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Abstract

Due to the serious disease event such as the flu in 1918, the mortality
rates in a group of nearby populations or worldwide may show a
co-movement trend. In other word, a large numbers of deaths may occur
at the same time caused by this catastrophic event, whereas we call it
"infectious mortality risk" in this research. Nowadays, the trend of
globalization and the progress of transportations may help the spread of
infectious diseases across countries. Thus, we can't ignore the infectious
risk, especially in pricing mortality-linked securities. This research
attempts to model infectious mortality risk and investigate its effect in
pricing mortality-linked securities. Using the Swiss Re mortality bond as
an example, we derive a closed-form solution using Wang’s transform
(2000) and the corresponding fair spread of the Swiss Re bond is
examined.

Keywords: Infectious Mortality Risk, Mortality Rates, Wang Transform (2000),

Mortality Security, Jumps

1. Introduction

A large number of life insurance and pensions products have mortality as their
primary source of risk. This means that products are exposed to unanticipated changes
over time in the mortality rates of the underlying population. If future mortality
improves relative to current expectations, life insurer liability decreases because death
benefit payments are later than expected. However, annuity writers have a loss relative
to current expectations because they have to pay annuity benefits longer than expected.
If mortality deteriorates, the situation is reversed: life insurers have losses and annuity

writers gain. Therefore, efficient mortality risk modeling for pricing mortality
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securities is an increasingly important concern for insurers.

In the past two decades, a wide range of mortality models have been proposed
and discussed for modeling the dynamics of mortality over time. In 1992, Lee and
Carter pioneered modeling the central mortality rates as log-linearly correlated with a
time-dependent mortality factor, and adjusted for age-specific effects using two sets of
age-dependent coefficients. Further, using USA data from 1933 to 1987 as a sample,
they fit the model quite well. Tuljapurkar et al. (2000), Li et al. (2004), and Lundstrom
and Qvist (2004) used the Lee-Carter (LC) (1992) model to forecast the mortality rates
of G7 countries and Sweden. However, the Lee-Carter (LC) (1992) model cannot
explicitly capture structural changes and short-term catastrophic shocks which may
cause mortality jumps such as earthquakes and the tsunami in southern Asia and the
east African killing of 182340 people in December 2004, or co-movement trends such
as 1918 worldwide flu. Thus, the Lee-Carter approach with jump shocks has been

presented by Cairns et al. (2006), Cox et al. (2006), Dahl and Meller (2006),

Grundl et al. (2006) , Lin and Cox (2008), Kogure and Kurachi (2010), Wills and

Sherris (2010), Yang et al. (2010). Alternatively, Hardy( 2001), Yuen and Yang (2010),
Modisett and Maboudou-Tchao (2010) employed a regime-switching model to
describe the phenomenon of structural changes in mortality rates. Above all, the
literature ignores the impact of one country’s mortality on another country’s mortality.
Cox, Lin, and Wang (2006) decomposed mortality shocks into two factors, a specific
factor and a common factor, and applied multivariate exponential tilting to valuations
of mortality-based securities written on the mortality indices of several countries. They
regard the common factor as a substantial factor which causes the co-movement of
the mortality indices of many countries. However, this phenomenon cannot be shown

in Figure 1 which illustrates that in 2002 SARS killed 775 people in Europe, Asia, and



America, but deaths in France, England, Italy and Taiwan did not have a significant
co-movement trend in 2002. Conversely, Figure 1 obviously demonstrates that there
existed a co-movement phenomenon in France, England, Italy, Switzerland and the
USA during the 1918 Spanish flu which killed at least 20 million people. Therefore,
Figure 1 shows the fact that there is not a co-movement trend as a common factor does
not cause substantially higher mortality rates, such as SARS in 2002. Mortality rates
have significant co-movement phenomenon when the common factor leads to
substantially higher deaths such as during the 1918 Spanish flu, namely infectious
mortality.

