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Abstract

This study investigated the differences between annual maximum series and annual maximum indepen—
dent rainfall event series with relatively short and long rainfall durations. Annual maximum independent
rainfall events were selected by applying various IETDs and thresholds to the hourly rainfall data in Seoul
for the duration from 1961 to 2010. Annual maximum independent rainfall event series decided were then
compared with the conventional annual maximum series. Summarizing the results is as follows. First, the
effect of IETD and threshold was not beyond the expected level. For example, as the IETD increases, the
frequencies of independent rainfall events decreased similarly in their rate for both with short and long
durations. However, as the threshold increases, the frequency of those with rather long durations
decreased much higher. Second, The mean rainfall intensity of the independent rainfall events was found
to remain constant regardless of their duration. This indicates that the annual maximum rainfall intensity
could be found in a rainfall event with longer durations. Lastly, the difference between the annual maximum
rainfall series and the annual maximum independent rainfall event series with rather short rainfall
durations was found significantly large, which decreases with longer durations. This result indicates that
the conventional data analysis method, especially for small basins with short concentration time, could lead
an unrealistic design rainfall with little possibility of occurrence.

Keywords : rainfall duration, annual maximum series, annual maximum independent rainfall event series,
IETD, threshold
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Fig. 3. Hourly Rainfall Time Series in Seoul from 1961 to 2010 (rainy season)

Table 1. Basic Statistics of Hourly Rainfall in Seoul from 1961 to 2010 (rainy season)

Average Standard deviation Coefficient of Coefficient of Maximum value
(mm/hr) (mm/hr) skewness kurtosis (mm/hr)
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Table 2. Statistics of all Independent Rainfall Events Decided with Different IETD and Threshold

IETD Threshold Number of independent Rainfall duration Average rainfall intensity
(hr) (mm) rainfall (hr) (mm/hr)

0 2,108 10.3 2.3

0.5 1,833 8.6 3.2

6 2 1,474 55 55

5 1,017 3.9 9.2

10 615 2.6 155

0 1,816 13.0 2.2

0.5 1,599 109 2.9

9 2 1,322 6.9 5.0

935 4.8 8.2

10 577 3.2 13.7

1,622 15.7 2.0

0.5 1,459 12.8 2.7

12 2 1,218 8.3 45

5 877 58 7.4

10 556 3.7 124
BE AFH01A Wk A4 Y T oWl 54 2707k e B9AMEY B9 Auge] FIE B
o] ol2f gk Wzt IS A HeAs F50 Tl SFaL 3] FUG A H7]Ee] Ao R ol S
g ¥ HEsZ gt 7hs/dol A o2 Avs Ak olefgt AaE Fidt

=l dEs vHS Ao

33 IETD & Aol we S8 SPAteke| Ly

= AA 59 E9Apke] MANE 9 Fit
£ 59 B9AM] A1%7)7te] e A
M EY B9k MANES
gkl 1ol web JelielthFig. 4). of
o] a8 Adzte= 0,05 2, 5 10mmE 483 73
9o 252 ek o]tk
Fig. 49 Z7bg 2wuw, W4, [ETDe] 27k e
sl A4 o g Ao Uehit) 5 447
Rro] @ Sy S9Ae] Rt 711 E9Ae 4
H 0] §A1E) MR, 2, A|47)7k0] e FALAe
wol Zhasha w2 1 B9AMTe] 5

= A ks Aom e,

z
)
o
mt)

~

;
3

#5454 H5%% 20124F 5J]

34 IETD & Meiglol e =7 seAtte] BF
zegE 54

IETD ¥ Hdytztel] wel 24
7). FREl o

o
o
$ o
oy

£3) )9 SFlshl Lehvich, Aekgto] & B9-ol6~
10mm) A145717k8] 4ol nheh it FSAEI HolA]
& Zge Uehlln glovt ol melHe £9Age
7} AgEo] Ve Qgew selHn) 2 2 Avi}
o thall 24013t el A5717he S ESAES 7]
oYL, ohge] Tl ASIE B9} RS ow
WA Hlol Wit B97gwe] AA 271 2 e

= Zlojrk,

435



w
S
S

Frequency
N
=3
S

-
=3
S

500
400
0

0 10 20 30 40 50 60 70 80 90 100
Duration (hour)

