A THESISFOR THE DEGREE OF MASTER OF BUSINESS ADMINISTRATION
INSTITUTE OF FINANCIAL MANAGEMENT
NAN HUA UNIVERSITY

A )
Fr LY
A GRE?‘I ELATIONAL ANALYS SON THE DETER Hl'\lANTS OF

SOLVENCY IN THE PROPERTY-LIABILITY INSU X NCE
INDUSTRY

GRADUATE STUDENT: CHEN-LIN KUAN



M B X %
MO % B OB R PR
Mo+ oo o

AR K FRAN 38R K 2R Mo
A GREY RELATIONAL ANALYSIS ON THE DETERMINANTS OF SOLVENCY
IN THE PROPERTY-LIABILITY INSURANCE INDUSTRY

~

HRLE %%‘X*

48 A 3R A A 4 s BR

K H jé\ \%/'Szi

o 70 5

AN

manw: 7] 4% )lj@

PR ol W

OXEH FERR 91¢ # ¢ A =8

i




2006 7



1996 2003 16
GM(1, h)

2. 199 2003
2002 2003
3. GM(L10) 97.7%

Vi



Titleof Thess A Grey Relationa Analysis on the Determinants of Solvency

in the Property-Liability Insurance Industry.
Name of I nstitute: Institute of Financial Management, Nan Hua University

Graduate date: July 2006 Degree Conferred: M.B.A.
Name of student: Chen-Lin Kuan Advisor: Ph.D. Yu-Pei Hsu

Abstract

The previous studies, no matter theoretical or empirical, most focus on the
establishment of a suitable early warning system for the insurance companies. This paper
conducts the Grey relational analysis on the determinants of solvency in the
property-liability insurance industry. By using the annual data of 16 property-liability
companiesin Taiwanfrom 1996 to 2003, this study discusses the influence of internal and
external factors on solvency, establishes confidence interval, and applies Grey prediction

GM(1, h) modd to predict the solvency ratio.

The empirical results are as follows:

1. Fromthe Grey relational analysis, the lossrate and reinsurance rate are the main internal
determinants, and the inflation rate and the growth rate of insurance premium income
are the main external determinants.

2. There was no unusual solvency condition of the property-liability industry from 1996 to
2003.

3. By using the GM (1,10) modd to predict solvency, the average accuracy rate reaches

97.7%.
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Multiple Discriminant Analysis(MDA) Regression  Logit ( 1-2)
1-2
Trieschmann Harrington Ambrose BarNiv & BarNiv & Ambrose Cummins Carson
& Pinches & Nelson & Seward Hershbarger McDonald & Carroll etal. &Hoyt
(1973)  (1986)  (1988)  (1990)  (1992)  (1994)  (1995)  (1995)
SAMPLE
Matched sample No No Yes Yes Yes Yes No No
Distress firms 26 12 29 28 65 26 163 80
Nondistress firms 26 69 29 28 70 26 1596 1605
PRIMARTY . . . . _ .
MDA  Regression MDA Logit Logit Logit Logit Logit
METHODOLOGY
CLASSIFICATION RATE
Distressed(Type ) 0.92 0.83 0.90 0.93 0.80 0.76 071 0.8
Nondistress(Type-11) 0.96 0.93 0.76 0.89 0.87 0.71 0.70 0.72
Overall 0.94 0.91 0.83 0.91 0.84 0.74 0.70 0.72
TIME PERIOD OF FAILURES 1966-1971  1976-1981  1969-1983  1975-1985 1974-1988  1969-1991  1990-1993  1989-1991
TYPE OF INSURES P-L P-L P-L L-H P-L L-H P-L L-H

Journal of Insurance Issues, 2003, pp.117.
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4-1

