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Estimation of Design Rainfall by the Regional Frequency Analysis

using Higher Probability Weighted Moments and GIS Techniques(1I)
- On the method of L-moments -
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Abstract

This study was conducted to derive the regional design rainfall by the regional fre-
quency analysis based on the regionalization of the precipitation suggested by the first
report of this project.

Using the L-moment ratios and Kolmogorov-Smirnov test, the underlying regional pro-
bability distribution was identified to be the Generalized extreme value distribution among
applied distributions, Regional and at-site parameters of the generalized extreme value
distribution were estimated by the linear combination of the probability weighted moments,
L -moment.

The regional and at-site analysis for the design rainfall were tested by Monte Carlo
simulation. Relative root-mean-square error(RRMSE), relative bias(RBIAS) and relative
reduction(RR) in RRMSE were computed and compared with those resulting from at-site
Monte Carlo simulation. All show that the regional analysis procedure can substantially
reduce the RRMSE, RBIAS and RR in RRMSE in the prediction of design rainfall.
Consequently, optimal design rainfalls following the regions and consecutive durations were
derived by the regional frequency analysis.
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Table 1 RRMSE of the simulated quantile following the sample size and region for 24-hr consecutive duration

of GEV distribution by point frequency analysis

sggpliéats?zie Region Qs Qio Q0 Qs Qioo Qzo0 Qso0
1 0.1253 0.1532 0.1951 0.2713 0.3457 04377 0.5944
11 0.1098 0.1297 0.1615 0.2211 0.2793 0.3503 0.4675
20 111 0.1050 0.1258 0.1589 0.2209 0.2816 0.3561 0.4812
1V 0.1047 0.1254 0.1578 0.2175 0.2759 0.3471 0.4664
\' 0.1136 0.1372 0.1738 0.2415 0.3083 0.3909 0.5317
1 0.0880 0.1095 0.1428 0.2036 0.2619 0.3324 0.4483
I 0.0767 00911 0.1153 0.1604 0.2036 0.2548 0.3364
40 111 0.0740 0.0896 0.1149 0.1615 0.2061 0.2591 0.3445
v 0.0738 0.0895 0.1150 0.1621 0.2073 0.2616 0.3500
\'% 0.0795 0.0966 0.1239 0.1738 0.2214 0.2777 0.3678
1 0.0723 0.0906 0.1193 0.1710 0.2200 0.2778 0.3705
11 0.0628 0.0753 0.0961 0.1343 0.1701 0.2117 0.2760
60 11 0.0605 0.0735 0.0947 0.1337 0.,1705 0.2134 0.2806
v 0.0605 0.0735 0.0948 0,1340 0.1712 0.2153 0.2858
\% 0.0653 0.0801 0.1035 0.1459 0.1856 0.2320 0.3045
1 0.0561 0.0706 0.0932 0.1337 0.1713 0.2147 0.2820
11 0.0495 0.0592 0.0753 0.1046 0.1316 0.1623 0.2087
100 111 0.0471 0.0575 0.0747 0.1061 0.1352 0.1689 0.2205
v 0.0470 0.0573 0.0743 0.1052 0.1340 0.1673 0.2187
\'% 0.0507 0.0624 0.0813 0.1155 0.1472 0.1838 0.2402
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Table 2 RBIAS of the simulated quantile following the sample size and region for 24-hr consecutive duration
of GEV distribution by point frequency analysis

