1990



(Total Rate of
Return Model), (Capital Assests Pricing Model),

(Discounted Cash Flows Model)



(exposure unit)



1)

-1>

1)




<
-1>

(Data Bank)

2)

2)

(<

-1>



3)

4)

3)



-1>
<

5)

6)
7)

5)

7)

6)




100




8),

)

8)

(+)

rs
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9)

10)

9)

10) AAA, “RISK CLASSIFICATION STATEMENT OF PRINCIPLES”, 1979 :

- 10 -



11)

11) , , No.1, 1988, 12

- 11 -



12)

7 13)

12) . . ,
1997.3, 72
13) : , , 1994, 358

- 12 -



14)

15)

16)

14)

15)

16)

- 13 -



17

18)

17) ( + +

18)

- 14 -



19)

20)

(operating ratio)
( /

21)

22)

19)

20)

21) Stephen P. D'Arcy, "INVESTMENT ISSUES IN PROPERTY-LIABILITY
INSURANCE", FOUNDATION OF CASUALTY ACTUARIAL SCIENCE,

Chapter 8, 1990, pp516-518
22) : : No. 46

1996.1, 3

- 15 -



23)

23)

- 16 -



(underwriter)

24)

(exposure units) N, T, D

P = — XD 2)

24) Bernard L. Webb, Connor M. Harrison, James J. Markham, "Insurance
Operations", AMERICAN INSTITUTE FOR CHARTERD PROPERTY

CASUALTY UNDERWRITERS, CPCU 5, Vol I, 1992, p 153.
25) P! (ELR)
P' =P/ ELR

- 17 -



M
_ A - E
M= E
1960 ,
(TRRM : Total Rate of
Return Modél), (CAPM : Capital Assets Pricing Model),
(DCFM : Discounted Cash Flow Model) 26)

26) Stephen P. D'Arcy, "INVESTMENT ISSUES IN PROPERTY-LIABILITY
INSURANCE", FOUNDATION OF CASUALTY ACTUARIAL SCIENCE,
Chapter 8, 1990, pp526-530

- 18 -



(TRRM) 1968 Ferrari

27)
re = ra + s(ryk+ ry)d
re : (the rate of return on equity)
ra . (rate of investment return on assests)
ry - (rate of underwriting return)
S : (premiums-to-surplus ratio)
k : (liability-to-premiums ratio, fund generaing factor)

(CAPM)

27) = +

28) J. David Cummins, "Statistical and Financial Models of Insurance Pricing and
the Insurance Firm", Journal d Risk and Insurance, Vol. LVIII, No. 2, 1991,
p284

- 19 -



rg = -k + By (ra - 1)
ry (the risk-free rate of interest)
[ (expected return on market portfolio)
: Cov (ry, rp)
Bu = var (r,, )
(DCFM)
(cash flow) MC
(Myers and Cohn's method) NCCI (National
Council on Compensation Insurance's M ethod)
MC NCCI
P 29)
- MC
_ L
P 1+ R,
R, : (risk-adjusted rate of losses)
L (expected losses)
P (premiums)
29)

- 20 -



- NCCl
L + @D (R.- Ry)

P= 1 + R,
— L + 0D (Rc' rf)
T 1+ R 1+ Ry
(surplus-to-reserve ratio)
D : (reserves)
R (the risk-free rate of interest)s30)
R : (cost of capital)
4 ’
(APM : Arbitrage Pricing Modd)
(OPM : Option
Pricdng Modd) 31
5.
(class rate), (manual rate), (individual rate), (merit
rate)
30) R; r
31) ) 1 1

35 , 19903, 181

- 21 -



32)

32)

3)

- 22 -



(selective underwriting)

(subclassification)

(schedule rating)

33) Bernard L. Webb, JJ. Launie, Willis Park Rokes and Norman A. Baglini,
"Insurance Company Operations : Volume II", AMERICAN INSTITUTE FOR
PROPERTY AND LIABILITY UNDERWRITERS, 3rd Edition, 1984. p10

- 23 -



34)

(schedule rate)3%)

34)

35)

- 24 -



36)
37

(experience rate)

(prospective rating plan)

(retrospective rate)

, (self insurance)

36)

37) Bernard L. Webb, JJ. Launie, Willis Park Rokes and Norman A. Baglini, op.
cit., p12

