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Fifth diurnal tides in Osaka Bay"

Satoshi SATO™!, Takeshi KUMAGAI*?, and Yuzo ISHIDA **

Abstract

It is known that the oscillations of 5 cycles per day appear in sea level records in Osaka Bay. We examine whether

such oscillations are predictable and the accuracy of tidal prediction is improved, if more compound tides, includ-

ing fifth diurnal components, are used for the tidal harmonic analysis and prediction. As a result, we find that the

fifth diurnal oscillations have the characteristics of the normal mode oscillation in the combined area of Osaka Bay

and Kii Suido and they are predictable to some degree. But, the reduction of tidal anomalies in Osaka Bay is lim-

ited to a little extent, since the longer period oscillations contribute predominantly to tidal anomalies.
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Fig.1. Tidal curves at Osaka and Kobe on June 15,
2015. Courtesy of the Hydrographic and
Oceanographic Department,
Guard. A) Osaka, B) Kobe.
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Fig. 2. Locations of tidal stations.
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Table 1.

Fifth diurnal tides in Osaka Bay

111 tidal constituents used for tidal predictions. * denotes the constituents which are not included in 60
constituents adopted by Doodson (1928).

£ 1. MW TFHICMM L7z 111 40, % 1Z Doodson (1928) @ 60 Z#llcE N C vl 2R .
angular angular angular angular angular

constituent| velocity |constituent| wvelocity |constituent| velocity |constituent| velocity |constituent| velocity

(degree/hour) (degree/hour) (degree/hour) (degree/hour) (degree/hour)
Sa 0.041069 [2MN2S, | 26.407938 |K, 30.082137 [MS, 58.984104 [4MN, 87.496687
Ssa 0.082137 [3MSK," 26.870175 [MSv,’ 30.471521 |MK, 59.066242 [2MS, 87.968208
Mm 0.544375 [3M28," 26.952313 |[MSN, 30.544375 [2MSN," 59.528479 [2MK, 88.050346
MSf 1.015896 |0Q, 27.341696 |KJ, 30.626512 [S, 60.000000 [3MSN," 88.512583
Mf 1.098033 [MNS, 27.423834 |2SM, 31.015896 |SK, 60.082137 [MKL, 88.594720
2Q, 12.854286 [MvS,” 27.496687 |SKM," 31.098033 |[MNO;" 71.366869 [2SMj 88.984104
o, 12.927140 |2N, 27.895355 [MQ," 42.382765 [3MK,’ 71.911244 [MSK 89.066242
Q 13.398661 |1, 27.968208 MO, 42927140 [3mP;" 71.993381 [2MNO,” | 100.350974
Py 13.471515 |[SNK," 28.357592 [2MmP;” 43.009277 (M, 72.460261 [2MSO, | 101.911244
0, 13.943036 |[NA," 28.398661 |M; 43.476156 [MSO;" 72.927140 [MSKO, | 103.009277
MP, 14.025173 [N, 28.439730 SO, 43.943036 [3MO;" 73.009277 [2(MN);~ | 114.847668
M, 14.492052 |v, 28.512583 |MK, 44.025173 [MSK;" 74.025173 [3MNg 115.392042
" 14.569548 |OP, 28.901967 [2MQ,’ 44.569548 |3KM," 74.107310 [M, 115.936417
m, 14.917865 [MA," 28.943036 |SK, 45.041069 [20MN)S,” | 84.847668 [oMSN," | 116.407938
P, 14.958931 |M, 28.984104 |2MNS," 56.407938 [3MNS’ 85.392042 [3MS; 116.952313
S, 15.000000 |MB," 29.025173 [3MK,’ 56.870175 [4MK," 85.854280 |3MK 117.034450
K, 15.041069 [MKS, 29.066242 [3MS," 56.952313 [4MS," 85.936417 [MSNK, | 117.505971
v 15.082135 |%, 29.455625 |[MN, 57.423834 [2MSNK, | 86.325801 [2(MS),” | 117.968208
0, 15.123206 |L, 29.528479 [Mv,” 57.496687 [2MN, 86.407938 [2MSKy | 118.050346
0, 15.512590 [2SK," 29.917863 [2MSK,," 57.886071 [2Mv," 86.480792
J; 15.585443 | T, 29.958933 |M, 57.968208 [3MSK, 86.870175
SO, 16.056964 [S, 30.000000 [SN, 58.439730 |[M; 86.952313
00, 16.139102 |R, 30.041067 [3MN," 58.512583 [MSN; 87.423834
1/12 HEI#E O 5 @l Bryb L <, &5 111 5 o
W T O L T ORAERNT X 2 W HER % o (P AR
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SECHMOBGBEICRE SN TRL S LITL opgs wmpes wopos amogs s o o s o
Z) . . —(‘)b;en/ation- .—Predi‘ctiém(SOcons‘tit‘uents) -—.Predictic.)n(.ill consti‘tu‘en(s) h

