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. INTRODUCTION




Catastrophe Bonds:
Collateralized securities, with contingent payments upon the occurrence of a
defined catastrophic event.

Structure of a Cat Bond:
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Historical Returns

Annual
Returns (2002-  Volatility

2012)
Swiss Re Cat
Bond Total

7.98% 2.79%
Return Index
(SCATTRR)
Dow Jones
Credit Suisse

6.38% 5.91%
Hedge Fund
Index
S&P 500 Index 1.06% 16.24%
Dow Jones
Corporate Bond 1.19% 6.70%
Index
Private Equity
Total Return -2.26% 30.23%
Index
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Il. PRELIMINARY REVIEW OF
MODELS




e Cat Bond as a
portfolio
consisting of a
variable interest
bond and an
option whose
exercise will
depend on a
catastrophic
event

e Utility function, in
which the
indifference price
is that for an
agent with the
same expected
utility level
between
exercising a
financial
transaction and
not doing so.

Categories of Cat Bond Models according to Galeoti et al (2013):

Bond Pricin Indifference Premium
& Pricing Calculation Model

e the price which is
also referred to as
spread consists of
the expected
value of loss plus
a load for risk
margin and
expenses.
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Conclusions on each Cat Bond Models categories:

e A portfolio replicating a cat bond payment structure is hard to found, leading to )
Incompleteness which causes that a unique price cannot be derived.

e The modeling of the catastrophic event remains a challenge.

e Cash flows of the Cat Bond are considered to depend only on catastrophe risk
variables, which is not necessarily true )

Bond Pricing

~N

e Since the market for Cat Bonds lacks transparency for those privately placed bonds,
and every contract is individually designed, it is almost impossible to verify the use of
i the pricing models by empirical analysis.

Pricing )

e it focuses on determining the spread paid to investors, which is ultimately the )
variable were risk and return converge.

Premium * has a comprehensive vision, in which assumes that the spread depends not only on
the expected loss but on a risk premium, which is open for the authors to define how

Calculation _
it is measured. )

Model
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Contribution of our research:

Primary Market

Secondary Market

Previous Authors

Focused on Expected Loss

Focused on Probability of
ocurrence of Cat events

Multifactor Spread Model

: 12 Significant Variables.

 Most relevant: Expected Loss

: 5 Significant Variables
I Most Relevant: Time to
' maturity Factor

*High Accuracy
*General application to P&C
and Life

T o S S S S S S S S S S S S e e e e e
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lll. MULTIFACTOR SPREAD MODELS




SPREAD IN THE PRIMARY MARKET

Between 1997 and 2013, 248 new Cat Bonds were issued to the market.—
Database: 194 registers

Cross checked data. Descriptive information.

Coupon: Floating interest rate, based on a Risk Free Rate. Libor taken as proxy.

Expected Loss vs Spread
25% -+

20% - 2

15% -

Spread

10% -

5%

0%

0% 2% 4% 6% 8% 10% 12% 14%
Expected Loss

UNIVERSIDAD

Abierta al mundo




Explanatory Variables:

Internal

External

1)

2)

3)

4)

5)

Expected Loss

Zones covered* (USA, Europe, Mexico, Japan,

and Multizone)

Perils Covered* (Earthquake, Wind, Mortality,
Multi-peril, and Others)

Triggering Type* (Indemnity, Industry Loss
Index, Modeled Loss Index, Parametric Index,
and Hybrid)

Credit Rating * (Investment Grade [rated above

or on BBB-], Non-Investment Grade [rated

below or on BB+] and Not Rated)

6)
7)

8)

BB- Bonds Index
Interest Rate (Libor)

Rate on Line (ROL) Index

*Dummy Variables
Base Category
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Multifactor Spread Model:

Spread; = a + ﬁg,f_ x EL; + 5EUP. + EUR; + )BJP x JP; + ﬁer + Mort;+
Bmp * MP; + Bing * Indi + B * IL; + Bae * ML; + Biay * Invi+
Bry * HY; + BLibor * Libor; + BroL * ROL; + €

