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OCEAN TIDES AND TIDAL TILTINGS OF THE GROUND
OBSERVED AT THE OURA AND AKIBASAN
STATIONS, WAKAYAMA

By Torao TANAKA

Synopsis

Amplitudes and phases of eight principal tidal constituents of ground tilts observed at Oura
and Akibasan in Wakayama City have been determined from one year’s data. It is shown that the
difference of tidal tilting diagrams at the two stations can not be explained by the difference of the
loading effect of the ocean tides in the neighbouring sea calculated according to the theory of
Boussinesq.  Although there are many points which are uncertain, the discrepancy might be

attributable to the existence of confined water.
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Fig. 1 Geographical situations of the stations, Oura and Akibasan.
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Table 1 Location and geographical situations.

Station Oura Akibasan
. 34°11.3 N 34°11°.5 N
Location 135°09’.5 E 135°10”.4 E

Distance from the

nearest sea 500 m 1000 m
Height from the sea 50 5

level m m
Depth 5m 10 m

Table 2 Description of instruments.

Station Instrument Azimuth Sensitivity Time mark | Recording speed | Mark
Tiltmeters
. E 18°S | 0.007’’/mm A,
Oura (horx;g:éﬂlum) S 18°W | 0.005"’/mm every hour 30 mm/hour B
E 12°N | 0.004"’/mm A,
Tiltmeters B ,r ’,
Akibasan (horizontal W 12°§8 1 0.007 /mm every hour 30 mm/hour A
pendulum) S 12°E | 0.004”’/mm B,
N 12°W | 0.007’”/mm B’

TO1IEBHOBER*IL, BHOFERELER Liz. 27 Pertsev O AT drift 2#ELcob, B
B%Hﬂci hFE Sﬁ}m Mz: Sz: Nz: Kz: Ku 01: Pu Q.1 & Uﬁ%iﬂ S1 @ﬁ'ﬁ&ﬂm%&% L7zo Pertsev
filter %##E+ 5% E, BRNERERLT2HEE, LREOPH-OH®H 24 Bl TR W, 196048 A
2HO0B500 43405 61427 H 30 H 23 B2 00 32T & Lizo 36 IKKMEBRAIE, BREITL 5 scale out, &
BITOMORRIZL 2RABEETNTWE 2D, 12 BEL ELORAND 254101, ZoBMERNTHE
Wrdblholto ZOHBEREINTIRIRY, Pertsevfilter TP L TW2HHFE, RUOEHLY, X5
2 20 BEAROWTHBENEREZTHEBLAWI EE Lz ZOKR, BROKBIETP I koYK
it Table 3 [ZRTEY L% >Tnbo Table 4 KHOLNIHERERT WIBE LTWH, Pertsev filter 0
BRI ZRFELMRCH L TR 052 RBERETRACTHEEMATCERYR LTH 5, ik, 19
60EB8HIHO0E 00 43% t=0 L LTipri#le Acos(wt—gp) LEDLILLEZD ¢ DHEEHETHEDLT
P, KiElZoWTIt EI8°S £ X 18 SI18°W K, EIITO Wik E12°N £ X I SI12°E FHA~NOEE A
EE%2k51RE>Tnw3, Fig. 3 £ b Fig. 20 3 TIZREABMITOVWT OB EBENON7 TR
Fo MAIZET 2852196048 1 1 H 00 R b O EHRKBIEELERL T2, T LBELBENRIE T
LBOBEMHRA—0 27 ) — rBERERLRTVEY, 205 bHRITEN 2 HOBEME A 2L
B, HOoRDIAEHNI P EERRT, TIMIGENERIE A XU B 2ORDLR7 P ERBRTR
Lico AEE S, MER—BTINEEOIOTHIBRMEEOFERITL Y, HBORIFWNIL LS
ZONTHREOHERKEL BoTndo BIZEDNIVM, OBET, EIFIZIH T 077.0003, friEizd
WT 5 ObLbBARELND. HITS, P, kU S, KRBITKEAHENRONSLY, ZhEARERD
BRZLY, EECRHHEAELLEY LD 0BHEZOI0BEHELTWE I EIREE3DTH 5,

S; ZEHIH 12.000 B TH ALV ARENROEBTREL T LI LRINARTHY, T P, JIREWD
X, PORHID BRI, WEOKE K, OFESITE~T, 24.000 BRAMO L, TEbb S5,
L @ contamination HFIZKESBEONTETVWLIQLEEINS. ABDI X, KEIRPITS S, &
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: MAY 9,

| MAY 9,1961
Fig. 2 Examples of the records at Oura and Akibasa

1961

Table 3 Number of days analyzed.

n.,

Mark of tiltmeter

Number of days

335
272

310
323
248
323
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Table 4 Observed amplitudes and phases for each tidal constituent.

