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Correlation between Storm Waves and Far-Infra-Gravity
Waves Observed in Okkye Harbor
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Abstract [ Simultaneous field measurements of short-period and long-period waves were made at five stations
inside or outside Okkye Harbor, which is located in the east coast of Korea. Based on the measured data, spacial
and temporal variations of the long-period wave energy were examined. Three smoothing methods were
examined for the spectral estimates: fixed interval averaging method, incremental interval averaging method, and
moving averaging method. It was shown that a proper smoothing method should be chosen depending on the
period of first resonant mode and the length of data being used. By comparing the results obtained using the long-
term data with those obtained using two-day data, we showed that it is necessary to analyze the data of calm seas
and storm seas separately. The Helmholtz resonant period in Okkye Harbor was found to be about 9.6 minutes
with its relative amplification ratio of 9 to 10, and local amplifications were apparent at the periods of 1.2 to 1.3
minutes and 0.7 minute. During calm seas, both at the harbor entrance and inside the harbor the energy of the
waves of 9 minutes or longer period was larger than the infra-gravity wave energy by more than 100 times.
However, during storm seas the energy level was very high all over the period band, and local amplification was
larger than that during calm seas by more than 100 times, especially inside the harbor. Finally it was shown that
the energies of the Helmholtz resonant mode and the infra-gravity waves of 1 to 2 minutes are proportional to the
storm wave height.

Keywords : far-infra-gravity wave, running spectra, calm seas, storm seas, relative amplification ratio, local
resonant modes

P23 YA T Y At - vk stA T EE(Coastal and Harbor Engineering Research Laboratory, Korea Ocean Research and
Development Institute, Ansan PO. Box 29, Seoul, 425-600, Korea)
*+20-g o) & nl 2] 7873 A 228l F 8FH(School of Civil, Urban and Geosystem Engineering, Seoul National University, Seoul 151-742, Korea)

209



210 BUT- - AP - U9 - oA - MY

LM B

ez o 2 shjjgexe &S nxle ARze -
@55 vt R 2% & E F Utk 2 FolN F
717t A & 013 AFTNL F2 SHEF 013y
ARE el 5o JEE vXA Hrk(Wilson, 1967).
H, T 3le] A8 REo g J)1Ea e Fapp
T oz} Agnke] 0] Ald FRF A glo] FF7)
se o]3k sy BAF A 2 FE6 24 S O
g A} 2= St B =8oAe AE L4
e AT e g sl APASAF) F8LE
AP L o] 83 BAL 53 A Y I 5
2& mpeb3tara) g, o] Pk Fejr} YALGYe 7}
73 i FAx A8 dRsEE B 1A%
B 2 1 s4o] o sl nld @ Aoz o
g=l=g

SAYL FHEF oo tiF Aulo] AHIE g R
AAF ] T F2 AMEE T glow, YSARIN A
A F AR 712 A gutololn 1990dT] Fut
NAE £ B4 502 YurasiRlge] F52 da
A et SAIGNE 2 B3] S0 uet &
P o FelR Rl A BEE AMEen o
F-5+ ESE AlE9] 7t AYshe 35 QJsinrt 24
ZHEA g a2 AT 871 ik 3, F7)
1~380)9] AF& 9} [FIG(Far-Infra-Gravity) wavel’} 3hHi
2 YA o] HWA wiR)ol) wE TH5F7)9} TR
3t FHRAR] FA 2=t HASHA |k o] =5 B3
T F7le 71E BFEA AF £ A -olkbEke Ul
Y duke] 1f )9} vlkdIEE 1 FFo] & B 3
@3] Ad Fao] AFE AXA et ol AHIEL
AF7HA] dt oz FA o] e AMIECIY HF s}
9 AR £ 2 A A7)0l disiMe I et 2
oA BA ¥ Hojr}.

