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Abstract

Multivariate regional frequency analysis has advantages of regional and multivariate framework as adopting a large number of regional
dataset and modeling phenomena that cannot be considered in the univariate frequency analysis. To the best of our knowledge, the
multivariate regional frequency analysis has not been employed for hydrological variables in South Korea. Applicability of the
multivariate regional frequency analysis should be investigated for the hydrological variable in South Korea in order to improve our
capacity to model the hydrological variables. The current study focused on estimating parameters of regional copula and regional
marginal models, selecting the most appropriate distribution models, and estimating regional multivariate growth curve in the
multivariate regional frequency analysis. Annual maximum rainfall and duration data observed at 71 stations were used for the analysis.
The results of the current study indicate that Frank and Gumbel copula models were selected as the most appropriate regional copula
models for the employed regions. Several distributions, e.g. Gumbel and log-normal, were the representative regional marginal models.
Based on relative root mean square error of the quantile growth curves, the multivariate regional frequency analysis provided more
stable and accurate quantiles than the multivariate at-site frequency analysis, especially for long return periods. Application of regional
frequency analysis in bivariate rainfall-duration analysis can provide more stable quantile estimation for hydraulic infrastructure design
criteria and accurate modelling of rainfall-duration relationship.
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Table 1. Information of the employed copula models

No. Model Copula function Parameter domain
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1
3 Gumbel Clu,0:0) = exp(— (= logu)’ + (—logv)’) ?) L<f=co

Table 2. Employed marginal probability distributions (note that ¢, «, k, and ,®(y) indicates location parameter, scale parameter, shape
parameter, and cumulative distribution function (CDF) of the standard normal distribution, respectively)
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Fig. 2. Location of the used stations and hydrological homogeneous regions for bivariate frequency analysis of extreme rainfall in South Korea
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Table 3. Information of the used stations

No. Station code Name Record No. Station code Name Record
1 10011100 Daegwallyeong 1972~2016 37 22011152 Ulsan 1961~2016
2 10021121 Yeongwol 1995~2016 38 23021159 Busan 1961~2016
3 10031221 Jecheon 1973~2016 39 24011130 Uljin 1972~2016
4 10041127 Chungju 1973~2016 40 24011277 Yeongdeok 1973~2016
5 10061114 Wonju 1973~2016 41 24021138 Pohang 1961~2016
6 10071202 Yangpyeong 1973~2016 42 25021295 Namhae 1973~2016
7 10071203 Icheon 1973~2016 43 25031294 Geoje 1973~2016
8 10121211 Inje 1973~2016 44 25041155 Changwon 1985~2016
9 10131101 Chuncheon 1966~2016 45 25041162 Tongyeong 1968~2016
10 10141212 Hongcheon 1973~2016 46 30011248 Jangsu 1988~2016
11 10181108 Seoul 1961~2016 47 30041238 Geumsan 1973~2016
12 10221095 Cheolwon 1988~2016 48 30051135 Chupungnyeong 1961~2016
13 10221098 Dongducheon 1998~2016 49 30071226 Boeun 1973~2016
14 10231099 Paju 2001~2016 50 30091133 Daejeon 1969~2016
15 11011119 Suwon 1964~2016 51 30111131 Cheongju 1967~2016
16 12011112 Incheon 1961~2016 52 30121236 Buyeo 1973~2016
17 12011201 Ganghwa 1973~2016 53 31011232 Cheonan 1972~2016
18 13011090 Sokcho 1968~2016 54 32021129 Seosan 1968~2016
19 13021104 Bukgangneung 2008~2016 55 32031140 Gunsan 1968~2016
20 13021105 Gangneung 1961~2016 56 32031235 Boryeong 1973~2016
21 13021106 Donghae 1992~2016 57 33011146 Jeonju 1961~2016
22 20011216 Taebaek 1985~2016 58 33021245 Jeongeup 1973~2016
23 20011271 Bonghwa 1988~2016 59 33031243 Buan 1973~2016
24 20031136 Andong 1973~2016 60 40011244 Imsil 1973~2016
25 20041272 Yeongju 1973~2016 61 40051247 Namwon 1973~2016
26 20051273 Mungyeong 1973~2016 62 41021170 Wando 1972~2016
27 20061137 Sangju 2002~2016 63 41041174 Suncheon 1973~2016
28 20081278 Uiseong 1973~2016 64 41041262 Goheung 1973~2016
29 20111279 Gumi 1973~2016 65 41051168 Yoesu 1961~2016
30 20121143 Daegu 1961~2016 66 50011156 Gwangju 1961~2016
31 20121281 Yeongcheon 1973~2016 67 51011260 Jangheung 1973~2016
32 20151284 Geochang 1973~2016 68 52011175 Jindo 2002~2016
33 20161285 Hapcheon 1973~2016 69 52021261 Haenam 1973~2016
34 20181289 Sancheong 1973~2016 70 53011251 Gochanggun 2008~2016
35 20191192 Jinju 1969~2016 71 53021165 Mokpo 1961~2016
36 20211288 Miryang 1973~2016
4. 72 1} w7 S 710 = At A4S skt 2 ] Hof| igh
7+ 2] FHEEH IO AIC, BIC, z-dist”} Table 401 2] 5]
4.1 A|Y FHSSEHO| 2 ZHH o] 9JT}. Table 40]] AICS}BIC7} 37] oHH 2] FHEI SR
2 57]0] 2| o] AT FoAVe) oI AL mme] A9, 2 vl E47} 2 4s)A] oot w7]517)
o teled o) FAggRT o A S-S 2l n 248 Q9T GRS} Gl BRG] AS 2distS AT
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= 7P E BAshs A o= YA, 2813 51 2] ol A
£ GEV7} 31741 2ol A= GPA7FAICE 7|+2.2 7}
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T} BICE 7|# 0.2 51 33 41 2] o 9] 7923} 31 7]
o 9] 2471712 Al Y5kl GUMO] 7 A7t =2 A
© 2 Yl BICY] 7% At =.9] 747 Hobd 45 ufi7i A
T 7ol of gt FaF2 2A H7tsh] el BIC7 |2 =
Lo A7 AL GUMO| AEiE= 71 0 2 LrelT
zdistE 7|E 0 2= 7890 49 1 21, 310, 41 2| H o
A GPA©] 59 Ao A= GLOYE =2 A S Rt

