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Abstract : The cause of abnormal tidal residuals was examined by analyzing sea levels, sea surface atmospheric pressures, winds at ten tide stations,
and current, measured at the coast of the Yellow Sea from the night of November 24" 1o the morning of the 25" in 2013, along with weather chart.
Additionally, the cross-correlations among the measured data were also examined. The ‘abnormal tidal residuals’ mentioned in this study refer to
differences between maximum and minium tidal residuals. The largest abnormal tidal residual was identified to be a difference of 176 cm occurring over
4 hours and 1 minute at YeongJongDo (YJD) with a maximum tidal residual of 111 cm and minimum of - 65 cm. The smallest abnormal tidal residual
was 68 cm at MoSeulPo (MSP) during 8 hours 52 minutes. The cause of these abnormal tidal residuals was not a meteo-tsunami generated by an
atmospheric pressure jump but wind generated by the pressure patterns. The flow speed due to these abnormal tidal residuals as measured at ten tide
stations was not negligible, representing 16 ~41 % of the annual average ebb current speed. From the cross correlation among the tidal residuals, winds,
and tidal residual currents, we learned the northern flow, due to southerly winds, raised the sea level at Incheon when a low pressure center located on

the left side of the Korean Peninsula. After passing the Korean Peninsula, a southern flow due to northerly winds decreased the sea level.

Key Words : Tidal residual, Abnormal tidal residual, Tidal current residual, Meteo-tsunami, Flood tidal range, Ebb tidal range
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Fig. 1. Seven solid rectangles (M) in study area denote tide
stations with sea level, air pressure, and wind data.
Three solid circles (@) denote tide stations with only
sea level, and one solid triangle (A) denotes tidal
current station.
Table 1. Location and length of analysed data at ten tide
stations and one tidal current station (ICB) in 2013
o (3 Obs. Length
STN. Lat.(°N) Lon.(°E) contents (day)
INC  37°27°07"" 126°35'32"":
i Sea Level 1.1-12.31
TAN  36°5447" 126°14720" . (cm) (365)
GNS  35°58732""  126°33'47"" % W. Speed  11.16-12.15
: (m/s) 30)
MKP  34°46°47"  126°22'32"" :
: W. Dir 11.16-12.15
DHS  34°41°03" 125°26°08"" : ©) (30)
IND  34°22°40” 126°18'3l”§ Air Press.  11.16-12.15
. (hPa) (30)
MSP  33°12°52"  126°15°04"" :
YID  37°32°44” 126°35'04”§
o AT ovar1ns- + Sea Level 1.1-12.31
BRY  36°24'23 126°29°10 : (cm) (365)
ECD  36°07°02" 125°59°05"" .
i a e 1acornen i Flow 11161215
ICB  37°25°05 126°33'53"" . (cmls, dir.) (30)
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Table 2. Flood and Ebb tidal ranges and durations averaged over
one year (MEAN) and their maximums (MAX.) in 2013

Flood Range(LW-HW) Ebb Range(HW-LW)

STN. MEAN MAX. MEAN MAX.
range dur. range dur. range dur. range dur.
(cm) (hour) (cm) (hour) (cm) (hour) (cm) (hour)
YID 6429 6.11 997.3 6.20 6429 6.31 948.1 6.33
INC 6269 6.06 9748 6.13 6269 6.36 923.6 6.42
TAN 504.6 6.10 795.7 6.27 504.6 632 743.0 6.35
BRY 497.5 5.64 7842 5.62 4975 6.79 7415 6.97
ECD 4039 5.88 6493 6.10 4039 6.54 5942 6.60
GNS 469.6 5.80 7484 585 469.6 6.62 703.2 6.77
MKP 331.3 7.05 551.6 7.52 3312 537 4958 5.12
DHS 2372 6.52 408.1 7.03 237.2 590 341.0 5.77
JND 2383 594 436.8 6.17 2382 6.48 3772 6.57
MSP 1579 6.08 3175 6.58 1579 6.34 264.5 6.40
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Table 3. 40-minute moving average arrival time and height

