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Time and Spatial Distribution of Probabilistic Typhoon Storms

and Winds in Korean Peninsula

Yoon, Kyung Duck - Suh, Seung Duk

Summary

The objective of this study is to provide with the hydrometeological and probabilistic
characteristics of the storms and winds of typhoons that have been passed through the
Korea peninsula during the last twenty-three years since 1961.

The paths and intensities of the tvphoons were analyzed. Fifty weather stations were
selected and the rainfall and wind data during typhoon periods were collected. Rainfall
data were analyzed for the patterns and probabilistic distributions.

The results were presented to describe the areal distributions of probabilistic character-
istics. Wind data were also analysed for their probabilistic distributions.

The results obtained from this study can be summarized as follows:

1. The most frequent typhoon path that have passed through the Korean peninsula was
type E, which was followed by types CWE, W, WE, and S. The most frequent typhoon in-
tensity was type B, that was followed by A, super A, and C types, respectively.

2. The third quartile typhoon rainfall patterns appear most frequently followed by the
second, first, and quartiles, respectively, in Seoul, Pusan, Taegu, Kwangju and Taejon.
The single typhoon rainfalls with long rainfall durations tended to show delayed type
rainfall patterns predominantly compared to the single rainfalls with short rainfall dura-
tions.

3. The most frequent probabilistic distribution for typhoon rainfall event is Pearson

type-IllI, followed by Two-parameter lognormal distribution, and Type-I extremal distri-

bution.
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4. The most frequent probability distribution model of seashore location was Pearson

type-II distribution.

The most frequent probability distribution model of inland location was two parameter

lognormal distribution.

5. The most frequent probabilistic distribution for typhoon wind events was Type-I

extremal distribution, followed by Two-parameter lognormal distribution, and Normal

distribution.
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Fig. 1. Location map of weather stations
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Table -1. Summary of theoretical probability distribution functions

Classification Normal Log-Normal(two-parameter) Type-1 Extremal Pearson type-IIl
1 1 x—
fx)=—r= » 1 1 xzryen,
ol2x fx)ys— . exp[_l( 1nx—uy.)2] fe=4 0=2rm T )
P.D.F. e 3EThy oy x {21 2 oy - exp[ —y—exp(—y)] exp(- X7
g y=(x—p/e a
F 1 X x X
(X)——Gm j_oo F(x) = J’ f(x) - dx F(y)=e -y F(x) = J’y f(x)-
C.D.F. Ly u 0
e 2 (= )2 dx dx(a>0)
Variable y< X <o (a>0)
~00 < X < 0< X <o -0 < X <o
Range - <x<y(e<0)
4. mean 4y  mean of Inx a=0.7797¢ a : Shape parameter
Parameters ¢ . standard deviation |dy : standard deviation B=1+-0.4500 B Scale parameter
y . Lower boundary
Parameter
L Moment method Mement method Moment method Mement method
estimation
Mean u° uw y=p+0.5772a u=a- Bty
2 _ (T 2 —
Variance o oy &= (ﬁ - a) F=d 8
3Cv+Cv® 20
Skewness 0 . o 1.1396 >
Cv : coefficient of variation
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Table -2. Frequency of attacking typhoon
with respect to path type
(period : 1961. 6. 1~1983. 9. 30)

Month Path Types Total
E | S |W|WE;CWE |Others
June 211(0] 0 0 2 5
July 410(4] 2 6 6 22
August 713|515 5 4 29
September (5|0 |0 0 | 4 7 16
Others 1 1
Total 181497 |15 20 73
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Fig. 3. Relation beween typhoon rainfall and duration in five cities
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Table -3. Regression equations between typhoon rainfall and duration