T, A 519950 w29 3e)9) s Jeivt P
3 735-9} o) Heolle FIAFI)) 3% o3l =
H 2359 EA4o] vig t2A et Faprt Az}
o] ulg] ofx] F=Fo] 1080 o} Ao LT &
3, 24 e ge] RAEL 39l s el b
2 AIHA BEE JehE Aol (1999 oJ3f =4
H Q). Okihiro et al.(1993)& Helmholtz F3 X0
Ae 7P A1 == AWEADY] FFe] AujF Y, F
77} vl e HilE =5 gooAe] vge] o

FE go] W= g AZAT 2L F3lo Arsig

2HEH BXo|A AFEE FT(Fourier Transform)y=
AA BEARM 3 EAsHE o) FHFEQ o=
€ T RO E dAH g EAshs Al tisiA
€ FE3 ARE dojuirol thi BE3) wo| ot =
A3} o] AETARA AL 7N AdHs g =
F BA% A4 ta3] viAdAEQ] FElE X B
THHo 1 AAHQ] AAolng FTIte 2E FEF 3
Ho] T3], welr] A7 g F71E 2HEY B
o] HEE B4 4 e o] BEFow Ha3)
t} o] WHo 2= YRR AA BESARE HEEH 13
L2 Wil e 73t i3 FTE 8-83k= STFT
(Short Time Fourier Transform)Z A2+& 4= gk, 18
t}, o] HA] Fzhe] F3] Hojo} sl Halsg 4L
T e} Wi E FIto] HojAW A|zke] wE W} 3
BE 333 ol Jlsiel Ak &, A E3 A
#2| gokg 3 & #A s Ealso] ASHA
LvHEAlA) ElBg Bailse] fR]9) vlaE ge FIilA
o] AR N ] PRE BF 9EAIE AL AT
3] oY}

o]9] tokO Z+= running spectra ¥4 ¥HH3} Wavelet
Y 7PHE & 5 At ARl ABE B AR
B 4% 2o 7IAEE BU3E AEL 93 A
7 g FEA HE RHA A8E vED 7 270
sl FTE H830 24 A3t Wizl ufg F7)8 A
EY FXE 4 4 U= oIk FAA Wavelet
71e 194171%¢0] A=} 19803 SRRl 4
S B oz A% doig Al WE) grie 2
A-g Bolx] et a2, AT 209 @ Fgholl &
AHoZ FYHY ITE0] M3} Wavelet 0222 §
& AT AFE L AAKE 719 =98 F
8 AL BV} A v R BRE AF
Aol gk 77 B Y= k. Fhel M=
F(1998)0] 22 Wavelet E2H-& L33k ¥31413}
o £ 245 A8E 4% v} ok

£ @FolME Wavelet £4] ¥ o}Z71=]) =4 - 9
oz A7 dAlelH 1 3|4 Axpe) N xr}t ZX &
< A& A3t STFTA <% 24 A g FHsh=
running spectra 2H3-& A=A o] HhEe] A&A] 7
o] NS v B AHEQL =2E ol 4R @&
ARZT ARNFHFE 2HEY Uro] FAXEE 7
48 4 ok



SAR B39 33} AFHe] F5A 211

£ Aol 3374 (19990014 1998 3HA
HE] FA9 ZA A N9l 57l FAH0E F¢9
447 T BR)eIA B whA o} et BaAE
ARt HES - vF7ine] AUt ASHSAEE
AR} A8 A8 BAg Y AHER EadA
A HA 2HEY Ao tis) 2HEYH &
A FASFEA UAE BEslehe YgHEsP, A
Falpoll M DFBEE 28 GRS vIgE Hddhs &
HEY Z& 7RI AEBEsPY 99 olF FFd
2HEY dxd dRYEPE S H83le o5 HTHE
313 S 2 838l3 Helmholz R 3 BT w9 A%
Fapat Foi R E] B 7t HEg e AHES
o} &9, &9 T7) f-ol3kat 1.0 m o)3]] BAMA]
9}l 4 m U9 HFA Y ABE HE - AEFOE
A < Al719] 3. 9] Ara B B3E E4E 9Y
s E4% & HE A9ES TSI SAY £
o] AF7)5 AR e] BX E4 9 Helmholtz ¥ &
=E XS SA YoM BAF Z=of tiFiAME A
A FESCE 283, T30 g AF9) 1293 3%
2450l i3] running spectra® ZHAIEH V&) 9] &
F718 2 ] SF RO 4T B¢ dEidx
AESL