for maximum and minimum tidal residuals

Max. Residual Min. Residual

STN. Arrival T. Height Arrival T. Height
(D/H:M) (cm) (D/H:M) (cm)
YID 25/03:39 110.9 25/07:40 -65.2
INC 25/03:17 101.8 25/07:53 -66.8
TAN 25/01:52 71.6 25/08:10 -65.7
BRY 25/00:11 65.8 25/08:05 -53.4
ECD 24/21:13 51.6 25/08:11 -58.9
GNS 24/23:57 64.3 25/06:59 -48.6
MKP 24/22:48 63.6 25/09:21 -54.8
DHS 24/20:28 40.3 25/07:06 -47.4
IND 24/21:57 37.1 25/06:11 -53.9
MSP 24/21:39 28.4 25/06:05 -39.5
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Table 4. Ratio of abnormal tidal residual ((I)), maximum ebb tidal
residual (@), and annual mean ebb tidal range () per
hour and their relative magnitudes with respect to (D

Ratio Relative Mag.
STN. (cm/h) (%)
@ @ ® D2 DS
YID 42.1 149.8 101.9 28.1 413
INC 37.1 143.9 98.6 25.8 37.6
TAN 21.8 117.0 79.8 18.6 27.3
BRY 15.1 106.4 733 14.2 20.6
ECD 10.1 90.0 61.8 11.2 16.3
GNS 15.6 91.8 75.1 17.0 20.8
MKP 11.2 96.8 61.7 11.6 18.2
DHS 8.2 59.1 40.2 14.0 20.5
IND 11.1 57.4 36.8 19.3 30.2
MSP 82 413 24.9 19.9 32.9
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Fig. 3. Power spectrum of ten tidal residuals during Nov. 24-25,

2013, showing no peaks below 60-minute period.
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Fig. 4. Sea surface pressure in hPa measured at seven tide IND  24/21:45 1000.8  24/21:58 259 25006:12  -59.4
MSP  24/21:53 1002.4 24/21:40 189 25/06:05 -43.9

stations during November 24-25 2013.

- 349 -



AR/ PAES PP o] =B e v
GG dobnr] 98l vheke] F-4 Ay P Rl o)
shof 408 oW @S FAske] Fig sl vhebilch, )

% o dEAL

ARAA 249 204914 252 14] Aol
of Wik AV eklAa HEAL v

ALl nhgol A —1“6—74]03‘/] Hhgro = bﬂﬂ% A2
ok B, Sk, el REFA 24 234 A, A
3 Bjoh oWt} = 2501 47 3087 © & Fig. 20 YER
Fyol EARAANA S(2] ZRUAZ ks P
71¢] dA|ghet,
20
TVID
0 Not|Obs: m
20 :
20
) Inc I P Q
20 , ; ; : ‘
20
T7AN
0 PP Wik
20 | , , ( , ‘
20 Tgry
0 Not Obs.
20
E 2 Tecp
; 0 Not/Obs
.
2 %
2 0 1GNS 22 [ |
E .
3 -2 T 1 T 1
20
Tmkp
0 |
20
0 Toms
0
20 |
% TiNp
0 i \\ \\W\N\W\\Y\\W&b S
20 , ‘
2 Tvse
] AN 7729 .
e S W\M\W\\\\\“\\\W
- T 1 T T T T 1

11/24 Oh 11/24 12n 11/250h

mm/dd h, 2013

11/2512h 11/26 Oh
Fig. 5. Variation of wind a 5 hours low-pass filtered at seven
tide stations. (+) means the eastward and northward

moving directions for both current and wind.

vhghol] ogh Al WES Lolry] fste] o] g%
At HY A<l 242 1241 5-E 259 1241744 2441 7H
of thste] el Axte} vpghe] F-A AR E- AT 1]
WG A S TG ZAIE Table 601 LJrEMr:}. 770 A
Aol A Ak vhgre] F-A AR A7) -0.6200
A 0847 F2 AT OREE 247 o)) A ArTHS

o

Holm, nighe] @& ARy JBASF7E 0.62904 0.85
T NS 7Y REEZAARE 2085 A9 7 AA
A A AAZHe 1417 o] 2 ZTH(Table 6). o] &3+ A=
AlZE ol el AFol Aslite] dlTHS Wi, BF
7 Azl AElote] slH S AdeAl7IY, TR BF

e F2 Aol st A ofv gt

Table 6. Cross correlation between tidal residual and wind during
November 24. 12:00 ~ 25. 12:00

