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Abstract

In 1980 and 1981, nine lines of multi-channel seismic reflection survey were carried out by the
Hydrographic Department of Japan, in the Nankai, Suruga and Sagami Troughs bordering the northern
subducting margin of the Philippine Sea Plate. Data were obtained by R/V Kaiyo-Maru of the Japan
Petroleum Exploration Co., and processed in terms of the following methods; deconvolution, velocity
analysis, 24-fold stacking, time migration, and depth conversion. Subduction of oceanic crust of the
Philippine Sea Plate beneath the Japanese Islands is clearly recognized on the migrated depth sections.
The subducting oceanic crust is pursued for at least 30 km landward from the axis of the Nankai
Trough with the inclination of 3°-5! On the landward slope of the Nankai Trough, distinctly
imbricated sediment bodies with many thrust faults were found. In the Suruga Trough, the basement
forming the Izu Peninsula is traced beneath the Trough and western slope of it for about 8 km with

an inclination of 7°-237 In the Sagami Trough the basement forming the Izu Peninsula is recognized

% JEH Surveying Division * % HE¥WFPEZE Marine Research Laboratory
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beneath the Trough to the Misaki Knoll located on the eastern slope of the Trough, with an inclination
of about 10:

Key word: Multi-channel seismic reflection survey.
Nankai Trough; Suruga Trough; Sagami Trough; Subduction of the ocean crust.
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Figure 1 Bathymetric chart of the Nankai, Suruga and Sagami Troughs and multi-channel reflection
seismic survey lines. Contour interval 100m. DI: Daio Saki, HM: Hamamatsu, HT: Hatizyo
Sima, IC: Iro Canyon, IR: Iro Saki, IS: Izu Spur, 1Z: Izu Peninsula, KI: Kii Peninsula, KO:
Kozu Sima, KS: Kanesu-no-Se, KT:Kumano Trough, MI: Miura Peninsula, MK: Misaki
Knoll, MY: Miyake Sima, NI: Nii Sima, NT: Nankai Trough, OM: Omaezaki, OS: O Sima
0Z: Omaezaki Spur, SA: Sagami Trough, SB: Sikoku Basin, SI: Sizuoka, SO: Sionomisaki,
ST: Suruga Trough, TE: Tenryu Canyon, ZE: Zenisu, ZR: Zenisu Ridge.
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Figure 2 Flow chart of the seismic data processing.
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Figure 4 Line drawings of the migrated depth sections, Line A-I
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Figure 5 Reverse fault system in the Nankai Trough on enlarged migrated section along Line F.
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Figure 7 Trench margin model: facies patterns (Seely et al., 1974).
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Figure 9 Enlarged migrated depth section of the landward slope foot along Line I (above),
and its line drawing (below).
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Figure 10 Simplified line drawing of the trough-fill layers in the Sagami Trough, along Line A

(above), and thickness distribution of trough-fill layers (below).
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Figure 11 Profiles of the eastern Nankai Trough. A: Longitudinal profile along the axis
of the Trough, C-1 show the cross points of the seismic lines, B: Cross sections
at every 10 km, dotted lines show the small channels in the Trough.
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Abstract

A remarkable coincidence between the geological structure of the Outer Ridge on the
seismic reflection sections and the structural high of the forearc modef (Seely and Dickinson
1977), may be recognized in the continental slope parallel to the Nankai and Suruga Trough off

the Tokai District, central Japan.
Major coincidences are as follows;

1. The Outer Ridge off the Kumano Trough is the uplift constructed by the landward understuffing
of subduction complex and a similar structure off the Ensyu Trough is taken to be a result of
the same movement.

2. The landward migration of sedimentary basins has occurred in the Kumano and Ensyu Troughs.

3. The uplift of the sub-Outer Ridge in the Ensyu Sedimentary Basin suggests a landward
migration of the Outer Ridge.

As a result, it is inferred that the southern part of the Suruga Trough and the Outer
Ridge elongated to Sagara, north of Omaezaki, Tokai District, were formed by the northward
moving and subduction of the Izu peninsula (Philippine Sea Plate) that have become active since
the late Miocene period.

Key Words: seismic reflection survey, accretionary prism, Plate Tectonics.
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Figure 1 Submarine topography off Tokai District and locations of seismic sections 1 Seno
umi Bank, 2 Kanesu-no-Se Bank, 3 Omaezaki Spur, 4 Omaezaki Bank, 5 Daiiti-Tenryu
Knoll, 6 Daini-Tenryu Knoll, 7 Senoumi Basin, 8 Kanesu-no-Se Trough (tentatively named),
9 Tenryu Canyon, K Kakegawa, O Omaezaki, S Sagara. Bathymetric contours are from
Hydrographic Department, M.S.A. Japan (1982a).
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Figure 2 Outer Ridge off Tokai District (Mogi 1975)

HEIH O Outer Ridge (3, REFPFHIRIEECEINARMEH (HFR) DB OSEEZERL Ty A BENLES Y
ThbH, BEIIH (1976, 1977) BHFRFEEHEP» LB IN (E~F) o k) 2 WEE £ L, Outer Ridge
AR PRI B - PO - S EEHLIE R R ECE ORI A R Th ), PETHP LI o SETRTE £ 18k
HTWB ELR, F72 Outer Ridge DREHE L 7 7MAHH (ridge and trough zone) DFEEIC DV T, FHHE=R
PR CHBE» SR E N T THFLORBIEL EoMEET 22 T2 EiEEL, SIIA (1976) 133
FERREELA EA - T v e LAATS L, 2 D ridge and trough zone HNERTE RIS TH B & L7z,

FIM(C-D)I4MELNIeNTF 5 A EFREART ChH S, Outer Ridge DR 7 7 HIBHEILAK
PIEM S A Bl BB & ST s, ARBITRS AR E LIBHORBICHL LT —HOR
REEATRL T2 282005, BREEDTIREIEF 779 5 HARA T2 MEHENEELETH),
BRMEIX7 4 VE 7L — P DRAAZRIZH ) (K (aceretionary prism) &% 2 5115 (EFFH3I41981),
%3 (A-B, C-D, E-F) ® P-P' KX P" {3 Outer Ridge DHERHE % 5 F— ridge # T, 2 ridge
LB 25 B2 TR L ik e R, REBICEHL N T 2 Outer Ridge HEPDRAE L 2
HHRIZ & - TR S T 2R E W,

DL n I e b, BEESLEED Outer Ridge (3MIMERNIMLAKIC S » THERINERETLRL 2
HTE D, EHHBENC £ - CHENEEF 7 o T ERENESY b, ERHoEE 22T WE ML T 5
(Ingle et al. 1975), F7-JHII» (1976, 1979) ot 2 &, REHMAIKEAD & Outer Ridge (22T THHEIT 2
EASERE THE SR, Bt TREFRSRZGUE &N, 2o bt LB =22 #¢ T2 (3
SHEE-F). b2 k5, Outer Ridge NIEE LI I EHHHE RO~ EEAL 2B WUROMAIKD
W L3R & Toate LI TE B, '



28 M. SAKURAIL T. SATO

Kumano Trough Outer hidge ( B 2
I ;: O Ol 9% 104m

]

3

3t

i

&

E

H

B
c D
a

] a

Seaward slope of Uuter Ridge

Nankai Trough

ONOJES

[ 50 km

Figure 3 Seismic sections across Kumano Trough, Outer Ridge and Nankai Trough
A-B: single channel section, C-D: multi-channel section,
E-F: interpreted section (Okuda et al. 1976) Locations are shown in Figure 1.

G H
Seaward slope of Daini~Tenryu Hnoll

Hankai Trough

Figure 4 Multi-channel seismic section across Outer Ridge and Nankai Trough

Location is shown in Figure 1.
Reflector in parallel with sea floor in left-hand is considered as basement of gas

hydrate layer.
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FANFAR R O Outer Ridge DS X FEEHFHIKIBAIS O L I KA T3 v, L L, Bl 72 78HE0
PIFF e ROV (B4R) (2L BE, T2 THEBSINRECEMCENT 2 H B AL, Bl
b7 7 RE S E ISR IEIC & » THREI LT B2 Ehmh b, BEIZH (1977) L 2 fmiks %
2T\ 5, BRI Outer Ridge H AER AR T L B UMEF O TH L2 Lo LA TLHEES L
L52ETHD,

- 3

Kanesu-no-Se Trough <anesu-no-Se Knoll o B

-

Figure 5 Multi-channel seismic section across Ensyu Trough, Daini-Tenryu Knoll, Kanesu-no-Se
Trough, Kanesuno-Se Bank and Nankai. Trough Location is shown in Figure 1.

FAINAHIRUER ) Outer Ridge & WPHICHEMI T 2 =)L FF v > 2L (B5E) 2L HMENMLALD 5
RN EEEFET S ZolEY»A 5415, Pl Outer Ridge & 3415 &M/ SO HEMIA R IZ 1L
& _LWiE % 1 ) HERG oBEgEst A s, 2 OB o &3l SFERERI (3 EEE R =R - BRI Ao
R E TR & RS 2 R G OBEMER#o b b 2 &, F72, B Outer Ridge # T 5 F
2 KA Lo R 2N b B 20 72 R RO S SRR 2 - TESHT 2 RKETE O b1, £l
W OFMARBREI D BEROBBVRLNDI LB ETHS,

%5 R oA, R EH OB L 7 7 MSHICE, B 7 7 FloME OB Ml R oE LB
EEL T 5 (LR KB R OCHERA1982, #E LARZTKIEEE1982b, MBEIZA°1983), ZHUIHE
PEEBDORAAAIH ) DRBEOBEREES2 T T L DL %2 L, Outer Ridge X BT 5 HEIHEM HFHR
BROEEFIEZRICIIFEEEREBENRNIALRL A IMEDI L AL HRL T b #ES LS,

BUATIRREI (15 13 Outer Ridge #° X D %585 - HIB O MBEL & 2 A ThH D, BRI BT 871
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DR BULHBREFOHE I N TS 25 THBH (11968), Outer Ridge HHMIITEBICH ST
LHRBEHOEME (FRIIZH»1976, HHEIIA1976 - 1977, KEFIH1977) £FHH NI L €, %0+ E1E

R OCHEBISEEOMMEIALL Z EATCE 5, BICEA L 7 7 HEOEH (M LRITKEEHEE1980) < HATE
RS EORRKD &, ERTHEAESY Outer Ridge N ESHT TH 2 WHEMEL W,

3. HEAMDEE

Outer Ridge MEEMIIC (I AEFHA IR, AINARIBEZL A AARL TOB(E1H). Zh s DRRIERIE L
FREZRRCBENANMERE L > T b (HMIZA1976, BEIZA1976 - 1977, AFHIAP1977). 20 bk
T ARG SRR S BRI % 213 & KTEFES A RE R ~FSB) L T 2 005 b 4L (BLEIEA°1976-1979),

Outer Ridge N EFBOFLIC LERMMANBEIERH LD (Fil3r1976),

K L
— Jo e [ B

Daiiti~Tenryu Knoll : ¥ Daini-Tenryu Knoll{Outer Ridge)

PYN

QNODES NI EWIL THAVHL LVM OML

Figure 6 Seismic section across Ensyu Trough, Daiiti- and Daini-Tenryu Knoll (Daini-Tenryu Knoll
is referred to Outer Ridge)
Location is shown in Figure 1. The landward migration of the sedimentary basin (K1 to
K3) and the upwarping of the sub-Outer Ridge can be explained as the results of rising
and landward migration of the Outer Ridge. Reflector beneath the Daiiti-Tenryu Knoll
represented by slant in the interpretation diagram is considered as basement of gas hydrate
layer.

ZOHRER OB EMNARERE TLRONLZ L2990 » 2, EMERBERIIRFEBRS - & T ne
By e B 0 Eblo B2 - CB ), HEENOBENIS 1 KEIRLE .0 &3 2 8B O Outer
Ridge fll (#6X) (2R 5N 5. Outer Ridge 2T 28 2 KE B ENL v LIRS FEFHE =ZRENE
BOWHENHTER SN, £, Outer Ridge MICH 1 RE M EOMMEMEAZRE LT, HBEAHIIRERIC
By CHANLIzEALNS (BTR), $1 REEEEDOMBE TICA 5SS KL gas hydrate FOHEE &
HZ LNHANT, BRATIFHORL CH S, F1KEBLOMIMEIZ Outer Ridge NEEMBEN 2 REL T3
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I &) WHE B BENI F IS RINARER O EMICET 2B EOMA - #HIHBIC LS LN TS
(Tsuchi 1961, +1974), ZOHHOBIBHOHEE A IR - A B OMAABEO B Sk O 1
o TR E N, BEEROBET~OBEICH I RIENT EE» S~ D overlaph" R 615, F7z, HIGHHEE
BHOFEEEBIIIEFMEE LTI NEEBIBEOEY b4 » T d oot U, #ILUEIZHmEEHED Flysh # 2 5
LTvwa (£1974),

Figure 7 Landward migration of Outer Ridge and sedimentary basin, off Tokai District
A: continental shelf edge, B: bank and knoll, C: trough, 1-9: same as shown in Figure 1.

INHDZ ED 5, Outer Ridge 2EIFHEMIEIGEL T2 —7, 2 0BER CIEIARRBE B M E TRA
TWZ Emir 5 (B TR, 24, ZOMBOHABROBEEMNOESEN I THRMNEEIsa 6T
(11974), ZAUZIENIBEMER TS 2 CIZHBRBICHREL 21 RERELEUEREBRE L -2 E 9
Aih, HERREHOFEH) & & L2 Outer Ridge DEMBEIZZ 2 CTLE -2 L 2TBL T3 (BTH),

4, Quter Ridge MF:EBIZ

Outer Ridge O 3 L LHAREIC e » 7o bIT Tld vy, #R 2R 2T, ®IMAKEZLIE D Outer Ridge
NEEBREZF LD TAEBLERD L G2 D) (BE1FER).

PEHEE, HEBHOMEBE O T Outer Ridge 7' f&de ERAT 288 % 55, BRI HEMAREBE S
TRLL 72, Z OfHIRIEEI BB B B O HERE & & 20 Y, Outer Ridge @ HFTEH & M TIEA - 72,
Z & & D Outer Ridge BT LA B LY L ELEEROHFmMAERL Tl

HMI B EHERE (S Outer Ridge MFEAZICHF » CHEIE OB BN DR ANICHE ) | Z o IE EHEMFHK
HERNE 1 REIRLRCHRIRIC BV L Wl S Aot - 72, # L BHFEES) (3 Outer Ridge MEEMIIC
Y, EEMARREE RS S U CRMNAKER DR 2 (- 2, SMALKEE O AR IRER L Y L
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E#F Y &4, Outer Ridge nHEAULALKE Y 1ME 2B L 2mEL T3

BRI 4 5 LT, AR RS ) (L1967, RIUIH1968, AR UTEAIIL
BeHF(301982), BRI L 27 ROEIHE b T 7436 T B I sub-Outer Ridge X0 [t DALY &2 F Y % thAid
HHEE -7 (BEIIN1979) SHES NS,

Table 1 Geological development of Outer Ridge off Tokai District

late liiocene : After the Sagara Group deposited, the Uuter
Ridge upheaved and the Uld #nsyu Trough

appeared between main land of Honsyu and

= * the Uuter Ridge.

Pliocene : After the Kakegawa Group buried the Old
Ensyu Trough--- Sedimentary Basin, the
% Outer Ridge upheaved again and resulted
4 in- the landward migration of the sedimentary
basin, | -
late Pliocene : The Outer Ridge upheaved moreover and sub
--Plistocene -Outer Ridge inside the Uuter Ridge was
also upheaved. Then, the 0ld Ensyu Trough

became narrower to form the Ensyu Trough.
-

% By the seaward of the Outer Ridge, another

sub-Outer Ridge rose along the Nankai

and Suruga Troughs.

5. EEGAE® Structural High

HiE - BT F 7 74T 5 Outer Ridge & URERF  BMAKIER DL, Seely:Dickinson (1977) % Seely
(1979) 7 ¥R L 72 iGN o) foreare model (%5 8 ) > Structural High % Uf Forearc Basin & O
WO DHBEE RO T L TE S, AFEDI LIAZIZ L % Outer Ridge OFE#E, Outer Ridge N
{fI12#2 - 72 sub-Outer Ridge MFEA, MRAIOBEMSEEIL X2 TN TH S, hARA TV 5 EFERIZERS
#1, Outer Ridge DIEREABIZATNKOI LRAZLZT THITE 5 b &5, 72, [ED#MEMHEE L
B > T W FOMBIL A 5H, KiEE L TAN & &, Outer Ridge | Structural High i2, f&
B o NIk Foreare Basin IS T A& - A5 2ACELTH S (HBIX),

kLT 7 BB b T 7 ER TR NERES 2 R FEEBENLAAA L LT BIMA RSN
2% 555 Outer Ridge DML F2hARALZEMNTZLNTHY, FIBA L 7 7EEIKRAARIZL - T
BRENLD Y #REL TS LIZEETH S, Outer Ridge UMM OALRIBE DILH~DEMIT, FE/ S
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—ndtit (B2 13 Kaizuka 1975) #9574 VX ili 7V — b A~ LR R ARAZHFL TV B LS ICH
z5%,

-«—— BACKARC FOREARC F
e 1 7]
9‘;. P !Shw- Trernch Al Ploin
Morphologic o+ et Rk e Fox O
Terminolagy ','f_'; e =R R R

Petrotectonic
Terminology

Country rock of older volcanics, thin shatiow-
marine to continental sediments, plutons, high
ternperature/low pressure metamorphics, older
continental crust, and/or previously accreted
subduction complex

Abyssal plain, trench, or slope sediments, and their
structured equivalents that together with dis-
membered ophiolites, low temperature/high
pressure metamorphics, etc. in thrust sheets,

isoclines, and melanges form subduction com-
plex

Forearc basin of deep-marine to nonmarine facies

1. Intra-massif basin 4. Constructed basin
2. Residual basin 5. Composite basin
3. Accretionary basin

Figure 8 Generalized forearc model for an instant of geologic time (Seely and Dickinson 1977)

CENTRAL JAPAN

Figure 9 Geological structure of Outer Ridge off Tokai District
1: Middle Pliocene {correlated to the Kakegawa Group) to Recent,
2: Pre-early Pliocene (correlated to lower than the Sagara Group).
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Both distributions are compiled from Iwabuchi et al. (1976), Okuda et al. (1976, 1977), and
Nagano et al. (1977). As the results of remarkable coincidences of geological structure, the
terminology shown can be given from the generalized forearc model of Seely and Dickinson
(1977). It is suggested that the southern part of the Suruga Trough and the Outer Ridge
elongated to Sagara, north of Omaezaki, were fromed by the northward moving and
subduction of the Izu Peninsula (Philippine Sea Plate) that have become active since late
Miocene.

