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Abstract

In the first part of this study, five homogeneous regions in view of topographical and geographically
homogeneous aspects except Jeju and Ulreung islands in Korea were accomplished by K-means clustering
method. A total of 57 rain gauges were used for the regional frequency analysis with minimum rainfall series
for the consecutive durations. Generalized Extreme Value distribution was confirmed as an optimal one
among applied distributions. Drought rainfalls following the return periods were estimated by at-site and
regional frequency analysis using L-moments method. It was confirmed that the design drought rainfalls
estimated by the regional frequency analysis were shown to be more appropriate than those by the at-site
frequency analysis.

In the second part of this study, LH-moment ratio diagram and the Kolmogorov-Smirnov test on the
Gumbel (GUM), Generalized Extreme Value (GEV), Generalized Logistic (GLO) and Generalized Pareto
(GPA) distributions were accomplished to get optimal probability distribution. Design drought rainfalls were
estimated by both at-site and regional frequency analysis using LH-moments and GEV distribution, which
was confirmed as an optimal one among applied distributions. Design rainfalls were estimated by at-site and
regional frequency analysis using LH-moments, the observed and simulated data resulted from Monte Carlo

*  FEotty Fady

w BREAATA FALATL

o FET%E 8L

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

27



L % LH-2HEY3 AUz of% 7E%3e 33 ()

techniques. Design drought rainfalls derived by regional frequency analysis using L1, L2, L3 and L4-moments
(LH-moments) method have shown higher reliability than those of at-site frequency analysis in view of
RRMSE (Relative Root-Mean-Square Error), RBIAS (Relative Bias) and RR (Relative Reduction) for the
estimated design drought rainfalls.

Relative efficiency were calculated for the judgment of relative merits and demerits for the design drought
rainfalls derived by regional frequency analysis using L-moments and L1, L2, L3 and L4-moments applied
in the first report and second report of this study, respectively.

Consequently, design drought rainfalls derived by regional frequency analysis using L-moments were
shown as more reliable than those using LH-moments.

Finally, design drought rainfalls for the classified five homogeneous regions following the various
consecutive durations were derived by regional frequency analysis using L-moments, which was confirmed
as a more reliable method through this study.

Maps for the design drought rainfalls for the classified five homogeneous regions following the various
consecutive durations were accomplished by the method of inverse distance weight and Arc-View, which is
one of GIS techniques.

Keywords : LH-moment, LH-moment ratio, GEV distribution, Monte Carlo techniques, Relative root mean

square error, Relative bias, Relative reduction, Relative efficiency, Regional frequency analysis,

Design drought rainfall map
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Table 1 At-site quantiles following the return period for 12 months consecutive duration of GEV distribution

by point frequency analysis

(Unit : mm)

i Return period (vear)

Method | Station 7 s T 10 ] 0] 5 ] %] %5 [ 0] 6 ] 5%
Wonks 07255 88522 77416] 67603] 64776| 62458 605.30] 58906, 57486] 56234
Gangreuns | 1096.66] 915,08 80831 71579] 688.19] 66629 648.20] 63283 619.47] 60771

L1-moment | Gunsan o16.68] 71944] 57757 44984] 41096 379.87) 3540 33195] 31269 29566
Hapcheon | 97642 66402 42884 10430] 11890 5732 529 00| 000 000
Tangheung | 107894] 84559 71472 60349] 57066] 54471] 52335] 50524] 48953] 47573
Woniu 107064 4%514] 000 000]  000] 000] 000 000 000 000
Gangreane. | 109487 742.37 46754] 18808] 9732] 2289 000 000 00| _ 000

L4-moment | Gunsan 01862 59227 31565 3505  000] 000 000 000] 000|000
Hapcheon | 99478] 64276 34418 2592 _000] 000] 000] 000] 000] 000
Jangheuns | 107161 62603 29494 000 000] 000 o000 000 000 000
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Table 2 At-site quantiles following the return period for 12 months consecutive duration of GEV distribution

by regional frequency amalysis (Unit : mm)
. Return period (year) .

Method | Station 5 3 m 2 % 0 5 10 5 =0 Region
Wonju 1,062.20] 879.26] 777.86] 69221, 667.01] 64712 630.76] 61690} 604.89] 594.34] 1
Li- Gangreung | 1,007.38| 92640] 832.54{ 75367 73053 71229 697.29] 68460] 67361] 66396 I
morment Gunsan 04011} 73297| 597.70} 475.76] 438.61] 408901 384.20{ 363.10] 344.68] 32839 M
Hapcheon 932,07 768.67| 673.86] 591.82{ 567.36f 54797 531.95{ 518.34{ 50651[ 496.09! I
Jangheung | 1,084.22] 902.52| 80446] 722.80] 698.96{ 680.20| 664.80] 651.79] 64052| 63064 V
Wonju 105594 746.98] 533.48] 330.35{ 266.67| 21516 17196 134801 10217 7317 [
Lo Gangreung | 1,093.22| 88569] 76308 65593 62382 59831 577.20] 559.24| 54363| 520.86{ I
moment Gunsan 950.35] 687.57] 50693j 33555 281.89| 23853{ 202.18] 17091 14347{ 119.09f 1
Hapcheon 93250] 747.63] 63422 53307| 50244| 477990 457.69] 44038] 42529] 41197 N
Jangheung | 1,082.83{ 892.73| 78848 70093| 67525 655.01] 638.37] 624.29] 612.09] 601.38] V
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Table 3 Relative reduction(%) in RRMSE by region and at-site for 12 menths consecutive duration of GEV