Despite the fact that the phenomenon of infectious mortality exists in the world,
modeling infectious mortality has not been proposed in the existing literature yet. This
paper extends the Cox et al. (2006) model to present a multi-infectious mortality
model and uses it to price Swiss Re bond, which is the first pure mortality security
issued by the Swiss Reinsurance Company in late December 2003. The literature on
pricing for the Swiss Re bond has a common conclusion that the fair spread of the
bond is far less than the actual price, see Cox et al. (2006), Lin and Cox (2008), Chen
and Cox (2009) and Liu and Yu (2010). Cox et al. (2006) showed that the actual par
spread of the Swiss Re bond was three times bigger than the fair spread’. Considering
infectious mortality effects, this paper aims to derive an analytical solution by means
of the Wang transform (2000) to reexamine the par spread of the Swiss Re bond.

2. Model Formulation

Assuming there are m countries, and each country has n. people for

i=1,2,3,..,m. Let 7, ; denote the death time of the j" person of the i" country for

* Cox et al. (2006) show the fair par spread of the Swiss Re bond is 0.45%. The actual par spread of
the bond is 1.35%.
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j=1,2,3,......,n,; N, stands for the total number of deaths in the world at time t, also

denoted as

n; ) L, if 7, <t | )
Di’j(t) with Diqj(t): , 1=1,2,3,....,m; j=1,2,3,....,n..

o1 =1 0, ow

Suppose N"is the total number of deaths except for the i" country, equally,

. m n; X N(l) . . .
NO=>>D.(1); V¥ =N—t1s the ratio of the deaths except the i" country

kei=l j=l ¢

relative to the total deaths in the world, and follows the geometric Brownian motion as

follows.

dv
V(ti) = Mv,idt+0v,idwv,t > (1)

t

in which p ; and o ; denote the drift term and volatility, respectively; W, is a

vt

one dimensional standard Brownian motion under the original probability measure, P.
If V& is higher than the threshold a, then the death rate except for the i" country
can affect the death rates of other countries. Suppose the jump number of the impacts

of the death rate except the i"country on the death rates of the other countries

follows Poisson distribution with a density of A, at time t, also denoted as
t .

I(t) = J.Di" ds ~ Poisson(%, ).
0

Let q; , represent the population mortality index of the i® country at time t and

follow the dynamic process as below.

dq; ,

=, dt+o; dWi,t+(Ai _l)dri,t +(m, —1)dI |, (2)
i ¢ ,



where p, and o, are constants; W,, is a one dimensional standard Brownian

motion under the original probability measure, P. Also, the correlation coefficient

between W, and W, is denoted ascorr(dW, ,,dW, )=p, . m —1 is the random

variable percentage in the mortality index of the i" country resulting from common

jumps of deaths in other countries. Assume that the natural logarithm of =, follows
normal distributions with the mean of u_ and variance of o, also denoted as
Inm, ~N(u, ,62), m>0,i=1,2,3,...,m. On the other hand, A,—1 denotes the

percentage in the mortality index of the i" country resulting from specific jumps in

deaths of the i"county, and InA, ~N(u,,c%), A, >0, i=1,2,3,..,m. = is
independent of A;.I,, and I'  are independent Poisson processes with the intensity

A, and A attime t, respectively. dI,  is independent of dI'; .

In the same vein, when V* is higher than the threshold (a ), the death rate

t

except in the k" country can affect the death rates of other countries. Suppose the

jump number of the impacts of the death rate except in the k" country on the death

rates of the other countries follows Poisson distribution with a density of A, , at time
t

t, also denoted asI, , £ Ing)ds ~Poisson(A, ), i#Kk.
0

Let q, , represent the population mortality index of the k™ country at time t and

follows the dynamic process as below.

