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2. Numerical Investigations on Plotting Formulas and Confidence
Intervals of Return Values in Extreme Satistics

Yoshimi Gopa*

Synopsis

Environmental design conditions sueh as strong winds, flood discharges, and
gstorm waves are selected based on their occurrence probabilities, whiech are
estimated by means of extreme statisties analysis. A large scale numerical ex-
periment by the Monte Carlo method is earried out to give answers to several
unsolved problems of extreme wave statistics. Analyses are done for the FT-I type
distribution, the log-mormal distribution, and the Weibull distribution (k=0.75,
1.0, 1.4, and 2.0). As a standard, 10,000 samples with the size ranging from 10 to
100 are drawn from the parent distribution, the best-fitting distribution to a sample
is determined, and the return values for various return periods are estimated.

The least square method is employed for fitting of a distribution function to a
sample. It is confirmed that the least square method yields satisfactory results
by choosing the best plotting-position formula for respective distribution functions.
The confidence intervals of the estimates of the scale and location parameters are
presented in tabular forms. Empirieal formulas are established for the standard
deviation of the return values for the case where the true distribution function is
known. The formulas are applicable for both censored and uncensored samples of
extreme data.

When the frue distribution funcfion is unknown, the best-fitting function to a
sample does not necessarily coineide with the true one, and the probability of misfit
inecreases as the sample size decreases. Misfit yields a bias on the estimate of
return values. Empirical formulas are presented for the correction of the bias of
estimated return values. Censored and uncensored data are given different formulas.
The standard error of the estimate of return values is also synthesized in the form
of empirical formulas for the case where the true distribution function is unknown.

The present report further discusses the method for the synthesis of different
population data, the coefficient of variation of the load factors in the load and
resigtance faclor design method, and others.

Key Words: Wave Statistics, Extreme Statistics, Extreme Distributin Function, Plotting
Position Formula, Return Period, Return Value, Confidence Interval, Monte
Carlo Method

* Director General.
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(AR Hp aCHp) Hr a(Hg) Hp ol Hy) Hp a(Hg) Hp o{Hr)
2.0 6.16(~0.11) 0.44 | 5.87(4+0.01) 0.28 | 6.01(—0.01) 0.39 | 6.17(—0.07) 0.46 | 6.38(—0.20) 0.51
5.0 7.27(—0.18) 0.69 | 6.83(4+0.10) 0.50 | 7.09(—0.04) 0.61 | 7.29(—0.17) 0.69 | 7.58(—0.42) 0.77
10.0 8.09(—0.23) 0.93 | 7.58(4+0.21) 0.70 | 7.92(—0.07) 0.82 | 8.11(~0.27) 0,90 | 8 44(—0.62) 1.02
20.08.90(—0.28) 1.20 | 8.34(+0.37) 0.94 | 8.75(—0.11) 1.07 | 8.92(—0.3% 1.16| 9.28(~0.87) 1.30
50,0 9.98(—0.35) 1.60 | 9.36(-+0.64) 1.30 | 9.87(—0.18) 1,45 | 9.97(—0.59) 1.54 | 10.38(—1.24) 1.73
100.0 10, 79(~~0.40) 1.94 [£0,13(0.89) 1.60 | 10.73(—0.24) 1.78 | 10.77(—0.76) 1.87 | 11.22(—1.57) 2,10
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B s 7 = » 57 4 v A b O HEEE O [SF RN B35 Hiihuik

#E-B.1 FI-1 BSGoRHEEEOEERM (7 vy v AR L5

S RoEo® o a4 fr B B B (B-B)/A
N

SRIRER 9.5% 52 | 2505 | 75% | 9525 |97.52|S.D. | 2.5% | 5% | 25% |75% | 95% |97.5% S.D.

