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Estimation of Drought Rainfall by Regional Frequency

Analysis using L and LH-Moments( 1)
- On the Method of L-Moments -
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Abstract

This study is mainly conducted to derive the design drought rainfall by the consecutive duration using
probability weighted moments with rainfall in the regional drought frequency analysis. It is anticipated to
suggest optimal design drought rainfall of hydraulic structures for the water requirement and drought fre-
quency of occurrence for the safety of water utilization through this study.

Preferentially, this study was conducted to derive the optimal regionalization of the precipitation data that
can be classified by the climatologically and geographically homogeneous regions all over the regions except
Cheju and Ulreung islands in Korea. Five homogeneous regions in view of topographical and climatological
aspects were accomplished by K-means clustering method.

Using the L-moment ratio diagram and Kolmogorov-Smirnov test, generalized extreme value distribution
was confirmed as the best fitting one among applied distributions. At-site and regional parameters of the
generalized extreme value distribution were estimated by the method of L-moments. Design drought rainfalls
using L-moments following the consecutive duration were derived by the at-site and regional analysis using
the observed and simulated data resulted from Monte Carlo techniques. Relative root-mean-square error

+ EFEusa oy

o BFFEAATAL FALATA

#3508 E th3hel

* Corresponding author. Tel.: +82-43-261-2572
fax: +82-43-271-5922
E-mail address: aelsh@cbucc.chungbuk.ac kr

97



L 2 LH-ZAEY3 e

Hel 9@ FHEEF) FA(I)

(RRMSE), relative bias (RBIAS) and relative reduction (RR) in RRMSE for the design drought rainfall
derived by at-site and regional analysis in the observed and simulated data were computed and compared.
It has shown that the regional frequency analysis procedure can substantially more reduce the RRMSE,
RBIAS and RR in RRMSE than those of at-site analysis in the prediction of design drought rainfall.
Consequently, optimal design drought rainfalls following the regions and consecutive durations were

derived by the regional frequency analysis.

Keywords : Region, Cluster analysis, L-moment, Monte Carlo simulation, Error, At-site/Regional frequency

analysis, Design drought rainfall
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| Selection of rainfall stations with highly reliable data.

27, 30, 33 and 36 months.

Construction of annual minimum series for the consecutive durations of 1, 2, 3, 6, 9, 12, 15, 18, 21,

Classification of homogeneous regions using K-means clustering method,

Selection of an optimal distribution for applied probability distributions using the L-moment ratio
diagram and Kolmogorov-Smirnov test for all annual minimum series.

Estimation of at-site and regional parameters for an optimal distribution by L-moments.

techniques.

Derivation of design drought rainfalls using L-moments following the consecutive duration by the
at-site and regional analysis using the observed and simulated data resulted from Monte Carlo

analysis in the observed and simulated data.

Computation and comparison of relative root-mean-square error (RRMSE), relative bias (RBIAS)
and relative reduction (RR) in RRMSE for the design drought rainfall derived by at-site and regional

Fig. 1 Algorithm for at-site and regional frequency analysis
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Table 1 5 regions classified by the method of K-means clustering
Region Stations OPI gtr;lt}?grrls

I Chuncheon, Seoul, Inchgon. Weonju, Suwon, Chungju, Seosan, Cheongju, Ganghwa, 18
Yangpyeong. Icheon, Inje. Hongcheon, Jecheon, Boeun, Cheonan, Buyeo, Geumsan

I Sokcho. Daegwanryeong, Gangreung, Uljin, Chupungryeong, Ulsan 6

I Daejeon, Gunsan, Jeonju, Gwangju, Mokpo, Boryeong, Buan, Imsil, Jeongeup, 13
Namwon, Suncheon, Jangheung, Haenam

W Pohang. Daegu, Youngjg. Mungyeong, Yeongdeok, Uiseong, Gumi, Yeongcheon, 1
Geochang, Hapcheon, Milyang

\ Busan. Tongyeong. Yeosu, Wando, Jinju, Goheung, Sancheong, Geoje, Namhae 9
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Table 2 RRMSE of the simulated quantile following the sample size and region for 12 months consecutive
duration of GEV distribution by at-site frequency analysis