Fig.3. Comparison of tidal observations and predic-

i L7z 111 558 & 2 o f 38 % Table 1 (2R
3. F 72, 20124E 1 H1H » 5369 H @ 5
T =% &V TRD 72K & M OFRAIERD 9
B, RIFOK & WIHIZ 20 fif F T4 % Table 2
RS, KEROIRIED A7 20 f2i2iE 1/5 H R H
B S 4 DD EIH, A TIX 3D D3N
Ao>TEY, KRETIZ1/5 HEAMOERH I E
WINCHEHELTWAZ EEZRLTWAS.

Fig. 31, 2009 4E5 H 15, 16 HIZ D W T )T
D 111 5 O FRFI R ENC & 2 HEEWILL & w9y Fm

tions based on 60 tidal constituents and 111

tidal constituents at Kobe on May 15 and

16, 2009. Each tidal curve is drawn with 45

cm interval of reference level.
MBI 5 BN & 60 20 KON 111 53
2 & RN & DR (2009 4: 5 H 15, 16
H). #if7efiE 4 cm $20# #2935 1L C
LR

X 3.

LI L TW5b 60 58112 X A HES AL K& OVE]
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Table 2. Top 20 constituents of large amplitudes at
Osaka and Kobe. * denotes the same as Ta-
ble 1.

F 2. KBREMTOIRFEDOKEZ LA 20 7 F TDH

W, ok IEFELICE L.

Osaka Kobe

Constituent Am(‘z:]t;'de Constituent Am(‘z::)”de
1M, 30.02 [M, 28.51
2IK, 26.17 [K, 25.78
3lo, 19.80 |0, 19.53
4s, 17.03 |Sa 17.22
5]sa 16.44 |S, 16.30
6|P, 7.92 |P, 7.73
7IN, 6.33 N, 6.06
8|K, 436 | 4.22
9fus 424 K, 4.20
10JQ, 3.75|Q 3.73
11]Ssa 3.18 |Ssa 2.95
12|3MO;" 2.74 Mf 2.44
13|Mf 2.56 |3MO;° 2.28
14]MSO5" 2.46 IMSO;’ 2.03
15[2MS; 2.10 [MO, 1.70
16[3MK;’ 1.88 |2MS 1.61
17|M; 1.83 3BMK;' 1.56
18|MO;, 1.77 |Mg 1.43
19|MSK;* 1.44 [Mm 1.41
20{Mm 1.43 M, 1.36

WEERBL SN 5 ER AL EE o B 1 o i 28 8 A3
N1 TIREBRENE ZEDIRENT VA,

3 EYHEREDOHER

BB HESAE L & RS 5 72012, KPR K OV
D2 e, - (2012) ANETNEEO R T
WNLAR 2= DBLER AV S W E B D - TWw B
IDEEF3HAIZOWT, 2012461 H1H2 S
369 HEl o7 — & THM L 72 60 4 & 111 53]
DIRFEL % W CTEFHER %247, 2009 425
5 2013 4F F TO 5 RN D THIL R 2 o R

Table 3. Standard deviations of differences of tidal

observations and predictions at Osaka,
Kobe and Matsuyama. A: Predictions are
made by 60 constituents, B: Predictions
are made by 111 constituents.
F 3. KB, M, Bl o A7 R 2 o B R 2.
A 60 @i CTHER L7234, B 111 20 T
BHLBE.

