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Abstract

In the present study, the neural network (NN) model with cluster analysis method was developed to predict storm surge
in the whole Korean coastal regions with special focuses on the regional extension. The model used in this study is NN
model for each cluster (CL-NN) with the cluster analysis. In order to find the optimal clustering of the stations, agglomer-
ative method among hierarchical clustering methods was used. Various stations were clustered each other according to
the centroid-linkage criterion and the cluster analysis should stop when the distances between merged groups exceed
any criterion. Finally the CL-NN can be constructed for predicting storm surge in the cluster regions. To validate model
results, predicted sea level value from CL-NN model was compared with that of conventional harmonic analysis (HA)
and of the NN model in each region. The forecast values from NN and CL-NN models show more accuracy with observed
data than that of HA. Especially the statistics analysis such as RMSE and correlation coefficient shows little differences
between CL-NN and NN model results. These results show that cluster analysis and CL-NN model can be applied in
the regional storm surge prediction and developed forecast system.
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Fig. 1. MLP structure with one hidden layer, N hidden units.
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Fig. 2. Dendrogram of station clustering using centroid linkage method.
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Fig. 3. Distance between cluster centroids for each stage.

L 7 TAME A 23e B2 YERY T Table 13}
Zth. 1A (INCH), B3 (BORG), w4te]d (KSOT),
SZ (MOKP), &&= (WAND), A5 (JEJU), A1
(SOGW), 5= (YOSU), & (TONG), uh4k (MASN),
FAF (BUSN), &4 (ULSN), %3 (POHA), &=
(SOKC) 59 A Fo] i) 2+ SAE= 253} He
AMES BAISHA LT A A FollA 2 DA A
TR} Hol = AHES FEE YEITh £
I GACNM 23t H AHES 9= BAISH
o A A gA oAM= A 7S AR P
MAE (EF - EAho] 258 B He v &
AR Ze5 F4 A7 dojxinh

o

R

33°N

IE°N Ll e
Tl SETETTESPPRRRRIROIO
I8N

35°N
347N

33°N

0 : ; :

o2 124°E 126°E 128°E 130°E 132°E
Fig. 4. Stations used for cluster analysis and Clusters
(Boryeong - Kunsan,Wando - Jeju - Seogwipo,Masan -
Tongyoung, Busan - Ulsan - Pohang) from results of the

cluster analysis.

Al
]

=0
i)

9)9] 27
¥ BYYL AAsgon 53] AL 24 TPoR
ool FF (ZANT B, A%, AR 5] A
02 o]2old 24 (FAVWR Y )22 I3 417
Y B sto] 1 AuE 1 220 EEE
Bk AT A B, 2 AR ze makgc



264 ZRAEAS 0|83 A YR A gy

Table 1. Station clustering for each stage.

Stage  Stations clustered in each stage Clusters in each stage

1 POHA, ULSN SOKC,(POHA,ULSN),BUSN,KSOT,BORG,MOKP,WAND,
JEJU,SOGW,MASN,TONG,YOSU,INCH

5 KSOT, BORG SOKC,(POHA,ULSN),BUSN,(KSOT,BORG),MOKP,WAND,JEJU,
SOGW,MASN,TONG,YOSU,INCH

3 WAND, JEJU SOKC,(POHA,ULSN),BUSN,(KSOT,BORG),MOKP,(WAND,JEJU),
SOGW,MASN,TONG,YOSU,INCH

4 WAND, JEJU, SOGW SOKC,(POHA,ULSN),BUSN,(KSOT,BORG),MOKP,((WAND.,JEJU,
SOGW)),MASN,TONG,YOSU,INCH

5 POHA, ULSN, BUSN SOKC,((POHA,ULSN),BUSN),(KSOT,BORG),MOKP,((WAND,
JEJU,SOGW)),MASN,TONG,YOSU,INCH

6 MASN, TONG SOKC,((POHA,ULSN),BUSN),(KSOT,BORG),MOKP,((WAND,
JEJU,SOGW)),(MASN,TONG),YOSU,INCH

7 MASN, TONG, YEOSU SOKC,((POHA,ULSN),BUSN),(KSOT,BORG),MOKP,((WAND,

JEJU,SOGW)),((MASN,TONG),YOSU),INCH
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Table 2. Comparison of harmonic analysis and neural network(NN, CL-NN) model perform-

ance for Busan and Jeju.