2. HEUEL KR EY

21 HEHE

£ =RdAe AP F2 digshe 579 9
UA £x¢ shi 2315 @48 setalr] ¢ste =
HFDT2(1999)0014 A HIAE AHE-3l BEF
TUHT 71EE AR, T8 FA T4 (1999
X]&= paro-scientific sensorE &3l =3k S A (SWTG
: Self-recording Wave and Tide Gauge, 7]2}-8%& 4 MB)
6tE Fig. 1o AAE ol AH(@Z EAIE P1-P6)] 3
Adel| dR|steq FF7)0 @SS AAFHL ok
2, geje] BFr|u X EAT dFUiule) Hegoes
o] Axt Wy ) Y -AF d4e gosi) Yt
o @75 #7719 FolF 2% - o uA(DWB :
Directional Waverider Buoy) 1tH& 9] &< p1 &
29 A3 WlE A AX), A8 E FHS3HT. F
F71he] 548 B} HE3A gelslr] e A
A AW 22 AuAE AM8Ele] ek g ¥
271 At} 22y F 71718 FHEEA] X3 g o]

W : Directionat Waverider Buoy
P : Pressure-Type Wave Gauge
S WS
2 20"

Fig. 1. Location map of field measurement stations.
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Table 1. Informations on short-period and long-period wave measurements around Okkye Harbor in 1998.

i ; i Location of measurement
Station Measurmg Measuring Samplmg Measurement period Water
instrument  stage interval(s) Longitude Latitude Depth(m)
First 0.78125  Aug. 30 15H~Oct. 13 14H
w DWB Second 0.78125 Oct. 13 15H~Oct. 17 13H 129° 05' 12.24" E  37° 36' 39.84" N 26.8
Frist 5.0 Aug. 26 15H~Oct. 13 10H
P1 SWTG Second 0.5 Oct. 13 15H~Oct. 17 10H 129°05' 11.16" E 37° 36' 3648" N 257
Third 5.0 Oct. 17 11H~Nov. 25 15H
First 5.0 Aug. 26 15H~Oct. 13 10H
P2 SWTG Second 0.5 Oct. 13 16H~Oct. 17 10H 129° 04' 37.50" E 37° 36'4548" N 200
Third 5.0 Oct. 17 11H~Nov. 25 15H
First 5.0 Aug. 26 15H~Oct. 13 10H
P3 SWTG Second 0.5 Oct. 13 15H~Oct. 17 10H 129° 03' 4536" E 37° 37°13.92" N 15.0
First 5.0 Aug. 26 15H~Oct. 13 10H
P4 SWTG Second 0.5 Oct. 13 15H~Oct. 17 08H 126° 03' 24.00" E  37° 37' 7.38" N 150
Third 5.0 Oct. 17 11H~Nov. 25 15H
P5 SWTG Second 05 Oct. 14 10H~Oct. 17 08H 129° 03" 22.74" E 37° 37'22.80" N 58
Third 5.0 Oct. 17 11H~Nov. 25 15H
P6 SWTG Second 0.5 Oct. 13 18H~Oct. 17 09H 129° 03' 33.72" E 37° 38 054" N 16.1
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Fig. 2. Comparison of spectral densities obtained by method of
averaging 32 components fixing degree of freedom,
method of increasing degree of freedom, and method
of averaging 24 components after moving average of
17 continuous pressure data measured for 45.5 hours
from Sep. 3 12:00, 1998, (a) St. P1, (b) St. P2, (c) St.
P3, (d) St. P4.
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Fig. 3. Comparison of spectral densities obtained by method of
averaging 32 components fixing degree of freedom,
method of increasing degree of freedom, and method
of averaging 24 components after moving average of
17 continuous pressure data measured for 45.5 hours
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g AN AR JAPEET ol FHTFEH
2% Auh= AR F21el AA M2 Hlg whE BE
HE3Hol 3 e F7) 208 RgelMe F
3} vl 208 o)l ME Al 7] o= Tl
el gl A58l Yehd T F e} & Aol
€ Boli lth Fig. 2()%h ()] ¥4 B3 p3s} &
W A paoll T ARE AR AJoljE Role BA
7} 20804 108 BZoZ o]FE HE ALdstd Ant
AHQl Zggolut X7} A P13} P29] 799} AHe| H
S:8ith. Fig. 3@~d)ohe 34 AR e 24 23
g AABIgem o] A9oe HukEQ Ak Y%
7t B4 Age] 84 Ade} frAlsi.

