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Coupon = Withdrawal Benefit Base⇥Guaranteed Income Rate

T



t 2 {0, 1, · · · , T}

Claims
t

= (Coupon� AV
t

)+

EHC =

Present V alue(Claims)

Present V alue(Charges)
⇥RRC

Present V alue(Claims) =
TX

t=0

e�rt ⇥ Claims
t

Present V alue(Charges) =
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t=0

e�rt⇥Charges
t

=

TX

t=0

e�rt⇥AV
t

⇥RRC

T
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BB0 T
r BB

t 2 {0, 1, · · · , T}

BBroll

t

= BBroll

0 ⇥ (1 + rt) linear rate
BBroll

t

= BBroll

0 ⇥ (1 + r)t compound rate
BBroll

t

= BBroll

0 ⇥ ert

BBroll

0 = BB0 = AV0

AV
t

t
t � 1

BBrat

t

= max(BBrat

t�1;AVt

)

BBrat

0 = BB0 = AV0

T
t 2 {0, 1, · · · , T}

BBrat

t

= max

s2{0,1,··· ,t}
AV

s

BBrat

t

= max(BBrat

t�1;AVt

+ paid coupons)

tiffany
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t
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NBV =

P
end of contract

t=0 e�rt ⇥ Cash flow(t)

Initial premium

Initial investment = =

X

t=1
(1 + IRR)

t



AV
t

t AV0

t t+ 1

•

(AV
t

� coupon)+

•

(AV
t

� coupon)+ ⇥ (1� )⇥ (1� )

•

r
t
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(AV
t
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t
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t
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⇥(1� )⇥ (1 + r
t
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BBroll
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t
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t

)
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t+ 1
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r
t

t

T t

�(t) = exp(

Z
t

0

r
s

ds)

S
t

B(t, T )



r
t

dr
t

= (✓(t)� ar
t

)dt+ �(t)dW
t

W
t

a �(t) ✓(t)

✓(t)
�(t)

a
�(t)

a �(t)
a

�(t)
a �(t)

X
(price

model

� price
market

)

2

dB(t, T )

B(t, T )
= r

t

dt+ ⌧(t, T )dW
t

B(t, T ) t
T r

t

⌧(t, T ) W
t

T
(B(T, T ) = 1) ⌧(T, T ) = 0



B(t, T ) = B(0, T )⇥ exp[

Z
t

0

r
s

ds+

Z
t

0

⌧(s, T )dW
s

� 1

2

Z
t

0

⌧(s, T )2ds]

T = t B(t, t) = 1

1 = B(0, t)⇥ exp[

Z
t

0

r
s

ds+

Z
t

0

⌧(s, t)dW
s

� 1

2

Z
t

0

⌧(s, t)2]

B(t, T ) =
B(0, T )

B(0, t)
⇥exp[

Z
t

0

(⌧(s, T )�⌧(s, t))dW
s

�1

2

Z
t

0

(⌧(s, T )2�⌧(s, t)2)ds]

R
t

(T, ✓) T T + ✓
t

exp(✓R
t

(T, ✓)) =
1

B
t

(T, T + ✓)

B
t

(T, T +✓)

B
t

(T, T + ✓) =
B(t, T + ✓)

B(t, T )

R
t

(T, ✓)

R
t

(T, ✓) = �1

✓
(ln(B

t

(T, T + ✓))

=

1

✓
[ln(B(t, T ))� ln(B(t, T + ✓))]

R
t
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1
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+

Z
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0
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Z
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PV (Claims) =
TX
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PV (Charges) =
TX
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�
t
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t

�
t

PV (.)