41
1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003
01502 | 03425 | 04068 | 0.3971 | 04514 | 04269 | 0.2957 | 0.2747
0.702 | 0.6776 | 0.6717 | 05744 | 05829 | 05846 | 05784 | 0.555
30301 | 3.0102 | 35238 | 31875 | 3.6426 | 3.6035 | 4.6684 | 4.9456
0.0876 | 0.0973 | 0.0604 | 0.0745 | 0.0607 | 0.0671 | 0.0464 | 0.0439
0.0355 | 0.0668 | 0.0307 | 0.0412 | 0.0226 | 0.016 | 0.0257 | 0.0449
0.6809 | 06125 | 03147 | 0.6379 | 06368 | 0.6591 | 0.5921 | 0.5461
-0.0227 | -0.0329 | 0.0754 | 0.0885 | -0.0026 | 0.0005 | 0.0993 | 0.1075
GDP 0.0941 | 00817 | 00715 | 0.0388 | 00398 | -0.0171 | 0.0305 | 0.0112
-0.0302 | -0.0094 | -0.0162 | -0.0019 | -0.0126 | 0.001 | 0.002 | 0.002
00579 | 0036 | 00572 | 005 | 00462 | 0.0409 | 0.0238 | 0.0148
-0.0446 | -0.3782 | 0.5889 | -0.1259 | -0.076 | -0.0115 | -0.4181 | -0.3782

41




0.5479
0.0892
4.7255
7.9628
0.5602
2.9855
GDP 4.3603
-13.4521 -

7.5647 +

-0.2566 -

+ 4+ |+ |+ |+ ]|+ |+

GDP

(4-1)

bias = ‘rprll yO k) +e (4-1)

y9 =y +pias 4-2)

(4-2) y© bias

42



2.

4-3
GDP

1996 3.0102 1.1112 5.0000 7.3735

1997 3.0000 1.0988 5.0207 7.0399

1998 3.1083 1.0887 5.0140 8.0070

1999 3.1214 1.0559 5.0282 7.2922

2000 3.0303 1.0570 5.0176 7.3421

2001 3.0334 1.0000 5.0311 7.4066

2002 3.1322 1.0476 5.0321 7.0000

2003 3.1404 1.0283 5.0321 7.0399
5

DOi :|X0i(k) - Xi(k)|
D,,;= (0.0000 0.0348 0.0432 0.1818 0.1697 0.1672 0.1761 0.2094)
D,,=(0.0000 0.0066 0.1629 0.0519 0.2021 0.1892 0.5407 0.6322)
D,;= (0.0000 0.1107 0.3105 0.1495 0.3071 0.2340 0.4703 0.4989)
D,,= (0.0000 0.8817 0.1352 0.1606 0.3634 0.5493 0.2761 0.2648)
D,= (0.0000 0.0974 0.1690 0.1472 0.0681 0.0406 0.1270 0.1777)

. 0.8817



: 0.0000

9(%, (1), %, (1)) = 1.0000
9(%(4), %, (4)) = 0.7080
9(%(7),% (7)) = 0.7146
9(%(2),X,(2)) = 0.9852
9(%,(5), X, (5)) = 0.6857
9(%,(8), x,(8)) = 0.4108
9(%(3), %, (3)) = 0.5867
9(%,(6), %, (6)) = 0.6533
9(%, (1), %, (1)) = 1.0000
9(%(4),%,(4)) = 0.7330
9(%(7), %,(7)) = 0.6149
9(%(2), %5(2)) = 0.8190
9(%,(5), % (5)) = 0.8662
9(%(8), %5(8)) = 0.7127

9(%,, %)= 0.7982
9(x,,%,)= 0.6331

4-4

D

min

+zD

max

9(x (k). x; (k)) =
9(%(2),%,(2)) = 0.9268
9(%(5), %,(5)) = 0.7221
9(%,(8),%,(8)) = 0.6780
9(%(3),%,(3)) = 0.7302
9(%,(6), X, (6)) = 0.6997
9(% (D, %, (1) = 1.0000
9(%,(4), x5(4)) = 0.7468
9(%(7),x;(7)) = 0.4838
9(%(2),%,(2)) = 0.3333
9(%,(5), X, (5)) = 0.5482
9(%,(8), x,(8)) = 0.6247
9(%(3),%5(3)) = 0.7229
9(%,(6), %;(6)) = 0.9157

--b=18
g(%,,X%,)= 0.7319

g(%,, %) = 0.8203

D, (k) +zD_ .,

9(%(3),%,(3)) = 0.9108
9(%(6),%(6)) = 0.7250
9(%, (1), %, (1)) = 1.0000
9(%(4), %, (4)) = 0.8947
9(% (7),%,(7)) = 0.4491
9(%(2), X,(2)) = 0.7993
9(%,(5), %, (5)) = 0.5894
9(%(8), %, (8)) = 0.4691
9(%(3),%,(3)) = 0.7653
9(%,(6), X, (6)) = 0.4452
9(%, (1), % (1)) = 1.0000
9(%(4), Xs(4)) = 0.7497