FHH, Fig. 40l 4371 Al 71A el o) bzt A4
B F4A 229 39 12418 45547He) 2HEFY
Ix2Rg 33 3] 44 P1g 71EP W 34 p3gt
P4ollM 9] YAls} F71E N ZHE ohg S o] 83}

70

‘Wave amplification mtio (P3 / P1} T
6.0 — {9/3 12H - 9/5 10H, 1998) -
B Average 32 by fodng 4.0 o
------------- Meihod of incraasing 4.0
8.0 —{ —————— Fidnpd.oL. sfer moving avernge /= """~

Wave amplification ratio

Wave period (min)
(a)
£
[
=
S
3
€
[]
E
L]
2 30 —
g

Wave period (min)

(b)

Fig. 4. Comparison of wave amplification ratios obtained by
method of averaging 32 components fixing degree of
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age of 17 continuous pressure data measured for 45.5
hours from Sep. 3 12:00, 1998, (a) P3/P1, (b) P4/P1.
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Fig. 5. Comparison of wave amplification ratios obtained by
method of averaging 32 components fixing degree of
freedom, method of increasing degree of freedom, and
method of averaging 24 components after moving aver-
age of 17 continuous pressure data measured for 45.5
hours from Sep. 15 20:00, 1998, (a) P3/P1, (b) P4/P1.
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Fig. 6. Time series of Hy3, Thy3, and mean wave direction
measured at station W in 1998, (a) Aug. 30~Sep. 8, (b)
Sep. 9~18, (c) Sep. 19~28, (d) Sep. 29~Oct. 8, (¢) Oct.
9~17.
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Table 2. Characteristics of short-period waves measured at stations W around Okkye Harbor in 1998.