qu,t
i,

=p dt+to, dW, +A, -Ddl'  +(z, —1dI_,, 3)

where n, and o, are constants; W, , is a one dimensional standard Brownian
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motion under the original probability measure. Also, the correlation coefficients are

denoted as corr(dW,,,dW, )=p,, and  corr(dW, , ,dW, )=p for

i, k=1,2,3,..,m, i#k. m —1 is the random variable percentage in the mortality

index of the k™ country resulting from common jumps of deaths in the other

countries. Assume that the natural logarithm of =, follows normal distributions with
the mean of u, and variance of cik . m.>0,k=1,2,3,....,m. On the other hand,
A, —1 denotes the percentage in the mortality index of the k" country resulting
from specific jumps in deaths of the k" country, and InA, ~ N(u A ,Gik), A, >0,

k=1,2,3,..,m. n,_ is independent of A, .1, and T, are independent Poisson

processes with the intensity A, and A at time t, respectively. dI,  is independent
of dI' ..

From equations (2) and (3), Inm, and Inm,_ are also called the effects of

infectious mortality. When the threshold (a) is infinite, the model can be reduced to
Lin and Cox (2008).
3. Description and Valuation of Swiss Re Bond
3.1 Description of Swiss Re Bond

Swiss Re bond was a mortality security which can transfer mortality risk into
investors in the capital market. The bond was issued by Swiss Reinsurance Company
in 2003 and matured on January 1, 2007. It was a three-year deal. The principal was
exposed to mortality risk. The mortality risk was defined in terms of an index based
on the average annual population death rates in the US, UK, France, Italy, and

Switzerland. If the index exceeded 130% of the actual 2002 level, then investors had



have a reduced principal payment at maturity (T) as follows.
3
B, =Max(1-) L, 0), (4)
i=l

3 Max(Y,

o —1.3Y, 0)—Max(Y,
with Y L, = -
i=1

o —1.5Y_, 0)
0.2Y,

b

1
Yo =Max(Y, .Y, .Y,) and Y, =(q"q®...... qjst)al+a2+"'+a5.

,t "2,t
Y., Y .Y, .Y, and Y, stand for the geometric average population death rates
in the US, UK, France, Italy, and Switzerland in 2002, 2003, 2004, 2005, and 2006,
respectively. a,,a,,....,a; denote the weights of population mortality indices for the

US, UK, France, Italy, and Switzerland, respectively. The fair price of the bond is

shown in equation (5).

B, =400000000x e E?[B,], (5)
in which r is the riskless rate; EX(.) denotes the expectation value under the risk

neutral probability measure, Q, at time t. Let K, =1.3Y_ and K, = L.5Y,_ . Thus, L

4

can be written as equation (6).

B Kza 0)

23: L = Max(ty, —K,, 0)=Max(Y
i=1 i

max 6
KK (6)

Further, substituting equations (4) and (6) into (5) becomes equation (7).

B, = 400000000x e ™" E° {Max (1 _Max(¥,,, ~K, ’12) - l\éaX(Y‘“ﬁX K20 ,oﬂ -(7)
27 ™M

3.2 Valuation of Swiss Re Bond
Pricing derivative securities in the complete market involves replicating portfolios.
This also means if there is a traded bond and stock index, then options on the stock

index can be replicated by holding bonds and the index, which are priced. Swiss Re



bond was a mortality derivative, but there is no efficiently traded mortality index with
which to create a replicating hedge. These situations are called incomplete markets. In
incomplete markets, Wang transform (2000) is a popular pricing methodology based

on the following transformation: For a risk with CDF F(x) under the original
probability measure, P, the risk-adjusted CDF F'(x) under the risk-neutral
probability measure, Q for the pricing of the risk is given by

F (x)=0(0 " (F(x))+0), (8)

where 6 is a constant risk premium. In this section, this paper proposes a

methodology to solve equation (7).

