


:

 :

14

91



14

4



5

 .

 .
 .

 .

 .

 .

 .

 .



14

6



7

..........................................................................................................................................9
1 .....................................................................................................................................10
2 .......................................................................................................................12

2-1 ..................................................................................................................12
2-2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .13
2-3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .13
4-2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .18

3 ..........................................................................................................................21
4 ...........................................................................................................................23

4-1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .23
4-2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .29
4-3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .34

5 ............................................................................................................37
..........................................................................................................................................39



14

8



.. 

9

 .
 .

) (
)1 (

 .

2

3.

-

1. Pricing Measure
2. Risk Measure

3 .

Graf, S., Kling, A. and Rub, J., 2011. Risk analiysis and valuation of life insurance contracts: Combining
actuarial and financial approaches. Insurance: Mathematics and Economics, 49, pp. 115-25



14

10
1.

 . .
1

2 .

  .

 .

 .-34

-5)1997(6)20002002(
7)2006( .

-8) (
)

)2006( .(

 .

1. Point-to-Point
2. Cliquet Style or Year-by-year
3. Risk-neutral Valuation
4. Fair Pricing
5. Bryis and De-Varenne
6. Grosen and Jorgensen
7. Bauer
8. Hedging Strategy



.. 

11
»«)1( .

2

II3 .4)2007 (

5 .
)2007 (

6)2008( ) 2007 (
»«7»«8

 .
)-9

 .)2008(

10)2005 (
 .-)1997 (

 .
 :

1112

 .
-

1. Kling, Richter and Russ, 2007 a & b
2. Financial Strength Ratings
3. Solvency II
4. Gatzert and Kling
5. Danish- and UK-style
6. Risk exposure
7. Risk Pricing
8. Fair Value of Default
9. Put Option
10. Barbarin and Devolder
11. Value at Risk
12. Expected Shortfall



14

12
)2005 (

12

 .
3

 .
2 .3

 .4

 .
 .5

2.
2-1.

4»«

( )( )
( )

( )

( )( )

1. Money market
2. Bonds
3. Arbitrage Opportunity
4. Kling, Richter and Russ, 2007a



.. 

13
))

1 .)

 .+ 1) )(1 + ) .
 :

2 .)3

 .4

)5

0 .( ) ( ) ( ) ( )))6 (
 .

2-2.
  .

 .
7)1997 (89 )10

)1973( (1112

-
 .

( )(( ( ) ( )), )

1. Actuarial Reserves
2. Terminal Surplus Participation
3. Collective Terminal Surplus Account
4. Liquidity
5. Optional Bonus Payment
6. Hidden
7. Vasiçek
8. Stochastic
9. Geometric Brownian Motion
10. Black and Scholes
11. Reference Stoc k
12. Stock Index



14

14
( )( ))
1)

2(SDEs)31,1]

( ) ( ) )
( ) ( ) ( ) ( )))

( ): = ( ) + ) .
4SDE

( ) ) ( ) ) ( )

( ) ( ) ( ) ( ))}

( ) ( )0

5

 .)

 .( ) ( ))( ))

 .
-

)( .
6

7)
 (

1. Short-rate
2. Stochastic Differential Equations
3. Correlation
4. Closed form Solution
5. Zero-bond
6. Incomplete Market
7. Instantaneous Risk



.. 

15
( ))

1

( )) + ( ( ) ( ) ( )

+
1
2

( ) ( ) ( ) = 0

( ) = 1-2

( ) ( ) =

( ) | ( )))

( ) ( ) ( ) .
( ))

( )) .
( )

)  .3)2005 (
 () = ( ) ( ) )

( ) + ( ) ( ) )

( ) =
1

(1 ) 1)

)-4

5

( ) ( ) ( ) ( ) ( ) ( ))
-6

( ) )( ) )7

1. Term Structure Equation
2. Feynman-Kaç
3. Björk
4. Log-normal Disribution
5. Ito's Lemma
6. Radon-nikodym Density
7. Martingales



14

16
 { ( ) 1

2 }

( )
( ) 1

2
( )

-

2-3.

 .
)(1

= 1 .
1,2, … ,2

 .
+ 1)

+ 1)

 .
30,1, … , 1

 .= 1

)
4) .)

))

+ 1) .

1. -measurable
2. Anniversary Date
3. Restructuring
4. Money Market Account



.. 

17
) )

)
)

)
)

)
)

)

+ 1) .( ) ( ) ( ) ( ) ( ) + )

1

 .
+ 1) :

( ) ( ) ( ) ( ) ( ) )

)
)

( ) ( )

× ( ( ) ( ) ( ) ( ))
-)+ 1) .

)
23

 .( )
GBM

))2008 )  (2007
 .(  ( :

( )) .4

1. Self-financing Portfolio
2. Drift
3. Volatility
4. Relaxing



14

18
1

GBM

4-2.