- 25 -



39)

38)

- 26 -



= =>
< =>
= X )
39)
(
39)
= /
(
= /
= / X /

- 27 -



-1>

- 28 -




<

In-1>

40)

< 11-1>

40)

- 29 -

- 1)



+ -
- - S 1
+
’ l' - l
+
1- -1

< 1-2>

, John A. Senmark

A1)

41) John A. Stenmark, "SOURCES OF DISTRIBUTION IN CLASSIFICATION RATEMAKING
DATA AND THEIR TREATMENT", CASUALTY ACTUARAIL SOCETY,
DISCUSSION PAPER PROGRAM, VOLUME II, 1990, p 87. : John A.
Stenmark

- 30 -



_3>

- 31 -




(< -4>

-4>

-3 -




43)

42)

42)

43)

- 33 -




44)

45)

44)

45)



4 46)

47)

46) Bernard L. Webb, Connor M. Harrison, James J. Markham, op. cit. p132 : I1SO

47) < V-3> ISO

- 35 -



48)

48)

- 36 -



49)

(on level method)

(the extension of exposure approach)s0) (the parallelogram
method)
1.S.0.
Loss Cost

(on level factor)

49) : , , 1996, 35
50) ( ) H 1

- 37 -



V2 ,V12 ,1U24

S1)

52)

51) ,

52)

- 38 -



53)

53)

-39 -



<

I1-6>

_6>

_6>

1 30 %
2 25%
3 20%
4 15 %
5 10%

- 40 -




[0 %

!?DD‘!.

[s00,

|0

. ———— AR
. prpasd s
ChaslE |
— — FIEEEEHE|

o a2 93 2L 95 a5

(87-96)

- 4] -




- 42 -



- 43 -



Y=axX"” => In(Y)= In(a) + In(b)xX

_ K . - K. = K
Y= 1+ & => T= In(Y )= a+ bxX ( Y>1)
(least square method)
min, , 24 Y- (a+ bX)}®
‘95
1
1
(X) (In(Y))
, CY'95
54) X
92-95 X ( -92+1)



(< -7> )

In(Y) = 004835 + 095562 x X (R2  0.8561)

< -7> ]
CY'90 0.04781
CY'91 0.04319
CY'92 0.04070
CY'93 0.04037
CY'A 0.03%41
CY'95( ) 0.03766
1
, CY'95
= 8 )

In(Y) = 044251915 + 1.10176 x X (R2  0.9639)

< -8>
CY'90 471
Cy'al 550
CY'92 614
CY'93 647
CY'a 705
CY'95( ) 77

- 45 -



- 46 -



Payment Method),

55)

56)

57)

1997.12, 4

(CLM

(APM

: Chain Ladder Method)

- 47 -

57)

55)

56)

. Average



N O < 1 ©

- 48 -



(incurred losses), (paid losses), (reported claims and

losses per reported claims), ,

- , i j
P, 59)
Pij ( i=l,..5, J=1116-|)
2
(Si)
1 60)
58) 1SO 5 ! °
59) " ”
1
(CPI) ,

60) James R. Berquist and Richards E. Sherman, "Loss Reserve Adequacy T esting :
A Comprehensive, Systematic Approach", PROCEEDINGS OF THE
CASUALTY ACTUARIAL SOCIETY, Vol. LXIV, 1977, p 129 : (

) 1 1

- 49 -



Sij = zlpik ( i=l,..5, J=1116-|)

3 (link ratio)
(Ty)
T, = i ( i=1,.5)
i1 S 1
T, = I ( i=1,.4, j=2,..5)
J Si-

61)

62)

- 50 -

61).

62)



(CPI)

, (loss development factor)

63)

63)

- 51 -



T

= k=1
: (6- 1)

P

T,=M, (=1.5,]j=2..5)

M

65)

64) CY'01 CY '94

65)

( j =2,...5)

64)

- 52 -



66)

Tij . ( ] = 2, 3, i:7'j,..,5)
T + T
Ty= ——5—" ( i<345
Ts =Ty ( 1=23,4,5)
1995
67),
, 1

68)

66) James R. Berquist and Richards E. Sherman, op. cit. p137

James Richards

67)

68)