(a) Threshold: 0 mm (left:

L

T
0 10 20 30 40 50 60 70 80 90 100
Duration (hour)

(b) Threshold: 0.5 mm (left:

\

T
0 10 20 30 40 50 60 70 80 90 100
Duration (hour)

(c) Threshold: 2 mm (left:

500
'L T T T T T T 1T

0 10 20 30 40 50 60 70 80 90 100
Duration (hour)

(d) Threshold: 5mm (left:

@
k=3
S

Frequency
w B
=] =3
8 S

N
1=
S

-
=)
=3

23
=3
S

Frequency
n w B
(=3 =] =3
8 8 8

-
=)
S

Frequency
P 'S
=3 =3
S 8

N
=3
S

-
=
S

500

400

w

=3

S
!

Frequency
N
o
o
1 "

100

0

1 T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100
Duration (hour)

g8 8 & g
S S =3 S

Frequency

=
S

0
0 10 20 30 40 50 60 70 80 90 100
Duration (hour)

500

Frequency
N @« s
=3 =3 =3
S 8 8

-
=3
S

0
0 10 20 30 40 50 60 70 80 90 100
Duration (hour)

IETD 6 hour, center: IETD 9 hour, right: IETD 12 hour)

500

Frequency
8 8
o =]

=
S

=3
S

0 T T T T T T T
0 10 20 30 40 50 60 70 80 90 100
Duration (hour)

IETD 6 hour, center: IETD 9 hour,

500

Frequency
n w £
8 8 5

g

0
0 10 20 30 40 50 60 70 80 90 100
Duration (hour)

500

Frequency
@ s
8 8
3 3

n
S
S

=
=3
S

1 T T T T T T
0 10 20 30 40 50 60 70 80 90 100
Duration (hour)

right: IETD 12 hour)

500

Frequency
n w B
S 8 8
8 3 3

=
=3
S

0
0 10 20 30 40 50 60 70 80 90 100
Duration (hour)

IETD 6 hour, center: IETD 9 hour, right: IETD 12 hour)

500

Frequency
8 8
o o

8
S

=
S

0

1 T T T T T T T
0 10 20 30 40 50 60 70 80 90 100
Duration (hour)

500

Frequency
w B
=] =3
8 8

N
=]
=3

=
)
S

0 T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100

Duration (hour)

IETD 6 hour, center: IETD 9 hour, right: IETD 12 hour)

500

Frequency
n w B
s . 5.3

g
1

0

1 T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100
Duration (hour)

500
400

300

200

Frequency

100

0

1 T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100
Duration (hour)

(e) Threshold: 10 mm (left: IETD 6 hour, center: IETD 9 hour, right: IETD 12 hour)

Fig. 4. Change of Frequency of Independent Rainfall Events to the Duration as IETD and

Threshold Increase

BEKERBEMNE



Average Rainfall Intensity (mm/hr)
@
1

N W
a S
PR

n
S

Average Rainfall Intensity (mm/hr)
a
1

Average Rainfall Intensity (mm/hr)
@

10 - 104
5 5 |
.||||||||||||||||III|||I|||||||||I||||I.||I||I|||| W1y . .|||||||||.||||||||I||III||||||||||||||.I.I||||I|||.|.||I||I.I||| il I,
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
Duration (hour) Duration (hour) Duration (hour)
(a) Threshold: 0 mm (left: IETD 6 hour, center: IETD 9 hour, right: IETD 12 hour)
30 30 30
£20- 220+ £20-
515- 15+ £ 15+
£ £ £
S 10 210 & 107
5 1 5 5 1
§ 57 § 57 | § 57 |
> 4 > <4
< .||||||||.|||||||||||||||||||.|||||I||I|||||||||||| ol 1] 2 Mgl gl 0.0 01 < , ooy ot [ 041
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
Duration (hour) Duration (hour) Duration (hour)
(b) Threshold: 0.5 mm (left: IETD 6 hour, center: IETD 9 hour, right: IETD 12 hour)
30 30 30

N
a

N
S

°

2]

Average Rainfall Intensity (mm/hr)
o o

W
S

s

10 20 30 40 50 60 70 80 90 100
Duration (hour)

(c) Threshold: 2 mm (left:

N
a
N
a

N
S
N
S

o

-
o
o

2]
o

Average Rainfall Intensity (mm/hr)
@
Average Rainfall Intensity (mm/hr)

o

10 20 30 40 50 60 70 80 90 100
Duration (hour)

IETD 6 hour, center: IETD 9 hour,

10 20 30 40 50 60 70 80 90 100
Duration (hour)

right: IETD 12 hour)

w
=3

N
a

N
=3

=

2

Average Rainfall Intensity (mm/hr)
@

o

"

N
a
N
a

N
S
n
S

=
o
=)

5

o

Average Rainfall Intensity (mm/hr)
@

Average Rainfall Intensity (mm/hr)
o

.

.

10 20 30 40 50 60 70 80 90 100
Duration (hour)

rightt IETD 12 hour)

0

o

0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
Duration (hour) Duration (hour)
(d) Threshold: 5mm (left: IETD 6 hour, center: IETD 9 hour,
30 30

N
a

N
S

5

0

5

Average Rainfall Intensity (mm/hr)

0

L.

T
10 20 30 40 50 60 70 80 90 100
Duration (hour)

(e) Threshold: 10 mm (left:

N N
S a

N N w
S a S

-
°
°

5 5

Average Rainfall Intensity (mm/hr)
@

Average Rainfall Intensity (mm/hr)
@

-

10 20 30 40 50 60 70 80 90 100
Duration (hour)

IETD 6 hour, center: IETD 9 hour, right: IETD 12 hour)

"

0 10 20 30 40 50 60 70 80 90 100
Duration (hour)

0

0

Fig. 5. Mean Rainfall Intensity of Independent Rainfall Events with Respect to the Duration
Decided by Applying the IETD and Threshold

HALE 2B

5%% 20124 5

437



=]
=

oA AL

=

tol M2 Wl

©

q

A

AV 7 S Al
)

oA Alge 54 A&7

%71

Ea
=

o

=
.

3o A

HdA A=

o] 2473

olo} 2447+ & 1 o]
S

7hE, #A 1
Fsict. 7]

=
-

Fiek
2459l 1417 9 24A13F A|%7]7te] 9

S

L

AIZE B 24M3F

ary

%
BEREE

713k

E
=

P, e A
1] otk

°

iAol

S

I3

o Gejz 7Hy
APl AE 71

Al Riitel wel 1

w
5

Adzko = 0,05, 2, 5, 10 mmE 2]-&-3ho]

AL a1

735l

o)

A

=

=

Fdet A4, o

°

1y

L
f

b,
WXE

A, IARE A& 713k vijt A3 Fig. 6(a)E 29
A3}

.
o]
=

o
o 2] 2=
/e X4

1 o]
)

k]
pid

H(Fig. 6(c)

A ALl

e

A

fo.
A&713ke] A7) 53

BEKERP

e

[¢)

]

3 AbeE S g,

[e)

a

255 g A4
Aot} o]

gk

s}

12713k
=
T

=

A
Q)
[e]

HAl vrebdet o]t
T

1<

/do] i

p

[}

1A ol s (5d)

Ao AL 5

=

I3

b, A47]7ko] 7 A$(Fig. 6(b)e] AztolA
7\3ko] gL 750l sl AR AL} AR

of mlshA

otk

=]

Folt= ekt
FAEAD A5 0% AAE Aoz e, 19

=

A
A ADe] 1:1 vlaolA g AA

7-FG~10mm)ell, A A AL

A Aol g fat
A wrEeld 7

712ke] <

[e=]

e

pi

}

=7} &
4

=
o

=

AR

1 24417be] A
(3]

pud

&= gt o]
Oai

S

9

=R
=

©

71
3

]

o flell A A7 &

A
At Al

-
X
I
T

| A9

n

~

[e]
’d& Wk
Z

E

% ©
Ao A 24

1N AIDAAIRE 22443 A3

A

fefgh A3tz vehb o=

=

=
=

ole A
gl

EEBEE

)
L

[e)
ki3

J =

A

o ob&e B

1

297} AR 7% AR B

A =
h
bell o

o
°

.

L

.