(a) Five stations (b) Seoul
Stations Regression Correlation Path Regression Correlation
ation equations coefficient types equations coefficient
Seoul (44)]|Xi=0.788+1.1784Di r=0.822 S ( 3)[X1=-0.196+1.326Di r=0.990
Pusan (46)|Xi=—0.309+1.423D1 r=0.803 CWE (15)|Xi=0.413+0.973Di r=0.556
Taegu (44)|X1=-—0.1881+1.3775Di| r=0.862 WE  (6)|X1=0.70540.755Di1 r=0.422
Kwangju(48)|Xi1=0.101141.0105D1 r=0.689 E (10)|X1=0.0434-0.946Di1 r=0.830
Taejeon (30)(Xi=—0.1910+1.4324D1{ r=0.895 W ( 8)[Xi=—-0.143+1.406Di r=0.837
D : Duration(hr), Di=log(Du)
X . Typhoon Rainfall(mm), Xi=log(Tr)
() : single rainfall events
(c) Pusan (d) Taegu
Path tvpes Regression Correlation Path Regression Correlation
P equations coefficient types equations coefficient
S ( 4){X1=0.7104+0.893Di r=0.930 S ( 3)[Xi=-0.47540.962Di r=0.835
CWE  (12)|Xi=—0.2314+1.364Di r=0.757 CWE (13)[Xi=-0.12441.552D1 r=0.831
WE ( 6)[X1=0.023+1.248Di r=0.814 WE (. 6)|Xi=—-0.898+41.765Di r={.880
E (16)|Xi=—0.717+1.753Di r=0.883 E (17)]Xi=—0.301+1.466Di r=0.886
W ( 8){Xi=—-0.393+1.423D1 r=0.783 W ( 5){Xi=—-0.060+1.196Di r=0.887

(e) Kwangju

(f) Taejeon

Regression Correlation Path Regression Correlation
Path types X - X -
equations coefficient types equations coefficient
S ( H|Xi=-1.116+2.133Di r=0.606 S (1)
CWE  (15)|Xi=(—8.85E—-03)+1.265Di | r=0.887 CWE ( 7)|Xi=-—0.631+1.614Di r=0.411
WE ( 6)[X1=1.670+0.113D1 r=0.338 WE ( 9)|Xi=—3.188+3.290Di r=0.860
E (13)}Xi=—0.535+1.687Di r=0.945 E (12)|Xi=0.49940.678Di r=0.592
W (10)|Xi=—0.197+1.587Di r=0.947 W ( 6){Xi=—-0.523+1.522Di r=0.978
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Fig. 4. Dimensionless mass curves by typhoon path in Taegu
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Table-4. The results of kolmogorov-Smirnov test for probability distribution functions for the

typhoon rainfall

Serial Probability Distribution Function

Station
l1hr | 2hr | 4hr | 6hr | 12hr | 24hr

=
(=]

Serial ) Probability Distribution Function
Station
no. lhr | 2hr | 4hr | 6hr (12hr [ 24hr