- 53 -



P, X IL[ M, ( j=2.,5, i=7,..5)

k=1




- 55 -

< -O>
5 T T
A Ps: B= 1'[l M; | Sgs= P5;xB | C= Si/ A
J:
< -10>
FY'92 FY'96
-10> (1+11)
)
1 2 3 4 5
FY'92 507,520, 552,478 159,102 44,193 24,036
FY'93 600,587 611,180, 172,739 61,462
FY'9%4 774,089 632,211 186,034
FY'95 764,569 594,213
FY'96 1,045,822
: (FY'96)




69)

< -10> ,
< -11> ( 1)
.70)
< -11> (I1+I1)
( )
1 2 3 4 5
FY'92 507,520/ 1,059,998 ’| 1,219,100/ 1,263,293 1,287,329
FY'93 600,587 1,211,767, 1,384,146| 1,445,608
FY'A 774,089 1,406,300 1,592,334
FY'95 764,569 1,358,782
FY'96 1,045,822
) 1,059,998 = 507,520 + 552,478
< -12> < -12>
69) ,
) 8 l
8 1
70)

- 56 -




< -12> (1+11)

11 2/ 1 3/2 4/ 3 5/ 4
FY'92 1.0000 2.0886 Y | 1.1501 1.0363 1.0190
FY'93 1.0000 2.0176 1.1423 1.0444
FY'94 1.0000 1.8167 1.1323
FY'95 1.0000 1.7772
FY'96 1.0000
1.0000 19206 ? | 1.1415 1.0403 1.0190

1) 2.0886 = 1,059,998 / 507,520
2) © 19111 =(2.0886x 2.0176x 1.8167x 1.7772)""*

< -12>

- 57 -




< -13> (1+11)
1 2 3 4 5
FY'92 507,520 974,725 | 1,112,670 | 1,157,532 | 1,179,556
FY'93 600,587 | 1,153,466 | 13160,707 | 1,369,796 | 1,395,858
FY'94 774,089 | 1,486,688 | 1,697,087 | 1,765513 | 1,799,104
FY'95 764,569 | 1468404 | 1,676,216 | 1,743,800 | 1,776,978
FY'96 1,045,822 2,008,568 ’| 2,292,826 | 2,385,271 | 2,430,654
) 2,008,568 = 1,045,822 x 1.9206
< -14>
(A) (B) (C=A-B)
FY'92 1,059,988 974,725 85,273
5 FY'93 1,211,767 1,153,466 58,301
FY'94 1,406,300 1,486,688 -80,388
FY'95 1,358,782 1,468,404 -109,622
FY'92 1,219,100 1,112,670 106,430
3 FY'93 1,384,146 1,316,707 67,439
FY'94 1,592,334 1,697,087 -104,753
4 FY'92 1,263,293 1,157,532 105,761
FY'93 1,445,608 1,369,796 75,812
5 FY'92 1,287,329 1,179,556 107,773
) < 11> < -13>

- B8 -




< -13>

< -14>

5.
Manes “
7 . Manes
79
(homogeneity) 72)
71) , , 12- 13
72)

- 59 -



(risk dassficatio

n)73)

73)

- 60 -



.74)

74) Stanford Research Institute, “The Role of Classification in Property and
Casualty Insurance : Final Report”, 1979, p 63.

- 61 -



75)

75)
(exploratory method)

(grouping)
76) “

77) : : , , 90-91

- 62 -

76)

77)

(cluster analysis)

(classification method)



3 ™

78) ) ) ’ ’ 91



(Baily and Smon's Method), (Baily's
Minimun Bias Method), (Least Square Method)
3
2 ,
3 ,



79)

80)

81)

79) ) ) ’ ’ 91
80)

81)

- 65 -



82)

82)

(operating ratio)

- 66 -

-1>



< -1>
( + )
(. : )
< -1>

1. )

2.

3.

4, ,

5.