9(%,(7),%5(7)) = 0.7763

9(X,,X;) = 0.6661



40%

(% %) | 9(X:%) | 9(Xg,%s) 9(%5. %) | 9(X9:Xs)
0.7982 0.7319 0.6661 0.6331 0.8203
1999 2002

11%




GDP 5
1.
4-5
4-5
1996 0.2000 0.1356
1997 0.1992 0.1420
1998 0.1994 0.1249
1999 0.1989 0.1371
2000 0.1993 0.1362
2001 0.1988 0.1350
2002 0.1987 0.1429
2003 0.1987 0.1420
2. DOi :|X0i (k) - X (k)|
D,,= (0.0000 0.0034 0.0326 0.0369 0.0067 0.0077 0.0405
D,,= (0.0000 0.0112 0.0202 0.0498 0.0488 0.1001 0.0572
D,;= (0.0000 0.0040 0.0030 0.0055 0.0035 0.0060 0.0065
D,,= (0.0000 0.3782 0.0121 0.1364 0.2021 0.2936 0.5889

0.0433)
0.0746)
0.0065)

0.7444)



D,= (0.0000 0.0472 0.0789 0.0111 0.0044 0.0044 0.0538 0.0472)

: 0.7444
: 0.0000

z =05

9(% (D), %, (1)) = 1.0000
9(%,(4), %, (4)) = 0.9098
9(%(7),%,(7)) = 0.9019

9(%(2),%,(2)) = 0.9708
9(%(5),%,(5)) = 0.8841
9(%,(8),%,(8)) = 0.8330
9(%(3), % (3) = 0.9920
9(%,(6), x,(6)) = 0.9841
9(% (D, %, (1)) = 1.0000

9(%,(4),%,(4)) =0.7318
9(% (7). %,(7)) = 0.3873
9(%(2), %5(2)) = 0.8875
9(x%(5), % (5)) = 0.9883

9(%,(8), %(8)) = 0.8875

g(%,,%) = 0.9475

g(X%,,X,) = 0.6405

+zD

max

a( (K), X, (K)) =

D, (k) +zD, .,

9(%,(2), %, (2)) = 0.9909
a(x%,(5), %,(5)) = 0.9823

9(%(8), x,(8)) = 0.8958
9(%(3),%,(3) = 0.9485
9(%,(6), x,(6)) = 0.7881
9(% (@), %, (1) = 1.0000
(% (4), X4(4)) = 0.9854
9(% (7). %4(7)) = 0.9828
9(%(2), X,(2)) = 0.4960
9(%(5),%,(5)) = 0.6481
9(%(8), %,(8)) = 0.3333
9(%(3), % (3)) = 0.8251
9(%,(6), % (6)) = 0.9883

—b=18
g(%,,%,) = 0.8967
9(%,,%s) = 0.9277

a7

a(%, (3), %, (3)) = 0.9195
a(x,(6), x,(6)) = 0.9797

a(%, (D), %, (1)) = 1.0000
a(x,(4), x,(4)) = 0.8820

9(%(7),%,(7)) = 0.8668
9(%(2),%,(2)) = 0.9894
9(%(5), %, (5)) = 0.9907
9(%,(8), %, (8)) = 0.9828
9(%(3),%,(3)) = 0.9685
9(%,(6), x,(6)) = 0.5590
9(% (D), %5 (1)) = 1.0000
9(%,(4), x5(4)) = 0.9710

a(%,(7),%x;(7)) = 0.8737

g(x,,x;) = 0.9884



> > >GDP
4-6
GDP
9(%,%) 9(%: %) 9%, X3) 9(%:%,) 9(%1%s)
0.9475 0.8967 0.9884 0.6405 0.9277
GDP




D :|X0i(k) - Xi(k)|

D,,= (0.0000 0.0348 0.0432

D,,= (0.0000
Dy.= (0.0000
D,,= (0.0000
Dy= (0.0000
Dys= (0.0000
D,,= (0.0000
Dys= (0.0000
Dy, = (0.0000

