimal structure from the originator’s point of view. Simulation results then
indicate that a structure with a small FLP, e.g. with a joint loss allocation
(single waterfall ) and an unlimited reserve account, should be preferred by the
originator if only equity costs are taken into account. If, additionally, also costs
due to information asymmetry are considered the originator has to trade oﬀ these
costs with the equity costs which gives rise to an optimal solution in which the
FLP is not minimized.
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Appendix
Proofs
Proof of Lemma 1
W.l.o.g. I assume a securitization structure with only two tranches, one AAA tranche
and one non-rated FLP.
As described in section 2.4.2, the introduction of a FPP leads to a reduction of the
AAA tranche size due to a lower attachment point. Since the rating of this tranche is
ﬁxed, the detachment point, which equals the corresponding quantile of the loss rate
distribution, is not changed. The amount of loss protection for the AAA tranche, which
is provided by the initial nominal value of the FLP plus the excess spread, is indeed
the same for both alternatives as it is shown in the following.
Consider ﬁrst a structure without a FPP and assume for simplicity T = 1, M = 1
LP for the AAA tranche in T is given by:
and rf = 0. In this case the loss protection 
0
T
T
LP
no F P P = SizeF LP,no F P P + Excess Spreadno F P P

.

Ignoring (external) transaction costs, the Excess Spread in T is deﬁned as
Excess SpreadTno F P P = c̃ − cAAA Size0AAA,no F P P

,

where c̃ denotes the stochastic portfolio coupon, corrected for possible defaults.
Looking at a structure with a FPP the loss protection is analogously given by
TF P P = Size0F LP,F P P + Excess SpreadTF P P
LP

,

whereby the Excess Spread is now computed as
Excess SpreadTF P P = c̃ − cAAA Size0AAA,F P P − q%

.

Given the results from section 2.4.3, which are derived from the 100%-condition, it
follows:
T

LP F P P

= Size0F LP,F P P + c̃ − cAAA Size0AAA,F P P − q%


q%
0
+ c̃
=
SizeF LP,noF P P +
1 + cAAA


q%
− q%
−cAAA Size0AAA,noF P P −
1 + cAAA
= Size0F LP,noF P P + c̃ − cAAA Size0AAA,noF P P +
T
Tno F P P = LP
= LP
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Therefore the loss protection in each scenario is the same for both alternatives. Since
also the total loss, which needs to be allocated, is the same, the cash ﬂow to the FLP
is the same in each scenario, namely
T
T
T
CF
F LP = max(LP − Loss ; 0)

.

Thus also the discounted expected cash ﬂow to the FLP is the same for both alternatives.

Proof of Equation 2.9
First look at the two terms in the middle of equation (2.8), the diﬀerence in sales
revenue:
Middle Terms
= M 1−α 1−β

=

n 
· Sizet=0
F LP,with F P P





Size0k,no F P P

T

− q%
(1 + rf )T −t DF

t=1
k
n  
t=0
0
Sizek,no F P P
−M 1 − α 1 − β · SizeF LP,no F P P
k
n
n  
M · α 1 − β · Sizet=0
− 1 − β · Sizet=0
Size0k,no F P P
F LP,no F P P
F LP,with F P P
k

n
T
T



−M q%
(1 + rf )T −t DF + M · α
Size0k,with F P P
q%
(1 + rf )T −t DF
t=1
t=1
k

Inserting this result in equation (2.8), and rearranging terms one arrives at the following
condition for the net gain to be positive:
N et Gain > 0
T
⇔

EC <

·

T


1
T −t DF

t=1 (1+rf )t −
t=1 (1 + rf )
+
Size0k,no F P P
T
T
1
T −t DF
(1
+
r
)
f
t=1
t=1 (1+rf )t
k
n 
n 

t=0
−
1
−
β
·
Size
α 1 − β · Sizet=0
F LP,no F P P
F LP,with F P P


+ rf )T −t DF Tt=1 (1+r1 f )t

n

α Tt=1 (1 + rf )T −t DF 1 − β · Sizet=0
F LP,with F P P
+
T
T
T
−t
DF t=1 (1+r1 f )t
t=1 (1 + rf )
q%

T

t=1 (1
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Plugging in

1
DF

= 1 + (rf + spreadAAA )

T

t=1 (1

+ rf )T −t , it is easy to show that the

ﬁrst term on the LHS reduces to spreadAAA :
T
1
T −t DF
t=1 (1+rf )t −
t=1 (1 + rf )
T
T
1
T −t DF
t=1 (1 + rf )
t=1 (1+rf )t

T

=

T

t=1 (1

+ rf )T −t

1 + (rf + spreadAAA )

t=1 (1

= rf + spreadAAA +
PT

α

1
t=1 (1+r )t
f

+ rf )T −t DF


T

(1 + rf )T −t

− T

1
+ rf

)T −t

− T

1

1
t=1 (1+rf )t

1

1
t=1 (1+rf )t

rf
(1 + rf )T rf
−
= spreadAAA
(1 + rf )T − 1 (1 + rf )T − 1

, equation (2.11) then simpliﬁes to equation (2.9).
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1
t=1 (1+rf )t

− T

t=1

= rf + spreadAAA + T

Deﬁning γ =

t=1 (1



1

1

= T
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Explicit Deﬁnitions used in the Simulations
In general it is assumed, that the SPV issues K tranches (here: K = 5) with nominal
values Fk (t), k = 1, ..., K at the beginning of period t = 1, ..., T . FK (t) denotes the
FLP. These nominal values in t are already adjusted for loss allocations in previous
periods. The interest claim for each rated tranche k = 1, ..., K − 1 at the end of period
t is given by
Wk (t) = rk Fk (t)
where rk represents the coupon rate for tranche k, which is composed of the risk-free
rate plus the contractual launch spread. At the end of each period t = 1, ..., T − 1 losses
are allocated from the bottom to the top.
In the Joint Loss Allocation with an unlimited reserve account the total
loss L(t) = β(t) + α(t) in period t is considered. This loss equals the sum of principal

losses minus recovery payments β(t) = i∈B(t) (1 − d)Mi and interest losses α(t) =
cM red (t) − Z(t) of the current period. In this context B(t) denotes the set of all loans
which default between t − 1 and t and M red (t) equals the current loan portfolio volume,
which is already adjusted for losses in previous periods:
M red (t) = M −

t−1 


Mi

τ =1 i∈B(τ )

and Z(t) denotes the realized interest payments of the portfolio.
If the accumulated reserve account balance (1 + rf )R(t − 1) of the previous period27 is
not suﬃcient to cover a given loss, the remaining loss is allocated to the excess spread
representing the scheduled proﬁt of the current period:
WK (t) = cM

red

(t) −

K−1


Wk (t)

.

k=1

If L(t) − (1 + rf )R(t − 1) > WK (t), then the nominal value of the FLP is reduced as
follows:
FK (t + 1) = max[FK (t) − (L(t) − (1 + rf )R(t − 1) − WK (t)), 0].
If still δ(t) = L(t) − (1 + rf )R(t − 1) − WK (t) − FK (t) > 0, then the residual loss is
allocated to the nominal value of the lowest rated tranche:
FK−1 (t + 1) = max[FK−1 (t) − δ(t), 0],
27

Note that (1 + rf )R(t − 1) denotes the reserve account balance in t before any payments

are made and contains all realized proﬁts until t − 1, whereas R(t) denotes the balance after
the distribution of cash ﬂows and contains all realized proﬁts until t.
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and subsequently the interest claim of that tranche is reduced to:
red
(t) = max[WK−1 (t) − (δ(t) − FK−1 (t)), 0]
WK−1

.

This procedure is repeated for higher tranches until the total loss is allocated.
After the loss allocation is completed, ﬁrst transaction costs C(t) are paid28 and
then payments are made to the tranches based on the adjusted interest claims and in
accordance with the prioritization scheme. The total cash ﬂow in period t is composed
of interest payments Z(t) from the underlying portfolio, the reserve account balance

(1 + rf )R(t − 1) and the interest on the accumulated recovery payments rf τt−1
=1 D(τ ):
γ(t) := Z(t) + (1 + rf )R(t − 1) + rf

t−1


D(τ )

.

τ =1

The super-senior tranche then receives in t = 1, ..., T − 1
I1 (t) = min[W1red (t), γ(t) − C(t)]

.

The subordinated tranches k = 2, ..., K − 1 get
Ik (t) = min[Wkred(t), γ(t) − C(t) −

k−1


Ij (t)]

.

j=1

In this alternative no payments are made to the FLP (IK (t) = 0). Instead the surplus
K−1
Ij (t), which is the new reserve account balance, earns the
R(t) = γ(t) − C(t) − j=1
risk-free rate until the next payment date. The recovery values stay in the structure to
cover future losses and to repay tranche principal at maturity.
At the end of the last period, in t = T , there is no loss allocation, but interest and
principal claims are paid from the top to the bottom as long as cash is available. In
other words tranches k = 1, ..., K − 1 receive payments
I1 (T ) = min[W1 (T ) + F1 (T ), γ(T ) − C(T )]
resp. Ik (T ) = min[Wk (T ) + Fk (T ), γ(T ) − C(T ) −

k−1


Ij (T )] ,

j=1

whereby γ(T ) now contains also loan principal repayments and all accumulated recovery
K−1
Ij (T ) is paid to the
payments. The residual cash ﬂow R(T ) = γ(T ) − C(T ) − j=1
holder of the FLP.
28

For simplicity I do not distinguish between set-up costs and senior/subordinated costs, i.e.

I only consider annual costs (as a percentage of the initial portfolio volume) which are senior
to all interest payments.
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The alternatives with a capped reserve account respectively without a reserve account are deﬁned similarly. For a given cap P on the reserve account, the holder of
the FLP receives in period t all interest surpluses which exceed the amount P. Hence P
provides a further cushion for losses in the following periods, which increases the loss
protection of the rated tranches. In the case without a reserve account, the holder
of the FLP even receives the total interest surplus.
In contrast to the other alternatives, the Separate Loss Allocation treats interest
and principal losses separately through two independent cycles. Hence, loan principal
losses imply tranche principal reduction and loan interest losses imply reductions of
tranche interest claims. In particular the interest payments on the tranches are generated again from the sum of the interest payments of the portfolio Z(t), the proﬁts
(interest surpluses) from former periods (1 + rf )R(t − 1) and the interest payments on
the received recovery values minus the transaction costs:
I1 (t) = min[W1 (t), Z(t) + (1 + rf )R(t − 1) + rf
Ik (t) = min[Wk (t), Z(t) + (1 + rf )R(t − 1) + rf

t−1

τ =1
t−1


D(τ ) − C(t)],
D(τ ) − C(t) −

τ =1

k−1


Ij (t)] ,

j=1

k = 2, ..., K − 1
The recovery values itself are placed in an extra account and are used to pay back
tranche principal at maturity. In the case with a reserve account, no intermediate
payments to the FLP take place (IK (t) = 0). Variations to this reserve account speciﬁcation are analogue to the previous alternatives.
Again losses are allocated from the bottom to the top. If a principal loss of β(t)
occurs in period t, then this reduces ﬁrst the nominal value of the FLP:
FK (t) = max[FK (t − 1) − β(t), 0].
If β(t) − FK (t − 1) > 0, the residual loss is allocated to the nominal value of the lowest
rated tranche:
FK−1 (t) = max[FK−1 (t − 1) − (β(t) − FK (t − 1)), 0]
and so forth.
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At the end of the last period T the tranches k = 1, ..., K − 1 get payments:
I1 (T ) = min[W1 (T ) + F1 (T ), Z(T ) + (1 + rf )R(T − 1)
+(1 + rf )

T
−1


D(τ ) + D(T ) − C(T )] ,

τ =1

Ik (T ) = min[Wk (T ) + Fk (T ), Z(T ) + (1 + rf )R(T − 1)
+(1 + rf )

T
−1


D(τ ) + D(T ) − C(T ) −

τ =1

k−1


Ij (T )]

, k = 2, ..., K − 1

j=1

whereby Z(T ) now contains also principals of loans, which did not default until T .
Again the originator receives the residual money after this allocation.
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Chapter 3
How to react to the Subprime
Crisis? - The Impact of an
Interest Rate Freeze on
Residential Mortgage Backed
Securities
3.1

Introduction

Starting in mid 2007, rising delinquency and foreclosure rates in the US subprime
mortgage market triggered a severe ﬁnancial crisis which spread around the world.
Although subprime mortgages, that were granted to borrowers with weak credit
record and often require less documentation, only account for about 15 percent of
all outstanding US mortgages, they were responsible for more than 50 percent of
all mortgage loan losses in 2007.1 Most of the subprime losses were caused by high
foreclosure rates on hybrid adjustable rate mortgages (ARM). These loans oﬀer
ﬁxed initial interest rates at a fairly low level, which are replaced by higher rates
linked to an interest rate index after two or three years.2 Thus, borrowers face a
signiﬁcant payment shock after the interest reset which increases the probability
1
2

See International Monetary Fund (2008).
According to the IMF (2008), $ 250 billion subprime mortgages are due to reset in 2008.
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of delinquencies. In previous years, rising real estate prices and, thus, increasing
home owner equity enabled mortgage associations to waive part of delinquent
interest payments in exchange for an increase in nominal value of the mortgage
or to renegotiate the mortgage. But during the last year the trend in real estate
prices has reversed in many regions of the United States leading to “negative
equity” of many borrowers, i.e. to real estate values that are lower than their
outstanding debt. Consequently, default rates increased.3
Several policy options have been discussed to tackle this crisis. The primary
concern of policy makers was to lower the ﬁnancial burden of subprime borrowers
and, thus, to avoid further delinquencies and foreclosures which in turn may
stabilize house prices. The ﬁrst policy option is to provide direct ﬁnancial support
by disbursing money to borrowers. In fact, this has been done in February 2008 by
means of the Economic Stimulus Act 2008, which included tax rebates amounting
from $300 to $600 per person. Whereas this policy action beneﬁted every tax
payer and was not directly linked to the mortgage loans, the Housing Bill of July
2008 was especially targeted to subprime borrowers. Here a second policy option
was taken by providing state guarantees for mortgage loans. Thus, borrowers,
who are close to foreclosure, can reﬁnance their loans at lower interest rates.
Although both policy actions certainly help to improve the situation of borrowers,
the big drawback of these instruments is that they are mainly ﬁnanced by the
tax payer who cannot be blamed for the crisis. In contrast, mortgage banks, who
have been criticized for lax lending standards4 , beneﬁt from less defaults without
accepting a responsibility.
A third policy option, which takes the banks’ failure into account and which
was proposed by the US government on December 6th, 2007, is an interest rate
freeze. This means that banks agree to waive (part of) the interest rate step
up on their ARMs. Although this proposal did not become eﬀective it raises
the question whether such an instrument may be better suited to mitigate the
current crisis. The aim of this paper is therefore to investigate the implications
of an interest rate freeze.
3

Mortgage loan contracts in the United States often exclude personal liability such that

borrowers do not face any further ﬁnancial burden when they default.
4
See, for example Keys et al. (2008).
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Of course, subprime debtors will beneﬁt from this measure through reduced
interest obligations. In contrast, the eﬀect on the lenders is not a priori clear.
On the one hand, they receive lower interest on a signiﬁcant portion of mortgage
loans. On the other hand, they might beneﬁt in a twofold way. First, the number
of defaults potentially declines. Second, the average loss given default (LGD)
might be lower when house prices stabilize. Consequently, there will be a shift in
the repayment distribution of the mortgage loan portfolio, which will be examined
in the paper.
But the impact of an interest-rate freeze is not limited to borrowers and
lenders. More than half of all subprime mortgages that were granted in recent years were sold in residential mortgage backed securities (RMBS). In these
RMBS transactions cash ﬂows from the underlying mortgage pool are allocated
to tranches with diﬀerent seniority: several rated tranches and an equity tranche.
Due to a priority of payments scheme the equity tranche absorbs most of the losses
whereas the senior tranche exhibits only low risk. Part of the RMBS tranches
were purchased by outside investors, i.e. foreign banks, non-mortgage banks, insurance companies. As (part of) the mortgage interest payments is used to cover
losses that otherwise might hit the rated tranches, RMBS investors lose part of
their loss protection following an interest rate freeze. However, they also beneﬁt
from potentially lower default losses. The combined eﬀects lead to a reallocation
of cash ﬂows and losses among investors which will also be analyzed in this paper.
Throughout the paper we look at three sample portfolios: two subprime
RMBS portfolios, from which one is well diversiﬁed across regions and the other is
geographically concentrated in regions that are hit hardest by the crisis, and one
portfolio representing the US mortgage market as a whole. First, we simulate the
stochastic repayments of each single mortgage loan using Monte Carlo simulation. In particular, we use the regional house price index as the systematic factor
driving the default rate as well as the loss given default. Additionally, we assume
that each increase in the payment obligations of a debtor, e.g. through an interest
rate step up, raises the default probability. Taking regional diversiﬁcation into
account, we aggregate the single payments to get the repayment distributions of
the mortgage loan portfolios underlying the diﬀerent RMBS transactions.
For all three portfolios we further assume a true-sale RMBS transaction with
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four diﬀerently rated tranches and an equity piece. We use a benchmark scenario
without crisis elements to calibrate the sizes and loss protection of the tranches
to the respective rating. This scenario includes an interest rate step-up after year
two for non-prime mortgage loans.
Subsequently, we derive the portfolio repayment distributions and the resulting tranche characteristics in a crisis scenario that reﬂects the current situation in
the United States. In particular, the average house prices are assumed to have decreased by six percent in the second year of the RMBS transaction. As we show,
the crisis leads to a signiﬁcant reduction of the expected discounted cash ﬂows
of the respective portfolios ranging from ﬁve percent for the US market portfolio
to more than 15 percent for the non-diversiﬁed subprime portfolio. Hence, the
equity piece often does not suﬃce to cover the losses which means that the rated
tranches need to absorb a signiﬁcant share of the portfolio loss. Consequently,
the risk characteristics of all tranches worsen as compared to the benchmark case
which makes severe downgrades necessary as observed in the markets.
Starting from this crisis scenario we investigate the impact of an interest
rate freeze. We assume all scheduled interest rate step-ups to be waived which
decreases the claims on the RMBS portfolio. As subprime borrowers evade this
payment shock, foreclosure rates decrease. First, we study only this direct eﬀect
of an interest rate freeze. Our simulation results show that the net change in
expected portfolio payments is negative as is the eﬀect on most tranches. The
consequences are not uniform for all tranches however: the better the tranche,
the less its characteristics deteriorate. The senior tranches of the two subprime
RMBS even improve.
In the second case, we additionally include a positive ‘second round’ eﬀect on
house prices. In particular, the lower number of foreclosures takes pressure oﬀ
the housing market resulting such that the negative downward trend is stopped.
Given this combined impact, our results indicate that the positive eﬀects are able
to (over-)compensate for the loss due to the interest rate freeze. In particular,
all rated tranches beneﬁt in this scenario as compared to the crisis scenario.
Therefore we conclude that an interest rate freeze on mortgage loans does not
only improve the debtor situation, but might also render investors in RMBS
tranches better oﬀ at the expense of the equity tranche which takes most of the
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crisis losses.
The remainder of this paper is structured as follows. First we comment on
related literature. Section 3 describes the set-up and calibration of our simulation model. In section 4 we analyze the eﬀects of a mortgage crisis on our sample
mortgage portfolios and also on RMBS-tranches backed by these portfolios. Furthermore, we investigate the consequences of an interest rate freeze on portfolio
and tranche characteristics. Section 5 concludes.