6. LTV

BRI RBESTE O KHIE 2 HE L T 3 Outer Ridge D& 2L T 5720, WENFWIRANE # BT
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HiZh % FEFEL 72, Outer Ridge B UMK iEA DML Seely-Dickinson (1977) 297 L 22 G H1#3%:0 1) forearc
model #H D Structural High & (f Forearc Basin F U KB 6% > TWB I L EWLPIZ L, ZOHR
A b HHEI Outer Ridge 2B FOMBEE TEL TH Y, PHHERYBIE, FEESOALERT 1Y
YTV — b DRARARIC L - T b 7 7EEER I AL L 2R,

BRI Outer Ridge l3ikAAL 7 4 VB li7 Vv — o bfofEs LT, FEET2FE—IHEYE
S HROIWERE & L TR WS LED B S, Fiz, o7y — FHEBOESH ZH L2 I0T 22003
NH—2E LT, Bl BWh 7 7icd#ET 5 sub-Outer Ridge (ifill Outer Ridge) MDFE BN £ H 1T
BEW,
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& # X M

Ingle, J.C.Jr. 1975 . Summary of late Paleogene-Neogene insular stratigraphy, paleobathymetry, and
correlations, Philippine Sea and of Japan region, in Karig, D.E., Ingle, J.C. Jr. et al., Initial
Reports of the Deep Sea Drilling Project. U.S. Gou., 31, 837—855

B 1970 © KEREBOME - B, BN, BURAFHES, P 149154,

EMZI -k BE - KEES - BE 1976 0 7 a4 vt - = SRR, HEERE, 8, 8,45—-52,

i L ARZOFTOKBEER 1980 1 IR OMEOMARR, EESHEME, 63627,

B BRI KR ED  1982a ¢ HEECHUIEE, HhESA A, 101,000,000, No.6313.

i IRZEIT KA SR 1982b 1 BB b 7 7 HEER ORI B RS, BT AL, 28, 248249,

HE RGP K BAED - HUEFRAAT 1982 1 WM - BAW - AHELF T 7 e FF o o ROVESTEE HIRE, METH
L, 28, 239—247,

Kaizuka, S. 1975 : A Tectonic Model for the Morphology of Arc-Trench Systems, Especially for the
Echelon Ridges and Mid-Arc Faults, Jap. Geol. Geogr. 45, 9 —28,

EE % - EREEESL - RAE B 1983 D EiE - BB - FHEEL L T 7 e FF o v ROV ATIEE R, KIS
e, 18,

Keith A. Kvenvolden and Mark A. McMenamin 1980 : Hydrates of Natural Gas : A Review of Their
Geologic Occurence, U.S. Geological Survey Circular 825, 1 —11,

AR 1975 1 7 4 ) & iAo HEEE HUE — Outer Ridge 12 DWW T —, MR, 7, 8, 27-32,



OUTER RIDGE OFF TOKAI DISTRICT 35

EARIEK - BdF 121980 L FEEEFEROEGKEMIMEC OV, METMIFES > K7 LA, FHiaE
W E, RETHNE, MEYS, 117121,

KEFES - TWEE - B 1977 [ BUNEOWENE, KIS, 12, 133,

WM « b BE— - BFREN— 1968 [ BRUTEVEROBEME KL, WEFEEFRE 7+ v /&L 191
195.

BEEAX - HEET FARLE - ATHRE - FREFR - EBIEA - BEHE— 1976 : @igAkiEEs Lz ol
A o E, 8, 3, 48—56,

BWFEA 1977 | VM H A SME L RBEEER, MEMEER

HHEFEA - B - BAREW 1979 WEE A AVt E L oo &R, Al e, 44, 5,

47—58,
BEE 3. BEREESE 1980 D BB L 57 (FRRKEBE) oA FF v AARSETEIES, KREBFESE, 15
1-—21,

Bt B A ILHERT - SRAEE 1982 | AAEIRALMEO MR - WEIRE, RE0BEME L2, KRS,
PR LER2, 129151,

Seely, D.R., and W.R. Dickinson 1977 ! Structure and stratigraphy of forearc regions, in Geology of
continental margins, AAPG Continuing Education Course Note Ser. 5.

Seely, D.R. 1979 . The evolution of structural high bordering Major Forearc Basins, in Geological and
Geophysical Investigations of Continental Margins, AAPG Memoir 29,245—260,

Tsuchi, R. 1961 : On the late Neogene sediments and Molluses in the Tokai region, with notes on the
geologic history of the Pacific coast of southwest Japan, Jap. Jour. Geol, 32 (3.4), 437—456,

1 BE— 1967 [ BELoEE & HEME, 94, 5, 1, 80—84,

T FE— 1968 : BAMTELIRMLA S S 1A SRS —HEIS 2 0lic—, SBIUAHTR, 7, 4, 225234,

+  E— 1974 M OHE=R, HREOME, FHHE, 35—44,






KEEEREFEELS  F18EE AEMIS8F 3 A
REPORT OF HYDROGRAPHIC RESEARCHES No. 18, March, 1983

ME S ERR,SKDEAFERITKILD
HWREREECHTEE

R FEA ™ BUFPEE T -/ NEP SR e - TR KRB

GEOMAGNETIC ANOMALIES AND MAGNETIC STRUCTURES OF
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Abstract

An airborne magnetic surveys of total-force over Quaternary volcanoes, SAKURA-ZIMA;
Mt. USU; O-SIMA; MIYAKE-ZIMA; KOZU-SIMA had been conducted by the Hydrographic
Department of the Maritime Safety Agency, Japan (J.H.D.), as part of the Japan-U.S. Science
Cooperative Program and the Upper Mantle Project in the 1960s.

During the 11th Magnetic Survey of Japan for epoch 1980.0 performed by J.H.D, aero-
magnetic surveys of total-force and that of vector components on Mt.HUZI were also carried out
in Sept. 1979 and in Mar. 1980 respectively. Making use of these survey data, magnetic anomaly
maps on these volcanoes were compiled and some of them were analysed numerically by the
Talwani’s method to investigate their magnetic structure.

From a series of discussions in relation to the above procedures, the following conclusions

were obtained.

(1) Although the wvolcanoes, analysed here, seem to have uniform magnetizations in the
present direction in the first order approximation, detailed analyses indicate that many of the
volcanoes have non-uniform magnetic structures reflecting the history of thier activities, the
differences of chemical and mineral compositions, and inner thermal structures.

In the case of SAKURA-ZIMA, there seems to be an extent of basic rock below her
floor which suggests the volcanic activity prior to SAKURA-ZIMA formation.

Mt. USU and O-SIMA have a magnetic structure related to the caldera formation, and
as for Mt. HUZI, we may suppose a lineated magnetic structure, whose direction coincides

with the arrangement of the parasitic cones.

(2) The correlation between the intensities of magnetizations, which are obtained by model
analyses, and the weight percent of SiOj; was made apparent, though Mt HUZI  disagrees
with this trend to a certain degree. This disagreement may suggest the existence of low

magnetization in her inner part.
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(3) The magnetic anomaly fields and the magnetic structures of active volcanoes support
the usual thought that hydro-thermal process is the main factor which controls the inner thermal
structure of volcanoes.

In addition to this, we may suppose that underground water beneath the volcano plays
an important role for the cooling process of an active volcano.

Key words: Geomagnetism of volcano, Mt. HUZI, KOZU-SIMA, MIYAKE-ZIMA, NII-ZIMA,

0O-SIMA, SAKURA-ZIMA, Mt. USU.

1. &l

K, —RICBHE L A RE 2 Lod S v, THEENCHMERELE Y & LI KRNSO RS
RHETIAENLERO—2TH 2, EAETOKUDHBAREDOTRE &Y ENE, 1960ERWM E Clix

bk comBAMBREZMAEL, 22 KUERTOEESL WL BEERERKOETATHBEL 2L 05 %
W, L L, EBEOXIDBERREFOBEML 7N TR T 2 EXEEC, BEKEEH 5 KUENBD
& 2 HEE S ARSI, KILROHIZICRET 2 BREE 2 BRI RKO L LERS Y, ZOBATIEEL Okl
BLERI TR, 1960FERPITICAD E, 779 727 —FBENFOMAR 7o b 2 B OERLICH,
KINDREBHAMEPERS AL L2124, ZofE - HEoMEL F LIC—ESEONERENHLNS &
dlet otz X, BFHEBIERL CAIUNMBREEOBRIT-LEESNL L 1tk

Rikitake and Hagiwara (1965) [, AUZEREAMBRROBRO L HHWOHEMEICTE ) MR ER 2HEL,
KILDWFESRRHEL, 2T EA EHH~ICHHL 2 WA THBETE 2 2 E~Twa, X, Vacquier (1963) %°
Talwani (1965) (3 fEBIBROFHEMRIZ L 2HBARTE L RO EHELMEL 2, Bo ko EINEE
THUOERLES T, 20k, EL{DBILLXUOMEREFOFERICIEH LT &7 (Francheteau et al.,
1970 ; Harrison, 1971), AHOMEAUNZ 20T Ik 5 L&MW H%H & L T3, Vacquier and Uyeda
(1967), ZMRIEMI(1971), Kodama and Uyeda(1978), REHE—M(1982)°db 2, FN 512 LB &, K LOTER
HEEIE, Bl LT —IofiL T3 &2 51555, eIk - T, BB ofE - WENgo
BEGH - KIUOTBBREFERKML, TH—2BEXRTHLREZNTH L, KIDMBAERE DRI
KRNI E OHETE - KIUDZEEC & SICEEATHIC LEU 2L DT, 4%, BREISUEI 5%
Thd, Lirl, BENLAKUNHETHEENEA X 25 &, FROMERIH 2 LN KIEHEIFI L7 (, @5
BIRBROBBIZ L 8-> T, 20, KINKNOBEREE* ZORKEIC L - CERILT L 2HI L 85

L oo TSRS % HET 5 LESRR B,

KEEFRCI3, MBS BORBEMS» 5, KUNMBROEZERL T2 TE ), KEO—EIffE
T D (BIFROHI, 1966a, 1966b ; Utashiro et al., 1972), 4, BH L3, THLOWE L, 20
EMENLE UM R MERRE L v, ZRUOHBREFR 2 EmRL 72, 22— kliz 2w T
J[BEENDET NN LT, KRNI EEE 2 HEE L 72,

TRk - 72 ki, BXl - fFEARE - Z28 - 5B - 3 - BKE - ARV T I RUABRILTH S,
WA LT 7 & AR UCBREREOMERSNEIL, BREEGNFEO—EE L T1964% 7 A X 11 ]2 ki
B~y a7y —cBHL 7 b oA ClEL 2L T, MEFE - RS v TIZRET - kR (1966

* I8  Surveying Division #* % % S Administration Division
ok FIUVERKIEEREARE AKEE  Hydro. Div. of the 8th R.M.S. Hgs.
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a,1966b )M H D, FEKE - ZEE - HE - MRBOMEMANERE, 196288 D b4 % - 72 Bk
WERBAFERTE (UMP) o0—#h & L THEMI 72 b TH D (Utashira et al., 1972), #l & HEHI1A1HE &« R
Thb,

Bhlof =R, KBS LER KNSRI RTRE YS- 11T L > TIThiz L
DT, &G TE BRI LD 1979 9 i, ZHAREHLICHREIRALY L 73T R —DT7 Ty 7
24— b BB RS £ V1980 3 AICHIB L 2 b Th %, 4oh, 198048 3 A 3o OMB TR, R
BRARNIz, WAL VLF A A DT =5 DA & » TiTbiL, BIRIC 2 MEEDRENS TELh -7z,
IS, EHRAHEARERIE I~ 2 oA NOMERELZTA TV IAREYSH ), ZZLEEFEOLHBIF
LI YD, UEOHMEBAMNENHELE 1 RIRT,

Table 1 Summary of Air-borne magnetic surveys

Survey Flight Air

Volcanoes Component date height —craft Positioning Project
TOYA Caldera U.S.~Japan
& Total 14-16, Jul, 930m Heli Terrain cooperative science
Mt. USU force 1964 1460m  -copter picture
SAKURA Nov, 24
Z7IMA do. Dec. 1, 1964 1820 do. do. do.
0-SIMA do. Sept, 1964 910 do. do. Upper Mantle Project
N ARE do. Oct, 1967 1370 do. do. do.
NII-ZIMA
& do. QOct, 1967 610 do. do. do.
KOZU-SIMA
Mt. HUJI do. Sept, 1979 5690 YS-11  VLF Omega As a part of the 11th
magnetic survey of Japan
Carried out by M.S.A.
Mt. HUJI  Three-components  Mar, 1980 5920 do. do. do.

2. BRNLOHMBIEERS>HOBE L HEEE

A EFEOEHICH W B E®ES X LT, 1965, 04FI2HT % IGRF 1965 €TV fliz, HAFMLOFEH
ExMZzLoEBEWZ(RBIEA, 1980), %k, BHUic 2w CIZWBFFLEE L, 1080, 0 FoiRiZiE
i e U CRE NASA 2 55 S LTV 5 MGST 6/808 7L A L7z, Ko MR BRI, Kl
BERDICRET 2 HEH e BEOMIC, HOkn~HThmEENREKENOREFESEL T 2546555,
ZOBREERDEFIIHENNBE A RS SR, IGRFI1965E 7L B84 T, HREBISSA R — v 70
T, —100nT~—200nT 2L THY (FHE, 1976), MBABREHOBRICH - TEFnELEE L2, 3
512, KNG B SR EHEL Tl L Ty 284101, AUEREFORMBRERIC, 2L R
FEVELY), —REHLSEERT. FHTLInL ) BllE (o EET S,

n &% B

BB, BRBBLIMCHETIERINTIORANT 7RKUTH L, IBERA LT TI134H 54922,0004

§l, 7 2AHMEERL AR KBROKBEEENBIIGRICL>TTCELZIV—F— L= MALTFT

b3 (Gitr, 1979). MBI Z0ME%E, 45 5 4913,000F81 4 F - 22 JOGEEIC & ) RS L@kl
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T, RUFERAERLEOEE L AURBEYTHERE T3,

JIEOBILTRANC 2, #&H1,00me I ILE - P% - BED 3%2H 2HREFH T 0L OREEZTC
Hb, ARUBOKREIIIWEEKIC L2 L0593 LA LT, MAORMAWL L £y, Bl (1978) 13, X
WoaAralER 2B HEE-EERICH ), REHMADBEOMBE L DFETHELERL T3, B
T, 1946FDIBMKEADEL TH B, TOBLKAE L CMIBLBREMELZC)EL T, ME
B B2 ER S 172196447 12 L B KO (HE TOMXIEBHREE N T 3,
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Figure 1 Geomagnetic anomaly map of total-force over SAKURA-ZIMA, at altitude
1820m. Reference field is IGRF 1965 corrected by secular change around
Japan. Contour interval is 50 nT. Solid line means positive value and

dotted line negative one.

MBEHONBAERE GB1R) 242 %, HEOIHERNAIZERT 5 L% L 51 545000T (2 RIED
BEHH, WEHEMICHEETE 5, BKEOWN, BEMECEAOERE R BREENI L6, ZOMTICE
BB DV T h BB KRR S L T b, IR ULT 2 odb~ LB MR L 84000 T 123
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THENRFEHARSILEA, T TE ZWBEL MBI RS v, 272, MEMIZEAI AT
e hH Y, FOFEMELRELLLL LEMBALB LT KL T2 Ed b, ANT 7EBICEE
LT REEERERKICLS0DTHS Y,

(2) AF/HAALFSRUBEL

A NVT 73 EHHEN OS2 S H 1T HRTFEIC, BaRokaBmBcE i MotV ELL7v—5
— L2 BANT T T, WHBEHMEADICALNS S BRI LA R L B REEmC &
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Figure 2a Geomagnetic anomaly map of total force over TOYA caldera and Mt. USU
at altitude 980m. Reference field is IGRF 1965 corrected by secular change
around Japan. Contour interval is 100 nT. Solid line means positive value
and dotted line negative one.

F2XalINESEBMOMBRERH T, ThIZIIUL AT 7HhLEOBE LI ZR F—430T &
+110T OWEA AL LS, HWERREF KL L TR EFH > Twi0ld, ZOMEOgnbHEARRIC
&0 —100~—150T DA TAE L DIk, RY, ZOMFENL N KEVWHEBENBEL LT TV LHT
KA, ZOWRMENT, BEMBY 4kmo REQFREIL, PE XU HHEBED DS WRINERKEDEL »
LI E LT Bd 2 b, EBXKUNRELEZ DL, TOREURCHEET ZHEEERCLZ L0



42 Y. UEDA, T. TOZAKI, K. ONODERA, T. KANEKO, S. OSHIMA

B SN D (BRI - R, 19662 ). AN BESIREBICELEEEe S enEBIZ L Lnn, $5
VIR SICHERE L o KB EREIC L 2 LI OWTRERDO LI NDL L2 ATH D, ZOMEEH LT
FTHEFRBENREL L2 b>TEY), ZORBEPIIN T IIRETIIEENH I ERINLO>DOH D
(B, 1969 ; FEH, 1982).

A OWEIch DERINI AR LT 7 0BKE Y AT 7 BRI EHIHOE KEENIC & > TTE 2kl
T, FOFRHPIHFEMICE S 315 (0ba, 1966). BIMEEPALARLRE~Y Y 3 »HORETH
FHEANBIEREEAOBBEN T, ZoFEHIC L) FHRIUMABLSERS N, ZOEHES S S 2, 0004 ~
2,500 Bz # AT IR EE ) KREAKEABREYIREL, TORORKIERFRRE L U CEHILE
e LT b, FERILOEE450m T I (3 EENL. Skmo) FHRE A& L 547, I OMBZIZEBETE
LA T IE8rnZnBOKUPEHMIC L VBRI N L0 EHREI NG, KEABRRZIIFRLAKRIEY
T, ZOMICHT v <wdBEREL bO~EELL Toote, B2HOEHE45H HH3650FE BRI T -
RRACEE e /e BRI T, BT TIC/AVER - KRERk - BRETLFIC RSN BENTHEE R L,
72, 19TTH D & TOFIT U TR R Tl I THER e B L RSN T - R T s e,

BHINOWMBEREEIL+870~—4700T, HEH 3mTH A K- nBORE Z7T, ERFEORKMEMED

TOYAKO
o P g
. .
Unit:al e
Contour intervat:100nT . 120 ) \

Height : 160 m ) <

+

141°00°

Figure 2b Geomagnetic anomaly map of total-force over TOYA caldera and Mt.