2009 [ 2010 { 2011 | 2012 | 2013 | Mean
Acm)] 11.34) 1096 11.67| 9.72( 12.82] 11.30
Osaka | B(cm) | 10.77 | 1043 | 11.10] 8.98| 12.36] 10.73

B/A 095 095] 095] 092] 096] 0.95
A(cm)] 10.86) 10.52| 11.37| 9.47( 12.44] 10.93
Kobe B(cm) | 1043 ] 10.16| 1098 8.94( 12.11] 10.52

B/A 096 097] 097] 094] 097] 0.96
Am)] 9.19] 899] 8.54| 7.67] 10.51] 8.98
Matsuyamal B (cm) | 9.17| 9.03| 853| 7.55] 10.53] 8.96
B/A 1.00( 1.00{ 1.00] 098] 1.00] 1.00

% KD72 (Table 3). I TIX1ETLITF
YRAL 2 GHE L TR AZZ RO TWE DT, i
B (2012) OREHE(RAE L HARD RGNS 2
Bl hoTwab elbhs, Znd, 3HELD
J[RITHEOWMEFTCTH Y, [RGITMER L 720
WREL 7 — & & HRWET— 5 2 v ¥ —Hh 5 AF
L7.

FAICUE 60 20 T D 111 4508 T b MR 2213
ZIEF CTHBHA, KB &M T 111 5@ TD
ey & BIEAL & O FEHER 2213 60 S 0B
BIZHAN, 4—5% 2F/h&L %5, 2%, 1/5
HEBI S 05l 2 30 Lz 2 L2 X 2R
FEomdETICEEEFLEER 5.

HTo%#HcL Loz kid, WA 1
HRED L WIZZh X ) FEBo@k LS X 1
b, REMOEHICL2H5G50MOTRENT &
BEZONLZDOT, 1 HEELTOHWENO P
WGBS OV T 2 R L7 R #ix5 2
Lz,

WAL 25 WEH P fE 2 R A B 4 & & 2
T, ZNEBRVESICOVWTHREZIT- 7. B
WAL & 25 R BB P Z Wi hkE L,
SRR & 25 IER B PIE & 5 725k 7E &
DO KR, A, Bl 60 58 &
11 OBEICOVWTHRIERT 2 LI L. £
D#EF % Table 4 127" L7z, 60 73 TOHER I
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XHEMREFAE N FHICL2b0L 2 KT
&, MINTIRIIEAEEITZ VDS, 1/5 HEMO
B2 N5 K& M Tld 20% UL AR
FEDNEL o THBY, 1 HEELD FOMHIZD
WTC, HAHRBEIIHEEES M LT R 5.
7272L, B#FEEOMEBAERIIOWT, 111 580
Yitr, ME O 5 M OFEE 3.63 cm &, 1l
? 3.37 cm (I E & 7 525, B ILO KD
2.6 m THIF250.9 m (B V. RKXH, 2006) %
DT, WINMELOKRE S LB LYE, #Eo
AR A IR IR D E e Y KERELEES
25,

% 7z, Table 4 TR & #fi 7 D % 4F O BLHEAR 72
ZWRZE, 60 7O EIIESEDBEVDYD T
DZVoITx L, 111 58 CRHE L 72361, @
5 % 4T - 72 2012 4F O FEHEAR 722 D H A3 o 4F
WCHRTHL LY /NEL Lo TnAH I EIZADK.
F 7z, MILTDH 2012 4FE 0 111 40112 & % B H# AR
X, 60 WICHRT/HELL B oTwAE. T
&, B2 AR 72 Wh, K o TEIET AT
LD L LZ2RBELTVAEDDOTH 5.

Dibag s &, 75lz 60 205 111 57
IR LICLk D, KIED 1 HREELTOR
MoZBOMFHERRE IS LBRERT L. L
L7235, MR ZESEERIZO W TIE R
EBHFGPREVD, HillEHERP LA LTk

Table 4. Standard deviations of differences of high

filtered data (with 25 hours running mean)
of tidal observations and predictions at
Osaka, Kobe and Matsuyama. A: by 60
constituents, B: by 111 constituents.
4. 25 WERPITHD 22 L2KRBR, fi=, Bilio
55 W AL 22 & 60 (A) & 111 4
(B) OHEFAL & D7 DR AR 2.

2009 | 2010 [ 2011 | 2012 | 2013 | Mean
A(m)| 552| 549 542| 535| 533] 542
Osaka B(em)] 420| 432] 4.05| 3.82| 4.06] 4.09

B/A 076 0.79] 0.75] 0.71] 0.76] 0.75
A(cm)| 480 475 4.69] 460]| 4.61] 4.69
Kobe B(em)| 3.72| 3.82] 3.62| 337| 3.60] 3.63
B/A 0.78] 0.80| 0.77] 0.73] 0.78) 0.77

A(em)| 376 3.72| 322] 3.11| 3.26] 3.4I
Matsuyama| B(cm) | 3.73| 3.81| 3.18| 2.82| 331)] 3.37
B/A 099 1.02] 0.99] 091] 1.02] 0.99

BN R ANDOREIWMOTROND Z 124
5.

