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Abstract

Due to recent increasing heavy snow in Korea, the damage caused by heavy snow is also increasing. In Korea, there are many efforts
including establishing disaster prevention measures to reduce the damage throughout the country, but it is difficult to establish the design
criteria due to the characteristics of heavy snow. In this study, snowfall frequency analysis was performed to estimate design snow
depths using observed snow depth data at Jinju, Changwon and Hapcheon stations. The conventional frequency analysis is sometime
limted to apply to the snow depth data containing zero values which produce unrealistc estimates of distributon parameters. To overcome
this problem, this study employed mixed distributions based on Lognormal, Generalized Pareto (GP), Generalized Extreme Value
(GEV), Gamma, Gumbel and Weibull distribution. The results show that the mixed distributions produced smaller design snow depths
than single distributions, which indicated that the mixed distributions are applicable and practical to estimate design snow depths.
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Fig. 1. Weather stations used in this study
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Fig. 2. Maximum fresh snow depth of Jinju, Changwon, Hapcheon stations
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Table 1. Basic statistics of maximum fresh snow depth in Jinju,
Changwon, Hapcheon stations

Jinju Changwon | Hapcheon
P 0.932 0.806 0.974
Mean 4.698 3.313 6.023
Standard Deviation 5.106 4.906 4.988
Skewness 1.808 2.267 1.133
Kurtosis 3.151 4.845 0.215
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Table 2. Comparison of design snow depths for single and mixed distributions

Station Distribution Return Period (year)
10 20 30 50 80 100 200
GEV 11.1 16.8 21.1 27.9 35.7 40.1 57.1
Single Gamma 11.2 14.9 17.1 19.8 22.4 23.6 27.3
Gumbel 9.5 11.6 12.9 14.5 15.9 16.6 18.7
Lognormal 13.1 20.6 25.9 34.0 42.8 474 64.3
Jinju GP 11.2 14.8 16.8 19.5 21.9 23.0 26.6
. GEV 10.8 15.8 19.5 25.1 31.5 35.0 48.2
Mixed
Gamma 11.1 14.5 16.4 18.9 21.2 222 25.6
Gumbel 9.6 11.8 13.1 14.6 16.1 16.8 18.9
Weibull 11.1 14.5 16.5 19.0 21.3 22.3 25.7
GEV 13.9 36.0 61.9 122.0 227.0 304.5 756.6
Single Gamma 9.1 13.2 15.6 18.7 21.7 23.1 27.6
Gumbel 7.0 8.8 9.8 11.0 12.2 12.7 144
Lognormal 8.5 13.3 16.8 21.9 27.5 30.4 41.1
Changwon GP 8.6 12.6 15.4 19.3 23.4 25.5 329
. GEV 8.6 15.5 21.7 329 48.1 57.5 99.8
Mixed
Gamma 8.7 11.7 13.5 15.7 17.8 18.8 21.8
Gumbel 7.6 9.5 10.6 12.0 13.2 13.8 15.7
Weibull 8.8 12.1 14.0 16.5 18.8 20.0 234
GEV 124 16.6 19.5 23.6 279 30.2 38.1
Single Gamma 12.6 15.8 17.7 20.0 22.1 23.1 26.2
Gumbel 11.3 13.7 15.1 16.8 18.4 19.1 21.4
Lognormal 13.7 19.1 22.7 27.8 329 35.6 44.6
Hapcheon GP 13.2 15.5 16.6 17.8 18.8 19.1 20.2
. GEV 12.4 16.8 19.9 244 29.1 31.6 40.6
Mixed
Gamma 12.4 15.5 17.2 19.4 21.3 22.3 252
Gumbel 11.3 13.6 15.0 16.7 18.2 19.0 21.2
Weibull 12.5 15.4 16.9 18.9 20.6 21.4 23.9

Table 3. Comparison of 30-Year snow depth and design snow depth

. . 30-year snow depth in the design | 30-year snow depth estimated in .
Station Distribution cuideline (A) (om) this study (B) (cm) Difference (A-B) (cm)
GEV 20 21.1 -1.1
Gamma 20 17.1 +2.9
L. Gumbel 20 12.9 +7.1
Jinju -
Mixed GEV 20 19.5 +0.5
Mixed Gamma 20 16.4 +3.6
Mixed Gumbel 20 13.1 +6.9
GEV 20 61.9 -41.9
Gamma 20 15.6 +4.4
Gumbel 20 9.8 +10.2
Changwon -
Mixed GEV 20 21.7 -1.7
Mixed Gamma 20 13.5 +6.5
Mixed Gumbel 20 10.6 +9.4
GEV 22 19.5 +2.5
Gamma 22 17.7 +4.3
Gumbel 22 15.1 +6.9
Hapcheon -
Mixed GEV 22 19.9 +2.1
Mixed Gamma 22 17.2 +4.8
Mixed Gumbel 22 15.0 +7.0




