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GPS/ Acoustic seafloor geodetic observation

—Progress by the Japan Coast Guard (review) —

Masayuki FUJITA™

Abstract

Progress in the GPS/Acoustic seafloor geodetic observation carried out by the Japan Coast Guard during the 5—

year period since 2000 is reviewed, especially focusing on the development of data analysis methods and their re-

sults. A precision better than several centimeters has been attained in the seafloor station positioning through tre-

mendous efforts for improving accuracy of component techniques both in software and hardware. A couple of re-

markable results have been presented : an intraplate crustal velocity off Miyagi Prefecture caused by the subduc-

tion of the Pacific plate and co—seismic displacements associated with large earthquakes having occurred along the

Nankai Trough in 2004 and off Miyagi in 2005. Further issues to be tackled in the future are summarized.
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WZEDDIFE. EOHDOTIV—T1E, 1994 455,
Z OFE#M % F\TC Juan de Fuca 48U THBIHI
B L, WIKICBITS 7L — MER AR L7
W) R R Z i L7- (Spiess and Hildebrand,
1995 ; Spiess et al., 1998). ZiA%, 7L VU I F
V—=7%h 58, FEEICHE TR R 5 NEB) A
HINTWRBRMOFFHTH D Lo TI W,

g FARET T, 2000 4F X 0 GPS/ 2 B
HH R X 2B A B BN 2 B L, DOk
SAEAYREM L 72 (FRH - KUK, 2000, 2001 ; Fu-

jita, 2003 ; Mochizuki et al., 2003, 2005 a; Fujita
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Fig. 1 Distribution of seafloor reference points installed
by the Japan Coast Guard.
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Fig. 2 Schematic picture of the GPS/Acoustic seafloor
geodetic observation system.
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Fig. 3 Flow chart of data analysis.
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Fig. 4 Example of comparison between the GPS-deter-
mined sea surface height (1 —minute average, tide
corrected) and the geoid height for the purpose of
estimating errors included in the kinematic result
(Fujita et al., 2006).

LA Lo BG4I, ITZHWTH
2 27 7 RIF 2 AR RS SN VR b & -
7o, ENMPELICEEES N, RIETIREE LR
R ieL oo TWAED, TIIWELELRUHEE
We LT, (1) MREFSICHFHMTS Z LI12X
DL OMAPERL, N BGHE R AT E
74 —=FNv 7 LCTnwbZl, (2) Bl
M5 GPS 7 > 7 F OEREAS, MgREd iz L
722k, (3) MEZLUBRINTVWEIE, &
EVFEITONS.

BE - &k (2003) 1, 1% 5 17z KGPS il fir
[ OBTYEZMEEL, #ROHEEEIR O HI 12 1%
VTAHTS, WO B2 FEEZREL
7z, ZORHEE, WEMAPEIICHE I NS
CEERFALT, WL LTREOARIOR
AT % W O R 2L & T 5 2 LT &
D, WABOREEZ KT 2bDTHL. BMAM
2, B0 1 5 EEICEIYRIE 2 N 2 724G R
LIV A FEEDOEERD, FOREMEE B
LTwW5h.

BHIECOHWO =9, WEHHETVE LT
Nao 99. Jb (Matsumoto et al., 2000) %, %A
FEF NV & LT Fukuda (1990) ZH\WTw 5.
Fig. 412, [Eykah 1) e ee pi B0 2 FH X
D—Fl &R,

COREORENIL, FHERRIC, ThEho
ETFNVERAEITMA, W - VA A NS o)
ZENDLILTHD. HHDETIVIHEIIONWT

(&, BRI R TIEAR R IZT E 7OV OFEEEDS
AT HL, BEOFE LTI, JEOELPE
WIS X A 54 F 3 v 74 D ORBERL
Fonhs, LarL, ThEToERTIE, %<
&b Fig. 4 R L7z [0 1] Foiha o Bl
HIZBWTIE, 2 Ol R ASHAL RS B OB h
7RI L L T o T B

NS OWNIEEHAT O ML OFERKZ, FEiFT
OBMEEICE 74— F Ny 7875, Bz,
e I KGPS f#AT 5 B &, 49 25 4t KGPS f##7 &
BVIEAY T 4 v 7 NN IC AR T, Bl R
DA DOP DHALITH L Th 7% )& TH
D, FAEL 2B L, WAEHIG T 2 b B A6
BEAE LS EALT . CoOBErORLE, HE
B TR EMEPAT 5 TH LR TS
WZ ERbhoTE. 22T, HkREOLN
WZHEA T, MBI OREHN 2 ZMT 52 & T,
0 LN RU RS 2512170 TV 5.
ZORER, WHF L7727 — % OFIHFIIEBIC B
0, g L72HAAEEEREIR D EBUI O s> T
5. BlllZ179) BT, #WEOHALNLEET S
X, FEHEMICUROZEELFRED, EB
BT Y % T, Zofite LT,
ARG R 8 BIWEHT AL TH 5.

EHI1IL, TMEHVWTUTOL ) Rs8FEER
iRV B i i i e O SR O I = B VA
FEDRERRICARIL T A & IR, RIS 21D
ERL w5,

WA -l (2005a) 1, BEEGPST v 7T D
PRI X B HALEHERS R OEWNIZER L,
7 v 7 F M & L T Choke Ring % Trimble
Zephyr # 72354, IH#% 4 7 ® Trimble Micro
Centered % I\ 7235 & 12 e XTHE & A 12 5FAM 45
REBRI W 2R L 2720, ZoOFHEIcBI
A EOBENCIE Zephyr 7 T F R HWT W5
72, ZORNAEEDENDT T FEEOFE L
BLIZEZH0D, TYyTFFORAEDLEICZLS
LODPDVKEHEE o TWD,. BEOLE, 7
YT AMPLOEREERT A EICLY, &
SAIZHIAREEEASH) L35 2 & WIfFE 5.