y=1.0 | 10 | 0.58|0.64|0.86| 1.30 | 1.81 | 2.04 | 0.37 | —0.76 | —0.61 | —0.21 | 0.25 | 0.66 | 0.83 | 0.40
14 | 0.62 ) 0.68 | 0.87 | 1.24 | 1.62 | 1.78 | 0.30 | —0.61 | —0.50 | ~0.19 | 0.22 | 0.54 | 0.67 | 0.32
200,67 0.72 | 0.88 | 1.19 | 1.50 | 1.61 | 0.24 | —0.48 | —0.40 | —0.15 | 0.18 | 0.45 | 0.54 | 0.26
30 10,71 0.75 | 0.90 | 1.14 | 1.37 | 1.47 | 0,19 | ~0.39 | —0.32 | —0.12 | 0.14 | 0.35 | 0.43 | 0.20
400,74 0.78 ] 0.01 | 1.13 | 1.32| .39 | 0.17 | —0.33 | —0.28 | —0.11{ 0.12 | 0.30 | 0.36 | 0.18
60 10.78 | 0.81 ] 0.92 | 1.10 | 1,25 | 1.30 | 0.13 | —0.27 | —0.22 | —0.09 | 0.10 | 0.24 | 0.20 | 0. 14
100 | 0.82 | 0.85 | 0.94 | 1.08 | 1.19 | 1.23 | 0.10 | —0.21 | —0.17 | —0.07 | 0.07 | 0.18 | 0.22 | 0.11

v=0,5| 10| 0.52|0.58 | 0.83 | 1.38 | 2.04 | 2.35 | 0.48 | —0.67 | ~0.58 | —0.25 | 0.44 | 1.25| 1.59 | 0.59
14| 0.57 | 0.63 | 0.84 | 1.30 | 1.82 | 2.03 | 0.38 | ~0.59 | —0.52 | —0.23 | 0.36 | .02 | 1.28 | 0.49
20| 0.61 ] 0.66 | 0.86 | 1.23 | 1.63 | L.78 | 0.30 | ~0.53 | —0.46 | —0.20 | 0.29 | 0.78 | 0.99 | 0.39
30066071 (0,88 ] 1.19 | 1.48 | 1.61 | 0.24 | —0.46 | —0.40 | —0.17 | 0.23 | 0.61 | 0.76 | 0.31
20070074 | 0.89] 1.16 | 1.40 | 1.49 | 0.20 | —0.40 | —0.35 | —0.15 | 0.20 | 0.52 | 0.64 | 0.27
60| 0.74 | 0.78 | 0.90 | 1.12 | 1.32 | 1.40 [ 0.17 | —0.35 | —0.30 | —0.13 | 0.16 | 0.41 | 0.51 | 0. 22
100 | 0.79 | 0.82 | 0,02 | 1.10 | .24 1.30 | 0.13 | —0.29 | —0.25 | —0.11 | 0.13 | 0.32 | 0.38 | 0.17

v=0.25| 1010.51|0.57|0.82 | 1.40|2.11 | 2.48 | 0.52 | —0.95 | —0.82 | —0.35 | 0.71 | 2.02 | 2.64 | 0.93
14| 0.55 | 0.61 |0.84 | 1.32 | 1.87 | 2.12 | 0.40 | —0.87  —0.75 | —0.31 | 0.61 | 1.64 | 2.06 | 0.76
20 |0.60 | 0.65|0.85 | 1.25 | 1.68 | 1.86 | 0.32 | —0.79 | —0.68 | —0.28 | 0.47 | 1.25 | 1.57 | 0.61
30 (0.65|0.70 | 0.87 | 1.19 | 1.52 | 1.63 | 0.25 | —0.69 | —0.60 | —0.26 | 0.37 | 0,97 | 1.17 | 0. 48
40 0.69 | 0.73 | 0.89 | 1.16 | 1.44 | 1.54 | 0.22 1 —0.62 | ~0.54 | —0.23 | 0.32 | 0.83 | 1.03 | 0.42
600,73 10,77 | 0.90 | 1.13 | 134 | 1.41 | 0.18 | —0.53 | —0.46 | —0.19 | 0.26 | 0.65 | 0.79 | 0.34
100 | 0,78 1 0.81 | 0.92 | 1.10 | 1.25 | 1.31 | 0.14 | —0.44 | —0.38 | —0.16 | 0.20 | 0.50 | 0.60 | 0.27




& om on o=
HE-B.2 ARERSHOBMHESEOEERY (7 = A% X 5)

. ROE B #@ 4/4 fr & 3 % (B-By/A
Y

iR 9.5%| 52 250 | 758 | 950 97.594|S.D. | 2.5% | 54 | 25% | 75% | 959 |97.5% S.D.

