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Studies on the Time Distribution of Heavy Storms
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Summary

This study was carried out to investigate the time distribution of single storms and
to establish the model of storm patterns in Korea.

Rainfall recording charts collected from 42 meteorological stations covering the Kor-
ean peninsula were analyzed. A single storm was defined as a rain period seperated
from preceding and succeeding rainfall by 6 hours and more.

Among the defined single storms, 1199 storms exceeding total rainfall of 80 mm
were qualified for the study.

Storm patterns were classified by quartile classification method and the relationship
between cummulative percent of rainfalls and cummulative storm time was established
for each quartile storm group. Time distribution models for each stations were prepared
through the various analytical and inferential procedures.

Obtained results are summarized as follows:

1. The percentile frequency of quartile storms for the first to the fourth quartile were
22.0%,26.5%, 28.9% and 22,6%, respectively. The large variation of percentile
frequency was show between the same quartile storms.

The advanced type storm pattern was predominant in the west coastal area while
the delayed type was predominant in the south coastal area.

2. The single storms with large total rainfalls tended to show delayed type storm
patterns predominantly when compared to the single storms with small total rainf-
alls.

3. The single storms with long storm durations tended to show delayed type storm
patterns predominantly when compared to the single storms with short storm dura-
tions.

4. The percentile time distribution of quartile storms for 42 rain gaging stations was
estimated, Large variations were observed between the percentiles of time distribu-
tions of different stations.
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5. No significant differences were generally found between the time distribution of
rainfalls with greater total rainfall and with less total rainfall.

This fact suggests that the size of the total rainfall of single storms was not the
main factor affecting the time distribution of heavy storms.

6. Also, no significant differences were found between the time distribution of rainfalls
with long duration and with short duration.

The fact indicates that the storm duration was not the main factor affecting the
time distribution of heavy storms.

7. In Korea, among all single storms, 39.0% show 80 to 100mm of total rainfall which
stands for the mode of the frequency distribution of total rainfalls.

The median value of rainfalls for all single storms from the 42 stations was 108mm.
The shape of the frequency distribution of total rainfalls showed right skewed feat-
ures. No significant differences were shown in the shape of distribution histograms
for total rainfall of quartile storms.

The mode of rainfalls for the advanced type quartile storms was 80~100mm and
their frequencies were 39~43% for respective quartiles. For the delayed type quartile
storms, the mode was 80~100mm and their frequencies were 36~38% .

8. In Korea, 29% of all single storms show 720 to 1080 minutes of storm durations
which was the highest frequency in the frequency distribution of storm durations.
The median of the storm duration for all single storms from 42 stations was 1026-
minutes. The shape of the frequency distribution was right skewed feature. For the
advanced type storms, the higher frequency of occurence was shown by the single
storms with short durations, whereas for the delayed type quartile storms, the higher-
frequency was shown by the long duration single storms,

9. The total rainfall of single storms was positively correlated to storm duratjons in all:
the stations throughout the nation.

This fact was also true for most of the quartile storms.

10. The third order polynomial regression models were established for estimating the
time distribution of quartile storms at different stations. The model test by relative
error method resulted good agreements between estimated and observed values with
the relative error of less than 0, 10 in average.
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Table-1. Percentage frequency of quartile
storms at different stations

Unit: %
Seri- ‘ Staci Quartiles
al No'l tation name First ‘ Sic(f- [Third l Frc;]i};