_4_



GPS/Acoustic seafloor geodetic observation

WA - Al (2006) 1%, HEMEDORL OB
RS TF = OSDITIC X B HZ L
7o, T ORER, HH K 200 km~1500 km T i,
WA ROBE LEL LIEBEOMICIZE A LH
v, iz i, EHE 1500km T @
WA A BFH LT LA I AR TH#R 22 W
EPEOND I EARENT. E5I1T, KGPS®
1500 km f# %, k3 2 ¥R A AT 12 b @
L, EfEokE BN Z 7286 L RS o
PERBEIROND L BRERL. Zhbnl
END, FFRB 2L A B R 72 E T L — b
bRl n GRS S BRE LGS
TbH, KGPSEN I LTI, ITZ w5 Z &
XD, BUTHEOHERAS 5 RETH % & WifE
b,

F 724 - Al (2005b) 1%, GPS R OHASL
HEYUET L7012, ETRIBUASGMEO L
RAMEICHRBELZT VT FICE VRS L 27—
¥ & W72 ALEHE 2 4T, R LT V7
FEHOEAICHRT, SEESNLGE% W
TEERELSZ. SSHITHRA - (2006) 1%, <
ANT VT F TR LT — 712X DR %,
R AL P~ L 72 Ao W THGT L,
TR 2/ TV 5.

(2) HBAHT
TERNTI, TEWIED O F W OHAE R 2 e
ETDHODOT—FFITHY, Sz,
BEW & ZREWDONT D EATY B 2 IEMEIC P E$
5EVIHMEETH 5. R TOEWDHEEDH
1.5km/s THAHZ L %¥Ez25L, £V F A—1]
W L NOV DA BE 2 3B % 72D 1L EE 5 St
WY B ORERHEE, Pl LB uBUT
EEZBRITNE RS RV,
FHEWRRONH L) % SREEICET 5720
Wi, MEMBEEEERS FEPHV LN
GEH - &M, 2001 ; & 10, 2003). & #ix, M
FIEFTOREEZFIALTITH) b DOTH Y, il
BICAERR L 2B IR & 2 BN oOMEME %
&, WONH EAY &, MHBEBIE (RIEAZE)

20000 \ .
Il

10000 - r ‘I‘

-10000

\
-20000 |- M

12150 12200 12250 12300 12350 12400

Fig.5 Example of cross-correlogram for the transmit-
ted acoustic signal (red) superimposed on the origi-
nal waveform (green) (Toyama, 2003).
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Fig. 6 Algorithm of parameter estimation applied to get
the seafloor station position using the round-trip
travel time of acoustic waves.
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Fig. 7 Representative plots of estimated average acous-
tic velocity, on April 24, 2004 at MYGI (Fujita et
al., 2006). SVO (red) represents an initial value
given from the observed velocity profile, SV 1
(blue) is the curve after the daily session estima-
tion as the first step and SV 2 (green) is the one es-
timated for each observation line as the second
step.
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The influence of underwater temperature structure on seafloor positioning

Tadashi ISHIKAWA, Masayuki FUJITA and Yoshihiro MATSUMOTO

Abstract
We have been developing a system for detecting seafloor crustal movement by combining kinematic GPS and
acoustic ranging techniques. The influence of underwater temperature structure on precision of seafloor positioning
was examined. At sea area off Miyagi Prefecture, underwater temperature fluctuate rapidly with respect to time and
space, especially in spring and autumn. This instability deteriorates the precision of measurement results of
seafloor positioning. On the other hand, in summer, underwater temperature structure is stable and measurement
results have enough precision. The underwater temperature structure in sea area along the Nankai Trough is more
stable than that off Miyagi area. These measurement results of the stations situated along the Nankai Trough show
higher precision. These results show that a good undersea condition leads to the good precision of a result. How-

ever, even when the undersea condition is unstable, an enough number of data lead an enough precision of result.
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Fig. 2 Locations of the seafloor geodetic reference points used in this study.
Table 1 List of numbers of data for each campaign observation used in this study.
Date | 4/22 4/23 4/24 4/25 5/9 5 days
MYGI, APR. 2005 Shots | 1280 1299 1685 1300 901 6465 shots
Date 8/09 8/10 8/11 8/12 8/13 8/14 6 days
MYGI, AUG. 2005 Shots | 1312 1300 1296 1300 1300 900 7408 shots
Date 9/09 9/14 9/15 9/17 9/18 5 days
MYGI, SEP. 2005 Shots | 1061 1300 900 1300 1360 5921 shots
Date 7/()6 7/07 7/11 7/12 4 days
SIOE, JULY 2004 Shots | 1216 1564 1001 1696 5477 shots
Date 8/23 8/24 8/25 8/26 9/14 9/15 6 days
SIOW, AUG. 2003 Shots | 1006 1142 810 1021 724 759 5462 shots
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Fig. 3 Results of the campaign observation at MYGI in Apr.-May 2005. The top panels show repeatability of seafloor
positioning. The lower panels show vertical profiles of temperature obtained from CTD, XCTD and XBT meas-
urements.
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Fig.4 Same as Fig. 3, but for the campaign in Aug. 2005.
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Fig. 6 Same as Fig. 3, but for the campaign at SIOE in July 2004.
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Fig.7 Same as Fig. 3, but for the campaign at SIOW in Aug.-Sep. 2003.
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MYGI, Time Series
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Geographical Distribution of
Acoustic and XBT Measurement Points
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Observation on Fukutoku—Oka—no—Ba submarine volcano eruption in 2005

Yasuo OTANI*!, Noboru SASAHARA *?, Tetsuichiro YABUKI*?, Toshikazu Hattori **,
Susumu MIYAZAKI*, Mitsuhiro OIKAWA *‘and Kenji NOGAMI**

Abstract

Fukutoku—Oka—no—Ba had erupted on July 2, 2005, accompanying the discharge of colored waters from the cra-
ter. The pumices and pyroclastic materials blew up from the crater of the sea bottom by this eruption, they floated
on the surface of the sea with rising the steam. We clarified topography change between the eruptions in 2005 and
1986 by echo sounding investigations of the sea bottom topography, in order to grasp the condition of the sedimen-
tation of the pyroclastic materials around the crater.