v=1.0| 10 0.66|0.71 | 0.87 | 1.21 | 161 | 1.78 | 0.29 | —0.69 | ~0.57 | ~0.22 | 0.21 | 0.57 | 0.70 | 0.35
1410.70|0.74}0.8971,16 | 1.46  1.5810.22 | —0.57 | —0.47 | —0.19 | 0.18 | 0.47 | 0.58 1 0.28
201 0.75]0.7810,90{1,13|1.37 1 1.461 0.18 | —0.45| —0.38 | —0.15 ] 0.16 | 0.40 | 0.48 | 0.23
307079082 0,921,101 1.271.33{0.14] —0.36| —0.30: —0.12| 0.13]0.310.37 | 0.19
40| 0.81|0.83 | 0.93|1.08 | 1.22| .97 | 0.12| —0.31 | ~0.26 —0.11 | 0.11 | 0.27 | 0.32| 0.16
60 | 0.84 ] 0.861 0,94 | 107 | 1.17 | 1.21 | 0.09| —0.26 | —0.21 | —0.09 | 0.09 | 0.22 | 0.26 | 0.13
100 | 0.87 | 0.89] 0.95 | 1.05 | 1.13 | 1.16 | 0.07 | —0.20 | ~0.16 | ~-0.07 | 0.07 | 0.16 | 0.19 | 0,10

v=0.5| 10[0.62|0.6610.85|1.26 | 1.77 | 1.98 | 0.36 | —0.50 | —0.43 | —0.19 | 0.24 | 0.70 | 0.91 | 0,36
14]0.66 | 0.70 | 0.85 | 1.20 | 1.59 | 1.76 | 0.28 | —0.43 | ~0.36 | —0.16 | 0.19 | 0.56 | 0.72 | 0,29
20107010741 0.88]1.16 1.45} 1.57}0.22 | —0.36 1 ~0.31 | —0.13[0.16 0.431 0,584 | 0.23
3010.75 1 0.7810.9011.1271,34 1,44 0,17} —0,30| —0.26 | —0,11 | 0.1310.34 | 6.43 | 0. 18
401 0.7710.8010.911]1.1071.28]1.3510.15{ —0. 27| —0.23 | —0.10]0.11 1 0.2810.35] 0.186
60 0.80 1 0.83]0.93] 1.08|1.23|1.28 | 0.12| ~0.23 | ~0.19 | ~0.08 | 0.09 | 0.23 | 0.28 | 0.13
100 0.85 | 0.87 | 0.94 | 1.06] 1.17 | 1.20 | 0.09 | —0.17 | —0.15 | —0.07 | 0.07 | 0.17 | 0.21 | 0.10

v=0.25 10| 0.59|0.64 | 0.83 | 1.28 | 1.84 | 2.10 | 0.39 | —0.53 | —0.46 | —0.22 | 0.31 | 0.97 | 1.96 | 0.47
14| 0.64| 0.68 | 0,86 | 1.22 | 1.65 | 1.82 | 0.31 | —0.47 | —0.41 | —0.18 | 0.28 | 0.78 | 100 | 0.38
20| 0.68 | 0.72{0.87 | 1.18 | 1.50 | 1.63 | 0.25 | —0.42 | —0.36 | —0.16 | 0.22 | 0.59 | 0.74 | 0.30
3010721076 0.8911.1311.38 | 1.47 {1 0.19] —0.36 | —0.31 | —0.14 | 0.16 | 0.46 | 0.56 | 0.23
401 0.76:0.7910.90 (1,114 1,32 1.40 0,16 —0,32 | —0.27 | —0.31310.14 | 6.39 | 0.47 1 0.20
60|0.79 | 0.82|0.92|1.09] 1.24| 129 0.13 | —0.27 | —0.23 | ~0.10| 0.12 | 0.30 | 0.37 | 0.16
100 0.83 | 0.85 | 0.94 | 1.07 | .18 | 1.22 | 0.10 | ~0.22| —0.19| ~0.08 | 0.08 | 0.22| 0.27 | 0.12




BEHE T B T e o 5 4 v AR G U HER O 4F TR B BT 5 BoiEm iy

{4%-B.3 v 4 Faud =075 OREHEFEOGEER GF P&A Ak 5)

RoEE B % A4
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SRR 9.5% 52 | 2525 | 75% | 952 07.5%|S.D. | 2.5% | 52 | 258 |75% | 95% 197.5%)| S.D.