D,,= (0.000

0.0066 0.1629

0.1107

0.8817

0.1005

0.0034

0.0112

0.0040

0.3782

0.0472

0.8817

0.0000

0.3105

0.1352

0.5378

0.0326

0.0202

0.0030

0.0121

0.0789

9(x (k), x; (k) =

0.1818

0.0519

0.1495

0.1606

0.0632

0.0369

0.0498

0.0055

0.1364

0.0111

0.1697

0.2021

0.3071

0.3634

0.0648

0.0067

0.0488

0.0035

0.2021

0.0044

D

min

0.1672

0.1892

0.2340

0.5493

0.0320

0.0077

0.1001

0.0060

0.2936

0.0044

+zD

max

0.1761

0.5407

0.4703

0.2761

0.1304

0.0405

0.0572

0.0065

0.5889

0.0538

0.2094)
0.6322)
0.4989)
0.2648)
0.1980)
0.0433)
0.0746)
0.0065)
0.7444)

0.0472)

9(%, (), %, (2)) = 1.0000

9(%(4), %, (4)) = 0.7080
9(%(7),% (7)) = 0.7146
9(%(2),%,(2)) = 0.9852
9(%(5),%,(5)) = 0.6857
9(%(8),%,(8)) = 0.4108

9(%,(3), %, (3) = 0.5867

9(x%,(6), %,(6)) = 0.6533

D, (K) +zD__,
9(%(2),%,(2))=0.9268  g(x%(3),%,(3)) = 0.9108
9(%(8),x,(8) = 0.7221  g(%,(6),%,(6)) = 0.7250
9(%,(8), x,(8)) = 0.6780 g(x,(1),%,(1))= 1.0000
9(%,(3), %,(3) = 0.7302  g(x,(4), X, (4)) = 0.8947
9(%,(6), X, (6)) = 0.6997 g(X,(7),X,(7)) = 0.4491
9(%, (1), %, (D) = 1.0000  g(%,(2),%,(2)) = 0.7993
9(%(4),%5(4)) = 0.7468  g(%,(5), %;(5)) = 0.5894

9(%(7),x3(7)) = 0.4838  g(x,(8),%;(8)) = 0.4691
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9(% @), %, )= 1.0000  g(%(2),%,(2) = 0.3333  g(x,(3), X, ()= 0.7653
9(%,(4),X,(4)) = 0.7330  g(%,(5),x,(5)) = 0.5482 g(x,(6), X, (6)) = 0.4452
9(% (7). %, (7)) = 0.6149  g(%,(8),X,(8)) = 0.6247  g(x,(1), (1)) = 1.0000
9(%(2),%5(2)) = 0.8144  g(%,(3),%5(3)) = 0.4505  g(%,(4), X5(4)) = 0.8746
9(%(5),%5(5)) = 0.8718  g(%,(6),%;(6)) = 0.9323  g(%,(7), x5(7)) = 0.7717
9(%:(8),%(8)) = 0.6901  g(x,(1), %5(1)) =1.0000  g(%,(2),%s(2)) = 0.9923
9(%(3), %(3) = 0.9811  g(%,(4),%(4)) =0.9228  g(%(5), X,(5)) = 0.9850
9(%(6), %;(6)) = 0.9828 g(x;@-xe-ﬁﬁ*ﬂmgﬂg(&(& X;(8)) = 0.9106
906 @), % (1) = L OOUBf 9(%(2), %, (2)) =0.9752 EFXO @y, (3)) =0.9562
9% (4), %, f(gj).f < 0.8085 9(%(5), %, (5)) = 0.9003 g(x,(6), %, (6)) 0.8150
9(%(7)5.-5;{7)) = 0.8852 g(%,(8),%,(8)) = 0.8553 " g(x5(1), X, (1) \\%0000
g(xo(Fﬂf %(2))=0.9910  g(%(3),%3(3) = 0.9932  g(X,(4), % (4)) = 0‘-%?77
9(% (). % (5)) = 0.9921  g(%,(6), %3(6)) = 0.9866  g(%, (7). %;(7)) = 0.9855
9(%:(8), % (8)) = 0.9855  g(x%,(1),%(1))=.1.0000  g(%(2),%(2) =0-i 82
g(Xo(gi\Xg@))‘ 0.9733  g(%,(4),%(4)) =0.7637  g(x,(5),%(5) = 0.-ff
g(xo(G)%(G))— 0.6002 " 9(%,(7),%(7)) =0.4281  g(%,(8),%(8)) /9’3719
9%, Xlo“(i))— 1.000 - g(%,(2),%0(2)) = 0.9033  9(%,(3), Xlo(3)} 0.8482
9(%(4), Xlo(4))"“ 0975 9(X0(5) X10(5)) = 0.9901 g(Xo(G) X10(6)) 0.9901
907 %7) = 08IT-Gp B %a(B) = 09085~