After the eruption in 2005, we investigated Fukutoku—Oka—no—Ba using the echo sounder installed on the un-
manned ship “Manbo II ?, and discolored seawater was also sampled. We found two new craters from the topo-

graphic change between this investigation and the one in 1999(after the eruption in 1986),and observed the air bub-

bles spouted out from the crater.
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Photo. 2 Pyroclastic materials and discolored water
floated on the sea at 12 : 36 on July 3, 2005.
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J %5 ] ORI AS % L 7.
Fvyﬁﬁnjiﬁ@ﬁﬁﬁa%&gﬁubﬂ
5E L 72T 2 Sy o CHE N THILE T HE 7 #5 IR
T, EEHAVREIC X 2 R & RAKDSEEAR A & f

MBI TE B L) ITEFFS T2 U

fls, 2002). BIl7T—% & LC, K, ALK

Kinds % 77 & VTR % & & (T TR

WCREET 5. KERFREHK EICT7 F o7 Ttk

INTn5b
SEOFATIE, RN 7 %] FHLToHlgE

& EER LS L TR D S Jda A T B fE

DA TIHRAKZAT - 72, 2 OIS O

BiX % Fig. 2 128”7
ATHATIE, I H T30 A 0D A L2 KRR L ARl

W 7 O e BB T TIRET 5 - 1F

WiEH (SIR) ERET BEIHITH o 7225,

BV EERNHEAGEM L2720, 2O

W OB SO AR LRI 5 Z & A3T
X o,

i FARLT T, IS BT B &Ko FE 7
BT =y 2WET 5720, HlEM X 2%
TV TS ILZEREE M | 28 L T 5. K
IR O K IR A, 199947 H6 H2 5 7
Ho2HBE, [y R 7 T] IZX>Tirbh, %

3|

-8B - 1A21B - TRA2B

141200 141280° 141299 141723307 141700 141°30%"

2490

24N

241630

24

Mo

24T

24T

Mo

Mo

231690 241630

Ty [T, 14179 142 1417300 14113000

1 o 1 2 Shm

Fig. 2 Trail of echo sounding survey in 2005.

OFEFEBHE IR TWD UM - i1, 2002). &
Bl OFAE 1999 dEDF A DR % B L T 2005
SEOMEKIGE) &2 METd 5.

4 FERARE R

1) {EEHIE

30 1986 EMEK TIXMEH T ORI S
#600m OFHROFE (KikR) »PEEI R
7ehy OB, 1991), €0k, WRIZL->TRA
SN L7z, 1999 £ O FHATIC X 0 KB L 72 i
JEHIE QRN INTHASPI 245 % L 72 10k
Thh, PHIOHOAFEITHREKE 22 m D1l
TEEBABHFEAEL T W22 e Th D (il FRZTK
5B, 2000). F7z, ZOILHEMICIE 1986 EMEK

1 (R - (g, 1986) AMHEE D 2055 HH A
é&ﬁ%ofwﬂut% ROOLN5.
AE@%%@@A%®%ET#%htm%%
Fig. 3123 XX T L7z (KK, 2005). ¥ 7=
Aﬁﬁﬁm ALK 112 1999 4F & 2005 4FE DMK
A2 O & 5 KIEDOEALIR % Fig. 4 12K
. ZOMP S ILTEPFIHERICHEILICE % 5 2 00
ZFNENEEH200m O KON TETED,
KIODOBERSIEIK 40m L Ed 5 Z &2V L 7-.



Yasuo OTANINI , Noboru SASAHARA , Tetsuichiro YABUKI , Toshikazu Hattori, Susumu MIYAZAKI , Mitsuhiro OIKAWA and Kenji NOGAMI

7K7E (m)

-350 -325 -300 -275 -250 -225 -200 -175 -150 -125 -100 -75 -50 -40 -30 -20 -10 O

Fig. 3 3 D map of the topography by echo sounder in 2005.
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Observation on Fukutoku—Oka—no—Ba submarine volcano eruption in 2005
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Fig.5 Profiles of the new crater in 2005 (left) and 1999
(right) by echo sounder.

Fig. 6 Profiles of the old crater in 2005 (left) and 1999
(right) by echo sounder.
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Fig. 8 A color change of discolored waters which were observed from 2003 to 2005.
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Determination of Marine Geoid model around Japan.

Noboru SASAHARA ™!, Tetsuichiro YABUKI**and Takashi YANUMA**

Abstract

We determined the precise marine geoid model, by “remove—restore technique” which is the gravimetric method.

The long wavelength reference of CG 03 (Forste et al.,2005) which is the degree—360 expansion of the global geo-

potential model was removed from the local gravity anomalies which contain the ship borne gravity data observed

by the Hydrographic and Oceanographic Department. The residual gravity anomalies were converted to geoid un-

dulations using Fourier Stokes Formulas (1 D FFT) with the modified kernel.

Comparison of the new marine geoid model with Geographical Survey Institute geoid model (gsigeo 2000 Ver.3.1)

gives the standard deviation of 0.178 m.
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Fig.1 Gravity anomaly of CG 03 around Japan.
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Fig.5 Gravity anomalies around Japan derived from sea
-and land-gravity.
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Seasonal Variation of Mean Sea Level and Density of Sea Water in Coastal Waters along the Kuroshio.

