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A Study on Optimal Time Distribution of Extreme Rainfall Using Minutely
Rainfall Data: A Case Study of Seoul

_E_A-l;l*/jl%A-l**/_E_%'()El***

Yoon, Sun-Kwon / Kim, Jong-Suk / Moon, Young-II

Abstract

In this study, we have developed an optimal time distribution model through extraction of peaks over threshold
(POT) series. The median values for annual maximum rainfall dataset, which are obtained from the magnetic
recording (MMR) and the automatic weather system (AWS) data at Seoul meteorological observatory, were used
as the POT criteria. We also suggested the improved methodology for the time distribution of extreme rainfall
compared to Huff method, which is widely used for time distributions of design rainfall. The Huff method did
not consider changing in the shape of time distribution for each rainfall durations and rainfall criteria as total
amount of rainfall for each rainfall events. This study have suggested an extracting methodology for rainfall
events in each quartile based on interquartile range (IQR) matrix and selection for the mode quartile storm to
determine the ranking cosidering weighting factors on minutely observation data. Finally, the optimal time
distribution model in each rainfall duration was derived considering both data size and characteristics of
distribution using kernel density function in extracted dimensionless unit rainfall hyetograph.

Keywords - minutely rainfall, peak over threshold series, extreme rainfall, time distribution of rainfall, kernel
density function
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Table 1. POT Values Corresponding to Each Rainfall Duration

Threshold in each rainfall duration (mm)
Division Remark
1hr 2 hr 3hr 4 hr 5hr 6 hr 12 hr
Huff (1967) 25.4 25.4 25.4 25.4 25.4 25.4 25.4
Lee et al. (2010) 46.7 46.7 46.7 46.7 46.7 46.7 46.7
Mean 50.3 735 89.2 98.4 107.0 116.7 1454
Median 48.9 71.1 82.9 89.9 96.9 110.6 131.0 Applied in this study
POT Events 38 33 36 37 38 35 37
3htt o] < AF5.2] T 717be] Huff (1967)2] Aol 1] o ub= Agksk & 9] (the most frequency quartile)=
gl AERE dolhom el A Aglmedian  Aalopals TAll wATT, webA B Aol A 7]
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oft). wiAmtos Wi pEE Amze] F7k A A ARsR = w9 ARl lf A Yol Ao Huw
PAGE A 5 olrks Holwl, o= AT /PEAS 98 APetn A S9Age] AAERF SR
MdE AREA e FATAE 2ES e £ A8s] ABEE FHS fEaE HS A LA
AQtb=d 1 997t vt v Fig. 2(a)+= 1961d5E El3=8

200937421 9] AR AH A Aol gk
S 98l #4717 Box-Whisker plotS AAsto] 71
ATtef vlaste] LFERSI oM, Fig. 2(b)¢] B9 A8 <
Agke] 2715 AA| AHNA] A=st vlarste] LEhRe
o} S Table 12 £ AFollA ARk 2 83 2|47
0H QA 7150 At} wlaste] YERiglem POT

H

Ao FEA FAL7IRE R of 33~38719] S-¢At
3
b

dAk 48

Frapo] o 20~25% 27
5, o | ¥4 Hejs)

Aol7t go] WIS §f

900
Lijol we} AEERael

#5454 H39E 20124F 3J]

A-BAR TS| POT7:n<ﬁ°ﬂ ﬂ%fa ﬂeHﬂ 34‘:'15% Z:i

A7} EE FSAA MR NFAT Bl
S A

e
N
N
o
Hi

e

0
el ch 6 B AHeshach 1 ’ﬂ‘i‘% POT
AFe A FHds A7 E YE3 § &9 (ranking)
& 24 & AA-E £l et TAPEE RS 1
HEE 2E )2 NumberingS AT o] 3 =7}
A4E B9AS AEPER o) TRel] R}
il = 5 A
3 2
Aol A ARE-SE FHHIES] A4S vhs Egs. (D~2)<}
o) iers] Aeldt 4 Ao
4
W, =Y {(P+1)- R} @
i=1
w;
QT; = —7>< 100 (%) 2

oA71A, W 7t w9 7FeAl, e w9 POTAY
o] &, R, = fl(ranking), Q7= 7FeAFo] 5 94
HASE, T 7Rl M= W+ W+ W+ W),
i=1,2,3, 40|tk

o} Table 2& 59 A&
TheA| ol el A A%
W E9= 215212 quartile)