Data

Measurement period Hiz (m) Ty (s) Mean direction

set no.
i 8/26 20H~8/28 18H - - -
2 8/28 18H~8/30 16H - - -
3 8/30 16H~9/1 14H 0.46~1.04 (0.65) 4.9~6.5 (5.6) N38°E~S87°E (N62°E)
4 9/1 14H~9/3 12H 0.66~0.94 (0.79) 6.1~6.8 (6.4) N42°E~N62°E (N51°E)
5 9/3 12H~9/5 10H 0.32~0.81 (0.54) 4.7~7.1 (6.4) N40°E~SS7°E (N54°E)
6 9/5 10H~9/7 08H 0.20~0.60 (0.32) 3.0~53 4.3) N47°E~S49°E (N66°E)
7 9/7 08H~9/9 06H 0.11~0.63 (0.30) 2.5~5.3 (3.8) N~NO1°W (N61°E)
8 9/9 06H~9/11 04H 0.18~0.46 (0.30) 3.7~49 (4.3) N29°E~SS54°E (N61°E)
9 9/11 04H~9/13 02H 0.21~0.73 (0.29) 2.6~6.6 (4.1) NO2°E~N0O1°W (N88°E)
10 9/13 02H~9/15 00H 0.23~0.71 (0.47) 4.1~6.0 (5.0) N21°E~S56°E (N72° E)
11 9/15 20H~9/17 18H 0.23~3.83 (2.61) 2.71~1.0 (8.1) NO1°E~N18°E (N50°E)
12 9/17 18H~9/19 16H 0.89~3.39 (2.02) 6.2~12.0 (9.6) N39°E~NS58°E (N45°E)
13 9/19 16H~9/21 14H 0.43~1.09 (0.70) 4.2~6.3 (5.3) N55°E~S61°E (N75°E)
14 9/22 08H~9/24 06H 1.33~2.68 (2.02) 5.9~10.0 (8.4) N16°E~N53°E (N36°E)
15 9/24 06H~9/26 04H 0.63~1.57 (0.95) 6.6~8.3 (7.4) N33°E~N59°E (N47°E)
16 9/26 04H~9/28 02H 0.29~1.15 (0.56) 3.8~7.6 (5.9) N19°E~N05°W (N54 E)
17 9/28 02H~9/30 00H 0.43~1.78 (0.72) 3.9~6.0 (5.0) N23°E~N77 E (N52°E)
18 9/30 00H~10/1 22H 1.65~4.22 (2.83) 5.7~9.2 (1.5) N40°E~E (N63°E)
19 10/1 22H~10/3 20H 1.12~2.87 (1.73) 7.8~8.5 (8.1) N40°E~N63°E (N50°E)
20 10/3 20H~10/5 18H - - -
21 10/5 18H~10/7 16H - - -
22 10/7 16H~10/9 14H 0.60~1.05 (0.84) 6.0~7.1 (6.5) N65° E~N77° E (N71°E)
23 10/9 14H~10/11 12H 0.51~0.97 (0.68) 4.5~7.9 (6.0) N26° E~N72° E (N53°E)

*Numerals in the parenthesis denote averaged values.
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Fig. 7. Comparison of spectral densities obtained from pres-
sure data measured for 728.2 hours from Aug. 27 00:00
and those obtained from data set nos. 2, 5 and 8.
Method of averaging components after moving average
was applied to all data sets, (a) St. P1, (b) St. P2, (c) St.
P3, (d) St. P4.
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Fig. 8. Comparison of spectral densities obtained from pres-
sure data measured for 728.2 hours from Sep. 12 18:00
and those obtained from data set nos. 11, 14 and 18.
Method of averaging components after moving aver-
age was applied to all data sets, (a) St. P1, (b) St. P2,
(c) St. P3, (d) St. P4,
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Fig. 9. Results of spectral analysis by method of averaging 24
components after moving average of pressure data
measured at Sts. P1, P3 and P4 for 45.5 hours from
Sep. 3 12:00, 1998; (a) spectral densities, (b) relative
amplification ratios.
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Fig. 10. Results of spectral analysis by method of averaging 24
components after moving average of pressure data
measured at Sts. P1, P3 and P4 for 45.5 hours from
Sep. 9 06:00, 1998; (a) spectral densities, (b) relative
amplification ratios.
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Fig. 11. Results of spectral analysis by method of averaging 24
components after moving average of pressure data
measured at Sts. P1, P3 and P4 for 45.5 hours from
Sep. 15 20:00, 1998; (a) spectral densities, (b) relative
amplification ratios.
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Fig. 12. Results of spectral analysis by method of averaging 24
components after moving average of pressure data
measured at Sts. P1, P3 and P4 for 45.5 hours from
Sep. 30 00:00, 1998; (a) spectral densities, (b) relative
amplification ratios.

