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than the evolution of the underlying mortality may not be adequate as the index corresponds to one
specific deal.

The present article aims to close this gap in the literature. Aside from providing a concise overview
on the market history, we develop a risk assessment and pricing model which is based on stochastic
modeling of the mortality intensity. Parametrizations of the proposed model based on three different
calibration procedures are derived; we provide the resulting loss profiles as well as prices, and discuss
the consequences of our findings.

The remainder of the text is organized as follows. After explaining the general structure of CATM
bonds based on the so-called Tartan bond! in Subsection 2.1, Section 2.2 provides an overview on the
development of the CATM securitization market thus far. In particular, we present the characteristics
of all deals until the end of 2006. In Subsection 3.1, we describe general modeling approaches focusing
on those used in practice. After a short overview on continuous stochastic mortality models in general,
we introduce our specification in 3.2 based on the so-called intensity based approach for credit risk
modeling by Lando (1998). Three calibration procedures for this model are presented in Section 4:
First, best estimate parametrizations based on historical data and viewpoints from the demographic
literature are derived; the other two risk-adjusted parametrizations are extracted from market prices
of term life insurance policies and past catastrophe mortality securitizations, respectively. Section 5
presents our results; we provide prices in terms of excess spread levels, loss probabilities, as well as
expected losses corresponding to the parametrizations derived in Section 4 and compare our results to
loss profiles provided by the issuers and market prices. Moreover, similarities to credit risky securities
are pointed out. After a discussion of our findings, Section 6 concludes and provides an outlook on
future research.

2 Market Overview

Securitization transactions are usually highly complex and involve several parties such as lawyers,
rating agencies, trustees, etc. Providing a general overview on securitization transactions is far beyond
the scope of this article (see e.g. Deacon (2006) or Jeffrey (2006) for an introduction to securitization
and Asset Backed Securities (ABS) in general, or Cowley and Cummins (2005) for life insurance
securitization). The basic idea is to isolate and pool cash flows that are linked to certain assets or
liabilities, repackage them into cash flows which support certain related securities, and issue these
securities to capital markets.

Within CATM securitizations, insurers and reinsurers transfer catastrophe mortality risk, which
arises from a possible occurrence of, for example, severe pandemics or catastrophic terrorist attacks,
from their liability side to the capital market by means of CATM bonds. Traditionally, these risks
were shared between insurers and reinsurers via reinsurance or retrocession. However, in contrast to
these classical approaches, securitization avoids credit risk (see also Niehaus (2002)). Moreover, a
traditional risk transfer may be more expensive as possible transaction partners usually already have
this type of risk in their books, and thus their appetite for it is limited. Also, retrocession would
require the disclosure of the own business to possible competitors.

Thus far, there have been five public transactions. While they differed in their coverage area, credit
ratings, or spread levels, the basic structure is the same: A certain underlying mortality index based
on the mortality experience in the coverage area is defined; if this index exceeds certain pre-specified
levels, the bond is triggered, i.e. the investors start to loose their principal. As it is cumbersome
to present the characteristics of all available CATM bonds at the same time, in Subsection 2.1, we
detail out the structure of one representative example, namely the third of all five transactions: the
Tartan transaction arranged by Goldman Sachs for the reinsurer Scottish Re (cp. Linfoot (2007)). In
Subsection 2.2, we then compare this deal to the other transactions so far.

2.1 Structure of a CATM bond based on the Tartan transaction

In Figure 1, the structure of the Tartan transaction is illustrated. SALIC?, a member of the Scottish

L Tartan Capital Ltd. Series 1 arranged by Goldman Sachs for the reinsurer Scottish Re Group Ltd. (Scottish Re),
issued in May 2006.
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Figure 1: Tartan deal structure (Source: Linfoot (2007))

Re Group Ltd., entered into a counter-party agreement with the special purpose vehicle Tartan Capital
Ltd. (Tartan). Under this agreement Tartan is obligated to make payments to SALIC in case a certain
index is triggered. In return, SALIC agreed to pay Tartan a certain fixed amount quarterly. In order
to raise funds for the conditional payments to SALIC, Tartan issued and sold bonds to capital market
investors; the proceeds were used to buy eligible securities which act as collateral. As these collateral
assets could decrease in market value, Tartan went into a swap agreement with Goldman Sachs,
who have also structured the deal: In return for the variable investment income from the collateral
account, Goldman Sachs agreed to pay the 3-month LIBOR? minus a fee of 10 basis points (bps).