712k =91dAel ol %
gaTolt). %717
o

wEZF AR Aoew

279



Table 2. Result

of Selection for the Mode Quartile Storms before Weighting

Duration 1" Quartile 2" Quartile 3" Quartile 4™ Quartile
(hr) 7 o 7 » 2 » P » Select
1 9 237 8 21.1 9 237 12 316 4"
2 8 24.2 10 303 9 27.3 6 18.2 2
3 9 25.0 14 38.9 5 139 8 222 2n
4 12 32.4 12 324 9 24.3 4 10.8 12
5 10 236 11 289 7 184 10 263 2
6 6 17.1 11 314 7 20.0 11 314 | 24"
12 12 324 12 324 9 24.3 4 10.8 12
Table 3. Result of Selection for the Mode Quartile Storms after Weighting
Duration 1* Quartile 2" Quartile 3" Quartile 4" Quartile
(hr) w | or | w | er | W | e | W | en | °°
1 183 24.7 179 24.2 164 22.1 215 29.0 4"
2 135 24.1 163 24.2 182 324 108 19.3 31
3 140 21.0 196 29.4 124 186 206 30.9 4"
4 147 20.9 258 36.7 200 28.4 98 13.9 2m
5 157 212 235 31.7 130 175 219 29.6 2
6 9% 15.1 200 31.7 100 159 235 373 4"
12 107 15.4 41 59 298 42.8 251 36.0 31
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Table 4. Application to the IQR Matrix for Mode Quartile Event

Shoieon 1* Quartile 2™ Quartile 3 Quartile 4™ Quartile
(0~25%) (25~50%) (50~75%) (75~100%)

1 Percentile 65 Percentile 50 Percentile 35 Percentile 35
ond Percentile 75 Percentile 60 Percentile 40 Percentile 40
3rd Percentile 70 Percentile 70 Percentile 45 Percentile 45
4th Percentile 60 Percentile 75 Percentile 55 Percentile 50
5t Percentile 55 Percentile 65 Percentile 65 Percentile 55
6" Percentile 50 Percentile 55 Percentile 75 Percentile 60
7" Percentile 45 Percentile 45 Percentile 70 Percentile 70
] Percentile 40 Percentile 40 Percentile 60 Percentile 75
gt Percentile 35 Percentile 35 Percentile 50 Percentile 65
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Fig. 3. Fitting Curves of Dimensionless Cumulative Rainfall for Each Quartile Rainfall to Application

of IQR Matrix

Table 5. Coefficients of 6" Dimensionless Equation for Fourth—section of Rainfall Distribution Patterns
(1 hr—Duration)

Coeff. 1™ Quartile, 50% 2" Quartile, 50% 3 Quartile, 50% 4™ Quartile, 50%
c0 0.026916 -0.0059 0.034993 -0.00917
cl 0.007895 0.015563 -0.01668 0.017048
2 0.003416 -0.00202 0.004406 -0.00106
3 -0.00021 0.000222 -0.00032 6.16E-05
c4 5.65E-06 ~7.96E-06 1.09E-05 -1.73E-06
5 ~7.31E-08 1.20E-07 -1.65E-07 2.50E-08
6 369E-10 ~6.63E-10 9.15E-10 -1.42E-10
RSS 0.0037804 0.00428032 0.00305073 0.00130558
R 0.999226 0.999401 0.999541 0.999731
® RSS= i(yﬁ z;))?, where y,is the " value of the variable to be predicted, z; is the i value of the explanatory variable,