v=1.01 10]0.42|0.50|0.82 | 1.7113.00 | 3.58 | 0.86 | —0.41 | —0.35 | —0.12 | 0.37 | 0.92 | 1.13 | 0.40
14 | 0.47 | 0.53]0.83 1 1.561 2,47 2.87  0.66 | —0.39 | —0.34 | —0.12 1 0.31 | 0.75  0.92 | 0. 34
20| 0.5010.57 | 0.84 | 1.44 | 2.16 | 2.48 | 0.51 | —0.36 | —0.31 | ~0.11 | 0.27 | 0.62 | 0.76 | 0. 29
30:0.5510.62}0.85(1.33]1.87|2.09]0.40] ~0.33}| —0.28| —0.10}0.22{ 0.51 | 0.62 | 0.24
40 10.59 ] 0.65 | 0.87 | .28 1.72 | 1.89 | 0.33 | ~0.31 | —0.26 | —0.09 | 0.19 | 0.44 | 0.53 | 0.21
60 10,64 0.68|0.8811.22] 1.54| 1.67 | 0.27 | —0.28 | —0.24 | —0.08 | 0.16 | 0.35 | 0.42 | 0.18
100 [ 0.70 | 0.74 | 0.90 | 1.17 | 1.41| 1.50 | 0.20 | —0.24| —0.21 | —0.07 | 0.12 | 0.28 | 0.33 | 0.15

»=0.5 | 10| 0.44|0.5210.83 | 1.63 | 2.70 | 3.22 ] 0.74 | —0.85 | —0.74 | —0.26 | 0.82 | 2.05 | 2.66 | 0.92
14]0.48 | 0.56 1 0.83 | 1.48 | 2.30 | 2.65 | 0.57 | —0.80 | ~0.68 | ~0.25 | 0.67 | 1.68 | 2.15 | 0.76
2010.521 0,59 | 0.8511.381 1,89 2.25|0.456| —0.75] —0.64 ) —0.2310.5511.34] 1.66] 0.62
30058 0.64 0.86|1.30| 1.76 | 1.04 | 0.35 | —0.68 | —0.57 | —0.20 | 0.44 | 1.05 | 1.29 | 0,50
40 0.6210.67]0.87|1.25] 1.63| 1.76 | 0.30 | —0.62 | —0.52 | —0.20 | 0.38 | 0.89 | 1.09 | 0. 44
60| 0.66| 0.71 | 0.89 | 1.20 | 149 | 1.61 | 0.24 | —0.56 | —0.48 | —0.18 | 0.32 | 0.73 | 0.88 | 0.37
100 | 0.72 | 0.77 | 0.90 | 1.15 | 1.37 | 1.45 | 0.19 | —0.46 | —0.39 | —0.15 | 0.24 | 0.55 | 0.67 | 0.29

v=0.25 10 0.46|0.53|0.83|1.57 | 2.57  3.08|0.70 | ~1.39 | —1.18 | —0.42 | 1.33 | 3.11 |>3.2 | 1.52
14 10.49 | 0.5710.8411.47 | 2.22 1 256 | 0.54 | —1.29 ) —1. 13 | —0, 39 | 1,13 | 2.63 |>2.7 1 1. 24
20 0.55|0.61)0.85|1.37 | 1.94 | 2.20 | 0.43 | —1.20 1 —1.01 | —0.36 | 0.89 | 2.17 [>2.3 | 1.01
3010.60{065]0,87]1,28/1,71(1.88{0.33] —1.08} —0.92| —0.34}0.69]1.70]1.80!0.80
40 0.63 | 0.68 | 0.88 | 1.24 | 1.61 | 1.75 | 0.28 | —0.98 | —0.84 | —0.31 | 0.62 | 1.46 | 1.56 | 0.71
G0 0.6710.7210.89)1.1911,46(1.55| 0,23} —0.86 | —0.72 | —0.27 1 0.49 | 1. 13 | 1.27 | 0.57
100 0.73 1 0.77 | 0.91 | .14 1.35 | 1.41 | 0.18 | —0.73 | —0.62 | —0.23 | 0.37 | 0.86 | 0.98 | 0.45




H B
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35-B.4 74 7257 (k=10 ORFHEFECEERM GF PA 2R L5)

F—x R ¥ 8 & A4 W BB & B—-B/A
N

B 2.59 | 52 | 259 | 75% | 95% |97.5%|S.D. | 2.52% | 5% | 259 |75% | 959 97.5%]s.D.