Ae] vlgzsith, F7) 28 olElllAE 1.9%, 1.4%, 1.1
, 0.98 SolA] tlgre] A% Fer} 433) F38A &
Pk A PaciAe 2HEY UTEL F7] 9.680
A vA)7} 71 & AT et vebvks A& Aelst
W F7) 78 ol gl HAAN FAT AXY A8t
AR YeRdc), e, 527) 72 olslelxe 11 2
B9l o9 fAKSE BElE JERIY, 77 3,983 2.08
M= HFHo] oA AAJETE F7] 2% ool Me
119 2pgel BU&H 571 128, 0.8%, 0.72 Sl 3
F¥o] o2 FREA ePdTh Fig. 12(b)°) AAIE 4
HRAZHE Ao EE PaAle] s FFA)9] 119 2}
g7 £34, & F7) 7.0% o)l Me sl A8}, 1
231 7.0 o)l 1Y AE e} vl5F Helg B
Zt}. AR p3lME F7) 0.6829 AEN|7} 7,52 v
B ol A7 FoAA A ZA e 527 12.9~14.5
E@E) 2.9~3.0)9) T2 Hei= A433] T3St 47
ME F7] 3.0~6.0800 4= B3 e ge] 37 Helrt A

s}
£
8



SARN A5E F3vleh ATHue] FEA 223

3 Uehx] gkor, 7] 2.08(E8] 1.9), 7] 14~1.5
BEREN] 1.6), 1L.1E-(FZH] 1.2), 0.8F(XEH] 1.5) &
oA oFgt 2 e} i vEhdth. A3 paolME F
7] 9.68-2] FZB|7} 9,608 WS 47 A8 FoA 7}
A AA eI F7) 12.9~14.58(RAEH] 32-3.49
T3 g 4P3] =Rl 37 6.4~6.850l M= 11
W 259} vlszEtA 337 FelE FRE] oA
7] 40T ZFH] 2.12] FR eyt oFakA| AAR
ok 11 282 FA e} rpR AR o] FHAME
7] 1.2~138@EZF 0] 22-3.1)3 0.78FZFH] 2.2)904]
o $- F£518 5 F2 Felrt vephd

A, ol A AFF AXF ZFA19 18 Azl #
A Aol M= Ao sHA ZF A 11 AR EQ]
Exo] 7Idlof ujet EFH FEE AA A 2 0]
= Table 29} Fig. 60 AAE SR A2 R F
8 A7 fejgae] HaEke o] a#std #5717t
stk &, 119 259 B5717H9Y 159 20A~17¢
182l Felutart 25 2.5 m@iFE 3.0 m o) o)
ol ort 188 AHge] BS7RH9Y 309 00A~10¥ |
Q 222yl & FeFmr} 3.0 m sk 7]7ke] A A
Hlolojr] Fxle] A9 EZuprt o 7o Aot 3
A9k FARE B8 el R Bk B3, At
o] 7% AFvige] foluuHT{F7I7} 8-123 Alo]2
of-¢- AJH wbE T M= 6~93% Afolof] X Afo]
5 98-S viHE o A7 2R AL 5 A
EE g3t}

43 ZEAN MEYTof 28t T FUE Y

Fig. 62 Anxd 12} ¥ 770 Foe dig o
16~1783 109 1Yo} o3 4 m oo & 55
7} WSk, A17E wstel) e A Fenle}l Frlute)
BAE HES YA E ofelgt 230 HF] Ful
W U] B E AEE Aol asith rME od
1Y OARE 249 234, 18] 99 24 OXFE 109
79 23X 74X 9] 2t AdrE 1443k AR F o83l
running averaged spectra® 78Fx gl - 9] S 7]ket
AZ s oz 9] A|7HE WslE HESIT

A7 FEL A4E Eof 1998 98 1Y 0AFE
24 23A174A] AH P1-P4ol A B&% zt 1497k A
&8 Age] A5 2d dol(@EsHAle 5x 114 32,768
MHE IHNER RS A1 AR 1A HZ2 25
A sk ek, Mg AEE 99 119 AR H