Tide NN CL-NN
Prapiroon RMSE 7.03 11.15 16.46
CORR 0.9917 0.9788 0.9754
Saomai RMSE 24.45 932 8.82
CORR 0.9622 0.9839 0.9859
Busan Rusa RMSE 21.96 8.80 8.25
CORR 0.8254 0.9615 0.9690
Maemi RMSE 14.00 10.55 12.08
CORR 0.9517 0.9748 0.9705
Megi RMSE 18.21 12.39 15.13
CORR 0.9532 0.9670 0.9587
CORR 0.9889 0.9854 0.9863
Saomai RMSE 34.43 14.44 17.00
CORR 0.9755 0.9838 0.9812
. Rusa RMSE 34.47 16.10 19.32
Jeju CORR 0.9174 0.9662 0.9579
Maemi RMSE 19.16 18.50 18.08
CORR 0.9788 0.9832 0.9785
Megi RMSE 28.77 35.53 17.32
CORR 0.9868 0.8902 0.9659

Table 3. Maximum observed sea level, predicted sea level and tide at Busan and Jeju during

Typhoons.
] Max. sea level (cm)
station Typhoon
OBS. TIDE NN CL-NN
Prapiroon 152 146 144 177
Saomai 167 134 163 165
Busan Rusa 159 99 145 170
Maemi 211 132 185 197
Megi 147 97 142 157
Prapiroon 314 293 323 321
Saomai 295 262 287 281
Jeju Rusa 260 193 231 226
Maemi 268 241 275 272
Megi 298 269 303 310
ol 7 7 Y Fo) ALGF of AW B4l @ HF BN AF 59 W ARk AAD ARE
0w MR Auet AZEn ST AR A Fig, Sol e, Fie, S I ALosto] 499
A B2F Avtd o s sjdurt A vyelhd BiE Al S 2HE UEh AxAodle AAl E53 B
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Z9]of o

o7t WA o &3ka Qlont mz0] 7S 30 cm 0|42
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Fig. 5. Observed (solid/black), predicted (NN:dotted/squares/blue, CL-NN:dashed/circles/red) sea level and predicted tide
(dash-dotted/green) (upper); Observed (solid/black) and predicted (NN:dotted/squares/blue, CL-NN:dashed/circles/red)
storm surge (lower) at Busan during Typhoon Saomai, Rusa, Maemi and Megi.

A 2% 10 cm FE2] @3RS B YTt Fig. 5(c)=
BS wim] &) ZFf-olm IL2A] L 80 em F =] Y

o 3 2Eo] H$- 14 cm, X BEo] 7
£ 25 cm AE9 Ei}g— Btk Fig. 5(d)= == o
7] AHglolw o] H9= A zAlo] 74 cm FEQ] 1
U= 2o %’S 2d, A 2d 2E 70 cm 7
T2 S ASskaL )l

4. 22 2 YUY
£ =BoAE A Aol tE A =1 S o
2 mao) e giat 24 £40 Avtel 244 =

W 23 Yehich UA A AHoR nde o
a7 915 Ao 2ABe] AVA 7|2 A7)
8l A Aot Y YT W 58 nsiol
27 B4 ANstant 24 Aol $A4E vet
Y HEs BY2 71 ke A7 218 3
8l Wrke 7k 24 Aole] Agle] Rjol7t FHsA
27451 AolA] 23hE Bolaqt. 1 A3t X