Let X;, =T, +1;,, which follows the Poisson distribution with the intensity Ay .
Suppose Inx; follows normal distributions with the mean of u, and variance of
d
oy (% —DdX, =(A, -1)dTl";  +(n, —1)dI, . Therefore,
E[ (x,~DdX,, |=E[ (A, ~D)dT", , +(x, - 1)dI, |, (9)

Var[ (x, ~)dX,, |=Var| (A, =1)dI", , +(m, ~1)dI, , | (10)

From equations (9) and (10), one can obtain

1,

1 5
(e mp _l)ﬂlm +(e ATy A _l)ﬂ»ri
A+

E[x -1]=

b

1, 2
U,rl +EU

i _l)ﬂ,[m n (eUAﬁEO'/Z\, —l)ﬂ,l-i
(A, + A4, DA + 4, )

A+| (e

Var(x, —1)=
u+io? Uy +Lo? 2
G Y S R VN
ﬂri +Z1i,.x




2 —u, 152 uy +162 2
A{ez%“’ﬂi (™ —20 27 +2)+1}(ﬂ1', +Ar )= A7, (e e —1}

JLg2

o] e (e +1)+( 3% _1]2 [/%m +212i“[}_{(e”m+;03r- ~DA, T.

Under probability measure, P, equation (2) can be rewritten as

(i G D) (Tt Yo W,

Qir-q;,, © ’ ’T‘OHXII, i=US, UK, Swiss, Italy, France,
1
1 5 Xt
or Ing, =lnqi,t0+(:ui_56i (T —t)+oW;_ +in,| . (11)
=

Furthermore, one can obtain

Xy Xo1 Xs 1

InY; =InY, + 4, (T-t)+ocW +——«+«+« — InZ ,+a,) nZ, +..+a,) InZ s
T t ﬂy( o) TAA ata,+.1a, |le 1l Z 2, Z 5.0
(12)
> (4ot Ly
with g, = (1, — O'-),O'Wtz— oW, , and
Y oata+.ta o ' Y 50"
. | o '
Gyzm [ac, a0, a0, a,0, aoi]| ¢ . i |[ao, a0, a0, a0, a0;].
ta, +..ta
ps 1

Suppose X, =X +X, +...+ X, . X, follows the Poisson distribution with the

5
intensity 4, 4, = Z(ZT +A4 ).
i=1 .
Xl t XZ t XS t

Let Zan —aZInx1,+a ZInx2|+ +aZlnx5|, and InZ ~N(u,,o?) .

GivenX, =S, InZ, |Xt = s has a normal distribution with mean u, and variance o

9

. . . S, S, S S S S

in which there is u, =—-u_ +->u_ +..+=>Uu_and ol="0 +20. +.+20" .
S S S s ' s 7 s 7

In addition,
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ﬂ"i,.t - E[I't]
= [ E[D" Jdo

=j; P VY >a)ds

(1)
ln(VO j+(,uvi—162_)5
a 2
()

t
5=0 O, \/g

Equation (12) can be written as

XT
1ty (Tt +o Wp +> InZ,
1=1

b . (13)

Let S. = Max(Y, — K1,0) = Max(y,,, ~K,,0) . Equation (7) becomes
! Kz - Kl
B, = 400000000x ™ E®[ (1-Sp)L,; _, |- (14)

th N Kl)l{Yt]>K,} N (Ytl N KZ)I{Y11>K2}
K, - K, '

IfY,, =Y, thenS; =

(Y, =KL, e = =KL
Imeax :Yt2 ) then ST = {Y[Z Kl} {sz Kz} .

K, - K,
(Y, KDL, o = (Y =KL,
ImeaX =Yt3 ? then ST =— {Yt3 r(l} K {Yt3 Kz} .
27 ™

Therefore, equation (7) becomes

EQ |:(1 - ST )1{ST <1} Ymax = Yt, :| I:)I'Q (Ymax = Yt, ) + EQ |:(1 - ST )1{ST<1}

+EQ |:(1 - ST )I{ST <1} Ymax = Yt3 :| PrQ (Ymax = Y13 )

Ymax = Yt2 :| PrQ Wmax = Ytz )
BO — efrT .