Siniti KIKUTT*

Abstract

This note shows the tables and the figures of the seasonal variation of mean sea level at Japanese coast along the

Kuroshio Current. Monthly and 15 days running mean data are calculated from the tidal data observed in the period

from 1971 to 2004. Characteristics of seasonal variation of MSL along the Kuroshio, such as the primary crest in

early October, the secondary crest around summer solstice and a small scale crest / convexity after spring equinox,

are described in graphs.

The figures of calculated sea level (CSL) are also described in graphs. The CSL is estimated by the specific vol-

ume calculated from temperature and salinity data in the area within 15 to 20 nautical miles along the coastlines

around a tidal station. In the almost case of the tidal station on main lands, MSL matches the CSL calculated from

the data in the depth of surface to 125 or 150 meters. Differences subtracting CSL from MSL are described in ta-

bles. The regional characteristics of the difference are shown in figures.

1 FxAE

KT (MSL: Mean Sea Level) 137K B& il &2
RWEHMERICB W TE S oHE#ER & L THH S
M, JKEEDOILHEN T H 5 ABKINZ b B IZHR
5. HARGED 12 AR OFHZLI,
KB BE ] YRS RS LT B L, i &k %
VFVONITEEINLZ LR ONTVS
(Nomitsu and Okamoto 1926, #A) 1963). AHf
R R OB T — 5 Z2fHLT1 2»HF
YK K O° 15 H MAP¥K IR O PFAEME 2 VER L,
Z DFHEAL DR 7.

MK BE & PR K & OMBIZOWTIZE K @
WiFEAs s T b, HEH (1954) K U5 H (1961)
&, R, i R R OONLE O H P KAL (25 R

WV-Ey) & JEB O T FEEEE (800 m 2EHE)
BT HZLE2HWEL TS, REAOHE L
T, MR ENT T 52 L2 B E L72iF%E28
Sekine and Fujita (1999), HI% (2001) KOA
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TR v & P KI 2 e L 72,

AR TReaR U7 PR, FRICH S vl
&, RIEMIEZ U721 2 7 Pk & O 15 H 14
SEXKMTH S, F7z, KB OV &S
WD 1VEROFEA0 &% 5 &) IZHREEL 7214
ZIRLTW5.
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Figure 1. Measurement of Convexity on the graph of
Mean Sea Level
Convex unit of 15 days MSL (KZ) at Odomari
Tidal Station; KZ is “Kolmogrov-Zurbenko
Filten”, repeating running-mean processing
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ORI D % & FIEICERAESBING 2 LH%
V.o A (1963) 1E [RFloSEOfEE, FEo
W T OAE A & HEE A TIEIE D % W IdHiFE L7 ]
EL, THERUIIZXYRIWT—F I L T
%, AR, KNS X o TH U B FEMOAE
Wtz 72 < §728, KU 3 B2 & oMlEAkEE
ZHEML, RICABEOFEHEDI SFEME 25
KEETFT =5 ZEtHT 5 ER L o7 b, 1991
EDIRE, ZHOBI T — 5 ORKADIEFE I % L
oTWwWhb,

SRR AR DR 2 R $ 720, BWHE RIED
BAEBNEOES %2757 ETRHIIL 720 ™
(Convex unit) 23% 2356, MFEBOH IS % 5
AR BT A0 E LT, Z DRI EERER
DIFEHETSH. COMEDIILD LD ITHT
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K DI RO KA. & Z OEMOAEZ MROF S &
5. HMOWERD O R E TOR S ILKBGHFE
21~T9 DM & L, 2 EMETRESE, ®MEh°
WK ELRDLEENOFRERY L35 (Figure 1
Z ). MO R E W] 1 Table 5 [ OKFa
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(3) KRS S O R S ORI
SEYGOKIE & RS 5 72 DI 2 D — R E F
TOVHEE 2RO, BEOBHTH L FHIE
(Specific volume) N UEEDOIEZ %IE 1. 025 g/
cm’ DHEKDE (0.9756 cm’/g) THEI- - fi %
MR S & L7z, & 2RO KE RS —ETH
5 EAGE LT KB EE D b R L 721 = O F3
i & O % FH 51 & (CSL: Calculated Sea
Level) &FERZ & E9 5. 738, “calculated
level”® H &% Sekine and Fujita (1999) A3
LTw3

i 7K % BE 1% JODC @ & Jg K il - 07— % O
BREERE A DT 0, 10, 20, 30, 50, 75,
100, 125, 150, 200, 250, 300, 400, 500 m @

sea

BREIZOWTEE L7, Table 1IR3 X 9 I2H#]
T3 5 S8 TR 100 m UETIE T — 7 34

Bl B 720ETORT500m I Tl KBE
BRDDHZLEIITE o7, HREEIZ, HAR
WETrT—% k77— (1984) (SN2 [HE

Table 1. Average Count of Oceanographic Data to calculate Sea Water Density around each Tidal Station

Temparature Salinity

0,10m  20-75m 100-300m 400m-— 0,10m  20-75m 100-300m  400m-—

Kushimoto and Westward 11,156 15,751 7,672 523 7,549 12,479 5,300 369
(5805) (9195) (8,307) (19) (3,009) (4,865) (1,787) (0)

Uragami to Uchiura 9,760 14,136 9,391 849 7,142 10,793 6,685 560
(3,788) (5,374) (2,580) (84) (3,478) (5,610) (1,977) (55)

Tago and Eastward 8,671 12,707 11,273 1,126 4817 6,382 4,224 819
(4,690) (6,900) (4,246) (271) (2,483) (5,180) (2,550) 175

Islands 9,403 13,573 8,625 750 6,201 9,645 5,096 531
(4,398) (6,467) (2,209) (42) (568) (1,146) (1,239) (1)

Internal seas and bays 13,970 17,991 786 24 11,432 14,589 238 3
(8,639)  (12,386) (249) (23) (5,416) (7,159) (65) (0)

*The least numbers of oceanograpahic data are shown in parenthesis.