( )
(Total Rate of

Return model), (Capital Assets Pricing Model),

(Discounted Cash Flow Model)

- 67 -



83), 84),
< -2>
1969
1972 Remand Decision rule
1975 (CAPM)
, 1987 MC
1960
1987

83) Stephen P. D'Arcy, "INVESTMENT ISSUES IN PROPERTY-LIABILITY INSURANCE",

FOUNDATIONS OF CASUALTY ACTUARIAL SCEN CE, Chapter 8, 1990, p526
84) J. David Cummins, “Muti-Period Discounted Cash flow Ratemaking Models in

Property - Liability Insurance”, Journal d Risk and Insurance, 1990, Vol. LVII,
No.1, pp81



2, (TRRM)

85)

TRR = (%)XIRR + (%)XUPM

TRR : (target total rate of return)
A (investable assets)
S (surplus)
IRR : (investment rate of return)
P: (premium)
UPM (underwritng profit margin)
1A (liability debt) S

(fund generating factor, k =liability / premium)

(s=premium / surlpus)

85) J. David cummins, "Statistical and Financial Models of Insurance Princing and
Insurance Firm", Journal d Risk and Insurance, 1991, Vol LVIII, pp 284-285
and Stephen P. D'Arcy and James R. Garven, "PROPERTY-LIABLITY PRICNG
MODELS : AN EMPIRICAL EVALUATION", CASUALTY ACTUARIAL
SOCIETY, DISCUSSION PAPER PROGRAM, Vol. I, 1990, pp120- 121.

- 69 -



TRR

IRR X (kxs+ 1) + sx UPP

IRR
TRR = IRR + sx(IRRxk + UPM)
IRRXk + UPM > 0 <=> UPM > - IRR XKk
3
< -3> TRR
A) B) © | (D=Ax B) (E=C+D) | (E=C-D)

1| 00 005 | 005 0.00 0.05 0.05

2 1.0 005 | 005 0.05 0.10 0.00

3| 20 005 | 005 0.10 0.15 -0.05

- 70 -




1
0.05,
2
0.05,
0.00
3
0.02
3

0.05

0.05

TRR

0.05

0.05

20,

-0.05

0.0,

1.0,

0.05,

(the rate of return on equity, r.)

- 71 -



(the risk free rate of

return, r;), (the return on market portfolio, r )

(systematic risk of equity, 8.)

E(ry) = ri + Be(E(ry) - 19)

E(re) : (cost of equity capital)
ry (risk free rate of return)
Be (systematic risk of equity)
E(ry) : (expected return pn the market)
TRR
UPM
S 1A
UPM = (5)Ir + Be(E(rw)- 1) - ("5 )IRR]
UPM
3. (CAPM)
86)
86) Fairley (1979), Hill(1979), Hill M odigliani (1987)

- 72 -



87)

ri= re + Bi (rp - r¢)
I |
I'¢ (G
rm
B |
( 5 )
rg = - K 1+ By (re - 19)

(policyholder funds)

(policyholder)

87) : , , 1997, 517

-73 -

, Bi =

Cov(rivrm)

Var ( r, )

- k' X



IBUX (E(rm)' rf)

(market risk preminum, E(r,)- ry)

, - K'Xr;
kl
(discounted present value method)
kl
88)

88) J. David Cummins, op. cit. pp280- 281.

- 74 -

Bu



(parameter)

89)
, (interest rate risk) (insurance pooal)
Bu
90)
(valuation models)
(ALM : Asset-Liability Model) (DCFM : Discounted
Cash Flow Model), (APM : Arbitrage Pricing Modd)
(OPM : Option Pricing Model)
89) , , 178- 179

90) J. David Cummins, op. cit. pp280- 281.

- 75 -



4. (DCFM)
NCCI
(cash flow)
(
)
6 (
91) MC

- 76 -

MC

o)

MC



MC

(outflow) (inflow)

92)(NPV, net present value) 93)

PV(P) = PV(L) + PV(Tax)

PV( ) : (the present vaue operator)
P: (premiums)
L : (expected loss payment)
Tax : ( )
MC ,
(t=0) (t=2)
< -4>
92)
NPV = Cpt -ty G2
- (1+R) (1+ R)?
C i (cash flow), R :
93)

P=L/ (1+R_ )

- 77 -

. MC



© 0 1
P 0 R;
0 L R,
0 T (P-L) -
(investment balance)] P(1+0 ) 0 -
0 T Ry P(1+d) R;
) P (premiums)
L : (expected losses)
R; (risk free rate of interest)
R, : (risk-adjusted discount rate for losses)

(corporate income tax rate)
o : (surplus-to-premiums ratio)

t=0 ® (outflow) ,
t=1 L), (P-L) ,

M(R:P(1+ 9))

< 4> 95) t=1

94) :