3.2

Literature Review

Our paper is closely related to the empirical study by Cagan (2007) analysing the
impact of an interest rate reset in adjustable rate mortgages (ARM). Based on
a dataset of ARMs originated between 2004 and 2006, he estimates that 59% of
these mortgages face a payment increase of more than 25% after the initial period
with low rates. He anticipates that in total approximately 13% of adjustable-rate
mortgages will default due to the interest rate reset, which corresponds to 1.1
million foreclosures over a total period of six to seven years. This increase in
default rates is not equally distributed across all mortgages but depends on the
size of the interest rate step-up and the loan-to-value ratio. Additionally, the
author estimates that each one-percent fall in national house prices causes an
additional 70,000 loans to enter reset-driven foreclosure. Given a house price
drop of 10% he projects that more than 22% of ARMs will default due to the
interest rate reset. This underlines the impact of a policy reaction to scheduled
interest rate step-ups in the present market environment.
Ashcraft and Schuermann (2008) discuss the securitization of subprime mortgages. First, they provide a detailed analysis of the key informational frictions
that arise during the securitization process and how these frictions contributed
to the current subprime crisis. They also document the rating process of subprime mortgage backed securities and comment on the ratings monitoring process.
They conclude that credit ratings were assigned to subprime RMBS with significant error which has led to a large downgrade wave of RMBS tranches in July
2007.5
5

In fact there was a second downgrade wave in the beginning of 2008 on which the authors
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Several further research articles provide general information about subprime
loans and the current mortgage crisis. Chomsisengphet/Pennington-Cross (2006)
comment on the evolution of the subprime market segment. In particular, some
legal changes in the beginning of the 1980s, which allowed to charge higher interest rates and higher fees on more risky borrowers and which permitted to
oﬀer adjustable rate mortgages, enabled the emergence of subprime loans. The
Tax Reform Act in 1986 allowing interest deductions on mortgage loans made
high loan-to-value (LTV) ratios ﬁnancially more rewarding and, thereby, subprime mortgages more attractive. In the beginning of the 1990s the increasing
use of securitizations as funding vehicles triggered rapid growth in the subprime
mortgage market. Between 1995 and 2006 the volume in this market segment
increased from $ 65 billion to more than $ 600 billion and also the share on the
total mortgage market signiﬁcantly increased.6 At the same time the percentage
of the outstanding subprime loan volume being securitized went up from about
30% to around 80%.7 Dell’ Ariccia et al. (2008) show that the rapid expansion
of the subprime market was associated with a decline in lending standards. Additionally, they ﬁnd that especially in areas with higher mortgage securitization
rates and with more pronounced housing booms lending standards were eased.
Lower lending standards can thus be identiﬁed as one reason for the subprime
mortgage crisis.
According to the IMF (2008), subprime borrowers typically exhibit one or
more of the following characteristics at the time of loan origination: weakened
credit histories as indicated by former delinquencies or bankruptcies, reduced
repayment capacities as indicated by low credit scores or high debt-to-income
ratios and incomplete credit histories. Given this very broad deﬁnition, subprime
borrowers are not a homogeneous group. For example, Countrywide Home Loans,
Inc. distinguishes four diﬀerent risk categories of subprime borrowers.8 These
subcategories may depend on the borrower’s FICO (Fair Isaac Corporation) credit
score, which is an indicator of the borrowers credit history, the Loan-To-Value
do not comment.
6
See also Kiﬀ/Mills 2007.
7
See also Keys et al. (2008).
8
See www.cwbc.com or Chomsisengphet/Pennington-Cross (2006).
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(LTV) ratio of the mortgage loan.and the debt-to-income ratio.9 Analysing a
data set of securitized loans from 1995 to 2004, Chomisengphet/Pennington-Cross
(2006) ﬁnd strong evidence for risk-based pricing in the subprime market. In
particular, interest rates diﬀer according to credit scores, loan grades and loanto-value ratios.
Using a dataset of securitized subprime mortgages from 2001 to 2006, Demyanyk/Hemert (2007) compare the characteristics of diﬀerent loan vintages in
order to identify reasons for the bad performance of mortgages originated in
2006, which triggered the subprime mortgage crisis. Their sample statistics show
that the average FICO credit score increased from 620 in 2001 to 655 in the
2006 vintage, which corresponds to the observation that the market expanded
in the less risky segment. During the same period average loan size increased
from $ 151,000 to $ 259,000 whereas the average loan-to-value (LTV) ratio at
origin stayed approximately the same at 80%. Applying a logit regression model
to explain delinquencies and foreclosure rates for the vintage 2006 mortgages,
Demyanyk/Hemert (2007) identify the low house price appreciation as the main
determinant for the bad performance. Also Kiﬀ/Mills (2007), who comment on
the current crisis, see the slow down in house prices as the main driver for the
deterioration in 2006 vintage mortgage loans. Furthermore they emphasize that
although the average subprime borrower credit score increased during the last
years, also LTV and debt-to-income ratios increased, which made the mortgages
more risky.
Gerardi et al. (2007) analyze a dataset of homeownership experience in Massachusetts. They ﬁnd that the 30 day delinquency rate shows rather limited
variance as it ﬂuctuates between 2 and 2.8 % of borrowers. Further, there is
no signiﬁcant correlation to the change in house prices. In contrast, they ﬁnd a
strong negative correlation between foreclosure rates and the house price index
over the whole sample period from 1989 to 2007. In particular, Gerardi et al.
point out that the house price decline starting in summer 2005 was the driver
of rising foreclosure rates in 2006 and 2007. These ﬁndings show that the house
price index drives the portion of delinquent mortgages that are foreclosed rather
9

Kiﬀ/Mills (2007) classify a mortgage as subprime if the LTV is above 85% and/or the

debt-to-income ratio exceeds 55%.
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than the number of delinquencies themselves.
Estimating cumulative default probabilities they further ﬁnd that subprime
borrowers default six times as often as prime borrowers. This corresponds to
Pennington-Cross (2003) who also compares the performance of subprime to
prime mortgage loans and ﬁnds that the latter are six times more likely to default
and 1.3 times more likely to prepay. Analysing the determinants of default he
concludes that for both - prime and non-prime loans - decreasing house prices as
well as increasing unemployment rates increase credit losses.
All these empirical studies indicate a strong relationship between mortgage
loan defaults and house price appreciation in the subprime market. This corresponds to the theoretical literature on mortgage loan default. According to
option pricing theory a borrower, who is not personally liable, should default
when the associated put option is in the money, e.g. when the mortgage debt
exceeds the house value. Therefore we will use the house price index as the main
determinant of default in our simulation model.

3.3

Model Set-Up

Our analysis is based on a cash ﬂow simulation model. Mortgage loans are more
likely to default when they are in “negative equity”, i.e. when the current real
estate value is lower than the outstanding debt. This event is usually triggered by
a downturn in the house price. Therefore we use a macro factor representing the
regional house price index as the systematic determinant of default. We assume
the regional house price index to have a nationwide and a regional component.
The house price at default further determines the loss incurred in a distressed
sale following a foreclosure.
Payment shocks due to interest rate resets can cause additional foreclosures,
especially when house prices have already declined. We account for this by adding
a function depending on changes in payment obligations to the idiosyncratic
debtor component of our model.
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3.3.1

Simulation Model

RMBS are usually backed by mortgage loans from diﬀerent regions. This regional
diversiﬁcation reduces the variance of the repayment distribution of the mortgage
portfolio and thereby helps to make the rated tranches less risky. For each region
we assume the regional house price index (HPI) to be the main driver of the
foreclosure rate. Further, for each region k we decompose the percentage change
of the HPI in year t into an overall positive long-term trend c and a deviation
from this trend driven by a nationwide factor Mt and an orthogonal regional
factor Bk,t :
√
√
ΔHP Ik,t = c + a · ( ρM Mt + ρk Bk,t ) = f (Mt , Mt−1 , Bk,t, Bk,t−1 )

(3.1)

Unconditionally, Mt and Bk,t are assumed to be standard normally distributed.
Empirical evidence suggests, however, that house price changes display a strong
positive autocorrelation.10 Therefore we incorporate a ﬁrst-order autocorrelation
of 0.5 for each factor. Thus, conditional on Mt−1 , Mt has a mean of 0.5 · Mt−1
√
and a standard deviation of 0.75. The same holds for the regional factors.
ρM and ρk account for correlations of house price changes across and within
regions. We calibrated the nationwide and regional correlations to ρM = 0.1 and
ρk = 0.2 and the scaling factor to a = 0.1. This implies unconditional standard
deviations of 5.5% (3.7%) for annual regional (nationwide) house price changes
which is in line with empirical evidence.11 The unconditional mean annual change
of the HPI equals the long-term trend c on both, the regional as well as the
national level.
For the loans in the underlying mortgage pool we distinguish ﬁve debtor
groups by credit quality: Prime, Alt-A, Subprime 1, Subprime 2 and Subprime 3.
These groups can be interpreted as representing diﬀerent ranges of the FICO score
and further borrower characteristics like payment history and bankruptcies.12
The assumed expected default probabilities for the diﬀerent debtor groups and
10

In an empirical study based on 15 OECD countries Englund and Ioannidis (1997) estimate

an average ﬁrst-order autocorrelation coeﬃcient of 0.45.
11
There exist diﬀerent house price indices for the US. For example, Freddie Mac’s Conventional Mortgage Home Price Index (CMHPI-Purchase Only) shows a standard deviation of
3.8% (nationwide) and 5.2% regionally, since 1975.
12
There exist no general classiﬁcation scheme of mortgage loans except for the distinction
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maturities are shown in the credit curves in Table 3.2 in the appendix. The
numbers correspond to empirical evidence (see e.g. Gerardi et al. 2007).
In each simulation run a path of annual group migrations is computed for
each loan in the portfolio. For debtor i located in region k this path depends
on a series of latent migration variables Li,k,t , t = 1, . . . , 7. In this respect our
simulation model resembles a migration model for the assessment of collateralized
loan obligations where debtors can “migrate” between diﬀerent rating groups.13
At each annual payment date t, we derive the latent variable

1
Li,k,t = (ΔHP Ik,t − c) + 1 − ρM − ρk · εi,t
a

with εi,t iid N (0, 1) .

(3.2)

If the value of the latent variable Li,k,t lies above (below) a certain threshold,
which corresponds to the quantile of the standard normal distribution associated
with the migration probabilities in the so-called migration matrix, the mortgage
is upgraded (downgraded) to the respective debtor category. Panel A of Table
3.2 shows the unconditional expected annual migration probabilities for years
without changes in interest obligations as well as the corresponding multi-year
cumulative default probabilities. The numbers are chosen to match the empirical
ﬁndings on prime and subprime default rates of Geradi et al. (2007). Since
these numbers are estimated from a time series between 1987 and 2007, they
already incorporate the positive long-term trend in house prices. Consequently
we subtract the long-term trend c from our house price changes such that only
the deviation from the expected (positive) long-term growth during the last years
enters the latent variable.
Due to our assumption of positive autocorrelation in house price changes,
our latent variable is not necessarily standard normally distributed, but only
normally distributed and the mean depends on the previous realizations. As the
thresholds for Li,k,t stay unchanged this yields higher (lower) downward migration
between Prime, Alt-A and Subprime. Nevertheless it is common to further subdivide the
subprime category into several grades (see Chomsisengphet/Pennington-Cross 2006).
13
In general, either migration models or factor models are used to model loan defaults.
E.g. in the literature on securitization, Franke/Krahnen (2006) simulate rating transitions
whereas Hull/White (2004) use a one-factor model and Duﬃe/Garleanu (2001) as well as
Longstaﬀ/Rajan (2008) apply multi-factor models in their analysis. We use a mixture of these
two approaches.
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and default probabilities in years where negative (positive) house price changes
are expected.14
As can be seen in equations (3.2), ρM and ρk also account for correlation
of loan defaults across and within regions. Given our calibrated numbers, 30%
(= 0.1 + 0.2) of the default risk is due to systematic risk in house price changes
and 70% is due to idiosyncratic risks. The idiosyncratic component is given by
εi,t , which includes borrower speciﬁc shocks like unemployment, illness or divorce.
A payment shock resulting from an increase in interest obligations of a debtor
adds to the idiosyncratic risk. We capture this by subtracting a deterministic
term from the latent variable in the year of an interest rate step-up. In total,

1
Li,k,t = (ΔHP Ik,t − c) + 1 − ρM − ρk · εi,t − bi (ri,t − ri,t−1 ) ,
a

(3.3)

where ri,t denotes the contractual interest rate of loan i in year t. The impact
factor bi determines the magnitude of the payment shock and is calibrated for
each debtor group separately: We chose bi such that the number of additional
defaults due to an interest rate reset matches the forecast made in Cagan (2008)
for the corresponding percentage interest rate step-up and loan-to-value ratio.
In our simulations we assume an interest step-up in year three by 1% for
all Alt-A loans and by 2% for all Subprime loans. Together with the impact
factors (see Table 3.3) this implies higher downgrade and also higher default
probabilities in year 3 as shown in the stressed one-year migration matrix given
in Panel B of Table 3.2. Applying this stressed migration matrix in the year
of the interest rate freeze, signiﬁcantly increases multi-year default probabilities
even though migration probabilities are assumed to return to the ‘normal’ case
in the following years.
For simplicity we consider interest only mortgages, i.e. in each year, in which
the mortgage stays in one of the ﬁve debtor categories, only interest payments
are made whereas the total nominal value is due at ﬁnal maturity.15 The interest
rate consists of a variable base rate and a spread component. The amount of the
14

Hence, our migration model implicitly accounts for endogenous migration thresholds which

is an extension to classical migration models where always standard normally distributed migration variables are drawn.
15
According to Ashcraft/Schuermann(2008) only about 20 percent of mortgage loans in MBS
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spread is determined by the debtor category of the mortgage at the beginning
of the transaction. In case of default we assume the real estate to be sold in a
distress sale with a discount of q percent of the current market value. Given the
HPI of date t deﬁned as:
HP Ik,0 = 1
t

(1 + ΔHP Ik,τ )
HP Ik,t =

(3.4)

τ =1

the percentage loss given default of a mortgage in region k at date t is then
derived as
LGDi,k,t = 1 −

(1 − q)

percentage proceed in distressed sale

1
HP Ik,t
LT V

·

(3.5)

1/LTV at date t

Thus, we implicitly account for a positive correlation between foreclosure rates
and loss given defaults. Due to the deﬁnition of our latent variable, a decline in
HPI triggers higher default rates and at the same time implies higher loss given
defaults.
Having derived the annual portfolio cash ﬂows we calculate the sum of discounted cash ﬂows net of transaction costs (DCn ) for each simulation run n:
T

CFn,t
DCn =
− P V (T C)
(1 + rf )t
t=1

(3.6)

where CFn,t denotes the portfolio cash ﬂow at date t and P V (T C) the present
value of annual transaction costs. Dividing this ﬁgure by the initial portfolio
volume we get a proxy for the relative value of the underlying portfolio. We
perform 10,000 simulation runs and determine the distribution of this portfolio
value as well as several statistics like mean, standard deviation and 99%-quantile.
Given the simulated portfolio cash ﬂows at each annual payment date we
subsequently derive tranche payments. We assume that all losses (interest and
pools are interest only. Other loans mostly pay annuities, which mainly comprise interest
payments in the ﬁrst years, and may even contain a grace period of two to ﬁve years in which
only interest is paid. Since we only consider a seven year RMBS transaction, our assumption
seems to be reasonable.
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principal) are ﬁrst covered by the excess spread of the transaction, i.e. the diﬀerence between the interest income from the underlying portfolio and the interest
payments to the rated tranches net of transaction costs, and then by reducing
the nominal value of the equity tranche. Further, we assume the existence of a
reserve account which means that if the excess spread of one period is not wiped
out by period losses, the excess cash ﬂow is collected in this account earning the
risk-free rate and providing a cushion for future losses.16 The holder of the equity tranche does not receive any payments until maturity when he receives the
remaining cash ﬂow of the transaction. If the equity tranche has been reduced to
zero due to previous losses, the face value and subsequently the interest claim of
the lowest rated tranche is reduced to cover the losses. If this tranche claim has
already been reduced to zero, the next tranche is used to cover the losses, etc.

3.3.2

Sample Transactions

Throughout our analysis we consider three illustrative sample portfolios: two
subprime mortgage portfolios and one representing the US mortgage market as
a whole. The former only include Alt-A and subprime mortgage loans and diﬀer
with respect to their regional diversiﬁcation. The latter predominantly consist of
prime (60%) and Alt-A loans (25%). Five percent each fall in the three subprime
classes giving a total subprime share of 15% for the portfolio which roughly
resembles the subprime portion in the US mortgage market. The explicit portfolio
compositions are given in Table 3.3 in the appendix.
Each mortgage is assumed to pay the risk-free rate, which is assumed to
be constant at 4%, plus a spread ranging between 150 and 400 basis points
diﬀerentiated by debtor category as shown in Table 3.3. Further we assume
that mortgage loans with an initial subprime (Alt-A) rating include an interest
rate step-up of 2% (1%) after two years, i.e. all spreads are increased by 200
bps (100 bps) after this initial period.17 The long-term trend is house prices is
16

According to Ashcraft/Schuermann (2008) excess spread is at least captured for the ﬁrst

three to ﬁve years of a RMBS deal, which justiﬁes the assumption of a reserve account.
17
This step-up is assumed to be ﬁxed at loan origination and is independent of possible
downward migrations until the reset date.
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assumed to be c = 3%, the loan-to-value ratio at origin is 90% for each mortgage18
and the discount in case of a distressed sale is q = 30%.19 Geographically we
diﬀerentiate ﬁve regions20 : Paciﬁc, North Central (including Mountain), South
Central, Atlantic (middle and south) and New England. The ﬁrst subprime
portfolio is concentrated in Paciﬁc (40%) and New England (40%), the regions to
perform worst in the crisis, the remaining 20% are North Ventral and Mountain.
The other two portfolios are well diversiﬁed across all regions.
First we simulate payments for the portfolios in the benchmark case, i.e.
without any crisis. In year 3 the latent variable Li,k,t for each loan is stressed by
the impact factor of the current debtor category times the scheduled interest rate
step-up which causes an increase in expected cumulative default rates as shown
in Panel B of Table 3.2. Since there is no step-up for prime loans, the expected
default rates of these loans stay the same.
Columns 3 in Tables 3.4, 3.5 and 3.6 present some statistics describing the
portfolios’ repayment distribution. In the benchmark case the expected value of
discounted cash ﬂows (net of transaction costs) clearly exceeds the nominal value
for all three portfolios. The exceedance equals more than two times the standard
deviation of discounted cash ﬂows. For the subprime portfolios the average value
of the discounted portfolio payment stream after deducting all fees is 113.4% of
the initial face value. Since we use the risk-free rate for discounting, this number
corresponds to a yearly average premium of 1.9% on top of the risk-free rate.
The standard deviations over seven years are 5% for the well diversiﬁed portfolio
and 5.6% for the concentrated one. In case of the representative portfolio the
expected discounted value in the benchmark case is 105.5%, yielding an average
premium of 0.8% p.a., with a standard deviation of 2.4% over seven years.
18

Gerardi et al. (2007) report a mean LTV ratio of 83% and a median of 90% in the last

three years.
19
Pennington-Cross (2004) provides a survey study on the discount in case of a distressed
sale and ﬁnds that foreclosed property appreciates on average 22% less than the area average
appreciation rate. Given that foreclosures also lead to additional costs, we will assume a
discount of 30% on the current market value in our simulation analysis. Cagan (2007) also
states that foreclosure discounts of 30% are quite usual.
20
We followed the regions deﬁned in Freddie Mac’s Conventional Mortgage Home Price Index
but pooled some neighbouring regions.
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Subsequently, we simulate payments of three residential mortgage backed security (RMBS) transactions which are backed by the sample portfolios and have
a maturity of seven years. We assume that four rated tranches AAA, AA, A
and BBB are issued that earn the usual market spreads as shown in Table 3.3.
Additionally, we assume annual transaction costs of 1%, which are paid before
any interest payment to the tranches.
We calibrate tranche sizes such that their default probabilities in the benchmark scenario are roughly in line with the historical averages given by Standard
& Poor’s for the respective rating classes and a seven year maturity. The resulting
tranche sizes are also shown in Tables 3.4, 3.5 and 3.6.21 The calibrated tranche
structures correspond to typical RMBS structures observed in the market.22 As
can be seen the AAA tranches is smallest and the equity tranche is highest for
the ‘Paciﬁc’ subprime portfolio, which is due to a worse regional diversiﬁcation.