-)1997()2005 (
23

4> 0

 .
 .= 1, … ,

( ) (1 + )   , ( ) =  max{ ( ) ( ), 0}

(0)

5     .
 .

)
 ( .)2006(

6)

1. Time – and Path – dependent Modeling
2. Term-fix Contract
3. Single Premium
4. Terminal Bonus Participation Rate
5. Shortfall Risk
6. MUST-case



.. 

19
 (1

)2006 (

 .
 .

%90

 .2)

 .

 :
"3"

 .
 .

 .
)

4 (
5

 .

 .
( ) ( ) ( ) + ( + (1 (0)

1. IS-case
2. Book Value
3. Lower-value Principle
4. Unaccounted Losses
5. Bearer and Registered Bonds



14

20
= 1, … ,

(0)

( ) ( 1)(1 + )  { ( ) ( 1) ( 1), 0}
( )  { ( ) ( ), 0}

 .
 .

)2007 (
»«1)

 .(

 .( ) )
)

2

 .

(1 +  ) ((1 +  )  ( 1))   ( )   (1 +  ) ((1 +  )  ( 1))

)
( ) ].(

 ( ) >  (1 + ) ((1 +  )  ( 1))

( ) .
= ( ) ( ) )

( ) )

1. Target Surplus
2. Reserve Quota



.. 

21
 ( )  < (1 +  ) ((1 +  )  ( 1))

( ) .= ( ) ( ) )
( ) )

3.
)»« (

 .P

 ( )
 .

 .
-Q .

1P( ( ) ( ))

E ( ) ( ) 1 ( ) ( )}).
)

 ()

 .( ). max { ( ) ( ), 0}

 .
-

= 0= 0)
)2002 .((P

1. Shortfall Probability



14

22

 .
( ) ( ) ( ) .

[0,1] .

 (  :
, 1]

( ) { ( ) ( ), 0} 0

 ([0,1]

.
 :»«

( ) (L(T) + max{ ( ) ( ), 0}
( ) max{ ( ) ( ), 0} > 0

lim .( ) ))

-
(1) ( ) ( ) { ( ) ( ), 0}

( ) ( ) ( ) )) = 0
1

< 0

0

 .
[0,1] .

 .

1. Intermediate Value Theorem



.. 

23
( ) ( )

( ) .

––

 ( )
   .

 .
 .

4 .

(%)(%)(%)(%)(%)(0)(%)(%)(%)
1520923-2.001.154.5030

1, … ,10= 1, … ,10= 1, … ,=.
= 1000= 10 .

4-1.

 .

( ) ( ) (
ln )

) )



14

24

( ) ( ) { ( ) ( )}

( ) ( ) ( ) ) +
)

2 (
( ) ) )

)
)

) ( ))) ( )) .(. )

 .))

 .1
=

2.25%

1 .)

 .

21 %
100% ) 22 .(%

:15/1 %
 .

4.5 %10
 ( )



.. 

25

2 %20 ( )  %
 .1

 .
0 .  %2 %

98 %
 .2

P.
2 .)

 .

 .  .

 .
4060

 .
298 .

1. Diversification Effect



14

26
 :

0 %

 .3
-

 .3
3 .)

55 %95 %

 .

)
 .  (

94 %

 ( )  ( )



.. 

27

 .1

)2 (
4

4 .)
 :

 .
4 %

 .4%2  .  %

1. Heuristic Search Algorithm
2. Genetic Algorithms



14

28
4%

)1 %3 (%
5/4 %

 .5/7 %100 %

 .
 .)

(
 .

5

5 .)
 :



.. 

29
4%

 .
 .

35 %

 ) (

4-2.

 .
( + 1) )1)

( + 1) ( ) ( + 1)) ,…,

 .-2

)3)1996  .(  (
10,000

.

6
i % /2 25%90)

 (

1. Realization
2. Box-Muller Transformation
3. Fishman



14

30
 .

»« .100 %

 .»«
1 .

22 %
100 %

44 %2
2

)2.17 %
90 %

10%

6 .
 .100 %
 .100 %

1. Buy-and-hold Strategy



.. 

31
6 ( )  . ( )

)

100
60 %     .

10 %90 %.

7



14

32
7 .)

20 %63 %   .

30 %8 %62 %-
-

 .90 %
10 %

8



.. 

33
8 . :

)) ( )

)45
 .  (
 .

 .

 .

4 %
 .

 .

)100 %.(
 .

8



14

34
4 %

 .

4-3.
4-2  .

z % /4 5lq %5

uq %30 .
5 %30 %5/4 %

)9.(
9 . ( ) ( )

.( )



.. 

35

 .
 .

)21/3 % (91 %
9 %

 .

 .
 .

1

)9 .(

 .
90 %10 %

100 %100 %

 .