Si;‘:‘p‘ift;je Region Qs Q10 Q20 Q50 Q100 Q200 Q500
I 0.0007 -0.0053 -0.0089 -0.0076 -0.0007 0.0126 0.0420
11 -0.0001 -0.0006 0.0014 0.0091 0.0196 0.0349 0.0637
20 11 0.0004 -0.0003 0.0010 0.0074 000169 0.0313 0.0593
1V 0.0012 0.0001 0.0010 0.0066 0.0153 0.0286 0.0548
)\ 0.0004 -0.0018 -0.0015 0.0046 0.0147 0.0305 0.0620
1 -0,0013 -0.0044 -0.0056 -0.0030 0.0032 0.0136 0.0353
11 -0.0002 -0.0002 0.0015 0.0071 0.0143 0.0245 0.0433
40 1 -0.0002 -0.0006 0.0003 0.0044 0.0104 0.0194 0.0366
v -0.0004 -0.0009 0.0001 0.0045 0.0109 0.0203 0.0385
)Y -0.0010 -0,0024 -0.0023 0.0013 0.0073 0.0167 0.0351
I -0.0010 -0.0034 -0.0045 -0.0028 0,0014 0.0088 0.0242
Il -0.0009 -0.0009 0.0004 0.0046 0.0100 0.0175 0.0312
60 11 -0.0002 -0.0006 -0.0001 0.0028 0.0071 0.0136 0.0261
v -0.0002 ~0.0006 0.0001 0.0032 0.0076 0.0144 0.0272
v -0.0008 -0.0019 -0.0018 0.0008 0.0051 0.0118 0.0249
1 -0.0003 -0.0018 -0.0024 -0.0012 0.0016 0.0064 0.0162
1 -0.0005 -0.0008 -0.0003 0.0019 0.0048 0.0089 0.0167
100 il -0.0001 -0.0004 0.0000 0.0020 0.0049 0.0093 0.0176
Vv -0.0001 -0.0002 0.0003 0.0024 0.0055 0.0100 0.0185
A% -0.0004 -0.0011 -0.0010 0.0008 0.0037 0.0083 0.0171
o (13
{8 Gowurgin mgionV ) Mwanin mganV
- GEV/L-moment(Regional) , @[ — GEV/L-moment(Regional) .
wb GEV/L-moment(at-site) L T GEV/L-moment(at-site}
& size 20 P @ & size 20 j
oot W size 40 e y 2 8 size 40 .
g Asizaso /,‘ ,1' Sm :afzoGO PR .
S0 ® size 100 . - - c size 100 . -
¥
e g
o (L]
b 0 Ed o w w an s © k4 [ w an m

Fig. 2. Comparison of regional and at-site procedures for 24-hr consecutive duration in region V
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Table 3 RRMSE of the simulated quantile following the sample size and region for 24-hr consecutive duration
of GEV distribution by regional frequency analysis

Sj:;np\;iatsge Region Qs Qo Qo Qso Qioo Qano Qsoo
1 0.1236 0.1251 0.1295 0.1409 0.1537 0.1694 0.1936

I 0.1043 0.1087 0.1162 0,1312 0.1463 0.1643 0.1921

20 111 0.1021 0.1032 0.1053 0.1104 0.1160 0.1231 0.1345
v 0.1033 0.1053 0.1089 0.1167 0.1251 0.1353 0.1512

\% 0.1094 0.1107 0.1145 0.1239 0.1342 0.1468 0.1662

i 0.0874 0.0893 0.0936 0.1039 0.1151 0.1287 0.1496

11 0.0729 0.0762 0.0825 0.0956 0.1089 0.1249 0.1496

40 111 0.0724 0.0733 0.0752 0.0796 0.0843 0.0901 0.0994
v 0.0727 0.0746 0.0778 0.0846 0.0917 0.1003 0.1138

\'% 0.0779 0.0793 0.0828 0.0910 0.0998 0.1104 0.1266

1 0.0709 0.0727 0.0767 0.0858 0.0953 0.1068 0.1244

1 0.0593 0.0623 0.0678 0.0791 0.0904 0.1039 0.1245

60 11 0.0591 0,0599 0.0616 0.0654 0.0694 0.0744 0.0822
v 0.0592 0.0608 0.0637 0.0696 0.0756 0.0830 0.0944

\' 0.0630 0.0644 0.0677 0.0753 0.0833 0.0928 0.1073

1 0.0547 0.0561 0,0590 0.0657 0.0729 0.0816 0.0951

I 0.0464 0.0483 0.0520 0.0602 0.0686 0.0789 0.0947

100 i 0.0456 0.0463 0.0477 0.0508 0.0541 0.0581 0.0644
v 0.0462 0.0476 0.0498 0.0543 0.0590 0.0646 0.0735