12 23A174A], 183 v AiEE 9 239 OAFE
24 23A7AX)7} Eln] BT 2884 E "k

Fig. 13(a)~(d)oll= 99 112 0N RE 24 23A7H%],
83 Fig. 14(a)~(d)olE 99 24 0A1%H 108 7¢
237742 B P1~PacllA Ztz el Z}+ 288702 3}
4 ey UnE AMEs)e] S AR F ] o)
ruﬁning averaged spectra(F35 A EY W9
AARYES TAIBIY o] ARENAM JHE H& A
o) BE, 181 ME e Fig 24 et 7}
%9 B 7} 259 T4 AlGE 71ESIEE Fig. 13
AL 2 E4 10] 98 12¢ 0A1E YERIH 14
A A1ZF A|zEe] Al s o] 2882 9¢¥ 239 23417} FH
™, Fig. 142} 739 10] 99 25% 0A1E, 18]3l 2889]
109 6% 23218 2t JeRi A Aok A2 £ 24070
o] BF e R FRE FulgE VERH 10] 1.0378 Hz
(%} 160.6%), A7} 1.9532 Hzolth HelE 93] =2l
BEAE RS F7)2 A 62 oF 15438, 12 <F
74005, 182 oF 48678, 24v °F 3.626%, 302 &F
2.889%, 60 oF 1.433%, 902 °F 0953%, 1202 <
0.714%, 1502 °F 0.571%, 1802 2F 04758, 2102 <F
04078, 2402 2F 0.3565(2F 21.42)% Zhz} vpehdt)

Fig. 133} 14 Fig. 63} 37 AlHEA A gelre}
T} A A EFA1 AL BN R0l
v)s) Fulg= thE F85HA 2A e ot &9
A p1d p2o] A F717t 148RL GFVISAME
TRl o MXT FgA|9] oAzt ALl ol Ao
H)&)] =A Veldar glovt s} 5712321 Helmboltz
TR 2= Fe A7) Ry g7 k] dale}
E93 @AV} fle A2 e o8 9] Fig
13(a)l A 98 16~1799] FFAlol= F7] 20~308-4] 3
F7159 R 7L ok Al7]ef BlE| 232 ZHe Hel}
Fig. 1425 A4 EH 108 199 sig=s 717 52t
FF719 QAL 2 Al7e BIE) 238 ZA) YE)
st $HH, Y7} ] AH S -9 Helmholtz T2
EEAE 9 7 69 12 AteD)e) 7] 1-28-9] AF
AT ) T 2R RAEER A o
WAy} Zgste] whigslel we} 721 vhA] Fart oF
=9 ohgA)7) ZolRE o) B vehda Qo
Fig. 148 2529 1094 199 F3Ao g9 & &g
T A4 PI-P3IME Y& F7]d 717k 21~24%GF
F 210~240)01A4 2] oA 7L w2 =t 3Ry A Paol|
Ao o] FFe AFes A Yehda gt} o

o

T

r\l

o

(=)

o

N



224 g - A - e - olgE - MY
(a) 240
210

180

150

120

60

30

Sequential wave frequency (from 1.0378E-4 to 0.04678 Hz, 1.9532E-4 Hz interval)

24 48 72 96 120 144 168 182 216 240 264 288
Time (from Sep. 12 OH to 23 23H, one hour interval)
L))

Sequential wave frequency (from 1.0378E4 to 0.04678 Hz, 1.9532E-4 Hz interval)

24 48 72 96 120 144 168 192 216 240 264 288
Time (from Sep. 12 OH to 23 23H, one hour interval)

Fig. 13. Running spectra of pressure variation obtained around Okkye Harbor from Sep. 12 00:00 to Sep. 23 23:00; (a) St. P1, (b)
St. P2, (¢) St. P3, (d) St. P4.
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Fig. 14. Running spectra of pressure variation obtained around Okkye Harbor from Sep. 25 00:00 to Oct. 6 23:00; (a) St. P1, (b)
St. P2, (c) St. P3, (d) St. P4.
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