—b-UB
9(%, %)= 0.7982 g(Xy,X,)=0.7319  g(X,,X;) = 0.6661 g(X,,X,)=0.6331
9(%,, %)= 0.8007 g(xX,,Xs)=0.9551 g(Xy,X,)= 0.9107 g(Xy,X,) = 0.9902

9(X, %) = 0.6702  g(X,,%,) = 0.9377

4-7



>GDP

4-7
9(%, %) 9(%s%;) 9(%9:%3) 9(%1%4) 9(%1%s)
0.7982 0.7319 0.6661 0.6331 0.8007

GDP
9(%+Xs) 9(%+%7) 9(%+Xs) 9(%+Xo) 9(%o+ %50)
0.9951 0.9107 0.9902 0.6702 0.9377
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Xl X2 X3 X4
X5
U, =(0.6158,3.7015,0.0672,0.0354,0.585)
(3-14)
3
w,=0.22 w,=0.20 w,=0.18 w,=0.17 w,=0.22 s?*=g w’=0.1981
i=1
4-8
0.0029
-0.0245 | 0.4650
0.0007 | -0.0107 0.0003
0.0003 | -0.0023 0.0001 0.0002
-0.0012 | -0.0143 0.0007 0.0000 0.0119
4-8 (3-15) y 95% (0.8963,-0.8963)
1996 2003 (3-15) 4-9
4-9 y
Yes 0.5628 Yso -0.2635
Yss 0.7845 Yoo -0.2310
Ye7 -0.5076 Yo1 -0.1843
Yes -0.0673 Yoo -0.0937
4-9 1996 2003 y 95%
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2001 2003 Xs 80%

y Y90=0.97116 y',=1.00956 y's» =0.93853 y
95% 90 92 X, 70% X, 45%
y ylgo =1.82496 y'91=1.67921 y‘gz =1.34983
y 95%
2005
2001 2003 ( 4-10) 95%
4-10

92 05701 | 2.5489 -0.0014 0.0055 0.6642

91 | 0.4468 | 31964 | -0.0115 -0.0019 | 0.6118
90 | 04692 | 4.0662 | 0.0201 0.0031 | 0.8025
2001 2003 (3-15)
Y 90=-0.40632 Y 01=-1.19039 Yy 0,=1.59671 2002 2003
y 95% 2002 2003
4-10



2003

X, GDP X, X5 X,
X5
U, =(3.072,0.8967,0.9884,0.6405,0.9277)
4-11
GDP
0.00303621
GDP -0.0006988| 0.00121609
-1.291E-05| 1.1971E-05 1.7689E-07
-0.0003364| 0.00026672 4.4784E-06| 0.000208
1.2045E-05 -4.164E-05 -1.0789E-06| -6.01E-05| 2.9798E-05
1996 2003 (3-15) 4-12
4-12 y
Yes 0.6390 Yso -0.0688
Yeo 0.1129 Yoo -0.7763
Va7 0.1713 You -0.0026
Yes 0.1297 Yo -0.2052
4-12 1996 2003 y 95%




y y
( 4 )
GM(1,1)
4 1 1996
1999 1 1997 2000 2 4
( 4-13) 5 1 3 4-14) 6 1
2 (415 7 1 1 (  4-16)
4-13GM(1,1) 4 1
1996 1997 1998 1999 2000 2001 2002
1 0.1502 | 0.3425 | 0.4068 | 0.3971
2 0.3425 | 0.4068 | 0.3971 | 0.4514
3 0.4068 | 0.3971 | 0.4514 | 0.4269
4 03971 | 04514 | 04269 | 0.2957