3.4
3.4.1

Analysis of Mortgage Crisis
Crisis Scenario

Having calibrated our model to the benchmark case we now turn to modelling the
crisis scenario. In particular, we assume that the sample transaction was set-up
two years ago (e.g. in the second quarter of 2006) with tranche sizes as derived
before. The nationwide and regional house price index changes are set to match
Freddie Mac’s Conventional Mortgage Home Price Index23 . In the ﬁrst year of
the transaction, the increase in national house prices slowed down to 2.6%, in the
second year there was a downturn of 6%. Regionally, Paciﬁc developed worst with
a cumulated two year decrease of 15% in house prices, whereas South Central saw
an appreciation of 6%. Table 3.1 shows all regional trends and the corresponding
nationwide and regional macro factors. Figure 3.1 shows the expected average
house price development over seven years that is implied by the realizations of
21

A slightly diﬀerent tranche structure would arise when using the expected loss rating from

Moody’s. But it should be noted that tranches with the same rating have nearly the same
expected losses in our benchmark case.
22
see Ashcraft/Schuermann 2008
23
Our reference index is the ‘Purchase Only’ index.
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Table 3.1: Deﬁnition of the Crisis Scenario
Columns 3 and 4 depict the assumed nationwide and regional factor realizations in year 1 and
2. Columns 5 and 6 give the corresponding regional HPI after one and two years. The last
three columns show the mean of the distribution for the third year, the corresponding expected
change in regional house prices and the corresponding expected HPI after three years according
to our modelling assumptions.

Region

Year 1

Year 2

HP I1

HP I2

μ3

E(ΔHP I3 )

E[HP I3 ]

US-Average

M

-0.19

-2.80

1.03

0.96

-1.4

-1.2%

0.95

Paciﬁc

B1

0.13

-2.60

1.03

0.85

-1.3

-7.2%

0.79

New England

B2

-0.76

0.18

0.99

0.94

0.09

-1.0%

0.93

N. Central

B3

-0.09

0.43

1.02

0.98

0.22

-0.5%

0.98

Atlantic

B4

0.13

0.44

1.03

0.99

0.22

-0.4%

0.99

S. Central

B5

0.58

1.52

1.05

1.06

0.76

2.0%

1.08

the ﬁrst two years and our modelling assumptions.
Given these macro-factor values in the ﬁrst two years, we again simulate
portfolio cash ﬂows and tranche payments. Due to the positive autocorrelation,
the negative trend (as well as the positive trend) in regional house price indices
aﬀect the realizations of the latent variable in the following years. For illustration
the mean of the macro factors for the third year as well as the corresponding
expected cumulative HPI up to year 3 are shown in Table 3.1.
For the three portfolio settings the resulting portfolio and tranche characteristics given this crisis scenario are depicted in Tables 3.4 to 3.6. The crisis leads
to a sharp drop in the expected level of the national house price index after seven
years from 1.23 to 1.03 (appr. 16%) which translates into signiﬁcantly lower
discounted cash ﬂows. In fact, our simulation results show that the house price
index and the portfolio cash ﬂows are positively correlated with 0.8. Whereas the
expected discounted cash ﬂow of the diversiﬁed subprime portfolios stays above
the nominal issuance volume, the expected discounted cash ﬂow of the US mortgage market portfolio drops roughly to $ 100 million indicating that there is no
premium left for originator. The ‘Paciﬁc’ subprime portfolio concentrated in the
Paciﬁc, New England and North Central region shows a sharp drop to less than $
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96 million. Obviously, the crisis causes a severe ﬁrst order stochastic dominance
deterioration in the distributions of discounted cash ﬂows of all three portfolios
as depicted in Figure 3.2.
The shift in the distribution of discounted cash ﬂows causes all tranches to
exhibit much higher default probabilities and expected losses such that it would
be necessary to downgrade them several rating notches. For example the AAA
tranche of the diversiﬁed subprime portfolio would now receive an (A-) rating
and the most junior tranches would only get a (B-) rating. The eﬀect of the crisis
on the tranches’ risk characteristics is even slightly stronger for the US mortgage
market portfolio. Here the default probabilities and expected losses are roughly
ten times higher than before whereas for the diversiﬁed subprime portfolio the
numbers only increase by a factor of about eight. Of course, the eﬀect is largest
for the ‘Paciﬁc’ subprime portfolio with default probabilities increasing by 30
times and the most junior tranche being certain to default.
The main part of the decrease in expected payments is allocated to the equity
tranche. Looking at the diversiﬁed subprime portfolio the expected present value
of equity tranche payments decreases by $ 9.2 million, which corresponds to about
92% of the total portfolio decrease of $ 10 million. For the US portfolio the situation is similar: The expected discounted cash ﬂow to the equity tranche decreases
by $ 4.2 million - about 80% of the total portfolio decrease. Nevertheless the decline in expected discounted portfolio cash ﬂows is rather moderate, only 10% for
the diversiﬁed subprime portfolio and 5% for the US mortgage market portfolio.
This is due to the fact that both portfolios are assumed to be well diversiﬁed
concerning the regional allocation with some regions still displaying a positive
house price trend. In contrast, the ‘Paciﬁc’ subprime portfolio concentrated in
regions performing poorly decreases by nearly 18% in expected discounted cash
ﬂow. Here, the equity tranche bears only 71% of this decline as the rated tranches
are hit more heavily. Curiously, the equity tranche still has a positive expected
cash ﬂow of $ 1.3 million, even though the lowest rated tranche is always hit by
losses. This is due to excess spread collected in later years. Fewer excess spread
would accrue in case of an interest rate freeze.
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3.4.2

The Impact of an Interest Rate Freeze

Starting from the crisis scenario described in the previous subsection we now
analyze the eﬀects of an interest rate freeze on the sample RMBS. In particular,
we assume that the interest step-up after two years is cancelled such that all
mortgage loans continue to pay the low initial rates. The direct eﬀect of this
freeze will be twofold. On the one hand, lower interest rates reduce the portfolio
payment claims and, thus, negatively aﬀect payments to the issued tranches. On
the other hand, an interest rate freeze takes pressure from borrowers such that
there will be less foreclosures which in turn lowers the foreclosure costs. We study
this trade-oﬀ of direct eﬀects ﬁrst.
In the second part of this section we investigate diﬀerent scenarios of house
price reactions following the freeze. In fact, the lower number of foreclosures may
have a positive feedback eﬀect on house prices. We ﬁnd that a relatively moderate
stabilization of house prices renders the net eﬀect on most tranches positive.
Pure Interest Rate Freeze
As noted before, the interest rate freeze does not only lead to less interest payments from the portfolio, but has also a positive eﬀect on the portfolio default
rate. In particular, there are less downward migrations and also less defaults
in year three because the stress component of all Alt-A and subprime debtors
disappears (see equation 3.2) due to unchanged payment obligations. In eﬀect,
by avoiding downgrades the interest rate freeze does not only decrease default
rates after three years but also results in lower cumulative default probabilities
in subsequent years.
We simulate portfolio repayments and tranche characteristics for this scenario.
The results are shown in Figure 3.2 and Tables 3.4 to 3.6. Although the interest
rate freeze lowers the default rate of the underlying portfolio, this does not compensate for the decline in interest payments from years three to seven. Thus, the
freeze leads to a deterioration in the distributions of discounted cash ﬂows. For
the US mortgage market portfolio we see a ﬁrst order stochastic dominance deterioration with the expected discounted portfolio cash ﬂow being further reduced
by $ 1 million. Also all RMBS tranches deteriorate as compared to the crisis sce-
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nario. The former AAA tranche which would have to be downgraded to BBB+
due to the crisis would now only receive a BBB rating. Again a substantial share
of the additional loss is allocated to the equity tranche (appr. 87%).
For the diversiﬁed subprime portfolio we see an additional loss of $ 2.2 million
due to the interest rate freeze and a second-order stochastic dominance deterioration in the distribution. In fact, lower quantiles slightly improve as compared
to the crisis scenario. Consequently, the senior tranche beneﬁts from the interest
rate freeze whereas all other RMBS tranches suﬀer additional losses. Here the
equity tranche takes 69% of the additional expected loss. Concerning the ‘Paciﬁc’ subprime portfolio the additional expected loss is only $ 0.8 million. As the
regions represented in this portfolio saw the steepest downturn in house prices
bringing many debtors close to default, waiving interest claims will avoid most
foreclosures such that the positive eﬀect of a rate-freeze is strongest in this case
as compare to the other portfolios. Again we see a second-order stochastic dominance shift in the expected discounted cash ﬂow distribution leaving the senior
tranche better oﬀ at the expense of lower rated tranches and the equity piece.
Interest Rate Freeze and Positive Feedback Eﬀect
As shown in the previous subsection, the ﬁrst round eﬀects of an interest rate
freeze are not suﬃcient to attenuate the crisis. Yet a decrease in foreclosure rates
may take pressure oﬀ the housing market such that the negative trend in the
regional house prices is mitigated.24 This in turn will lead to a positive eﬀect on
subsequent foreclosure rates.
In the previous scenarios, persistent trends in the house price index are implemented by positive autocorrelation in the house price index. Therefore the
downturn in years one and two leads to an expected downturn in year three, i.e.
the conditional mean of the variable describing changes in the house price index
is negative. Combined with the regional components, this yields expected house
price changes of between -7.2% and 2.0% for the respective regions, nationwide
-1.2% (see Table 3.1) which is substantially below the long-term mean of 3%. We
24

Cagan (2007) ﬁnds signiﬁcant additional foreclosure discounts in regions with high foreclo-

sure rates. This indicates limited buyer capacities unable to absorb the excess supply without
additional discounts.
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now assume these negative trends to be stopped by the interest intervention. In
eﬀect, expected house price appreciations rise to the long-term trend of 3% for
region 1 (Paciﬁc) and up to 6.4% for region 5 (South Central) in year 3. We
implement this by excluding the autocorrelation eﬀects from year two to year
three in the nationwide factor as well as in all regions with negative factor realization in year 2. In total, the average HPI stabilizes by four percent in year
three. Feedback eﬀects in subsequent years result in an average HPI that by the
end of year seven is appr. 11 percent higher than in the crisis scenario, as shown
in Figure 1. The results for the portfolios are displayed in Figure 3.2 and Tables
3.4 to 3.6.
For both subprime portfolios the expected discounted cash ﬂow exceeds the
value in the crisis scenario without an interest rate freeze. Comparing the cumulative expected discounted cash ﬂow distributions this positive feedback scenario
second-order stochastically dominates the crisis scenario with all lower quantiles
being substantially improved. Consequently, all rated RMBS tranches beneﬁt
concerning their default probabilities and also their expected losses. Given the
diversiﬁed subprime portfolio the AAA and the AA tranche perform as well as
in the benchmark scenario without crisis meaning that no downgrade would be
necessary. The costs of the interest rate freeze are completely borne by the owner
of the equity tranche.
The US mortgage market portfolio loses less interest payments due to the
interest rate freeze as prime mortgage loans representing 60% of the portfolio do
not incorporate an interest step-up. Here, the positive eﬀect of stopping the house
price decline overcompensates the foregone interest resulting in higher expected
discounted cash ﬂow compared to the crisis scenario. All tranches including the
equity tranche proﬁt with higher tranches beneﬁting most. This is due to a more
narrow distribution of losses. Compared to the crisis we again observe a second
order stochastic dominance shift in cumulative repayments.
Summarizing, our results indicate that an interest rate freeze may help to
alleviate the current crisis. Even though RMBS tranche investors lose a signiﬁcant
portion of their loss protection, this deterioration may be overcompensated by
improvements in mortgage payments due to lower foreclosure rates and a positive
feedback eﬀect in the housing market. For all three portfolios we derive positive
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net eﬀects on all rated RMBS tranches as compared to the crisis scenario. The
higher the tranche, the more it improves. Especially, the AAA tranche beneﬁts
from the rate freeze. Thus, the RMBS market will beneﬁt from an interest
rate freeze which can induce positive spill over eﬀects on other markets. In
particular, markets for other structured instruments containing RMBS tranches
may stabilize. Especially, special investment vehicles backing their commercial
paper funding with senior RMBS tranches may recover.

3.4.3

Robustness Checks

(i) Assumptions concerning House Price Developments
Our previous results depend on several assumptions concerning house price developments which are motivated by empirical ﬁndings. We set the crisis scenario to
match house price developments in the main US regions during the last two years.
When discussing the positive feedback eﬀect of an interest rate freeze we had to
make a speciﬁc assumption concerning house price stabilization. Naturally, other
house price reactions are also possible.
As robustness checks we derive portfolio and tranche repayments for less favorable assumptions concerning house price stabilization. In particular, we assume
the negative house price trend only to be partially oﬀset by the interest rate
freeze. Instead of zero autocorrelation in year three increasing the average house
price index by four percent compared to the crisis situation, we now assume that
only half (one fourth) of this eﬀect is realized. Figure 3.1 shows the expected average house price development for these two scenarios. Tables 3.4 to 3.6 display
the tranche and portfolio characteristics for these additional scenarios.
As can be seen, a more moderate stabilization of two percent in year three
(translating into 5.5 percentage points until year seven) is suﬃcient to substantially improve all rated RMBS tranches (see Robustness 1 ). Even a stabilization
of only one percent in year three (incresing to 2.7 percent in year seven) leaves
the rated tranches slightly better oﬀ than in the crisis scenario (see Robustness
2 ).
Given these results we conclude that the qualitative results are quite stable
towards changes in the assumption of house price stabilization: Due to lower
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excess spread, the payments to the equity tranche will be reduced the most and
due to lower probabilities of high losses the highest rated tranche will proﬁt most
from an interest rate freeze. Even for modest house price reactions the net eﬀect
of the freeze is positive.
(ii) Assumptions concerning RMBS-Structure
A further assumption which needs to be critically reviewed is our assumption
concerning the payment waterfall for our RMBS tranches. In the previous simulations we always assumed the existence of an unlimited reserve account, which
means that the holder of the equity tranche only receives payments at ﬁnal maturity and that at each annual payment dates all excess cash ﬂows are placed
in an extra account which can be used to cover future losses. In fact other reserve account speciﬁcations are possible, e.g. a capped reserve account, where all
excess cash ﬂows above this cap are paid out to the holder of the equity piece
periodically, or even a structure without any reserve account, in which the holder
of the equity tranche receives all excess cash ﬂow at each payment date.
This assumption mainly inﬂuences the calibration of tranche sizes in the
benchmark case. In particular, a structure without a reserve account will lead to
a much smaller AAA tranche and a bigger equity tranche. In this case the eﬀect
of the interest rate freeze is less pronounced since the tranche sizes are already
calibrated to provide a better protection against interest losses. Nevertheless,
the qualitative eﬀects stay the same with the diﬀerence that now an even more
moderate house price stabilization is suﬃcient to make all rated tranches better
oﬀ than in the pure crisis scenario.

3.4.4

Other Policy Options

(i) Interest Rate Cuts
Throughout the paper we assumed that the risk-free interest rate on top of which
credit spreads are paid stays the same over seven years. In fact the crisis might
lead to a cut in this reference rate. Looking at the repayments of the mortgage
loans analyzed in this paper lowering the reference rate would have a positive
eﬀect. Thus, interest rate cuts are an additional policy option worth examin112
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ing. However, discussing the macroeconomic consequences of interest rate cuts is
beyond the scope of this paper.
(ii) Housing Bill
For mortgage debtors the eﬀects of the proposed interest rate freeze are comparable to the sought impact of the Housing Bill of July 2008. Here, state guarantees
help troubled borrowers to reﬁnance at lower rates. The key diﬀerence between
the two policy options is on the lender side. With the interest rate freeze, mortgage banks and equity tranche holders bear the potential costs. Looking at a
portfolio of mortgage loans the state guarantee included in the Housing Bill adds
a large state owned ﬁrst loss position, irrespective of the portfolio being securitized. Compared to our simulation results above, lenders, all rated tranches and
especially the equity tranche would proﬁt at the tax payers expense.