»=1.0 | 10|0.50|0.57 | 0.83 | 1.44 | 2.22 | 2.58 | 0.55 | —0.3¢ | —0.30 | —0,12 | 0.24 | 0.66 | 0.83 | 0.30
14 1 0,551 0.61 | 0.84|1.37[1.96| 2.24 1 0.44{ —0.32| —0.27{ —0.11 1 0.21 1 0.53] 0.65 0. 25
20| 0.60 | 0.66 | 0.86 | 1.20 | 1.75 | 1.95 | 0.35 | ~0.28 | —0.24 | —0.09 | 0.17 | 0.43 | 0.53 | 0.21
30| 0.65 0.70 | 0.88 | 1.22 | 1.55| 1.68 | 0.26 | ~0.25 | —0.21 | —0.08 | 0.13 | 0.33 | 0.41 | 0,16
4010.690.73 | 0.89 | 1.18 | 1.47 | 1.58 | 0.23 | —0.22 | —0.19 | —0.08 | 0.12 | 0.28 | 0.35 | 0.15
60| 0.72]0.76 | 0.90 | 1.15 | 1.36 | 1.44 | 0.18 | —0.20 | —0.17 | —0.07 | 0.10 | 0.23 | 0,28 | 0.12
100 | 0.78 | 0.81|0.92 | 1,11 | 1.28 | 1.33 | 0.14| —0.16 | —0.14 | —0.05 | 0.07 | 0.18 | 0.21 | 0. 09

v=0.5 | 10| 0.51 | 0.57 | 0.84 | 1.46 | 2.24 | 2.62 | 0.56 | —0.66 | —0.56 | —0.23 | 0.55 | 1.44 | 1.89 | 0. 67
141 0.55 | 0.62 | 0.84 | 1.35 | 1,96 | 2.21 | 0.43 | —0.60 | —0.52 | —0.21 | 0.44 | 1.16 | 1.52 | 0. 54
201 0.59 | 0.65 0.86 | 1.27 | 1.73 | 1.92 | 0.3¢ | —0.55 | ~0.48 | —0.19 | 0.35 | 0.1 | 1.14 | 0.43
30 {0.65|0.70 | 0.88 | 122 | 1.55 | 1.70 | 0.27 | —0.49 | —0.42 | —0.16 | 0.28 | 0.70 | 0.87 | 0.35
40| 0.68 | 0.72 | 0.89 | 118 | 1.46 | 1.56 | 0.23 | —0.44 | —0.37 | —0.16 | 0.24 | 0.59 | 0.73 | 0.30
60 0.72 | 0.77 [ 0.90 | 1.14 | 1.37 | 1.45 | 0.19 | —0.38 | ~0.32 | —0.13 | 0.19 | 0.47 | 0.58 | 0. 24
100 | 0.77 | 0.81 ] 0.92 | .11 | 1.27 | 1.33 ] 0.14 | —0.31 | —0.27 | —0.11 | 0.15 | 0,36 | 0.44 | 0. 19

v=0.25] 10]0.51|0.57 [0.83 | 1.44 | 2.22 | 2.64 | 0.56 | —0.98 | —0.84 | —0.34 | 0.82 | 2.96 | 2.01 | 1.01
14 0.55 | 0.61 | 0.84 | 1.36 | 1.95 | 2.22 | 0.43 | —0,90 | —0.78 | —0.30 | 0.69 | 1.82 | 2.26 | 0. 82
20 0,60 0.65 | 0.86 | 1.28 | 1.74 | 1.95 | 0.35 | —0.81 | —0.70 | —0.98 | 0.54 | 1.38 | 1.72 | 0. 66
30 0.65|0.69 | 0.87 [ 1.21 | 1.56 | 1.69 | 0.26 | —0.71 | —0.62 | —0.25 | 0.41 { 1.06 | 1.29 | 0. 52
40 |0.69 | 0.73{0.89 | 1.18 | 1.48 | 1.59 | 0.23 | —0.65 | —0.56 | —0.23 | 0.36 | 0.91 | 1.13 | 0.45
60|0.73 [ 0.77 | 0.90 | 115  1.36 | 1.45 | 0.18 | —0.56 | ~0.47 | —0.19} 0.29 | 0.71 | 0.87 | 0.36
100 | 0.77 | 0.81 | 0.92 | 1.11 | 1.27 | 1.33 | 0.14 | —0.46 | —0.39 | —0.16 | 0.22 | 0.54 | 0.65 | 0. 28
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f1%-B.5 ¥4 Fasdi (k=14 OREHEEMOFEEN G P&A 2 X %)