59

A, B, A, A B, B’

+;E18°S +;S18°W +;EI2°N +;EI2°N +;S12°E +;S12°E

down down down down down down
Amp. |Phase | Amp. }Phase Amp. |Phase | Amp. Phase‘ Amp. IPhase Amp. |Phase
M, |0/01216 18870 0700564 345.2 001718 189.4 001700 186.5| 0/00941 20.’5| 0.00912 250
S, 0.00580, 34.0 0. 00863‘ 114. 4 0.00588 9. 9( 0. 00669, 330. 6| 0.00391| 210.9, 0.00477| 222. 2
N, 0.00230, 130.4; 0.00037, 66. 9l 0. 00359 130. 4] 0.00390] 128. 8 0.00174| 320.5| 0.00139 332.8
K, 0.00082/ 130. 1! 0. 00120; 7. Sl 0.00212, 106. 1| 0. 00200, 99. 5‘ 0.00101| 319. 9| 0. 00085/ 359.5
K, 0.00628] 159.7, 0.00105, 134.7| 0.00702 137.0 0.00797, 131.8 0.00596| 334. 1) 0.00541 331.2
0, 0.00463 37.2/ 0. 00105I 174.3 0.00716 33.8 0.00723| 36.4; 0.00400, 217.5| 0. 00404, 213.9
Q, 0.00022 231.6| 0. 00070! 326. 5I 0. 00131} 340. 3| 0.00095 354.6 0.00099] 129. 2| 0.00176 152.9
P, 0.00184) 223.2| 0.00458 46.0| 0.00207| 224.7) 0. 00091‘ 141.7; 0.00246; 41.8 0.00310; 41.9
(S,) |0.00112| 227.5 0.00887| 59.3 0.01433 72.1 0. 01876; 50. 3/ 0.00124, 98.8 O. 00345I 55.1

Notes: Phase is the lag ¢ of the constituent represented by A cos (wt —¢) when the time origin =0

is taken at 00® 00™, August 1, 1960 (JST).
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Fig. 3 Tilting diagram of M, constituent at Oura.
The numerals along the curve show the mean
solar time (hour) from the origin time, 00"
00™, Aug. 1, 1960 (JST).
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Fig. 5 Tilting diagram of N, at Oura.
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Fig. 4 Tilting diagram of S; at Oura.
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Fig. 6 Tilting diagram of K, at Oura.
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Fig. 7 Tilting diagram of K, at Oura.
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Fig. 9 Tilting diagram of P, at Oura.
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Fig. 11 Tilting diagram of S, (meteorological
constituent) at Qura.
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Fig. 8 Tilting diagram of O, at Oura.
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Fig. 10 Tiling diagram of Q, at Oura.

Fig. 12 Tilting diagrams of M, at Akibasan.
The solid line is the tilting diagram
synthesized by tiltgrams A, and B,,
and dashed line by A,” and B,’.
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15 Tilting diagrams of K, at Akibasan.
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Fig. 17 Tilting diagrams of O; at Akibasan.
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Fig. 14 Tilting diagrams of N, at Akibasan.
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Fig. 16 Tilting diagrams of K, at Akibasan.
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Fig. 18 Tilting diagrams of P, at Akibasan.
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0:002 0002
oot A8
a Fig. 20 Tilting diagrams of S, (meteorological
A- . .
g " !
" do02 constituent) at Akibasan.

Fig. 19 Tilting diagrams of Q ; at Akibasan.