3.5

Conclusion

The discussed interest rate moratorium for subprime mortgages is one option to
tackle the current crisis. It is an agreement between two parties - the U.S. government and the originating banks - that aﬀects two diﬀerent third parties: the
mortgage debtors and investors in RMBS tranches. The ﬁrst group will unambiguously proﬁt from an interest rate freeze. Some of their payment obligations
are waived, thus they might avoid default. Additionally, they beneﬁt from a
stabilizing housing market.
The eﬀect on RMBS-tranches is more ambiguous. First, we show that the
pure interest rate freeze decreases the portfolio payment stream’s expected value
by one to 2.2 percent, depending on portfolio composition. The vast majority of
this decrease is borne by the equity tranche. Default probability and expected
loss of rated tranches only slightly deteriorate as compared to the crisis scenario
with senior tranches even being better oﬀ. Second, we take into account that
the interest rate freeze may have a positive second round eﬀect as a reduction
in foreclosures takes pressure oﬀ the housing market. In this case we ﬁnd that
already a very moderate mitigation of the house price downturn yields a positive
net eﬀect on all rated tranches. A stabilization of one percent in year three leaves
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all tranches in each of our three sample transactions better oﬀ (compared to the
crisis scenario without policy reaction). For the holder of the equity tranche,
the situation is diﬀerent. Looking at the average of the three sample RMBS a
four percent stabilization in house prices is needed for him to slightly beneﬁt
from the interest rate freeze. Thus, should the US government and loan and
savings associations decide on an interest moratorium on adjustable rate subprime
mortgages, this would probably not come at the expense of the RMBS investors
as a third party. If additional losses occur they are borne by originators and
equity tranche investors. As these parties are the ones in charge of the criticized
lending standards we argue that reconsidering this policy option is worthwhile.
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Appendix
Tables
Table 3.2: Assumed Credit Curve and One-Year Migration Matrix
Panel A: Standard Case - Credit Curve
t
Prime
Alt-A
Sub1
Sub2
Sub3

1
0.20%
0.50%
1.50%
2.50%
3.50%

2
0.52%
1.11%
2.98%
4.88%
6.71%

3
0.94%
1.80%
4.44%
7.15%
9.67%

4
1.47%
2.57%
5.87%
9.31%
12.41%

5
2.07%
3.41%
7.29%
11.36%
14.94%

6
2.75%
4.30%
8.69%
13.32%
17.30%

Sub3
0.8%
1.5%
2.5%
6.5%
85.0%
0.0%

D
0.2%
0.5%
1.5%
2.5%
3.5%
100.0%

7
3.50%
5.23%
10.06%
15.19%
19.51%

Derived One-Year Migration Matrix
Debtor
Prime
Alt-A
Sub1
Sub2
Sub3
D

Prime
88.0%
9.0%
3.0%
0.5%
0.2%
0.0%

Alt-A
6.5%
82.0%
6.0%
2.5%
0.8%
0.0%

Sub1
3.0%
5.0%
82.0%
6.0%
3.0%
0.0%

Sub2
1.5%
2.0%
5.0%
82.0%
7.5%
0.0%

Panel B: Stressed One-Year Migration Matrix in t = 3 (Due to Interest Rate Step-Up)
Rating
Prime
Alt-A
Sub1
Sub2
Sub3
D

Prime
88.00%
6.80%
0.66%
0.07%
0.03%
0.00%

Alt-A
6.50%
81.51%
1.96%
0.58%
0.15%
0.00%

Sub1
3.00%
6.22%
74.44%
1.96%
0.77%
0.00%

Sub2
1.50%
2.63%
10.45%
84.44%
2.65%
0.00%

Sub3
0.80%
2.08%
6.67%
14.25%
85.13%
0.00%

D
0.20%
0.76%
5.82%
8.69%
11.28%
100.00%

3
0.94%
2.81%
8.29%
12.67%
16.36%

4
1.47%
3.62%
9.82%
14.84%
19.00%

5
2.07%
4.49%
11.32%
16.89%
21.43%

6
2.75%
5.41%
12.78%
18.83%
23.69%

Resulting Credit Curve
t
Prime
Alt-A
Sub1
Sub2
Sub3

1
0.20%
0.50%
1.50%
2.50%
3.50%

2
0.52%
1.11%
2.98%
4.88%
6.71%

7
3.50%
6.36%
14.2%
20.68%
25.80%

Panel A gives the credit curve for diﬀerent debtor groups. Each entry in the credit curve
describes the average probability of default for a given initial debtor group and maturity t.
The numbers are chosen in accordance with empirical results (see e.g. Gerardi et al. 2007).
The standard one-year migration matrix is subsequently matched to this credit curve. Panel
B displays our assumed stressed migration matrix for year 3. It is assumed that the interest
rate step-up causes signiﬁcant payment shocks which increase the downgrade probabilities of
all non-prime loans in year 3. Even though the migration probabilities in the following years
return to the normal level, the expected cumulative default probabilities in every subsequent
year are increased as shown in the resulting credit curve in Panel B.
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Table 3.3: Portfolio Characteristics and Model Assumptions
Diversiﬁed
(‘Paciﬁc’)
Subprime
Portfolio

US
Mortgage
Market
Portfolio

$ 100,000,000
500

$ 100,000,000
500

90%

90%

20% (40%)
20% (40%)
20% (20%)
20% (-)
20% (-)

20%
20%
20%
20%
20%

Share of
Prime
Alt-A
Subprime 1
Subprime 2
Subprime 3

20%
30%
30%
20%

60%
25%
5%
5%
5%

 Interest Rate (t = 0)

7.2%

6.0%

Portfolio:
Initial Volume
Number of Mortgages
initial LTV
Share in Region
Paciﬁc
New England
North Central
Atlantic
South Central

Interest Rate Step-Up (after 2 Years)
Prime
0%
Alt-A
1%
Subprime 1-3
2%

Spreads (bps)
150
225
300
350
400

0%
1%
2%

Impact Factor (b)
0
15
30

AAA
AA
A
BBB
Equity

AAA
AA
A
BBB
Equity

Spreads (bps)
30
50
80
150
-

Transaction Costs

1% p.a.

1% p.a.

Maturity

7 years

7 years

RMBS-Structure:
Tranches

This table presents the assumed portfolio compositions of our three sample portfolios as well
as the assumed tranche structure. The two subprime portfolios only diﬀer in their regional
diversiﬁcation. The regional composition of the ‘Paciﬁc’ Subprime portfolio is given in brackets.
The depicted spreads are paid in addition to the risk-free rate of 4%.
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119
13,829,942

1,200,436

Default Probabilities
0.29%
10.09%
0.71%
24.54%
1.37%
46.12%
4.49%
99.99%
Expected Loss
0.01%
0.37%
0.36%
12.86%
0.81%
27.87%
2.03%
66.48%

95,678,380
95.68%
5.32%
80.79%

Crisis

297,281

0.26%
11.61%
28.80%
67.03%

8.07%
24.69%
53.09%
99.99%

94,870,489
94.87%
3.94%
82.75%

Crisis & Freeze

1,358,743

0.02%
1.42%
5.66%
48.39%

0.80%
3.53%
13.26%
99.97%

98,466,841
98.47%
2.58%
89.58%

Crisis & Freeze
Positive Feedback

800,465

0.15%
7.45%
20.10%
60.72%

4.97%
16.15%
37.72%
99.98%

96,323,606
96.32%
4.01%
84.05%

Crisis & Freeze
Robustness 1

536,498

0.16%
7.94%
20.91%
61.46%

5.34%
17.37%
40.10%
99.99%

95,954,193
95.95%
3.77%
83.89%

Crisis & Freeze
Robustness 2

Each column of this table shows the simulation results for a diﬀerent simulation scenario: The benchmark scenario (without any crisis), the
crisis scenario, the crisis scenario together with an interest rate freeze as well as the crisis scenario with an interest rate freeze and an additional
positive feedback eﬀect which resets house price trends after 2 years to zero, or lowers positive autocorrelation by a half (robustness 1) and one
fourth (robustness 2), respectively. The ﬁrst lines show some portfolio characteristics - the expected discounted cash ﬂow net of transaction
costs, the standard deviation and the 99%-quantile of the discounted cash ﬂows distribution. The following lines show the default probabilities
and expected losses of the rated tranches. Finally, the expected discounted cash ﬂow to the equity tranche is depicted.

Equity Tranche 2.50%
Exp. Discounted CF (in $)

AAA
AA
A
BBB

Tranche Characteristics
Rating
Size
AAA
84.50%
AA
4.70%
A
3.90%
BBB
4.40%

Portfolio Characteristics
Exp. Discounted CF (in $) 113,417,751
% of initial Volume
113.42%
Standard Deviation
5.60%
1%-Quantil
94.27%

Benchmark

Table 3.4: ‘Paciﬁc’ Subprime Portfolio - Simulation Results
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13,003,043

3,804,631

Default Probabilities
0.27%
1.58%
0.68%
5.61%
1.35%
12.31%
4.34%
36.99%
Expected Loss
0.01%
0.04%
0.37%
2.49%
0.81%
6.82%
2.01%
17.05%

103,433,389
103.43%
4.43%
90.74%

Crisis

1,656,349

0.03%
2.72%
8.12%
18.20%

1.41%
6.67%
15.72%
39.99%

101,204,384
101.20%
3.15%
91.53%

Crisis & Freeze

3,521,528

0.002%
0.25%
1.06%
3.99%

0.10%
0.78%
2.40%
16.95%

103,870,437
103.87%
2.15%
96.49%

Crisis & Freeze
Positive Feedback

2,655,818

0.01%
0.97%
3.29%
8.88%

0.51%
2.66%
6.59%
25.26%

102,743,287
102.74%
2.70%
94.03%

Crisis & Freeze
Robustness 1

2,163,384

0.02%
1.85%
5.64%
13.45%

0.93%
4.71%
11.15%
32.61%

101,984,251
101.98%
3.03%
92.39%

Crisis & Freeze
Robustness 2

This table present the same simulation results as in Table 3.4 but now for a regionally well diversiﬁed Subprime Portfolio.

Equity Tranche 1.60%
Exp. Discounted CF (in $)

AAA
AA
A
BBB

Tranche Characteristics
Rating
Size
AAA
88.10%
AA
4.60%
A
2.80%
BBB
2.90%

Portfolio Characteristics
Exp. Discounted CF (in $) 113,409,975
% of initial Volume
113.41%
Standard Deviation
4.97%
1%-Quantil
96.94%

Benchmark

Table 3.5: Diversiﬁed Subprime Portfolio - Simulation Results
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5,178,193

972,104

Default Probabilities
0.28%
2.24%
0.73%
6.86%
1.35%
13.53%
4.50%
45.55%
Expected Loss
0.01%
0.05%
0.37%
3.20%
0.77%
7.61%
2.00%
20.53%

100,249,781
100.25%
2.79%
91.50%

Crisis

118,113

0.06%
4.16%
10.10%
27.54%

2.90%
9.19%
18.32%
62.42%

99,273,594
99.27%
2.50%
91.26%

Crisis & Freeze

1,258,858

0.004%
0.37%
1.23%
5.95%

0.24%
0.89%
2.60%
19.42%

101,411,345
101.41%
1.54%
95.95%

Crisis & Freeze
Positive Feedback

818,838

0.02%
1.48%
3.92%
13.72%

0.84%
3.44%
7.49%
36.92%

100,540,460
100.54%
2.05%
93.55%

Crisis & Freeze
Robustness 1

This table present the same simulation results as in Table 3.4 but now for the US Mortgage Market portfolio.

Equity Tranche 1.70%
Exp. Discounted CF (in $)

AAA
AA
A
BBB

Tranche Characteristics
Rating
Size
AAA
89.40%
AA
3.10%
A
1.90%
BBB
3.90%

Portfolio Characteristics
Exp. Discounted CF (in $) 105,506,354
% of initial Volume
105.51%
Standard Deviation
2.41%
1%-Quantil
96.50%

Benchmark

Table 3.6: US Mortgage Market Portfolio - Simulation Results

598,038

0.04%
2.81%
6.81%
20.31%

1.90%
6.10%
12.53%
49.38%

99,921,438
99.92%
2.36%
92.08%

Crisis & Freeze
Robustness 2
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Figures
Figure 3.1: Assumed House Price Index Development in diﬀerent Simulation Scenarios

This ﬁgure shows the expected development of the House Price Index (HPI) averaged over our
ﬁve regions for diﬀerent simulation scenarios: In the benchmark case a long-term house price
growth of 3% p.a. is assumed. The crisis scenario is set by ﬁxing macrofactor realizations in the
ﬁrst two years (see Table 3.1) which cause a severe decline in house prices. Departing from this
crisis scenario the positive feedback scenario assumes that there is no autocorrelation between
years 2 and 3, such that house prices recover faster from the crisis. The scenarios Robustness
1 and 2 assume a weaker house price stabilization as the autocorrelation is only reduced by a
half or one fourth, respectively.
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This ﬁgure shows the distributions of discounted cash ﬂows (in percent of initial portfolio volume) for all three portfolios (‘Paciﬁc’ Subprime
Portfolio, Diversiﬁed Subprime Portfolio, US mortgage market Portfolio) and four diﬀerent simulation scenarios.

Figure 3.2: Distribution of Discounted Cash Flows for diﬀerent Simulation Scenarios

The Impact of an Interest Rate Freeze on RMBS
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Chapter 4
Tranching and Rating
4.1

Introduction

Approximately $471 billion of the $550 billion of collateralized debt obligations
(CDOs) that were issued in 2006 were classiﬁed by the Securities Industry and
Financial Markets Association (SIFMA) as ‘Arbitrage CDOs’,1 which are deﬁned
by SIFMA as an ‘attempt to capture the mismatch between the yields of assets
(CDO collateral) and the ﬁnancing costs of the generally higher rated liabilities
(CDO tranches).’2 In the simple world of Modigliani and Miller (1958) such arbitrage opportunities would not exist, which raises the issue of the source of the
arbitrage gains in the markets for CDO’s and other structured bonds.3 In this
paper we present a simple theory of the eﬀect of collateral diversiﬁcation and the
structuring or tranching of debt contracts on the prices at which debt securities
can be marketed. The theory can account for the apparent arbitrage opportunities that were oﬀered by the market for CDOs and the explosive growth of
that market in the recent past. Of course, the long-term existence of untranched
securitizations such as mortgage backed securities suggests that there are other
1

The remaining issuance is classiﬁed as ‘Balance Sheet’ CDOs which ‘remove assets or the

risk of the assets oﬀ the balance sheet of the originator’.
2
SIFMA, January 2008.
.http://archives1.sifma.org/assets/files/SIFMA_CDOIssuanceData2007q1.pdf
3
We generally follow the terminology of SIFMA and use the generic term CDO to refer to
credit instruments issued against a portfolio of other credit instruments. There is a wide variety
of CDO types which is discussed in more detail below.
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sources of the marketing gains than the one we consider, such as liquidity enhancement.4
Our theory rests on the assumption that some investors are not able to assess
for themselves the value of the debt securities issued by the special purpose vehicles holding collateral, but must rely instead on credit ratings provided by third
parties. We shall make the extreme assumption that securities can be sold in the
primary market at yields that reﬂect only their ratings. This is not to say that
all investors rely only on credit ratings - but that at least some do, and that if
ratings based valuations exceed fundamental values, then the investment banker
will be able to sell to these investors in the primary market at prices that depend
only on ratings. Our assumption is motivated by several considerations. First
is the attention that has been focused on the role of ratings in the marketing
of securities.5 Second is the concern expressed by the Securities and Exchange
Commission6 ‘that certain investors assumed the risk characteristics for structured ﬁnance products, particularly highly rated instruments, were the same as
for other types of similarly rated instruments’, and ‘that some investors may not
have performed internal risk analysis on structured ﬁnance products before purchasing them.’7 Thirdly, this assumption provides a baseline for assessing the
need for diﬀerentiated ratings for structured products as has been suggested by
the S.E.C. under Proposed New Rule 17g-7. Anecdotal evidence of reliance on
ratings for risk assessment is provided by the Financial Times of December 6,
2007 which reports that ‘for many investors ratings have served as a universally
accepted benchmark’, and ‘some funds have rued their heavy dependence on ratings’. Regulators also rely on the reports of the rating agencies: ‘As regulators,
we just have to trust that rating agencies are going to monitor CDOs and ﬁnd
4
5

See Subrahmanyam (1991) for a formal model.
The Treasurer of the State of California recently claimed that “If the state of California

received the triple-A rating it deserved, we could reduce taxpayers’ borrowing costs by hundreds
of millions of dollars over the 30-year term of the still-to-be issued bonds...” Reuters, March
12, 2008. Moody’s has agreed to provide municipalities with the equivalent of a corporate bond
rating from May 2008; prior to this date default losses for municipal bonds were signiﬁcantly
below those of equivalently rated corporate bonds.
6
Federal Register, Vol 73, No. 123 page 36235, June 25, 2008
7
Similar concerns were expressed by the Bank of England in its Financial Stability Report
of October 2007.
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the subprime’, said Kevin Fry, chairman of the Invested Asset Working Group of
the U.S. National Association of Insurance Commissioners. ‘We can’t get there.
We don’t have the resources to get our arms around it.’ (International Herald
Tribune, June 1, 2007). Even UBS, an investment bank that originated large
numbers of structured securities and incurred substantial losses in the subprime
crisis, refers to its own ‘over-reliance on ratings’ as a factor in its losses.8 Our
assumption is consistent with the evidence of Cuchra (2005) who reports that
ratings explain 70-80% of launch spreads on structured bonds in Europe, which
he interprets as support for the ‘theoretical prediction that some investors might
base their pricing decisions almost exclusively on ratings’. He also ﬁnds that the
importance of credit ratings in structured ﬁnance (yields) seems to be far greater
than in the case of straight (corporate) bonds.
We do not argue that the marketing story we tell is the only explanation
for the tranching of debt contracts.9 Previous contributions rely on asymmetric
information and either the ability of the issuer to signal the quality of the underlying assets by the mix of securities sold,10 or the diﬀerential ability of investors
to assess complex risky securities. Thus, in Boot and Thakor (1993) cash ﬂow
streams are marketed by dividing them and allocating the resulting components
to information insensitive and sensitive (intensive) securities. The former are
marketed to uninformed investors, and the latter to information gathering specialist ﬁrms who face an exogenously speciﬁed deadweight cost of borrowing.11
Other explanations include what Ross (1989) refers to as the ‘old canard’ of
spanning.12
Our analysis is concerned with the limitations of a bond rating system which
relies only on assessments either of default probabilities or of expected losses
due to default. It is straightforward to show that a system which relies only on
default probabilities is easy to game - by selling securities with lower recovery
8
9

Shareholder Report on UBS’s Write-Downs, UBS,18 April, 2008, page 39.
Ross (1989) has previously drawn attention to the marketing role of the investment banker

for an institution that wishes to sell oﬀ some of its low grade assets. However, he does not
consider the role of the credit rating agencies.
10
Brennan and Kraus (1987), De Marzo and Duﬃe (1999), DeMarzo (2005).
11
See also Plantin (2004) and Riddiough (1997).
12
See Gaur et al. (2004).
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rates than the securities on which the ratings are based. Only slightly more
subtly, a system which relies on expected default losses is also easy to game.
This is because a simple measure of expected default loss takes no account of
the states of the world in which the losses occur. The investment banker may
proﬁt then by selling securities whose default losses are allocated to states with
the highest state prices per unit of probability.13 Rating agencies, by providing
information about probabilities of default or expected default losses, are providing
information about the total risk of the securities that they rate. Although it
has been well known for over forty years that equilibrium values must depend
on measures of systematic rather than total risk, this insight has not so far
aﬀected the practices of the credit rating agencies. The failure of the credit rating
agencies to recognize the distinction between total and systematic risk creates an
opportunity for investment banks to exploit by designing collateral and security
characteristics to raise the systematic risk of the securities they issue above that
of corporate securities with similar (total) default risk on which the credit ratings
are based. We emphasize that our analysis does not rest on any assumption of
bias or inaccuracy in the default probability and loss assessments which underly
the ratings assigned by the agencies.
We assume that the underlying collateral against which the structured debt
claims are written is properly valued. We also assume that bond ratings are
calibrated with respect to single debt claims issued against a ‘reference ﬁrm’,
by which we mean a ﬁrm with pre-speciﬁed risk characteristics. We then show
under fairly general assumptions that under a rating system that is based either
on default probabilities (e.g. Standard & Poor’s and Fitch) or on expected default losses (e.g. Moody’s) the optimal strategy for the issuer is to maximize
the number of diﬀerently rated debt tranches. If the risk characteristics of the
collateral can be chosen, then they will be chosen to have the maximum beta and
the minimum idiosyncratic risk. A rating system that is based on expected losses
(e.g. Moody’s) reduces, but does not eliminate all of, the pricing anomalies and
the issuer’s marketing gains.
Our analysis is most closely related to that of Coval et al. (2008) who show
that it is possible to exploit investors who rely on default probability based ratings
13

Coval et al (2007) make a similar point.
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for pricing securities, by selling bonds whose default losses occur in high marginal
utility states. However, their theory has no explicit role for debt tranching as
ours does. They use a structural bond pricing model to predict yield spreads
on CDX index tranches and conclude that there is severe market mispricing:
the market spreads are much too low for the risk of the tranches, and this is
particularly true for the highly rated tranches. In contrast, our model suggests
that highly rated tranches will be subject to the least mispricing, and that the
highest marketing gains will come primarily from the junior tranches. This is
consistent with the fact that UBS is reported to have retained the ‘Super Senior’
AAA-rated tranches of the CDO’s it originated, while selling the junior tranches
to third-party investors.14
Other important contributions include Longstaﬀ and Rajan (2008) who estimate a multinomial Poisson process for defaults under the risk neutral density
from the prices of CDO tranches, and Cuchra (2005) who provides empirical
evidence on the determinants of initial oﬀering spreads on structured bonds.
An important implication of the fact that tranched securities are typically
written against diversiﬁed portfolios of securities is that defaults of tranched securities of a speciﬁed rating will tend to be much more highly correlated than
defaults of securities of the same rating issued by a typical undiversiﬁed ﬁrm - in
the limit the defaults of the tranched securities will be perfectly correlated. This,
together with the systematic event of a decline in underwriting standards and a
bubble in house prices, accounts for the fact that we see almost all highly rated
securities issued against portfolios of subprime mortgages made in 2006 and 2007
experiencing ratings deterioration at the same time. This has profound implications for regulatory systems for bank capital that depend on bond ratings.15 A
portfolio of n A rated CDO tranches will in general be much more risky than
a portfolio of n A rated bonds issued by corporations. However, an analysis
14
15

UBS. ibid.
Under Basel 1 the regulatory capital requirement was independent of the creditworthiness

of the borrower. Under Basel II capital requirements depend either on external ratings, as
discussed here, or on an approved internal rating system, which takes default probabilities and
expected losses in case of default into account. Global regulators are re-examining the degree to
which regulatory frameworks have become dependent of credit ratings. Financial Times June
12, 2008.
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of the regulatory implications of credit rating systems is beyond the scope of
this paper. But our analysis does have implications for the emerging debate as
to whether structured products should be rated on a diﬀerent scale from other
credit instruments.16
Section 2 provides an introduction to the market for structured bonds and
Section 3 discusses credit ratings and the market for CDO’s. Section 4 presents
a general analysis of the investment banker’s problem of security design and
characterizes his marketing proﬁt. Section 5 illustrates the potential marketing
gains to issuers of structured products in the context of a simple analytical model
based on the CAPM and the Merton model of debt pricing. In section 6 the
marketing gains from tranching corporate debt issues are analyzed. In Section 7
the model is extended to the securitization of corporate bonds.