1 } Geoje 9. 8; 29.2] 36.6 24.4
2 ! Geochang 11. O} 16.7| 38.9; 33.3
3 " Goheung 20.0, 22.9; 34.3 22.8
4 | Gwangju 24,27 33.31 15.2 27.3
5 | Gunsan 40.0 15.00 30.0] 15.0
6 : Geumsan 14,3 28.4] 21.4 35.7
7 1 Namhae 12,1 27.3] 48.5] 12.1
§ | Daegu 33.3 18.5 18.5 29.7
9 I Dazejeon 28.0; 28.0/ 28.00 16.0
10 | Mokpo 13.6/ 27.3 25.0 34.1
11 Milnang 21.7) 34.8 30.5 13.0
12 | Boryeong 25.00 41.7] 16.7] 16.6
13 | Boeun 23.1 38.5 15.4/ 23.1
14 | Busan 8.6 32.9 31.4] 27.1
15 Buyeo 30.0, 15.0] 25.0f 30.0
16 | Sancheong 29.2y 16.60 41.7) 12.5
17 Seosan 16.0, 28.0 28.0{ 28.0
18 | Seoul 20.71 19.60 29.3] 30.4
19 | Sokcho 25.G 25.00 20.0 30.0
20 | Suwon 15.2) 36.4 24.2] 24.2
2] Seungju 23.41 23.4] 33.3] 20.0
22 | Asan 33.3 16,7 33.3 16.7
23 Yeosu 26,9 21.20 28,8 23.1
24 | Yeongju 21,4} 28.6] 21.4]| 28.6
25 | Wando 16,7 30.0, 23.3 30.0
26 | Ulsan 13.6] 36.4| 34.1 15.9
27 | Wonseong 33,3 16.7 25,00 25.0
28 | Yuseong 12.5; 43.8 25,0 18.7
29 | Iri 34,80 26,1 26.1] 13.0
30 | Incheon 29.5] 31.8 22,8 15.9
31 | Jangheung 1.1 25.9, 40.7] 22.3
32 | Jeonju 21,70 35.0, 25.00 13.3
33 | Jinju 16,00 32.00 40.00 12.0
34 | Cheongju 27.61 20.7) 27.6| 24.1
35 | Chupungyeong! 20.C] 28.0° 30.0 22.0
36 | Chuncheon 33.3] 19.0] 19.0 28.7
37 | Chungmu 18.2] 24.2) 42.4] 15.2
38 | Chungju 25.0 15.0/ 35.0 25.0
39 | Pohang 20.8] 20.8 41.7] 16.7
40 | Habcheon 20.0 30.0, 20.0 30.0
41 Hampyeong 24.0, 24.0, 32.0 20.0
42 | Haenam 20.0; 30.0; 30.0[ 20.0
Mean 22.¢9| 26.5] 28.9| 22.6
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Table-2. List of stations with maximum frequency for given quartiles

MBNTREE 20k F2% 199F o

First half ‘period

Second half period

First quartile ! uF;:rrfc%: !Second quartile uP;l;lecqy; ! Third quartile uirnecqy_ IFourth quartilef ui;iq};
Gunsan 40.0%| Gwangju 33.3% Geoje 36.69%| Geumsan 35.7 %
Daegu 33.3 Milyang 34.8 Geochang 38.9 Mokpo 34.1
Daejeon 28.0 Boryeong 41.7 Goheung 34.3 Seoul 30. 4
Buyeo 30.0 Boeun 38.5 Namhae 48.5 Sokcho 30.0
Asan 33.3 Busan 32.9 Sancheong 41.7 Yeongju 28.6
Weonseong 33.3 | Seosan 28.0 | Seungju 33.3 | Wando 3.0
Iri 34.8 Suweon 36.4 Yeosu 28.8 Habcheon 30.0
Cheongiju 27.6 Ulsan 36.4 Jéngheung 40.7
Chuncheon 33.3 | Yuseong 43.8 | Jinju 40.0
Incheon 31.8 Chupung- 30.0
ryeong
Jeonju 35.0 Chungmu 42.4
Chungju 35.0
Pohang 4.7
Hampyeong 32.0
Haenam 30.0
9 1 I ’ 15 ] 7
Table-3. Percentage distribution of quartile storms for given total rainfall
Quartiles
Station name Total rainfall
First ! ‘Second Third Fourth
<110 min 8.6 37.1% 3.4 22.9
Busan > 8.6 28.6 31. 4% 31. 4
All storms .6 32.9 31.4 27.1
<110 min 22.5 18.6 22,5 36. 4*
Seoul >un 22.5 17.5 32, 5% 27.5
All storms 20.7 19.6 29.3 30.4
<110 min 23,1 19.2 34. 6% 23.1
Yeosu > 28. 0% 24.0 24.0 24.0
All storms 26.9 21.2 28.8 23.1
<110 min 17.6 47, 1% 23.5 1.8
Ulsan >n 11.2 29.6 40. 7% 18.5
All storms 13.6 36.4 34.1 15.9
<110 min 35.0 45, 0¥ 0.0 20.0
Incheon > 22,7 22.7 45, 4% 9.2
All storms 29.6 ! 31.8 22.7 15.9
<110 min 30, 8% 26.9 26.9 15.4
Jeonju >n 22.7 36. 4% 22.7 18.2
All storms 21.7 35.0 25.0 18.3

