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ABSTRACT

An increasing frequency and intensity of natural disasters have been observed due to climate change. To better prepare for these, the MOIS
(ministry of the interior and safety) announced a comprehensive plan for minimizing damages associated with natural disasters, including
drought and heavy snowfall. The spatial-temporal pattern of snowfall is greatly influenced by temperature and geographical features. Heavy
snowfalls are often observed in Gangwon-do, surrounded by mountains, whereas less snowfall is dominant in the southern part of the country
due to relatively high temperatures. Thus, snow depth data often contains zeros that can lead to difficulties in the selection of probability
distribution and estimation of the parameters. A generalized mixture distribution approach to a maximum snow depth series over the
southern part of Korea (i.e., Changwon, Tongyeoung, Jinju weather stations) are located is proposed to better estimate a threshold (4)
classifying discrete and continuous distribution parts. The model parameters, including the threshold in the mixture model, are effectively
estimated within a Bayesian modeling framework, and the uncertainty associated with the parameters is also provided. Comparing to the
Daegwallyeong weather station, It was found that the proposed model is more effective for the regions in which less snow depth is observed.

Keywords: Mixture distribution function, Maximum snow depth, Bayesian model, Frequency analysis

*Corresponding author: Hyun-Han Kwon, hkwon@sejong.ac.kr  ORCID: https://orcid.org/0000-0003-4465-2708
Received: 18 September 2020, Revised: 16 October 2020, Accepted: 10 November 2020

® @ (© Korean Society of Disaster & Security. This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial
o License (http://creativecommons.org/licenses/by-nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium,

provided the original work is properly cited.



| afe} AR E 02 PR, Setele] HAsh 7

Jo]

3

7V

1
T

3

S

T, Y

9

3

off &

26 * J Korean Soc Disaster Secur Vol. 13, No. 4, December 2020

1LME

A TS AT

4

[e)
=

ATt 3], A

SHE

o2 7]

ZS kel
=2

o] Feil A

1
L

Sff 2],

Z1ef |

T

=

)

F2110% ©|

2
T

SR

ol Hiet

Aol 2

]

12 ofolA) 3 glon], WA

A
Ml At

1
1

7}

=
o

A AL o

1
=

o

=

LSS
—

4

°

sich el 27

5

SIITHMOIS, 2018). ©]

o

RCERE

A9

H

SF

Hl
g
=90

gy
4

[e)

o

3l

O

s

SK-End

S
=

O] $FOFA|AL Qlet. wHA, F

7} o
9

g Al 71 0llA

S

a7t

7] A<

Ber
A=

Felofl A Abd

race

9|

2 %

tod 27

)

=gl

12k

9|

ot

1918 a1

9|

o) 23

! EAA

=)
=

idx]

117 Tk Yu et

1

ok Hopslodrt

o

T

& Seamel

7]
Weibull

1

Tt Kim et al.(2012)2 2|24 0 5 JLE = tfAd %]

hi

&

S

[

_"

ARX

—1 O

=

A&

Erof 9]

|

1

SFATHMOIS, 2019). Z12fut 214 Wi R Ao «

o

™

=

EH
of Fhj ¢t ol

?_g_-
TR
=44
ol wet FeEfRielt o]

2 EZ A
="

A
©

<)

o3
7]
Sk 2 Al

23

=2
g4

A1
L

=
2

A
WA S0 A5 1 QI Park et al.(2014)7 Kim et al.(2014)

2felo] £
al.(2014)

=

|
=
=

M

A A4 A=

1, =5 A=

O =
55

o= w7y

A7, %02 BA

A=A A
1A} Choi et

o

1

9

to] Park and Chung(2019)

°

sAof] &-8-%]31 It Haan, 1977). Yue et al.

5

TSIt Park et al.(2019)

Qi

A7 duration)S T

015
s

A
=

Q-o

FER2] 7ol H

o] HolAl e
=

T

Al
=}

_“

S
=

H(flood peaks)™} 4]

X
|

A

"I’:g—l_

3} At} o]

K

=]
™

T

[¢]

7} A

E£74 dAIEK(threshold) 0 2 FH == A2} = (censored data) 7}
= =°] H
R %

2~ 015]

[¢)

=
=
o

1

=

]_

o 282 o

Z
mixed model)=

(1999)

o

=
L
.