Tartan issued 2 series of 3-year notes: a $75 million (mn) (Class A) and an $80 mn (Class B)
tranche with different risk exposures. In particular, within the Class A notes, both interest payments
and the investors’ principal are guaranteed by the monoline insurer Financial Guaranty Insurance
Co. (FGIC). Therefore, the only risk that investors in the Class A notes have to face is credit risk.
In return for the guarantee, FGIC received a premium from Tartan. Class B investors, on the other
hand, are actually exposed to catastrophe mortality risk, i.e. they will lose interest and principal in
case of a trigger event.

The bonds and thus the payment to SALIC are triggered if a well defined parametric index
exceeds a certain level. This so-called combined mortality index (CMI) is contingent on the mortality
experience of certain populations, and the objective is to design it such that the actual catastrophe
mortality exposure of the protection buyer (SALIC / Scottish Re) is reflected as well as is possible.
Within the Tartan transaction, this index is solely based on US population mortality. For each
relevant point in time (calendar year) ¢, the mortality rates, i.e. the probabilities to decease within
the following year for certain partitions of the whole population as reported from the Centers for
Disease Control and Prevention (CDC), are weighted to determine a weighted population death rate

Gz

q: = Z Wz,m qu,m,t + wgf qu,ac,tv (1)

all

where Gm z,: and §r.: are the mortality rates for age group z in calendar year ¢ for males and
females, respectively, and wg m / wy, 5 are the weights applied to the corresponding mortality rates.
The weights for the Tartan transaction are displayed in Table 1. Now, the actual index at time ¢,
say ¢, is derived from the underlying weighted population death rates at times ¢ and ¢t — 1 as well

2 Scottish Annuity & Life Insurance Company (Cayman) Ltd.
3 London Interbank Offered Rate.
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Age Groups (x) | Age Weights: Male (wg.,») Age Weights: Female (wy f)
14 0% 0%
5-14 0.1% 0.1%
15-24 0.4% 0.4%
25-34 8.2% 6.1%
3544 26.0% 12.7%
45-54 21.4% 7.8%
55-64 9.8% 2.7%
65-74 2.3% 0.8%
75-84 0.6% 0.4%
84+ 0.1% 0.1%
Total 68.8% 31.2%

Table 1: Gender and age weights for the Tartan transaction (Source: Linfoot (2007))

as the weighted population death rates for the reference years 2004 and 2005, which are determined
according to Equation (1), by the relationship

2 (G + Ge—1)
3 (G2005 + G2004)

1t = (2)
Since the index relies on the experience of two consecutive years and since Tartan issued bonds with a
three year tenor, there are only two dates at which the index is calculated and at which the principal
may be reduced due to a potential catastrophic event: at the end of 2007 for the years 2006 and 2007,
and at the end of 2008 for the years 2007 and 2008. In particular, this implies that investors cannot
lose principal in the first two years. However, the data for the index calculation will usually not be
available until awhile after the respective measurement dates. Therefore, Tartan has the possibility
to extend the tenor of the notes up to a maximum of 30 months, but the securities cannot suffer any
losses due to a possible event within the extension period, and investors will receive ongoing interest
payments.

Furthermore, only if the index exceeds a certain level, the so-called trigger level or attachment
point a, will investors lose principal. If the index exceeds the so-called exhaustion level or detachment
point d, their complete principal will be lost. For index levels between the attachment and detachment
points, the loss percentage of the principal at time ¢ = 2007, 2008, I;, is determined as follows:

ztzrmn{nmx{hhﬁilﬂ},um%},
d—a

where l2gps := 0. Coupons are only paid on the remaining principal. Table 2 provides the trigger and
exhaustion levels as well as the interest on the Tartan notes.

(3)

Class A Notes

Class B Notes

Tranche Size
Term

Trigger Level
Exhaustion Level
Coupon (bps)
Rating*

$75mn
3 years
115%
120%
LIBOR+19
Aaa/AAA

$80mn
3 years
110%
115%
LIBOR+300
Baa3/BBB

Table 2: Program Summary of the notes issued by Tartan (Source: Linfoot (2007))

Interest on the notes is paid quarterly. It is worth mentioning that the spread levels are not fixed
from the beginning of the marketing phase of the notes — they depend on investors’ demand and
market conditions.

4Rating at Issuance from Moody’s Investors Service (Moody’s) and Standard and Poor’s (S&P).