OV = PV (Charges)⇥ EHC

RRC
� PV (Claims)

EHC
RRC � EHC EHC
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Delta(x%)
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⇥ (1 + x%))�OV (AV
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2⇥ x%⇥ AV
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x = 1

•

Gamma(x%)
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OV (AV
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t

⇥ (1 + x%))� 2⇥OV (AV
t
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t
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•

Rho
t

=

OV (Courbe
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)
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•
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1
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)
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SCR
cat

= �AFR
cat

SCR
mort

= �AFR
mort



•

SCR
lapse up

= �AFR
R(up)

R
up

(R) = 135%R

•

SCR
lapse down

= �AFR
R(down)



R
down

(R) = 65%R

•

SCR
lapse mass

= �AFR
R(mass)

R
mass

(R) = 22%

SCR
exp

= �AFR
exp

SCR
life

=

sX

r,c

CorrLife
r,c

⇥ SCR
r

⇥ SCR
c

CorrLife
r,c

SCR
r

, SCR
c



Cat Mortality Longevity Lapse up Lapse down Expense Mass lapse

Cat 100% 0% 0% 0% 0% 25% 0%
Mortality 0% 100% -50% 25% 0% 25% 0%
Longevity 0% -50% 100% 0% 25% 0% 0%
Lapse up 0% 25% 0% 100% 50% 25% 0%

Lapse down 0% 0% 25% 50% 100% 0% 0%
Expense 25% 25% 0% 25% 0% 100% 50%

Mass lapse 0% 0% 0% 0% 0% 50% 100%

•

•
•



SCR
equity

=

q
SCR2

type1 + 2⇥ 0.75⇥ SCR
type1 ⇥ SCR

type2 + SCR2
type2

SCR
type1 SCR

type2

Type 1 Type 2

Standard equity 39% + symmetric adjustment 49% + symmetric adjustment

Standard equity of

strategic nature
22% 22%

Duration based

equity
22% 22%

SA = min[10%;max[�10%;

1

2

(

CI � AI

AI
� 8%)]]

CI =

AI =



SCR
int

= max(0;
X

IR
up

;

X
IR

down

)

Initial Rate Up shock Down shock

1year:   0.6%

1.6%

=0.6% + max(1%, 0.6%*70%)

0%

=max(0%, 0.6%+min(-1%, 0.6%*-75%))

3year:  1.2%

2.2%

=1.2% + max(1%, 1.2%*64%)

0.2%

=max(0%, 1.2%+min(-1%, 1.2%*-56%))

5year:  2.2%

3.41%

=2.2% + max(1%, 2.2%*55%)

1.19%

=max(0%, 2.2%+min(-1%, 2.2%*-46%))

E
i

SCR
conc

=

X

i

q
Conc2

i

Conc
i

= g
i

⇥ XS
i

XS
i

= max(0;E
i

� CT
i

⇥ Asset
i

) E
i

CT
i

g
i

CT
i



Ratings AAA-AA A BBB BB B
CCC or

lower
Unrated

Credit Quality Step 0-1 2 3 4 5 6 7

Excess Exposure

Threshold CT i
3% 3% 1.50% 1.50% 1.50% 1.50% 1.50%

Risk Factor gi 12% 21% 27% 73% 73% 73% 73%

SCR
market

=

sX

i,j

CorrMKT
i,j

⇥ SCR
i

⇥ SCR
j







•

•

•

•

Age 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75+

% 3 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4 4.1 4.2 4.3 4.4 4.5



•

•

WB
t

= max(ratchet base
t

; 1+min(t, 15)⇥roll�up rate)⇥initial net premium

WB
t

= max(WB
t�1;AVt

)

✓(t)



a �

a �

a �

Delta Gamma Rho Rho_convexity Equity_vol IR_vol

modified 23.2852 -1.2864 4.5035 -0.0379 -49.8722 -21.767
initial 24.3898 -1.3366 4.8943 -0.0403 -50.507 -20.7857

Delta Gamma Rho Rho_convexity Equity_vol IR_vol

modified 7.6133 -0.1336 -0.3187 -0.003 -4.7156 -1.9165
initial 7.8268 -0.1385 -0.2887 -0.003 -4.4863 -1.7645



initial
PV(EHC

Charges)
PV(Claims) modified

PV(EHC
Charges)

PV(Claims)

AV(1-1%) 1887 1906 AV(1-1%) 1846 1806
Baseline case 1885 1885 Baseline case 1844 1787

AV(1+1%) 1884 1866 AV(1+1%) 1843 1768

t = 0

([(1884 � 1866) � (1887 � 1906)]/(2% ⇤ 10000) = 18.5%)