USU at altitude 1460m.
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Figure 3 Geomagnetic anomaly map of total-force over O-SIMA island at altitude
910m. Reference field is IGRF 1965 corrected by secular change around
Japan. Contour interval is 100 nT.Solid line means positive value and

dotted line negative one.
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Figure 4 Geomagnetic anomaly map of total-force over MIYAKE-ZIMA island at
altitude 1370m. Reference field is IGRF 1965 corrected by secular change
around Japan. Contour interval is 100 nT. Solid line means positive value

and dotted line negative.one.
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Figure 5 Geomagnetic anomaly map of total-force over NII-ZIMA island at altitude
610m. Reference field is IGRF 1965 corrected by secular change around
Japan. Contour interval is 50 nT. Solid line means positive value and

dotted line negative one.
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Figure 6 Geomagnetic anomaly map of total-force over KOZU-SIMA island at altitude
610m. Reference field is IGRF 1965 correted by secular change around

Japan. Contour interval is 50 nT. Solid line means positive value and
dotted line negative one.
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HUZI :

Unit: nt
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Contour )
interval :sonm
Height : 5690 m

Figure 7a’ Geomagnetic anomaly map of total-force over Mt. HUZI at altitude 5690m.

Reference field is MGST 6/80. Contour interval is 100 nT. Solid line
means positive value and dotted line negative one.
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7b: X-component
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(eastward positive). (downward positive).

Figure 7(b, ¢, d) Geomagnetic anomaly maps of vector components over

Mt. HUZI at altitude 5920m. Solid line means positive

value and dotted line negative one. Unit in 100 nT.
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Figure 8 Conception diagram for magnetic anomaly analysis

A ! Observed anomaly field by volcano which has a non-
uniform magnetization, could be expressed by the summation
of two bodies as shown in right hand.

B : Calculated anomaly field by uniform magnetization model.

C : Residual field of A-B could be assumed to be the field
originated from the body magnetized in reverse direction.
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Y~ TR T E w%élﬂwfm,Mz@¥8ﬂAmivtkamMﬁummwafw% )
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SOL I uHLH TERESTRD S ZDEH) CEE FHETE S,

R T, H—FWET L TEHSHEBTE LRI DWW, b fE Tt S 1L 2 Ik —H s N
WHRES 2 BRENCIRET 200, KUKYEEOTTFTLZHEL, BATT I L 5B L — 55T 722,
(2) BBOMTIEE
FATICH W RBONBET LRSS A 4S9 a (R, X, BITHRELE2HRICT EHl.

Table 2 Results of calculation on SAKURA ZIMA

Model description Magnetization vector
Model Base & Top Flight level Decli Incli SDa Intensity SDa  G-ratio
(m) (m) (°) (°) (¢) A/m A/m
1 —100 1000 1820 present direction 3.3 39 02 192
2 -100 1000 do. —37.6 64.7 15 4.6 0.2 3.76
3 -100 1000 do. present direction 1.6 4.3 0.1 3.85
reverse cone 2.6 11.8 0.5

Notes: @ Standard deviation of magnetization vector (Franchteau et al., 1970)
1 A/m= 102%emu/cc 1 nT=105Gauss
: Present direction; decli = —5.6°, incli= 47.2°

EoEHNTTIL, TFL2IIMEBSEIEH—HHEL TW D EE 2P T, 7N VIR 2HRED
BB (BB=5.4"w, RA=44.5") CEELALSE, T 2HHmHmL RN LSaTh s,

EFNQ DERIC L D L BMEOEMF IR AENEE M L HANKRECERL THE, ok ) LI
Vacquier and Uyeda (1967) O&RIZL A LNE, —F, MBHEEOBRYMILAFH F-H8IZIE Tanaka (1978)
1Dk B e, KEBENFNFBRE LR EONRESE HRIC—BL, 20MEL2~5A/ mThd, THZ L
A b, BTN NERTBEBOEHEFHATERT 20 INEP T —ZHHL T b eH L HiLd, 22
T, ZOBRKIZOWTHHT2RHOEF NI OBESHREERLZ (HIRb), i 2 b REN
MAREIL, KUARORE X L LI, IHFILEREZ S5 REROENER S ), BESAKICEBRED
BENFFPINTVBELRBRTEL, ZOENREWEHATILHNE IR c CABTRTTT L EMAmML 72,
COEFNIEE O mTIL, L2502 HMERY BV LT, W{OhORITHEN D B WEH
Fr L GEUTERLNREALLOTHS, ZOTTUEHOLBISREHEIRETAZIE, XZDLE
DBRESHEEZHE IR ICTT,

IORE, BMEBORETIEMASERE AT 5 2 & CHEDNERES HIICEHL 22T A TRE SN E
M TE, GELEBREIC AL L(ETLIERTAINNE), ET L IDREFHRICIESETALNL
BHEOBERMNIL, FRCKR- THEBLHEBMEZ AOBEBRIRALNLIZFOREN b 72, FCEE
REROMAREOBEBILAERENLHI ENTO LT, BBUROBRREY L) EHICL -
LOTHD, ZOBOBRENFEKE, WHHEEFSBBEOLHEEL K- Thdl2hEEL L5,
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130'35° N L N 130%0’ 13051 130’
317 31’ 3 31

310" 3t
130 1308’ 313" 310
© 130" 1304

9a ! Dotted lines are contour lines of topographic model, 9b: Residual field calculated on topographic model

unit in meter above sea level. Track lines used (model 1 in table 2). Contour interval is 100 nT.
in calculation are indicated by solid lines. Solid lines mean positive value and broken lines
negative.
13023 . | | 130% 13057 1304’
3t 314 317 3t

ats’ 313 31507 310
1303 ! T T 1300 130 130
9c : Revised model , unit in meter above sea level. 9d . Residual field calculated on revised model(model
Dotted line indicate the reverse cone below the 3 in table 2), Contour interval is 100 nT.

floor of SAKURA-ZIMA.

Figure 9 Geomagnetic model analysis on SAKURA-ZIMA
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Figure 10 Geomagnetic structure of SAKURA-ZIMA.
Cross-section A-B is correspond to those
in figure 9. Dotted line is residual on
topographic model(model 1 in table 2) and
solid line revised model (model 3 in table
2).

FUEE, SHEOBH»HHEEL KB L, ZOBRBELUEOMAEENME TH 5, ZOR» HIZBAEOR
BOTIL—HOMBKAEELH ), MELENERIZEN. - T, Z2OWD % B8 EEE- 7~/ ML
BHED O HEE I NG, ZONNEIERANLT JIBERO—FE LEZ LR TV A KRIETREAOMMEE L
—BL T ZnEhtoMELEEEI NS,

(2) FHRILOBMTHHE

BHRUNEEISOm & U0m DM ET — 21T 22T AEIERELPEIRICEF DL, 22T, 7011

Table 3 Results of calculation on USU

Model description Magnetization vector
Model Base & Top Flight level Decli Incli SDa® Intensity SDm® G-ratio
(m) (m) (°) (<) (¢} A/m A/m
1 0 700 980 —19 60.9 2.2 8.6 0.3 2.50
2 do. do. present direction 1.6 8.8 0.2 2.46
Caldera 200 700 do. present direction 12.7 31 0.7 2.83
3 Main cone 0 450 16 105 0.3
4 100 700 1460 present direction 2.5 8.7 0.4 2.70
5 0 700 do. present direction 2.2 7.2 0.3 3.60
6 0 700 do. -11.9 52.4 3.9 74 0.5 3.62
Caldera 200 700 present direction 20.4 3.2 1.1 3.77
7 Maincone 0 700 do. 2.9 8.3 0.4

Notes: @ Refer to Table 2 for explanation.
: Przsent direction; decil = —8.5°, incli =48.0°
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~3EEEIOMD, TTFNA~ETNTREEUOnCE TIRTERTH L, EEBOmOMET — 7213
ik B d, BEE460m OWET — ZITIF WA THOBEN L VB MBI NTw b EFL LN,
BB ETOMER (559 1, wH) T, FRUOWKEEMSIERI00m (i Th 2, FITE

14045 . 140sd 140 s 1404
a2 12y Ery a2

47| prevg 427 4Zn
14g’ T Ta0ai 1406 T 1407
11a : Dotted lines are contour lines of topo- 11b : Residual field calculated on topographic
graphic model, unit in meters above model(model 2 in table 3). Contour
sea level. Track lines used in calcu- interval is 100 nT. Solid lines mean
lation are indicated by solid lines. positive value and broken lines negative.
1o 1400 N 140'54’ 140'ss’ N 140's¢’
478 42's' 425

422" Py 42%" 4207
140’ i Ta0w 140°s8’ T 140w
11c : Revised model, unit in meter above sea 11d : Residual field calculated on revised
level. Dotted lines indicate the subsi- model(model 3 in table 3).
dence structure of caldera of explosion Contour interval is 200 nT.
type.

Figure 11 Geomagnetic model analysis on Mt. USU
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Figure 12 Geomagnetic structure of Mt. USU

Cross-section A-C is illustrated in
figure 11. Dotted line is residual
on topographic model(model 1 in
table 3)and solid line revised model

{model 3 in table 3).
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Table 4 Results of calculation on 0-SIMA

Model description Magnetization vector
Model Base & Top  Flight level Decli Incli SDa Intensity SDm  G-ratio
(m) (m) (°) (°) (¢) A/m A/m
1 —300 600 910 61.5 72.3 4.6 8.8 0.7 212
2 —300 600 do. present direction 4.2 9.3 0.7 2.01
O-sima —300 600 29.6 58.6 3.7 9.2 0.6 3.18
3 Caldera 50 350 do. —18.7 514 3.7 281 1.8
Pre-O-sima —500 0 — 93 16.4 10.6 7.3 14
O-sima 2.8 9.6 0.5
4 Caldera do. do. present direction 2.7 299 1.4 2.59
Pre-O-sima 25.3 2.5 1.1

Notes: Refer to Table 2 for explanation.
: Present direction; decli = —5.6°, incli =47.2°
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Figure 14(a,b) Geomagnetic structure of O-SIMA island
14a: Cross-section A-B and C-D are illustrated in figure 13.

Dotted line is residual on topographic model(model 2 in
table 4) and solid line on revised model(model 4 in table

4).
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Table 5 Results of calculation on MIYAKE-ZIMA

Model description Magnetization vector
Model Base & Top  Flight level Decli Incli SDa® Intensity SDm® G-ratio
(m) (m) (°) (°) (°) A/m  A/m
1 —300 800 1370 present direction 2.2 8.6 0.3 3.65
2 —300 800 do. —7.2 52.4 2.3 8.5 0.3 3.66

Notes: @ Refer to Table 2 for explanation.
: Present direction; decli= —5.6°, incli = 46.3°

FHECL, KEO0mETE EAFCEMLAGBIBRA), X, ZOLEOBTHEREE5 RIIRT.
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Eo, 2L 2O AORENT KRS MHHFET 52 L FH&RDH LMD,

13924 L . 1395y 139'3¢ . . 1397ss"
g 34%’ 344 3478

34’ 34’0’ 34 00 340"
1392 ) i 1305 13970 i 1393y
15a ; Dotted lines are contour lines of topographic 15b : Residual field calculated on topographic
model, unit in meter above sea level. model(model 1 in table 5). Contour
Track lines used in calculation are indicated interval is 100 nT. Solid lines mean

by solid lines. positive value and dotted line negative.

Figure 15(a,b) Geomagnetic analysis on MIYAKE-ZIMA island
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Table 6 Results of calculation on HUZI and ASITAKA

Model description Magnetization vector
Model Base & Top  Flight level Decli Incli SDa Intensity SDm  G-ratio
(m) (m) (°) (°) (¢) A/m A/m
1  Huzi 500 3700 5690 18.0 317 2.9 8.3 0.4 2.30
Asitaka 100 1500 51.7 —21.1 23.6 4.9 2.0
2 Huzi 100 3700 do. 13.7 34.2 3.0 7.3 0.4 2.38
Asitaka 100 1500 16.9 —16.5 16.6 7.3 2.1
3 Huzi 0 3700 do. 12.6 34.8 3.0 7.2 0.4 2.33
Asitaka 100 1500 12.0 —26.9 179 6.8 2.2
4  Huzi —100 3700 do. 11.6 35.2 31 7.0 0.4 2.29
Asitaka 100 1500 7.4 —28.1 171 7.3 2.2
5 Huzi 100 3700 do. present direction 24 6.5 0.3 1.97
Asitaka 100 1500 112.9 0.8 1.7

Notes: Refer to Table 2 for explahation.
: Present direction; decli = —6.1°, incli = 48.0°
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16a : Dotted lines are contour lines of topographic model, 16b : Residual field calculated on topographic model
unit in meter above sea level. Track lines used in (model 5 in table 6). Contour interval is 100 rl.
calculation are indicated by solid lines. Solid lines mean positive value and dotted line
negative.

Figure 16 Geomagnetic analysis on Mt. HUZI
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Figure 17 Relation between magnetization intensities and weight persent
of SiOz
S,SAKURA-ZIMA ; U,Mt. USU ; 0,0-SIMA ; M,MIYAKE-ZIMA ;
H,Mt. HUZI ; N,NII-ZIMA ; K,KOZU-SIMA.
M agnetization intensities of NII-ZIMA and KOZU-SIMA are refered
to Kodama, K. and Uyeda, S. (1979). The sioz weight persent of
Mt. USU are reported by Oba,Y.(1966), and the others were listed

in “Catalogue of the active volcanoes of the world, part XI(1962).
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Abstract

For the purpose of enhancing the accuracy of tidal prediction, a review of the tidal
harmonic constants and an examination of the number of constituents to be used for the prediction
were studied by using the long-term observation data obtained at Kasima, Hirosima, Sibaura and
Muroran. The results obtained are summarized as follows:

The constituents of the short-period group can be satisfactorily determined to a certain
degree even if they are computed from the data obtained from a one-year observation.

However, taking into account such factors as synodic periods among different constituents,
the existence of constituents corresponding to meteorological variations, etc., it is considered
that tidal constituents should be determined from such data that make up the mean of those for
several years, Since the amplitudes of the constituents of the long-period group (Mm, Mf, MSf,
Sa and Ssa) can be recognized as a composite of the constituents of astronomical tides and
meteorological tides, they should necessarily be computed from the data obtained by longer period
observations. These values are also obtainable from the values of daily mean sea levels for
a long period.

As for the number of constituents to be used for prediction, the accuracy in prediction
stated in the Tide Tables would be retained even by those 38 constituents presently employed.
However, these 38 constituents do not always correspond to the order of amplitudes of necessary
constituents at individual places while local peculiarities may be seen in such an order. It
also seems that accuracy in prediction tends to be raised approximately in proportion to the sum
of amplitudes of constituents used.

Taking the case of Sibaura for example, the following differences were found as compared
to the actual observation data:

In the case of using 38 constituents, the departure of tidal height is 6.9 cm on average with
a standard deviation of 9.6 cm; the departure of tidal hour is 7.2 minutes on average with a

standard deviation of 16.6 minutes. In the case of using 110 constituents, the departure of

*
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tidal height is 5.9 cm on average with a standard deviation of 8.7 cm; the departure of tidal
hour is —0.9 minute on average with a standard deviation of 13.7 minutes.
In conclusion, it can be said that the larger the number of constituents used, the higher
the accuracy obtained in tidal prediction.
Key words: Least square method 110 harmonic constituents.
Accuracy of tidal predictions.