P, 0~7 P AROBOE L BB (Fig. 9 & Fig. 11) K3 RO 2@BY TH b £z, Kill, HE WK
2, SIS, o7 P AVRRMBOSBMERDPE YV RES T8 — Y ERLTED, L IHEUFTICE
FAREWEENR, S OBYHBLTARERLLA LI, BIEHOBEBERL TS, THEED
 , BRAIFRMEOHE L, 2RI IBEMEOMBIRELMKFELTEI L0 LE/RINE,

3. BERIOER

RificEH T, LEMOBMERITLC, 1HBAHHORBL MMTIE LIERERLIY, HHORK
EANE L ABIEONTHRENKE k> ThY, BEEIES XD, AR, FAFHL LR
BABEEOKREN M, L, BRAECRAMR A RMLY 2L IELTEY, DOREOREN O 4
BOAELEY EFC, BEFHOXBTHEELTHADBILEET S,

&, Table4 T5 2 bhle, Kifil & CREILICEH T 2B BERIE LG, HEREY EHERHITLHE
2REOME DV B> Tnho 2T, FTHIRHMHE L RFLMD ES 720, WHH ORI diminishing

z

e

Fig. 21 Reduction of the direct effect of the earth- Fig. 22 Reduction of the direct effect of the
tides from the observed M, at Oura. earth-tides from the observed M,
a: observed tidal tilt of M,. at Akibasan.
b: direct effect of M, expected by
assuming the diminishing factor
r=0.661.
c: difference (a-b).
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Fig. 23 Reduction of the direct effect of the Fig. 24 Reduction of the direct effect of the
earth-tides from the observed O, at earth-tides frcm the observed O, at

Oura. Akibasan.

a: observed tidal tilt of O,.

b: direct effect of O, expected by

" assuming the diminishing factor
r=0.661.

c: difference (a-b).

factor y=0.661 %2MHZ LD ERBPIEL, HMHOBLAEAVWIOLRELT, IhEHMEDR DL ES
{, ZOHRE, M, Z2owTik Fig. 21 LU0 227, O, T2\t Fig. 23 L L1024 TRTED T
5H, KBCETZEENKELZBERTNL, 2O0RBOFMIPPHRAEILEL k> Twb.

RICEEBY OB OWTTH A, 4%, Boussinesq OYMREMAREICE 1T 5 AMEIILL
ZERBRAEERLC, BAWECI > CTEUIEABLEREL TH 5. kR EKROEROERITL -
THUBRT YT HOERRONTHRRICERT 24, BBOEHBIL > TELLRT ¥ Y TVEHOE
It &M+ %o Boussinesq ORI L N, RERHEHKORE T 2=0 L L, HHEKONE~E>T 2>0
EEY, BERP23WERMAIEA, EHORBEREATIE0E, %, %2z FROKMR

= P xz _ P x

T dzp  rd An(A+p) r(z+r) °’

P oy P ¥

VS Imp TP Az a)  TGEET) 7 s (1)
we PP PQt2p 1

dzy 18 dmp(Atp) r ’
r"=x”+y2+z2.

EBRTELbNDe 22T 4 11 Lamé 0EHTH 5o MEEOBEACEME LRSI R, 0=0" &
YU 90° 0FMERFICAICED, AFV L UMTYOEBLELLT, 0 & 0440 XU T &
r+dr CHEZ N BRNER 4S CHEANE M

M=4d.rdrd6-hcos(nt—k)
BMbbdET 2, 2228 REKROBE, b ZABOREE, n TEE, FIREBATHE, ZOLE, 0O
WAOHRICL 2EHE X VEKOBROFANCL REROBEE ORI L L TORARD T 2ty X
UEREBEHFROEBE ¢s, 05 1
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G .
os= __é:ng_ sin §-8-rdrd8-h cos (nt—Fk),
op= 2:: cos G+0+rdrd@.h cos (n[—k), ................................................... (2)
- & A+2p
™= G TmpGtm