4.2

Structured Bonds

In 1970 the U.S. Government National Mortgage Association (GNMA) sold the
ﬁrst securities backed by a portfolio of mortgage loans. In subsequent years
GNMA developed further these securitization structures through which portfolios
of commercial or residential mortgages are sold to outside investors. Beginning
in the mid 1980s the concept was transfered to other asset classes such as auto
loans, corporate loans, corporate bonds, credit card receivables, etc. Since then
the market for the so called asset backed securities (ABS) has seen tremendous
growth. According to the Bank of England (2007) the global investment volume
in the ABS market was USD 10.7 trillion by the end of 2006.
In a securitization transaction a new legal entity, a Special Purpose Vehicle
(SPV), is created to hold a designated portfolio of assets. The SPV is ﬁnanced
by a combination of debt and equity securities. A key feature is the division of
the liabilities into tranches of diﬀerent seniorities: payments are made ﬁrst to
the senior tranches, then to the mezzanine tranches, and ﬁnally to the junior
16

A managing director at Moody’s said: “we did go out and ask the community whether they

wanted a diﬀerent category of rating (for structured products) because this idea was ﬂoated by
regulators but the strong response was please don’t change anything.” Financial Times June
11, 2008.
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tranches. This prioritization scheme causes the tranches to exhibit diﬀerent default probabilities and diﬀerent expected losses. The junior tranches bear most
of the default risk, and the super-senior tranche should have almost no default
risk.17
Typically the SPV issues two to ﬁve rated debt tranches and one non-rated
equity or ﬁrst loss piece (FLP).18 In an empirical study of European securitization
transactions, Cuchra and Jenkinson (2005) found that a rather high percentage
of the total portfolio volume is sold in tranches with a rating of A or better (on
average 77%). AAA tranches on average accounted for 51% of the transaction
but with a high variation across transactions types (between 30% and 89%). As
shown by Franke et al. (2007) the size of the FLP varies signiﬁcantly across
transactions - from 2% to 20% in their sample of European CDOs.
The originator of the CDO speciﬁes in advance the number of tranches and
their desired ratings. Due to information asymmetries between the originator
and the investors concerning the quality of the underlying portfolio, the tranches
need to be rated by an external rating agency. After analyzing the transaction
using cash ﬂow simulations and stress testing,19 two or three of the leading rating
agencies assign ratings to the tranches. These ratings reﬂect assessments of the
tranches’ default probability (Standard & Poor’s and Fitch) or expected default
losses (Moody’s), and are used by investors as an indicator of the tranche’s quality.
Figure 4.1 displays the quarterly issuance volumes of balance sheet and arbitrage CDOs from 2004 to the ﬁrst quarter of 2008 as reported by SIFMA. Total
issuance of CDO’s exploded in the years leading up to the sub-prime crisis with
total quarterly issuance rising from $25.0 billion in the ﬁrst quarter of 2004 to
$178 billion in the fourth quarter of 2006. Even more signiﬁcant is the fact that
most of the growth in CDO oﬀerings came from ‘arbitrage’ CDO’s which SIFMA
describes as motivated by mismatches between yields on the collateral and the
17

This is only a very brief and simpliﬁed description of these transactions. For a more detailed

discussion on securitization structures see Hein (2007).
18
Ashcraft and Schuerman (2008) describe a vehicle whose liabilities were divided into 16
tranches with 12 diﬀerent credit ratings.
19
Beside this quantitative analysis, which plays a major role in the rating process, rating
agencies also take into account qualitative aspects such as the servicer’s, asset manager’s and
trustee’s skills and reputation as well as legal aspects.
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Figure 4.1: CDO Issuance and the Spread Diﬀerential between CDO
Tranche Yields and Corporate Bond Yields

Data on CDO issuance is taken from the website of the Securities Industry and Financial
Markets Association. The spread diﬀerential for each rating class is deﬁned as the diﬀerence
between average tranche spreads on European CLOs as reported by HSBC Global ABS Research
and corporate bond spreads of the same rating class. The tranche spreads are quoted over
EURIBOR/LIBOR since the tranches are ﬂoating rate notes. The corporate bond spreads are
derived by comparing yields on the corresponding iBoxx Corporate (AAA/A/BBB) index to
the iBoxx Sovereign index with the same maturity.
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average yields on the liability tranches sold against the collateral. It is the role
of credit ratings in creating this mismatch that is the focus of our analysis.
Figure 4.1 also shows the spread diﬀerential between CDO tranches and equivalently rated corporate bonds.20 Alongside the enormous growth in CDO issuance volumes, we see a sharp decline in the spread diﬀerential for diﬀerent
rating classes, especially for the BBB grade. From the ﬁrst quarter of 2005 up to
the third quarter of 2007, just before the subprime crisis, the spread diﬀerential
was negligible with tranche spreads being even slightly below those of equivalently rated corporate bonds. During that period, the spread on AAA (A) rated
tranches was, on average, 4.75 (8.19) basis points smaller than the corresponding
bond spreads. From the beginning of the subprime crisis in mid 2007 issuance
volumes dried out and the spread diﬀerentials increased sharply.

4.3

Credit Ratings

Seven rating agencies have received the Nationally Recognized Statistical Rating
Organization (NRSRO) designation in the United States, and are overseen by
the SEC: Standard & Poor’s , Moody’s, Fitch, A. M. Best, Japan Credit Rating
Agency, Ltd., Ratings and Investment Information, Inc. and Dominion Bond
Rating Service. The three major rating agencies, S&P, Moody’s, and Fitch,
dominate the market with approximately 90-95 percent of the world market share.
Moody’s ratings are based on estimates of the expected losses due to default, while
S&P and Fitch base their ratings on estimates of the probability that the issuing
entity will default.21
Standard and Poor’s ratings for structured products have broadly the same
20

The spread diﬀerential is deﬁned as the diﬀerence between average tranche spreads on

European CLOs as reported by HSBC Global ABS Research and corporate bond spreads of the
same rating class. The tranche spreads are quoted over EURIBOR/LIBOR since the tranches
are ﬂoating rate notes. The corporate bond spreads are derived by comparing yields on the
corresponding iBoxx Corporate (AAA/A/BBB) index to the iBoxx Sovereign index with the
same maturity.
21
S&P explicitly state that ‘Our rating speaks to the likelihood of default, but not the amount
that may be recovered in a post-default scenario.’ Standard and Poor’s (2007).
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default probability implications as their ratings for corporate bonds.22 Before
2005 the implied default probabilities for corporate and structured product ratings were the same. In 2005 corporate ratings were “delinked from CDO rating
quantiles” in order to “avoid potential instability in high investment-grade scenario loss rates”. Now, as a result, “CDO rating quantiles are higher than the
corporate credit curves at investment grade rating levels, and converge to the corporate credit curves at low, speculative-grade rating levels”.23 Thus, in 2005 S&P
liberalized the ratings for structured bonds. Table 4.1 shows cumulative default
frequencies for corporate bonds by rating and maturity as reported by Standard
and Poor’s (2005), and Table 4.2 shows the cumulative default frequency for
CDO tranches. For example, the ﬁve year cumulative default probability implied
by a B rating for a CDO tranche is now 26.09 percent as compared with 24.46
percent for a corporate bond. If the investors are aware of the diﬀerent default
rates implied by the same rating for corporate bonds and CDO tranches, then
we should expect the tranches to sell at higher yields for this reason alone.
Moody’s ratings for both corporate and structured bonds are based on the
cumulative ‘Idealized Loss Rates’ which are shown in Table 4.3. According to
Moody’s, ‘the idealized loss rate tables were derived based on a rough approximation of the historical experience as observed and understood as of 1989. In
addition we assumed extra conservative (low) loss rates at the highest rating levels...we use the idealized loss rates to model the ratings.’24 Although it would
seem more reasonable to base credit ratings on expected default losses rather
than simply on default probability, Cuchra (2005, p 16) reports that in European
markets for structured ﬁnance ‘S&P ratings explain the largest share of the total
variation in (new issue) spreads, followed by Moody’s and Fitch.’
22

For Standard and Poor’s at least, the rating assigned to a particular tranche does not

depend upon the size of the tranche, but only on the total face value of the tranche and
tranches that are senior to it: “Tranche thickness” generally does not aﬀect our ratings, nor
their volatility, since our ratings are concerned with whether or not a security defaults, not how
much loss it incurs in the event of default.’ Standard and Poor’s (2007).
23
See Standard & Poor’s (2005).
24
Private communication from Moody’s.
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4.4

Theoretical Framework for Rating Based
Pricing and Tranching

Among the primary roles of the investment banker are the marketing of new issues
of securities and the provision of advice on the appropriate mix of securities to
ﬁnance a given bundle of assets. The mix of securities sold may be important
for valuation on account of control, incentive, tax, liquidity, information, and
bankruptcy cost considerations, and advice on these issues provides a legitimate
role for the investment banker. In our model the marketing gains from the choice
of the ﬁnancing mix arise from the diﬃculty in evaluating the diﬀerent cash ﬂow
claims in the capital structure of a bond issuer. This forces many investors to rely
on credit ratings as the sole basis of their evaluation and, as mentioned above,
these ratings do not reﬂect the systematic risk characteristics of the securities
being rated.25 Thus our fundamental assumption is that investment bankers are
able to sell new issues of structured bonds at yields to maturity that are the
same as the yields on equivalently rated bonds issued by a reference ﬁrm.26 The
main diﬀerence between these two types of security is that the reference bond is
assumed to be secured by the assets of a single ﬁrm and represents a senior claim
with respect to equity, whereas the structured bond is either a subordinated bond
within a tranched debt structure of a single ﬁrm or a tranche in the liabilities of
a Special Purpose Vehicle that is holding the collateral.
Throughout this section we shall use an asterisk to denote variables that correspond to the rating agency’s reference bond or its issuer, and use the same
variables without the asterisk to denote the corresponding variable for the struc25

Cuchra (2005) shows that ‘the relation between price and credit rating for each tranche is

very close indeed and consistent across all types of securitizations ... this relationship seems
considerably stronger than in the case of corporate bonds.’ He also remarks that ‘the tranchespeciﬁc, composite credit rating ... is the primary determinant of (launch) spreads.’
26
This assumption also seems to be consistent with the expectations of the rating agencies.
For example, ‘Do ratings have the same meaning across sectors and asset classes? The simple
answer is “yes”. Across corporates, sovereigns and structured ﬁnance, we seek to ensure to the
greatest extent possible that the default risk commensurate with any rating category is broadly
similar.’ Standard and Poor’s (2007). Similarly, the ‘idealized loss rates’ to which Moody’s
structured product ratings are calibrated are taken from corporate bond experience.
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tured bond or its issuer. Thus, let Wk∗ and Wk denote the values of pure discount
debt securities with face values Bk∗ and Bk , rating k, and maturity τ 27 when issued by the reference ﬁrm with asset value, V ∗ , and an arbitrary corporate bond
issuer or an SPV holding collateral with asset value V .
∗

Let yk∗ denote the yield to maturity, and φ∗k ≡ Wk∗ /Bk∗ ≡ e−yk τ the ratio of the
market value of a k rated pure discount corporate bond to its face value when
issued by the reference ﬁrm. Let Sk denote the sales price of a pure discount
structured debt security with face value Bk and rating k issued by an arbitrary
bond issuer or an SPV. Our assumption is that the sales price, Sk , at which a
new debt security can be sold, bears the same relation to its face value as does
the value of an equivalently rated debt security with the same maturity issued
by the reference ﬁrm:
Pricing Assumption:
∗

Sk = φ∗k Bk = e−yk τ Bk .

The Pricing Assumption essentially states that for a given maturity yields
depend only on ratings.
Let P ∗ denote the physical probability distribution of the asset value of the
reference ﬁrm at the maturity of the bond, and let P denote the corresponding
probability distribution for the corporate bond issuer or of the collateral held by
the SPV. The price of any contingent claim written on the value of the reference
ﬁrm, V ∗ , or on the value of the structured bond collateral, V , can be expressed as
the discounted value of the contingent claim payoﬀ under the equivalent martingale measures Q∗ and Q. The link between the physical and risk neutral measures
is given by the conditional pricing kernels for contingent claims on the underlying assets, m∗ (v) and m(v), with fQ∗ (v) = m∗ (v)fP ∗ (v) and fQ (v) = m(v)fP (v),
where f (v) is the density function of the terminal underlying asset value v under
the corresponding measure.
We consider two diﬀerent rating systems:

27

For simplicity we will drop the maturity subscript τ in the following.
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(i) Default Probability Based Rating
The bond rating, k, is a monotone decreasing function of the probability of
default, Π: RP (Π), RP (Π) < 0.
(ii) Expected Default Loss Based Rating
The bond rating, k, is a monotone decreasing function of the expected
default loss, Λ: RL (Λ), RL (Λ) < 0.
We assume for simplicity that all defaults take place at maturity, and denote
the default loss rate for a bond with rating k and maturity τ by Λk , and denote
the probability of default by Πk . The probabilities of default and the expected
default loss rates are determined by the physical probability distributions, P and
P ∗ , while the market values of the instruments are determined by the face value
and the risk neutral probability distributions, Q and Q∗ , as illustrated below:
Agency Rated Reference Bond:
Λk , Πk

P∗

k
←−

Bk∗

Q∗

∗

k
−→

Wk∗ ≡ φ∗k Bk∗ ≡ e−yk τ Bk∗

Q

Wk ≡ φk Bk ≡ e−yk τ Bk

Agency Rated Structured Bond:
Λk , Πk

P

k
←−

Bk

k
−→

Thus the fair market value of the structured bond is:
Wk = φk Bk = e−yk τ Bk
which usually diﬀers from the ratings based sales price as deﬁned above. In
eﬀect, we assume that the investment banker is able to sell the security at a price
that reﬂects the risk neutral probability distribution, Q∗k , that is appropriate for a
typical corporate issuer of a bond with the same probability of default or expected
loss.
First we consider the gains from rating based pricing and tranching within a
general model of valuation. In our subsequent analysis, we present two parametric
models to quantify the marketing gains that the issuer can reap under ratings
based pricing.
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4.4.1

Issuing a Single Bond

As a starting point, we characterize the marketing gain from ratings-based pricing
when issuing a single bond against a given portfolio of assets. When ratings
are based on default probability, the face value of the bond with rating k and
default probability Πk issued by the reference ﬁrm, Bk∗ , and the face value of the
single debt issue with the same rating and default probability when issued by an
arbitrary ﬁrm or SPV, Bk , are deﬁned by
 Bk∗

∗
fP ∗ (v)dv = FP ∗ (Bk ) = Πk = FP (Bk ) =
0

Bk

fP (v)dv

(4.1)

0

where FP ∗ (FP ) denotes the cdf with respect to the physical probability measure
P ∗ (P ) and fP ∗ (fP ) are the corresponding density functions.
When ratings are based on expected default loss, the face values are deﬁned
by
Λk =


with
∗

Bk∗

L =

(Bk∗

L∗
L
=
∗
Bk
Bk

(4.2)


− v)fP ∗ (v)dv,

L=

0

Bk

(Bk − v)fP (v)dv

0

The marketing gain, Ω, from issuing the security is equal to the diﬀerence
between the sales price, Sk , and the market value Wk :
Ω = Sk − Wk = [φ∗k − φk ] Bk

(4.3)

Setting the interest rate equal to zero for simplicity, the value of the new
security is given by:




Bk

Wk =

∞

vfQ (v)dv + Bk
0

fQ (v)dv ≡ φk Bk

(4.4)

Bk

Similarly, φ∗k is deﬁned implicitly by the valuation of the reference corporate
liability:
Wk∗


=

Bk∗

vfQ∗ (v)dv +

Bk∗



0
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Combining (4.4) and (4.5) with (4.3), the marketing gain may be written as:


 B∗
 ∞
k
1
Ω = Bk
vfQ∗ (v)dv +
fQ∗ (v)dv
Bk∗ 0
Bk∗


 ∞
 Bk
1
− Bk
vfQ (v)dv +
fQ (v)dv
(4.6)
Bk 0
Bk
where Bk∗ and Bk are given by equation (4.1) under a default probability rating
system, and by equation (4.2) under a default probability rating system. Suﬃcient conditions for the marketing gain to be positive or negative are given in the
following lemmas:
Lemma 1 Default Probability Rating System
(a) The marketing gain, Ω, will be positive if P ﬁrst order stochastically dominates P ∗ (P >F SD P ∗ ) and Q∗ weakly dominates Q by Second Order
Stochastic Dominance (Q∗ ≥SSD Q). Conversely, the marketing gain will
be negative if P ∗ >F SD P and Q ≥SSD Q∗ .
(b) Moreover if two issuers have the same risk-neutral distribution Q and their
physical distributions, P1 and P2 , are such that P2 >F SD P1 ≥F SD P ∗, and
Q∗ ≥SSD Q, then the marketing gain from issuing a structured bond with a
given rating k will be greater for the second issuer (SP V2) than for the ﬁrst
issuer (SP V1).
Proof: See Appendix
Lemma 2 Expected Default Loss Rating System
(a) The marketing gain, Ω, will be positive if P second order stochastically
dominates P ∗ (P >SSD P ∗) and Q∗ weakly dominates Q by Second Order
Stochastic Dominance (Q∗ ≥SSD Q). Conversely, the marketing gain will
be negative if P ∗ >SSD P and Q ≥SSD Q∗ .
(b) Moreover if two issuers have the same risk-neutral distribution Q and their
physical distributions, P1 and P2 , are such that P2 >SSD P1 ≥SSD P ∗ and
Q∗ ≥SSD Q, then the marketing gain from issuing a structured bond with a
given rating k will be greater for the second issuer (SP V2) than for the ﬁrst
issuer (SP V1).
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Proof: See Appendix
As a direct application of part (a) of Lemmas 1 and 2, consider the situation in
which returns are normally distributed, the CAPM holds, and V and V ∗ have
the same total risk. The risk neutral measures will then be identical: Q ≡ Q∗ . P
will ﬁrst and second order stochastically dominate P ∗ whenever the assets of the
bond issuer have a beta coeﬃcient higher than that of the reference ﬁrm, because
this will imply a higher mean return for the bond issuer. Part (b) of the lemmas
implies that, for a given total risk and bond rating, the marketing gain will be
monotonically increasing in the beta of the issuer’s collateral.