282

i=1 —\c
and f(z;) is the predicted value of y,, R*=1-5S,,./5S,,, Where §S,, = E(y, y)? is total sum of squares, S5, = 3,(y;,— f,)?
is residual sum of squares. '
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Table 6. Result of Percent Error in Peak (PEP) for Each Quartile (1hr-Duration)

. Polynomial regression Huff method
Quartile 5
CcC PEP CcC PEP R
1st 0.8711 -29.8% 0.7692 0.8268 -2.5% 0.6837
2nd 0.8687 -29.9% 0.7547 0.8464 -15.6% 0.7164
3rd 0.8984 -22.5% 0.8071 0.8298 -10.4% 0.6885
4th 0.9031 -24.8% 0.8156 0.8164 -4.9% 0.6664

% CC is correlation coefficient; (Y obs;— esti/n)— (Dobsi/n)x (Dest,/n)//SD, < SD,, PEP is percent error in peak, R? is

coefficient of determination.
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Table 7. Results of Statistical Analysis on Kernel Approach and Huff Method

Duration Kernel Approach Huff Method
(hr) 61 : - : : - Note
] 6.2% 5.56E-05 0.9018 4.4% 1.04E-04 0.7164 2-ND
6.9% 4.73E-05 0.9223 10.9% 1.04E-04 0.6885 3-RD
5 11.2% 3.02E-05 0.8963 40.4% 4.65E-05 0.7572 2-ND
13.4% 1.77E-05 0.8273 13.5% 2.61E-05 0.6902 3-RD
3 3.4% 1.23E-05 0.8941 33.1% 1.93E-05 0.6904 2-ND
17.0% 1.47E-05 0.8264 32.5% 2.09E-05 0.6258 3-RD
4 9.6% 5.58E-06 0.9066 32.5% 9.00E-06 0.7389 2-ND
23.8% 9.01E-06 0.8378 66.6% 1.38E-05 0.6512 3-RD
. 7.5% 4.33E-06 0.9018 37.3% 6.93E-06 0.7769 2-ND
52.6% 6.56E-06 0.8324 128.1% 1.06E-05 0.6677 3-RD
6 104.4% 3.86E-06 0.8791 152.9% 5.34E-06 0.9481 2-ND
15.4% 4.92E-06 0.8297 104.7% 4.41E-06 0.8007 3-RD
19 42.8% 1.42E-06 0.6782 42.8% 1.42E-06 0.5171 2-ND
10.6% 1.13E-06 0.8649 59.7% 1.16E-06 0.7497 3-RD

* ¢ 1S mean estimation error (MES), ¢, is peak-weighted root mean square error (PW-RMSE), R? is coefficient of determination.
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Fig. 6. Time Distribution Model of Extreme Rainfall Using Kernel Approach
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Aozatel HF-rtsHTAELeA T 2HA Ao 5 Fig. 62 Kernel approachE 53 W9 ¢34 %
A7 iRl e] A B HFEAE Hoh & gkedsial (unit rainfall hyetograph)g #Hdste] 2+2+2] Quartile™d
A=E EAE 5 Ut o]+ oy A3 AH(Ward et al., FETFAES] A&V XA AR S =
1980; Huff, 1986, &8 5, 20044 = X 43}aL AU+= 3+ Alo]n Table 8 Kernel approachs E3}o] %
EAIBEA T 22 PR fF9A Huffe] 429 <] A ARREESTE AS7IIHERE 7R

Table 8. Development of Extreme Rainfall Time Distribution Model Using Kernel Distribution Function of