([(1843� 1768)� (1846�
1806)]/(2 ⇤ 1% ⇤ 10000) = 17.5%)

initial
PV(EHC

Charges)
PV(Claims) modified

PV(EHC
Charges)

PV(Claims)

rate(1-0.1%) 1926 1990 rate(1-0.1%) 1885 1885
Baseline case 1885 1885 Baseline case 1844 1787
rate(1+0.1%) 1844 1787 rate(1+0.1%) 1804 1695

t = 0

initial
PV(EHC

Charges)
PV(Claims) modified

PV(EHC
Charges)

PV(Claims)

IR_vol(1-0.1%) 1892 1851 IR_vol(1-0.1%) 1851 1752
Baseline case 1885 1885 Baseline case 1844 1787

IR_vol(1+0.1%) 1878 1919 IR_vol(1+0.1%) 1837 1822

t = 0



initial
PV(EHC

Charges)
PV(Claims) modified

PV(EHC
Charges)

PV(Claims)

Equity_vol(1-0.1%) 1885 1852 Equity_vol(1-0.1%) 1844 1755
Baseline case 1885 1885 Baseline case 1844 1787

Equity_vol(1+0.1%) 1887 1926 Equity_vol(1+0.1%) 1846 1826

t = 0

Delta Gamma Rho Rho_convexity Equity_vol IR_vol

modified 24.1616 -1.3232 4.7943 -0.04 -50.326 -21.0026
initial 24.3898 -1.3366 4.8943 -0.0403 -50.507 -20.7857

Delta Gamma Rho Rho_convexity Equity_vol IR_vol

modified 7.7649 -0.1352 -0.3039 -0.003 -4.5454 -1.8003
initial 7.8268 -0.1385 -0.2887 -0.003 -4.4863 -1.7645



Cat

Mortality

Mortality

Trend
Longevity Lapse up

Lapse

down
Expenses Mass lapse

modified 0.8113 0 329.9981 6.7149 0 24.9109 96.2521
initial 0.9004 0 318.1769 14.5107 0 24.9734 113.5487

Cat

Mortality

Mortality

Trend
Longevity Lapse up

Lapse

down
Expenses Mass lapse

modified -0.2209 103.3456 -331.6314 31.8157 -32.3908 0 32.8641
initial -0.2628 100.6654 -325.043 26.2106 -25.4028 0 24.5974

Cat

Mortality

Mortality

Trend
Longevity Lapse up

Lapse

down
Expenses Mass lapse

modified -0.5903 -3.3795 1.6334 -38.5306 44.5265 -24.9109 -129.1161
initial -0.5955 -3.4447 1.7083 -39.8511 46.3558 -24.9381 -130.06



n



x%

(1 � x%) ⇥ PV (Claims)
baseline

(1� (1�x%))⇥PV (Claims)
baseline

x%⇥PV (Claims)
baseline

x%

Cat

Mortality

Mortality

Trend
Longevity Lapse up

Lapse

down
Expenses Mass lapse

modified 1.1309 0 340.6946 22.0344 0 23.5788 157.157
initial 0.9004 0 318.1769 14.5107 0 24.9734 113.5487



Cat

Mortality

Mortality

Trend
Longevity Lapse up

Lapse

down
Expenses Mass lapse

modified 0.0938 111.7035 -344.0501 58.435 -63.017 0 103.8354
initial -0.2628 100.6654 -325.043 26.2106 -25.4028 0 24.5974

Cat

Mortality

Mortality

Trend
Longevity Lapse up

Lapse

down
Expenses Mass lapse

modified -1.2247 -6.903 3.3555 -80.4694 91.898 -23.5788 -260.9924
initial -0.5955 -3.4447 1.7083 -39.8511 46.3558 -24.9381 -130.06

PV ( )

PV ( )

x



Cat

Mortality

Mortality

Trend
Longevity Lapse up

Lapse

down
Expenses Mass lapse

1 year 0.8583 0 323.3347 13.6405 0 24.9381 105.4625
5 years 0.8609 0 318.3684 15.7541 0 24.7696 105.587