Departure of tidal heights.
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t=n1 (S(UH‘O’J’)}/Z (i:j)
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Table 1. Tidal harmonic constants

PLACE KASIMA
POSITION 35055135y,
1600470500,

DURATION SAn, 2 1976 - | aam, 6 1977 - | saN, 11 1978 - AN, 2 1976 -
JAM. 4 1977 JAHs 9 1978 1AW 14 1979 MEAN JAN.14 1979
CONSTITUENTS] Reca) K(DEG.) | H(CM)Y X(DEG,)| HCCM) K(DEG,) [ H(C™) K(DEG.) H{CRY  K(DEG,)
sS4 10.93 189,93 | 13,08 185.69 9.36 197.85 [19.08 190.49 11,08 190,40
SSA 1.36 238,94 1.75 281,11 2.99 333,07 1452 291.94 1.52 291,08
HH 0.75 127.70 0,78 234.37 1.03 159,59 0,66 170,37 061 168,34
HSF 1.3 103,34 1.57  235.17 T0et 323,94 0,26 266.4% D27 263,20
L1 1.02  129.3¢ 2,20 145.06 0.83 15.60 Ne94 126,00 101 123,51
201 0,40 14R, 42 0,43 139,16 0.63 153,87 0.48  14R.05 Nek9  14R.45
$16°Y 0.51 148,2¢ 0,62 154448 0.4R 127.28 1,53 S4bods 053 145,64
o1 3.82 tu4t.99 3.82 143,72 3.92 142,85 3485 142.8% 3.R7 142,58
aKo? 0.68 157,94 0.91 143,89 0,82 138,78 G.RO 146010 0eB1 147415
01 19.06 153,17 | 19,27 15424 | 19,18 153.84 [19.16 153,74 19,35 153,54
MPY 0.31 184,20 0.26 170.t5 0.38 156,43 Ge31 169426 Ne31 171,00
1 0.93 167,86 0.82 140,21 0,88 152,68 0.87 1s0.40 0:71 166,11
(238 0.28 157.70 0.26 129.74 0,28 171,54 0.26 153,69 0.29 156,58
28] 0.55 170,67 0.59 156.70 0,46 156,33 .53 140.79 .56 141,14
P1 7.73 171,17 7.90 171.7¢ 7.80 170,12 7481 179,01 7,81 171,05
1 0.52 310,20 0.24 337.50 0,64 339,04 0.39  326.24 0.39  327.41
3 23.87 173,56 | 23,93 174,23 | 23.89 173.33 {2%.90 173,70 24402 173,88
Pstt 0.07 17.7% 0.42 9041 .34 71.60 .26 77438 .25 76461
PHLY 0.38 111,34 0.23 13R.89 0,49 114460 0.36 119438 037 119,53
THED 0.27 199,5¢ 0,2% 172,74 0.35 208,12 0,27 195.95 n.28 191,38
a3 1,19 184,89 1,20 198,58 1017 193,44 1.18 192,32 1.18 192,80
so01 0,23 257.9R 0.12 329.03 0.4 269,34 Q.14 277413 0.15 276,96
on1 0,74 216,23 0.68 210,54 0.73 205.51 071 210.79 0.75 210.8R
002 0,06 295.77 0,14 185,56 0.15 136,77 0DR 171,03 0.07 158,92
MH§2 0,24 127,05 0.10 140,47 0,17 140,52 017 134437 018 134,03
2u2 0.56 144.78 0.45 145.71 040 141,23 0447 144,07 0267 143,50
M2 0.66 1319.5¢ 0.66 146.41 0.65 139,27 N.66 141,08 Qb6 141,09
nz2 4,21 120,54 4,00 120027 3,96 119,43 4,05 120,10 4,05 120,13
w2 0.87 112.23 0.97 112,76 0.90 117.44 0.90 114,35 Na92  ¥13.77
opP2 0.18 15.72 0,38 335.70 0.10 255.59 0.18 337,55 0.%7  337.55
H2 30.53 126,03 30,62 127.57 30.89 127.18 30,68 126,93 3063 126.96
KK s 2 0,16 273.16 0,52 274.24 0.05 324.37 0,24 277.10 0.23 275,29
Lan2 0.36 117,60 0.37 164,79 0,331 139,42 0.34 134.264 Ne3t 136,58
12 1.26 140,84 1,18 139,19 1.9 335,80 1.21  138.64 113 136,46
T2 n.93 140,45 0,77 156.55 0,98 158,91 .88 151.8¢ 0.88 151,09
$2 144045 1594564 1 14,33 140,87 § 16,41 159,81 | 14440 140,08 1439 160,04
R2 0.15 57,44 0,38 2.73 0.11 85,73 Q.18 28.5n 018 29.R4
K2 3.86 153,60 3.76 154,87 4.06 153,564 3.89 153498 3,93 154426
HSNZ 0.09 18,89 0.n7 10,87 0.06 327.27 0,07 2.77 0,07 6,59
K42 0.2R 355,88 0,29 325.R0 0.26 339.93 0.27 340436 0427 340,24
2sM2 n.09 62411 0.13 35.0% Q.09 33,94 0.1n (2449 0.10 t,nz
03 0.23 319.82 0.21 336,45 0,25 259,68 09419 304.07 N.19 304,40
M3 0.54 115.54 0.53 11R.86 0.55 114,21 0.56 116418 0.54 116,07
503 0.03 56,23 0,11 123,50 0.05 11,49 0,04 A7.36 n.N& 85,67
HK3 0.04 31,76 0.16  AR.03% 0.05 187,70 0:06 93,30 0.06 91,91
5Kk3 0.28 71.80 0,34 46,20 0.27 60,45 0,30 §6.22 N30 A6.27
HHg 0.06 354,55 0,08 332,43 0,08 361,12 0.07 341,61 0,07 343,35
L 0,15 99.1s 0.26 4%.10 0.1 85,47 0.19 79414 0.19 79,58
0 0.0 150,37 0.2 79.9. 0,06 173,50 .02 147,02 0.02 157,49
n56 0.98 237,90 0,07 14.67 n.08  229.3% .04 25634 0.04 253,84
MX 4 0,01 239.20 0.32 ?29.0% 2.06 175,14 0.04 110.2% 0,04 110.0a
sS4 0.14 185.R8 0,08 176.23 0,09 190,90 Netn 184,85 n.t0 185,25
§¥4 0.06 B9.46 0,07 78.38 n.06 111,75 8.06 RBLRQ 006 RR.26
2MNS 0.03 201,14 0.n2 250,64 0.0%  tR4,74 0,02 21439 0.02 212,74
He A.02  3In6.24 0.04 277.69 0,03 339.84 .03 298,10 0.03 298,06
NS 0,01 221,55 0.0 35.22 0,02 2n6.07 0.01  209.19 n.01 203,47
M58 0.06 61,647 0,01 143.03 .03 29,53 0.0% 5731 n.n3 59.19
P14 0.02 83.78 0,02 322.35 0,07 197,88 D01 27%.7% NeQ1 269,37
25u8 0.03 97.52 0.02 184.67 0,02 155,65 0,02 1319.%7 n.0z 142,00
HSKS 0.02  40.17 0.03 306.66 0.0 232,25 0,01 324484 n.N1 320,43
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MEITHETH B (Fl21F, Se#IcEIL T T2, Re, KeZill) LISAOIRIE, BAL LI EAEEDLLE
v, Lo L, BERMSMEAEORE BAELICEHL TS, ZhREZORRE2» 5595 L) ICF 20K
SRENTEHFIRMEINTELNEELLNDE, ZOHREOPWTUIRET S, i, 3»FE0FHFNERK
& 3D EEEEEIC £ ARAER & OB TIE, FERIE, BA L LILZIT-BT A ERIELN TS
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Table 2. Tidal harmonic constants obtained from data in 1974

PLACE HIROSIMA STBAURA HURQORAN pLACE HIROSIMA SIDAGRA MURORAN
POSITION 34°20057"0, 3503HT tUN, 450200 32"N.IpOSITION 34°20857"N, 3593RT 1NN, 4502003274,
13228418 E, 139°45125%¢. 1400571250, 1320 2R11RE, 139945125 E, 1400570250,
CONSTITUENTS H(CM) K(DEG.) | H{LM} X(DFG.)| H{CM) K(DEG,JCONSTITHENTRH(LHM) X(DFG,) ROCHY X(DEG ) Hicm) K(DEG,)
17,09 142,12 | 10.51 147.6% 463 143,75 "3 0.59 356.33 1.28 158,99 N.76 104447
554 2.93 268441 1423 250,94 4,25 262.03 503 0.09 212,94 n.2n 271,50 0,06 354470
HH De24  114.36 De93  46.14 0.RS  164.35 #x3 .17 15R.17 0,43 312,06 0,06 333,39
HSF 090 645 1081 ¢1.23 0.67 46,61 2Ma3 0:06 163,60 0,013 326,42 n.ns 297,72
uE 1.37 322,88 2.12  24.7n 2,28 130,75 sK3 0.24 206,94 n,50  75.15 0,29 70420
201 0.79 175.25 N465  138.71 N.66 131452 2MNS4 0.13  137.70 nett 136,27 n.06 27485
S161 1,09 221.0¢ 0.80 157.85 D80 17B.23 K4 0,18 136,77 n,35 126,30 n,14 6478
a w37 183,34 3.86 150,82 4,06 139,66 3u54 0,09 110,91 0,20 233.10 a,01  7R.38
7HOY 1,03 180.47 0.92 139.10 0.90  141.29 I 0,72 3%.e2 0,20 29,53 0,10 307.%5
o1 22,72 194,08 19482 140.90 19415 148,69 MV4 0,09 84,83 0.1% 19,53 0,06 313,02
CL3} 1.57  2R6.63 0422 184.41 0.3t 216,82 2M5K4 N.15 288,80 0.7% 257,82 0,09 158,86
"1 0e66 200,04 N+72 178,87 0,79 158,64 He 1,95 7.7 n.92 200,78 0.4 100,53
CHI 0440 177.73 0+24 221,70 0,22 179.70 SH4 0,27 35.4D N9 247,15 N.04 139,41
pIt 0.66 221.37 febd 148.0R M.3R 124,01 IuNG 0423 224,89 0,26 14,54 n.ne 321,23
rt 9.34 215,72 8:21 173,60 7,62 161,30 ML 1.82 75,66 N,17 265,76 0,36 247,66
s1 1,07 101,63 0+91  48.30 0,53 315.56 "4 0465 66,59 n.36 311,81 0,06 275491
X1 31,26 217,30 | 25+27 179.56 | 23.70  145.43 2HsHG 0.13 330,79 N,15 358,53 N,08 138,14
PSLY 0465 237.27 0e50 197,83 0,16 279,22 St 0,26 116.75 0,42 299,22 N72  1Rk.G4
PHIY 0,40 183.12 Dokt 141,75 0.22 171,05 5K 0.10 160,27 0,30 265,53 n.10  7R,98
THE1 0.07 201.61 0422 214,20 0.28 177,67 3MKS 1.9 28,28 0,17 79,53 A1 238415
i1 1455 244,80 te26 194,59 §.21 172,00 us 0.64  169.03 n,05 195,91 0,19 2.12
ekl 264,56 0.96 197,21 H§OS 1.20 56,82 N,16 128,12 0,13 306412
Na78 212,67 D.72 191.05 3M05 1067 59,67 0,17 136,18 0,15 276,67
0409 3.2% 0,06 203.72 HSKS neB7 101,93 .08 195,54 0,03 164R, 21
0.18  245.99 0,06 946,42 2(HHISE |D,30 256,36 0,03 79,94 0,10 74464
0.07 264.68 0,12 252.80 IMNSH NS5 252,91 n.N3 221,76 Nott 42445
0:30  $6.23 0.15 110,13 LMKE .5t 221.79 004 182,60 N,78 190.99
0,51 173.02 0.20 137.66 M54 N.94 262,62 0,03 219,38 .12 297.76
Na27  20R.45 0.0 109,90 2MSHKS {0,910 316,18 .02 257,41 0,30 232.56
1:07 158.02 n.26  91.74 2mH6 1,53 139,05 0,06 R7.57 2,21 133,67
1452 1720.13 0.59 122,63 2MV6 0.55 105,50 N3 111,20 0,56 156,77
0.05 2n9.29 0,12 99.28 HSKE 0.30  321.04 nN.Ns 219,99 N,47 334.78
.18 47,2 0.5  15.73 L) 3,23 148,25 0,08 108,87 3.55 197,09
7463 150,49 454 R6.37 MSH6 0.84 182,41 N,02 530,18 n,e5 177.08
1.55 151,20 0,90 R6.35 LHNs f.71 300,01 N.01 241,55 0.73 42449
0?3 33,69 G.14 160.73 2Msé 4e26 182,72 a,13 151,57 3.50  252.59
1423 103.73 N3t 266,68 MK b 130 183,06 n,06 127,70 0.A2 290.08
4880 153,94 33.92 104,69 3MSHE 0491 5.85 N.00 327,95 0,52 AR, 20
1017 R9.11 0.37  234.52 HELA 0423 207.14 0,04 224,07 0,79 193,14
0.78  272.65 N.0A  244.38 2516 1,06 237,97 0,02 181,98 0.27 241,64
0486 148,23 0.34 106,25 n§K6 0.75 218,05 0,06 183,17 0,12 51.84
1469 170.31 0.95 137.32 2(MH)8 10,09 14,63 0,08 224,86 n.ns 267.23
0.65  238.4% n.04 8,61 3HNB Ne18 330,40 0,01 297,45 N.04 285.37
1063 156.1¢ 1.08 14R.O3 ng 0.t9  12.27 n.02 103,62 n,03 158,24
24207 183,30 | 15,78 143,13 2M5N8 0.22 33,78 n,07 34,52 0.01 266,78
053y 6042 0.11 162.1R 3mSR n.37 46,14 m,01 98,52 n,09 302,43
4045 179,42 4.28 135.98 3MKR 0,17 102,84 a,05 95,64 0.n1 334,59
9,05  50.5? 0.07 54,43 HSHKS 1,06 185,15 0,0t 92,69 n.o& 42,38
0432 262.91 0.0% 254.56 2(Ms)R  |0.20  ot,5n 0,0t 215,10 n.o7 351,26
Nebs 3.69 0.21  322.R4 2msxg 0.12 141,60 0,02 97,69 0,06 8,60
Ne11 323,47 0.03  59.06 4510 0.8 27,88 01 187,67 0.03 250.R8
2,02 299.14 .14 AGL01 3IM2510 10,33 73,30 0,02 204,30 0,03 352,67
0.08 290,94 0.1t 232.74 wshi2  lo.nt 298,70 n,nt 72,54 0,03 19,37
0.0 80.07 0,17 337.46 snsiz 0.08 206,49 0,01 9,77 0.02 4422
2mP3 0.17 21319 0.03  71.87 0.02 283.83 #2812 [o.10 263.92 0,01 238,93 0,01 147,14

B4, VT2~ 3L TORMRS £ FRILT2RIREE2T4 - T d, T, Bs#a ) 5 1/8,

1710, 1/12 BE#S0ERFBIIER LT L, INLFHMOR CEETNE LolE, Mea#nFEED)E
FhTMA2, MB:WSWITh D, £ TEAHIZ DV CKBEERATE 7255 B o BT B OV I AT OB ER
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e, RORECEW) - T MAR
Kif - B BEOZETH D, MOWORE, BANKEEZFNLGLHOEBD 3 PFIIOVWTHIBLH

B, BARISREND I PHOIRIBIZECINEHL T3,

BWRT 5,

Table 3 Amplitude and phase lag of MAz, MBz-constituents
at various places obtained from the data in 1974

CRUERUHEOULE) TH Y, MA:DATIIEL, MB:&A TIEEELR -

7 BRisElicowTid, RBEHSPNET

CONSTTTUENTS MA2 TR CONSTITUENTS WA2 MB2
PLACE HeCHy  K(pfG,) H(CM) K(DEG,) PLACE H{LM) K(DEG,) H(CM) K(DFG,)
MONBETU 0.67 202.98  0.46 143,29 KURE 0,94  143.8%  0.27 73430
URAKAWA 1.57 292,42 §.606 159,514 HIROSIMA n.92 §764497 0,51 109.60
MURORAN 0,31 266,68 n0.37 234,52 TOXUYAMA 1.19 201485 0,81 75.34
OMINATO 0.65 114,71 0.56 19.69 0174 n.,58  208.24 0,69 97,10
KAMATST 0.35 282,31 0.13 195,10 MOZ1 .13 258,71 0,65 297495
TiBA 1.30 92.61 1.22 90.05 HAKATA a.51 348,62 0,85 272,34
SIBAURA 1.23 103,73 1,17 89,11 SASERD n,66 170,24 1,26 196.69
YOKOHRAMA 1.08 97.68 1,08 94, b6tb OOOMART N.59 B4.23 1.21 34,68
YOKOSUKA .12 101.39 1,08 91,64 NISTNOOWOTE n.63 2:67 0,31 32.08
KOZU SIMA 0.85 30,21 n.77 9.36 NAZE N.76 311,12 1,50 306,33
MIYAKE SIMA 0.85 40.80 n.49 317.19 T17UHARA 0,70 63,59 1.14 250442
HATLIZYO SIMA 1,15 282,72 1.4 147.62 MATZURY .14 109.49  0.17 22,71
MINAMI=1ZU 0.72 S8.57  N.47 36,26 AWA SIMA n,63  331.23 0,72 102.77
Table 4 Amplitude and pl.lase lag of TR T YT T
MAZ, NIBZ"C()DStItUentS at DURATION JAN, 2 1976 « FoaN, 6 1977 ~ | JAM, 11 1978 «
JAN. 4 1977 JAMs 9 1978 JAN,14 1979
KASIMA CONSTTTUENTS [R(Cn) K(DEG,I| R(CHT K(DEG.I| HCCHY K{PEC.T
Ha2 | 0.40 358,69 | n,74 342.27 | 0,21 353,37
HR2 | 0431 64.38 | 0,51 48,45 0,25 165,59
NO, HIROS IMA S1BAURA MURCRAN 0.5)40.2 04 06 08 1.0 },2 14 16 1,8 20 22 24 26 28 3.0 3.2 3.4
[T a2 o unit:m
2 52 L3} e @ K
>
3 oK *52 O
4 201 e a0 ><-sz
5 N2 54 * Py
& e5A /-F‘l ><-SA
7oek2 ><--¢z e 02
8 ey K2 e 0 K2
g Qr Al 554
10 e 2WSe »\F o
H1oeL2 . VSF L -3
2 whg2 w2 .28
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Figure 1 The order of amplitude magnitude until 50 ranks and accumulative lines of amplitude

magnitude within 110-constituents
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B 1R 3AII BT 210ENIRIBARE WIEICS0EB £ T ) A b, ZORBEBENORER &k
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3. MEICREFTREOHE
(1) #ML & KEDMER
HESGL e BEHRIE 2 A CEIMIC T 2 REDBEIZ SV TR~z MMLcHT 5 RENHES 2
M EEBFRTIER L BN 5RO b A, KOMIE 4 L L 35 (F% 1975). 5, 555D dHN O
W 52305 F COEIE o BFHIE (y) (2

fH sin 120
YT i s 0/2 os {(Vot+u)+o(24d+11.5)—x}

22T, f (Votu), o H, X ZENFRRLEE, K518, AHE, RE, EHTHE, Z0R» LS
W fEEA15 (deg./hour) DEHEDOMAME L HT 2 500E, HVFHEIMIC S CHELZ T L WD, £
LA oS # TIRIBO KR 2 V28l b 5 BUIC B Enc 28445 2 2 (Hirosi Endo 1968), ZTomigie L
TiE, RIEDS5AT, Mz, O1, Ne D37z H2 Ui kv, ZHLBERAMSHNEELY lem& LT, HFY
WL T TREU AT AN E B ) THBH, 8- T, BHIC HFEEEA 2 W4 25 &£ EE 580 EN
N SEBaWOEEI XD EME ARSI RIERSFEIRBRE N LS, LT, U

Constituents Coefficient (cm) Period {day)
Mz 0.03516 14.77
O1 0.07537 7.10
Nz 0.05445 9.61

Tk~ L BN FEoIEA L2 Lo Th B,

B, WE(ZH), SN EBOITAED BIPEEEIL & BEHREIC L), Br K2 NEL R -CEYFE#
(y=ax+f8;x, y: JE, #7#E, o SERK) 2ROLHEIIKNDEBY THE, TOHRN L, —HC

« . Coefficient of Contribution
correlation ratio
Hirosima | —1.05 —0.02 0.80 0.64
Sibaura —1.04 —0.01 0.86 0.75
Muroran —1.09 —0.02 0.93 0.87

Whitd ki, AEATmb B CFE) THUSEIE S 1em TH (BR) T332 220905, [ERHIEL
72 B 2 AR (L) 34U, kTR Z 22 TE B,
= [—a{P—Po)
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%A IS B AOK IR (DL) EOMICISIEL Th b, &%k, SEME£ITI 208 ) MEOWEHDT
X345, FREALORS MIRFOREHIIR-> TS,

@) BESBE [REBENMIESSOEANSHORS

1 HAEf o BERERL, B RE R CRIEMIEMN bR/ BREEE AV T E R FMERE KD
o (FAIr 1967). TOEREBERIET, 2L, AENEAIIIREL THS.
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Figure 2-1 Curves of daily mean sea level, daily mean atmospheric pressure, etc.