4.4.2

Issuing Multiple Tranches

Lemmas 1 and 2 characterize conditions under which the marketing gain from a
single debt issue is positive under our pricing assumption. However, some corporations issue several subordinated debt tranches, and most asset securitizations
involve multiple tranches.28 In this section we consider when the marketing gain
can be increased by issuing additional tranches. To analyze the gains from introducing multiple tranched securities, consider the gain from replacing a single
debt issue with face value Bk and rating k with two tranches. Denote the face
value of the senior tranche by B1,k1 and its rating by k1 , and denote the face value
of the junior tranche by B2,k2 ≡ Bk − B1,k1 and its rating by k2 .29
Under a default probability rating system, the default probability of the single
tranche, Πk , is equal to the default probability of the junior tranche of the dual
tranche structure, since in both cases the SPV defaults when its terminal value,
V , is less than Bk = B1,k1 + B2,k2 . Hence, under rating based pricing the junior
tranche sells at the same (corporate bond) yield as the single tranche: φ∗k2 = φ∗k .
On the other hand, the senior tranche defaults in only a subset of the states
in which the single tranche issue defaults so that it sells at a lower yield and
28

Cuchra and Jenkinson (2005) report that in 2003 the average number of tranches in Euro-

pean securitizations was 3.93 and in US securitizations 5.58.
29
Note that in our notation, Bj,kj , j denotes the seniority of the tranche issued and kj denotes
its rating. Note that neither the payoﬀ nor the rating of a given tranche depend on the existence
or characteristics of more junior tranches.
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φ∗k1 > φ∗k : the extra gain from switching from a single-tranche to a two-tranche
structure is (φ∗k1 − φ∗k )B1,k1 . It is straightforward to extend this argument to
additional tranches as stated in the following lemma:
Lemma 3 Default Probability Rating System
Under a default probability rating system it is optimal to subdivide a given tranche
into a junior and a senior tranche with diﬀerent ratings.
The Lemma implies that it is optimal to have as many tranches as there are
diﬀerent rating classes. A similar result holds for the expected default loss rating
system:
Lemma 4 Expected Default Loss Rating System
Under an expected default loss rating system, if a given tranche is proﬁtable, then
it is optimal to subdivide the tranche into a junior and a senior tranche with
diﬀerent ratings, whenever the pricing kernel for the reference issuer, m∗ (v), is
a decreasing function of the underlying asset value.
Proof: See Appendix
Lemmas 3 and 4 are consistent with the ﬁndings of Cuchra and Jenkinson
(2005) that the number of tranches in European securitizations has displayed a
secular tendency to increase, and that securitizations characterized by greater
information asymmetry tend to have more tranches with diﬀerent ratings.

4.5

Parametric Model of Ratings Yields

In order to quantify the gains from tranching and securitization when bond issues
are made at yields that reﬂect only their ratings it is necessary to have a model
of yields as a function of ratings. We assume that bond ratings are based on the
risk characteristics of a reference ﬁrm, the value of whose assets (V ∗ ) follows a
geometric Brownian motion:
dV ∗ = μ∗ V ∗ dt + σ ∗ V ∗ dz ∗
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where μ∗ = rf +β ∗ (rm −rf ), rf denotes the risk-free rate, (rm −rf ) the excess market return, and β ∗ the CAPM beta coeﬃcient.30 The total risk σ ∗ can be decom
posed into a systematic and a residual risk component: σ ∗ = (β ∗ σm )2 + σε∗2 ,
where σm denotes the market volatility and σε∗ denotes the residual risk.
When ratings are based on default probabilities, the face value of the reference
bond with rating k, Bk∗ , depends on its default probability Πk , i.e. the probability
that the assets of the reference ﬁrm are less than Bk∗ at maturity:31


ln(V ∗ /Bk∗ ) + (μ∗ − 0.5σ ∗2 )τ
√
Πk = N −
σ∗ τ

(4.8)

where N denotes the cumulative standard normal distribution. Inverting equation (4.8), the face value of the reference bond per unit of total asset value Bk∗ /Vk∗ ,
may be expressed as a function of Πk :
Bk∗
1
√
≡
V∗
exp{−N −1 [Πk ]σ ∗ τ − (μ∗ − 0.5σ ∗2 )τ }

(4.9)

When ratings are based on expected default losses, the face value of a reference
bond with rating k, Bk∗ , depends on its loss rate Λk :
L∗k
=
Λk

Bk∗

(4.10)

where the expected default loss, L∗k , is given by
∗

∗

∗

L∗k = Bk∗ N (−dP2 ) − V ∗ eμ τ N (−dP1 )

(4.11)

with
dP1

∗

dP2

∗

ln(V ∗ /Bk∗ ) + (μ∗ + 0.5σ ∗2 )τ
√
σ∗ τ
√
ln(V ∗ /Bk∗ ) + (μ∗ − 0.5σ ∗2 )τ
∗
√
.
= dP1 − σ ∗ τ =
σ∗ τ
=

(4.12)
(4.13)

The market value of the rating k reference bond, Wk∗ , is given by the Merton
(1974) formula:
∗

∗

Q
∗
Wk∗ = Bk∗ e−rf τ N (dQ
2 ) + V N (−d1 )
30

(4.14)

While our analysis is based on the CAPM it is straightforward to recast it in terms of a

more general pricing kernel formulation.
31
For convenience we again drop the maturity subscript τ , although both Πk and Bk∗ depend
on the time to maturity.
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∗

∗

Q
where dQ
1 and d2 are deﬁned as in equations (4.12) and (4.13) substituting rf

for μ∗ .
Given the market value and the face value of the reference bond, we get the
bond yield for rating class k as
Wk∗
∗
= φ∗k = e−yk τ
∗
Bk

(4.15)

Given the probability of default or expected loss corresponding to a particular
bond rating, diﬀerent values of μ∗ (β ∗ ) and σ ∗ for the reference ﬁrm will imply
diﬀerent values of Wk∗ and Bk∗ , and hence of φ∗k and yk∗. Therefore in what follows
we will also explore the implications of the risk characteristics of the reference
ﬁrm for the marketing gains from securitization and tranching.

4.6

Marketing Gains from Rating Based Pricing
of Corporate Debt

In this section we quantify the potential gains from ratings-based pricing when
the asset value of the issuer (V ) also follows a geometric Brownian motion with
parameters (μ, σ), where μ = rf + β(rm − rf ).32 This assumption allows us to
obtain quasi-analytic solutions and also to quantify the marketing gains resulting
from diﬀerences in the risk characteristics of issuer and reference ﬁrm and from
tranching. In this case it is natural to think of the issuer as another ﬁrm whose
asset risk and capital structure diﬀer from those of the reference ﬁrm. In the following section we will consider the gains from securitizing a portfolio of corporate
bonds and tranching the securities sold against the corporate bond collateral: in
that case the distributions of returns on the collateral portfolio and the reference
ﬁrm do not belong to the same family, precluding a direct analysis of the eﬀects
of diﬀerences in the risk characteristics of the issuing ﬁrm and the reference ﬁrm.
32

In contrast to the previous section, the parameter values here do not have an asterisk

which is only used for the reference bond.
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4.6.1

Single Debt Issue

Consider ﬁrst the case in which a single debt security with credit rating, k, is
issued. When ratings are based on default probabilities [expected default losses],
the face value of the bond, Bk , is derived by substituting (V, μ, σ) for the
corresponding variables in equation (4.9) [(4.11)] as given in the previous section.
Under the ratings-based Pricing Assumption, the bond is sold at the yield
determined by its rating. Hence, the sales price is based on the bond yield
as derived in (4.15): Sk = φ∗k Bk , and the marketing gain is Ω = Sk − Wk .
The marketing gain will depend on the relation between (μ, σ) and (μ∗ , σ ∗ ) as
discussed in Lemmas 1 and 2. If the parameters of the reference ﬁrm and the
corporate issuer are the same, i.e. μ = μ∗ and σ = σ ∗ , then the marketing gain
will be zero.

4.6.2

Multiple Debt Tranches

In considering subordinated issues it is convenient to deﬁne Bki , the cumulative
face value, as the sum of the face values of all tranches senior to the tranche
with rating ki , including the ki rated tranche itself, so that Bi,ki , the face value
of tranche i with rating ki is given by Bi,ki = Bki − Bki−1 , where ki−1 denotes
the rating of the immediate senior tranche. The face value of the most senior
tranche, B1,k1 , is equal to Bk1 .
Under a default probability rating system, Bki is derived as before by substituting the appropriate parameters in equation (4.9).
The calculation of the cumulative face value of subordinated debt is less direct
under the expected default loss rating system. In this case the expected loss, Li,ki ,
on the ith tranche with face value Bi,ki , is Li,ki = Lki − Lki−1 with Lki and Lki−1
as deﬁned in (4.11). Hence the expected loss rate on the ith tranche is:
Λki =

Lk − Lki−1
Li,ki
= i
f or i > 1
Bi,ki
Bki − Bki−1

(4.16)

and for the most senior tranche
Λk1 =

Lk1
Lk
= 1
B1,k1
Bk1
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which corresponds to equation (4.10). From Λk1 , . . . , ΛkI the implicit equations
for Bi,ki , (4.16) and (4.17), may be solved recursively starting with the most
senior tranche.
The market value of the ith tranche with face value Bi,ki is equal to the
diﬀerence between market values of adjacent cumulative tranches: Wi,ki = Wki −
Wki−1 with Wki and Wki−1 as determined in the single tranche case.
Using the ratings-based Pricing Assumption, the sales price of the ith tranche,
Si,ki , is given by
−yk∗ τ

Si,ki = φ∗ki Bi,ki = e

i

Bi,ki =

Wk∗i
Bi,ki
Bk∗i

.

(4.18)

where yk∗i is derived from the reference bond as described in section 4.5. Note
∗
that is the reference bond yield is calculated based on a single
that yk∗i = yi,k
i

debt issue and applied to equivalently rated subordinated bond within a tranched
structure. The marketing gain on the ith tranche is Ωi = Si,ki − Wi,ki , and the

total marketing gain is Ω = i Ωi .

4.6.3

Numerical Examples

In this section we present estimates of the gains to ratings-based pricing and
tranching for a corporate issuer as described in sections 4.4.1 and 4.4.2, assuming
a risk-free interest rate of 3.5%, a market risk premium of 7%, and a market
volatility of 14%.33 Panels A of Tables 4.4 and 4.5 report the rating-implied 5 year
corporate bond yields, yk∗i , for each rating class under the assumptions that the
asset beta of the reference corporate issuers is 0.80, and its residual risk, σε , is 25%
p.a. For each rating class the reference corporate issuer is assumed to issue a single
bond with face value, Bk∗i , chosen to yield the appropriate default probability, Πki ,
33

From 1927 to 2007 the US equity market risk premium has averaged about 8.2 percent

and the risk-free rate has averaged about 3.8 percent. (see Kenneth R. French Data Library:
http://mba.tuck.dartmouth.edu/pages/faculty/ken.french/data_library.html. Welch
(2000) reports that the arithmetic long-term equity premium consensus forecast is about 7
percent. The marketing gains are increasing in the assumed value of the market risk premium
so we are adopting a conservative position. The annualized monthly standard deviation of the
Fama-French market factor from January 1946 to March 2008 is 14.5%.)
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Figure 4.2: Comparison of Model rating-implied Yields, Model Tranche
Yields, and Actual Corporate Yields (2004.9-2006.9)
The ’actual’ corporate yields are constructed by adding 3.5% to the CDS yield spreads reported
by Coval et al. (2007) for the time period 2004.9-2006.9. The Moody’s and S&P rating-implied
yields are constructed from the ratings agencies’ default data as applied to a standard reference
ﬁrm as shown in Tables 4.4 and 4.5. Moody’s and S&P tranche yields are taken from the
examples presented in Table 4.7.

or expected default loss, Λki . Table 4.4 relates to a Default Probability (S&P)
rating system, and Table 4.5 to an Expected Default Loss (Moody’s) system.
Figure 4.2 plots ratings-implied yields from the model for the two rating
systems along with ‘actual’ corporate yields which are constructed by adding 3.5%
to the CDS yield spreads reported in Table 1 of Coval et al.(2007).34 Although the
parameters of the reference corporate issuer were chosen somewhat arbitrarily,
the model yields ﬁt the actual yields surprisingly well: for the ﬁrst ﬁve rating
classes the diﬀerence between the actual yield and the average of the Moody’s
and S&P ratings-implied yields is less than 20 basis points and averages only 4
basis points. For the B-rated bonds the average of the two ratings-implied yields
overpredicts the actual yield by 109 basis points.
34

The spreads are the average 5-year bond-implied CDS spreads provided by Lehman Broth-

ers for the period 2004.9-2006.9.
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Panel B of Tables 4.4 and 4.5 shows the valuation and pricing of 5-year maturity tranches under the default probability and the expected default loss rating
systems respectively, when the asset betas of both the arbitrary corporate issuer
and the reference ﬁrm is 0.8 and the residual risk, σε , is 25% p.a., so that the
marketing gains reported are attributable entirely to tranching. For each tranche
the sales price is calculated by multiplying the nominal value of the tranche by
the multiplier, φ∗k , that is calculated for that rating using the reference ﬁrm in
Panel A, while the equilibrium value is determined by the Merton model. Despite the fact that the risk characteristics of the issuer and the reference ﬁrm are
identical, the gain to tranching the debt is 5.45% under the default probability
rating system and 0.47% under the expected default loss rating system. Except
for the AAA-rated tranche, the marketing gain is positive for all tranches and the
proﬁt is greatest for the most subordinated tranche which has the lowest rating.
No proﬁt is assigned to the unrated equity or ﬁrst loss piece which is assumed to
be retained by the issuer.
While the pure gains from tranching reported in Tables 4.4 and 4.5 are positive, they are small. Therefore in Table 4.6 we explore the eﬀect on the marketing
gains of varying the risk characteristics of both issuer and reference ﬁrm in the
presence of tranching. We also explore the eﬀect of changing the number of
tranches. Figures shown in bold correspond to the basic examples presented in
Tables 4.4 and 4.5.
ΩM
B , which is reported in the second to last column of the table, is the (percentage) marketing gain from issuing six debt tranches whose lowest rated tranche
has a B rating. As we vary β and σ for both the issuer of the tranched debt
and the reference ﬁrm from which the ratings yields are calculated, the marketing gain ranges from 2.41% to 11.19% under the default probability system and
from -0.36% to 3.26% under the expected default loss system. The right hand
column, labelled ΩSB in Panel A and ΩSb in Panel B shows the marketing gain
from issuing the same total amount of debt (Total Debt) in a single issue.35 Con35

Under default probability rating the single bond will be rated B. But under expected default

loss rating the rating of the single bond will not correspond to any of the Moody’s classiﬁcations;
we price the single bond by assuming that its yield is the same as that of a bond issued by the
reference ﬁrm with the same expected default loss.
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sistent with Lemma 3, the marketing gain from replacing the single debt security
S
with multiple debt tranches is always positive, i.e. ΩM
• > Ω• , and the gain from
M
issuing six tranches always exceeds that from issuing ﬁve tranches (ΩM
B > ΩBB
M
and ΩM
B > ΩBa ) if tranching is proﬁtable. The gain from multiple tranching is

increasing in the systematic risk of the issuer, β, and decreasing in the residual
risk, σε .
In summary, while there are theoretical marketing gains available under ratingsbased pricing, these appear to be modest for corporate issuers in most scenarios
under expected default loss rating, although they can be much larger under default probability rating, which performs particularly poorly for subordinated debt
issues. In the following section we analyze the magnitude of the marketing gains
available from ratings-based pricing for a securitizer of corporate bonds.