distribution using L1-Moments

e [Region| @ | Qs | Qu | o | @ | Q| @ | Q0| @ | @
I 6.44 3562 5387 | 6359 6547 66.72 67.57 68.21 68.70 69.08

il 534 22.89 3344 | 3865 39.61 40,26 4068 41.04 4127 4148

20 it -2.19 39.30 55.70 | 61.88 62.67 63.03 63.17 63.18 63.11 62.98
I\ -347 3341 4807 | 5311 53.50 53.62 53.60 53.50 53.37 53.22

v 642 33.61 51.28 { 6058 62.38 63.56 64.40 65.02 65.50 65.88

I -0.68 2917 4827 | 5897 61.12 62.52 63.54 64.30 64.85 65,34

i 0.67 20.02 3174 | 3728 3831 38.92 39.30 39.57 39.77 39.89

100 M -569 36.90 5221 | 57.29 5769 51.77 57.61 57.36 57.06 56.72
v -1948 26.69 4385 | 4795 47,60 4716 46,60 46,07 4549 4501

\Y -2.37 27.05 4531 | 5496 56.82 58.05 58,84 59.48 59.94 60.30

Table 4 Relative reduction(%) in RRMSE by region and

distribution using [4-Moments

at-site for 12 months consecutive duration of GEV

Si;g{f tsege Region| @ Qs Qo Q@ Qx Qx Qs Qi Qs s
1 -86151 37.23 65.84 78.34 80,97 82.81 84.19 85.27 86,16 86.90
Il -447 | 5384 58.58 5742 56.60 55.80 55.05 54.35 53.69 53.06
20 I -6203 1 3956 55.08 5749 56.64 56.14 53.00 50,14 46,37 41.36
I\ -72.91 | 2942 48,12 52.38 52.55 52.41 52.13 51.77 51.36 50.93
\% -7063( 3190 51.91 58.85 60.10 60.93 6152 61.97 62.32 62.60
I -14525% -064 39.01 58.20 62.42 65.44 67.73 69.57 71.09 72.36
11 -99.80 4.72 23.34 2369 21.95 20.03 18,09 16.23 14.41 12.70
100 111 -137.23 | 1351 42 46 4683 45,16 42 47 3890 434 28.50 20.90
v -173.04 | -3361 6.25 19.75 21.18 21,64 2152 21.12 2057 19.86
\% -165.17 | -30.85 6.55 20.38 22.51 23.82 2457 25.10 2541 25.58
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Table 5 Regional quantiles for the different return periods, consecutive durations and regions in GEV dis-

tribution

Return Consecutive Region | Region 11 Region III Region IV Region V
period duration RQ RQ RQ RQ RQ
(Year) (months) (mm) (mm) (mm) (mm) (mm)

1 2.84 2.07 511 0.69 1.29

2 16.89 20.62 2791 10.48 18.06

4 65.75 94.75 91.30 5441 78.33

5 6 143.61 19745 184.63 128.82 182.94

9 362.83 448.46 42451 368.70 483.65

12 814.60 887.15 79143 73L.72 902.00

24 1940.39 2075.39 1786.69 1670.99 2093.48

36 3100.76 3349.09 2913.38 2557.32 3221.88

1 1.66 0.70 318 0.08 0.34

2 11.68 14.65 2181 5.85 11.32

4 54.17 70.93 7516 41.17 62.27

10 6 127.81 164.81 159.62 108.99 154.43

9 323.99 390.33 373.82 320.98 42477

12 74448 807.24 687.58 653.05 803.18

24 1815.56 1942.52 1637.62 1513.82 1888 42

36 2936.50 3172.06 2710.98 237443 3004.66

1 0.71 0.00 161 0.00 0.00

2 732 9.39 16.64 2.04 5.85

4 45.28 52.39 62.30 31.29 50.04

% 6 116.62 141.23 140.54 94.53 132.95

9 295.26 346.20 334.98 283.74 37941

12 689.59 743.34 602.39 588.99 723.28

24 1712.64 1834.01 1516.48 1379.08 1711.97

36 2802.19 3030.68 2541.75 2218.76 2829.63

1 0.00 0.00 0.27 0.00 0.00

2 352 5.89 12.08 0.00 119

4 38.02 37.07 51.48 2339 40.12

10 6 108.02 122.82 125.00 83.16 115.62

9 27242 31042 303.27 252.93 342.22

12 644.05 689.45 529.12 534.21 655.32

24 1623.81 1741.01 1413.07 1259.26 1554.62

36 2686.97 2011.54 2394.10 2081.09 2681.15

1 0.00 0.00 0.00 0.00 0.00

2 2.39 472 10.71 0.00 0.00

4 35.93 32.63 48.32 2115 37.27

50 6 105.63 117.66 120.54 7997 110.68

9 26595 300.17 294.16 244.01 33151

12 630.85 673.68 507.44 518.06 635.34

24 1597.48 171355 1332.60 1223.15 1507.11

36 2652.93 2876.70 2350.07 2039.72 2637.56
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