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Abstract

The multivariate regional frequency analysis has many advantages such as an adaption of regional parameters and consideration of a
correlated structure of the data. The multivariate regional frequency analysis can provide the broader and more detailed information for
the hydrological variables. The multivariate regional frequency analysis has not been attempted to model hydrological variables in
South Korea yet. Therefore, it is required to investigate the applicability of the multivariate regional frequency analysis in the modeling
of the hydrological variables. The current study investigated the applicability of the homogeneous region delineation and their
characteristics in bivariate regional frequency analysis of annual maximum rainfall depth-duration data. The K-medoid method was
employed as a clustering method. The discordancy and heterogeneous measures were used to assess the appropriateness of the
delineation results. According to the results of the clustering analysis, the employed stations could be grouped into five regions. All
stations at three of the five regions led to acceptable values of discordancy measures than the threshold. The stations where have short
record length led to the large discordancy measures. All grouped regions were identified as a homogeneous region based on
heterogeneous measure estimates. It was observed that there are strong cross-correlations among the stations in the same region.

Keywords: Multivariate regional frequency analysis, Homogeneous regions delineation, K-medoid, Multivariate analysis, Heterogeneous
measure
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Table 1. Information of the used stations

No. Station code Name Record
1 10011100 Daegwallyeong 1972-2016
2 10021121 Yeongwol 1995-2016
3 10031221 Jecheon 1973-2016
4 10041127 Chungju 1973-2016
5 10061114 Wonju 1973-2016
6 10071202 Yangpyeong 1973-2016
7 10071203 Icheon 1973-2016
8 10121211 Inje 1973-2016
9 10131101 Chuncheon 1966-2016
10 10141212 Hongcheon 1973-2016
11 10181108 Seoul 1961-2016
12 10221095 Cheolwon 1988-2016
13 10221098 Dongducheon 1998-2016
14 10231099 Paju 2001-2016
15 11011119 Suwon 1964-2016
16 12011112 Incheon 1961-2016
17 12011201 Ganghwa 1973-2016
18 13011090 Sokcho 1968-2016
19 13021104 Bukgangneung 2008-2016
20 13021105 Gangneung 1961-2016
21 13021106 Donghae 1992-2016
22 20011216 Taeback 1985-2016
23 20011271 Bonghwa 1988-2016
24 20031136 Andong 1973-2016
25 20041272 Yeongju 1973-2016
26 20051273 Mungyeong 1973-2016
27 20061137 Sangju 2002-2016
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Table 1. Information of the used stations (Continue)

No. Station code Name Record
28 20081278 Uiseong 1973-2016
29 20111279 Gumi 1973-2016
30 20121143 Daegu 1961-2016
31 20121281 Yeongcheon 1973-2016
32 20151284 Geochang 1973-2016
33 20161285 Hapcheon 1973-2016
34 20181289 Sancheong 1973-2016
35 20191192 Jinju 1969-2016
36 20211288 Miryang 1973-2016
37 22011152 Ulsan 1961-2016
38 23021159 Busan 1961-2016
39 24011130 Uljin 1972-2016
40 24011277 Yeongdeok 1973-2016
41 24021138 Pohang 1961-2016
42 25021295 Nambhae 1973-2016
43 25031294 Geoje 1973-2016
44 25041155 Changwon 1985-2016
45 25041162 Tongyeong 1968-2016
46 30011248 Jangsu 1988-2016
47 30041238 Geumsan 1973-2016
48 30051135 Chupungnyeong 1961-2016
49 30071226 Boeun 1973-2016
50 30091133 Daejeon 1969-2016
51 30111131 Cheongju 1967-2016
52 30121236 Buyeo 1973-2016
53 31011232 Cheonan 1972-2016
54 32021129 Seosan 1968-2016
55 32031140 Gunsan 1968-2016
56 32031235 Boryeong 1973-2016
57 33011146 Jeonju 1961-2016
58 33021245 Jeongeup 1973-2016
59 33031243 Buan 1973-2016
60 40011244 Imsil 1973-2016
61 40051247 Namwon 1973-2016
62 41021170 Wando 1972-2016
63 41041174 Suncheon 1973-2016
64 41041262 Goheung 1973-2016
65 41051168 Yoesu 1961-2016
66 50011156 Gwangju 1961-2016
67 51011260 Jangheung 1973-2016
68 52011175 Jindo 2002-2016
69 52021261 Haenam 1973-2016
70 53011251 Gochanggun 2008-2016
71 53021165 Mokpo 1961-2016
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Fig. 2. Scatter plots of annual maximum precipitation (AMP) and
durations with their IETDs for Chungju, Daegu, Ulsan, and
Busan stations
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(a) Means of AMP (mm) (b) Standard devations of AMP (mm)
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(c) Means of durations (hr) Standard devations of durations (hr)
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Fig. 3. Spatial distribution of means and standard deviations for annual maximum precipitation (AMP) and durations at the employed stations
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Type Temporal scale Variable
Year Mean of annual total precipitation
Mean of annual maximum daily precipitation
Depth Season Means of seasonal total precipitation on Spring, Summer, Fall, and Winter
Month Means of monthly total. precipitati.or} frc.)m Jan. to Dec.
Means of monthly maximum precipitation from Jan. to Dec.
Year Mean of wet days
Time Season Means of wet days on Spring, Summer, Fall, and Winter
Month Means of wet days from Jan. to Dec.
Geography Latitude, Longitude
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Table 3. Heterogeneity measures of five regions

Region H
Region 1 -2.4
Region 2 -1.9
Region 3 -1.6
Region 4 2.2
Region 5 -2.8
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