The area around tidal station of mainland is limited within 15 to 20 nautical miles from coastline.

Areas around islands are shown in Table 2.

Table 2. Oceanographic data to calculate Sea Water Density around the islands located in/around the

Kuroshio
Tidal Station Nakanoshima Nishinoomote Kozushima Miyakejima Hatijojima
Area 2930—3030N 3030—3110N 3400—3430N 3350—3420N 3230—3340N
12930—13030E 13030—13110E 13850—13925E 13900—14000E 13900—14030E
Temperature data 28,606 13,559 34,166 53,001 35,139
Salinity data 15,213 7,822 12,447 16,552 3,940
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unit: data count in each 5 days
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Figure 2. Temperature Data at the Depth of 100 meters around the Minamiizu Tidal Station in each 5 days

(Total data count : 2,594)
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15
0
Kushimoto and Westward 130°40' - 135°50'
—— Uragami and Eastward 135°50' - 139°00'E
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s | | |
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Figure 3. Running Mean of Monthly Mean Sea Level on Japanese Coast along the Kuroshio
Table 3. Tidal stations and Mean Sea Level on the Japanese Coast along the Kuroshio
Tidal Station 15 days Mean Sea Level (KZ)
Name Position Minimum Maximum Range Remarks
Latitude Longitude Time Height Time Height
< Kushimoto and westward >
Odomari X3l 3171 130°41" -17(3/3) -845 191 (10/3) 14.12 226 JCG
Aburatsu i 31°35°  131°25°  -17(3/3) -933 194 (10/7) 14.76 241  JMA
Hososhima e 32°26° 131°40°  -16(3/4) -925  188(10/1)  14.19 234 GSI
Tosashimizu +iEiEK 32°47 132°58° -16(3/4) -926 192 (10/5) 1407 233 JMA
Kure Ve 33°200  133°15  -21(2/28) -1053 196 (10/9)  15.40 259 GSI
Kochi =731 33°30' 133°34 -21(2/28) -1047 196 (10/9) 14.69 252 JMA
Murotomisaki EFR IR 33°16’ 134°10° -18 (3/2) -9.89 196 (10/8) 14.85 247 JMA
Shirahama BiE 33°41°  135°23  -16(3/4) -1063  195(10/8)  14.23 249 JMA
Kushimoto =R 33°29' 135°46'  -18(3/2) -1026  195(10/8) 13.88 241  JMA
< Uragami and eastward >
Uragami SEfH 33°33 135°54’ -17 (3/4) -7.18 196 (10/9) 12.69 19.9 JMA
Owase BE 34°05°  136°12°  -18(3/2) -877  194(10/7) 13.64 224 JUMA
Maisaka E:1173 34°41  137°377 -20(3/1) -880  192(10/5)  13.59 224  JMA
Omaezaki fIETs  34°377  138°13'  -18(3/2) -823  193(10/6) 13.88 221 JMA
Yaizu g 34°52°  138°20° -24(2/25) -766 196 (10/9)  13.45 211 GSI
Shimizuko EKE 35°01"  138°31"  -18(3/2)  -7.98 194 (10/7) 12.76 20.7 JMA
Uchiura M 35°01"  138°53  -19(3/1) -7.73 193 (10/6)  11.93 197  JMA
< Sagami Wan Bay and around>
Tago B¥ 34°48  138°46" 26 (4/15) -7.18  195(10/8)  11.38 186 GSI
Minamiizu mEE 34°38 138°53 28 (4/18) -7.09 195 (10/8) 12.23 193 JCG
Ito RE 34°53  139° 8 24 (4/13)  -794 190 (10/3) 12.04 200 GSI
Aburatsubo hEE 35°100  139°37 21 (4/11)  -7.90  193(10/6) 10.74 186 GSI
Mera i = 34°55  139°49° 28 (4/18) -782  192(10/5)  10.87 187 JMA
Okada ]z 34°47  139°23 24 (4/14) -635 194 (10/7)  10.28 166 JMA
<Islands located in the Kuroshio Current>
Nakanoshima hZB  29°51"  129°51" -39(2/10) -11.11  165(9/8)  13.05 242 JCG
Nishinoomote ~ PHZ2%&  30°44' 131°0  -15(3/5) ~-1066 190 (10/2)  14.50 252 JCG
Kozushima #EE  34°13  139° 8 -38(2/13) -821 204 (10/17) 12.05 203 JCG
Miyakejima =EE 34" 4 139°29° -25(2/24) -9.86 201 (10/14) 12,62 225 JCG
Hachijojima A\XE 33° 9 139°49’ 30 (4/18) -13.56 170 (9/11) 25.96 39.5 JCG
<Inland seas and bays>
Uwajima FHE  33°14 132°33  -17(3/3) -1093  183(9/25) 13.69 246 JMA
Komatsujima IMAE 34° 1 134°35 -18(3/2) -1143  195(10/8)  14.22 256 JMA
Wakayama Wb 34°13 135° 9’ -17 (3/4) -11.45 196 (10/9) 14.06 255 JMA
Kainan B 34°9  135°127 -15(3/5) -10.74 196 (10/9)  14.11 249 GSI
Toba 23 34°29'  136°49°  -20(2/29) -11.21 191 (10/4)  15.44 26.7 JMA

Time: Ecliptic longitude in degree and date in 2000

GSI: Geographical Survey Insititute JCG: Japan Coast Guard JMA: Japan Meteological Agency

Unit of height: cm
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Figure 4. Seasonal Variation of Mean Sealevel along the
Kuroshio
MSL 15d (KZ) : 15 days Mean Sea Level proc-
essed with KZ filter.
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Table 4. 15 days Mean Sea Level on Japanese Coast along the Kuroshio

Mean Sea Level : Ten days average of running mean of 15 days MSL processed with KZ filter.