Wind
STN. U-comp. V-comp.
Corr. Tir(nncijrgag Corr Tn(nncilr{;ag

INC -0.69 -265 0.84 21
TAN -0.65 -161 0.75 0
GNS -0.62 -343 0.73 -7
MKP -0.81 -298 0.78 -53
DHS -0.84 -230 0.62 -0
IND -0.74 -72 0.67 -0
MSP -0.83 -236 0.85 -80

£ Fig. 69 Xt} Fig. 60 2514 o] dx=HHAF

Y <k *171 ol A7]ete] ek
g d
[e]

T
N
X
18
il
of
i)
Yo
dlo
o

siek. 71ee] F4718He 2013

Nel
O
N
z 5
o
©

1—‘]13

rlo

=

>
Lﬁrﬂ%ﬂm&-ﬁ

Aol
o (Fig. 6 ¥%) & s
= HEALY nigo] B, ¢
] npgho] EThFig. 5), A71%
A3} (Fig. 6 S B%) A 3f kol A
5ZALE nigho] #thFig. 5).

FALY utE-e e s H
ol o

I
e
2
[
Kn
B
@

O Eo

f oot
Lo
=
il
o

2 ofy

fé
1o
T off off Hr
r
M
g M mlg 2
Eﬁ

w0
(e}

rzio{N—lm_tr.i":oEs—{}m
Ar
offt
dr
9,
jz

2

A =
Kim and Kim(2013) &

ox o)gAFIE, o HAeA sl 5Tt A
olE3kel Asgte] FHe A5Al7lw, Wz HE
o }w Najeke] A4Re AT e ol

>
>
Az rd'

4?& Corkan(l950)-3— 19493 1Y 7

Zaf oA HEHow FHol= A7|geE st
uhgho l 4271 ‘*Hﬁoﬂ A EA% o 7 nbH o] 3Kwave)7}
o]z Hajo] afehS wet XAg s Haugrt o}
A7 WA Ao = 5

olF< ARk

801 50} Hl—/Kg a‘]_

m&miri_&_glfiiiomﬁwm

193 il

- 350 -



7} Table 59l vrebet 23k o] B SAkIms} o o] o] 2
Az EA o] WE o] fr= Aol MFAM THOE o]
Eool whel Agtrth qFo] A F Aol vhE A
Hls) A 7iekel )3t nigre] gFs WA Y] wiolrt

=

= sl |
09 KST 25 Nov.

21 KST 24 Nov.

Fig. 6. Weather charts of the surface pressure level when the
low pressure passing through Korea peninsula: 21 KST
24 Nov. 2013 (left), 09 KST 25 Nov. 2013 (right),

provided by Korea meteorological agency.

3.4 QUM (INC)UIA al&nt 7|4 HEQ ARM
A71qte] st EHE Fig 249 0Al5-E 26Y 047}
5 dolry] fste Az S A e
o

=FARE 2Rz

8

ol

2l

to, ot
il

b= A frErol oF 30 emvs EolH 1

7 e g

/

T

o
3 cmis il i L i

y i ] j i
O "0 L MR LN -
—_— i %7,/ i i W il
P Vi
e 50 | l

g c?r%i }i i, .
O g el sy ot .égg%mmwfwﬂw%W“lmwwﬁ%%mww\
w
& 50
14124 0n 11124121 14125 0n 11125 121 11126 0n

mm/dd h, 2013

Fig. 7. Observed current (top) tidal current (middle) and tidal

residual current (bottom) at ICB.

Table 7& B A% Augrs ol gste] xieb X7
of tiete] FHARE vk A=l FHUF] A
ARES onlste ARER S5 U WsHY P
AE A JEhY 279 FHAEE A4 wedel
9% o1& AHAStH WFE oF 20 FHEE )Y F,
Eie A W] et dad B xR &
=54 Z2F7F W sAst 2RAAE F5AE0 WA
AE o] oF 3% AAstH Ztew of o°= A9 i U
& HeEhiH, SR AuAEE A WEEe] oF 27%
& AAsE AR 9eR A9 F- Aol

Table 7. EOF analysis of tidal current and tidal residual current
(24, 12h ~ 25, 12h)