Sokcho T2LD|T2LD|T1ED|PT3D|T2LD|T2LD

26 |Chungju |T2LD(PT3D|T2LD|T1ED|T2LD|T2LD

Chunchén |T2LD|PT3D|T2LD|PT3D|PT3D(PT3D

27 |Poiin PT3D|PT3D|PT3D|PT3D|PT3D|PT3D

Kangniing [T2LD({PT3D(T2LD(PT3D(T2LD|T2LD

28 |Onyang |T2LD(PT3D|PT3D|T2LD|PT3D|T1ED

Seoul T2LD{T2LD{T2LD|T2LD{T2LD{T2LD

29 |Taechdn (T2LD(PT3D|PT3D[PT3D|T2LD({PT3D

Inchén T2LD{PT3D(PT3D|T1ED(PT3D(T1ED

30 |Puyd PT3D({PT3D|PT3D{PT3D{PT3D(PT3D

Suwon T2LD|T2LD|T2LD|T2LD|T2LD|T2LD

31 |Puan PT3D|PT3D|PT3D|T2LD|PT3D|PT3D

Sdsan T2LD|T2LD|PT3D|T2LD|T1ED|PT3D

32 |Imshil PT3D|T1ED|T2LD|T2LD|PT3D|T1ED

Chdngju  |T2LD{PT3D{T2LD|T2LD{T2LD(PT3D

33 |Chongiip |T2LD|T1ED|T1ED(PT3D|PT3D|PT3D

Wikl jwlto ] — )¢

Taejon PT3D|T1ED|PT3D{T1ED({PT3D(PT3D

34 |Namwon |T1ED|T2LD|T1EDPT3D|T2LD|T2LD

—_
<

Chupungny®ng | T2LD|T2LD|PT3D|T2LD|T2LD|T2LD

35 | Hampy6ng [PT3D({PT3D|PT3D{PT3D|T1ED|PT3D

—
—

Kunsan  |T1ED{PT3D|T2LD{PT3D|PT3D|PT3D

36 |Stingju - |[T2LD|PT3D|PT3D{PT3D|T1ED|PT3D

—
Do

Taegu T2LD|T2LD|T1ED|PT3D|PT3D|PT3D

37 | Changhiing |PT3D|T1ED|PT3D|T1ED|PT3D|T1ED

—
w

Chdnju T2LD(PT3D{PT3D|TZLD{PT3D|PT3D

38 |Haenam (T2LD|T1ED|PT3D{T2LD{T1ED(PT3D

—
S

Ulsan PT3D|PT3D|T2LD|T2LD(T2LD|PT3D

39 [Kohiing [T2LD(PT3D|T1ED|PT3D(PT3D(T2LD

=
o

Kwangju |PT3D({PT3D|PT3D|(PT3D|T2LD|T2LD

40 |Yongju T2LD|T1ED|PT3D|PT3D|PT3D|T1ED

—
[e}]

Pusan T2LD({PT3D|PT3D|PT3D|PT3D|PT3D

41 | Chdmchon |[T2LD{T1ED|T2LD|T1ED{T2LD|T1ED

—
ey

Chungmu  {PT3D|T2LD|T2LD|T2LD|T2LD|PT3D

42 |Yéngddk [T2LD(TZLD(PT3D|T1ED(T1ED|PT3D

—
oo

Ydsu T1ED|PT3D|PT3D(PT3D(PT3D|T1ED

43 | Usdng T2LD|PT3D|T2LD|T2LD|T2LD|T2LD

—
«©

Chinju T2LD|T2LD|T2LD[PT3D|PT3D|T2LD

44 |Sénsan T2LD|T1ED|PT3D|PT3D|PT3D|T2LD

[3&)
(=)

Kanghwa [T2LD|T2LD|T2LD|T2LD|T2LD|PT3D

45 [ Ydngchdn (T2LD(PT3D(PT3D|PT3D(PT3D(PT3D

3]
—_

Yangpydng {T2LD|T1ED|T1ED(T2LD({PT3D(PT3D

46 |Kdchang |T2LD{T2LD|T2LD|T2LD{PT3D|T2LD

Do
(%)

Inchdn PT3D|T2LD|T1ED|T2LD|PT3D|T2LD

47 |Hapchén |T2LD{PT3D|T2LD|T2LD{T2LD|PT3D

[av)
w

Inje T2LD|T1ED|PT3D|T1ED|PT3D|PT3D

48 |Miryang |T2LD|T2LD|PT3D|T2LD|PT3D|PT3D

oo
-

Hongchdn (T2LD|T2LD(PT3D(PT3D|T1ED|T1ED

49 |Sanchdng |PT3D(PT3D|T2LD|T2LD|T1ED|PT3D

[+
o

Samchdk  [T2LD|T2LD(PT3D|T2LD(PT3D|T1ED

50 |Namhae [T2LD(PT3D{T2LD|T2LD{PT3D|T2LD

% Remark, T2LD : two-parameter lognormal distribution
T1ED : type-I extremal distribution
PT3D : pearson type-III distribution
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Fig. 5. 200-year return period with 12-hour
duration typhoon rainfall (mm)
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Fig. 6. 200-year return period typhoon wind
speed (m/sec)
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Table-5. The results of kolmogorov-smirnov test for each probability distribution type of the

typhoon wind

Probability Probability Probability
Stations Distribution Stations Distribution Stations Distribution
Function Function Function

Sokcho T1ED Ydsu T1ED Hampyodng T1ED
Chunchon T1ED Chinju T1ED Siingju T1ED
Kangniing T1ED Kanghwa T1ED Changhting NORM
Seoul T1ED Yangpyo. T1ED Haenam T1ED
Inchon TI1ED Inchoén NORM Kohiing T2LD
Suwon T1ED Inje T2LD Yongju T1ED
Sésan T1ED - Hongchdn T1ED Chdmchon T2LD
Chéngju T1ED Samchdk NORM Yongdok NORM
Taejdn T1ED Chungju T2LD Uiséng T1ED
Chupung. T1ED Polin T1ED Sonsan T1ED
Kunsan T1ED Onyang T1ED Ydngchdn TI1ED
Taegu T1ED Taechdn T1ED Kd&chang T1ED
chonju T2L.D Puyd T1ED Hapchon T1ED
Ulsan T1ED Puan T2LD Miryang T1ED
Kwangju T1ED Imsill T2LD Sanchdn - TI1ED
Pusan T1ED Chongiip NORM Nambhae T1ED
Chungmu NORM Namwon T2LD

* T2LD : two-parameter lognormal distribution

T1ED : type-I extremal distribution
NORM : normal distribution
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