(15)

Using Wang transform (2000), one can obtain

PR (Y =Y, ) = (@ (PP (Y, =Y, ) +6) = (@ ((d,, d;, p ;) +6),
PR (Y =Y, ) = @@ (RP (Y, =Y, ) +6,) = (" (O(dy, dy, p;,))+6,),
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PrQ (Ymax = Yt3 ) = (D((D_l (Prp (Ymax = Y’(3 )) + 93) = ®(®_1 (®(d55 d6) p5,6)) + 63) ’
in which 6,6, ,and 6, are the risk premiums of Y, ,Y, , andY, ;

PP Voo =Y, ) = RP(Y, > Y, Y, > Y ) =D(d,, dy, py5)

Prp(Ymax :Ytz) = F)rp(Y’(2 >Y’(1 ’Yt2 > Yt3 ) = (D(d3a d47 ,03,4)

—u, (b, -t
I:)rp (Ymax :Ytz) = Prpwtg >Yt| 7Yt3 > YIz ) = (D(d55 d6’ p5,6) ) Wlth dl = M
' ' ' o\t —t]
q (-t d = u, (4, —t) d —uy(t-t) i p, (t, — )
e e R e e S S e B s = —F—
Oy |t3_t1| Oy |t1_t2| O'y\/|t3—t2| o, |t3—tl|
t,—t W, W, W W

d6 =M , pl’z — COI’I’( Lt , -t ) , p3,4 — COIT( LY , t-t, )

Oy |t3 _t2| \/|t2 _t1| \/|t3 _tl| \/|t2 -t \/|t3 _tz|

W
Pse = corr( - > L )-
\/|t3 _tl \/|t3 _t2|
Alternatively,
(Yt -Kpl _(Yt -Kyl
Q _ _ pQ 1 {Y‘1>K1} 1 {Y11>Kz}
E |:1{ST<1} Ymax _YtI j| - Pr ( K2 _ Kl < 1) ’
=1-P2(Y, <K) =1-0(@™'(F, (K))+8)
Y, KDL, =Y, =Kl
Q _ _ pQ 3 {Y‘2>Kl} 2 {Y‘2>K2}
E |:1{ST <1} Ymax - Yt2 j| - Pr K2 _ Kl < 1)
=1-P2(Y, <K)=1-0(@"'(F_(K)+86,)
(Y, — KDL, = (Y =KL,
EQ |:1{ST<1} Ymax :Yt3 :| = PrQ( { : } { : } < 1)

KZ_KI
=1- PrQ(Yt3 <K)) = 1—<I>(CD“(FY% (K))+6,)
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with

o In &_ﬂy(t1_to)_suz
_pP N (/11) 3
R, (K)=P (Y, <K,)=>2
Y 1 2 2
= \/ay (t,—t,)+So"

1
——u,(t —t)—su,
. GO PR RS
F, (K)=P"(Y, SK1)=Z O(—
Y 1 | 2 2
= sl Joi(t,—t))+s0:

oMy (L —t)—su,
0 e—A(ﬂt)s Yto y
Yiz(K) P (%, =Ka)= ; s! a \/Gj(tz ~t,)+so;

oy (L —t)—su,
0 e—A(ﬂ‘l)s YtO y
Ytz(K) P (=K = ; s! o \/o'j(tz—to)-l-SGZ2

J_ﬂy(g —t,)—su,

G P
R () =RV, <Ky)= 2 = o t,—t)+s0;

o . o=, (t —t) —su,
F (K)=PP(Y, <K)=3 & W g Y

=0 s! \/G;(t3 _to) n SUZZ
In addition,
Y. —K))1 —(Y. =K1
EQ [S 1 Y —Y }: E£Q ( t ) ¥, >Ky} N 2) {Y11>K2}1
T s <t | Tmax = Ty, K, -K, {(Ytl‘Kl)l{vll>K]}—(Yzl—Kz)I{VIPKZ} 1
Ky-K, s