Si;g‘gf‘eaﬁge Region | @ | @ | Qo | Qu | Q5 | Qu | Os | Qo | @ | @

1 0.0460 | 0.0545 | 0.0675 | 0.0852 | 00917 | 00972 | 0.1021 | 0,1064 | 0.1103 | 01139
il 0.0448 | 0.0556 | 0.0702 | 0.0901 | 0.0975 | 0.1039 | 01095 | 0.1146 | 0.1191 | 01233
20 I 0.0566 | 0.0769 | 0.1030 | 0.1409 | 01559 | 0.1692 | 0.1813 | 0.1925 | 02029 | 0.2126
v 0.0497 | 0.0666 | 0.0875 | 0.1166 | 01278 | 0.1376 | 0.1464 | 0.1544 | 0.1617 | 0.1685
N 00511 | 0.0667 | 00869 [ 0.1149 | 01255 | 0.1349 | 0.1431 | 0.1506 | 01575 | 01639
1 0.0327 | 0.0380 | 0.0471 [ 0.0600 | 0.0647 | 00688 | 0.0724 | 0.0756 | 0.0785 | 0.0811
1I 0.0318 | 0.0393 | 0.0500 | 0.0650 | 0.0706 | 0.0754 | 0.0796 | 0.0834 | 0.0869 [ 0.0900
40 11 0.0402 | 0.0543 | 00736 | 0.1022 | 01135 | 0.1236 | 0.1328 | 0.1413 | 01492 | 0.1565
IV 0.0353 | 0.0467 | 0.0619 | 0.0839 | 0.0924 | 0.0998 | 0.1065 | 0.1126 | 0.1182 | 0.1234
N 0.0363 | 0.0469 | 00616 | 0.0825 | 0.0906 | 0.0976 | 01038 | 0.1095 | 01147 [ 0.1195
I 0.0267 | 0.0308 | 0.0381 | 0.0486 | 0.0526 | 0.0559 [ 0.0589 | 0.0615 | 0.0639 | 0.0661
i 0.0260 | 0.0322 | 0.0411 { 0.0538 | 0.0585 { 0.0625 | 0.0661 | 0.0694 | 0.0723 | 0.0750
60 11 00329 | 0.0448 | 00610 | 0.0851 | 0.0947 | 0.1032 | 01110 | 0.1181 | 01248 { 0.1310
Y 0.0290 | 0.0383 | 0.0511 | 0.0694 | 0.0766 | 0.0829 | 0.0885 | 0.0936 | 0.0983 | 01027
\ 00298 | 0.0385 [ 00507 { 0.0683 | 0.0751 | 0.0810 | 0.0863 | 0.0910 | 0.0954 | 00995
I 00207 | 0.0237 | 00294 | 0.0377 | 0.0408 | 0.0435 | 0.0458 | 0.0479 | 0.0498 | 0.0515
I 0.0203 | 0.0246 | 0.0314 | 0.0411 | 0.0448 | 0.0480 | 0.0508 | 0.0533 | 0.0556 | 0.0577
100 11 00255 | 0.0344 | 00469 | 0.0659 | 00734 | 0.0801 | 0.0862 | 0.0819 | 0.0971 | 0.1020
v 0.0224 | 0.0295 | 0.0394 | 0.0539 | 0.0595 [ 0.0644 | 0.0688 | 0.0728 | 0.0765 | 0.0799
N 00231 | 00298 | 00392 | 0.0530 | 0.0583 | 0.0629 | 0.0670 | 0.0708 | 0.0742 | 0.0773

Table 3 RRMSE of the simulated quantile following the sample size and region for 12 months consecutive
duration of GEV distribution by regional frequency analysis

Sg};npﬁag?ge Region Q, Q | Qu | Qn | Qs | Q| Qs | Qu | Qs | @
I 0.0420 | 00452 | 00485 | 0.0522 | 0.0534 | 0.0545 | 0.0554 | 0.0562 } 0.0569 [ 0.0576

1 0.0417 | 0.0472 | 0.0539 | 0.0625 | 0.0656 | 0.0683 | 0.0706 | 0.0727 | 0.0746 | 0.0764

20 it 0.0518 | 00553 | 00584 | 00640 | 0.0667 | 00692 | 00716 | 0.0740 | 00762 | 0.0784
v 00451 | 0.0498 | 0.0543 | 0.0598 { 0.0619 | 0.0637 | 0.0653 | 0.0667 | 0.0681 | 0.0693

\% 00464 | 00501 | 00532 | 00571 | 0.0586 | 0.0600 | 0.0612 | 0.0623 | 0.0633 | 0.0643

1 00297 | 00310 | 00324 | 0.0340 | 00346 | 0.0351 | 0.0356 | 0.0360 { 0.0363 | 00367

I 00293 | 00326 | 0.0370 | 0.0430 { 0.0453 | 0.0473 | 0.0490 | 0.0506 [ 0.0521 | 0.0534

40 11 00366 | 00385 | 0.0409 | 0.0460 | 0.0484 | 00508 | 0.0930 | 0.0551 | 0.0571 | 0.0591
I\ 00318 | 00343 | 00372 | 00412 | 00428 | 0.0442 | 0.0454 | 0.0466 | 0.0477 | 0.0487