. SIBAURA 1974
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Figure 2-2 Curves of daily mean sea level, daily mean atmospheric pressure, etc.
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Figure 2-3 Curves of daily mean sea level, daily mean atmospheric pressure, etc.
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T ERMOWT 5L, Mm, MSE, Mf DEFHEORIEL BFEHEMID &K & AU BIB & 31T FE OE 27
LILTWE, ZAOZEE, INLFEORREFAEERHIOLITERIN TS & 28R T3, FLEH
BB, Sa, SsaHWITH S, SaFlE—HOREWTH T, KD LBOEEEL, HwEoRIEL
LEBLNEENTHT, BERIR  HEPELT 2, Ssa PR KTHC LS B PREBEIC L > TEL
BLONKEGEELLNT S, L L, EdndEEh LBl RBOMELIC & 2K & §F
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Table 5 Harmonic constants of long-period constituents obtained
from (a) the heights of daily mean sea level
(b) the values of daily mean atmospheric pressure
(c) tidal heights reduced the effects of atmospheric
pressure
in 1974, and(d) harmonic constants of long-period constituents
adopted in Tide tables.

Hirosima Sibaura Muroran

H(cm)  X(deg) | H(cm) X(deg.) | H(cm) H(deg.)

Sa 17.25 141.91 ] 10.52 147.26 | 4.57 143.18

Ssa 2.95 268.87 1.25 246.03 ) 4.26 260.90

a Mm 0.29 131.94 0.88 46.69] 0.80 158.17
MSs 0.92 5..37 1.80 43.49] 0.66 47.38

Ms 1.35 320.40 2.19 21,441 2.34 331.59

Sa 8.56 107.19 4.93 102.50 | 3.25 100,54

Ssa 1.48 274 .82 2.04 259.301 1.33 260.57

b Mm 0.57 331.08 0.67 337.30] 0.49 275.44
MSs 0.93 4.59 1.18 51.941 1.23 86.37

Mt 1.49 333.61 1.93 354,544 2.18 10.36

Sa 11.32 167.44 7.83 173.60 | 3.10 188.46

Sea 1.50 263.05 0.87 98.571 2.92 260.25

c Mm 0.85 144 .84 0.90 90.88 | 1.11 134.94
MSs 0.02 147.76 0.60 33.531 0.84 296.77

Mzt 0.36 213.72 0.99 83.291 1.51 266.85

Sa 18.08 152.65{ 12.08 168.73 1 5.85 153.29

Ssa 1.00 336.86 1.80 198.99 | 2.88 271.44

d{ Mn 1.82 238.94 0.54 117.94 | 2.16 196.03
mf' 0.78 267.67 0.10 119.651 1.50 81.09

M+ 1.24 205.95 0.35 152,531 1.21 186.76

EE— BES TR o ANGEESZMICIESE, EMCAFmMoBRkE2L Tv a0, REMSEIC
K@iy & ARBEAPERENTVEZ Itk 2, 0L ) RERAMSMIIAR (L) oRBEIC L
DZEET 2 Z LRI NG,
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Figure 4 Seasonal change curves
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Figure 5 Variations of amplitude magnitude of Sa, MA2, MBz-constituents and monthly mean sea level
at Kasima.
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W) = et S —2ho Ry O Lot o st ol

W ETIIEIREBEA LR CHE TR v inT, SRERAKRCEED 2 2ol FTRIENE
ERI4F LI AN 4 AZ TORE TREH) EMO 3B 20T, Ko@) nHETHEL Tail,
i (BE— & T8RIE) oz
i, (SUEHIESI - & THiE) oz
ZIZTE ) REMEML L, AIROR[ESRE («) 2HCT, ZOHOEBHELHELLLNTHE, £
72, THEEICHWAWMER B L RN BoOMEIL, RostsY) Tthb,

R 55 RREM5E (Sa, Ssa)
KB 19641 Air b 1 a 19644F 7 £ 19804
196349 A b L AEE -
Zil SPEME 19604F 40 519804 | A FHEUKEE S & Keb - fE
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ZOREOEREH 6 FRIORT. KO LRI (BUE-THRE) oRZE2, TEICE (REMESL T8I
DRE, MERL IR DRZEOTHE (Mean), FiERE (S.D) RUHEAKRZ (Max. (I£), Min. (R)) %&b
LTwa,

Table 6 Departure of the heights and times of high and low water between
observation and prediction from Jan. to Apr. in 1974

Heights (cm) Times (min.)
. coefficient of . .
Mean { S.D. | Max. | Min. variation Mean | S.D. | Max. { Min.
o p 14.0] 9.3 62 | —10 4.65 —1.0] 9.0 41 | -31
}I{ ®lu7] 80 51 | —10 4.00 —1.0] 9.1 40 | —31
0lp 4.0 87| 63 | —9 4.35 ~1.41 83| 25 | —39
% 17| 7.3 s2 | -9 3.65 —1.4| 85| 25 | —39
Ml 1361 771 59 | —5 3.85 —0.71 681 25 | —28
AT o 64| 48 | —6 3.20 —0.8] 7.0 25 | —28
s|p 691 9.6 | 47 | —19 .00 —-7.2|16.6 | 80 | —67
Pl ] 42| 6.8 30 | —16 5.67 —7.4117.2 | 79 | —103
ﬁ b 6.9 94| 46 | —15 7.83 —75] 155 | 57 | —66
gl ™| 42| 66| 31 | —13 5.50 —7.7(16.1 | 57 | —87
i b 5.9 | 871 37 | —17 7.25 —0.9]13.7 | 65 | —65
Wlso| 6.3 28 | —16 5.95 —1.1] 14.2 65 | —65
il p 3.2 110.8 | 38 | —22 11.37 5.2137.1 ] 140 | —199
vl 1.1 7.9 36 | —22 8.32 7.5 35.4 | 147 | —131
g b 3.2 1107 | 36 | —21 11.26 46! 380 13 | —193
R 1| 77| 34 | 22 8.11 7.7 35.1 | 146 | —164
ﬁ b | 28102 | 35 | ez 10.74 0.8]35.9 | 135 | —180
"l os !l 774 35 | —19 8.11 3.1 32.3 | 135 | —122

S.D.: Standard Deviation

HAK BT R E TOBS % Zo EFiL, BA T Mz, Sz, K1, 01 O &0 IRIEFN I TITF L <, LB AR
() - M £1ED Zo 12 Z 1LE1200cm, 120em, 95em TH 5, Z{LHE & 14 S.D./Z0X100 (%) TRLINHE
HEd I TEIHENIETD Z) Z RS, IR I ORIENL P, Pso, Puo & bICHRYFRICH
STV BHERLTHEL TwA T b b, 2, SEEAMST I LI s THETOBEN LESHH D
T ELhhd, (REMIESE—FEME) ORZERELTEL TV EY, ZOREDVRERY LT, FHKEO
TE), BEHLEEHCTOEREEEOME, [JEUNORREVERESFIEL L5, SESBKE KB
BE L 72 & 5 1o S ELEIE & HAUK R F o fEIc SE L 2SS, B o 340K G T SE R o) FEIKRTE & 1974480
SEHKE & OB EEE - 11, 3cm, BURARCGEWH) ¢ +3.5em, W 0. 9mDERIH DI IS D,

EWE T, 54 R T A IRIES0 ~ 40em ) I EF A 4 ) OETHEL Ty B, F 6 RISEHMOTHR
EEBMER G Lo Ths, ZOBEEHRELC >0 TR OB 2ROTERISRY. 220, Bt
O RICEES M RKEET, 2N ENLNThHS,

ook i, SWEECEEALE T4 b b, NS NNW~W O T, A6 ~ Tm/sec HLETH B HE
MR 72 & X2, ok S A WREESHE L MK D, ToRHNMAZMTHL ZEn b, Lo -
Bdng U5 <, JOMEMBMES» THHAZEZAE(L TV LN EHES NG,
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Appendix Harmonic constituents, with arguments and speeds
Argument Angular speed per mean solar hour
Constituents
\% u f Expression Speed (deg./hour)
Sa 0 1 n 0.0410686
Ssa 2h 0 1 27 0.0821373
Mm S—p 0 Mm T w 0.5443747
MSf —M: —M: Me Sz—Mz 1.0158958
Mf 2s Mf Mf 2¢ 1.0980331
21 —4s+h+2p+270° O O 6+ 1—do +2w 12.8542862
251 —4s+ 3h+270° O 03} f+37—40 12.9271398
Q —3s+h+p+270° 01 O: g+ n—30+ @ 13.3986609
P —3s+3h—p+270° O1 O1 +37—30— 13.4715145
O1 —2s+h+270° O O1 6+ n—20 13.9430356
MP: Mz—P1 Mz Mz M2—P: 14.0251729
Mt —s+h+90° M Mi g+ n—o 14.4920521
X1 —s+3h—p+90° I 1 f+31—0—w 14.5695476
Ty —2h+192° 0 1 6—27+ @ 14.9178647
P —h+270° 0 1 o—n 14.9589314
St 180° 0 1 6 15.0000000
Ki h+90° K K 6+ 7 15.0410686
& 2h+168° 0 1 8+ 20— 15.0821353
#1 3h+90° 0 1 6+37n 15.1232059
61 s—h+p+90° J1 N1 0— N+ o+ w 15.5125897
I s+h—p+90° 1 J1 G+ n+o—a 15.5854433
SO1 - -1 O S2— 01 16.0569644
(0103} 2s+h+90° (01071 001 g+ n+20 16.1391017
2MN2S2 2Mz+ N2 3M: Mz 2M2+ N2— 252 26.4079379
3MSK: 3M:z— Ko 3Mz—Kz | M2’ XKz 3Mz—(S2+Kz) 26.8701753
3M2Sz 3Mz 3Mz M’ 3Mz—2S2 26.9523127
0Qz 01+ Q1 201 or* 01+ Qi 27.3416964
MNS:2 M2+ Nz 2M:z M2 Mz+ N2—S2 27.4238337
M5z Mz + V2 2M2 M’ Me+ 12 —Sa 27.4966873
2Nz —d4s+2h+2p Mz Me 200+ M) —do+z0 27.8953548
My —4s-+4h Mz M2 260—40 27.9682084
SNKz2 N2— Kz Ma2—K2 | M2XKe Sz+N2—Ke 28.3575922
NA: N2—Sa M Mz Nz—Sa 28.3986609
Nz —3s+2h+p Mz Mz 200+ 1) —30+w 28.4397295
v —3s+4h—p Mz Mz 20+47—-30— 28.5125831
OP:2 01+ P O O O1+P1 28.9019669
MA: M:z—Sa M2 Me Mz~ Sa 28.9430356




TIDAL CONSTITUENTS AND ACCURACY OF PREDICTION 79

Argument Angular speed per mean solar hour
Constituents
v u f Expression Speed (deg./hour)
Mz —2s+2h Mz Mz 208+ 1)—-20 28.9841042
MB:2 Mz+Sa Mz Mz M2+ Sa 29.0251728
MKSz Mz+Ke Mz+Kz | MzXKz M2+ Kz— Sz 29.0662415
Az —s+p+180° Me Mz 20— 0+ ® 29.4556253
L2 —s+2h—p+180° Le Le 206+ 7)—o0— @ 29.5284789
2SKe —Kz —Kz Kz 252~ Ko 29.9178627
Tz —h-+282° 0 1 26— 1+ @ 29.9589333
Se 0 0 1 26 30,0000000
Rz h+258° 0 1 26+ 11— o 30.0410667
Kz 2h Kz Kz 206+ 1) 30.0821373
MS ¥z Mz— vz 0 Mz’ Mz+S2— ¥2 30.4715211
MSN: Mz— N2 0 Me* M2+ S2— N2 30.5443747
KJz Ki+h Ki+ D | KiXJ: Ki+ 1 30.6265120
25Mz —M:z —M: M: 2S2— Mz 31.0158958
SKMz Kz— Mz Kz—Mz | KeX Mz Se+ Kz— Me 31.0980331
MQs Ma2+ Mz+ 01 | M2XO1 M2+ Q1 42.3827651
MOs Mz+01 Mz+Or | M2XOn Mz+O1 42.9271398
2MPs 2Mz— P1 2Me Mz’ 2Mz2—P1 43.0092770
Ms —3s+3h+180° +Mz | (M2)¥* 3(6+1)—30 43.4761563
SOs O1 O O Se+ 01 43.9430356
MK Mz+Ki Mz+Ki | MzxKi Mz+K1 44.0251729
2MQs IMz— Q1 2Mz2— 01 MZZXOI 2Mz— Q1 44.5695475
SKa Ki K1 Ki Se+Ki 45.0410686
2MNS4 2Mz2+ N2 3Mz Mz3 2Mz+ Nz2— S2 56.4079380
3MK4 3Mz—Ke 3Mz—Kz | M2’ XKz 3Mz— Kz 56.8701754
3MSs 3Mz 3Me M2’ 3Mz— Sz 56.9523127
MN4 M+ N2 2Ma Mz’ Mz+ Nz 57.4238337
My Me+ Ve 2M:2 M2’ Mz+ vz 57.4966873
2MSK4 2Mz— Ko OMz—Kz | M*XKz | 2Mz+S2—Ke 57.8860711
Ma Mez+ M 2Me M’ Mz+ Mz 57.9682084
SN Nz Mz Mz Sz+ N 58.4397295
3MN4 3Mz— N2z 2Ma M 3Mz— Nz 58.5125831
MS4 Me Ma Me Maz+ Se 58.9841042
MK+ Mz+Kaz Me+Kz | MzXKe Mz+Kz 59.0662415
2MSN4 2Mz— N2 Me M: 2Mz+S2— Nz 59.5284789
Sy 0 0 1 Se+ Sz 60.0000000
SKa Kz Kz Kz Se+Ka 60.0821373
3MKs 3Mz2—Ki 3M:z2—Ki MzaXKl 3Mz2—K1 71.9112441
Ms +(5Mz) $M: | M +(5Mz) 72.4602605
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Argument Angular speed per mean solar hour
Constituents
Y u f Expression Speed (deg/hour)
MSOs M2+ O M2+0:1 | M2XO1 Ma+Sz+ O 72.9271398
3MOs 3Mz2—On IMz—01 | M2° X O1 3Mz2—0O1 73.0092771
MSKs M2+ K1 M2+ K1 | M2XK: Mz+ S2+Ki 74.0251728
2(MN)Ss 2Mz+ 2Nz 4Mz2 M:* 2Mz+ 2N2— Sz 84.8476674
3MNSs 3Mz+ N2 AM2 M 3Mz+ N2— Sz 85.3920422
4MKs 4Mz2—Kz AM2—Kz | M2 X Ko 4M2—Ka 85.8542795
4MSs Mz AMz Me* 4M2— Sz 85.9364168
2MSNKs 2M2+ N2— Kz 3Mz—Kz | M2*X Kz | 2Ma+Sa+ Na—Koz " 86.3258006
2MNs 2Mz+ Nz 3Mz Me® 2Mz2+ Nz 86.4079380
2Mvs IMa+ vz 3M: M2’ 2Mz+ vz 86.4807915
3MSKs 3Mz—Kz 3Mz2—Kz Mz’ X Kz 3Mea+S2— Kz 86.8701754
Ms 3Mz 3M:z M’ 3Me2 86.9523127
MSNs Mz+ Nz 2M2 M’ Mz+S2+ N2 87.4238337
4MNGs 4M2— Nz 3M: Mz’ 4Mz— Nz 87.4966873
2MSe 2M:2 2Mz2 M22 2Maz+ Sz 87.9682084
2MKs 2Mz+ Kz 2Mz+ Kz | ML* X Ko M2+ Kz 88.0503457
3MSNs 3M2— N2 2M: M* 3Mz+S2— Nz 88.5125832
MKLs Mz+Kz+ L2 Mz+Kz+Lz | M2aXK2XLe Mz+ K+ L2 88.5047204
25Ms Mz Mz Mz 252+ Mz 88.9841042
MSKs M2+ Kz M2+ Kz | M2XKe Mz+Sz2+ Kz 89.0662415
2(MN)s 2M2-+ 2Nz 4M:2 Mz 2Mz+ 2Nz 114.8476674
3MNs 3Mz+ Ne 4 Mz Mz4 3Mz+ N2 115.3920422
Ms AMz 4Mz M* Mz 115.9364169
2MSNs 2Mz+ N2 3Mz Mz3 2Mz+ S2+ N2 116.4079380
3MSs 3Mz 3M2 M’ 3Mz+ Sz 116.9523127
3MKs 3Mz2+ K2 3Mz+ Kz | Mz* X Kz 3Mz2+Kz 117.0344499
MSNKs Mz+ N2+ Ko 2Maz+ Kz | M XKz | M2+ Sz+ N2+ Kz 117.5059710
2(MS)s 2M: 2M: Mz’ 2Ma+ 252 117.9682084
2MSKs 2Mz2+ K2 2Mz+ Kz | M2 XKz 2Mz2+ S2+ Ko 118.0503457
4MS10 4M2 4Mea M2 4M2+ Se 145.9364168
3M2S10 3M: 3Mz2 Mz 3Mz+2S2 146.9523127
4MSN12 4M2-+ N2 5M2 M 4Mz+Sz2+ Nz 174.3761463
5MSi2 5Mz 5Mz M2 5Mz+S2 174.9205210
4M2S12 4Ma2 4 M2 Mz AMz2+ 232 175.9364168
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TIDAL CONSTITUENTS AND ACCURACY OF PREDICTION