1008 K. W. Park ef al. / Journal of Korea Water Resources Association 52(12) 1001-1009

b

A5, 5 71719
E %] ©] Lognormal &

5}al, Weibull, GP &
% F4o] B o) &
7\}34 15._74]14 EA—]O] oF

e
|\
)
o
S
=
o
Hu
N

+
to r

Ht ol
ik g
H‘]
Hr
)
o
A
N
N

]
A

H:i H:l o
By

o
“ 4>
i
ofo
)
=
==
rE oo

S,
o o

o rsh
e
b

.

ki

M

%

>

J

o
I
N
19 o
s
N
e

i IUKO
oM N
Ho

> B

Ir b
]
%

T

19

L T
ILoo® H1 ol

-

N
o,
Jﬂ
mg rir
o0 o
b
T L o
s o;
o
w P
=5 %
S =
8o
re
4
2

T

o &

e o oo
LU
H'l
e
it
i)
1)
fo
ok
>
|

A1
=
ju
fi
ol

rruQ r
Mo o
ke
it
>

Mu ook 4> hoodoh ot & HT oE j L
o,
Ho
N
n?g
M
)
X
< o
(o]
— 0O
A
)
oL It
ox o, o

o,

o

b

2

r}olll

ol

r{E o N
|

)

g [
5=

tlo oo r
e
ok

12
2
)
El
0
el

I L
oM o, @ o Hr oo

2 %

2
0,
Jo A

o rlr
M o,
I, ok
_0|L

_O|L
N ¥R
g
F
=3
>
il
Lo
ﬁ>~_4

0 K oo oo lo b 1z Az &

ofl o,

N
N
ﬁHmlO

430}0171 of Yeft=
HCAA 3874 gk, 07k %
Aol AL G B x5t
£ itk ahARk 00 g2l #7b6 mﬂﬂﬂﬂﬁ
114wm%§ﬂﬂ%%%%lﬁ4%%@ﬂ
2 FoA BRRERS HIEEA
=k }4q”ﬂHL§kﬂWﬂ”qﬂhﬂ
=]

E
hu
au
i
i)

’ﬂ

ray

—hg' R i,
1o

F{E N e
°\°
HU
N
=
o,
cN Y
Mo

Wi

]-o

T

=

i S 2o ol ot o2 S
NPT -
>, i lo
27 ﬁmnﬂ)hgobolﬁr[o
é—mnﬁroh—{)< rok o

o
E.n
30, FFE
lo ¢
_;
L
B[\
§i
3
o
o
)
ek
ey

.””ﬂﬂiﬂﬁ%ﬂEﬂdﬂéﬂﬂ¢%ﬂﬂ

Q1A kv Attt Fgete AR T ge &L e
A 24] Tt ulg- 4FoloFth(Chung, 2017). THHA & A

o] Ape <o gho] ZA sk tiA 2pE o] KA b Zo)
St WA A 71%0] 51 2 Ao 88 7Fs T Ao
2y,

& A= AR (YT ) o A o = AP 7| &= 7
7. [MOIS-At-2015-05]

ik
P
jin'd
c
1o
R}
o
o
iy
3
i)
>
o
i
re

References

Choi, H.G., Uranchimeg, S., Kim, Y.T., and Kwon, H.H. (2018). “A
bayesian approach to gumbel mixture distribution for the
estimation of parameter and its use to the rainfall frequency

analysis.” Journal of The Korean Society of Civil Engineers,
KSCE, Vol. 38, No. 2, pp. 249-259 (in Korean).

Chow, V.T., Maidment, D.R., and Mays, L.W. (1988). Applied
hydrology. McGraw-Hill, USA.

Chung, G.H. (2017). “Design criteria for reducing snowfall damages.”
The Magazine of The Korean Society of Hazard Mitigation,
KOSHAM, Vol. 17, No. 1, pp. 35-43 (in Korean).

De Paola, F., Giugni, M., Pugliese, F., Annis, A., and Nardi, F. (2018).
“GEV parameter estimation and stationary vs. non-stationary
analysis of extreme rainfall in african test cities.” Hydrology,
USGS, Vol. 5, No. 28, pp. 1-23.

Haan, C.T. (2002). Statistical methods in hydrology. lowa State
University Press, Ames, lowa, USA.

Han, W.S. (2014). The increase of heavy snow vulnerable area due
to climate change and its countermeasures. Korea Research
Institute For Human Settlements, No. 450, pp. 1-6 (in Korean).

Jennings, M.E., and Benson, M.A. (1969). “Frequency curves for
annual flood series with some zero events or incomplete data.”
Water Resources Research, AGU, Vol. 5, No. 1, pp. 276-280.