4-14GM(L1) 5 1
1996 1997 1998 1999 2000 2001 2002
0.1502 | 0.3425 | 0.4068 | 0.3971 | 0.4514
0.3425 | 0.4068 | 0.3971 | 0.4514 | 0.4269
0.4068 | 0.3971 | 0.4514 | 0.4269 | 0.2957
4-15GM(1,1) 6 1
1996 1997 1998 1999 2000 2001 2002
0.1502 | 0.3425 | 0.4068 | 0.3971 | 0.4514 | 0.4269
0.3425 | 0.4068 | 0.3971 | 0.4514 | 0.4269 | 0.2957
4-16 GM(1,1) 7 1
1996 1997 1998 1999 2000 2001 2002
0.1502 | 0.3425 | 0.4068 | 0.3971 | 0.4514 | 0.4269 | 0.2957
4 1 GM(1,1)
4-17 4-18 419 420
4-17GM(11) 4 1
a=-0.0691 u=0.3333
k error(%o)
1 0.1502 0.1502 0
2 0.3559 0.3425 -3.9167
3 0.3814 0.4068 6.2435
4 0.4087 0.3971 -2.9245
k=5 0.438 3.2712
97.0%




4-17

4-18GM(L1) 4 2
a=-0.0546  u=0.3662
Kk error(%)
2 0.3425 0.3425 0
3 0.3957 0.4068 2.7407
4 0.4179 0.3971 -5.2333
5 0.4414 0.4514 2.2239
k=6 0.4662 2.5495
90.8%
4-19GM(1,1) 4 3
a=-0.0339  u=0.3899
k error(%o)
3 0.4068 0.4068 0
4 0.4107 0.3971 -3.4344
5 0.4249 0.4514 5.8623
6 0.4396 0.4269 -2.9814
k=7 0.4548 3.0695
46.2%
4-20GM(11) 4 4
a=0.1895 u=0.5877
k error(%o)
4 0.3971 0.3971 0
5 0.4668 0.4514 -3.4151
6 0.3862 0.4269 9.5354
7 0.3195 0.2957 -8.047
k=8 0.2643 5.2494
96.2%
4-20 4-21
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4-22 4-23 4-24

4-21GM(L,1) 4
%
1 0.438 0.4514 97.0%
2 0.4662 0.4269 90.8%
3 0.4548 0.2957 46.2%
4 0.2643 0.2747 96.2%
82.6%
7 1 GM(1,1)
4-22GM(L,1) 5
%
1 0.4844 0.4269 86.5%
2 0.4497 0.2957 47.9%
3 0.3236 0.2747 82.2%
72.2%
4-23GM(L,1) 6
%
1 0.4709 0.4269 40.7%
2 0.3451 0.2747 74.4%
57.6%
4-24GM(L1) 7
%
1 0.4709 0.2747 63.1%
4-25
82.6%



4-25 GM(L,1)

82.60%
72.20%
57.60%
63.10%

~N~Njojo| b~
Rk |k |P

GM(L, h)

GM(1,)

GM(1, h)

z =1 05 ( 426

GM(1, h)

4-26 z =1

GDP

0.9425|0.57830.9438| 0.9381| 0.94440.6330| 0.8680( 0.9674 | 0.9394 | 0.9565

x{ (t) =(0.1502,0.4926,0.8994,1.2966,1.7480,2.1749,2.4706,2.7453)

x{9 (t) =(0.7020,1.3796,2.0513,2.6257,3.2086,3.7932,4.3716,4.9266)

x{ (t) =(3.0301,6.0403,9.5641,12.7517,16.3942,19.9978,24.6662,29.6117)
x{ (t) =(0.0876,0.1849,0.2454,0.3198,0.3805,0.4476,0.4940,0.5380)

x{ (t) =(0.0355,0.1023,0.1330,.0.1742,0.1968,0.2128,0.2386,0.2835)
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x (t) =(0.6809,1.2934,1.6080,2.2460,2.8827,3.5419,4.1340,4.6801)

x{ (t) =(3.0102,6.0102,9.1184,12.2399,15.2702,18.3036,21.4357,24.5761)
x (t) =(1.1112,2.2100,3.2987,4.3547,5.4116,6.4116,7.4592,8.4875)

x? () =(0.200,0.3992,0.5986,0.7975,0.9968,1.1965,1.3943,1.5930)

x{ (t) =(0.0579,0.0939,0.1511,0.2011,0.2473,0.2882,0.3120,0.3268)