=P2(Y, >K go| TNl ok <y, <k
(Y, > K+ K, -K, e 7 (< =)

E°[ ;1

Q Q Y, —K Q
(5, <t Vo :Ytz}z PA(Y, >K,)+E TR L PG <Y, <K,),
1
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Y —K
Y ax :Yt3:|: PrQWg >K,)+ E° {ﬁ}l{ﬁ;“z} PrQ(Kl <Yt3 <K,).
2 1

Using Wang transform (2000), one can obtain
PrQ(Yti >K,)= CI)(CI)‘I(F’rP(Yti >K,)+6)

Y
o In(—>) + u, (t —t,)—su, Ji=1,2,3,
— 0@} 5 W*) o )+6)
Joi(t,—t,)+s0?

PO(K, <Y, <K,)=P2(Y, <K,)~P2(Y, <K))

In(S2) =t —t,) - su,

~o(@ (3 W g D+a) .
\/O' (t,—t,)+so;
o (o) - 1, (4 —t,) - su,
~0@ (3¢ }"(“ o )+6)
\/O' (t, —t,)+so’
and

EP[Y, =2 E°[Y, |l =s P71, =9)
s=0
_y i e_j’l(tl_to)(/lt (tl _to))s eﬂy(tl—tn)+s(uz+azz)+%65(tlft0) .

t
= s!

Thus, the formula can be written as follows.

EQ[S 1

:Yti}Zl_q)(q)il(F\(ti (K,))+6)

S<1

2

+O(@7(F, (K2)>+0i>x{c1><<1>*<FY,i (Ko)+6) - 0@ (F, (K)+6))

1 2 (A), ayt)s ol ot (it 5 K
X Y, e +6. NarP(Y.) |- !
PPt |

s=0

i=1,2,3.
Consequently, the fair par spread of Swiss Re bond is shown in equation (16).

= [(1 S,

max = Y’(l :| I:)rQ (Ymax = YtI )
max - Yt2 j| PrQ Umax = Yt2 ) s (16)

Vo =Y, PO =Y,)

{Sr<1}

S<1

B, = 400000000 +E°[(1 S,

+EQ[(1 SO,

S<l
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with E° [1

_I{ST<1}

EQ

_I{ST<1}

EQ

E°[s.1

{Sr

+O(O (R, (K,)+6)x{ (@7 (R (K,)+6) (@ (F, (K )+8))

Y

max

5.tV =Y, |2 1= 0(@7 (R, (K)+6),

Y nax :Yt2 :| = 1_(1)((1)71(|:\(tz (K)+6,),

Vo =Y, |=1-0(@7 (R, (K)+6),

Yo =Y, |2 1-0(@7 (R, (K,)+6)

<1}

3

1 2 g4 (ﬂ‘t) & (Gt )5 (U, +02 )02 (41 ) 5 K
X 2 +6., /Var Y) |- -
{Kz_Kl{g s! Y I ) K, =K,
i=1,2,3,
PrP Vi = Ytl )=(d,,d,, Pia)s PrP (Y e :Ytz) =d(d,, d,, Psa) s
I:>rp YVinax = Yt3) =®(d;, dg, ps,s) >
. _/'ly(tz _tl) _ _/'ly(tS _tl) _ rr( th-t -
1= » Uy = s P2 =
oyt —t] oIt \/ \/ ts -t
My t,-1) _THy t,-t) 1,1, Wt -t
Y e e e 3’4 :
N e e RN e
_ luy(t3 _tl) _ /uy(t3 _t2) -t 5
I ——R s Pse =
Oy |t3 _t1| Oy |t3 \/|t —t | \/|t —t |
o = ek (/11) ;zy(ti g )+5(U; 407 )+ 207 (1)
E°(y,) =Y AL 2 :
5=0 !
0 11 0 —A S 2,1 o 2
VarP(Ytb) Z (11) Y2 241, (t—ty)+25U, +202 (t~t) _{Ze (?1) Yt eZﬂy(trtoHZs(Uﬁo‘z )+an(tiflo) } ,
I s=0 - s=0 S ‘