10

1. Kling, Richter and Russ, 2007b



14

36
10 .)

60 % .

 .
 .

 .10
 .

 .

 .
 ( ) .11

i % /2 25

lq %5uq %30



.. 

37
11 . :

) ( ))

–-
 .

 .)
 ( .

25/2 %
 .2/0 % .

–-
 .

 :10 %
10 %

5 .
 .

3

 .
) (

) .  (
 .



14

38
 .

 .

 .
 .



39

Barbarin, J., Devolder, P., 2005. Risk measure and fair valuation of an investment
guarantee in life insurance. Insurance: Mathematics and Economics 37(2), 297–323.

Bauer, D., Kiesel, R., Kling, A., Russ, J., 2006. Risk-neutral valuation of
participating life insurance contracts. Insurance: Mathematics and Economics, 39(2),
pp. 171–183.

Björk, T., 2005. Arbitrage Theory in Continuous Time. Oxford University Press.

Black, F., Scholes, M., 1973. The pricing of options and corporate liabilities. The
Journal of Political Economy. 81(3), pp. 637–654.

Bryis, E. and De Varenne, F., 1997. On the risk of insurance liabilities: debunking
some pitfalls. Journal of Risk and Insurance. 64(4), pp. 637–694.

Fishman, G., 1996. Monte Carlo: Concepts, Algorithms, and Applications. Springer.

Gatzert, N., 2008. Asset management and surplus distribution strategies in life
insurance: an examination with respect to risk pricing and risk measurement. Insurance:
Mathematics and Economics, 42(2), pp.  839–849.

Gatzert, N. and Kling, A., 2007. Analysis of participating life insurance contracts:  a
unification approach. Journal of Risk and Insurance, 74(3), pp. 547–570.

GDV, 2007. Statistisches Taschenbuch der Versicherungswirtschaft. Technical
Report of the Association of German Insurers.

Graf, S., 2008. A combined approach to risk analysis and valuation of life insurance
contracts. Ifa-Verlag Ulm.

Grosen, A. and Jørgensen, P.L., 2000. Fair valuation of life insurance liabilities: the
impact of guarantees, surrender options and bonus policies. Insurance: Mathematics
and Economics, 26, pp. 37–57.

Grosen,  A.  and  Jørgensen,  P.L.,  2002. Life insurance liabilities at market value: an
analysis of insolvency risk, bonus policy and regulatory invention rules in a barrier
option framework. Journal of Risk and Insurance, 69, pp. 63–91.

Kling, A., 2007. Modellierung, Bewertung und Risikoanalyse von Zinsgarantien in
Konventionellen Deutschen Lebensversicherungsverträgen. Ifa-Verlag Ulm.

Kling, A., Richter, A. and Russ, J., 2007 a. The impact of surplus distribution on the
risk exposure of with profit life insurance policies including interest rate guarantees.
Journal of Risk and Insurance 74(3), pp. 571–589.

Kling, A., Richter, A., Russ, J., 2007 b. The interaction of guarantees, surplus
distribution, and assetallocation in with profit life insurance policies. Insurance:
Mathematics and Economics 40(1), pp. 164–178.

Rechenberg, I., 1994. Evolutionsstrategie’ 94. Fromann-Holzboog, Stuttgart.
Shreve, S., 2004. Stochastic Calculus for Finance, vol.2. Springer.



14

40
Sørensen, M., 1997. Estimating functions for discretely observed diffusions: a

review.  In:  Selected  Proceedings  of  the  Symposium  on  Estimating  Functions.  In:  IMS
Lecture Notes-Monograph Series, 32. pp. 305–325.

Vasicek, O.A., 1977. An equilibrium characterization of the term structure. Journal
of Financial Economics, 5(2), 177–188.



41

» «

 . 
1 . .

2 .
3 .» «40

4 .

5 .
6 .2005.( )
7 .

 .
8 .
9.

/(
10 .
11 . (  /(

 . 
1 .30A4multiple1.12

Word .
2 .1 (

3 .



14

42
)1 (_

lotus   B16
B lotus14

B lotus15
B lotus14

B lotus14
B lotus14
B lotus11

Times New Roman10
 . 

Harvard

1.
- :)

 .
- :)))

 (.
- :)

<>.
2 .
- ( )

 :
 :43-

22084084 workingpaper.irc.ac.ir



43

1)1389 :(

2)1389 :(

3)1390:(

4)1390 :(

5)1390:(

6)1390 :( :

7)1390:( :

8)1390:(

9)1391:(

10)1391 :(

11)1391:(

12):(

13 ):-



14

44

:

1..

2..

3.
2178959001000)1011

4.

  :–---43
 : )4499-19395(

««

 ............................ 
 :......................................................... .................................................................

      .........................................................................:

........................ :    ............ :   .............................. : ........

................................... .......................................................................... ........................................................