S 4 ROE B % 4/ foR o B (B—-B)/A
N
B 950 52 | 259 | 75% | 059 (97.594|S.D. | 2.5% | 5% | 259% |75% | 95% |97.5%]|S.D.
»=1.0 | 10|0.60 | 0.65|0.86|1.30 | 1.84 | 2.07 | 0.38 | —0.30 | —0.27 | —0.12 | 0.19 | 0.54 | 0.70 | 0.26
1410641069 0.8711.2411.6311.8010.30| —0.27 —0.24 | —0.1010.15]0.42 10,52 0.20
20 10.690.7310.8811.19|1.501 1.62:0.24 | —0.24 | —0.20| —0.09 | 0.13{0.34 | 0.42 | 0.17
30 10.7210.7610.90 { 1.14 1 1.37 1 1.47 1 0.19 | —0.20 | -0.17 | —0.07 | 0.10 1 0.25 | 0.3% | 0.13
401075 10.7910.91 1 1.1211.3211.39(0.16 | —0.18 | —0.16 | —0.07 { 0,08 1 0.22 | 0.26 | 0.11
6010.79/0.8210.92|1.101.24{1.290.13| —0.15 | —0.13 | —0,06 | 0.07 {0.17 | 0.21 ; 0.09
100 | 0.83 | 0.86 | 0.94 | 1.07 | 1.19 | 1.22 [ 0.10 | ~0.12 | —0.10 | —0.05 | 0.05 | 0.13 | 0.16 | 0.07
v=0.5| 10|0.57|0.62 | 0.84 | 1.35 | 1.96 | 2.25 | 0.44 | —0.54 | ~0.48 | —0.20 | 0.40 | 1.10| 1.47 | 0.52
14| 060 0.66 | 0.85 | 1.26 | 1.75 | 1.95 | 0.35 | —0.48 | —0.42 | —0.19 | 0.32 | 0.88 | 1.15 | 0.42
201 0.65!0.69|0.87 | 1.20|1.57)1.71 10,27} —0.44 | —0.38 | —0.16 | 0.25 | 0.68 | 0.85 | (.33
30:0.70| 0.74 1 0.8 {1.17 5.43]1.55;0.21 | —0.38| —0.33 | —0.14 {0.20 | .52 | 0.65 | 0.26
40]0.7310.7710.90| 1.1411.36| 1.44 | 0,18 —0.33| —0.29 | —0,13 10,17 | 0,44 | 0.53 | 0.22
601 0.7710.80(0.09111.1111.29}1.36]0.15] —0.29| —0.26 | —0.11 1 0.13 [ 0.34 | 0.43 | 0.18
100 | 0.81 | 0.84]0.93 | 1.08 | 1.21 | 1.26 | 0.11 | —0.24 | ~0.20 | —0.09 | 0.10 | 0.26 | 0.31 | 0.14
v=0.25| 10| 0.55|0.61|0.83 | 1.36 | 2.01 | 2.34 | 0.47 | —0.74 | —0.64 | —0.27 | 0.55 | 1.59 | 2.07 | 0.73
1410.5010.65[{0.851{1.28[1.7812.0010.36| —0.67 | —0.58| —0.24 | 0.46 | 1.26 ' 1.58 | 0.58
90 | 0.64 | 0.6810.85|1.22 | 1.60 [ 1.76 | 0.29 | —0.60 | —0.52 | —0.22 | 0.36 | 0.96 | 1.19 | 0.46
3010.6910.73]/0.88"'1.1711.461.56{0.22| —0.51 | —0.451 —0.20]0.27 | 0.74 | 0.89 | 0.36
40(0.7210.76 1 0.90| 1,14 {1 1.39 | 1.48 { 0.19 | —0.46 | —0.40 | ~0.17 1 0.24 1 0.62 | 0.77 | 0. 31
6010.76 10.8010.9111.1211,3011.37 | 0.15} ~0.40 | —0.34 [ —0.14 1 0.19 | 0.48 | 0.55 | 0. 25
100 1 0.8 | 0.84 10,93 1.09{1.221.27 10,12 —0.32 1 ~0.27 | —0.12 1 0.14 { 0.36 | 0.44 | 0.19




& Om R

5-B.6 v+ A5 (k=200 ORFHEREOFEERN (5 P&A ARz X 5)

e ROE & @ A4 o B B % (B-m/A
N

ERiR 2.5%| 52 | 252 | 15% | 95% 97.5%|S.D. | 2.5% | 5% | 25% |75% | 952 197,59 8. D.