Jan. Feb. Mar. Apr. May Jun.

early mid late early mid late early mid late early mid late early mid late early mid late
< Kushimoto and westward>
Odomari -46 -53 -64 -72 -70 -77 -81 -71 -64 -62 -68 -64 -65 -60 -48 -30 -14 -07
Aburatsu -47 -54 -67 -82 -83 -91 -94 -85 -78 -80 -85 -81 -77 -67 -53 -32 -18 -10
Hososhima -49 -54 -67 -83 -85 -92 -95 -88 -80 -81 -79 -71 -65 -55 -44 -24 -10 0.0
Tosashimizu -43 -53 -64 -77 -81 -90 -94 -85 -78 -81 -83 -74 -65 -56 -43 -24 -11 -07
Kure -57 -67 -77 -89 -98 -105 -105 -96 -87 -87 -84 -72 -62 -55 -44 -28 -10 0.0
Kochi -41 -52 -71 -89 -98 -105 -10.1 -92 -85 -87 -86 -77 -68 -57 -40 -21 -04 03
Murotomisaki -39 -53 -67 -83 -91 -98 -10.1 -94 -83 -87 -88 -73 -61 -55 -46 -33 -12 -03
Shirahama -55 -67 -83 -97 -99 -10.7 -110 -102 -88 -89 -87 -73 -62 -56 -41 -24 -06 0.9
Kushimoto -44 -56 -72 -84 -91 -102 -104 -95 -86 -89 -86 -73 -64 -60 -49 -33 -12 0.8
<Uragami and eastward>
Uragami -24 -37 -48 -59 -66 -70 -72 -69 -6.7 -68 -66 -59 -51 -46 -37 -24 -14 -07
Owase -36 -47 -58 -72 -80 -87 -88 -83 -79 -75 -69 -6.1 -56 -50 -40 -23 -1.1 0.0
Maisaka -41 -53 -67 -83 -83 -87 -87 -79 -70 -64 -62 -60 -54 -48 -39 -22 -02 1.3
Omaezaki -22 -33 49 -68 -73 -81 -83 -76 -70 -69 -71 -67 -63 -59 -47 -34 -23 -10
Yaizu -18 -31 -45 -67 -76 -79 -75 -72 -67 -67 -70 -66 -61 -60 -49 -36 -22 -08
Shimizu-ko -18 -28 42 -62 -70 -80 -80 -76 -71 -70 -71 -69 -65 -62 -49 -38 -23 -07
Uchiura -18 -28 -42 -61 -70 -78 -78 -76 -72 -72 -74 -69 -64 -61 -46 -33 -19 -03
< Sagami Wan Bay and around>
Tago 08 -04 -18 -42 -57 -64 -62 -66 -65 -65 -70 -66 -62 -63 -57 -52 -35 -19
Minamiizu -01 -10 -27 -50 -58 -66 -67 -65 -64 -68 -73 -70 -67 -65 -52 -42 -32 -21
Ito 05 -01 -13 -34 -43 -52 -55 -55 -57 -62 -66 -62 -60 -55 -41 -36 -29 -17
Aburatsubo 00 -07 -19 -39 -50 -63 -66 -69 -75 -80 -81 -74 -68 -65 -53 -46 -34 -21
Mera 06 -02 -13 -36 -46 -59 -61 -63 -68 -73 -79 -76 -68 -65 -53 -44 -30 -20
Okada 05 -01 -13 -34 -43 -52 -55 -55 -57 -62 -66 —62 -60 -55 -41 -36 -29 -17
<Islands located in the Kuroshio Current>
Nakanoshima -70 -6.2 -72 -108 -110 -89 -96 -90 -9.7 -118 -99 -78 -44 -24 -24 -23 -1.1 11
Nishinoomote -6.6 -73 -76 -94 -100 -10.1 -10.2 -10.1 -94 -94 -97 -90 -77 -62 -46 -30 -12 0.7
Kozushima -06 -26 -53 -76 -82 -79 -70 -63 -44 -47 -57 -53 -59 -60 -39 -33 -24 -03
Miyakejima -05 -22 -45 -66 -91 -96 -85 -72 -56 -72 -88 -81 -80 -73 -39 -23 -37 -29
Hachijojima -37 -66 -88 -11.0 -120 -11.1 -11.6 -103 -105 -128 -135 -123 -90 -74 -37 -23 -29 -28
<Inland seas and bays>
Uwajima -54 -64 -81 -97 -99 -10.7 -11.0 -101 -93 -88 -86 -77 -6.7 -55 -38 -13 0.3 1.3
Komatsujima -66 -77 -92 -10.7 -108 -115 -115 -10.7 -96 -92 -85 -68 -56 -48 -31 -14 0.4 22
Wakayama -61 -74 -90 -104 -108 -114 -11.7 -11.0 -98 -94 -86 -70 -60 -54 -39 -18 0.3 21
Kainan -55 -67 -83 -98 -10.2 -106 -11.0 -104 -94 -98 -95 -76 -59 -53 -41 -23 -04 14
Toba 60 -73 -86 -97 -104 -10.7 -104 -96 -85 -73 —63 -55 -47 -37 -26 -11 02 15