No ratchet 0.8545 0 317.4 14.1838 0 24.6819 104.1682

Cat

Mortality

Mortality

Trend
Longevity Lapse up

Lapse

down
Expenses Mass lapse

1 year -0.2628 100.6654 -325.043 26.2106 -25.4028 0 24.5974
5 years -0.2686 98.9867 -320.068 24.7131 -22.9702 0 23.6752

No ratchet -0.2642 98.7651 -319.0644 25.9003 -24.6663 0 24.6375

Cat

Mortality

Mortality

Trend
Longevity Lapse up

Lapse

down
Expenses Mass lapse

1 year -0.5955 -3.4447 1.7083 -39.8511 46.3558 -24.9381 -130.06
5 years -0.5923 -3.4198 1.6996 -40.4672 47.6901 -24.7696 -129.2622

No ratchet -0.5903 -3.3859 1.6643 -40.0842 47.5501 -24.6819 -128.8057



STEC
guarantee

= OV
shock

�OV
baseline

= (PV (EHCCharges)
shock

� PV (Claims)
shock

)

�(PV (EHCCharges)
baseline

� PV (Claims)
baseline

)

PV (Claims) PV (EHCCharges)

STEC
guarantee

= PV (Claims)
baseline

� PV (Claims)
shock

PV (Claims)
baseline

⇥ (1� x) x > 1

BBrat

t

= max06s6t

AV
s



⇥

Cat

Mortality

Mortality

Trend
Longevity Lapse up

Lapse

down
Expenses Mass lapse

Modified 0.6624 0 343.1636 0 3.1546 24.6687 65.7294
Initial 0.9004 0 318.1769 14.5107 0 24.9734 113.5487



Cat

Mortality

Mortality

Trend
Longevity Lapse up

Lapse

down
Expenses Mass lapse

Modified -0.0763 109.0805 -344.7328 44.7485 -47.2567 0 62.2887
Initial -0.2628 100.6654 -325.043 26.2106 -25.4028 0 24.5974

Cat

Mortality

Mortality

Trend
Longevity Lapse up

Lapse

down
Expenses Mass lapse

Modified -0.5861 -3.2828 1.5692 -38.182 44.1021 -24.6687 -128.0182
Initial -0.5955 -3.4447 1.7083 -39.8511 46.3558 -24.9381 -130.06



(3% + 0.1%⇥ (75� 60) = 4.5%)

•

t = 0

Cat

Mortality

Mortality

Trend
Longevity Lapse up

Lapse

down
Expenses Mass lapse

20bp -0.2329 106.0956 -337.0669 25.3324 -23.8201 0 28.4281
10bp -0.2628 100.6654 -325.043 26.2106 -25.4028 0 24.5974



Cat

Mortality

Mortality

Trend
Longevity Lapse up

Lapse

down
Expenses Mass lapse

20bp -0.5898 -3.1264 1.2728 -39.7854 46.4469 -24.9128 -129.3432
10bp -0.5955 -3.4447 1.7083 -39.8511 46.3558 -24.9381 -130.06

Cat

Mortality

Mortality

Trend
Longevity Lapse up

Lapse

down
Expenses Mass lapse

20bp 0.8228 0 335.7941 14.453 0 24.9128 100.9151
10bp 0.8583 0 323.3347 13.6405 0 24.9381 105.4625

Impact = STEC20bp
guarantee

� STEC10bp
guarantee

Impact = (OV 20bp
shock

�OV 20bp
baseline

) + (OV 10bp
shock

�OV 10bp
baseline

)

OV = PV (EHCCharges� Claims)



Impact = �Impact
claims

= �Impact20bp
claims

+ Impact10bp
claims

= �(PV (Claims)20bp
shock

� PV (Claims)20bp
baseline

)

+(PV (Claims)10bp
shock

� PV (Claims)10bp
baseline

)

= �(PV (Claims)20bp
shock

� PV (Claims)10bp
shock

)