AL 2 Y 22 253 & 4= At

2 AR 2do] Aows ZA6l7] a)A
B A} 2AF gﬁo TOo2 o]Fo7 FH13 &=, A,
A3 o]zl 320 A = mE

2 4n o}oq °l Bk Ao A4 =l v msh
k. TA BF Aol sl A meat et
RMSE E 43t A48 Bgon] ddo] &7 the}
o Abente], 244 A o] A9 ©3]e B W RMSE,
ARG 58 Bols A9 ZAM. ol o2 A
Ao BE s AEstel f Be AN 5
W7 At sk 5, AR 599 A A3
-2 Y o] AL & St glov] 5
3 e SRt Ee A dSelH FL ATE 2
k. webA] 2] S ol A 2ge) 2o S 9]
S A 2sh 9 248 mEEe on)t glg A
o2 Abzech Teht BhE Zebng Aol oA
Wk o) A9 5 AR mdo) Avt zoha
o) Sl HEZ B £ 2RO ol Zofnay
A% Jeuez A8E oS ulgrgeo] A4 B3

_'__



olthe - AR - &8

uh-e- g ot o ZdShA Uebg e 1o B WA
UER s, BiE717Ee) w2 Sl A& o]
S mdl T3 5ol 7] <1t Axfet A

2 A7) 2nery 23E AT Bde =4
S o A" o E-g-ste] A X 029 g7} 7}
S Ao, o= AT =4 s o] A st
029 PYA RS A o B2 Aol dit
BE 27 87HT B BE HS=E F0)7]
A 2l Y ARE AREE A5 B, AA
o= HF RS B Z3AL e 8 =2

DY Al2F 75 5ol Basi.

EA]

-

o 2

H
g

=
—

A= 71 718 AT A 7R AR ST
A AP IA| O] d&ko 2 3P AYU

o)
ha}

1t

ik
El
FO

o

A, S, A5, A8, 14, 01, 1999: o]
Ejojo]- g ElE B 8. AAfolrten], 233-258,

4%, 5], AL, 2005: P $7]0] 74 S} 7|
o JLE. §/27)4F8FS %) 41, 101-114.

AT, 2001 45 /2788 1. ABAWu], 91-117.

£4%, 1990: Sej A8 EAo] ofFt gHo] 44| T,
5127 4F515]3]. 26, 203-215.

BUZ, 991, SE, 2000: THE Aae A7t s
o % S:X A AP $77 451915, 36, 203218,

267

Fok

4Ed, 2002: $& CHHGELL o2 - HIEE - SASEE-
23], 321-338.

48, 0|43, ol 73, 2005: A S HE529-

55 e A B8 . §/57/4875]7, 41, 897-907.

otk o] &k, A, §5F, 8-, 2005: A ol &
gt EZF Y dlE A §4=27/48F3F, 41, 661-670.

BFATA, 1985-1988: dlt, A3 ol A2 ALI-IV)
BSPG. A TS o2 2 U=, 197-227.

Choi, B. H., H. M. Eum, and S. B. Woo, 2003: A synchro-
nously coupled tide-wave-surge model of the Yellow Sea.
Coastal Eng., 47, 381-398.

Cox, D. T., P. E. Tissot, and P. R. Michaud, 2002: Water level
observations and short-term predictions including mete-
orological events for entrance of Galveston Bay, Texas.
J. Waterw., Port, Coastal, Ocean Eng., 128, 21-29.

Faraway, J., and C. Chatfield, 1995: Time series forecasting
with neural networks:A case study. Research Report
95-06 of the Statistics Group, University of Bath.

Potts, W. J. E., 2000: Neural network modeling course notes.
SAS Institutes Inc, 240-259.

Sztobryn, M., 2003: Forecasting of storm surge by means
of artificial neural network. J. Sea Res., 49, 317-322.
Tissot, P. E., P. R. Michaud, and D. T. Cox, 2003: Optimization
and performance of a neural network model forecasting
water levels for the Corpus Christi, Texas, Estuary. 3rd
Conf. on Artificial Intelligence Applications to the

Environmental Science.

Tsai, C. P, and T. L. Lee, 1999: Back-propagation neural net-
work in tidal-level forecasting. J. Waterw., Port, Coastal,
Ocean Eng., 125, 195-202.

Wilks, D. S., 1995: Statistical Methods in the Atmospheric
Science. Academic Press, 419-427.




