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QUANTO EIA

MONTECARLO METHODFORVALUATION OFQUANTO

RATCHET EQUITYINDEXEDANNUITIES

Abstract
This paperintroduces threemajordifferenttypes ofEquity-IndexedAnnuities:pointto

point,HighWaterMarkandAnnualRatchet.AnnualRatchetcanbeclassifiedintotwotypes.

Oneis CompoundAnnualRatchetandtheotheris SimpleAnnualRatchet.Wefocus onthe

valuationofsimpleannualratchet.Then,wederivesingleassetQuantomodelanduseMonte

CarloSimulationmethodtopriceQuantoSimpleAnnualRatchetEIA.Finally,weexam the

variationofcostbyadjustingparticipationrate,caprateandcorrelationbetweenexchange

rateandequity-linkedunderlying.
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Equity-Indexed

Annuities EIA EIA

EIA

fixed-interest

EIA Insurancenewsnet (2008)

2007 251 2002 2007

EIA 2003 2007 Advantage

Compendiumm 2002 2007

http://www.indexannuity.org/library.htm

1 EIA

EIA (

)

2002 116.7

2003 140.2

2004 234.0

2005 272.6

2006 253.0

2007 251.0

1 EIA
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1 1 EIA

EIA

EIA

EIA

Separate Account General Account

EIA

EIA

EIA

EIA EIA

EIA Exotic Option

Barrier Option Asian Option

Quanto Option Options on the Maximum or the Minimum of

RiskyAssets Rainbow Option

Johnson (1987)

Boyle and Tse

(1990) Jean-Yves, Genevieve and Jean-Guy

(2003) Asian quanto-basket option

lognormal distribution inverse Gamma distribution Johnson distribution

Lee (2002)

Esscher Transforms Barrier EIA

Quanto EIA

EIA

Hardy (2003) EIA Point-to-Point PTP High

Water Mark Annual Ratchet EIA

t Tt0 0 T

tCF t (cash flow) Tt0
TCF

tI (reference index) t (value)

Tt0

P

F local g gF global

C local g
gC global

G
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( ) Point-to-Point PTP EIA
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High Water Mark PTP PTP
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( ) Annul Ratchet Annual Ratchet Compound Annual

Ratchet CAR Simple Annual Ratchet SAR Ratchet

Compound Annual Ratchet

Simple Annual Ratchet

Participation rate Annual Ratchet

Buetow

Jr (1999) Compound Annual Ratchet
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Simple Annual Ratchet
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2001 FTSE

FTSE

EIA

lognormaldistribution LinandTan(2003)

Hardy(2004) CompoundAnnual

Ratchet SimpleAnnualRatchet Hardy(2004)

HsiehandChiu(2007) Simple

AnnualRatchet controlvariates

Ratchet Cliquet CliquetOption 1996
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S&P500 Cliquet Simple Annual Ratchet
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Local global

2003

NASDAQ100 5

Cliquet W indcliff, Forsyth and Vetzal (2006)

Cliquet interpolation grid construction

techniques Mats (2006)

quasi-Monte Carlo Cliquet

Den Iseger and Oldenkamp (2005) Laplace transform BS model

Cliquet jump-diffusion Cliquet Cliquet

delta hedging gamma hedging rho hedging vega hedging

Quanto

complete market A underlying

N=1 A fr r tS

t 0t tC t /A

0t tB t cash bond 0t tD t

cash bond

P P
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Q Equivalent Martingale

Measure Girsonov Theorem P Q Q

diffusion term P drift term

risk-neutral valuation principle
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Hull (2006)

25 Martingales

YEeV rT

0 (10)

Y payoff V0 0

Quanto cholesky

decomposition Baxter and Rennie (1996)
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(4) Quanto Simple Annual Ratchet EIA
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56 2008 6

2 Quanto Simple Annual Ratchet EIA cs, = 0.05

Cap rate c per yearParticipation

10% 15% 20% 30% 40%

0.6 89.65 99.27 103.79 103.54 105.65

0.8 91.09 103.65 110.86 110.92 115.09

1.0 91.96 106.96 116.26 116.10 122.50

1.2 92.55 108.75 120.42 120.61 128.61

3 2

Cap rate c per yearParticipation

10% 15% 20% 30% 40%

0.6 0.12 0.20 0.25 0.25 0.28

0.8 0.12 0.22 0.29 0.29 0.33

1.0 0.12 0.23 0.31 0.31 0.37

1.2 0.13 0.23 0.32 0.33 0.41

4 5 cs, = 0.1

4 Quanto Simple Annual Ratchet EIA cs, = 0.1

Cap rate c per yearParticipation

10% 15% 20% 30% 40%

0.6 89.42 95.47 99.09 103.58 105.05

0.8 90.83 97.88 103.27 110.72 114.38

1.0 91.80 99.93 106.41 116.02 121.60

1.2 92.34 101.02 108.35 119.97 127.65

5 4

Cap rate c per yearParticipation

10% 15% 20% 30% 40%

0.6 0.12 0.16 0.20 0.25 0.28

0.8 0.12 0.17 0.21 0.29 0.33

1.0 0.12 0.18 0.23 0.31 0.37

1.2 0.13 0.19 0.24 0.33 0.40

5 6 cs, = 0.2

5 Quanto Simple Annual Ratchet EIA cs, = 0.2

Cap rate c per yearParticipation

10% 15% 20% 30% 40%

0.6 89.27 94.83 98.68 102.79 104.51

0.8 90.41 97.28 102.54 109.88 113.48
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1.0 91.51 99.32 106.26 114.88 121.06