Variable Coefficient Std. Error
Constant 0.03555 0.015
Exp. loss 1.23032 0.092
Europe -0.02467 0.005
Japan -0.01277 0.006
Mortality -0.04188 0.010
Multiperil 0.01698 0.004
Indemnity 0.00996 0.005
Industry_Loss 0.01622 0.004
Modeled_Loss 0.01672 0.007
Investment -0.01136 0.006 *
High Yield -0.00003 0.000
Libor -0.00188 0.001 *
ROL 0.00011 0.000

* Significant at a 10% confidence level
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Fitness of the Regression:
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SPREAD IN THE SECONDARY MARKET

* Lane Financial: Average market indication of every bond's spread on a Quarterly basis
» 81 Cat Bonds outstanding (June 2012 - March 2013) —> Data Base: 324 observations

1 Expected Loss vs Indicative Spread
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Methodology:

Ganel Data: \

Multi-dimensional data in which variables are observed for each individual, across several
points in time. A panel has the following form:

Xii=1..,Nt=1,..,T

\Where 1 is the individual dimension and 1 is the time dimension.

J
/Pmnel Data and Cat Bonds \

® Tao (2011), and Cummins and Weiss (2009), proved Cat Bonds as a zero beta security,
by developing a comparative analysis with other financial securities, using panel data.

e Glrtler et al (2012) explores the impact of the financial crisis on Cat bonds, in a
dynamic stage using panel data.

Panel data for assessing the spread of Cat bonds in the secondary market has not been

\ explored yet. j
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Explanatory Variables:

Internal External
1)  Spread at Issue 5) BB- Bonds Index
2)  Expected Loss 6) Interest Rate

3 Credit Rating* (I t t Grad ted :
) redit Rating™ (Investment Grade [rate 7)  Swiss Re Cat Bond Total Return

above or on BBB-], Non-Investment
Index (SCATTRR)
Grade [rated below or on BB+] and Not

Rated).

4) Time to Maturity Factor:

1
(T—1)

*Dummy Variables
Base Category
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Preliminary Assesments:

l )
e Evaluated for: Indicative spread, Time to Maturity
T Factor, BB- Bond Index, Libor and SCATTRR.
y: e Levin, Lin & Chu Unit Root test for panel data. All
p-values<=0.05
\ )
Unobserved
. * Breusch-Pagan test with p-value = 0.000
heterogeneity:
( J

: ® Hausman test with a p-value = 0.9993
Fixed Effects or

Random Effects?:
Random Effects
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Multifactor Spread Model:

Spread; = « + Bspread * Spread; + Per * ELj + BMaturiny ¥ T TMFactor+
Bry * HYj: + BscatTrr * SCATTRR: + C; + Uyt

Indicative Spread Coefficient Standard Error
Constant 0.1679 0.0728
Spread at Issue 0.8669 0.0780
Expected Loss 0.3800 0.1595
Time to Maturity Factor -1.6966 0.5711
High Yield 0.0003 0.0001
SCATTRR -0.0023 0.0007

Source: Stata regressions results
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Fitness of the regression modeled:
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IV. CONCLUSION AND FURTHER
RESEARCH
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Conclusion:

» The Expected Loss is the single most important determinant factor in the spread of a Cat
Bond in the primary market.

» Time to maturity proved to be the most relevant factor in the secondary market.

» Although in the secondary market the Expected Loss remained significant, is no longer the
most relevant factor.

» The sign and magnitude of the High Yield Index is equal both in the primary and secondary
market.

»Our proposed models show to have a high accuracy on replicating the spread of Cat Bonds.

Furthermore, our models have a general application, relevant both for the P&C and Life
market of Cat Bonds.

Areas for further research:
v'To identify additional factors impacting the spread of Cat Bonds in the secondary market.
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