Jul. Aug. Sep. Oct. Nov. Dec

early mid _late early mid late early mid late early mid late early mid late early mid late
< Kushimoto and westward>
Odomari -0.9 0.3 3.1 49 7.3 8.5 92 120 138 137 130 94 6.2 3.8 1.0 -04 -16 -3.1
Aburatsu -0.7 0.8 40 6.1 84 100 10.7 128 144 148 144 109 7.6 50 20 02 -16 -32
Hososhima 0.3 1.2 3.9 6.0 79 97 106 126 141 140 133 9.9 6.9 46 16 -02 -21 -36
Tosashimizu -0.1 1.3 3.9 5.8 7.6 93 105 124 137 141 134 9.7 6.5 43 1.9 02 -19 -33
Kure 1.0 1.9 3.9 5.8 82 101 112 130 145 154 150 114 79 55 25 03 -23 -45
Kochi 1.4 24 39 58 7.9 9.2 96 113 132 147 144 108 8.1 58 25 04 -20 -37
Murotomisaki 0.6 1.6 28 43 6.5 8.1 99 118 138 151 146 114 8.2 58 33 16 -10 -28
Shirahama 2.1 28 49 6.7 8.6 96 111 130 135 142 141 107 7.9 55 2.3 05 -15 -39
Kushimoto 2.2 28 4.6 6.5 7.8 93 111 124 130 141 135 9.9 71 49 2.3 08 -12 -32
<Uragami and eastward>
Uragami -0.2 0.5 14 1.9 27 38 5.1 78 106 124 122 103 8.4 6.2 3.8 16 -01 -1.2
Owase 0.7 1.0 2.1 25 4.1 6.2 78 104 125 138 130 10.1 8.4 6.1 33 15 -09 -22
Maisaka 2.1 22 25 2.6 45 6.4 79 106 127 137 127 9.8 74 49 2.3 05 -21 -30
Omaezaki -0.3 0.0 1.2 1.7 35 54 75 107 129 142 130 106 8.5 6.0 3.5 20 -02 -11
Yaizu -0.1 0.3 0.2 1.0 2.8 40 53 90 117 139 129 112 8.9 6.3 4.7 33 1.0 -01
Shimizu—ko 0.3 0.7 14 1.9 35 54 73 101 118 131 122 10.1 8.2 5.8 3.4 22 03 -06
Uchiura 0.9 14 2.1 2.7 40 5.6 712 93 110 123 112 94 1.7 5.6 3.4 22 02 -0.7
< Sagami Wan Bay and around>
Tago -08 -02 -07 0.1 1.9 3.1 41 7.2 94 114 107 9.7 8.3 6.3 5.3 46 2.7 2.1
Minamiizu -16 -1.1 0.0 0.7 2.3 38 6.1 9.1 112 128 119 9.9 8.2 5.9 42 35 1.6 0.8
Ito -1.3 -1.0 0.0 0.7 1.7 2.6 41 6.7 8.8 103 10.1 85 6.7 47 3.9 34 1.7 11
Aburatsubo -1.2 -05 0.7 1.8 28 40 6.3 90 106 115 106 9.5 7.9 5.6 44 40 20 1.1
Mera -15 -10 0.0 0.7 1.7 29 52 83 103 112 102 94 79 5.6 4.7 43 2.6
Okada -13 -10 00 07 17 26 41 67 88 103 101 85 67 47 39 34 17
<Islands located in the Kuroshio Current>
Nakanoshima 48 6.9 90 101 106 118 132 130 127 110 9.0 5.6 40 44 29 -14 -38 -50
Nishinoomote 3.3 52 6.6 80 102 117 123 132 142 140 134 102 6.8 52 3.0 00 -31 -49
Kozushima 1.7 2.1 1.9 1.6 30 3.7 42 5.3 6.0 95 11.7 104 8.5 7.8 5.6 2.7 0.2 0.1
Miyakejma -13 02 -03 20 49 84 111 119 112 109 125 108 98 77 42 09 -06 0.1
Hachijojima -20 -21 0.2 58 128 193 244 246 188 159 135 1038 7.9 44 00 -20 -06 -14
<Inland seas and bays>
Uwajima 20 3.6 5.7 7.3 89 107 114 129 138 133 129 100 7.1 47 1.7 -03 -23 -37
Komatsujima 3.7 43 5.8 75 90 103 117 132 135 139 137 106 14 5.0 19 -03 -27 -52
Wakayama 3.5 41 6.0 79 92 103 116 128 132 141 140 107 15 5.1 2.1 02 -22 -47
Kainan 29 35 53 74 89 100 114 127 132 141 140 107 7.7 54 24 04 -20 -43
Toba 25 34 42 51 63 79 100 121 135 139 128 106 76 48 21 -04 -26 -44
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Seasonal Variation of Mean Sea Level and Density of Sea Water in Coastal Waters along the Kuroshio.

Table 5. Crest and Convexity on the grafs of 15 days
Mean Sea Level (KZ) 1971-2004

Tidal Station Spring Convexiity Secondary Crest
Time Height Period Time Height Period
Long. Date cm degree Long Date cm degree
< Kushimoto and westward >
Odomari 9 3/29 087 49 85 6/16 1.26 49
Aburatsu 7 3/271 094 45 82 6/13 1.01 51
Hososhima 3 3/23 054 35 86 6/17 1.07 49
Tosashimizu 5 3/25 0.77 39 82 6/13 099 49
Kure 4 3/24 049 37 88 6/19 053 43
Kochi 2 3/22 053 39 86 6/17 0.89 59
Murotomisaki 5 3/25 0.78 37 89 6/20 0.61 41
Shirahama 7 3/21 071 33 89 6/20 083 51
Kushimoto 4 3/24 063 37 95 6/26 0.96 51
<Uragami and eastward>
Uragami 3 3/23 0.30 33 87 6/18 0.71 51
Owase 1 3/21 0.08 27 95 6/26 0.99 73
Maisaka 10 3/30 0.51 45 97 6/28 210 67
Omaezaki 9 3/29 047 45 96 6/27 083 75
Yaizu 6 3/26 0.46 45 95 6/26 1.48 67
Shimizu-ko 8 3/28 040 45 97 6/28 1.08 73
Uchiura 8 3/28 0.29 35 97 6/28 1.16 7l