+(PV (Claims)20bp
baseline

� PV (Claims)10bp
baseline

)

x1 x2

Impact = (1� x1)⇥ PV (Claims)20bp
baseline

� (1� x2)⇥ PV (Claims)10bp
baseline

x1 x2

Impact = (1� x)⇥ (PV (Claims)20bp
baseline

� PV (Claims)10bp
baseline

)

1 � x < 0 PV (Claims)20bp
baseline

�
PV (Claims)10bp

baseline

> 0

x1 x2



x1 x2

Impact = (1� x)⇥ (PV (Claims)20bp
baseline

� PV (Claims)10bp
baseline

)

Impact = STEC20bp
baseproduct

� STEC10bp
baseproduct

Impact = (V IF 20bp
shock

� V IF 20bp
baseline

)� (V IF 10bp
shock

� V IF 10bp
baseline

)

V IF
baseproduct

= PV (RRCcharges�EHCcharges+income�expenses�commissions)

Impact = (PV (AV )

20bp
shock

� PV (AV )

20bp
baseline

) � (PV (AV )

10bp
shock

� PV (AV )

10bp
baseline

)

= (PV (AV )

20bp
shock

� PV (AV )

10bp
shock

) � (PV (AV )

20bp
baseline

� PV (AV )

10bp
baseline

)

PV (AV )

PV (AV )

PV (AV ) x⇥ PV (AV )

baseline

x > 1

Impact = (x1 � 1)⇥ PV (AV )

20bp
baseline

� (x2 � 1)⇥ PV (AV )

10bp
baseline

x1 x2

Impact = (x� 1)⇥ (PV (AV )

20bp
baseline

� PV (AV )

10bp
baseline

)

x� 1 > 0

PV (AV )

20bp
baseline

� PV (AV )

10bp
baseline

< 0



PV (AV )

Impact = (x� 1)⇥ (PV (AV )

20bp
baseline

� PV (AV )

10bp
baseline

)

•

Cat

Mortality

Mortality

Trend
Longevity Lapse up

Lapse

down
Expenses Mass lapse

5bp -0.2679 98.1606 -319.0967 27.1683 -26.7002 0 24.8787
10bp -0.2628 100.6654 -325.043 26.2106 -25.4028 0 24.5974

Cat

Mortality

Mortality

Trend
Longevity Lapse up

Lapse

down
Expenses Mass lapse

5bp -0.5988 -3.6319 1.9688 -39.9977 46.4754 -24.9652 -130.5195
10bp -0.5955 -3.4447 1.7083 -39.8511 46.3558 -24.9381 -130.06

Cat

Mortality

Mortality

Trend
Longevity Lapse up

Lapse

down
Expenses Mass lapse

5bp 0.8666 0 317.1279 12.8295 0 24.9652 105.6408
10bp 0.8583 0 323.3347 13.6405 0 24.9381 105.4625



t = 0 t = min( ; 15)

T t

Death Benefit =

⇢
max(AV

t

; Initial net premium) t < T
AV

t

t � T



T t

Death Benefit =

⇢
max(AV

t

;WB
t

) t < T
AV

t

t � T

Cat

Mortality

Mortality

Trend
Longevity Lapse up

Lapse

down
Expenses Mass lapse

Modified -0.4535 98.3469 -323.7978 27.0741 -26.3354 0 28.0278
Initial -0.2628 100.6654 -325.043 26.2106 -25.4028 0 24.5974

Cat

Mortality

Mortality

Trend
Longevity Lapse up

Lapse

down
Expenses Mass lapse

Modified -0.5955 -3.4447 1.7083 -39.8511 46.3558 -24.9381 -130.06
Initial -0.5955 -3.4447 1.7083 -39.8511 46.3558 -24.9381 -130.06

Cat

Mortality

Mortality

Trend
Longevity Lapse up

Lapse

down
Expenses Mass lapse

Modified 1.049 0 322.0895 12.777 0 24.9381 102.0322
Initial 0.8583 0 323.3347 13.6405 0 24.9381 105.4625



Death Benefit =

⇢
max(AV

t

; Initial net premium) t < T
max(AV

t

; Initial net premium� paid coupons) t � T

T t

Cat

Mortality

Mortality

Trend
Longevity Lapse up

Lapse

down
Expenses Mass lapse

Modified 0.0636 59.3518 -268.171 54.6227 -56.6989 0 104.4101
Initial -0.2628 100.6654 -325.043 26.2106 -25.4028 0 24.5974