\' 0.0489 0.0499 0.0527 0.0591 0.0658 0.0738 0.0860

Table 4 RBIAS of the simulated quantile following the sample size and region for 24-hr consecutive duration of
GEV distribution by regional frequency analysis

Slmulatejd Region Qs Quo Qu Qso Qoo Qao0 Qsoo
sample size

1 0.0122 0.0018 -0.0111 ~0.0306 -0.0463 -0.0625 -0.0842

I 0.0016 0.0019 0.0027 0.0048 0.0072 0.0103 0.0158

20 111 0.0055 0.0014 -0.0041 -0.0125 -0.0194 -0.0265 -0.0362
vV 0.0166 0.0085 0.0053 -0.0022 -0.0086 ~(.0155 ~-().0249

\ 0.0080 ~0.0009 -0.0115 -0.0271 ~0.0396 ~().0524 -0.0695

1 0.0078 0.0019 -0.0056 -0.0168 -0.0259 -0.0353 -0.0480

11 -0.0017 0.0001 0.0029 0.0080 0.0128 0.0184 0.0270

40 111 0.0035 0.0009 -0.0024 -0.0072 -0.0111 ~-0.0152 ~(.0206
IV 0.0084 0.0081 0.0062 0.0025 -0.0009 -0.0046 -0.0097

\% 0.0056 -0.0006 -0,0079 -0.0185 -0.0271 -0.0358 -0,0476

1 0.0059 0.0012 -0,0046 -0.0135 ~0.0208 -0.0284 -0.0386

Il -(.,0031 -0.0014 0.0012 0.0059 0.0103 0.0154 0.0230

60 111 0.0021 -(.0003 -(,0031 -0.0073 -0.0106 -0.0141 -0,0188
v 0.0073 0.0073 0.0060 0.0031 0.0004 -0.0026 -0.0069

\ 0.0042 -0.0015 -0.0082 -0.0178 -0.0256 -0,0336 -().0444

1 0.0041 0.0005 -0.0040 -0.0110 -0.0167 -0,0227 -0.0310

I -0.0036 -().0019 0.0008 0.0055 0.0098 0.0146 0.,0218

100 11 0.0012 -0.0008 -0.0031 -0.0063 -0.0090 -0.0117 -0.0154
v 0.0063 0.0066 0.0057 0.0035 0.0013 -0,0012 -0.0049

\'% 0.0028 -0.0024 -(0.0085 -0.0174 -0.0245 -0.0319 -0.0420
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Table 5 Relative reduction(%) in RRMSE by region for at-site for 24-hr consecutive duration of GEV

distribution
Slmulatejd Region Qs Quwo Qo Qs0 Qoo Qa0 Qs
sample size
I 158 18.40 33.46 47 66 54.99 60.59 66.56
11 5.04 15.90 2745 39.83 46.69 52.04 57.68
20 m 3.44 17.66 32.52 48.20 56.70 63.04 69.26
v 3.07 16.83 30.87 45.35 53.16 59.05 65.04
\'4 3.83 18.49 32.50 46.39 53.72 59.29 65.05
1 1.12 18.72 34.35 48.45 55.30 60.29 65.33
11 4,97 16.02 27.65 39.14 44.97 49.16 53.32
40 11 3.08 17.97 33.09 48.32 56.19 61.84 67.14
v 2.84 16.75 31.08 45.30 5251 57.67 62.57
\% 2.49 17.37 31.70 45.32 52.09 56.96 61.73
1 2.45 20.00 35.58 49,30 55.84 60.47 65.05
11 547 16.85 28.57 39.68 45.07 48.79 52.31
60 m 2.98 17.82 33.04 48.23 55.91 61.31 66.28
v 3.72 17.42 31.63 4554 52.44 57.28 61.76
\ 3.96 18.95 32.95 45,72 51.83 56.11 60,19
1 2.87 20,65 36.41 50.12 56.41 60,72 64.70
11 6.12 17.88 29.86 40,85 45,92 49,17 51.90
100 Il 3.75 18.55 3355 48.26 55.61 60.72 65.30
v 2.92 19.96 3151 4547 52.20 56.77 60.77
\4 3.87 19.13 33.12 45.45 51.10 54.92 58.39
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Table 6 Regional quantiles for the different return periods, consecutive durations and regions in GEV