95) Stephen P. D'Arcy and Neil A. Doherty, "THE FINANCIAL THEORY OF
PRICING PROPERTY-LIABILITY INSURANCE CONTRACTS", Richard D.
Irwin, Inc, Homewood, IL, 1988, p81l :

Rc : ;

- 78 -



t=0

b= L, RiP(1+0) L P L
T 1+ R, 1+ R; 1+ Rq 1+ R,
P
P
L
P=
R;d
(RO TRy a- o
MC
N CCI
-5> t=0 ¢ D
t=1 @D ,
R
“o” IRR
Rs Re

- 79 -



< -5> N CCI

t
(® . q
- D ¢ D R
0 (1- o)(P+ ¢D)R;
0 (1-t )(P-L)
) P (premiums) , L : (expected losses)
R; (risk free rate of interest)
R, : (risk-adjusted discount rate for losses)
T (corporate income tax rate)
Qo (surplus-to-reserves ratio)
D : (reserves)
< -5> R R
(the cost of capital) , R R

L+ ¢D[Ri+ (R - Ry)]
P= Lz
1+ R,

NCCI MC

- 80 -



Ri ,R: , R,

(losses)

MC

N CCI

-81 -



17

rs

-8 -

17

rs



(<

, (exposure unit)

V-1>

- 83 -




[1-2>

(1-




-1>

-1>

-85 -




<

V-2>

1| 100 50% 50% 100 100
2| 200 80% 50% 320 250
3| 300 40% 50% 240 240
660 590
600 55% 50% 660 660
( ] ) 660-660=0 590-660= -70
(11.7%=70/ 600)
96) 2 7 4 ‘

25% 7

- 86 -




<

<

590(

V-2>

V-2>

25%

17%

)

- 87 -

660(

10%

11.7%

)

660



97

5 ( ) )
) 1997
< & )

97) , , 38-39
98) 1
. 1S0

- 88 -



1.5.0.99 100)

99) NANCY A. GRAVES AND RICHARD J. CASTILLO, "COMMERCIAL GENERAL
LIABILITY RATEMAKING FOR PREMISES AND OPERATIONS", CASUALTY
ACTUARIAL SOCIETY, DISCUSSION PAPER PROGRAM, VOLUME II, 1990,

pp634-635 : 1980 (commercial liability crisis) ,
ISO

100) ISO, "COMPENDIUM OF ISO CREDIBILITY PROCEDURES ENCLOSED",
AS-AL-89-24, 1989.12 : ISO

(statewide ratemaking)
(classification)
(territories)
(loss development)
(trend)

-89 -



1 2 |3 |4 5
100% | - - - -1
85% |15%| - - -2 85%
2
70% |20%)|10%| - - 185% , 3
70%
2
50% |30%|20%| - - 185% , 3
50-70%
3
40% |30%)| 20%|10%| - [50% , 4
50%
4 50%
30% |25%)20%  15%| 10%

1.S.O

- 90 -




-9l -



, (bias ),
(RMSE ), ,

101)

101) Prakash Narayan and Thomas Warthen, "A comparative Study of the
Performance of Loss Reserving Methods through Simulation”, CASUALTY
ACTUARIAL SOCIETY, Seminar Handout, 1997, p13.

- 02 -



N-lN+l-iSij_ §TJ
K = i=1 j=2 S”
B N(N- 1)/2
(BIAS )
N- IN+1-i -
i= 1 jZZ (S” S”)
K = N(N- 1)/2
(RMSE )
N-_ IN+1-i >
AT
K = N(N- 1)/2
N-_ IN+1-i -
_ =1 j=2 ISy - Sil
B N(N- 1)/2

- 03 -

(&= Sj-

Sj)



CoV(S;, S))

Var (S;) Var ( é\u)

< -4>
< -4>
FY'92 85,273 85,273 0.08 8,116,982,254
FY'93 58,301 58,301 0.05 4,096,795,055
FY'94 -80,388 80,388 -0.06 5,334,021,651
FY'95 -109,622 109,622 -0.10 23,589,712,730
FY'92 106,430 106,430 0.09 12,507,573,995
FY'93 67,439 67,439 0.05 5,505,317,574
FY'94 -104,753 104,753 -0.06 9,313,341,843
FY'92 105,761 105,761 0.09 12,408,279,618
FY'93 75,812 75,812 0.06 6,861,888,293
FY'92 107,773 107,773 0.09 12,884,942,889
31,203 90,155 0.03 91,949
) ) )« )
< -14>
-4> K