Dimensionless Cumulative Curves

Diumsiten Coefficients of dimensionless rainfall for Kernel regression

(hr) 0 1 2 3 4 5 6 Hote
0.021099 0.011217 0.002924 | -0.000180 4.84E-06 | -6.20E-08 3.13E-10 | 1-ST
-0.005650 0.015321 | -0.001950 0.000216 | -7.70E-06 1.17E-07 | -6.40E-10 | 2-ND
! 0.032947 | -0.015620 0.004237 | -0.000310 1.06E-05 | -1.60E-07 8.88E-10 | 3-RD
-0.007440 0.015742 | -0.000860 492E-05 | -1.35E-06 197E-08 | -1.12E-10 | 4-TH
0.008321 0.005203 0.001158 | -4.55E-05 7.25E-07 | -5.23E-09 141E-11 | 1-ST
-0.017140 0.015213 | -0.001480 6.64E-05 | -1.12E-06 8.17E-09 | -2.20E-11 | 2-ND
’ 0.015531 | -0.002970 0.000623 | -2.43E-05 459E-07 | -3.77E-09 1.11E-11 | 3-RD
0.004850 0.002302 | -3.79E-05 4.04E-06 | -9.48E-08 9.87E-10 | -3.57E-12 | 4-TH
-0.009460 0.004968 0.000366 | —8.28E-06 7.90E-08 | -3.58E-10 6.23E-13 | 1-ST
-0.008680 0.009204 | -0.000390 1.34E-05 | -1.61E-07 8.14E-10 | -1.49E-12 | 2-ND
’ 0.019333 | -0.005370 0.000447 | -1.10E-05 1.28E-07 | -6.54E-10 1.21E-12 | 3-RD
-0.005190 0.004563 | -0.000210 5.66E-06 | -6.67E-08 3.71E-10 | -7.64E-13 | 4-TH
0.006315 0.003918 0.000213 | -2.90E-06 1.52E-08 | -3.51E-11 2.85E-14 | 1-ST
-0.010680 0.004267 | -0.000170 5.04E-06 | -4.72E-08 1.81E-10 | -2.51E-13 | 2-ND
! 0.029568 | -0.005580 0.000283 | -5.14E-06 4.65E-08 | -1.87E-10 2.72E-13 | 3-RD
-0.007670 0.004344 | -0.000110 2.09E-06 | -1.85E-08 767E-11 | -1.17E-13 | 4-TH
-0.004110 0.005476 6.17E-05 | -891E-07 4.60E-09 | -1.13E-11 1.12E-14 | 1-ST
-0.015750 0.004416 | -0.000170 3.43E-06 | -2.42E-08 720E-11 | -7.79E-14 | 2-ND
> 0.008830 | -0.001620 9.62E-05 | -1.96E-06 1.77E-08 | -6.42E-11 8.04E-14 | 3-RD
-0.011380 0.002757 | -9.54E-05 1.45E-06 | -9.73E-09 3.15E-11 | -3.85E-14 | 4-TH
0.015115 0.003661 6.80E-05 | -7.07E-07 2.67E-09 | -4.32E-12 2.36E-15 | 1-ST
-0.019510 0.004935 | -0.000160 2.46E-06 | -1.37E-08 3.27E-11 | -2.88E-14 | 2-ND
0 -0.007240 0.000388 2.66E-05 | -7.62E-07 6.56E-09 | -2.05E-11 2.14E-14 | 3-RD
0.006129 0.000175 | -7.67E-06 2.26E-07 | -1.91E-09 6.89E-12 | -8.36E-15 | 4-TH
0.044182 0.000234 5.35E-05 | -2.87E-07 6.43E-10 | -6.74E-13 2.72E-16 | 1-ST
1 -0.038670 0.002889 | —3.25E-05 2.01E-07 | -4.80E-10 492E-13 | -1.82E-16 | 2-ND
0.023721 | -0.001400 3.44E-05 | -2.66E-07 8.70E-10 | -1.20E-12 587E-16 | 3-RD
-0.024700 0.002047 | -3.63E-05 256E-07 | -8.12E-10 117E-12 | -6.09E-16 | 4-TH
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