Kedem, B., Chiu, L.S., and Karni, Z. (1990). “An analysis of the
threshold method for measuring area-average rainfall.” Journal
of Applied Meteorology, AME, Vol. 29, No. 1, pp. 3-20.

Kim, K.J., and Yoo, C.S. (2007). “On the variations of spatial cor-
relation structure of rainfall.” Journal of Korea Water Resource
Association, KWRA, Vol. 40, No. 12, pp. 943-956 (in Korean).

Kim, Y.S., Park, M.J., Kim, S.J., Moon, K.H., and Kim, H.S. (2010).
“Estimation of frequency based snowfall depth and maximum
snowfall depth in 2010, Korea.” Journal of Korea Water
Resource Association, KWRA, pp. 1476-1480 (in Korean).

Korean Society of Hazard Mitigation (2012). Fundamentals of
disaster management. Goomibook (in Korean).

Kwon, S.H., Park, H.S., and Chung, G.H. (2016). “Analysis of snow
vulnerability and adaptation policy for heavy snow.” The
Magazine of The Korean Society of Hazard Mitigation,
KOSHAM, Vol. 16, No. 2, pp. 363-368 (in Korean).

Lee, J.J., Jung, Y.H., and Lee, S.W. (2007). “A study on the evalu-
ation of probable snowfall depth in Korea.” The Magazine of
The Korean Society of Hazard Mitigation, KOSHAM, Vol. 7,
No. 2, pp. 53-63 (in Korean).

Ministry of Public Safety and Security, Republic of Korea (2015).
Development of the advanced analytical techniques for the
effect of natural disaster considering regional characteristics
(in Korean).

Ministry of the Interior and Safety (MOIS) (2018). 2017 statistical
yearbook of natural disaster (in Korean).

Park, H.S., and Chung, G.H. (2019). “Frequency analysis for annual
maximum of daily snow accumulations using conditional joint
probability distribution.” Journal of Korea Water Resources
Association, KWRA, Vol. 52, No. 9, pp. 627-635 (in Korean).

Shin, J.Y., Ahn, H.J., Jeong, C.S., and Ahn, J.H. (2018). “Frequency
analysis of annual maximum wind speed in Korea using mixture
distribution.” The Magazine of The Korean Society of Hazard
Mitigation, KOSHAM, Vol. 18, No. 7, pp. 61-69 (in Korean).



K. W. Park ef al. / Journal of Korea Water Resources Association 52(12) 1001-1009 1009

Shin, J.Y., and Lee, T.S. (2014). “Parameter estimation of the mixture
normal distribution for hydro-meteorological variables using
meta-heuristic maximum likelihood.” The Magazine of The
Korean Society of Hazard Mitigation, KOSHAM, Vol. 14,
No. 4, pp. 93-100 (in Korean).

Shin, J.Y., Kim, T.W., Kim, S.C., and Yoon, S.B. (2013). “Statistical
frequency analysis of earthquake data at East Sea using mixed
distribution functions.” The Magazine of The Korean Society
of Hazard Mitigation, KOSHAM, Vol. 13, No. 5, pp. 347-354
(in Korean).

Strupczewski, W.G., Weglarczyk, S., and Singh, V.P. (2003). “Impulse
response of the kinematic diffusion model as a probability
distribution of hydrologic samples with zero values.” Journal
of Hydrology, Elsevier, Vol. 27, No. 3-4, pp. 328-351.

Wang, S.X., and Singh, V.P. (1995). “Frequency estimation for
hydrological samples with zero values.” Journal of Water
Resources Planning and Management, ASCE, Vol. 121, No.
1, pp. 98-108.

Wei, T., and Song, S. (2019). “Probability weighted moments-based

parameter estimation for kinematic diffusion and muskingum-
based distributions.” Journal of Hydrologic Engineering, ASCE,
Vol. 24, No. 12, pp. 04019054.

Woo, MK., and Wu, K. (1989). “Fitting annual floods with zero-
flows.” Canadian Water Resources Journal, Vol. 14, No. 2,
pp. 10-16.

Yoo, C.S., and Kim, K.J. (2004). “Estimation of areal reduction
factor using a mixed distribution.” Journal of Korea Water
Resource Association, KWRA, Vol. 37, No. 9, pp. 759-769 (in
Korean).

Yoo, C.S., Jung, K.S., and Kim, T.W. (2005). “Rainfall frequency
analysis using a mixed gamma distribution: evaluation of the
global warming effect on daily rainfall.” Hydrological Proc-
esses, Wiley, Vol. 19, No. 19, pp. 3851-3861.

Yu, LS., Kim, D.H., and Jeong, S.M. (2016). “Assessment of design
snow depth for green house using frequency analysis.” The
Magazine of The Korean Society of Hazard Mitigation,
KOSHAM, Vol. 16, No. 1, pp. 247-254 (in Korean).