distribution
Consecutive Region 1 Region 11 Region 111 Region IV Region V
Return duration
period (hr) RQ RQ RQ
(mm) {mm) (mm) {mm) (mm)
1 46.7 42.7 456 358 474
3 79.0 75.3 81.1 63.7 89.7
6 1155 1113 109.4 86.7 125.7
5 12 157.6 154.4 143.1 119.2 167.3
24 203.1 189.9 176.8 152.4 206.5
36 228.3 220.5 1948 164.9 236.6
48 249.4 233.1 210.3 173.0 2441
72 278.2 269.1 228.2 188.3 263.9
1 54.9 50.2 53.3 41.8 56.0
3 94.1 87.6 96.4 75.4 106.7
6 138.3 130.9 130.8 103.5 150.5
10 12 191.0 183.9 172.1 1429 2011
24 253.9 2295 212.8 183.0 252.7
36 2875 268.0 236.2 198.5 291.7
48 313.8 2844 254.9 208.6 300.8
72 349.7 326.3 275.6 226.1 322.8
1 63.0 578 60.7 475 64.7
3 109.6 99.3 111.7 87.5 123.4
6 162.4 149.7 152.8 121.2 175.3
20 12 226.1 212.8 2019 1677 2353
24 309.9 269.4 249.4 2144 301.5
36 353.6 316.3 279.3 233.0 350.1
48 384.6 336.2 301.3 245.6 360.1
72 428.0 383.1 324.6 264.6 383.2
1 74.0 68.2 70.3 55.1 76.8
3 131.6 114.2 132,5 104.7 1458
6 196.8 174.2 183.6 146.6 208.7
12 2768 251.2 2439 202.6 282.5
50 24 394.6 323.9 300.3 258.2 3717
36 4552 382.9 340.6 2814 434.9
48 4918 407.1 367.0 298 1 4449
72 5455 459.5 393.5 318.3 467 4
1 82.6 76.5 77.5 60.9 86.5
3 1495 125.2 148.9 118.7 163.1
6 225.3 192.5 208.6 1677 234.9
12 3189 280.7 2779 231.3 320.1
100 24 4685 367.2 3411 2936 4301
36 5452 4359 391.0 320.7 505.8
48 585 .4 4634 420.7 341.2 515.0
72 647.3 519.1 4497 361.5 535.2
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Return Consecgtive Region | Region 11 Region 11l Region 1V Region V
period duration RQ RQ RQ RQ RQ
(hr) (mm) (mm) (mm) (mm) (mm)
1 91.5 85.1 84.7 66.7 96.7
3 168.7 136.0 165.9 133.8 180.8
6 256.3 2109 235.2 190.8 262.0
200 12 364.8 310.7 314.1 262.0 359.5
24 552.5 412.3 384.3 331.1 4937
36 648.9 4917 445.2 3624 583.7
48 691.8 522.3 478.5 3874 591.1
72 762.3 530.4 509.7 407.2 607.1
1 103.9 97.1 9.1 74.4 111.0
3 196.1 150.0 189.4 155.6 204.8
6 3014 235.1 273.1 2244 2993
500 12 4319 351.3 365.9 3064 414.7
24 681.5 475.2 4452 3343 586.7
36 810.5 570.0 523.5 422.0 698.4
48 855.1 604.5 561.7 454.1 701.8
72 937.6 664.4 595.6 472.0 709.1
1000 —
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Fig. 3 Comparison of the regional quantiles for the consecutive durations of 24 and 72 hr of § regions
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