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Regional Frequency Analysis of South Korean Rainfall Data
Using FORGEX Method
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Kim, Jung Won / Nam, Woo Sung / Shin, Ju-young / Heo, Jun-Haeng

Abstract

Rainfall quantiles were estimated by applying the FORGEX method. The circle network and two
elliptical ones with the ratios of 1 to 1.5 and 1 to 2.0 were used and compared to find appropriate one
for rainfall data. Annual maximum data were collected from 376 sites and standardized by the median.
The networks were organized from the subject sites and then pooled and netmax data were collected
from each network. Then, the growth curves and quantiles were estimated. When the subject site had
small differences of quantiles from index flood method and at-site frequency analysis, those of the
estimated quantiles from circle and elliptical networks were small. In contrast, the sites where the
quantile differences are big have big differences of quantiles from circle and elliptical networks. The
estimated quantiles from the elliptical network are more accurate than those from the circle network,
because the ellipse network contains more sites in South Korea. Moreover, the ellipse with ratio of 1
to 2.0 shows closer quantiles to those from index flood method than one with ratio of 1 to 1.5. It is,
therefore, found that the FORGEX method with 1 to 2.0 ellipse network is appropriate regional
frequency analysis in South Korea.

keywords : FORGEX, netmax, network, regional frequency analysis, index flood method, at-site
frequency analysis
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|Standardization by the median of annual maxima|
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Extract netmax data from
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Calculate the offset distance In/V,
for inter-site dependence
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| Derivation growth curve |

| Estimate quantiles |

Fig. 1. Procedure of the FORGEX
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Fig. 2. Circular Networks Centered on Seoul
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Fig. 3. Elliptical Networks Centered on Seoul
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Table 1. Growth Rates and Quantiles of Seogwipo by Circular and Elliptical Networks

Return Period Circle Ellipse Quantile
(yr) Growth Rate Quantile Growth Rate Quantile Deviation
10 1.6800 491.83 1.6831 492.74 -0.90
20 1.8725 548.17 1.8906 553.48 -5.30
50 2.0642 604.28 2.2647 662.98 -58.70
100 2.6224 767.70 2.6630 779.60 -11.90
200 3.0672 897.93 3.1194 913.22 -15.29
500 3.6541 1069.75 3.7216 1089.50 -19.76
1000 4.0977 1199.60 4.1767 1222.74 -23.14

Table 2. Growth Rates and Quantiles of Yangpyeong by Circular and Elliptical Networks

Return Period Circle Ellipse Quantile
(yr) Growth Rate Quantile Growth Rate Quantile Deviation
10 1.8536 256.72 1.7589 243.61 13.11
20 2.0940 290.03 2.1138 292.77 -2.74
50 2.3699 328.24 2.4277 336.24 -8.00
100 2.6721 370.09 2.7383 379.25 -9.16
200 3.1647 438.31 3.3090 458.30 -19.99
500 3.8145 528.30 4.0620 562.59 -34.28
1000 4.3056 596.32 4.6311 641.41 -45.08

Table 3. Deviations of Quantiles by Elliptical Networks from Those by Circular Ones and of at-site
Quantiles from Regional Ones(Relatively Small Deviation)

Gwangju
Return Circular Ellpitical CE Index Flood FrAeE];Sel;Eliy Re_Si
Period (yr) | Network (C) | Network (E) Method (Re) . .
Analysis (Si)