ThEx2bhb. 22T gRENMEE, CRIFINERETES. 2) XNEeW|ST 570, KiEddnid
BEUHAFLREFOFLICE ., BRETEOL I ABHIIHEI LT

@ BASRERLELTHUAE 5° EXHTHET S

b BUHELD 2km PRI 200m TLORLAEE S

© WMAMALY 2kmH5 5km 2T 50m TEORLMAEL S

@ BAEIYS5kmpb 20km T 1km ZEORLHEE D

© BRALY 20km 95 65km 2T Skm TEDORLMAEE 5o
WEAFLHOETI2FEE 5 km 0MIZL Y, —[EREELERELEH T EBTE

KIZ, TOWBARXTI2EMEERD D00, RFEREAEZEO “WHE OlEHL, BHEKEEPOHE
T5UMEFORBFLEFL, ZoM, LU O, DRELEADLHFHERS X URBEKEH .
ZThoi Fig. 25 X026 IGRLTH Bo ZOEWERS L CRBBRIZL 245 T, RO L5 T4H
LIt OMBATRENA—ETH 5 EREL TR EL T ko 1co HEOHERE, BONT gps/Gmd
IV goe/6md LY QR LTBME~Y bk, BT 2km PP, Skm D, 20km DIRE & 8
65 km PIPITIRE L2410\ T Fig. 27 6 30 TR Lo ThboRIHE, ATERLEL 1960 48 A
1 H 00 85 00 5346 O FHRBEVEALTH 20 M, KON TOR (Figs. 27,28) ¥ RTAH 31T, K
W, BEE, BEHOEMoFMRIELAE-HLTnIH, BREXKBOHNAE k>TnE, t &

l 38'N—f— ’ 35°N——

775

“s0m2

135’ S0 KM 13€E
Fig. 25 Co-range and co-tidal chart of M,. Numerals Fig. 26 Co-range and co-tidal chart of O,.
without parentheses are the amplitudes in cm Numerals without parentheses are
and those within parentheses lag angles in the amplitudes in ¢m and those
degree. within parentheses lag angles in

degree.
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Fig. 27 Tilting diagrams synthesized from

gps/omG and geg/dmG for M,
expected at Oura.

;: rggllc{m. Fig. 28 Tilting diagrams synthesized from gos/omG
: r<okm. ’
or 1 <20kem, and gy /dmG for M, expected at Akibasan.
d: r<65km.
N
N T100
100

7 =72

T\OO 100

Fig. 29 Tilting diagrams synthesized from gps/dmG
and gy /8mG for O, expected at Oura.
a: r<2km.
b: r<5km.
c: r<<20km.
d: r<65km.

Fig. 30 Tilting diagrams synthesized from

gvs/dmG and gog/dmG for O;
expected at Akibasan.
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Fig. 31 Difference of tilting diagrams of M, at Fig. 32 Difference of tilting diagrams of O, at

Akibasan. and Oura. Akibasan and Oura.

solid line (a-0): difference diagram solid line (a-0): difference diagram (Aki-
(Akibasan-Oura) basan-Oura)

dashed line (a): tilting diagram at Aki- dashed line (a): tilting diagram at Aki-
basan basan.

dotted line (0): tilting diagram at Oura. dotted line (0): tilting diagram at Oura.
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MBABREVEREL, EROBROXRPMEESTITE22L) 2 BZOHERICE>TwBEREL LN
Vo RLFIOFET, Rk MO TRDIHEESBITAMLEERLTED, CORCOLTRE
FTHEdZW O LEEZ LN S,

2/ E LTI, Boussinesg DRXDERITDONTTH B0 MBI LEREEHEEETE N & & FEBIT
BPZVMBRELEIATH S TMBEANRKLAEHEICThE > THROP D> T B BRITHELT
FY, BRRHEOBERBEOFRELER L L) 2ARD 5720 (1) ROBRNT2OBHEP L b K4
BNICBHTHELEN) EREBLTR, ZOEHICAKNRAROTHES L EELbN L, BEEKOBHT
WEBABFEEREEZLENDP LV HITOWT, BEMETHE 60km LLEOEBBREIZEB L Chinwidh &
b, 2 hiC Fig. 21 & 27 o RA E it L, BN nc@yERIZE (L% 65 km LN OMEKFERE L
2UF, 0=1.03, G=6.67x10"%c.g.s, g=980 cm/sec? L LT, 2 & p2HLvERELTCIhERELT
Hbo My IZonTik

BIELOMEHEIRIE 0.024” go/Gmd 1% 230

K 0.015 290,
O, EownTh
KIENOBEEHEIRIR 0.0077 go/Gmd & 90
| 0. 005 120
Thrhb,
BELOBA

M, iz LT A=p=2.7x10'"c.g.s

o, =3.9x 101,
KidoE&

M, LT A=p=6.6x10"

o, =9.0x 101

EhBo Hb 4, p OEBKENRBERTRKEOHH2HERIARZVEVI HFITE 24, TOLFEHR 65 km
LEOBRYZBIIANTIBOARIVIZELENWTEA) LHEBREIN: BRIBMITEL T, WTEIZD
Roht, BEHERISHTERET AL, Fig. 27 5501 29 2 2BLTHETE 5L 51T, 4R
KBOBWED, LV KREL AR LRMHBCE BN, FOBARELITL L, Lichio THEITHEL B
EROBHETNEELDLDLERD B