4.7

Marketing Gains from Corporate Bond
Securitization

In the previous section we considered a corporate issuer of tranched debt. In this
section we analyze a corporate bond securitization through an SPV. We proceed
by simulating under both the physical and risk neutral distributions, P and Q, the
payoﬀ on a portfolio of J bonds issued by J identical ﬁrms each with underlying
asset value process:
dV = μV dt + σV dz

with V (0) = 100

(4.19)

where μ = rf + β(rm − rf ). The correlation between the returns on any two ﬁrms
2
2
/(β 2σm
+ σε2 ). Details of the simulation procedure are described in
is ρ ≡ β 2 σm

the appendix. In addition to using the Merton Model which assumes that the
payoﬀ on the bond is min[V, B], we also allow for a ﬁxed recovery rate in the
event of default which is triggered when V < B.
Table 4.7 reports the results for six-tranche securitizations of a portfolio of 125
B-rated underlying bonds under the default probability and the expected default
loss rating systems. The risk parameters of the issuers of the underlying bonds,
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(β, σ ), are the same as those for Tables 4.4 and 4.5.36 Note ﬁrst that the equilibrium yields for the tranched SPV debt shown in Table 4.7 are considerably above
the equilibrium yields for the ratings-based yields reported in Tables 4.4 and 4.5,
particularly for the more junior tranches. Under the expected default loss (default
probability) rating system the ratings-implied yield on a Ba (BB) bond is 5.52%
(4.66%) whereas the equilibrium yield on the correspondingly rated tranche is
9.67% (10.57%). Figure 4.2 shows the equilibrium tranche yields under both rating systems for our example along with the model ratings-based yields and the
‘actual’ corporate bond yields. While, as noted above, our calibration matches
the corporate yield spreads quite well, it implies that the yields on equivalently
rated tranches from bond securitizations should be much higher; for the BBB
default probability rated tranche the implied spread between the yield on the
SPV liability and the ratings-implied yield is 6.00-3.77= 2.23%. Yet, as shown in
Figure 4.1, the average spread between BBB CDO tranches and BBB corporate
yields during the period 2005.4 to 2007.3 when Arbitrage CDO issuance was at
its peak was only 3.7 basis points. It is this lack of spread between equivalently
rated SPV and corporate liabilities which gives rise to the arbitrage opportunities
from tranching and securitization.
Comparing the tranche structure of the bond securitization to the debt structure of the single corporate issuer of tranched debt, we see that the senior tranches
of the securitization are much larger as the result of both the seniority of the bond
collateral relative to a pure equity claim and the eﬀects of diversiﬁcation: under
the Moodys (S&P) rating system, the AAA tranche accounts for 67.8% (78.4%)
of the liability value as compared with only 11.5% (15.1%) for the corporate issuer. Figure 4.3 shows to scale the equilibrium market value capital structures
of the SPV for the examples in Table 4.7. Despite the conceptual diﬀerences
between the Moody’s and S&P rating systems, the structures implied by the two
systems are fairly similar and correspond to structures observed in the market.
In contrast to the case of a single ﬁrm issuing tranched debt, there is now a
small positive marketing gain on the AAA-tranches, although the gains on the
higher rated tranches are proportionally much smaller than those of lower rated
36

The valuation of the reference bonds is shown in Tables 4.4 and 4.5. The implied correlations

between the returns on the issuers of the bonds in the portfolio is 0.17.
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Figure 4.3: Equilibrium Market Value Capital Structures of an SPV under
two diﬀerent Rating Systems (Parameter assumptions as in Table 4.7).
Default Probability Sytem
S&P Ratings

Expected Default Loss System
Moody’s Ratings

AAA
Assets

Aaa

78.4

Assets

(100 )

67.8

(100 )

Aa
A
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A
BBB
BB
B
Equity

Baa
Ba
B
Equity

tranches: the gain on the AAA tranche is only 5-8 basis points, while those on the
B rated tranches are 46.3% and 43.9% of the tranche values. This result contrasts
with the suggestion of Coval et al. (2008) who claim that ‘highly rated tranches
should trade at signiﬁcantly higher yield spreads than single name bonds with
identical credit ratings.’ Interestingly, this suggestion is contradicted by their
ﬁnding that ‘triple-A rated tranches trade at comparable yields to triple-A rated
bonds.’ which is consistent with our results in Table 4.7. As derived above in
Tables 4.4 and 4.5, the equilibrium yield on the AAA reference bond is 3.503.51%, while Panel A (B) of Table 4.7 shows that the equilibrium yield on the
AAA tranche is 3.52% (3.51%) under the default probability (expected default loss)
rating system.
There is a signiﬁcant diﬀerence between the marketing gains for the corporate
issuer and for the securitizer under the expected default loss rating system. The
marketing gain is now 3.14% as compared with only 47 basis points for the single corporate issuer.37 Moreover, the gain is proportionately much larger when
37

Under the default probability system the gain actually decreases from 5.45% to 4.63%.
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the virtually riskless and presumably easy to sell AAA tranche is excluded: the
proportionate gain on the non-AAA tranches is 21.1% for the default probability
system and 9.75% for the expected default loss system.
Table 4.8 reports summary statistics on the marketing gains under a variety of
diﬀerent scenarios to assess the sensitivity of our ﬁndings to variation in the risk
characteristics of the reference ﬁrm and of the bond collateral issuers, the rating of
the bond collateral, the number of bonds in the collateral, the number of tranches,
and the market risk premium and volatility. In this table the base examples
analyzed in Table 4.7 are repeated in bold font. We report two measures of the
marketing gain: columns headed ‘A’ report the gain expressed as a proportion of
the total value of the collateral, while the ‘B’ columns report the gain expressed
as a proportion of the total value excluding the value of the AAA tranche. The
marketing gains are most sensitive to the number of tranches and the rating of
the bonds held as collateral. Excluding these two variables, the A measure gains
calculated using the Merton model range from 3.79% to 6.38% for S&P ratings,
and from 2.61% to 4.14% for the Moody’s ratings, while the B measure gains
range from 16.55% to 22.26% under the S&P system, and from 7.12% to 13.95%
under the Moody’s system. The A measure of gains is quite sensitive to the rating
of the underlying bond collateral: under the Moody’s system the A measure gain
drops from 3.14% to 1.95% as the bond rating increases from B to BB; however,
the B measure gain changes only from 9.75% to 9.02%, since the higher quality
collateral permits a much greater proportion of AAA debt to be issued. Both A
and B measure gains are highly sensitive to the number of tranches and to the
rating of the most junior tranche. Under the Moody’s system the A (B) measure
drops from 3.14% (9.75%) to 1.76% (4.21%) as the number of tranches is reduced
from six to two when the junior tranche of the two tranche issue is rated Baa,
but the proﬁt actually increases to 5.37% (16.68%) when the junior tranche has
only a Ba rating.
As a further check on the robustness of our results, the Merton model for
payoﬀs on both the reference bond and the bond held as collateral was replaced
by a model with a ﬁxed recovery rate with default being triggered at maturity by
the condition that V < B. When the recovery rate is set at 40% the results are
very similar to those obtained using the Merton model. Using the Moody’s rating
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system, the A measure gain falls from 3.96% to 2.15%, while the B measure rises
from 8.94% to 10.75% as the assumed recovery rate is increased from 20% to
60%.
Overall, the results in Table 4.8 are consistent with the observations made
in the previous section. Again, the marketing gains are higher under the S&P
default probability rating system than under the Moody’s expected default loss
rating system. As shown in examples (ii) and (iii), the higher the systematic risk,
β, and the smaller the residual risk, σε , of the bond collateral issuers, the higher is
the marketing gain from securitization. Signiﬁcantly, under expected default loss
rating, the A measure of marketing gains from securitizing a portfolio of bonds
and issuing tranched debt under ratings-based pricing is signiﬁcantly larger than
the gains from corporate tranching of debt reported in Table 4.6. The gains from
securitization are further magniﬁed when they are expressed as a proportion of
the value excluding the AAA tranche. Under default probability rating the A
measure of gains is comparable across corporate issues and securitizations, but
the B measure is much greater for securitizations because of the larger amount
of AAA debt that can be supported by the SPV collateral.

4.8

Conclusion

In this paper we have analyzed the gains from issuing tranched debt in a market
in which bonds can be sold to investors at prices and yields that reﬂect only
their credit rating. The rating can depend on default probabilities as in the case
of Standard & Poor’s or on expected default losses as in the case of Moody’s.
For both rating systems, we ﬁnd general conditions under which tranched debt
is overpriced. These conditions relate to the risk characteristics of the collateral
relative to those of the reference ﬁrm from which ratings-based bond yields are
derived.
We ﬁrst quantify the marketing gains available to a corporate debt issuer
under ratings-based pricing using the CAPM and the Merton (1974) structural
debt model to value bonds. We ﬁnd that the potential gains are greater under the
S&P system than under the Moody’s system and in most cases the marketing
gain under the Moody’s system is small, suggesting that this system is fairly
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robust for the purpose of pricing corporate liabilities.
However, the marketing gains are potentially much higher for Special Purpose
Vehicles which hold corporate bonds as collateral. In particular, we show that the
more junior tranches are likely to be signiﬁcantly mispriced under ratings-based
pricing, even when ratings depend on expected default losses. For example, in
the example in Panel B of Table 4.7 the most junior, B-rated, tranche has an
equilibrium yield to maturity of 15.33%, while the ratings-based yield shown in
Panel A of Table 4.5 is only 7.93%. As a result, marketing gains of the order
of 3-4% of the collateral value are easily attainable, and these are magniﬁed to
9-11% if the easy to sell and properly priced AAA tranches are excluded from
the calculation.
Thus, to the extent that investors relied on bond ratings in their evaluation
of CDO tranches, the explosion in the issuance of ‘arbitrage CDO’s’ during 2006
and 2007 can be explained by the mispricing that would be caused by ratingsbased pricing. There is considerable anecdotal evidence of investor reliance on
ratings, and Figure 4.1 shows that spreads on equivalently rated corporate bonds
and CDO tranches were close to zero during this period. As shown in Figure 4.2,
a simple calibration of the bond pricing model produces corporate yield spreads
comparable to those observed in the period 2004.9-2006.9 and implies much higher
equilibrium spreads on junior CDO tranches.
Our analysis implies that CDO liabilities with probabilities of default or expected default losses that are the same as those of corporate liabilities can be
expected to trade at signiﬁcantly diﬀerent yields, and this is particularly true
for the most subordinated tranches. To the extent that investors and regulators
rely on credit ratings as an indicator of risk and therefore of equilibrium yields,
our analysis supports the case for introducing ratings modiﬁers for structured
products as suggested by the SEC.
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Appendix
Proofs
Proof of Lemma 1
(a) If P ≥F SD P ∗ , the ﬁrst order stochastic dominance ranking of the physical
distributions implies that under a default probability rating system Bk ≥ Bk∗ .
Then note that (4.6) can be written as:
Bk
EQ∗ {min[Bk∗ , V ∗ ]} − EQ {min[Bk , V ]}
Bk∗


Bk ∗
∗
= EQ min[Bk , ∗ V ] − EQ {min[Bk , V ]}
Bk
≥ EQ∗ {min[Bk , V ∗ ]} − EQ {min[Bk , V ]}

Ω =

(4.20)

(4.21)

Ω is positive if Q∗ ≥SSD Q.
For the converse argument note that P ∗ ≥F SD P implies Bk < Bk∗ .
(b) Note that if P2 ≥F SD P1 the face value of the k-rated bond issued by the second
issuer, Bk2 , is greater than the face value of bond issued by the ﬁrst issuer, Bk1 .
This implies that Ω2 is greater than Ω1 since expression (4.20) is increasing in
Bk for Ω ≥ 0, i.e. when Q∗ ≥SSD Q.

Proof of Lemma 2
(a) If P ≥SSD P ∗ , the second order stochastic dominance ranking of the physical
distributions implies that under an expected default loss rating system Bk ≥ Bk∗ .
The rest of the proof follows from the proof of Lemma 1.
(b) If P2 ≥SSD P1 the face value of the k-rated bond issued by the second issuer, Bk2 ,
is greater than the face value of bond issued by the ﬁrst issuer, Bk1 . This implies
that Ω2 is greater than Ω1 since expression (4.20) is increasing in Bk for Ω ≥ 0,
i.e. when Q∗ ≥SSD Q.
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Proof of Lemma 4

ΔΩ = φ∗ k1 Bk1 + φ∗ k2 Bk2 − φ∗ k Bk

(4.22)

Now
φ∗k1 ≡

EQ∗ min[Bk∗1 , V ] ∗
EQ∗ min[Bk∗2 , V ] ∗
EQ∗ min[Bk∗ , V ]
,
φ
≡
, φk ≡
k2
∗
∗
Bk1
Bk2
Bk∗

(4.23)

Therefore substituting from equations (4.23) in (4.22) and noting that Bk = B1,k1 +
B2,k2 , we have:
ΔΩ =
−

B2,k
B1,k1
EQ∗ min[Bk∗1 , V ] + ∗ 2 EQ∗ min[Bk∗2 , V ]
Bk∗1
Bk2
B1,k1 + B2,k2
EQ∗ min[Bk∗ , V ]
Bk∗

(4.24)

Now, under an expected default loss rating system, the SPV bonds have the same
expected payoﬀ per unit of face value as do the correspondingly rated corporate bonds,
so that:
• for the untranched issue:
EP ∗ min[Bk∗ , V ]
EP min[Bk , V ]
=
Bk
Bk∗

(4.25)

• for the senior tranche:
EP ∗ min[Bk∗1 , V ]
EP min[B1,k1 , V ]
=
B1,k1
Bk∗1

(4.26)

• for the junior tranche:
EP ∗ min[Bk∗2 , V ]
EP {min[Bk , V ] − min[B1,k1 , V ]}
=
B2,k2
Bk∗2

(4.27)

Then substituting for Bk∗ , Bk∗1 , and Bk∗2 from equations (4.25)-(4.27) in (4.25):

EQ∗ min[Bk∗1 , V ] EQ∗ min[Bk∗2 , V ]
−
EP min[B1,k1 , V ]
ΔΩ =
EP ∗ min[Bk∗1 , V ] EP ∗ min[Bk∗2 , V ]


EQ∗ min[Bk∗2 , V ] EQ∗ min[Bk∗ , V ]
−
EP min[Bk , V ]
+
EP ∗ min[Bk∗2 , V ] EP ∗ min[Bk∗ , V ]
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Deﬁne the bond payoﬀs, π1∗ (v) = min[Bk∗1 , v], π2∗ (v) = min[Bk∗2 , v], π ∗ (v) = min[Bk∗ , v],

π1 (v) = min[B1,k1 , v], π2 (v) = min[B2,k2 , v] and recall that EQ∗ [v] = EP ∗ [m∗ (v)v].
Then the incremental proﬁt from the second tranche is


EP ∗ [m∗ π1∗ ] EP ∗ [m∗ π2∗ ]
−
EP [π1 ]
ΔΩ =
EP ∗ [π1∗ ]
EP ∗ [π2∗ ]


EP ∗ [m∗ π2∗ ] EP ∗ [m∗ π ∗ ]
+
−
EP [π1 + π2 ]
EP ∗ [π2∗ ]
EP ∗ [π ∗ ]
= (EP [π1 ] + EP [π2 ])EP ∗ [m∗ (v)w(v)]

(4.29)

where

wx (v) = x

π ∗ (v)
π1∗ (v)
−
EP ∗ [π1∗ (v)] EP ∗ [π ∗ (v)]




+ (1 − x)

π2∗ (v)
π ∗ (v)
−
EP ∗ [π2∗ (v)] EP ∗ [π ∗ (v)]


(4.30)

and x = EP [π1 (v)]/(EP [π1 (v)] + EP [π2 (v)]). A second tranche will be proﬁtable if
there exists an x such that EP ∗ [m∗ (v)wx (v)] > 0. wx (v) is a piecewise linear function
with slopes given by:
 
⎧ 
1
1
1
⎪
x
−
∗
∗
⎪
EP ∗ [π1 ]
EP ∗ [π2 ] + EP ∗ [π2∗ ] −
⎪
⎪
⎪
dwx (v) ⎨ (1 − x) EP ∗1[π∗ ] − EP ∗1[π∗ ]
2
=
1
⎪
dv
⎪
(1
−
x)
⎪
EP ∗ [π2∗ ]
⎪
⎪
⎩
0

1
EP ∗ [π ∗ ]



f or v < Bk∗1

(i)

f or Bk∗1 < v < Bk∗ (ii)
f or Bk∗ < v < Bk∗2

(iii)

f or v > Bk∗2

(iv)

Note that the face value and therefore the expected payoﬀ of a corporate bond is a
decreasing function of its rating so that:
1
1
1
>
>
∗
∗
EP ∗ [π1 ]
EP ∗ [π ]
EP ∗ [π2∗ ]
Then for 0 ≤ x ≤ 1 the slope dwx /dv is negative in region (ii), positive in region (iii)
and zero in region (iv). Note that EP ∗ [wx (v)] = 0. Consider x = x̂ such that wx̂ (v) = 0
in region (iv). Equation (4.30) implies that
x̂ =

Bk∗ /EP ∗ [π ∗ (v)] − Bk∗2 /EP ∗ [π2∗ (v)]
Bk∗1 /EP ∗ [π1∗ (v)] − Bk∗2 /EP ∗ [π2∗ (v)]

Since EP ∗ [wx (v)] = 0, the slope conditions in regions (ii) and (iii) imply that wx̂ (v) > 0
in region (i), which is suﬃcient for ΔΩ ∝ EP ∗ [m∗ (v)wx (v)] > 0 if m∗ (v) is a decreasing
function.
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Simulating SPV Cash Flows
In the following we sketch our simulation procedure.
1. Determination of Debt Face Value
Given the rating k and maturity τ of a bond issued by ﬁrm j we can determine the
face value, B̂k , of each bond in the SPV portfolio. Under the default probability
rating system B̂k is obtained from equation (4.9) using the historical default
probability given by S&P.
Under the expected default loss rating system we have to solve equations (4.10)
and (4.11) iteratively for B̂k until the expected loss rate, Λk , equal to that given
by the Moody’s rating.38
2. Simulation of SPV Value
For each ﬁrm associated with the bonds in the SPV portfolio we can simulate its
asset value at τ under the physical measure by:
√
√
Vj (τ ) = Vj (0) exp[(μ − 0.5σ 2 )τ + βσm τ z0 + σε τ zj ]
z0 , zj iid N (0, 1)

j = 1, . . . , J

(4.31)

Analogously the risk-neutral value, VjQ (τ ), is given by the same formula with μ
replaced by rf . For each simulation run n, Vj (τ ) is produced for all J ﬁrms, and
the cash ﬂow from bond j can then be determined as
CFj,n (τ ) = min[Vj,n (τ ), B̂k ]

(4.32)

The bond defaults if Vj,n (τ ) < B̂k .39
The total portfolio cash ﬂow under the physical measure is then given by
CFSP V,n(τ ) =

J


CFj,n (τ )

(4.33)

j=1

and, analogously, under the risk-neutral measure
Q
CFSP
V,n (τ )

=

J


Q
min[Vj,n
(τ ), B̂k ]

(4.34)

j=1
38

In case of using a ﬁxed recovery rate of R, meaning that the bond pays oﬀ R · B̂k in any

default state, equation (4.11) reduces to L̂ = B̂k (1 − R)N (−dP̂
2 ).
39
In case of using a ﬁxed recovery rate, equation (4.32) is replaced by
CFj,n (τ ) = B̂k for Vj,n (τ ) ≥ B̂k and CFj,n (τ ) = R · B̂k for Vj,n (τ ) < B̂k

158

Tranching and Rating

Performing N simulation runs, we get the distribution of the portfolio value in τ
under both measures. The market value of the portfolio at t = 0 is then derived
as:
WSP V = e−rf τ

N
1 
Q
CFSP
V,n (τ )
N n=1

(4.35)

3. Tranche Valuation
We assume that the SPV issues I tranches with ratings ki (i = 1, . . . , I) against
the portfolio of bonds. Under the default probability rating system, the aggregate
face value Bki for the SPV portfolio is determined by taking the Πki - quantile of
the physical distribution of the SPV value obtained from step 2. Again, Bki has
to be solved iteratively under the expected default loss rating system.
Given Bki , the total market value of the aggregate bond written on the SPV is
then derived under the risk-neutral measure by
Wki = e−rf T

N
1 
Q
min[CFSP
V,n , Bki ]
N

(4.36)

n=1

The face and market values of each tranche are then calculated as the ﬁrst differences of the aggregate values:
Bi,ki = Bki − Bki−1 ,

(4.37)

Wi,ki = Wki − Wki−1 ,

(4.38)

with the ﬁrst tranche, B1,k1 = Bk1 and W1,k1 = Wk1 . The market value of the
equity piece can then be derived as
Wequity = WSP V −

I


Wi,ki

(4.39)

i=1

4. Sales Price and Proﬁt
First the yield on the reference bonds with ratings ki is determined. Given the
risk characteristics (β ∗ , σ ∗ ) of the reference ﬁrm on which ratings are based, we
can again determine the face value, Bk∗i , of the reference bond and the corre-

sponding market value, Wk∗i according to Merton’s formula as given by equation
(4.14).40 Then the yield is deﬁned as
yk∗i =
40

Bk∗
1
ln ∗i
T
Wk i

(4.40)

Using the assumption of a ﬁxed recovery rate R for the reference bond the value of this
∗

∗

∗ −rf τ
N (−dQ
bond is given by Wk∗i = Bk∗ e−rf τ N (dQ
2 ) + R · Bk e
2 )
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According to our pricing assumption, the sales price of tranche i is given by
−yk∗ T

Si,ki = e

i

Bi,ki

(4.41)

such that the proﬁt on tranche i is derived as
Ωi = Si,ki − Wi,ki
The total proﬁt is given by Ω =



Ωi which equals a percentage proﬁt of

on the portfolio’a market value.
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Tables
Table 4.1: Cumulative Default Frequencies for Corporate Issues
AAA
AA
A
BBB
BB
B

1
0.00
0.01
0.02
0.29
2.30
5.30

2
0.01
0.04
0.08
0.68
4.51
10.83

3
0.02
0.09
0.17
1.16
6.60
15.94

4
0.03
0.14
0.30
1.71
8.57
20.48

5
0.06
0.22
0.46
2.32
10.42
24.46

6
0.10
0.31
0.66
2.98
12.18
27.95

7
0.14
0.42
0.89
3.67
13.83
31.00

The table reports historical cumulative default frequencies (in percent) for the period 1981 to
2003 for 9,740 companies of which 1,386 defaulted. Source: Standard & Poor’s (2005).