Tidal current Tidal current residual

1¥ mode 2™ mode 1% mode 2™ mode

Percentage of

Variance (%) 9.1 0.9

72.9 27.1

Axis angle (°) 19.9 288.9 8.9

Fig. 8& o]z 9wz} WAl Al7]9] AH x93

719 (a), ¥FHb), =91 H A ()2t ICB A o] ={FA2HDE
B 0

>N
L
5}
$
e
2
w
=
T
=
ol
ol
s
T
o
=
.
o,
£
2
rg
N
2
rlo
)
i
e,

B Wolx|thr} 259 24] 4350l 9942 hPa® H A S LpERY
Al FolA W (Fig. 8a), HFH> EE %ol E7t w7
HA7E 7] oF sAIZF ARE] A HA A AT
Astal, 1 o] Fo] AFE i B Fo] HThFig 8b).
AAAE 249 A A FE HZE] AATE 24 184 9]
of 7taZ2 A st 25¢ 34] 17w 101.8cm® FH )7}t

W, 3243 &7ste] 4x17t 361 Hel HAA7E HUh(Fig
8c). ZfFAtAbE wigo] Holrke A AR A EE

o
o]
3]

I A ST

wg M

M2 e

Bloto o &Y X N Jr
o
o%
o

N2>

N
=,

S

My

)

T ol 2 ol
)
rir
v
otk
S
2
e
o -
[o
uli
o
fT
o
=
o
aQ
o
&

M2 g o
N

r =
SE S
o N
o e
B
Moy
AN N o
o o
=)