BWIRR, HEELFIEDORP I e LBSOBRE, ERIECHHHESLD > BHT LT nEND
H5D0TRECHEV) HTH Do 5T, ERTOWRO LV, RIB, MHOELHFICGHEBRIREL
HHET 5720, Fig. 25 2 L U8 26 (R L RREIH, SMEROF&RH, ML E~OBFEORNAS,
BENEENE EOBE, B ThE, PEVHEHIBRHLATNEERLRZ0ERBWI LHIRTD 5o
L L ath, U Boussinesq ORXFHWT, FlAEHRE, OBEHEHOME LT, A=p=5x10"" %
BELT, F2OKBEKENZITIEMLEMOELSLLORDLELEREHE LTH 5 E, KiEBH
Fodbiiz, KEUZRFBELELENWES 2T, KBEMLRT 10° Oodh 23 -C, EHE10m o
LZAHbTHNEM 1500m iThto T, 7 1000m & Z A5 THhiE 15000 m o E T OHEH
Zhh2EREDEETIHEILE . WRRINDEVEEFROEBIITL > THRENETIEEEL,
TOXSRKENBMT, BRELVBEILIERETELONEWOT, Boussinesq ORXGEATE S L
HEFTIWRY PN TRE, ZOoEREM®S LRIUABIBEZWIOLERTEL ).

BB, HNMER L L5 2BEMTARICE 2HEY, BRI VEVCKBIRIIRELBEDDILTHS
DTRENPENS HTH D, BEOEIAIZNEH L TEBRHIZEET 2R A V. Kl & HKEILID
M, & O DbHVERTABI, WENFIZHT2EROHE, M, O, #£IZFHELWEERL TS L
BB EHEOEOEEE L OBBRIE M, OBAITENT O, OBARREVOEBNABLALNE LI TH S,
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F R HEOEHN Fig. 31 2L U032 ITRLEEY, BLEALR—FALHNTWE I &b, M,, O, o
Lk, AL LS % mechanism [TX > THEUTWEL LW EHEEIN, ThbOEEREIC, PR
FRECLAEBETHDETIEAGFRIZELRNT LS CAZI LN, Z0B4, BEETKATRESE
OEPLIMEICEELTL AR50 ANk . 2FHENOES L9 1, HBEHEY1 7 H%H
EELI030T, e, KBOUBLTWE vy 7 s, KEBUOMELTWE 70y 7 HRE2-> Tk
D, TOBIERLIBOREBRGET L E VoL EFARELONENI LRV, M, & O ITHT5
KB EKENOEOEP~7 b APIBEALEENTHLE, o, BEMWHELOIALL M, &
O, DHEHOEHOF DL BNIRES, WEOFRABENCIAETnE sl bbb, ZPRITA
RITLwES I Bbh s,

Z oM, KEBRFRIBICGEAOIE L TERL Y 2EZ D ECUBEILEELTHE Lo KRB0 LT,
Boussinesq DML EH L2 LICL 2BV A EOTRELBRIA TN S, :

4. H & M =

Vb, Kifid & CRENSLBENT TR S N o BV BRBE L iFEB ORBROWTETOER
PRALD, TOEE, WEARCEAUI N HPERAE0ZER, FEREEARE L COoMELEITH
% Boussinesq DERLOYFINIERLIBRAZ->TEDTHY, ZO0RDITHBYEL T, HEN
FOMROELTELZDI LD, BEHHORMEBELAALT, MBROEBROBEER LR E TS L)
AL AL IWHITEDONE NI EVHELDITE T ZOBERABAIRLS 30T H50EBEDETH
RETH LD, KBERPTIEEBTRELIEBETRENDLEWS WTEEENAEN XS THD. % T,
Boussinesq ORXOBRIEOTHFIL OV TIKEERMVBE> T bo 4%, BB LR, %/, HHEat
RX2BAERIEN LRI EML TV E L0,

BT CHAMRFHACHBTAANMMENEREBE LOWRZOHELICELOBELTRTS
RETH2 . IHELEPE LHA B TIDRYEFAEEPFEBMITE @LBH L T2 8 ERO
BT b WER/NEERC L Z27E v 75 o, B¥ERBRYRELERII—RBEZLVHEY L
BDTH5 . 2 HEFEIRTREZRBFER L >~ 4 — FACOM 230-60 (FREEHE 5 5030 JCO46) 12 » 7z,
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