Cat

Mortality

Mortality

Trend
Longevity Lapse up

Lapse

down
Expenses Mass lapse

Modified -0.5955 -3.4447 1.7083 -39.8511 46.3558 -24.9381 -130.06
Initial -0.5955 -3.4447 1.7083 -39.8511 46.3558 -24.9381 -130.06

Cat

Mortality

Mortality

Trend
Longevity Lapse up

Lapse

down
Expenses Mass lapse

Modified 0.5319 0 266.4628 0 10.343 24.9381 25.6498
Initial 0.8583 0 323.3347 13.6405 0 24.9381 105.4625

STEC
longevity

= OV
longevity

�OV
baseline

= (PV ( )

longevity

� PV (Claims)
longevity

)

�(PV ( )

baseline

� PV (Claims)
baseline

)

STEC
longevity

= PV (Claims)
baseline

� PV (Claims)
longevity

STEC
longevity

= (PV ( )

baseline

+ PV ( )

baseline

)

�((PV ( )

longevity

+ PV (WithdrawalClaims)
longevity

)

= (PV (DeathClaims)
baseline

� PV (DeathClaims)
longevity

)

�(PV (WithdrawalClaims)
baseline

+ PV (WithdrawalClaims)
longevity

)



STEC
modified

� STEC
initial

= (PV (DeathClaims)modified

baseline

� PV (DeathClaims)modified

longevity

)

�(PV (DeathClaims)initial
baseline

� PV (DeathClaims)initial
longevity

)



x
(1� (1� x))⇥ PV (DeathClaims)

baseline

x < 1

STEC
modified

� STEC
initial

= (PV (DeathClaims)modified

baseline

� PV (DeathClaims)modified

masslapse

)

�(PV (DeathClaims)initial
baseline

� PV (DeathClaims)initial
masslapse

)

T t

Death Benefit =

⇢
max(AV

t

;WB
t

) t < T
max(AV

t

;WB
t

� paid coupons) t � T

Cat

Mortality

Mortality

Trend
Longevity Lapse up

Lapse

down
Expenses Mass lapse

Modified 0.0863 34.9964 -224.1371 77.2244 -82.5453 0 155.9958
Initial -0.2628 100.6654 -325.043 26.2106 -25.4028 0 24.5974



Cat

Mortality

Mortality

Trend
Longevity Lapse up

Lapse

down
Expenses Mass lapse

Modified -0.5955 -3.4447 1.7083 -39.8511 46.3558 -24.9381 -130.06
Initial -0.5955 -3.4447 1.7083 -39.8511 46.3558 -24.9381 -130.06

Cat

Mortality

Mortality

Trend
Longevity Lapse up

Lapse

down
Expenses Mass lapse

Modified 0.5092 0 222.4289 0 36.1895 24.9381 0
Initial 0.8583 0 323.3347 13.6405 0 24.9381 105.4625



Capital and
Profitability

Initial design DB+roll-up+ratchet DB for life
DB+roll-up+ratchet

for life
STEC Market 5.23% 5.90% 5.90% 6.16%

STEC Life 3.45% 3.43% 2.73% 2.35%
STEC Op 1.04% 1.13% 1.06% 1.07%

Total STEC 7.34% 7.95% 7.48% 7.51%
VIF 6.54% 6.38% 3.01% 1.17%

MVM 1.95% 1.95% 1.71% 1.44%
Capital (GRM) 6.43% 7.49% 9.92% 11.54%

Capital and
Profitability

Initial design DB+roll-up+ratchet DB for life
DB+roll-up+ratchet

for life
STEC Market 5.23% 5.24% 6.08% 6.64%

STEC Life 3.45% 3.43% 2.73% 2.35%
STEC Op 1.04% 1.04% 1.09% 1.14%

Total STEC 7.34% 7.34% 7.66% 7.99%
VIF 6.54% 6.38% 3.01% 1.17%

MVM 1.95% 2.19% 2.19% 2.19%
Capital (GRM) 6.43% 6.81% 10.66% 13.00%

Life STEC = �min(Life STEC
base product

+ Life STEC
guarantee

; 0)