< -5>
0.0281 0.0258
31,203 28,180
91,949 91,347
90,155 89,303
0.8915 0.8916
_5>
(link-ratio)

- 05 -




< V-5>

102)

102) ' ' , , 116- 120

- 96 -



- 97 -



_6>

103)

103)

50.5% 445% 95.0%
60.7% 34.3% 95.0%
72.7% 25.8% 98.5%
56.2% 38.8% 95.0%
60.0% 35.0% 95.0%
68.7% 26.3% 95.0%
45.2% 49.1% 95.0%
50.% 45.0% 95.0%

) 40.0% 55.0% 95.0%

, FY'%
17
'94.2.15

- 08 -




104) < -6>

95%

(loss cost)

104) 91 ( ), :
( 22340- 295, 91.8.17)

- 99 -



- 100 -

-7>



-7>

-7>

- 101 -




- 102 -



(contingency) (profit margin)

- 103 -



Longley-Cook
, Mayerson Jones Bowers

Longley-Cook

(power level, p)i0d) Y(p)

level, k) ,

105) p a pta =1

- 104 -

(measure)

, Perry Mann

(tolerance



Longley-Cook "Introdution to Credibility

Theory" <
_8>
< -8>
P)
85% 90% 95% 99%
0.5% 82,829 108,241 153,664 265,431
1.0% 20,707 27,060 38,416 66,358
2.5% 3,313 4,330 6,147 10,623
5.0% 828 1,084 1,537 2,654
75% 368 481 683 1,180
10.0% 207 271 384 664

Longley  Cook

- 105 -



(Cv= / ) Perry Mann
3 Mayerson, Jones and Bowers

106)

- Perry Mann 107)

N _ (i(k%ﬁ)(u cV?)

- Mayerson, Jones and Bowers 108)

2kVNe = Y(p)YM, + \ Y(p)’M,+ 2k(Y?- 1)(M4/3M))

FY'96

V-9> < V-10> ( 6 )

106) 1SO, op. cit.
107) : : , 1989, 164- 166
108)

- 106 -



<

V-9>

109)

() k) (Y(P)
95.0% 0.05 1.645 1,082 10,778 10,991
97.5% 0.05 1.96 1,537 15,300 15,656
99.5% 0.05 258 2,663 26,511 27,218
)
< V-9
(Cv 8.99)
5%( 95.%) 0.05
10,778
1,082
(
10,991
109) FY'96 (
, (FY'96) , 1997, 337 )

- 107 -




< V-10>

110)

() k) (Y())
95.0% 0.05 1.645 1,082 3,274 3,370
97.5% 0.05 1.96 1,537 4,648 4,808
99.5% 0.05 258 2,663 8,053 8,371
< V-10>
(2.02
(exposure unit)
111)
Ne
110) FY '96 :
(FY'96) , 1997, 373 )
111)

. 1SO

(commercial porioerty

- 108 -

lines)




Z
_ [N
Z = N,
N , Ng
1+ aP
Z
P+ aC
P (the amount of premium)
a: 112)
Ne
( )
P
112) 1S0, op., cit., p15 : ISO a 0.1

- 109 -



= X(1- z2) +

(expected value of the process variance)

of the hypothetical means)

K=( )1 (

- 110 -

XZ

0<

))

Z <1)

(the variance



.S.0.

(experiance rating)

113)

Rate = Ratex (1- Z,)+ Rate xZ,

ISO, op. cit.

Rate; : i
Z, i ( o< zZ, K1)
Rate :
F\’/aEi T
pl6. and STEPHEN W. PHILBRICK, "AN EXAMINATION OF

CREDIBILITY CONCEPTS", PROCEEDINGS OF THE CASUALTY ACTUARIAL
SOQETY, LXVIII, 1981, p216
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(testing the fit of the model)

(pearson's goodness-of -fit statistic) KS (Kolmogorv

- Snirnov satistic) 114)

k-1)

114) Robert V. Hogg and Stuart A. Klugman, "LOSS DISTRIBUTIONS", John
Wiley & Son, Inc., 1984, pp103- 104
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(k-1) zo(k- 1),

c(critical value)

KS
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Dn = maxxi |Fn(Xi)' FO(Xi)l