1.2 92.14 100.90 108.14 119.34 126.90

6 5

Cap rate c per yearParticipation

10% 15% 20% 30% 40%

0.6 0.12 0.16 0.20 0.25 0.27

0.8 0.12 0.17 0.22 0.28 0.33

1.0 0.13 0.18 0.23 0.31 0.37

1.2 0.13 0.18 0.23 0.33 0.40

7 8 cs, = 0.3

7 Quanto Simple Annual Ratchet EIA cs, = 0.3

Cap rate c per yearParticipation

10% 15% 20% 30% 40%

0.6 89.01 94.63 98.31 102.26 103.85

0.8 90.24 97.26 102.33 109.13 112.76

1.0 91.18 98.89 105.28 114.41 119.84

1.2 91.74 100.21 107.08 118.68 125.70

8 7

Cap rate c per yearParticipation

10% 15% 20% 30% 40%

0.6 0.12 0.16 0.20 0.25 0.27

0.8 0.12 0.17 0.21 0.28 0.33

1.0 0.12 0.18 0.23 0.30 0.37

1.2 0.12 0.18 0.23 0.32 0.39

9 10 cs, = 0.4

9 Quanto Simple Annual Ratchet EIA cs, = 0.4

Cap rate c per yearParticipation

10% 15% 20% 30% 40%

0.6 88.57 94.11 97.68 101.61 103.21

0.8 90.08 96.66 102.06 108.46 112.16

1.0 90.94 98.38 105.03 113.50 119.04

1.2 91.42 99.81 106.67 117.37 125.11

10 9

Cap rate c per yearParticipation

10% 15% 20% 30% 40%

0.6 0.12 0.16 0.19 0.24 0.27

0.8 0.12 0.17 0.21 0.28 0.32

1.0 0.12 0.18 0.23 0.30 0.36

1.2 0.13 0.18 0.23 0.32 0.39
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11 12 cs, = 0.5

11 Quanto Simple Annual Ratchet EIA cs, = 0.5

Cap rate c per yearParticipation

10% 15% 20% 30% 40%

0.6 88.51 93.41 97.27 101.11 102.54

0.8 89.83 96.18 101.42 107.99 111.49

1.0 90.45 98.07 104.03 113.00 118.63

1.2 91.22 99.50 106.42 116.90 124.22

12 11

Cap rate c per yearParticipation

10% 15% 20% 30% 40%

0.6 0.12 0.16 0.20 0.24 0.27

0.8 0.12 0.17 0.21 0.28 0.32

1.0 0.12 0.18 0.23 0.31 0.36

1.2 0.12 0.18 0.23 0.32 0.39

2 12

Quanto Simple Annual Ratchet Quanto

Simple Annual Ratchet 11

13

14

13

Cap rate c per yearParticipation

10% ->15% 10% ->20% 10% ->30% 10% ->40%

0.6 5.54% 9.90% 14.24% 15.85%

0.8 7.07% 12.90% 20.21% 24.11%

1.0 8.43% 15.02% 24.93% 31.15%

1.2 9.09% 16.67% 28.15% 36.18%

14

Cap rate c per yearParticipation

10% 15% 20% 30% 40%

0.6 ->0.8 1.50% 2.97% 4.27% 6.80% 8.73%

0.6 ->1.0 2.19% 4.99% 6.95% 11.76% 15.69%

0.6 ->1.2 3.06% 6.52% 9.41% 15.61% 21.14%
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13 14

15

cs, = 0.4 0.5 16 cs, = 0.3 0.5

15 cs, = 0.4 0.5

Cap rate c per yearParticipation

10% 15% 20% 30% 40%

0.6 -0.07% -0.75% -0.42% -0.49% -0.65%

0.8 -0.27% -0.50% -0.63% -0.44% -0.60%

1.0 -0.55% -0.31% -0.96% -0.45% -0.35%

1.2 -0.22% -0.31% -0.23% -0.40% -0.72%

16 cs, = 0.3 0.5

Cap rate c per yearParticipation

10% 15% 20% 30% 40%

0.6 -0.57% -1.30% -1.07% -1.14% -1.28%

0.8 -0.45% -1.12% -0.90% -1.06% -1.14%

1.0 -0.80% -0.83% -1.20% -1.25% -1.02%

1.2 -0.58% -0.71% -0.62% -1.53% -1.20%

9 100

10% 60% 88.5729 11.43%

8% 7 10% 100% 120%

91.1759 91.7443 8.82% 8.26%

10% 120% 10% 100%

EIA PTP High Water

Mark Annual Ratchet Quanto Simple Annnual

Ratchet EIA

1. Quanto Simple Annual Ratchet EIA Quanto Compound Annual Ratchet EIA



60 2008 6

2. variance reduction

3. stochastic

4.
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