510 Bayesian H]

=RIasy

A

Zgoll o

2 R 31 A}

e

2270 9]

al.(2019)

Sto] w7

6}
Z|321 BIC

[e))]
H

™, o7 H4= =7 A] Bayesian WS &

w7 e Hafslo]

T
=

a1

oHol

O

REPEELE

5

[¢}

s

5

AL AARZE

o) 93

9

74

Tod, thEzel A

file)

A7) 9

[e)
d=

’cg-/R

P3|
2|

4o

= Jotste] AT B

.
=2



Development of Snow Depth Frequency Analysis Model Based on A Generalized Mixture Distribution with Threshold * 27

(Bayesian information criterion) S A}-83| |4 SR EF-S AT 2F2 0 2 A7 |7HE 2442 AA5H9T

B

= -+

Hol= IS AXITE 7V Alsh S 174 854(ASOS, automated synoptic observing system) & s #-=-4 H+t 7|
2t A2 e el PEtel] 00o] b W AO] AU(155), TB(162), WF(192)F AV 2 sl
2 2 SRR RS vlwoly] Slote] Adtia o &2 Hgro] g2 thk(100)2 Hlw AR 0 & Aot
At TSAL7T A Quict Adoletal R W= 2ol thgh 55 5] SHE| o] FJAAH(CCTV, o4 4] 244
& Gl et 55 PEARE v o= A6 915l 4 1987-201919(339), FF A5 1971~20159(45'), T
T 1972~2015(44'9) A=E B4t 55 BE5Atams T B5AE g Al A7) 057t gi7]e] 2527 A
Atz o] FHo] Fom, T A4t A Aol TAA Balol sttt did A He] Md: 1095 E] Fell Ak 49714
Q] A S AR HHAAAER APstgl om, o] AR APgeH= Zlo] obd 7|9 o] AL At
2go7] fIstelct. ofE E¢l, 20009-2 1999'A 10951 20001 4 97H2] 2] 245 oJm|gitt Fig. 1> <A

1A AH=2-S WM, Fig. 28 Z(155), 59(162), F5(192) 71A8=40] 9125 Lrehdich
Z2tR7E o 24 SERa ] At AlZtH o2 Wrlehs Woltt. Lognormal HE= YEgho 2

q

o] o

© 9
i

i)

e

oZ

ox
N
s
L%

M)

m
L
i)
>,
=
)
i
>~

il
(]
N
rr
r o)
i

0& 71 5= 9l71ol A 2A 2 o] kS Lognormal 23 BHE2]9] Fig, 301 AIASHA.0H, diiEo] gh=gho] o] 2
Q1 RS Yehths Aol = Zhe S1E 4= Qioh webA] 21&.9] Lognormality S 782 4= QLoH, S92
Lok /4 Al Lognormal #3257 224 0 & S-85I5]ct

Changwon (155) Tongyeong (162)

w
=

0

=

=

w

Annual maximum Snow Depth {(em})
= ' ©
5

;Hﬂﬂﬂﬂﬂﬂﬂnﬂ HHH il

1000 1005 2000 2005 2010 2015 2020

A" Nﬂnnﬂﬂnﬁﬂ ’L ﬂﬂ HHH-

a70 1980 1900 2000 2010

Time(year) Time(year)
" Jinju (192) 100 Daegwallyeong ( 100)
90
. -
£25 E
= = 80
P s o
Z1s % 50
g Z 40
Z Z
g 30 1
e ERl
Lkl o
LU il mnrl H 0 I
1970 1980 1990 2000 2010 1975 1980 1985 1000 1995 2000 2005 2010 2015
Time(year) Time(year)

Fig. 1. Annual maximum snow depth series for 4 stations
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Table 2. Comparison of mixture distribution model A and B across weather stations

Mixture distribution model A Mixture distribution model B
Station No. Fy
BIC T . BIC ™
(unit : mm)

155 262.0 0.364 5.067 291.4 0.152
162 270.9 0.556 6.002 324.1 0.400
192 427.2 0.156 2.251 440.1 0.111

100 603.6 0 0.786 599.9 0
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Fig. 4. Posterior distributions of model parameters at 3 stations (Changwon, Tongyeong, Jinju)
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Fig. 5. Estimation of design snow depth corresponding to different return periods (unit : cm)

Table 3. Estimation of design snow depth and their comparisons corresponding to different return periods (unit : cm)

Return Changwon (155) Tongyeong (162) Jinju (192) Daegwallyeong (100)
Period  2.5% 50%  97.5% 2.5% 50%  97.5% 2.5% 50%  97.5% 2.5% 50%  97.5%
5 2.7 4.6 84 29 42 5.9 4.7 7.1 11.7 30.2 36.3 43.1
10 3.8 7.7 17.7 4.1 7.0 12.5 6.6 11.0 20.4 449 58.9 79.3
30 5.8 14.3 42.8 6.1 12.2 27.7 10.2 18.8 40.8 552 759 1092
50 6.8 18.0 60.0 7.0 15.0 373 12.0 233 53.5 71.6 1043  163.0
100 8.4 24.1 90.9 84 19.3 53.5 14.9 30.2 74.9 79.4 1183 1912

200 10.1 313 132.1 9.9 243 73.7 18.0 384 101.8 90.3 1384 233.0
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