N

X

- 351 -



L
() tl
— =
T em
IS s
— N S~ - Tmﬂ o
X % = = & s£| S| T B M
i R O N
‘Ologe ddm ~ . < © ~ ,IZ‘.WAO _,SOC 1‘”@
o T zE - 25 rEL Tl g o T WM W
7 AF ) < of o1 X M) W o o) T o] =0 N Mo
0 B < § 9 e 7ﬂ]11m. o T Yo B RSN T ® T
< B 3! <|2El g ° DN I . BT o W B ok
7 53 S CEREE=T ﬂxﬁuﬂh%ﬁ 7Vﬂ@@ﬂ H,M g%@ﬂolfT%
) =
B I SN NE T g Mg N e R E e mhlaauvs%ﬂ
o o° 8 8 <« ~ = " w o ~ H i o o B ~ < 0 X XLMWFX n
m K 2 2 & k= 9 g o < E N mﬂéemoll%% 3= oer B R — ,ﬂmﬂwr
Bo at/&M S =% %o El_xm,uﬂ /ol7mﬂﬂu§
o 2 = -~ o = o O R o O e i
3 em 4 Tk % R BN X = o) 00 ;omEa/Ll_xL
2 H g 2 <|EE| T E _, o= W J|W1rm,uyo = m IE %ﬂrlluJ.z
= w a g g g = oK = - 2 sz]ﬂ_ﬂ ¥ WkOLﬁA o
— & 83 S - mﬂaHAodrd%ﬂ%_x,ﬁo of N o Eo_n;o,comﬂ],g
orA g °© : o o LR = = 0 AT ny Mo o 3 dlﬂ%‘mo LMEH:
/\mléoﬂr m‘mmo Dl @ @ ___.7._._.__n N 1&107%mﬂimﬂ,ﬂsbdl&ldlﬁoS?mQ_ﬂ]aaquoﬂEh
X %o : s 3 T ) o g TR — i UG T J ol
5 ° 522 7 . %gﬂﬂwﬂwwm@ﬂ%oggﬂ%%yamm%%%%
o AR 2 £ 5 < ermoﬂoﬂetn@ovﬂﬁ%aﬂﬁTaMﬁM#% i
M.Lﬂﬁ ;owjmal m..mm mm HHmEuAIQ,_oEﬂkﬁQJIMﬂUmﬂMNOtiﬂi_.]m_hﬂﬂ_%_,o#,ogaﬂl
o b o = g 8 P o _130 - R o i T %jﬂo_a_ =2
o w = ° KON mﬁMﬂﬁo = 5T HEWWEsw+%Hﬁ@¢%
o ME o0 > Jaﬂﬂoﬂ%ﬂ%mmﬂmﬂm;uao# ﬂﬂoﬁﬁm_xﬂ,ﬂﬂlnﬂnml
. 0 o f L — g o
1%& o % 1HOL%H%,RCi%é.ﬂ%ﬂg%lu%Hu%%% o
~ EW < ~ — S,L 2y = N EL @u o ~ %O o X0 oF I T oy ‘ﬂl
e A S ) ) arl]w_lm H_EMﬂ&o e o HL‘%H oo N )| @ o ogaqﬂ,n%
g y nngmoﬂz%mﬂ@ﬂﬁw oﬂg}oﬂaﬂz@%@q
. PAoﬁyﬂoﬁ = mmw_w__x ﬂﬂoﬁ_éwrmum@_mimﬂevlq,%ooﬁ.nx_vn],ﬂ#%ﬁﬂ
) < o o B T TR MR ﬂ%ﬁé.%ﬂl_%i%o]uwnunomﬂuioﬂu,mu,mﬂﬂ&_.uﬁoﬁ,nn
I T B B IS 7AOE_L1¢@%§}§%%1§ b
~H L %o B P = oﬂ%mﬂs&ui 5 o A
:,_3,A|ﬂ O 1__/|1reW —~ ;oo#o]xeﬂaﬂn&_;.nﬂ_ou
aLuO‘LI ..%HE‘LI‘WZ © — p Q — OHTlA_IzTu OE
éo“/lu_ ‘_.mV Gl.l_lﬁ_moL.* m\\\ . - o o~ smoor &
L.Aﬂlnuﬁ Wl‘l__/IZLH.* \\W L = M = w9 N
o % ol — :;_L.e_u LﬂW N“ g7 g ).mhm. T 5
= o° A = had —
oo B B € 71 A mMsm TTTERRY
~ B le_udﬁ o 7 zZ = S = ;qu‘mlPLLl_ﬂylﬂl.\.o/‘l
?%% ~ M s P - S g g = = P ST EESe R
%Hﬂ% N e =N 1|4 mmm %mawrm_xavwﬂﬁmgmiﬂ
T oM = |5 8T+ £ A W}imﬂ ° p o
N o 9 = N\ = 8 5 8 L3 0 Rl VI m
AﬂmﬂEoomﬂJ@abﬂ \ = |§ =8 3 o_Zﬁ,_dl Hf}urxﬁo_
@%i %_Lmoobﬂorz] N S |7 \u@mc‘m uuﬂlmﬂﬁﬂ4o7uuuu#&
Alno%mmo@mo > N 5 ol SN m&gzi%x% 5
aoﬂ%q%ﬂ%m 7 IR EE e > & Ll1ﬁoﬁM§
]Eo L.LﬂzTev R . |Wm ohz.wmum‘m inﬂiﬂﬂoﬁﬁﬂuﬁ?eﬁ
OEmeIO S,L ﬂo‘ﬂl 7 = n £ . SW 1_IEJ_/|8110 ‘M.OXLmﬁ.UHAT
MHJqWEogmvomﬂmMoﬁﬁTuamA i < == \/nwmnmm %W%ﬂm@@#%%ﬂ
]oLoP._Ll, LA = =3 % 2 \N]awr.xﬂ '
7ﬂ.ﬂr%%hi%%?° = mmmnd AT%HOT@J_%i%%
E o '~ < o = N G0 Z 2 o 9 8 ~ N o N —
= o T g e O o < m12w % 101&1ﬂ.ekuo%%
o ) o o o 0 p = a = v e
o B =6 W ooy B 7 & S = = = 7 Ho M UK An
Nlau ,Elnno‘_lﬁ_m Nd ,..Tm = i B »w\ = = m w 8 wC Mo M w ,zT.:‘w ﬂﬁa M.M,.m_l
ﬂwameaﬂuoeig%m BE 529 F M%@ﬂ&uﬂ.@agi
I v g oM N ‘ < T =58 2 b K R
Mohoh}ivLiaLﬂo = 2 | o K o WO T >
o o o R <9 < = 25 § _ B IR eom X
o % F o z ° T e B - ‘mmmmm - mm%%@ieo;o
o — =2
T T T mmwwowoﬁ < & .mamm ?%thoﬂaﬁwww.wﬂouo
N (edy)'d" .2000, 3 WOS = XN 6T1_.o
Wany G ( 88 ° g°F 5223835 A N = dp
M (w)'soy’ S o ° oy X° M8 T 7 g B
ay'L (S/ud)’ ’ o P N ) r
)’S2U'D’L % W o o= N R nAr
= i jlow_,.rok ﬁadu
= B K A.ﬁo1J¢| 3
= = o Eomﬂlmﬂ#
B Ao%p.mﬂﬁ
ﬁmﬂ%moW1£M
© o