Life STEC
base product

= OV
shock

�OV
baseline

OV = PV (EHC Charges� Claims)



Life STEC
guarantee

= V IF BP
shock

� V IF BP
baseline

V IF BP = PV (RRC Charges�EHC Charges+Incomes�Expenses�Commisions)

Life STEC = �min(V IF
shock

� V IF
baseline

; 0)

Capital and Profitability
DB+roll-up+ratchet for

life
DB+roll-up+ratchet for

life+RRC+50bp
DB+roll-up+ratchet for

life+RRC+80bp
STEC Market 6.64% 6.52% 6.47%

STEC Life 2.35% 2.42% 2.47%
STEC Op 1.14% 1.12% 1.12%

Total STEC 7.99% 7.90% 7.89%
VIF 1.17% 2.89% 3.94%

MVM 2.19% 2.19% 2.19%
Capital (GRM) 13.00% 11.15% 10.08%



Delta Gamma Rho Rho_convexity Equity_vol IR_vol

modified 25.5204 -1.5483 5.881 -0.0427 -14.7494 -13.0635
initial 24.3872 -1.2836 4.9725 -0.0396 -55.9433 -20.9273

Delta Gamma Rho Rho_convexity Equity_vol IR_vol

modified 8.2189 -0.1604 -0.1432 -0.0023 -1.1853 -0.8856
initial 7.6661 -0.1259 -0.3173 -0.0028 -5.0731 -1.8403



= ⇥

= (1�r( ))

�2000

r

longevity
new

= longevity
old

⇥ (1� r(age0))12

(1� r(age
t

))

t+12



Cat

Mortality

Mortality

Trend
Longevity Lapse up

Lapse

down
Expenses Mass lapse

modified 0.3873 0 13.0646 0 43.562 28.8173 0
initial 0.8468 0 306.5914 13.6405 0 28.6621 64.0211

Cat

Mortality

Mortality

Trend
Longevity Lapse up

Lapse

down
Expenses Mass lapse

modified 0.1049 71.4555 -13.4325 78.3108 -82.4068 0 115.7248
initial -0.3549 81.1811 -306.6827 35.6447 -32.7753 0 29.0306

Cat

Mortality

Mortality

Trend
Longevity Lapse up

Lapse

down
Expenses Mass lapse

modified -0.4923 -0.3285 0.3679 -31.7095 38.8447 -28.8173 -93.158
initial -0.4919 -0.4105 0.0913 -31.5283 38.4973 -28.6621 -93.0517



STEC
guarantee

= OV
shock

�OV
baseline

= (PV (EHCCharges)
shock

� PV (Claims)
shock

)

�(PV (EHCCharges)
baseline

� PV (Claims)
baseline

)

= (PV (EHCCharges)
shock

� PV (EHCCharges)
baseline

)

+(PV (Claims)
baseline

� PV (Claims)
shock

)

STEC
guarantee

⇡



PV (Claims)
baseline

� PV (Claims)
shock

STEC
guarantee

⇡ PV (Claims)
baseline

⇥ (1�x)
x < 1

Cat

Mortality

Mortality

Trend
Longevity Lapse up

Lapse

down
Expenses Mass lapse

Modified 1.0338 0 276.8341 28.8189 0 24.5374 138.1526
Initial 0.8583 0 323.3347 13.6405 0 24.9381 105.4625



Cat

Mortality

Mortality

Trend
Longevity Lapse up

Lapse

down
Expenses Mass lapse

Modified -0.2854 85.736 -279.2632 25.6307 -25.5282 0 22.3894
Initial -0.2628 100.6654 -325.043 26.2106 -25.4028 0 24.5974

Cat

Mortality

Mortality

Trend
Longevity Lapse up

Lapse

down
Expenses Mass lapse

Modified -0.7484 -4.3866 2.4291 -54.4495 64.2122 -24.5374 -160.5419
Initial -0.5955 -3.4447 1.7083 -39.8511 46.3558 -24.9381 -130.06

n
n

V IF
base product

V IF
base product

PV (AV )