»=1.0 | 10{0.65|0.70  0.87 | 1.22|1.62{1.81 | 0.29 | ~0.30 | ~0.26 | —0.12 | 0.17 | 0.51 | 0.66 | 0. 24
14 0.69 | 0.74 | 0.88 | 1.17 | 1.48  1.60 | 0.23 | —0.26 | —0.23 | —0.10 | 0.13 | 0.39 | 0.49 | 0.18
20| 0.74 | 0.77 1 0.90 | 1.14 | 1.87 | 1.46 | 0,19 | ~0.22 | —0.20 | —0.09 | 0.11 | 0.31 | 0.39 | 0. 15
301078 0.81]0.92 | 1,11 | 1.28 | 1.36 | 0.15 | —0.19 | —0.17 | —0.07 | 0,08 | 0.24 | 0.20 | 0.12
40 | 0.80  0.83]0.92| 2,00 | 1.24 | 1.29 | 0.13 | —0.17 | —0.15 | —0.06 | 0.07 | 0.20 | 0.2¢ | 0.10
60 | 0.83 | 0.85|0.94 | 1,07 | 1.18 | 1.23 | 0.10 | —0.14 | —0.12 | —0.05 | 0.06 | 0.15 | 0.19 | 0.08
100 | 0.87 | 0.89 | 0,95 | 1,05 | 1.14 | 117 | 0.08 | —0.11 | —0.10 | —0.04 | 0.04 | 0.11 | 0.14 | 0.05

v=0.5 10 0.60|0.65|0.84 | 1.29 | 1.83 | 2.06 | 0.30 | —0.48 | ~0.42 | —0.19| 0,32 | 0.93 | 1.22 | 0.44
14 | 0.64 | 0.60 | 0.86 | 1.22 | 1.64 | 1.82 | 0.30 | —0.42 | —0.36 | ~0.17 | 0.26 | 0.73 | 0.96 | 0.35
20| 0.68 | 0.72 | 0,88 | 1.17 | 1.48 | 1.61 | 0.24 | —0.37 | —0.33 | ~0.14 | 0.20 | 0.56 | 0.71 | 0.8
30(0.73 | 0.77 | 0.89 | 1.14 | 1.57 | 1.47 | 0.19 | —0.32 | —0.28 | ~0.12 | 0.16 | 0.43 | 0.54 | 0. 22
401076 0.79 1 0.91 | 1.11 | 1.30 | 1.37 | 0.16 | ~0.28 | —0.24 | —0.11 | 0.13 | 0.36 | 0.44 | 0.19
60| 0.791 0,82 0.92 | 1.05 | 1.24 | 1.30 | 0.13 | ~0.25 | —0.21 | —0.09 | 0.11| 0.28 | 0.35 | 0.15
100 | 0.84 | 0.86 | 0.94 | 1.07 | .18 | 1.22 | 0.10 | —0.19 | —0.16 | —0.07 | 0.08 | 0.21 | 0.25 | 0.11

»=0.25 10| 0.58 | 0.63 | 0.83 | 1.30 | 1.89 | 2.17 | 0.42 | —0.60 | —0.52 | —0.24 | 0.41 | 1.23 | 1.62 | 0.57
140,63 | 0.67 ] 0.85]1.24 | 1.68 | 1.88 | 0,32 | —0.53 | ~0.47 | —0.21 | 0.34 | 0.97 | 1.22| 0,45
200,67 | 0.71 | 0.87 | 119 | 1.53 | 1.67 | 0.26 | —0.48 | —0.42 | —0.18 | 0.26 | 0.74 | 0.92 | 0.36
30 0.71]0.75 | 0.89 | 1.14 | 1.40 | 1.49 | 0.20 | —0.40 | —0.35 | —0.16 | 0.20 | 0.56 | 0.68 | 0.28
40| 0.750.78 0,90 | 1.12| 1.34 | 1.42 | 0.17 | —0.37 | —0.31 | —0.14 | 0.18 | 0.48 | 0.50 | 0. 24
60| 0.78 | 0.81 0,92 | .10 | 1.26| 1.31 | 0.14 | —0.31 | —0.27 | —0.12| 0.14 | 0.36 | 0.43 | 0.19
100 | 0.82 | 0.85] 0,93 | .07 | 1.19 | 1.23 | 0.10 | —0.25 | —0.22 | —0.09 | 0.10 | 0.26 | 0.33 | 0.15