2) s, hy p N
KIEDFELE L © s =277:025+129:38481(Y —1900) +13717640( D+ 1)
KGN FEHHAE : h=280190— 0:23872(Y—1900) +0298565(D + )

KIEDFEHE DT | p =334:385+ 40°66249(Y —1900) +0711140(D + 1)

KD AL HENFEEHE | N=259157 — 19°32818(Y —1900) —0205295(D +/)

3) f,u

22T, YIIEEBE
DEYSEN1AL1H,LOEBEE
{24(Y —1901) D E50ER 5y,

Coefficients for each items Coefficients for each
combining “f” items combining “u”
1 cos N | cos 2N | cos 3N | sin N sin 2N sin 3N
Mm 1.0000 | —0.1300 0.0013 0.0000 0.00 0.00 0.00
Mt 1.0429 0.4135 1 —0.0040 0.0000) —23.74 2.68 —0.38
O 1.0089 0.1871 | —0.0147 0.0014 10.80 —1.34 0.19
K1 1.0060 0.1150 | —0.0088 0.0006 —8.86 0.68 —0.07
J1 1.0129 0.1676 | —0.0170 0.0016 | —12.94 1.34 —0.19
001 1.1027 0.6504 0.0317 | —0.0014 | —36.68 4.02 —0.57
M 1.0004 | —0.0373 0.0002 0.0000 —-2.14 0.00 0.00
Kz 1.0241 0.2863 0.0083 | —0.0015| —17.74 0.68 —0.04
L, f cos u=1-0.2505cos 2 p— 0.1102 cos(2 p— N) — 0.0156 cos(2 p—2N) — 0.0370cos N
fsinu= —0.2505sin2p— 0.1102sin(2p— N) — 0.0156 sin(2 p— 2N) — 0.0370sin N
M) fcosu=2cosP + 0.4cos(p—N)
fsinu=sinp +0.2sin(p —N)
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Abstract

“Abiki” is the local name of the large seiche in the north west coast of Kyusyu. In 1979,
March 31, “Abiki” occurred in the port of Nagasaki and its water height become above 2.8m in the
innermost part of the port. At the same time, an atmospheric pressure disturbance travelling to the
east through the Goto-Nada, was observed and its amplitude was about 6 mb. Akamatu and Okada
(1980) inferred that the progressive water wave amplified in the East China Sea by the resonance in
relation to this travelling pressure disturbance, came into the port of Nagasaki and caused the “Abiki”.
Hibiya and Kajiura (1982) succeeded in the numerical simulation of the “Abiki” caused by atmospheric
disturbance and the results were in close agreement with the real water height records. They
indicate that three essential processes are necessary for the occurrence of “Abiki”. The first is
the resonance explained above. The second is the refraction and reflection of the incident water wave
by topographic effects in the Goto-Nada.  The third is the amplification by the harbor resonance and
shallow water effects of the port of Nagasaki.

In this paper, using an almost similar numerical model, their experiment is followed up and
the results are confirmed. From our results, it is indicated that the second process is most important.
The incident water wave into Goto-Nada generates the local oscillation systems by reflection and
refraction, and causes the seiches in the adjoining bay or port. Particularly, the short period
oscillation which exists in the triangle of the Nisisonogi peninsula and Nomosaki off Nagasaki, is
most important for the development of “Abiki”.

Key words: Abiki (seiche), Numerical simulation, Travelling atmospheric disturbance, Harbor

resonance, Local oscillation system.
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HIT Db (HEENEIMI60), TR - Bl - Zi#lh 2olicBn T, BEFIm2BL5Z0Lb5, C
L ORHRBIC DV T, BREXCORBRAL OB LIMEI ATV 2 (REBERRE, 1978) 5, T
nyiEgomE ity BHRBZN L0, FHEOBRFRS L L CEESN, WA 0EENRNF LB
BT B(REHIS, 1962). Lo L, ZHBHRBIOZFNLX—OfERIMTH 20, X0k ) wilkE i
THRENDZDh, FRWETI20h, FLITRBHL IS,

T T ¥ T LN B | T
NAGASAKI

L 31 MARCH
L 1979 |
L

7 8 9 10 1t 12 13 % 15 6 17 18 19 20 2
[ SIS DN BV D | Ll 1 T B | Lol

Figure 1 Tide gauge record in the port Nagasaki.

From Akamatsu(1980).

19794 3 A31H, EMETESE2.8mICLRLERY THUs, »bLe (B1H), 2o ThAUrE, ol
130~ 405 BET, KO, LA E TAFFHRTELT 5. 20k, FHAN L #HIYN, s EieE

NAGASAKI

,,,,,

O = N Wa W O~
e B e e

ATMOSPHERIC PRESSURE DISTURBANCE

s 10 it 12 1‘3 14
79 /3 7 31
Figure 2(a) Atmospheric pressure disturbance in Mesima(% &),
Fukue(#&il), and Nagasaki(&") fromAkamatsu
(1980).
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100km/h

O = N Wwahd O

Figure 2(b) Translation from time to
space by assumption of

plane wave.

BEICZE T B3 X RELWEN TR, 20 THYE | LoV THERCHAEZEEICBERECRSE 2 HME L v
5 (FREEOCTE, 1980), B BAORBORRETFRTH -2z brdrbs T, e L RBCRE - 8L - ZH®
FRBEUNSIC BV THmb nEEMAEES»BMS e (B2, 3R). ZOREEEHLEY L EAEHRL,
ZNHKRE L, WET5.9mb, $HITTC3.6mb, BFT2.8mbEEETHE, ZOHALN A /=X ARHEBEL
FidlE- &) Lavy, RRARUEBIC L5 2, PEXE, SRICECZEEKRANFERIIUNEH B LTR
CEIILY, BRTEARIART I L0 E - THERBISIN TS5 LY, ELT, #isld, ZoREE
ZED ThUE, OREERTH D LRELI,

YELLOW SEA

3 o ()
43500

CHINA

e

(8 27 8B
EAST CHINA SEA

Figure 3(a) First stage, East China: 12'x12’ (18.6x22.2km) mesh.
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Figure 3(b) Second stage, Goto-Nada ; 4x4km mesh.

Figure 3 Simulation area and bottom topography.

PORT
NAGASAKI

VEXTRANCE
O]

xg 300m x 300m MESH

Figure 3(c) Third stage, off area in Nagasaki : I1x1km mesh.

Figure 3(d) Forth stage, port Nagasaki : 0.3x0.3km mesh.
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Hibs » R (1982) 13, ZoOREEH & T kL, Kifwe "TH0E, RENKELIITERIIHRT
I, ZAUCE B E, THUE ORE - SSESRIISOLAT S () W FilEkEMTOKE
LE) LT E R OIS ERIC L O RS AU IRIE10en B OMEIT IO RS ET 5. (2) RIFENTHE
KRR U RS T & a0, 3) EEEOBAEGRE REEORESA & 0T £ 2 WBHIRNR L &2
£, BERE THUE ) pEBECRET S LEROT TS
Fhzld, CORRARUIREEIITHEL EFAEHCT THha ) oBRERAS, K, Er0GAEET
AERBERL CHLIEIzL ), HHINL THUE, oBEBRFFEHNT S, 2L T Q0LEHOKRS
B THUE 4 8 T OO EREE NI & o TERICEELARRERLL T0b I 2T,

2. fEEFNL

(1) SEXF~4

Fhirs i3, HEERO—METHY, MRERLAEV L 0D rh s, FEH - BE—E - HKELD
DFEEA b —7 ZADFERBER BV S, MROlES T ) F VHOBELLLRVEE T2 EI 60
BT EHbh, HETEBEE .  FEEUZHC T, ManBicHT AL 25 L

B9 . any ( @g _( QM) _

M S (Meu) = (Mv)+fN gln+H) S0+ | An +ayAHay +Fsx—Fax (1)
O n—_ 9 (N. TNy —feM— A, 9 (A, ONY, 9 N e

5N S (N-w) &}N v)—{M (0+H)a a(AH ) a;(“‘w >+Fw Fay (2)
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#ErEbLY¥L, 22T
M, Nix, y FEOESRE, v vix, y 7 OMREFE SR
£ a4 )OEE, nokEE, H:oKEE, g EHMME, As . KRB ERR
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Fex, Fsy!x, y HHDIEEEER Thod,
RN @) < 44 Fsx, Fsy 14,
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Fsx e ox T Fsy 0o Ox +z,
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TIRRAREDEROAHFBEIIRIRYEND A -2 bhsn, BIHEBEE T L L1,
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L, O TRECHHITAEEFEZ 2L X LI,
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BB ORLIC R E N D, ML EFOREERET 05, BEOSEY - o EICHeLs s Lo
Regs, 1974) EEHECH D, Mo k0L 51275, ¥, HBEAOM N, (v, v), 27T

NThhr-Twd L Ed, 20k s, (1), QXoGUOEMETEL 2Nl EH - THET S, €0
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i-1 1 141
i1 L | O Hy Ay
— 3 *—(
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Figure 4 Definition point of variables.
M,N : East and North mass transport,
H; water depth, An: Horizontal eddy
viscosity coefficient.

n; water surface elevation.

o LY M, N 2Q)ROFELITRAL TKEL n nELB2FHEL, KOO g 2KDD, ZOFHREHV
(1, @QMICKRALTESHDICH LM, N, R 25815, ZoFRz, @, A5y /= FRx—LE
P, TNITATETREHER T B LDTH S,

(2) HREG

BABRTIE 7V -2 o 70&ME, Tihbb, BEEIKEBSLVLODERTIUIIETA L VEIC &)
ET D, FERERICOWTL, FEINLAKE g 2 EG, ETED KL FHOME (u=7-Vg/H) Ziliz$
L EREDw 2527, ZORETIE, ReilBolWiET CHEL 2ERE, RO MY W iET O
WRICEHRL T2, TR, BEEE LIZHE Lo 2 Tk L 72,

(3) /R NFA—-9

BAPEIZ AR TEIR - BEEIRE - R RRE L E—RIRT, oo b, HHHE AL, CF L %
feEn AR ERE, A<AS/V2gH (AS @ #&FHIE)
RHLTLOCHRONTYS, ZOEMIE, —DODF 4 AAT v 7OMIZELIRBFEZ EEL TERL WS
O TH S, £, KPHEREIIZEERTOKRE Sn4/3RICIHT 2 L1527, 2z, EERNEL
WEHR»SDICHTH S,

Plboizsiz, ZodtEhEc L, FRRESHEHOZE S ERBUZ Dw TGRRD RS H 20° B
HE - RECE - TRENLIICINLNEE THUE, K- TEETRVDTERT S,

Table 1 Parameters of simulations.

Mesh Size Time Interval  Horizontal Eddy An*

Ax, Ay At Viscosity coef.
East China Sea 18.6X22.2km 60sec 2.5X108 e /sec
Goto-Nada 4.0Xx4.0 20 3.0x10°
off Nagasaki 1.0X1.0 10 2.0X108
Port Nagasaki 0.3X%0.3 10 4.7X104

Bottom stress coef. 2.5X107%/cm, Coriolis factor (33 N) 7.92X1075/sec
Gravity accelaration 980cm/sec?, Water density 1.024 g/cw,

* Assumption from An=0.05X143,
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3. MRBHOBHETEEHDET NV

(1) HEBHOMBASHEHEHR

FEE, RO L ROENE CTHEROBTIC L > T bz (B 3E), 1B, HEIsE»S
HERFREBICE S, PEAEREY? S NEREZFUCEMAREE L L125HE (18.6X22.2kn) CX4 -
THESNS, ZOWBBROFERIEHY HENERERENE, BEEEEOIM 2RI L U 2 @Ak ilEE ©
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BEND, ZOBBT, KBREBRBEEOA)HAZWE 2B ORISR RLILDL, B IERE TR,
R & 20N E 1 X LT C, B4R TE, BEEBNZ300X300m 0T CalEL 2, #ic
RYFE T, B 2K CASEN 2 TXTOFBEIZ DN, #HIEME LB 4 ML CASEI DA E
L7z,

ZOMWBONEORREENT B &, KRB MBEHES (B 1B, 2olESNENERE LY,
HEFSERBEBICBIINALZABRODEHOE2EME), 2L (LBHICHET 2 BIRTRIGHE (B3, 8
4BBE) X%, ENTFNHEIED SO HIET 3,

(2) REEBOET L

N 5°

N kS B}
. Loows/® ns® /™
casE b B 9
= 4
-
£} —> CASE I CASE III
< 100km/h e 35 Km/h
B
6 mb 100km [100km
-6 mb
100km | SOkm I
0.0006 0.0012
dyn/cm3 0.0006 dyn/cm3

Figure 5 Assumed atmospheric pressure diturbance.
CASE-1: High pressure model travelling to East(90°).
CASE-II ; High pressure model travelling to ENE(807).
CASE-IIl : Low pressure model travelling to NE(557).

CASE-IV : Low pressure model travelling to E(90°).

F2RDARENEH N ENL I A TRE - BT 202 ABEMIZ LRV F0 - Ty, 22T, FH
EEREEL, BRI, REOZMICAEEEHAEREL 2L L EIEE : HmE R 2 &, #100kn/h
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FETNEIEY, —2IF, 80T/ F £100km/h THISHETIFE (CASEL ), b 9 —20d, sBICEA LS80
AF U ELEE CH A (CASEN) 238 L7, WHNSBEE LA HEREREED P L & L2,
HESETIIIE U AEE5 L 512757298, CASENE, CASEIIZH~NTHEEL » T b,

F RS, BEORECB T LR TaBEDS K ESBMS AL, ORI KRAEPHAICEERL
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Figure 6. Development of water surface disturbance with the progressive atmospheric disturbance.

(a) CASE-1,

Numerals in figures indicate maximum or minimum height of disturbance.
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Figure 8. Distribution of water height and current.
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Figure 8. Distribution of water height and current.

(c) CASE-1V (8 hours).
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Abstract

The horizontal and vertical distributions of chromium, zinc, copper, lead and nickel in the
sediments in Osaka Bay were determined. Judging from the results of the sedimentation rates
determined by 219pp, dating technique, the pollution of the sediments by these heavy metals seemed to
have been occurring since about 1900-1930. The concentration of these heavy metals at each
sampling station was constant in the deeper part of the vertical distribution. This constant value
was taken as the background concentration at each station considering the sedimentation rate. The
amounts of artificial accumulation of these heavy metals were estimated at each station by integrating
the values which exceeded the background concentrations. These values were 0-1,800 for chromium,
0-12,000 for zinc, 0-2,100 for copper, 0-3,300 for lead, and 0-140 for nickel in units of ug/cm?
respectively. Moreover they were higher at the head part of the bay.

From the horizontal distribution of these values, the total amounts of artificial accumulation
of the heavy metals in Osaka Bay were respectively found to be 4,400 tons for chromium, 30,000
for zinc, 5,900 for copper, 7,800 for lead, and 400 for nickel. These values were nearly equal to
the values of Tokyo Bay, but were several times higher than the values of Ise Bay except the one
for nickel.

Key words: Pollution, Heavy Metal, Osaka Bay, 210Pp,
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Table 1 Background concentration of heavy metals in the sediment

background concentration(ug/g)
heavy metal
Osaka Bay Ise Bay Tokyo Bay

chromium 60 - 85 45 - 70 70 - 100
zinc 90 - 110 80 - 110 90 - 120
copper 20 - 25 15 - 25 40 - 60
lead 35 - 50 30 - 55 35 - 60
nickel 40 - 55 30 - 50 45 -~ 60

E#0 L ARENOREEEM T DEEBD /S 7 777 FIBER—ENGEBANICH L Z L) 25,
B1RICEERERCFEEDREMEY RN Ny 7 7572 FIBE (B1341981, 1982) LA bHETRLLE
B, T ORI LIUTES, SRS SR EEE LEBRENETH LY, WOV TRARBRERED
H2BETHESHEERLLY L, KREND 7 v A RIERB L FHEOFEEETH L L0905,

(5) BE€BEOBMEREY.YOARNERE

HEHEAOVT, BRIESHLOT-> CEERFRRIEERLT — D0 L L THIIHL 2 ) DAE
BIHEARE P (ug/em?) 2°H Y, ARtk ->THEZHN B, (MARUHE78a)
P = [(C~Ca)ps (1 —¢)dZ 4)

2T, CIIMEMTOESEBRIE (ug/e), Col3oNy 77572 FIBE (ug/y), ps I IHEREWHRIT OEE
(g/em®), ¢ ITHBPNOBBIC BT 2 BHE, ZIZHEE (m) THbH, ABMMEHEEPIZ NV 7 777> FIBE
FHMZ TAMESHALESBIC OVWTHEFMIEEL LN TH S, ZOPHEL£4RNOWMERRIC L > TEHA
BAZEIZRDTREEF 2RI &) L#HELEBL. Zho0BERICIIUE, ABNEERL L T7o
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0—~1,800ug/cm?, HEER0~12,000ug/cm? #H0~2,100ug/cm?, $450~3,300ug/cm? B F= v 7 L 0~140ug/cm?
D& GWHEBSHHH B LS b, PEDKEGH2E 7(a—e) BIZTTH, WTFRNESBIZOWT
LERE, o KRERUMPEOMNMTEC, BRE - BUf clhhENENETh -2, B2RICRLLE
BBREDHKEFMIIRREEL RO LTRSS > Tway, PETCIARERUBFEN 2 Sk
LTERBICEN > Twd, ZOZ HEBHRICEW THFBEMI CECESBHRY S -2 2 2R L TEY,
PEDKFGHIT KRIRITAKE R B IBHSE ST » - KRB P OB &R BE O AKES (313°1974)
EE—FL D, 22, FEHELPERBROFRE RO P (F135 1981, 1982) 2 F2RMizh bt
TRUEZY, 2R ERET 2 & XRBOPHEIZ= v 7 L2 THEBOHETERE LIZIZR Ly~ T
HbZ LD D,

Table 2 Artificial accumulation of heavy metals in the Sediment of Osaka Bay

station artificial accumulation (ug/cm?)