PV (AV )



STEC Market 5.23% 4.49% 4.82%
STEC Life 3.45% 3.18% 3.05%
STEC Op 1.04% 0.92% 0.95%

Total STEC 7.34% 6.46% 6.67%
VIF 6.54% 7.99% 5.98%

MVM 1.95% 1.90% 1.59%
Capital (GRM) 6.43% 3.60% 5.61%

Capital and
Profitability

Initial design Reward 1% Reward 2%

1.5 ⇥
Total STEC � V IF +MVM
6%⇥ PV (STEC

non headgeable

) STEC
non headgeable



Capital and Profitability Initial design Reward 1.5%

STEC Market 5.23% 4.65%
STEC Life 3.45% 3.11%
STEC Op 1.04% 0.93%

Total STEC 7.34% 6.56%
VIF 6.54% 7.01%

MVM 1.95% 1.59%
Capital (GRM) 6.43% 4.42%



STEC Market 5.23% 5.05% 5.25% 5.38% 5.35% 5.32%
STEC Life 3.45% 3.34% 3.45% 3.82% 3.53% 3.48%
STEC Op 1.04% 1.01% 1.05% 1.10% 1.07% 1.06%

Total STEC 7.34% 7.10% 7.36% 7.75% 7.52% 7.44%
VIF 6.54% 6.98% 6.31% 9.31% 4.78% 6.13%

MVM 1.95% 1.95% 1.96% 1.93% 1.72% 1.88%
Capital (GRM) 6.43% 5.62% 6.69% 4.26% 8.21% 6.91%

Roll-
up+50bp

Capital and
Profitability

Initial design IR+10bp IR_vol+1% RRC+50bp
Income

rate+20bp

•

•

•

•



•

Capital and Profitability Initial design Ratchet 5 years Without Ratchet

STEC Market 5.23% 5.18% 5.16%
STEC Life 3.45% 3.41% 3.39%
STEC Op 1.04% 1.03% 1.03%

Total STEC 7.34% 7.26% 7.24%
VIF 6.54% 6.55% 6.49%

MVM 1.95% 1.94% 1.93%
Capital (GRM) 6.43% 6.29% 6.30%

Capital and Profitability Initial design Income rate slope 5bp Income rate slope 20bp

STEC Market 5.23% 5.24% 5.17%
STEC Life 3.45% 3.40% 3.56%
STEC Op 1.04% 1.04% 1.04%

Total STEC 7.34% 7.31% 7.36%
VIF 6.54% 6.55% 6.41%

MVM 1.95% 1.91% 2.07%
Capital (GRM) 6.43% 6.33% 6.70%



Capital and
Profitability

Initial design
DB+roll-

up+ratchet
DB for life

DB+roll-
up+ratchet for life

STEC Market 5.23% 5.24% 6.08% 6.64%
STEC Life 3.45% 3.43% 2.73% 2.35%
STEC Op 1.04% 1.04% 1.09% 1.14%

Total STEC 7.34% 7.34% 7.66% 7.99%
VIF 6.54% 6.38% 3.01% 1.17%

MVM 1.95% 2.19% 2.19% 2.19%
Capital (GRM) 6.43% 6.81% 10.66% 13.00%

Capital and
Profitability

Initial design New CVF modelling
New mortality and
longevity modelling

STEC Market 7.97% 5.09% 9.34%
STEC Life 3.17% 3.61% 0.56%
STEC Op 1.39% 1.04% 1.42%

Total STEC 9.79% 7.33% 9.96%
VIF 4.71% 8.28% 0.89%

MVM 1.95% 1.33% 1.95%
Capital (GRM) 11.93% 4.04% 16.01%



•

•

Capital and Profitability Initial design Reward 1.5%

STEC Market 5.23% 4.65%
STEC Life 3.45% 3.11%
STEC Op 1.04% 0.93%

Total STEC 7.34% 6.56%
VIF 6.54% 7.01%

MVM 1.95% 1.59%
Capital (GRM) 6.43% 4.42%
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