\Y 0.0328 | 0.0347 | 0.0366 | 00393 | 0.0405 | 0.0416 | 0.0425 | 0.0434 | 0.0443 | 0.0451

1 00243 1 00251 | 0.0260 | 0.0271 | 00275 | 00279 | 00282 | 0.0285 | 00288 [ 0.0290

11 00235 | 00261 | 0.0296 | 0.0346 } 00365 | 0.0382 | 0.0396 | 0.0409 { 0.0421 | 0.0432

60 1l 0.0299 | 0.0314 | 0.0335 { 0.0381 | 0.0403 | 00423 | 0.0442 | 0.0461 | 0.0478 | 0.0495
v 0.0259 | 00279 | 00304 | 0.0339 | 0.0353 | 0.0365 | 0.0376 { 0.0386 | 0.0395 | 0.0404

\Y 0.0267 | 00282 | 0.0297 | 0.0321 | 0.0331 | 0.0340 | 0.0348 | 0.0356 [ 0.0363 | 0.0369

I 00188 | 00193 | 00198 | 0.0206 | 00209 | 00212 | 0.0214 | 0.0217 | 00219 | 00221

II 00185 | 00203 | 0.0227 | 0.0263 | 0.0278 | 0.0290 | 0.0300 | 0.0311 [ 0.0320 | 0.0328

100 it 00233 | 0.0243 | 0.0260 | 0.0298 | 0.0316 | 0.0333 | 0.0349 | 0.0364 | 0.0379 | 0.0393
I\ 00202 | 00216 | 00236 | 0.0266 { 00278 { 00289 | 0.0298 | 0.0307 | 00315 | 0.0322

\% 00209 | 0.0218 | 00230 | 0.0248 | 00256 | 00263 | 00270 | 0.0276 | 0.0282 | 0.0287
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Fig. 4 Comparison of regional and at-site procedures for 12 months consecutive duration in region III

Table 4 Relative reduction(%) in RRMSE by region and at-site for 12 months consecutive duration of GEV

distribution
Simulated Region Q2 Q | Qu | Qu | @5 | Qn | @s | Qo | Q Q
sample size 5 S0
1 846 | 1605 | 2678 | 37.10 | 4001 | 4217 | 4390 | 4529 | 4648 | 4749
Il 6.67 | 1425 | 21,74 | 2851 | 3033 | 31.69 | 3272 | 3359 | 3425 | 3487
20 1l 833 | 2699 | 4154 | 5214 | 5452 | 5616 | 57.34 | 5821 | 5889 | 5941
IV 899 | 2385 | 3584 | 4580 | 4843 | 50.36 | 51.83 | 53.04 | 54.02 | 54.85
\% 892 | 2367 | 3685 | 4789 | 50.77 | 5289 | 5449 | 5577 | 56.85 | 57.73
I 891 | 1718 | 2951 | 4115 | 4431 | 4664 | 4848 | 4996 | 5122 | 52.25
11 774 | 1627 | 2443 | 3114 | 3282 | 3403 [ 3498 | 3571 | 3627 | 36.78
40 i 870 | 2788 | 4241 | 5219 | 5423 | 5554 | 5647 | 5711 | 5760 | 57.96
I\ 984 | 2525 | 3777 | 4781 | 5033 [ 5213 | 5352 | 5461 | 5551 | 56.24
\% 023 | 2467 | 3859 | 4978 | 5261 | 5460 | 56.12 | 5730 | 5826 | 59.05
[ 906 | 1750 | 3022 | 4221 | 4543 | 4785 | 49.75 | 5123 | 5247 | 5352
11 962 | 1757 | 2563 | 3212 | 3377 | 3485 | 3584 | 3653 | 3707 | 3756
60 111 916 | 2844 | 4278 | 5220 | 5411 | 5538 | 56.23 | 5682 | 5727 | 57.59
[V 1044 | 26.00 | 3837 | 4807 | 5052 | 5229 { 5359 | 5464 | 5551 | 56.19
\% 1001 | 2551 | 3928 | 5024 | 5294 { 5491 | 56.36 | 5750 | 5842 | 59.21
[ 914 | 1762 | 3102 | 4322 | 4645 | 4887 | 50.76 | 5227 | 5354 | 54.59
11 854 | 1681 | 2588 | 3326 | 3506 | 3634 [ 37.32 | 38.06 | 3869 [ 39.17
100 n 868 | 2830 [ 4274 | 5183 | 5370 | 54.88 | 5562 | 5617 | 5653 | 56.81
IV 995 | 2555 | 37.73 | 4727 | 4960 | 51.29 | 5260 | 5359 | 5442 | 55.11
\Y 974 | 2540 | 3921 | 5029 | 5298 | 5492 | 56.37 | 5752 | 5843 | 59.19
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