No. chromium zinc copper lead nickel
1 740 3,700 1,400 1,500 140
2 520 3,900 570 900 40
3 1,800 12,000 2,100 3,300 70
4 210 1,800 280 400 20>
5 190 2,800 390 430 20>
6 230 300 360 410 20>
9 200 —_ 110 180 30

10 700 1,400 190 190 0

12 350 2,600 230 540 20

14 20 1,100 210 110 20>

16 100 1,900 300 340 40

18 130 580 80 140 20>

21 0 0 0 0 0

Tokyo Bay 30-2,900 100-8,600 40-2,500 70-1,700 30-250
Ise Bay 0- 510  0-1,700 0- 760 0-1,200 0-160

Figure 7(a-c) Distribution of artificial accumulation of heavy metals in the sediment (ug/cm?)
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(d} Pb

Figure 7(d-e)
Distribution of artificial
accumulation of heavy metals
in the sediment {ug/cm?)
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BRUIAGEICHERL CESBORERFE T (a—e) INFHEHCHE NATEIC LN ZNOPENFHIEL
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BT 5E, RKIRBOBEEIHREBELIIZREETHY), = v Y LUNNELSBIC DLW FEEo#IEn RS
ThH o7z,

Table 3 Total artificial accumulation of heavy metals in the sediment

total artificial accumulation(ton)
heavy metal o/T  0O/1
Osaka Bay(0) Tokyo Bay(T) Ise Bay(I)

chromium 4,400 5,300 1,000 0.8 4.4

zinc 30,000 21,000 4,800 1.4 6.3

copper 5,900 3,400 1,200 1.7 4.9

lead 7,800 4,500 1,300 1.7 6.0

nickel 400 600 300 0.7 1.3
4. BHYILZ

HE~DELBEWRENT — 713 COD AWRBICHET LT — 5 LHEL TBH TR+ LHKTH ), AHfE
T EWE LR S OMBRICOWTERT 2L TILE > T was, BRISh - T - KR - R UK
DEEBBEIL OV TERTE ZEIEES U TH Y, REEECHET MRS —EMME VTR Y ET
Zric kY, AR BEEERMPAOUBMBCETAWERXO—EEHL I T2 L L5 RIS S
ThAHI, Fiz, WHERL ROBICHT 2EEBOLE - BT A IV FOFICEMNLTRELIT) 220
), BHEE» LBENESBATRLHEL, CODICOVWIHRAETOLA TV 2REHM 2 ESEIC E Tk
TERONEBERICT LI LML L2 TH A,

Betgis, REHRRICIEEL B TRE) OREUTRUEOT 2, RUZOAREETLIZE > T 50
HEORT & - 72l R EHRAEER - ANRERBESHEECE T 5.
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PERTURBATIONS BY THE FIGURE OF THE MOON
IN THE MOTION OF THE MOON

Yoshio Kubo*

Received 1982 September 20

Abstract

Perturbations by the figure of the Moon in the motion of the Moon are computed semi-
analytically and are compared with the solutions formulated by Henrard and Chapront-Touzé.
The present solution is different from either of them but is closer to that reached by Chapront-Touzé.

Key words: Lunar theory, figure of the Moon, ephemeris of the Moon

1. Introduction

The effect of the figure of the Moon on the motion of the Moon produces
considerably large secular perturbations in the motions of the perigee and the node
and small periodic ones in the coordinates of the Moon.

The computation of the perturbations due to the figure of the Moon is one of
the most difficult aspects in constructing the ephemeris of the Moon, whether it is made
analytically or by numerical integration.

The perturbations have been investigated so far by Henrard (1979) and Chapront-
Touzé (1982), but the two solutions are quite different from each other.

In order to determine which solution is correct, the present paper offers another
solution for these perturbations, which are computed by means of a semi-analytical
method which the present author applied to the computation of other perturbations in
the motion of the Moon (Kubo, 1982).

2. Equations of motion
We suppose that the rotational motion of the Moon is given as a function of
time, i.e., we assume that the longitudes of the nodes of the Moon's equator coincide with
the mean longitudes of those of the lunar orbit, the inclination of the equator has a constant
value of 1°32'32'7 (IAU (1976) system of astronomical constants) and the longitude of the
x-axis on the equator is equal to the mean longitude of the Moon plus 180 In other
words we neglect the physical librations of the Moon. This approximation causes some

errors in the final result and we estimate them in the next section.

The Hamiltonian of the thus simplified system is
F= R+, {1)
where [y is the Hamiltonian of the main problem and U is the potential due to the figure
of the Moon.

*  Astronomical Division
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Fo is expressed in terms of only the momenta of the Delaunay variables, L, G
and H, averaged with respect to the main problem, and does not contain /, g and 4. Uis
a function of all the averaged Delaunay variables and the time £

The equations of motion are

dL _ 9F dli_ oF

a ok and at~ oL

(2)

where Li=L, G, Hand i = [, g, h.

Concerning the potential due to the figure of the Moon, we consider only the
terms up to the third-order spherical harmonics and adopt the values for the coefficients
of the potential given in Table 5 (IAU (1976) system of astronomical constants).

3. Errors in the solution

Before solving the equations of motion, we will estimate the errors arising from
the simplified equations (1) and (2).

As for the errors due to neglecting the physical librations of the Moon, a very
rough analysis gives the following features concerning the periodic perturbations in the
orbital longitude;

(i) In case the Moon is forced to rotate as described in the previous section, a
periodic term acos wt in the orbital longitude produces a perturbation

wf
“‘m acos wt

in the orbital longitude itself due to the coupling between the oribtal and rotational
motions through Czz, where w1 = 584 years.

(i) In case the orientation of the Moon is left free to make physical librations, a
periodic term @ cos wt in the orbital longitude produces a perturbation

2 2
a)1> wg
- ) ——— a cos wl
<w0 wh— w?

in the orbital longitude, where wo = 2.88 years.

The difference between the two cases is prominent for o = wy. Especially we
have to consider the terms with argument /' and 2g(= 2F—2/) in the orbital longitude.
The effect of assuming the case (i) in place of the case (i) corresponding to these terms
are approximately

+ 020003 sin/ and + 070005 sin2g (3)
in the longitude, respectively.

Also, besides the errors due to the above cause, we need to consider long periodic
terms which do not exist in the solution of the main problem and, therefore, are not
taken into consideration in the equations of motion in the previous section.

For example, we can not neglect the term 7063 sin (¢—F) in the longitude,
which produces a perturbation

+ 0700018 sin (;— F) (4)
in the longitude, where {— F= h.

The terms (3) and {4) are not included in Kubo’s solution in Table 1 but should

be added to the perturbations in the longitude.
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4. Solution

We solve the equatiohs of motion (1) and (2) by the same method which the
author applied to other perturbations in the motion of the Moon (Kubo, 1982). The result is
shown in Tables 1 to 4 together with those obtained by Henrard (1979) and Chapront-Touzé
(1982). Only the terms greater than 000002 for the longitude and latitude and 070000003
for the sine parallax are listed.

The indirect effects are included except in g+ / and I by Chapront-Touzé and
those by Kubo corresponding to them in Table 4. The coefficients for the gravitational
potential of the Moon are taken from IAU (1976) system of astronomical constants in
the solutions by the present author and Henrard but Chapront-Touzé adopts a little

different values shown in Table 5.
The result of the present computation is different from either of the results by

Henrard and Chapront-Touzé but is closer to the lattar.
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Table 1 Perturbations in longitude

Argument Coefficient of sine
l U F D Kubo Henrard Chapront-Touzé
" ” i
0 1 0 0 +0.00194 —0.00003 +0.00224
2 0 0 -2 + 22 + 25
1 0 0 -2 + 13 + 16 + 14
2 0 -2 0 - 11 + 43
1 1 0 0 + 11 + 14
1 -1 0 0 - 11 - 14
1 0 0 -1 — 7 - 9
1 0 -2 0 - 6
0 0 2 -2 + 3 + 3
1 1 0 -2 + 2 + 4
1 -1 0 -2 - 2 - 2
0 1 0 -2 + 2 - 3 + 3
0 1 0 2 + 2 + 2
3 0 0 0 - 24
1 0 0 2 - 5
3 0 0 -2 + 5
4 0 0 0 - 4
2 0 0 2 - 4
2 1 0 0 + 2
2 -1 0 0 - 2
2 1 0 -2 + 2
3 0 0 -4 + 2
1 0 0 —4 - 2
2 0 0 0 + 2
1 0 -1 0* + 16
0 0 1 0** + 4
1 -1 0 -1 - 3
3 0 -2 0 + 2
0 0 0 2 - 2
2 -1 0 -2 + 2
* Phase angle is 260° % % Phase angle is 305°
Table 2 Perturbations in latitude
Argument Coefficient of sine
l 4 F D Kubo Henrard Capront-Touzé
" " i
0 1 1 0 +0.00009 +0.00010
0 1 -1 0 + 9 + 10
0 0 1 -2 + 5 -+0.00005 + 5
2 0 -1 0 - 2 — 2
1 0 -1 + 2 + 2 + 3
2 0 -3 + 2
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Table 3 Perturbations in sine parallax

Argument Coefficient of cosine

l ! F D Kubo Henrard Chapront-Touzé
1 " H

0 0 0 0 —{.0000113 —0.0000120 —0.0000117

0 1 0 0 + 16 + 20

1 0 0 0 - 15 - 30 - 4

1 0 0 -2 - 13 - 10 - 12

1 1 0 0 + 11 + 11

1 -1 0 0 - 10 - 12

1 0 -2 0 + 5

2 0 0 -2 + 5 + 4

0 0 0 2 - 4

0 1 0 -2 - 3

2 0 0 0 - 10

Table 4 Secular perturbations in the motions of the perigee and the node

Kubo Henrard Chapront-Touze
"/cy /ey ey
g+ h - 1.713 — 1728
h —16.996 —16.983
(including the indirect effect)
g+h — 2228 — 2270
2 —16.862 —16.943

(not including the indirect effect)

Table 5 Coefficients of the gravitational potential of the Moon

IAU (1976)

In Chapront-Touze’s

solution
Cy —0.0002027 —0.0000203822
Cys +0.0000223 +0.0000022396
Cy —0.000006 —0.000001044
Cy +0.000029 +0.000002860
Sa +0.000004 +0.000000880
Cs, +0.0000048 +0.000000482
Sa +0.0000017 +0.000000171
Cu +0.0000018 +0.000000270
Sus —0.000001 —0.000000114
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DEVELOPMENT OF PRECISE TIME DEVICE

Fusakichi Ono*

Received 1982 September 20

Abstract

A time device, since such a unit did not exist, has been newly developed with the ability to
permit exact synchronization of the times of two clocks installed at very remote sites to + 0.1us.

The conventional time device has a weak point in relation to the difficulty of defining the
delays of signals in the whole receiving system including the cycle correction of sampling points
in comparison with clocks using Loran C waves.

In a clock comparison based on the developed time device, a Loran C pseudo signal which
has a fixed relation to the clock signal is generated at the receiving station, to the clocks are
indirectly compared with each other through the generated signal by an ordinary hyperbolic
navigation receiver. Therefore, the signal delays in the receiving system are cancelled since
the two signals to be compared pass through the same receiving system and thus the possibility
of error does not exist.

To check the accuracy of the developed time device, the time of the related new device
concerned was set to “UTC” based on the writer’s method and the time set point was compared
three times with one of UTC-TAO (Tokyo Astronomical Observatory). As a result, it was verified
that the desired setting accuracy of 0.1 4s was satisfactorily cleared.

This time device was fabricated for international co-observation based on laser geodetic
servey of the laser geodetic satellite “LAGEQOS” by which the Maritime Safety Agency originally
started to prove the relationship between the local and world geodetic systems since 1982
Currently, the time device is performing in a stable manner at the Shimosato Hydrographic
Observatory.

Key words: Time determination, Time comparison of Loran C wave, International Clock

comparison.

*  EEEIFZEE Marine Research Laboratory
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Figure 1 Timing chart of conventional type time comparison system
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Figure 2 Timing chart of new type time comparison system
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AT = TD—1Ty—TDr +Co+USNO Corr. (3)
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—EV AP ETEEINLETICHNLT, BESRITI ZER
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LTHDH, BWRERERICEERSEZIND L100kn 2D 0.6~0.9us ¢ SWBIIT 25 5, R a5
FOWREERN, ZOMOILEEL T (0-C) 25875, NZEHOVA 7 LEE, EROTEELAWY
CTY, o2 Criab—F2AVT, FREV, ¥EL-OL, ERENBEASH2 O&ED L & TEFEE

AR TE D, AEETE, 0L LW A 7 VEEOHLEL 24 » FIRIE—D CHM TX 2R > T b,

4. BUAREOWRRUET

S —

Ant. coupler

Simulator signal
Reciever signal

{ [}
Loran~C Loran~C Monitor @ .
Reciever Simulator Scope Reciever
GR.1. LG.R.I. —F
/ TD;data
5 MHz G.R.I.
T
Rubidium 1 Time interval
Frequenc Clock | Printer
Stagdordy Counter
1
G.R.I. T :
,—_‘ Time signal
AC/DC Clock I}
Power unit (Quartz) Second P.
Battery Back up

Figure 3 Block diagram of a Clock and Clock comparison system

ElREAEHESE Ry Bispmiess NEATOMIC Rb—1007H HAZZAMN
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EFEEELL <+ 1x107Y (BHBEEL10%)
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{EEHFEHERR 105 HLLE (48BFHIFEER)
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Fo 2 IILEFEN KPM-—3910 EERE LM
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AT 10MHz - 5 MHz
HMEFWEHAT 5MHz, 1Vrms 50Q X 2, TTL300Q Load
1MHz, TTL
HEMET S 5VPP 50Q s9orAfilms
BIEMESHS TTL 713 RHE  0.145~-999999.9us (0.1us 27 » 7HETE)
)y b SHBANIC & 2 HE T FE)
0T CHEMEE GRI 2004s~99900us, ~</LAMI00us, TTL, HE)-FHY -t b7
HREH ACI00V 32VA, DC24V 17W
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HUELUEM 40000599800
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HENEA HREFICHILIZEE, vk

ZEHIKDBRA FRMIL, VLT, 30us—~200us BENE 2 LD

TN 26T L HBORBICRATR

o £, LR L LI 1~ 9 s/ B OMABEEAY. 2 5 1D

kY AL 8, #EREIC TTL L ~, »9L2fl0us 1O MS
s R, EECE L RO20us e
S AC100V 20VA o ois

4) OS> CREH LRIID GIEH el

BRI 4/ (2BIEFIER, £B3WHI U TLER)
W5E 5 FEae 0.1us

o FT74NE Ty RBEE3ME, &A1 (ATT. 30db 2L L)
GRI v X TTL, LA H13.5us

GRI < 2 @&

TREZEET D .5us —J “\IVM’
MS

ZET T KA w7 4m 29,
FER IR # A 0°~50C
WHRESN ACIO0V  50VA
(5) TLobrnZwoHhyry KDM 3980 ERETLEME
SHEE AT 5MHz TTL
52 5 1R 0.1us
57 [l 1, 10, 100, 1000, 10000

(ZDHT > FFaz =tk ZNFFHAL B, TRLYOBRFEL TCH52, 2

ZClE, B

v > CGRI, ¥31aV—F%GRI, v7XCZEBGRI»LBHENS M) HEY

HEBOBRMEY, GBAICL - TTINTHOHAE TEITTED L ICHBRL TW3)
Ll MBI, MBS TH -0, BHBROT - E£R0lonf > -7 2 —2EH 67212
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FERTBUEL /2. MR L 0TS0, 1us £ THEEICHKETE, FHC o Z > CHERLE L 2D 2 EEH
oIz bThd,

Ext I . . . ;
’:n;:n'a Digital Switch, 7 unit

ase Compara —o
5 MHz |x 2 Phas parator I pps Clock
1/1041710+1710-1710- 1/10-1/10 +1/10

-_o .
Shift I pps, .lus step

Auto
' Reset <:::[::

Internal Manual

((),soc','fH' 3 D. S. 3 unit

z
P. Comparator oo One Shot |
Multi, GRI
AC/DC L1710 - 171041710 Loran-C
3
Actooy S—1 Power Unit
50/60
Reset

Figure 4 Block diagram of the Clock Device

B EBEOMRE B 4RICRLE, 5MHz OATI & 23 L 0. lus DI 2w 72922 ED, ZHZ10H7
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BY, ZOEFETIINAAL o F L NAEEIRARCRIRL, REOMESICHL T0.145~999999.9us F THEE
ZAT y 7HENFCEDRBEMESHNL»DH L, 0F CEMA LT 2MILED 2O, MARRRERMO 3 B
B 510KPPS O 2 CIET 570 ko F #7729 T, 0T > CHERERGRI VSV A 2{E->TVW 5,
TN AE, BIES 130 lus 2 5100us £ TOMPCHIMETH L0 5, vI CEMMN T 2R
Ry, v CESICESIBIUITHESLEMRCEAL TL ) &5 ) BRI ER e Lz,

v 7> CHUESRERIL, HROu 7> CLERNMERET A, HFEFINBHNLOTHY, FhkovwFC
PATLANREERLEL A 20— > 2T, &ELEBOBRIMES Y, ERACIODERBII > THEE
TE, ENENNEFICRIMIELICHENMMEF ) 7 b, HEF, EMEDRANTE CZEBNH LOLHEET 2
FAHEETH B,

2o CZEEITMMELNEIMAL 2, HHABRTHRE SR 2 EHRICKRBEEZINILOTH
i LI REL T 0, BUBFEHI L, Rlith i Er sy, ERZOFERE, 1av -2tk 5,
HRDEETHOT 2 F ORFRIGESNALERA » L OBRBEAIHE, A4 v FOF 4 712 L B EFBET 2
FPCRMGERETLL, MESERL BB L, EHT AT, SRESHOEMA2000knz B2 T %
BEEICHREZ ML, REBRLL, SLICZnZERTE, —onERE, 4o0tR L AFRERL,
FIREDMMALE DS H 570 TLR R e AR TH 5 L, ME D H - TWDEEAE, 4 2OET—
FIZ2WT (0-C) 28T 27, BLEBRHETEHEIFHCE 242 L 0BRE S5,

5. BRORE
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(1) BSZOEREERE

vy CRIKEE, —ENT7 43—y FOBVEL SLATHLH, ZHICEEBH— 2 3HFAINLTH LW
Hbh, INOATH, 7, BWEOMALZHET LI LR TEL Y, 22 TIROMAIE, MEICEZ - T4
Wt OR TR MOM SO HE T UTCICH L THSDO—HEEICHNMEES N TYW A I EXLETH D,
BETHN—E TOMMEIENDL, B EENL L 2HROTDERRID 2N TINNMIENTHY, H~x
bonsfAELL.