Eelv, ]

FYti (K)=

i A (ﬂT) A +02)103 (1)
0

s=0
K
Int—p, (t—t))—su,
€ M) Y,
= s! \/aj(ti—t0)+sa§
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4 Nart(Y,),i=1,2,3,



K
In Tz_ﬂy(ti —to)—SUZ

» ok
FYt.(KZ):PrP(Yt- <K z (21) 2 ), 1=1,2,3.
| / P \/aj (t —t,)+s0?

4. Empirical Results

In this section, HMD (Human Mortality Data) is used to estimate the parameters

(K, 05 U, 0, , 1, o) for the US, UK, France, Italy, and Switzerland. The time

window is the period from 1933 to 2007. Further, the fair par spread of Swiss Re bond
was obtained through equation (16), and comparative statics were performed.
4.1 Estimation of Model Parameters

A calibration approach was adopted to estimate the variables

(1, 05 u, , 0., 1, 0,;) for the US, UK, France, Italy, and Switzerland. The

term calibration indicates the task of estimating best-fitted parameters in a parametric
model in comparison with a chosen observable quantity. The source of information
consists typically of historical data for liquid instruments. The procedure of fitting
prices was based on the assumption that a trader agreed with the view that the
historical data were fully consistent with a true process. Different jump-diffusion
processes were calibrated using actual log returns of the population mortality index
for each country. The detailed procedure is described in the following steps.

(1) Collect the actual log returns of the population mortality indexes of the US, UK,

France, Italy, and Switzerland. d(Ingq;, ) was the model log returns of the five

countries from equation (11), d(Inq;, ) the observed log returns of the population
mortality index of each country. The differences of d(Inq,,) —d(Ing;, ) was a
function of the values taken by ©=(p;, 6;, u, , 0, , 1, 0,;).

(2) Given the initial values of (w;, ©;, u,,0, ,Hu,;, 0,;), the parameter vector ©
16



was found to solve the nonlinear the sum of the squared errors during Period I and

Period II as follows:
n 2
SSE =min ) |¢,[©]
j=1

Through the above procedure, the estimated parameters are disclosed in Tables 1
and 2. Based on equation (16), the fair par spread of Swiss Re bond was found to be
1.0958973% which is higher than that of Cox et al. (2006), and closes to the actual
par spread of 1.35%. This shows that considering infectious effects of mortality rates
enables the par spread Swiss Re bond to fit the real world.

4.2 Analysis of Comparative Statics

Given that the risk premiums for Swiss Re bond presented by Cox et al. (20006),
Lin and Cox (2008), Chen and Cox (2009) and Lin, Liu and Yu (2010) were 0.83,
0.8657, 1.5, and 1.21, respectively, the impacts of mean and volatility on the
magnitudes of infectious mortality, the threshold values (a), and jump intensities on
the par spread of Swiss Re bond are demonstrated in Table 3.

Table 3 shows a common phenomenon, that the fair spread of the Swiss Re
bond decrease as mortality increased. In Panel A, the impacts of mean of the
magnitudes of infectious mortality on the par spread of the Swiss Re bond are
uncertain. However, the par spreads of the Swiss Re bond decrease as volatilities of
the magnitudes of infectious mortality increased on account of the higher mortality
rates as demonstrated in Panel B.

Panel C illustrates that the relationship of the threshold values and the par
spreads of the Swiss Re bond is positive. This reason is that the higher the threshold
values are, the lower infectious mortality is. Conversely, Panel D explains that when
the jump intensities increase, mortality rates increase so that the par spread of the

bond decline.
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Also, the sensitivity of volatilities of magnitudes of infectious mortality is the
largest among model parameters, whereas that of the threshold values is the smallest.
5. Conclusion

Previously much literature studied mortality rates with jumps such as Cairns et al.