I:n(xi) - X (_

Fo(xi) X (PriX<xil)

K-S < V-12> (critical

value)

< V-12> K-S

0.20 0.10 0.05 0.01

1.07/ Vn | 1.22/ Vn | 1.36/ V¥n 1.63 / Vn

KS

( , ) < V-13>
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115) 116)

( )
(experience
rating), (merit rating), (ho-daim discount),
(Bonus-Malus System)
117)
(< V-4
)
< V-14>
115) , (Bonus-Malus System in Automobile
Insurance)”, 1995.8, 17-18 (Jean Lemaire )
116)
117) : , 19958, 16
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V-14>

60% 100%
)

40% 200%
60% 250%

«C A )
75% 170%

( 2
5 )
89% 130%

40% 295%
60% 200%
60% 140%

80% 100%
)

118)

, 199538, 16
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5
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=]
H
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10.0%

0.0% p . . . i

60% 4| 8| 61-G0% a1-100% 100% 1=120%  121%=150%  150% =3
HOEESE
< V-2> . 119)

119)

- 120 -



% (bonus-hanger phenomenon)

120)

120) , , 216
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) , , 1996
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) ) , , 1994
, 35 , 19903
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< 1> SO

- (statewide ratemaking)
- (classification)

- (territories)

- (loss development)

- (trend)

1

© longley-cook

© mayerson, jones and bowers
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2)

p+oic ( P . C
N .
Nk (N , K
(
)
- (personal auto)
2

- (commercial auto)

- 130 -



(dwelling and a few other small line)

(commercial fire)

(most line)

(classification)

zZ=p /(p+k) , W=R"z

R : (indicated relativity)
z: (credibility)
W . (credibility weighted relativity)

k : $20,000,000

p : (adjusted earned preminum)

(territories)

(general liability)
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- (commercial property)

- (persona auto)
(3,000 claims)

- (commercial auto)

- (homeow ner)
(40,000 exposures)
- (dwelling fire)
(500,000 exposures)
- (dwelling EC)
(300,000 exposures)

(loss development)

(comparing variance within state to variance

between states)
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A. 121)
1. (L.H LONGLEY-COOK)
1)
T
2)
=>
=>
3)
k @t k%
Y(p) : P ( )
4)
N = Y(p)~ i
- 2
k
2.

(Mayerson, Jones and Bowers)

1) DT

121) 1S0O, op. cit.
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k %
p (
(t=1,...,T)
(ux =  EX)
,(dh = E(X - 1))
(S, = E(X - )Y
(c? %0y
x
)1
ul” )
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M, = ¢ + n,

M, = s XC + 3Xn,Xc2 + n,
4)
M
2k VN = Y M, + \/YZXMZ + 2xkx (Y?- 1)><(3><§/I
2
N ,
B. 122)
1.
7 = W, /0\0"' W /0\1
- W + W
1 1
\/\6 = = y W = P
*(By) ' o’ (8)
W)
25w o+ w
_ 1 6*(6y)
Vd*(G) + V(8
_ Ny
~ Np + N,
122) , , 172- 176
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2.
(standard deviation approach method) (Perry
Mann)
123)
1
7 = Sf _ Sx
s, T 1
St
S
S, :
(S ) (S))

123)
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< 3> Bu hlmann & Straub 124)

1.
1)
k TG@)
2)
P t I
X t I
P. i T
. T(i
I:)| = = 1Pti
P
K T(i
P = 2 Pt|
i=1 t=1
X i T
- WP,
X = 4 =Xt|
t= 1 Pi
X i T

124) 1SO, "Report of the Credibility Subcommittee : Development and T esting of

Empirical Bayes Credibility Procedure for Classification Ratemaking”, 1980,
pll-69 [-70
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2) (Ai)
A, = P, i = 1 k
. — 222
To
k
A = ZIA,
3) (X))
— k A, —
X = 2 x X
4) (X) (A)
2 l K Vi A 2
o= g2 AV X)
5 *, % @ @)
4,
()
T = 1
o+ %
k
T = izl i
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125)

< 4> -
1.
1)
T k
2)
P t I
X4 t I
P, i T
_ T
P = 2Py
o t= 1
X . i T
v - S Pu
X| - tZlFI Xt|
2 (2*)
1) ( 3%)
32 = 1 i} P X X )2
[ T- 1 =~ ti ( ti i)
2) (=)
1 < 2
3 = " > 3
i=1

125) 1SO, "Report of the Credibility Subcommittee : Development and Testing of
Empirical Bayes Credibility Procedure for Classification Ratemaking”, 1980,

pl-71 1-72
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ERR 0.001 T
o @
(z)
k- 3 P
Z, = (o) () ¢
Pi+ =%
T
2'2 =0 ZI = %
(Jensen's inequality
(X))
_ K Z, — _
X = izl Z X z =
[

Z, X, + (1- Z) X
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< 5> CAPM

1.