(2) BSRDBEBRERTE

v 7> CEHIZ, #KE?UTC (USNO) 1oL ¢, —ENRBBERTRERHFINTEY, UTC oEHOER
CREFHENLZER AANMEDY, L LOHARINITREPLHETELOTIAZ AL THANK
BERERTE )., RAEREZFALCL LV, ZDBABZDHDED (Emission Delay) 2HiET 2

B2IcDOTBABICEMTSE, vi>Crial— 0@ BELEMA2FARBR LR LICEEL,
FER 1 NF 2 nERERFT 2, ot ENBHEPERRNOERERERICH L CHR L BENGRIC AN

FEBIERBEREOBREY S, & 2L —EROFREE S TOBME TDr 2lET 2. —FHED S
WAENL0 7 CHEB LA, &3 2L — I DRFER AN RIHIET 5 HE K L2 T TORME
TD #iET 5. 29 LTTD, TOrPMER NIUIB)RIFHETEEH L, ZOATHEe T bbb,

TD = Ty +TDr—Co

S B L) KRR L 2 DB RET B,

R, RICT3HT (0.1~99.9us) FHETEBERT Y I N AL v F T, KIZ100uskl LT d GRI
MERDT Y INAL »FTFA 9, 2T, BEFOBEMES R GRI - L ahHkiza T > C HETHICEW
T5, RIZEAWIOEL S 2 HRT B 28, BEM AL, Bitoo F > ClHEEERGRI LA E Tok

% TDo 245 ORI F L THEL, Z O NEMA USNOORET 2 FHRETDc: —HT A - tolih %
%9, ZOREICBWT, TDo=TDc Thiuf, BHORTHABEL Ly FEhnnThHY,

TCo = TDc THIUE, *NESTIIRELL > CEEINCHOTHRET 5. TDo—~TDc > 0 TidiEEA
TDo—TDc < 0 TIXBNTH B,

(3) A oLBEDAE

BRI BELIRTOMBE L LT, SEBIBHEZEONEICETH A I NVEELZRL ThWvw 2 & 22T 08
Fhb, TOHFETREZEBEOAAL »F2RATILE, B2 CHBNCESAMIEL, 4 oniRoiEzET
— ZFNERRT S, —IGMEEILE L2 AT, AT LESOHRIR2ITLY, 2oL 20N
EMET — 22, ROWEBEZBERL CoUL, A 7ABEBEL T VWERTLWY, BOLHZESR
DELEZ 52T (0~C) #5ELTA%, (0-C) IHBEMCELR L bNETH LY, BHENE
BERICERSS D20, BEEI;SEINLNEZNL IOEZR TS, ZRLLEFERBL THA 78
HEOAEY HBT 5,

FEBOKERA > ML, ZERNIEXOD L3 7 VHOR Y DEn 7 o024 BB —~FT5 &

KGR TY T, ZoBfERL» 2 VEREOEVLATH L2, LEICRINHENF LY 7 ATRLZ
BELLNL, LAL, THE2ELTYL ST RBENEEO R 20 THsaETHI E3E 2 LRT,
B ETHITSRBIEOWTHIBICET 225, ZOFRXTIEX v > LS UFEEMICRENRE & 4 5 4y
6. BFRHL®
ZORRERBOEHRERE, HLYHETo CEEINCEESNHE ) VBT 22 L 2HELT 200 H



DEVELOPMENT OF PRECISE TIME DEVICE 129

RARFRFRLE (TAO) ORI £#BCZ0Ichlz » THEMEREML 72, HEFHEL, BELARKELHE
OAEIBEL, AROEBEEERIY BL Uo7 CRREBZIT ML T, BitE UTCICHEL, T
# & TAO »{&5%5¥ % UTC (TAOQ) & OEME TR Z2MA LT oK TH S,

E—0B B2 AL KB (JHD) CHEFIS64E10H 208, SH BB EL CLRIBL HERE
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BT sois, £B%2%-< ) TAOIE#RL, UTC (TAO) o BE#ERE+FEE6 AITHICER/LZ, 152
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DAGEHTELLDTH DI ENGh 12,
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UTC (TAQ)—UTC (JHD) = UTC (TAO)— LCiwo
EuBNETHD, LhBIZERIE TAO OBIEE & JHD DRENH T5.0us DIRERE L 72, Z1UZ TAO
& JHD nZEROBICRKELH S Z L ERL T 5,
(2) H_[ERFEHLLEEER MuSTE2 A28

fELEZe7CRH 7930M : HEKEEF = > HEER (LCuar)
ZEL 1 i B RET T BUOKER BLAT - MIELIR TR (SHO)
ZEA 2 F-meEL

P E A O BERE - (RIEER LCmar—SHO  2034.002km 6791.0us
LCmar—TAO 1876.711km 6265.8us

TDr 58931.0us

T +6791.0
& 0.0
Co — 20.0

TD 65702.0us <« ZOHETUTC (SHO) #HTE
HrET R EE R

UTC (TAOPC1)—UTC (SHO) 30.20us

UTC (TAQ)—UTC (TAOPC1) —30.27

UTC (TAO)—UTC (SHO) — 0.07 us
B HNTAO 25 UTC (TAO)—UTC (LCumar) D illlEE
UTC (TAO) o7 2 Fiskd 6328.53 (TAO D #lI5E)
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&1 - 57.1

&2 = 0.7 (#74km)
UTC (TAO)—LCMAR 4.9us

ZOE, TAO & SHO # 0 7> CEERNDERHIE, 4.9-(—0.07) =5.0us &% ) BUH—EOHEH L
ik -7z,
(3) SH=MrEtLLEEER WASTHF6 178
HEL#Zzo7>ChH 9970M : LB AREETF = Y HFEER (LCIwo)
SESA 1, 2 HRERFERERILE - HRZEH (TAO)
BEE A OESE - (ZE LCwo—TAO  1217.673km  4065.3us
B ORET — 4
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UTC (TAO)—UTC (JHD) 2.2us
2 HN TAQ @ UTC (TAQ)— LCwo @ I fH
UTC (TAO) l2xPd 2 FkEF  4129.9 (TAO M HEIE)

T —4065.3
&1 — 57.1
2 - 0.4
UTC (TAO)— LCiwo 7.1us

TAO & JHD ®u 7 > CEERNDRHEIZT.1-2.2 = 4.9
INT, TAO L JHD »u T > CELERNDRHEEIIE M 5B Z0FE CTXC5us bR LHEERTLIZZE
2% 5,
(4) BEEHELEBHERICOVTOEER ,
FNEN, HA, FE, NEREZEI 2 3EOMY L CHEFRESRI LICh > 22 b, BREEz 5 E
TH% A, KD EDIEWTE S,
1. ZOBRBOEHEEREVGEL+7EHTE S,
v, RiEEESEoSHCERL -#ER, X0 B BET
o, BREDRBRRICE LR CHEE I N5E, ZoEgEs
ERTEL W,
=, IOFRICLIULE, v CEBENFIETE 2LENHAMT, £0.1us D4 —F—DIE T, BitoR
FTEHD UTC ~ORREH TR TH 5, (FIHOBEILREET S)
R, FEEHEBE L0 1us UT EBbN 24, EICRENLHENLETH S,
~ BT CREDES LT ONHHELC LD MERRICELREESusZ, v CHRENTEEA 7

REBLLOTH -T2,
FEBETICvA 2 oBORBELERTLE

b

JCHST 245, ok, SERDBEHEXITHLEVNT, 29 LABENHFAT ZEHI TV

I3 LR OBRICOWTUL, FER SETYT, vIrCrial—F, BT T HEOREK

W, BHHEIFHETLZLELNZNT, ZIUCOWTLHRZTA L 2T, #OREZBHENEL0E

WL A Y P OBECLWTIE, S/INHELZIEEH-TH, BHEOMEMEIC0. lus L ENBEZEL
BB LDTELh -7,

7. HECAVWARER, FEHAUCEAREAOIHEE
(1) EHMBOERHDOER (ZZTXWIILD)
2 EOBHAE (on A, (g A) B52T, TOHMOBERIRHLZ &,

B=tan"! (b/a-tang) (7.1)
x = cos™ {sinf1+sinf2+cosfi-cosfe-cos(A1—Az)) (7.2)
x' = x-7/180 (7.3)
Ao = (sinf1+sinfz)? (7.4)
Bo = (sinf1—sinfz)? (7.5)
P = (a—b) (x'—sinx)/ (4(1+cosyx)) (7.6)
Q = (a—b) (x'+sinx)/ {4(1—cosx)) (7.7

D =ax —AoP—BoQ (7.8)
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REL, al HEROERE, b OB EE D MRGOIEE o M A S
ZHS DI WGS— 72 Tt a = 6378.135km, b = 6356.755km
X, a, b#kmTEHZ S5 UE (7,8) ROBLZkn TH B,
(2) EHGHRESR « (HORSBEEI8—4, 1972)
T = D/V+aD+E&+7y/D (7.9)
V = 0.2996912 (km/us), = 0.002155 (us/km), &= —0.4076 (us), y=38.67 (us-km)
EFiUE (7.9) Al us TRE B,
(8) Hfk
HALE (@1, A1) 26 RAMBAIE (@2, Az) Odbh LB Y 2 - 72 B Z
8= cos™! {(sing,~sin @, cos x)/{sinx*cos ;) } (7.10)
Z=0 sin (A1—2A2)2 0
Z=360—0 sin (A\1—A2)<0 7
(4) RBEEONMME GUBLRWGS—72) (BHIHIIZLD)

Table 1 Loan-C Stations

Station Longitude Latitude Emission delay
P P s
9970 M (Iwojima) | 1411930.3 E | 244803.6 N 0.0
9970 W 1535853.2 E | 241707.9 N 15283.94
(Marcus)
7930 N 0.0
9970 X 1434309.2 E | 424437.1 N 36685.12
(Hokkaido)
%7930 X 18526.27
9970 Y 128 0856.4 E | 263625.0 N 59463.18
(Okinawa)
7930 Y 38702.77
9970 7 } v 1380955.0 E 93245.8 N 80746.79
w7930 7 | e 56814.78
JHD(Tokyo) 1394558.1 E | 353953.1 N
SHO(Simosato) 1355611.9 E | 333439.1 N
TAO(Mitaka) 1393211.5 E 354031.5 N

% Emission moratorium on the Iwojima Station

8 . EHEFRIR UTC (BIH) ~DES
DOWFIFEEIZ, 07 CREMICEINNE, T nMRIERICKE 28E TH - T, #BEHRENE
FAEHERE B LTI, 2%, ZoFETHE, 972 CEEDFIT & ERENR : OBEE, Wics
26, ELCHESNT, Mo TEIEHZADELIEE LD,
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ToT, EREHNFR~DEEERT,
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Wi T T 5 L 52 UTC (TAOQ), UTC (USNO) & Z & CBEICML 2R EH L 2T ES 57200,

ERE i g L Ry, EHESE (BIH) THRET S UTC (BIH) T ~XELDE BN DD,
ERIZHA L 252 UTC () oB%o UTC (BIH) ~o8i#E L, BIH» M2 D UTC (i) @ ERE T
ik, m 7 CREFZMMEML 2AELERERLY L L I2EL, UTC (BIH) 2349 5 UTC (i) @R
2 FWEC Circular DICHBEARL T 225 22 AHT 5,

Bhiz, 4R Lo 7 v CHRHILEREE &, TAODMEENZNE DI Sus DRZEND 5 Z L AR LD
WA R LWL 22, Z0ESusld, TOBHEOMKFERCIREEROBLEMEZ LEL LEVWNT, BEDN
AL BN LG, TAODREET 07 > CERFAMILEM SHOEEXT» THALLHUL R S 40,

SNz REMEXR LA (USNO) {3, UTC (USNO)—UTC (LCi) nE#E2T~Tor 7> CERIIIWT
BELTCHILE, 07> CRERZBIL TGS 2T 2L, ZA#BVWCUTC (BIH) (2#H U2 %
ZENTEL, LEAXMBTHLY, BEIIR, £ M Ciihyv, USNO, TAO, RRL 0 ET
2= Ty CREBICHTIENZFNEFNR L6 Ths, BWENw T CR (WER) OBREZ>N
HMD, H— S NARICH L CEEL, BHERCBREL (RETIRE-BAEI T TH D, BAEHI
DWTEHBL &5, 19814 8 A23H1C B RMOEMIF-T RS & 2 Bt B S 1, Z #5447 TAO, RRL
IV enFac ARSI R, JHERBEIOHNUTC (USNO), UTC (TAO), UTC (RRL) #IHE®
BRI 2 AN L0 lus ORE TREINL L BHND, R-oTRALH, ZAFNOBEE I MIIZWELZLC

S, ATEOWIEANILE 2 &N bR TNT—HLAT N L 5%, LA b, FAFRNEEHEIL,

UTC (USNO)—UTC (TAO) = —5.5us CEMRETREEHC & 5 85E)
UTC (USNO)—UTC (RRL) = —5.0us ( y )
UTC (USNO)—UTC (LCiwo) = +2.5us (27> CHEHIC L 2H%)
UTC (TAO)—UTC (LCiwo) = +2.8us ( z )
UTC (RRL)—UTC (LCiwo) = +1.0us ( Z )

THY, IHNERUICHRTEESREL), BBV -EN T2, TREBZ5FNEFNOBBE» AT
507 CEEROBEIFRRIBELNEELNE, D VHREW T, o7 CHRBEEROEHIFC W,
FREHFRET LT — 1, TOFEHATLETHEIELLNT, Mo NEENTTRTHDL I &EFRL
T3,
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lel_-g TAORRL USNO 23, August, 198
I | Portable Clock

b= 5.5 : Published by TAO & RRL
] P - 50 —

| | g k€ !

— | ' LC(Iwo)

.4___1_:___4 0 — : Published by TAO
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Figure 5 Contradict of Loran-C emited time by lwojima
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Abstract

The hyperbolic navigation system deteriorates in accuracy conspicuously in proportion to
its distance from the baseline, and it is difficult to fix a position near the line extended from the
baseline. The defects are somewhat improved by the “RHO-RHO” navigation method. However,
this method requires regular calibration based on any other method for accurate independent syn-
chronization and maintenance of radio reference repetitive pulses at the transmitting and receiving
stations. Therefore the “RHO-RHO” navigation method is useless as a single system.

In the deviced radio navigation method, the synchronous error of reference repetitive pulses
is sloved as unknown in the conversion of observed data to the geodetic position. That is, when the
position is calculated from (O-C), the synchronous error of reference repetitive pulses is combined
with longitude/latitude deviations between the receiving and estimated positions in the observation
equation. Therefor the accuracy of the fixed position is never affected by the synchronous error
of the reference repetitive pulses in this navigation method.

In this paper the applications based on the technique and the measured data are reported.

Key words: Radio navigation, Hyperbolic navigation, RHO-RHO navigation, General solution

of Radio navigation.
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Table 1 Loran-C Stations (Reference No.3)

Station Latitude Longitude Emissiondelay
o 1 o 1 s
9970 M(TREE) 24 4803.6 N 141 1930.3 E 0.00

9970 X (dvifgiE) | 424437.1 N 1434309.2 E | 36685.12
9970 Y (3% #B) | 263625.0 N | 1280856.4 E | 59463.18

Table 2 Comparison of the new positioning method with the rest positioning method

NNSS DATA p-p New
DATE TIME | LAT. |LONG. LAT. |LONG.| LAT. |LONG.! AT
Aug 1981 | 3¢ 139° | TDm | TDx | TDvy | 3¢ 130 | 3 o139 |
d h ms i‘ /zsiysi ’1 ;iﬂs
17210600 |3722.812708.4| 3688.9 | 39940.4 | 64140.6 |3743.412713.93736.32709.3 | +2.87
2229 36 3355231345.0 3680.9 | 39985.9 | 64069.2 |34 18.2;1258.7 3412.1;1256.7% +2.22
18001448 |2151.610118.0 3618.1§ 40077 .4 63975.0 |22 0.50115.7 2157.3201 15.31 +1.15
| 138° | 138° P o138
005400 2012.0{5443.2 | 3616.2 | 40099.4 | 63938.6 [2026.35359.4|2025.7 5359.3 | +0.19
02 40 00 2130.0%3056.4 3652.2 | 40140.2 | 63849.1 2136.9%3051.7 2136.133052.03 +0.25
032224 [2012.6{20 44.4 3658.1'% 40169.9 63800.3 |2013.1]2012.7|2014.8 20 11.6 | —0.50
051000 |23 5.4{0551.6|3695.9 | 40187.2 | 63752.6 |2257.4]0532.3|2259.010531.1| —0.43
06 55 36 2454.0;0827.0 3703.6 | 40170.0 | 63769.5 2456,3}0758.8 25 o.1§0756,o§ —0.99
082112 |25 9.611210.2 3697.6;1 40159.7 63785.6 |25 0.6]12 6.1]25 6.4112 2.4| —1.53
10 06 48 2455.832451.0 3678.6 | 40131.6 | 63834.2 2454.6*12436.9 25 3.452432.4%‘ —2.49
120112 |25 1.8137 7.2 3663.1% 40105.4 63880.4 |25 0.0(3611.9[2511.036 7.9| —3.31
124800 |25 4.8;4422.2 3651.4 | 40086.9 | 63913.1 2456.714433.9 2510.8?4430.9% —4.46
Po139° 1397 L1390 )
143448 |2411.410124.0 | 3628.1 | 40056.4 | 63976.6 |2422.110048.9|2437.5 0050.3 | —5.41
145000 |23 0.00357.0 3617.213 400591 63982.7 |23 1.9]0327.6|2316.5/0330.1| —5.25
17 06 00 1643.2;1122.8 3570.1 | 40079.8 | 63991.9 1642.1}1119.2 1656.8}1125.7? ~5.72
185312 | 2057.60350.4 3603.6j 40070.4 63973.0 |2052.5]0314.6]2110.20317.8 | —6.37
201536 232&8;0357.0 3616.9 | 40052.5 | 63987.0 2324‘210431,9 2343.9}0435.9? —7.12
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Fluctuation of the NNSS positioning system ff
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Figure 2 Comparison of the new positioning method with the rest positioning method.
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