4 KBRED1/5 B EEAO B EED

KRIGEIZ 4—5 K] (1/6—1/5 H) FREEDJH M
DWREBAAEAET 5 Z L ITdH L A bmbhTw
%. Honda et al. (1908) 1%, KEE® 4 #hrilc
B 2 #IH B O E, 260~310 4 (4.33—5.17
) OFBoRHARLONE L 2HmEL, K
B3 & PEe & 9 ISAE T 5 4 HE TOZDIREID
WAHDSIZIZR U2 &2 5 BT (K 7 BAKE)
LT AHEARBTH A ) LEZ 2. FARE
JE % 270 43 (4.5 Rl LB L, 2oL
B L2 L CEBHLTWBE LEEL TV 5.
SFH - (1925) &, [REEO@EIHFICIE4, 5
KRR ORI OWHAE 2 - T, AEALEET
OV THDL] LIBRRTN5.

mAr (1930) 1%, KIRE®D 2 #iriTo 4 4EH D
B 7 — 7120 C 6 R & D b B o2 H)
IZDWTHRR, 65.2 45, 117.6 4%, 272.9 45 (4.55
W) #FHEBET IR AELSNS &
L, 272.9 57 %M & 3 2B, B Rk
(Ko BKE) w3 5 RKKEOEAGIRE) 2L
LCTw3., HEFEXREA Y21l 5 [BO7:
LX) (FHAR, 1959) #2%8KTLH0I1E
DFEED 1931 ENSLTHY, MILBEBELTD
KB OBEFRBIZOVT ML EREL TS
(H#5, 1931, 1937).

FE (1938) &, K7 BKELZH LT LA
FizowT, KB % 20 OXMEIZ451F T 1 KT
DR S & AT\, T O % 240 545 (4.0 K
M) LHEMBLAZ. 512, 19374 1—6 HDO KK
DEEN T — 7 5 40 55 5 290 53 £ TORE B o
WEZMB L, B omBEEL 7 F 7120
T 240 G EICHE O — 7 B3 b T L 2R L
72. 290 4 (4.83 1)) F CORMOIREIZIR -
THHBEEEZ A7~ M52 L1E, Fig.312RL
72 & 9 KRB OB 7 — £ 12 5 R R FEEE o J5 1]
DIRBA L AONDL I EZEZNIE, WEE)
TER TR VAL D BZ 2D, ZOFEDIL L
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ZUANRSN, Ky BKEZHET5RIEORH
HIRBEINZ 240 73 L I ND L) h B,
B, Kr EKEZHE T 5 EAREETIZOWT
IS, HA - V—3 R (1980a) 1 4. 49 BEE &
AREL, W (1989) X 3.9KME LTWA.
1950 4F- D ¥ = — ¥ B D Bl A3 i 5 12K
EnBEZL 22720, Bl OMETRKED
4—5 M BB OB 2 ME SN, £hITED,
KB OBEAIRENIH 2R EHELZ 52 Lk
5. wH (1951) 1 ERIE % & T & H o 3 R0
OB T — & # /R L TCW5HD, ZIITREN
TWASRIREIT O EHIZOWT, it
(1951) X 240—270 %> (4.0—4.5K:f) @ M
DIRBAWBICE S D & L, ElF (1951) &
310 43 (5. 17 W) IO 2S o b & L7,
B (1951) 1%, KBEIZFEAAHTHENZ 310
S ORI OB 2HE (1938) H37R L7z E ] 240
GEVLBYEVD, KrBKEEZHETS
AR CIIHMTE e L, ZLTC, K
KEDOWELXETHILIZE-T. BAPoEW
EAIRBIEIE SN LD TIE WA EZ R, |
MR L, KEOE OKE 27 m) KEBETH
% RKBRBIZIE Vv OKEE 55 m) KoKk
B o 72 KBEDEF N E# 2, KIKEDA
DOZFiE T HEARBOBPMEFH L 2L
%, J&W 315 7 (5.25 I¢fH) OZHT, ¥ = —
YHEEZOREM 310 7ok E L —BHTHEL
7z.