A 4:717k0] 74 197} s A SJoll = GPATE 23 2|
GNO7F 3915} 411 2|42 GEV7H e Atz Het),
S 7} 7)ol mheb el 2 Rago) oy o
of stto] 7122 el AHg e Bast Slek BICO] A4S
2O 2 KA 7 U Aok e 1 7-disto] S
w o] Gk efelA] ot whie] ol
EAICHE 71502 24 2ugg Adsiert. 1oz
g 2o 79 SHER L LT} 2] v ESE Table §
o A2 Elo] Qlet. A9 L 7|0 2 oMt A ofo] &
AFSYAL, 3917} alo] FAVE A 0 & Vehh 2|47k 4
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Table 4. Goodness of fit measures of the tested frequency distribution models for regional marginal distributions

Region | Criteria Depth Duration
GEV GLO GNO GPA GUM NOR GEV GLO GNO GPA GUM NOR
AICT 457 475 450 - 487 1865 720 736 734 - 746 2122
R1 BIC® 586 605 579 - 573 1951 849 866 863 - 832 2208
z-dist -3.35 1.01 2.84 -0.93 - - -3.19 1.03 2.79 -0.83 - -
AICE 549 569 553 - 616 2233 818 825 820 - 835 2417
R2 BIC" 693 713 696 - 712 2329 962 969 964 - 931 2512
z-dist -2.57 1.45 2.99 -1.23 - - -6.36 -1.75 0.27 -3.22 - -
AIC® 247 256 244 207 259 872 293 305 289 248 299 906
R3 BIC*® 304 312 301 264 297 910 350 362 346 305 337 944
z-dist -1.25 1.54 2.66 0.01 - - -0.93 2.56 4.04 1.20 - -
AIC* 801 833 793 655 847 2831 1010 1057 1007 - 1021 2955
R4 BIC® 993 1025 984 847 975 2959 1202 1248 1199 - 1149 3083
z-dist -1.91 3.18 5.20 0.27 - - -2.67 5.10 8.74 3.93 - -
AICE 795 814 - - 840 3275 1262 1312 1258 - 1300 3720
RS BICE 1030 1050 - - 997 3432 1498 1548 1494 - 1457 3877
z-dist -6.37 -0.82 1.53 -3.03 - - -4.29 2.99 6.30 1.41 - -
Table 5. The best bivariate joint distributions with their parameter estimates based on the employed criteria for each region
Marginal distribution
Region Copula Depth Duration
Model 0 Model 13 k Model 13 @ k
R1 Gumbel 1.643 GNO 0.9023 0.3839 -0.4804 GEV 0.7279 0.4008 -0.0939
R2 Gumbel 1.494 GEV 0.7671 0.3045 -0.1609 GEV 0.7469 0.4025 -0.0497
R3 Gumbel 1.506 GPA 0.4194 0.6902 0.1889 GPA 0.3438 0.8408 0.2814
R4 Frank 3.533 GPA 0.4166 0.6873 0.178 GNO 0.9196 0.4964 -0.3159
RS Frank 3.431 GEV 0.7938 0.3117 -0.0789 GNO 0.9078 0.4988 -0.358
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4.2 2|4 Copula 239o| &t HH
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7SS 579510, 5795 mi7iRiSo]) gt AICet BIC
= AHste], 7t copula RE Y] AYPEE Hrlstych 21
copula 2] AICS} BICE Z+ ]9l T5}e] Table 691 =]
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ol 7P gkt 7 0 &2 ugkar, 43}t 510 2] Hol| A= Frank

Table 6. AIC and BIC of the tested copula models for regional

copula model
. _ Copula model
Region Criteria
Clayton Frank Gumbel
AIC™: -108.8 -173.0 -196.4
R1
BIC™ -104.5 -168.7 -192.2
AIC™ -71.8 -134.8 -148.6
R2
BIC™ -67.3 -130.4 -144.2
AI1C™ -75.0 -132.2 -135.6
R3
BIC™ -70.6 -127.8 -131.2
A1C™ -138.9 -195.2 -175.6
R4
BIC™ -134.3 -190.6 -171.0
AIC™ -158.4 2326 -202.5
R5
BIC™ -153.6 2278 -197.6
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Fig. 3. RRMSEs of quantile curves by at-site and regional frequency analyses for each region
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Fig. 4. RRMSEs of quantile curves by at-site and regional frequency analyses for (a) Seoul, (b) Gangneung, (c) Daejeon, (d) Daegu, (e) Gochanggun,

and (f) Busan stations
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Fig. 5. Standardized observations and quantile growth curves for each regions
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