M |
r.. = X; xXr;+ (1 X)) X rp
2.

E(rp) = xi X E(r) + (1 - xj) X E(rp)

126)

M
0p = \/X|2 Uiz + (1 - Xi)2 O‘En + 2% (1 - Xj) Oim
3. X;
0E(r,)
x, E(r) - E(rn)
126) , , 523-524
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da, 2X, 07 - 205 +* 2X, 05 * 20,m - 4X On

i 2xial +(1- x)’dh + 2% (1- X) o
4. IMI' CML
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OE(r,) _ QE(r,)/ax,
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< 6> (FY'96)
1. (FY'96) ( , , )
( L)
i ~
(Ny) (L) ( #i=Li Ny
2 1 25,734 2,829,875 110
2- 4 2 35,005 10,626,655 304
4- 6 3 30,367 15,127,736 498
6 8 4 23,507 16,412,935 698
08-1 5 21,375 19,251,876 901
1-15 6 44,980 55,871,795 1,242
152 7 30,758 53,259,623 1,732
2- 3 8 33,047 80,734,008 2,443
34 9 17,316 59,862,463 3457
4- 5 10 | 10988 49,106,232 4,469
5 6 11 7,858 43,062,828 5,480
6 8 12 | 10,733 74,407,686 6,933
08-1 13 7,733 69,671,836 9,010
1-15 14 | 11,194 136,900,457 12,230
152 15 6,475 112,596,444 17,389
2-25 16 4,401 98,476,440 22,376
253 17 3,262 89,409,690 27,409
3 4 18 4,262 147,519,138 34,613
4- 5 19 2,684 11,9960,027 44,694
5 7 20 3,236 191,129,053 59,063
0.7- 1 21 3,048 257,211,210 84,387
1 22 3,836 636,174053 165,843
(1=22) | 341,799 | 2,339,602,060 6,845
: (FY'96)
| |
us= XNU /2N = 6,845 )
2 \ -~ N2 \
o = 2N(U- W2/ DIN;=419,671,335( )
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| |
S = iZ‘.lNi(ﬁi- u)d / iZ‘.lmi: 51,319, 069,004,350( )
C’ = & u*x8.95709 , s = S &°=5.97
M, = c’+ n,= 9.95709 (. n,x~1)
M, = sxc®+ 3xc’+ ny= 187.888 (" nyx1)
2. (FY'96) (
( L)
[ —~
(N5 (L) ( #i=Li Ny
5 1 35,715 988,991 28
05 1 2 26,215 1,877,823 72
1- 2 3 55,921 8,415,722 150
2- 3 4 68,744 16,858,377 245
34 5 59,370 20,404,897 344
45 6 49,286 21,876,220 444
5 7 7 70,314 41,168,278 585
0.7- 1 8 63,593 52,565,582 827
1 2 9 77,049 105,174,882 1,365
2- 3 10 | 22,572 54,052,809 2,395
34 11 9,436 31,962,695 3,387
45 12 4,739 20,807,691 4,391
5 6 13 2,187 11,771,232 5,382
6 8 14 1,937 13,044,913 6,735
08-1 15 860 7,538,455 8,766
1- 2 16 783 10,266,174 13,111
2-3 17 101 2,106,922 20,861
34 18 11 382,229 34,748
4 19 2 117,800 58,900
(1=19) | 548,835 421,381,692 768
: (FY'96)




i‘,NiE/ i}Ni = 768
SN(T- WP XN

S/ 6°= 6.48
c’+ n,= 3.02461 (. n,x1)

sxc’+3xc’+ ny= 25.747 ("o n,x1)

|
(u- Wiy ZlNiz

C )

= 1,193, 461(
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