- 352 -



(1]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

3

References

Ahn, S. J, B. W. Lee, S. J. Kwon and C. Lee(2013),
Algorithm of Predicting Swell-like Significant Waves in the
East Coast of Korea, J. of Kerean Society of Civil Engineers,
Vol. 33, No. 6, pp. 2329-2341.

Cho, H. and J. W. Kang(2012), Probability Density Function
of the Tidal Residuals in the Korea, J. of Korean Society of
Coastal and Ocean Engineers, Vol. 24, No. 1, pp. 1-9.

Choi, E. S. and I. J. Moon(2008), The Variation of Extreme
Values in the Precipitation and Wind Speed during 56 Years
in Korea, Atmosphere, Vol. 18, No. 4, pp. 397-416.

Corkan, R. H.(1950), The Levels in the North Sea associated
with the storm disturbance of 8 January 1949, Phill. Trans.
Vol. 242, No. 853, pp. 483-525.

Eom, H. M., Y. H. Seung, S. B. Woo and S. H. You(2012),
Analysis of Abnormal Wave at the Wesst Coast on 31 March
2007, Journal of Korean Society of Coastal and Ocean
Engineers, Vol. 24, No. 3, pp. 217-227.

Jeong, W. M., S. H. Oh and D. Y. Lee(2007), Abnormally
High Waves on the East Coast, Journal of Korean Society of
Coastal and Ocean Engineers, Vol. 19, No. 4, pp. 295-302.
Kang, J. W, Y. S. Kim, H. Y. Cho, and J. S. Shim(2011),
Characteristics of Nearshore Surge-Intensity, Journal of Korean
Society of Coastal and Ocean Engineers, Vol. 23, No. 6, pp.
458-465.

KHOA(2006), Features of Variation in Tidal Range in Korean
Coasts, 2006 Final Report of Oceanographic Research Division,
No. 11-1520290-000160-01, p. 81.

Kim, H. S,, Y. K, Kim, S. B. Woo and M. S. Kim(2014),
Atmospheric Analysis on the Meteo-tsunami Case Occurred
on 31 March 2007 at the Yellow Sea of South Korea, Journal
of Environmental Science International, Vol. 23, No. 12, pp.
1999-2014.

Kim, H. K. and Y. T. Kim(2013), Characteristics of Spatio-
temporal Variability of Daily averaged Tidal Residuals in
Korea Coasts, Journal of the Korean Society of Marine
Environment & Safety, Vol. 19, No. 6, pp. 561-569.

Lee, C., S. J. Ahm, B. W. Lee, S. W. Kim and S. J.
Kwon(2014), Predicton of Wwell-like High Waves Using
Observed Data on the East Coast of Korea, J. of Korean
Society of Coastal and Ocean Engineers, Vol. 26, No. 3, pp.
149-159.

Oh, S. H, W. M. Jeong, D. Y. Lee and S. I. Kim(2010),

[13]

Flekel 2013\ 114 o) drzidat A 1<)

Analysis of the Reason for Occurrence of Large-Height
Swell-like Waves in the East Coast of Kokea, Journal of
Korean Society of Coastal and Ocean Engineers, Vol. 22, No.
2, pp. 101-111.

Yoon, S. B, C. H. Shin and J. S. Bae(2014), Analysis of
Generation and Amplification Mechanism of Abnormal Waves
Occurred along the West Coast of Korea, Journal of Korean
Society of Coastal and Ocean Engineers, Vol. 26, No. 5, pp.
314-326.

Received : 2016. 04. 21.

Revised

1 2016. 05. 24.

Accepted : 2016. 06. 27.

- 353 -