Aol A
oA AE71be] e AF-(1A7h ek vl 31 4524

L
Fu

Bt}
zt
4.1 AXhX] AlA

A=k

A= tha ¢khsbE = vk ey 24403 B A&7

Al Pl w3l vas

o WA e 3o
W) St gick. ol
1 A|%717e) F9Ape)

WA= 5
T

A
A3 o
438

a
=
=



200

= = == Conventional
h 0
160 e
£ 5
E 1 —_— 10
=120 -
[a]
= J
£ 8o A
] 0
E - . - ' :'.,'. [
3 A3 INTL
|2 40 l"‘ ,: .u: y l"“: X ‘t o'.
Se .
. \ /|
AR
. YN XGNPV

1970 1980 1990 2000 2010
Time (year)

(a) Duration 1 hour (raw data)

200
= = =« = Conventional
o 0
- 0.5
E 160 = — 2
—_—5
= e — 10
2
120 -
o
&
£ 80
3]
[+
=
(e]
[

1970 1980 1990 2000 2010
Time (year)

(c) Duration 1 hour (moving average 5 year)

g e e e e Conventional
0
600 - 05

—_— 2
—_—5

10

a

=]

=]
1

IS

=)

S
1

Total Rainfall Depth (mm)
8
o
L

—

=

=]
1

or---rr———rr-——r——r

1970 1980 1990 2000 2010
Time (year)

(b) Duration 24 hour (raw data)

700

g e e e Conventional
0
600 - 05

_— 2
—_—5

10

500 —

'S

o

S
1

w
=1
=]
PR
.

N

[=]

=)
1

Total Rainfall Depth (mm)

ot

1970 1980 1990 2000 2010
Time (year)

(d) Duration 24 hour (moving average 5 year)

Fig. 6. Comparison of Annual Maximum Rainfall Series and Annual Maximum Independent
Rainfall Event Series (IETD: 12 hour)
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Table 3. Statistics of Annual Maximum Rainfall Series and Annual Maximum Independent Rainfall Event Series

Annual maximum rainfall series
Rainfall duration | Average Standard Coefficient of Coefficient of | Coefficient of
(hr) (mm) deviation variation skewness kurtosis
1 45.6 179 0.392 1.440 7.275
24 1754 81.9 0.467 1.257 4.503
Annual maximum independent rainfall event series
Threshold | Rainfall duration Average Standard Coefficient of Coefficient of | Coefficient of
(mm) (hr) (mm) deviation variation skewness kurtosis
1 4.2 54 1.28 2.25 793
0 24 89.2 539 0.60 1.87 7.78
1 6.6 5.3 0.79 1.62 5.48
0o 24 107.9 52.3 0.48 1.36 6.18
1 12.7 8.6 0.67 1.51 5.67
’ 24 133.3 67.7 0.50 2.49 11.85
1 19.3 10.8 0.55 1.74 7.13
> 24 143.6 73.6 0.51 1.95 8.26
1 26.0 16.7 0.64 3.62 19.99
0 24 142.9 81.5 0.57 1.69 6.44
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Table 4. Probable Rainfall (mm) Estimated with Respect to the Return Period and Duration

. Duration 1 hour
Reti;nea??m)d R Threshold (mm)

0 0.5 2 8 10

2 42.8 3.5 5.8 11.3 17.6 239
3 50.0 54 7.8 14.8 21.9 29.3
5 58.0 7.6 10.1 18.7 26.6 35.4
10 63.2 10.3 131 236 32.6 42.9
20 779 129 158 28.3 38.4 50.2
30 835 144 174 31.0 41.7 54.4
50 90.5 16.3 195 34.4 45.8 59.6
100 99.9 18.8 22.2 38.9 51.3 66.6
200 109.3 21.3 249 435 56.9 73.6

. Duration 24 hour
Ret?;afm)d Conventional Threshold (mm)

0 0.5 2 5 10

2 162.1 80.8 99.4 1234 132.3 130.2
3 196.1 102.0 121.1 148.6 161.0 162.5
5 2339 125.5 145.3 176.5 193.0 198.4
10 281.5 155.1 175.8 211.7 2333 243.6
20 327.1 1835 205.0 2454 271.8 287.0
30 353.3 199.9 2218 264.8 294.0 311.9
50 386.1 220.3 242.8 289.1 321.8 343.1
100 430.4 247.8 271.1 321.8 359.2 385.1
200 4745 275.2 299.3 3544 396.5 427.0
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