* represents the highest frequency
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Table-4. Percentage distribution of quartile storms for given duration

. Quartiles
Station name Duration e —— e
First { Second = Third | Fourth
<1320 min 5.7 37.1% 37.1 20.1
Busan > 1.4 28.6 25.7 34, 3%
All storms 8.6 32.9 3.4 27.1
<720 min 20.9 20.9 25.6 32. 6%
Seoul >un 24.4 14.6 29.2 31.6%
All storms 20.7 19.6 29.3 30.4
<960 min 22.2 18.5 40. 7% 18.6
Yeosu >n 29.2 25.0 16.7 29. 1%
All storms 26.9 21.2 28.6 23.1
1 <1440 min 13.0 43.4% 34.8 8.8
Ulsan >un 14.3 28.6 33.3* 23.8
\ All storms 13.6 36.4 34.1 15.9
<960 min 23.8 47.6% 14.3 14.3
Incheon >n 33.3 19.0 33.3% 14. 4.
All storms 29.5 31.8 22.8 15.9
<720 min 40.0 40, 0% 16.0 4.0
Jeonju >un 13.0 21.7 34, 8% 30.5
All storms 21.7 35.0 25.0 18.3

* represents the highest frequency
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Table-5. Correlation coefficients between total rainfall and storm duration at

different stations

S;Irgal Station name Correlation coefficients

) All storms Ist Qt 2nd Qt 3rd Qt 4th Qt
14 Busan 0. 52%* 0. 90% 0.33 0. 50% 0.25
18 Seoul 0. 55%* 0. 48* 0. 47% 0. 48% 0. 73%x
23 Yeosu 0. 60%* 0.43 0. 84wk 0.43 0. 41
26 Ulsan 0. 55%* 0.82 0.51* 0. 55% 0.40
30 Incheon 0. 42 0.3 0.33 0.34 ~0.20
32 Jeonju 0. 43%* 0.26 0. 6b** —0.50 0.39
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Table-6. Coefficients of 3rd order polynomial regression model for estimating the time

distribution of single storms

. . . Standa-
St(a)tltll- Srl;- Coefficients t—value* rd errorF-va-
. 3. sk
name | ile o 1 C, C, C, C, ‘ c, | c ﬁfaf‘:n lue

I —23.73 | 2.66 |-0.364x10-4 0.217x 10-2 6.91 |—4.54 4.49 2.59;365.24

Busan | I [F0-510X 107  —0.102 | 0.371X10-3-0.264X10~% —0.329 | 5.73—6.73  2.10928.42
B 9.99 —1.04 | 0.392x10-1-0.198x10-%  —2.39 | 4.33—3.61|  2.94i456,83