X9 (t) =(0.1356,0.2777,0. 4026,0.5397,0:6759,0.8109,0.9538,1.0958)

.\_ L

o TR
2. GM(Lh)~ e S
."-.-'
"'l g b
“"'I d I \.h"'i
lll'."lr 5
v 4-27 GM(1,h) \
F i
a { J.“62 b3 ba b5 b6 b7 b8 b9 :'-.Jblo b1l

3.9488 II-ﬁ.OOZB 0.6552 | 24.6510(-16.8698| -0.9236 | -0.4528 | 1.6124 |25.0765 %é 7693 |-17.9448

b/a ||15.2798 0.1659 | 6.2427 | -4.2721 | -0.2339 | -0.1147 | 0.4083 | 6.3504 #.I(?gl -4.5444

| !}

%\. /]
4 m_;} / f,'

z" +3.9488)” = - 0.0026x(" +0.6552x” + 24,651 - 16, 8696(>€<1> 0.9236x% -

“'\- l. g _.
X .0.4528 x +1.6124 .+ 25.0765 x + 26, 7693 x( - 17.9448 x Y
) ::.‘j“a___ ,'-_-; -
o, Wl j_{”’f

. e

x$ () = (0.1502+11.23x" - 49133 - 3.3584x" +1.211x{" +1.095x +2.818xY" -
34657x" - 10.116xY - 2.2154x$” + 4.98x)e ¥ - 11.23x® +4.9133«{" +3.3584x - 1.211x{

- 1.095 x{ - 2.818 x{" + 3.4657 x{" +10.116 x{" + 2.2154 x{" - 4.98xY



t=7 x®(7) = 273441

t=8 X (8) = 2.447046

8

X0 (8) = x(8) - x{ (7) = 2.73441- 2.447046 = 0.280873

_q |O.280873- 0.274714

=0.977578 = 97.77578%

0.274714
GM(1, h)
GM(1, h) 4-28
4-28 GM(1,h)
GM(1, h)
GM(1,10) 0.28087 0.27471 97.77%
GM(1,9) 0.17162 0.27471 62.47%
GM(1,6) 0.208816 0.27471 88.48%
GM(1,5) 0.200814 0.27471 76.01%
GM(1,4) 0.06899 0.27471 73.09%
GM1(1,3) 0.117183 0.27471 42.65%
GM(1,2) 0.151936 0.27471 55.3%
GM(1,1) -0.00020 0.27471 *
1.GM(1,7) GM(1,8)
o
GM(1,10)
97.7% GM(1, h)
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GM(1,10)

EXCEL

60.4%

4-29

GM

53.7%

(N)

60.4%

52.8%

50.2%

AlOT|O |

51.4%

53.7%
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4-29



4-30

a EXCEL
80.9%
4-30
a a
0.1 80.9% 0.6 73.6%
0.2 79.6% 0.7 72.2%
0.3 78.2% 0.8 71.0%
0.4 76.8% 0.9 69.1%
05 75.3% 1.0 71.1%
a =0.302848 b =0.008958
y, = 0.302848+0.008958" t
4-31
t
85 1 0.311807 | 0.15015587 | -7.66%
86 2 0.320765 | 0.3424679 | 93.66%
87 3 0.329723 | 0.40681374 | 81.05%
88 4 0.338682 | 0.39713993 | 85.28%
89 5 0.34764 | 0.45141008| 77.01%
9 6 0.356598 | 0.4269115 | 83.53%
91 7 0.365557 | 0.2956736 | 76.36%
92 8 0.374515 | 0.27471379| 63.67%
69.11%
4-31
69.11%  GM(1,10)
( 432



4-32

GM(1,10) 97.7%
60.4%
80.9%
69.1%

4-32
GM(1,10) 97.7%
16
GM

GM(1,10)



97.7%
80.9% 70%

GM(1,10)



WTO

RBC

16

2003

GM

GM(1,10)

1996



1 ( 4 )
2.
3. GM(1,10)
97.7%
1.
2. RBC RBC
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