Table 4.2: Cumulative Default Frequencies for CDO Tranches
AAA
AA
A
BBB
BB
B

1
0.00
0.01
0.03
0.35
2.53
5.82

2
0.01
0.06
0.12
0.83
4.95
11.75

3
0.03
0.14
0.26
1.41
7.23
17.15

4
0.07
0.23
0.46
2.07
9.38
21.92

5
0.12
0.36
0.71
2.81
11.40
26.09

6
0.19
0.51
1.01
3.61
13.31
29.73

7
0.29
0.70
1.37
4.44
15.11
32.90

The table reports cumulative default frequencies (in percent) based on “quantitative and qualitative considerations” (Standard & Poor’s 2005, p. 10).

Table 4.3: Cumulative ‘Idealized Loss Rates’ according to Moody’s (2005)
Aaa
Aa
A
Baa
Ba
B

1
0.00
0.00
0.01
0.09
0.86
3.94

2
0.00
0.00
0.04
0.26
1.91
6.42

3
0.00
0.01
0.12
0.46
2.85
8.55

4
0.00
0.03
0.19
0.66
3.74
9.97
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5
0.00
0.04
0.26
0.87
4.63
11.39

6
0.00
0.05
0.32
1.08
5.37
12.46

7
0.00
0.06
0.39
1.33
5.89
13.21
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S&P
Rating
(ki )
AAA
AA
A
BBB
BB
B
Equity

Probability
of Default
Π ki
0.061%
0.219%
0.459%
2.323%
10.424%
24.460%

Face
Value
Bk∗
i
18.02
22.81
26.49
38.59
60.47
85.54

Equilibrium
Value
Wk∗
i
15.12
19.12
22.17
31.96
47.90
62.41

Rating-based
Bond Yield
yk∗
i
3.51%
3.53%
3.56%
3.77%
4.66%
6.31%
0.839
0.838
0.837
0.828
0.792
0.730

i

i

φ∗k ≡
Wk∗ /Bk∗

Probability
of Default
Λk i
0.061%
0.219%
0.459%
2.323%
10.424%
24.460%
0.839
0.838
0.837
0.828
0.792
0.730

φ∗k
Face Value
Tranche
Bi,ki
18.02
4.79
3.68
12.10
21.88
25.97

Equil. Value
Tranche
Wi,ki
15.12
4.00
3.05
9.79
15.94
14.51
37.59
100.00

Equilibrium
Yield to
Maturity
3.51%
3.60%
3.74%
4.24%
6.34%
10.93%

Sales
Price
Si,ki = φ∗k Bi,ki
15.12
4.01
3.08
10.02
17.33
18.29
37.59
105.45

Si,ki − Wi,ki
0.00
0.01
0.03
0.23
1.39
3.78
0.00
5.45

Gain

Panel B: Valuation and Pricing of Tranched Debt issued by a single corporate entity

S&P
Rating
(ki )
AAA
AA
A
BBB
BB
B

In Panel A ratings based yields are calculated by setting the face value of the bond issued by the reference ﬁrm, Bk∗ to yield the default probability, Πki appropriate
i
for its rating class. The bond is valued using the Merton model and its yield, yk∗ , is the rating-based yield.
i
In Panel B, the tranche face values are calibrated to yield the default probability, Πki appropriate for its rating class, and are valued using the Merton model. The Sales
Price of each tranche is calculated by multiplying the face value by the rating appropriate multiplier, φ∗k , calculated in Panel A.
Parameter assumptions: V ∗ (0) = V (0) = 100, τ = 5, rf = 3.5%, rm − rf = 7%, σm = 0.14, (β ∗ ; σε∗ ) = (β; σε ) = (0.8; 0.25).

(i)
1
2
3
4
5
6
Total:

T ranche

(i)
1
2
3
4
5
6

Rating

Panel A: Ratings Based Yields

Table 4.4: Corporate Bond Valuation and Pricing under the Default Probability Rating System (S&P)
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Moody’s
Rating
(ki )
Aaa
Aa
A
Baa
Ba
B
Equity

Expected
Loss
Λk i
0.002%
0.037%
0.257%
0.869%
4.626%
11.390%

Face
Value
Bk∗
i
13.72
23.24
34.17
45.56
74.56
106.15

Equilibrium
Value
Wk∗
i
11.52
19.48
28.44
37.33
56.56
71.42

Rating-based
Bond Yield
yk∗
i
3.50%
3.53%
3.67%
3.98%
5.52%
7.93%
0.839
0.838
0.832
0.820
0.759
0.673

i

i

φ∗k ≡
Wk∗ /Bk∗

Λk i
0.002%
0.037%
0.257%
0.869%
4.626%
11.390%

Exp. Loss

0.839
0.838
0.832
0.820
0.759
0.673

φ∗k
Face Value
Tranche
Bi,ki
13.72
5.09
8.52
5.91 4.83
24.78
8.67

Equilibrium Value
Tranche
Wi,ki
11.52
4.27
7.08
4.05%
18.56
5.63
48.11
100.00

Equilibrium
Yield to
Maturity
3.50%
3.53%
3.69%
4.85
5.78%
8.64%

Sales
Price
Si,ki = φ∗k Bi,ki
11.52
4.27
7.09
0.02
18.80
5.83
48.11
100.47

0.24
0.20
0.00
0.47

Si,ki − Wi,ki
0.00
0.00
0.01

Gain

In Panel A ratings based yields are calculated by setting the face value of the bond issued by the reference ﬁrm, Bk∗ , to yield the expected loss, Λki , appropriate for
i
its rating class. The bond is valued using the Merton model and its yield, yk∗ , is the rating-based yield.
i
In Panel B, the tranche face values are calibrated to yield the expected loss, Λki , appropriate for its rating class, and are valued using the Merton model. The Sales
Price of each tranche is calculated by multiplying the face value by the rating appropriate multiplier, φ∗k , calculated in Panel A.
Parameter assumptions: V ∗ (0) = V (0) = 100, τ = 5, rf = 3.5%, rm − rf = 7%, σm = 0.14, (β ∗ ; σε∗ ) = (β; σε ) = (0.8; 0.25)

(i)
1
2
3
4
5
6
Total:

T ranche

Moody’s
Rating
(ki )
Aaa
Aa
A
Baa
Ba
B

Panel B: Valuation and Pricing of Tranched Debt issued by a single corporate entity

(i)
1
2
3
4
5
6

Rating

Panel A: Ratings Based Yields

Table 4.5: Corporate Bond Valuation and Pricing under the Expected Default Loss Rating System (Moody’s)

Tranching and Rating

Tranching and Rating

Table 4.6: Marketing Gains from Tranching Corporate Debt
Panel A: Under a Default Probability Rating System(S&P)
Issuer
Lemma 1 (a)
x

Five Tranches
Total Debt
ΩM
ΩS
BB
BB
67.1
1.58
-1.24
46.5
0.90
-0.74
30.3
0.54
-0.36

Six Tranches
Total Debt
ΩM
B
78.3
4.56
60.5
3.31
44.2
2.41

ΩS
B
-3.47
-1.94
-0.84

β
0.5

σε
0.15
0.25
0.35

0.8

0.15
0.25
0.35

67.4
47.9
31.7

2.96
1.67
0.96

0.18
0.00
0.03

79.2
62.4
46.1

7.84
5.45
3.79

-0.27
0.00
0.36

1.1

0.15
0.25
0.35



65.8
48.1
32.3

4.34
2.53
1.45

1.71
0.88
0.51

78.4
63.1
47.3

11.19
7.82
5.33

3.23
2.31
1.81

Reference Firm
σε∗
0.25
0.25
0.15
0.35

47.9
47.9
47.9
47.9

1.29
2.00
1.60
1.66

-0.86
0.77
-0.13
-0.05

62.4
62.4
62.4
62.4

4.43
6.39
5.44
5.30

-2.20
2.07
0.22
-0.48

β∗
1.1
0.5
0.8
0.8

Panel B: Under an Expected Default Loss Rating System (Moody’s)
β
0.5

σε
0.15
0.25
0.35

Issuer
Lemma 2 (a)
x
x

Five Tranches
Total Debt
ΩM
ΩS
Ba
ba
66.5
0.32
-0.08
45.0
-0.31
-0.57
28.5
-0.43
-0.57

Six Tranches
Total Debt
ΩM
B
69.8
0.46
50.3
-0.41
34.2
-0.68

ΩS
b
-0.12
-0.86
-0.97

0.8

0.15
0.25
0.35



66.5
46.3
29.7

1.44
0.26
-0.15

1.04
0.00
-0.30

70.4
51.9
35.8

1.97
0.47
-0.19

1.35
0.00
-0.50

1.1

0.15
0.25
0.35




65.7
46.2
30.2

2.71
0.91
0.19

2.30
0.65
0.04

68.2
52.3
36.6

3.26
1.48
0.41

2.72
1.00
0.09

46.3
46.3
46.3
46.3

-0.22
0.74
-0.34
0.58

-0.63
0.60
-0.82
0.41

51.9
51.9
51.9
51.9

-0.24
1.18
-0.36
0.93

-0.94
0.93
-1.18
0.62

β∗
1.1
0.5
0.8
0.8

Reference Firm
σε∗
0.25
x
0.25

0.15
0.35


The table shows the marketing gains for a corporation from from creating ﬁve or six subordinated debt tranches
with S&P ratings AAA, AA, A, BBB, BB (and B) in Panel A and Moody’s ratings Aaa, Aa, A, Baa, Ba,
B in Panel B. rf = 3.5%, rm − rf = 7% and σm = 0.14. First, the characteristics of the reference ﬁrm
(β ∗ , σε∗ ) = (0.8, 0.25) are ﬁxed and the systematic and idiosyncratic risk parameters (β, σε ) of the arbitrary
corporate issuer are varied. The last four lines in each Panel show the reverse case, holding (β, σε ) == (0.8, 0.25)
ﬁxed. Lemmas 1(a) and 2(a) provide suﬃcient conditions for a gain () or a loss (x) from a issuing single debt.
M
Total Debt is the sum of the equilibrium market values of the tranches. ΩM
BB (ΩB ) is the marketing gain from
a ﬁve (six) tranche securitization expressed as percent of the underlying collateral value. ΩS
• is the marketing
gain from a single debt issue with the same total amount of debt as the corresponding multi-tranche issue. Note
that under the expected default loss rating system the rating of the single debt issue is no longer Ba (B), and
the corresponding single debt issues are denoted ba and b.
The numbers presented in bold fonts correspond to the basic examples presented in Tables 4.4 and 4.5.
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Moody’s
Rating
(ki )
Aaa
Aa
A
Baa
Ba
B
Equity
Total

S&P
Rating
(ki )
AAA
AA
A
BBB
BB
B
Equity
Total
0.839
0.838
0.837
0.828
0.792
0.730

φ∗k
Face Value
Tranche
Bi,ki
93.46
5.49
2.66
9.12
8.15
5.55

Equilibrium Value
Tranche
Wi,ki
78.37
4.48
2.12
6.76
4.81
2.16
1.31

Equilibrium
Yield to
Maturity
3.52%
4.10%
4.54%
6.00%
10.57%
18.88%

Λk i
0.002%
0.037%
0.257%
0.869%
4.626%
11.390%

Exp. Loss

0.839
0.836
0.834
0.818
0.759
0.672

φ∗k
Face Value
Tranche
Bi,ki
80.82
9.49
5.86
7.66
14.09
1.75

Equilibrium Value
Tranche
Wi,ki
67.81
7.84
4.70
5.81
8.69
0.82
4.34
100.00

Equilibrium
Yield to
Maturity
3.51%
3.82%
4.40%
5.54%
9.67%
15.33%

Panel B: Expected Default Loss Rating System (Moody’s)

Probability
of Default
Λk i
0.061 %
0.219 %
0.459 %
2.323 %
10.424 %
24.46 %

Sales
Price
Si,ki = φ∗k Bi,ki
67.85
7.94
4.88
6.27
10.69
1.18
4.34
103.14

Sales
Price
Si,ki = φ∗k Bi,ki
78.42
4.61
2.23
7.56
6.46
4.05
1.31
104.63

3.14

Si,ki − Wi,ki
0.04
0.10
0.18
0.46
2.00
0.36

Gain

4.63

Si,ki − Wi,ki
0.06
0.13
0.11
0.80
1.65
1.89

Gain

In Panel A tranche face values, Bi,ki , are set to yield the default probability, Πki appropriate for its rating class. The tranche is valued using the Merton model and
its sale price is determined using the rating-based multiplier, φ∗k from Table 4.4.
In Panel B, the tranche face values, Bi,ki , are set to yield the expected loss, Λki appropriate for its rating class, and are valued using the Merton model. The Sales
Price of each tranche is calculated by multiplying the face value by the rating appropriate multiplier, φ∗k , from Table 4.5.
Parameter Assumptions: Collateral: 125 issues of B rated bonds; for issuers (β; σε ) = (0.8; 0.25), τ = 5. The implied correlation between issuer returns is 0.17. The
asset risk of the ﬁrm underlying the ratings is (β ∗ ; σε∗ ) = (0.8; 0.25) with rf = 3.5%, rm − rf = 7%;σm = 14%.

1
2
3
4
5
6
-

T ranche

1
2
3
4
5
6
-

T ranche

Panel A: Default Probability Rating System (S&P)

Table 4.7: Pricing the Liabilities of a 5-year maturity SPV holding Corporate Bond Collateral

Tranching and Rating

Tranching and Rating

Table 4.8: Marketing Gains from Securitization of Corporate Bonds

Merton Model
S&P
Ratings

Fixed Recovery (40%)

Moody’s
Ratings

S&P
Ratings

Moody’s
Ratings

Variation
A
4.63%

B
21.10%

A
3.14%

B
9.75%

A
5.19%

B
18.40%

A
3.09%

B
9.53%

1.0
0.8
0.7

6.38
4.63
3.79

22.20
21.10
21.41

4.14
3.14
2.61

10.10
9.75
9.32

6.58
5.19
4.19

19.46
18.40
16.55

4.05
3.09
2.74

10.66
9.53
9.06

σε

0.30
0.25
0.20

4.07
4.63
5.36

21.40
21.10
21.30

2.61
3.14
3.73

9.32
9.75
10.20

4.01
5.19
6.58

15.62
18.40
19.47

2.58
3.09
4.05

8.94
9.53
10.65

(iv)

No. of
Tranches

2
6
2

0.97
4.63
2.34

16.78
21.10
10.78

1.76
3.14
5.37

4.21
9.75
16.68

0.48
5.19
0.52

1.58
18.40
1.86

1.47
3.09
5.42

5.08
9.53
16.73

(v)

No. of
Bonds

62
125
140

4.52
4.63
4.62

19.36
21.10
19.91

3.12
3.14
3.16

7.48
9.75
8.32

4.75
5.19
5.04

15.63
18.40
17.81

3.03
3.09
3.06

10.47
9.53
8.81

(vi)

rm − rf

8
7
6

5.62
4.63
3.74

27.15
21.10
16.55

4.09
3.14
2.34

13.15
9.75
7.05

6.45
5.19
4.05

24.2
18.40
13.78

4.00
3.09
2.33

12.77
9.53
6.96

(vii)

σm

12
14
16

4.53
4.63
4.72

16.90
21.10
28.95

2.74
3.14
3.60

7.12
9.75
13.95

4.40
5.19
5.82

13.46
18.40
24.25

2.63
3.09
3.77

7.40
9.53
13.23

(viii)

Rating
of Bonds

BB
B

2.40
4.63

19.05
21.10

1.95
3.14

9.02
9.75

3.47
5.19

15.95
18.40

2.13
3.09

10.24
9.53

(ix)

β∗

1.0
0.8
0.6

4.42
4.63
4.83

20.37
21.10
22.26

2.89
3.14
3.39

9.26
9.75
10.86

4.73
5.19
5.66

16.77
18.40
20.21

2.85
3.09
3.37

8.80
9.53
10.40

(x)

σε∗

0.30
0.25
0.20

4.62
4.63
4.63

21.29
21.10
21.34

3.28
3.14
2.94

10.51
9.75
9.52

5.50
5.19
4.73

19.64
18.40
16.88

3.26
3.09
2.84

10.06
9.53
8.77

(xi)

Recovery
Rate

20
40
60

-

-

-

-

5.93
5.19
3.85

14.15
18.53
22.84

3.96
3.09
2.15

8.94
9.54
10.75

(i)

Base Case

(ii)

β

(iii)

The table reports the marketing gains from securitizing a portfolio of corporate bonds when tranches are sold
at ratings-based yields according to S&P and Moody’s ratings. Columns headed ‘A’ report the marketing gain
expressed as a proportion of the total collateral value, while the ‘B’ columns report the gain expressed as a
proportion of the total value excluding the value of the AAA tranche. The characteristics of the reference ﬁrm
are set to (β ∗ , σε∗ ) = (0.8, 0.25); these parameters are varied in examples (ix) and (x). In addition, rf = 3.5 and
rm − rf = 7.0, σm = 14.0.
For the base case, the SPV holds a portfolio of 125 B-rated bonds whose issuers with risk parameters
(β, σε ) = (0.8, 0.25). The SPV is assumed to issue 6 diﬀerently rated tranches corresponding to the ratings
whose characteristics are described in Tables 4.1 and 4.3. In example (iv) the two tranches are ﬁrst assumed to
be rated AAA (Aaa) and BBB (Baa) and second AAA (Aaa) and B (Ba) by S&P (Moody’s). For purpose of
comparison the parameter and marketing gain of the base case are repeated in bold for each parameter perturbation.
The last two columns show the results when assuming a ﬁxed recovery rate of 40% for the underlying bonds.
This assumption is varied in case (xi).
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(Prospectus), Düsseldorf.

174

Erklärung

Ich versichere hiermit, dass ich die vorliegende Arbeit mit dem Thema:
Four Essays on Credit Securitization
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