(2006), Cox et al. (2006), Dahl and Meller (2006), Grundl et al. (2006) , Lin and

Cox (2008), Kogure and Kurachi (2010), Wills and Sherris (2010), Yang et al. (2010).
General speaking, this literature explains the co-movement of mortality rates using
common jumps in the world. However, actual data report from when an event occurs
show that mortality rates do not significantly co-move in the world until large deaths
occur. There is no existing literature to model the real phenomenon of mortality rates.
This paper fills the gap by offering a fresh look at the infectious effects of mortality
rates on the valuation of mortality securities.

From empirical results, the fair par spread of the Swiss Re bond in the model was
found to be far higher than that of Cox et al. (2006), and closer to the actual par
spread. This shows that considering infectious effects of mortality rates enables the
par spread Swiss Re bond to fit into the real world. This is helpful to price mortality

securities for insurance issuers.
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Table 1 Parameter Estimation of Dynamic Processes of the Mortality Index of the 5

Countries
uUsS UK France Italy Switzerland
I -0.007635698 | -0.0019212853 | -0.0023350499 | -0.0022268845 | -0.0017903048
o, 0.0353039713 | 0.0303390187 | 0.0208596021 | 0.0346345882 0.0041059500
u_ | -0.4080070179 | -0.0685499403 | -0.0480721838 | -0.0797427948 | -0.0545940218
o, 0.1727495194 | 0.0287313469 | 0.0201543124 | 0.00328499675 | 0.0227485367

Note that 1=US, UK, France, Italy, and Switzerland,a, =0.7, a, =0.15,a,=0.025,

a, =0.05,

a, =0.075.

Table 2 Parameter Estimation of Dynamic Processes of the Ratio of the Deaths Except
in the i" country

US UK France Italy Switzerland
w,, | -0-0002826201 | -0.0018850476 | -0.0021297657 | -0.0018799084 | -0.0004465767
G, 0.0184113032 | 0.0126177338 | 0.0093617168 | 0.0124682592 | 0.0122047626

Note that 1=US, UK, France, Italy, and Switzerland,a, =0.7, a, =0.15,a,=0.025,

a,=0.05, a,=0.075.

Table 3 Impacts of Various Important Model Parameters on Swiss Re Bond

Parameter 0=0.83 | 0=08657 | 0=121 | 0=15
u, Panel A: u, changes
-0.001 0.5163 0.5196 0.5897 0.6125
-0.003 0.4987 0.5011 0.5734 0.5813
-0.005 0.4593 0.4972 0.5539 0.5712
-0.007 0.4886 0.5313 0.5618 0.5896
-0.009 0.5098 0.5478 0.5715 0.5947
o, Panel B: o, changes
0.1 0.9125 0.9237 0.9358 0.9399
0.2 0.8143 0.8168 0.8915 0.9141
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[1]

2]

[3]

[4]

[5]

[6]

0.3 0.7759 0.7825 0.8598 0.8611
0.4 0.5647 0.5998 0.6315 0.7014
0.5 0.3325 0.3985 0.4918 0.5481
a Panel C: a changes
0.01 0.8169 0.8198 0.8245 0.8266
0.02 0.8256 0.8267 0.8309 0.8351
0.03 0.8321 0.8357 0.8401 0.8416
0.04 0.8395 0.8400 0.8415 0.8423
0.05 0.8411 0.8425 0.8438 0.8509
A Panel D: 4, changes
0.01 0.6458 0.6511 0.6715 0.6798
0.02 0.6135 0.6212 0.6598 0.6613
0.03 0.5123 0.5237 0.5997 0.6011
0.04 0.4978 0.5198 0.5498 0.5599
0.05 0.4569 0.4986 0.5058 0.5149
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Figure 1 The Deaths in the World from 1816 to 2006
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