WAETH E@EZOREICONT, EE - i

(2011) &, 1990 4F LARE D KB E T 0 B 70 i i8]
10 BICDWT, Wi d 4—5 KEEE I o iRE) 2
BELTWZELTWAS.

kB, RAKEDOAY O%H LT 2 FEAIREO
JE T D v T, Isozaki (1968) 1 300 43 (5.00
WERED), "R - v — 3 2 (1980b) 1 7. 34 W[,
/NP (2001) 1& 306 43 (5.10 BEfE]) & LCTw 5.
DERS, millo®iced s KRB 1/5
H (5K FLEE O RM OISO T,
FRAKEDOAY OZH & THEARBTH L LB
HEEZLNTWS,

5 1/5 BEHOESHOME

KIGE L ARPKEICT T 2 6 H i (KB, #
e, A, AL, MR I2oWT, 2012
FE1HIH»S 369 HOF—F 2 HWTHEH L
1/5 HEAM O ¥k 55T 5 3MOs, MSOs, 3MK;,
MSKs O 4 551 @ 7 F1 % %t % Table 512, 1/6 H
JEIA B 53 D B 53T d B M [ UF 2MS D 3 Al
T % Table 6 1Z/R L7z, 6 HM & RBITHE
DT TH Y, [REITHNERL L 72 R 7 —
¥ % AREET — 7 & > & — 5 5 AT L5
AT o172,

1/5 HEMom@omfiez o L, »wih
D5 B IWIFIZ DOV TIIB RO K, TR E
{, RIRBEBWNOGKE, MARICBWTINLARD,
EHICRMAKEORHTIL E MMAETHALTE
D, WHEKEDOAD NIED ITONTHEA IR
EAVNE L o TWAD, ZHIFHFKED A D L

Table 5. Amplitudes and phase lags of fifth diurnal constituents at Osaka, Kobe, Tannowa, Sumoto, Wakayama, and
Komatsushima.
5. KB, M, B, A, kL, MRE® 1/5 HREBIG ORIE & E.
Constituent 3MO; MSO; 3MKj; MSK;
Amplitude | Phase lag | Amplitude | Phase lag | Amplitude| Phase lag | Amplitude | Phase lag
(cm) (degree) (cm) (degree) (cm) (degree) (cm) (degree)
Osaka 2.74 10.13 2.46 357.04 1.88 331.42 1.44 43.18
Kobe 2.28 9.02 2.03 355.99 1.56 329.89 1.20 42.55
Tannowa 1.97 5.36 1.76 353.11 1.37 327.06 1.03 39.08
Sumoto 1.74 9.85 1.54 356.34 1.18 331.24 0.89 44 44
Wakayama 1.21 6.09 1.03 353.24 0.78 326.10 0.58 40.46
Komatsushima 0.83 24.16 0.69 10.54 0.52 345.66 0.41 62.19
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Fifth diurnal tides in Osaka Bay

Table 6. Amplitudes and phase lags of sixth diurnal

constituents at Osaka, Kobe, Tannowa, Su-

moto, Wakayama, and Komatsushima.

F6. KBx, #h, ki, WA, ¥kl MYEO
1/6 HEHIR 5 OHRIE & &2 £,

Constituent Mg 2MS,

Amplitude | Phase lag | Amplitude | Phase lag

(cm) (degree) (cm) (degree)

Osaka 1.83 194.02 2.10 231.97
Kobe 1.43 193.19 1.61 231.03
Tannowa 1.13 181.95 1.27 219.61
Sumoto 0.92 177.51 1.01 214.56
Wakayama 0.80 148.25 0.88 185.38
Komatsushima 0.63 136.57 0.70 172.74

EiL T AEARBOMHL TS, /2,
HIZOWTH/MMEEZER < 5 # I ZIZFEAAT
HY, MYBIVAHIENS D, BRI T
AENALE 3 2 AL & R AR R AR W 2
LlhbyTHDE, REEEHE ) I HAMEST L
TWbZ LR, )+ ) NEZETIIRLF
KEDOAYOAZH LT 5EAREE LCTHIATE
BAHDHELTIZE > TV 5.

—J, 1/6 HAM OS2 W T, EROIR
WLk 3~ % i S N AR O K BE R S I AL i 5 %
Bt o RIE R 1/5 BRI R T/hE L
BoTBY, TRIFI/SHEMEY b HEENE
WEAIRBICTH R EZ R L T A2, iz
WL, KAKEDSERIZH DS TETT S X
I BRMMICZ > TEY, 1/6 HEM O 58755 4 I
BRI OK » BKEZE & T 2 FEAREO%E %=
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