Vi —8.06 1,06 ]-0.127%10-1 0.131%10~2 2.67 |=1.53 2.60  2.69424.35

I —14.65 2.71 |-0.303%10-1 0. 146X 10~ 9-54 |—5.13 4.09]  1.911644.60

Seoul | T 1,43 —0.299 | 0.376%10-%-0,250%10~% —0.657 | 3.97|—4.37]  3.071428.34
I 8.72 —0.690 | 0.338x10-%-0, 177x10-%  —1.47 | 3.44—2.98]  3.17371.99

v —5.98 0.781 |-0.583%10-% 0.847x10-* 3.64 |—1.30 3.13  1.451417.3

1 —10.82 2.23 |-0.231x 10~ 0.120x 10-*| 6,78 |~3.38 2.91]  2.21/506.05
Yeosu | I —A4.76 0.419 | 0. 238x10—‘-—0.180><10-” 0.593 | 1.611—2.02  4.77/161.98
i 3.81 | 0.132 X107t 0.192X 10-4-0. 9611074 0.449 X 10~% 3.13—2.59  1.99859.57
N —3.87 0.764 |-0.597 X107 0.867x 104, 3.73 |—1.40/ 3.36  1.381528.0

I —11.95 2.47 |-0.263x 10-% 0.131x 10~ 419 |~2.14 1.76 3.98i161.83

Ulsan | T 1.37 —0.349 | 0.376x10-1-0, 246X 10-% —0.936 | 4.85—5.24  2.511637.32

f

i 6. 44 —0.423 | 0.280X10-4-0.143x 10~ —0.733 | 2.33—1.96  3.89243.88

v 0. 699 0.215 |-0.135% 1074 0.961x 10| 0.455 |-0.318 1.62  3.18342.58

I —7.90 2.00 |-0.188x10-t! 0.973x 10~¢ 8.87 |—4.01 3.43  1.5201086.1

Inche.| T —7.05 0.825 | 0.121x10-1 0.991x 104 1.40 |0.988—1.33  3.98218.32
on | [ 18. 55 —1.45 | 0.503%10~1-0,276% 103  —1.56 | 2.58~—2.34]  6.30 97.39
Wi —5.33 0.172 | 0.329% 10-2 0. 666 10~ 4.86 |—1.08 3.60] 0.989:3141.4

I —10.78 2.74 | 0.287 %101 0.124 % 10-* 8.98 l—4.52] 3.23  2.06540.71
Jeonju| I —0.798 | 0.466 x 10-1 0. 301X 10-4-0. 208 10-# 0.780% 10~* 2.43|—2.77|  4.02[236.10
I 15.13 —0.945 | 0.430X10-1-2.250% 10~  —1.88 | 4.10~3.94]  3.39:321.56
W] 4,65 0.892 |-0.457%10-% 0. 597 x 10~¢ 8.15 |—2.00] 4.33 0.783)5221.2

* for v=>5, t.,,=3.36, {.,4=2.02,

** for n=3, m=6, F.,,=27.9, F.,=8.94
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Table-7. Results of the time distribution model test by relative error method

Accumulate% reolative errors; IndividualTrelgtive errors;

- 2 - 2

Station name Z<—hT—_) ) Z( T ) A

Ist | [fnd Erd Vth Ist End Erd Nth
quartile ! quartile | quartile | quartile | quartile | quartile | quartile | quartile

Busan I 9.6 1.0 15.3 ’ 13.8 0.10 ‘ 0. 04 0.04 0.05
Seoul \ 14.5 2.0 7.5 11.3 0.05 0.01 0.02 0.03
Ulsan L 8.0 17.0 12.8 7.8 0.12 0.11 0.05 0. 07
Yeosu } 15.3 3.3 4.3 7.6 0.07 0.03 0.02 0.04
Incheon J 9.7 17.1 7.1 8.8 0.05 0.10 0.04 0.09
Jeonju |62 3.4 2.7 6.7 0.03 0.02 0.01 0.05
Average ; 12.9 9.0 8.3 9.3 0.07 .1 0.05 0.03 0. 06
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