10 200.17 195.42 4.75 194.1 196.9 -2.8

20 227.79 228.00 -0.21 226.9 230.0 -3.1

50 285.20 292.70 =7.50 276.2 275.7 0.5

100 340.29 353.29 -13.01 319.1 312.4 6.7

200 397.66 410.74 -13.08 368.1 351.1 17.0

500 473.35 486.52 -13.17 443.7 405.6 38.1

1000 530.56 543.80 -13.24
Imsil

10 182.95 188.01 -5.06 180.4 172.7 7.7

20 201.44 202.85 -1.41 204.6 1954 9.2

50 257.62 260.80 -3.17 238.6 224.8 13.8

100 318.61 327.52 -8.91 266.5 246.8 19.7

200 380.18 386.80 -6.61 296.8 268.7 28.1

500 461.42 465.01 -3.59 340.8 297.6 43.2

1000 522.82 52412 -1.30

Holl 93] AlLtet &9 vlulgh A3jo|t) Table 4= SFAFHI AFRIEHA o2 5 2
Table 3& HW TFA4HI} A HHIzs) 2o 7o Ayl 2 T Rolo] BEPOS Ko
BA7L AL AelAE AR BUY dENzel o 1 otk oS wE FeAsEs Aduesile) B
A% Asel AR e A o 4 e, A7k 2 Aol AR 1006 oAl Bl
BEKERBERNE
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Table 4. Deviations of Quantiles by Elliptical Networks from Those by Circular Ones and of at-site

Quantiles from Regional Ones(Relatively Large Deviation)

Asan
Retum Circular Ellpitical CE Index Flood FrAe;j;iy Re-Si
Period (yr) | Network (C) | Network (E) Method (Re) . .
Analysis (Si)
10 282.6 284.6 -2.1 225.1 204.0 21.1
20 336.3 351.5 -15.2 271.3 231.2 40.1
50 407.1 344.7 62.4 343.5 266.6 76.9
100 467.3 478.1 -10.8 409.2 293.1 116.1
200 546.2 568.0 -21.7 486.8 3194 1674
500 650.4 686.5 -36.1 611.5 354.2 257.3
1000 729.2 776.1 -46.9 726.3
Yeongdeok
10 169.0 166.3 2.7 188.8 172.2 16.6
20 195.4 209.8 -144 228.8 197.2 31.6
50 233.0 240.1 =71 2924 229.6 62.8
100 271.5 279.1 -76 351.1 253.9 97.2
200 326.9 3734 -46.5 421.3 278.1 143.2
500 400.1 497.8 -97.7 536.1 310.0 226.1
1000 4554 591.9 -136.5 643.4
Table 5. Results from Index Flood Method and FORGEX
Seoul Seosan
Return
Period C-Re E(1:1.5)-Re E(1:2)-Re C-Re E(1:1.5)-Re E(1:2)-Re
(yr)
10 -23.517 -21.657 -26.412 4.640 2.297 3.361
20 -36.978 -36.197 -38.784 5.441 1.784 3.679
50 -72.860 -72.670 -67.852 -20.150 -27.791 -27.413
100 -100.849 -96.084 -87.714 -42.924 -47.567 -48.876
200 -112.996 -105.110 -100.421 -45.745 -43.064 -43.462
500 -152.660 -140.657 -140.825 =72.798 -60.455 -59.651
Goheung Hapcheon
10 -29.230 -24.150 -30.647 -14.757 -12.952 -13.006
20 -43.981 -45.724 -48.756 -61.496 -27.632 -26.748
50 -70.159 -70.565 -61.935 -42.307 -40.593 -38.878
100 -92.352 -86.085 -69.855 -45.832 -37.941 -36.723
200 -114.278 -110.932 -92.449 -35.201 -29.454 -28.969
500 -173.095 -173.602 -152.146 -32.575 -29.657 -30.141
dFo FAE AR A= s & dvh A o olvh B gl FORGEX 71%S
Table 5= AW 99 3 BE HESAE gake] 501 ool X1 ARTIZre ek SGELTFS
AHgtel FAT BBYSF BAE e ol FASuA @ A% 12 viEe] BAY VENAS B
Aoz 50d Wk ol olA 129 Hl&S 7H= goteo] FEATFS TS slo] o Adg slo=w
Y MEYAE Agste] FAE SRR 5 BuwE,
Aol ofg el F o 253 g Hole
AL A% 20084F 4] 411
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