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Regional Rainfall Frequency Analysis by Multivariate Techniques
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Abstract

Regional rainfall quantile depends on the identification of hydrologically homogeneous regions.
Various variables relevant to precipitation can be used to form regions. Since the type and number of
variables may lead to improve the efficiency of partitioning, it is important to select those precipitation
related variables, which represent most of the information from all candidate variables. Multivariate
analysis techniques can be used for this purpose. Procrustes analysis which can decrease the
dimension of variables based on their correlations, are applied in this study. 42 rainfall related
variables are decreased into 21 ones by Procrustes analysis. Factor analysis is applied to those
selected variables and then 5 factors are extracted. Fuzzy-c means technique classifies 68 stations into
6 regions. As a result, the GEV distributions are fitted to 6 regions while the lognormal and
generalized logistic distributions are fitted to 5 regions. For the comparison purpose with previous
results, rainfall quantiles based on generalized logistic distribution are estimated by at-site frequency
analysis, index flood method, and regional shape estimation method.

keywords : Procrustes analysis, factor analysis, fuzzy—c means, regional frequency analysis
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Table 1. Climatological and Geographical Candidate Variables Related with Precipitation

Variable Description
LAT LATITUDE
LONG LONGITUDE
ALT ALTITUDE
MAP Mean Annual Precipitation
DayP Number of Days with Precipitation in a year
APM; 1 =1, 2,---,12 Average Precipitation in a Month
Dph, 1=1,2 - ,12 Number of Days with Precipitation in a month
MDP;, 1 = 1, 2, -+ |12 Average Maximum Daily Precipitation in a month
AMaxMDP Average Maximum of Maximum Daily Precipitation in a month

Table 2. Factor Loadings for the 21 Variables Selected by Procrustes Analysis

F1 F2 F3 F4 F5
LONG -0.0696 -0.0532 -0.5601 0.2492 0.6597
LAT -0.7715 ~0.0965 0.2231 0.1765 0.3812
ALT ~0.1270 0.1554 0.1862 0.0394 0.8109
MAP 0.7068 0.3484 0.5046 0.3055 0.0916
DayP 0.1320 09187 0.2047 -0.0958 0.1336
APM2 0.3696 0.8245 -0.2905 0.1945 0.0597
APM3 0.8245 0.4669 -0.1045 0.2167 -0.0013
APM4 0.9549 0.0740 0.1087 0.0838 -0.0930
APM5 0.8995 0.0407 0.2574 0.1331 -0.0350
APM6 0.9068 ~0.0695 0.2199 0.0155 -0.0191
APM7 0.1486 -0.2174 0.8996 -0.1321 0.1468
APMS 0.0006 -0.0554 0.9079 0.2639 0.0415
APMI11 0.1874 0.8281 -0.0055 0.4230 -0.0768
APMI2 0.0235 0.9552 -0.1620 0.0327 -0.0368
DP2 0.1217 0.9409 -0.2282 ~0.0178 0.0289
DP4 0.7510 0.4949 -0.0339 ~0.1579 0.1144
DPO7 -0.0944 -0.2682 0.7487 -0.2071 0.4469
MDP3 0.8480 0.1925 0.1223 0.2913 -0.0913
MDP7 0.2216 -0.1085 0.8783 -0.0365 -0.0635
MDPS 0.1895 0.1012 0.7519 0.4164 -0.1963
MDP9 0.2073 0.1233 0.0689 0.8676 0.1621
Cgﬁ;ﬁgge 32% 58% 82% 91% 100%
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AL A+ EE 9} generalized logistic -3

Region 1 2 4 5 6
No. of sites 21 14 14 4 8
Icheon
Hongcheon
Wonju
Suwon Namwon Tongyeong
Yangpyeong
Jeongeup Goheung
Chuncheon .
Jeonju Jangheung
Seoul .
Imsil Busan Sokcho
Jecheon Yeongcheon
Gunsan Masan Gangneung
Incheon Daegu . . .
Buan . Jinngju Seogwipo Ulleungdo
Cheolwon Gumi
. Geumsan Yeosu Seongsanpo | Daegwallyeong
Sites Boeun i Andong .
Gwangju . Wando Jeju Yeongdeok
Ganghwa Uiseong . .
Chupungryeong Suncheon | Jejugocheung Donghae
Boryeong Mungyeong o
Cheongiu Jangsu Milvan Haenam Uljin
& Mokpo vang Sancheong Pohang
Cheonan
Geochang Ulsan
Chunyang
Yeongiu Buyeo Namhae
£ Hapcheon Geojae
Seosan
Taebaek
Daejeon
Inje
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Fig. 2. Precipitation Regions Fig. 3. Precipitation Regions (5&& &, 2007)

Table 4. Heterogeneity Measure for Each Region (Duration: 24hr)

Heterogenity H
Measure .
Region Value Heterogeneity
1 -1.99 Homogeneous
2 -0.04 Homogeneous
3 1.42 Possibly Heterogeneous
4 -0.78 Homogeneous
5 -0.40 Homogeneous
6 -0.19 Homogeneous
Table 5. Goodness-of-fit Measure for Each Region
Dist Gumbel GEV Log normal-3 PT III GPA GLO
ist.
Regio Z Result Z Result Z Result Z Result Z Result Z Result
1 -225 | N.G. -033| OK. |-112| OK. |-255| NG. |-454| NG 1.38 O.K.
2 -168 | N.G. -1.06 | OK. | -150| OK. |-241| N.G. |-538| NG. 0.83 O.K.
3 -0.89 | O.K. -145 | OK. | -145| OK. |-180| N.G. |-523| NG 0.37 O.K.
4 -260| N.G. -091 | OK. | -159| OK. |-279| NG. |-429| NG 0.44 O.K.
5 1.19 O.K. 0.88 OK. | 083 | OK. 0.68 OK. |-128| OK. 1.92 N.G.
6 -245 | N.G. -125 | OK. | -172| N.G. |-25| NG. |-351| NG -0.35 O.K.
No. of
accepted 2 g 1 1

ralized logistic #¥% 67] %X AAo] hafjr =g
g Ao e
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estimation method) &2 A4 - v] aL8}$] T} Aol o 79 B3 AH A8RE EdEo] B
I ARY dEATFE s 520072 vlus) Ao A &g ARHT 3 XFd o @ AHo]
' Table 63} 211, o]2 =A|34A Figs. 4 ~ 63 2t} s A Ak A AS T A7 A7 AY FAE
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Al =0l 1 Ao EZshE X Ho] A Al
y=—In(—1n(F)) ®) | o]t}
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A el A (at-site frequency analysis) Z2¥Fe]il, GLO oA Ayl 2 zolrt fle ALE YEhsEd],
[RSE]¢} GLO [INDEX FLOOD]* generalized logistic = A AHe AR 7IZe] T d ez Hlwd 71z}
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Fig. 4. Estimated Rainfall Quantiles of Seoul Fig. 5. Estimated Rainfall Quantiles of Daegu
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Fig. 6. Estimated Rainfall Quantiles of Gangneung
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