< Sagami Wan Bay and around>

Tago 12 4/1 0.20 25 102 7/3 153 59
Minamiizu 3 3/23 0.65 49 93 6/24 0.80 Al
Ito 1 3/21 010 35 93 6/24 081 69
Aburatsubo -5 3/15 0.13 29 93 6/24 0.26 37
Mera 1 3/21 023 43 94 6/25 0.79 75
Okada 2 3/22 035 41 97 6/28 0.62 37
<Islands located in the Kuroshio Current>
Nakanoshima 0 3/20 1.34 31 54 5/15 343 61
ditto 85 6/16 -3.49 65
Nishinoomote 10 3/30 0.39 31 83 6/14 -0.80 57
Kozushima 10 3/30 144 29 82 6/13 -1.30 45
ditto 109 7/11 181 55
Miyakejima 7 3/21 1.2 29 92 6/23 -1.62 37
ditto 110 7/12 1.38 31
Hachijojima 2 3/22 193 43 94 6/25 -0.54 35

<Inland seas and bays>
8 3/28 040 37 83 6/14 1.27 57
6 3/26 0.30 29 96 6/27 0.77 57

Uwajima
Komatsujima

Wakayama 6 3/26 024 27 94 6/25 1.16 61
Kainan 5 3/25 0.33 33 94 6/25 0.94 51
Toba 12 4/1 041 37 97 6/28 141 77

Long.: ecliptic longitude in degrees Date.:date in 2000

Negative value of height indicates concave unit.
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Table 6. Difference between Mean Sea Level and Calculated Sea Level

Jan. Feb. Mar. Apr. May Jun.

early mid late early mid late early mid late early mid late early mid late early mid late
< Kushimoto and westward>
Odomari 0.0 1.2 1.4 1.5 1.8 1.7 1.6 25 2.8 1.6 03 -07 -17 -22 -14 -0.7 -08 -16
Aburatsu 09 18 15 09 10 12 13 14 13 07 -02 -10 -15 -12 -14 -15 -22 -38
Hososhima 0.0 1.6 1.4 0.5 0.3 0.7 0.6 04 0.8 03 -04 -02 -03 -18 -27 -19 -22 -32
Tosashimizu 1.7 23 23 22 2.7 2.7 24 29 28 1.4 03 -03 -07 -16 -23 -24 -31 -40
Kure -1.1 0.8 20 1.9 1.5 1.3 1.6 23 22 11 03 -01 -08 -27 -31 -24 -31 -27
Kochi 0.5 24 22 1.5 1.3 1.1 14 2.0 12 -05 -05 -05 -11 -27 -29 -20 -19 -14
Murotomisaki 0.8 1.9 2.0 1.7 1.7 1.9 1.7 2.0 24 1.3 05 02 -02 -08 -12 -13 -17 -24
Shirahama 01 -02 -06 -0.7 -02 0.6 0.8 0.8 1.3 08 -03 -09 -06 -05 0.1 03 -03 0.3
Kushimoto 0.0 02 -02 -05 -02 -0.1 0.2 0.6 07 -01 -07 -13 -15 -14 -13 -11 -06 03
< Uragami and eastward >
Uragami i1 20 19 14 09 06 10 15 15 06 00 -03 -05 -07 -11 -13 -13 -14
Owase 05 0.7 0.5 03 -02 -04 0.3 1.1 1.7 04 -08 -05 -05 -16 -26 -21 -10 -05
Maisaka -0.7 0.5 05 0.1 0.9 14 15 1.7 1.9 1.4 04 -01 -07 -07 -08 -11 -16 -22
Omaezaki 1.5 3.3 2.8 2.0 2.0 2.0 2.0 2.1 1.6 09 -03 -08 -14 -21 -26 -27 -39 -49
Yaizu 25 39 35 22 22 25 26 28 1.6 05 -04 -09 -11 -17 -21 -13 -15 -35
Shimizu—ko 19 36 35 25 25 20 15 21 19 08 00 -04 -11 -18 -20 -15 -15 -33
Uchiura 1.9 3.6 3.6 2.1 25 2.1 1.8 22 1.8 06 -02 -04 -10 -16 -18 -12 -12 -28
< Sagami Wan Bay and around>
Tago 34 4.1 4.7 3.5 28 3.1 3.1 25 1.7 11 04 -03 -13 -25 -30 -24 -31 -41
Minamiizu 34 39 3.6 2.7 25 3.0 33 3.0 1.8 1.0 05 -11 -25 -31 -31 -29 -38 -46
Ito 25 3.0 35 3.2 2.7 23 23 20 1.5 06 -05 -15 -18 -20 -23 -26 -27 -20
Aburatsubo 2.7 29 24 22 23 20 20 1.8 1.2 01 -10 -12 -13 -20 -26 -28 -27 -18
Mera 33 35 33 31 30 28 25 20 13 01 -11 -19 -22 -24 -26 -24 -22 -18
Okada 29 35 3.2 2.8 3.3 3.8 35 3.1 25 1.6 04 -10 -14 -13 -15 -17 -24 -22
<Islands located in the Kuroshio Current>
Nakanoshima 1.3 11 09 -0.1 0.1 1.6 1.4 1.7 1.7 0.8 0.5 04 0.7 03 -11 -27 -31 -18
Nishinoomote -1.9 0.1 1.0 0.7 0.6 1.2 1.3 1.0 09 -02 -17 -24 -26 -22 -08 0.1 0.1 0.5
Kozushima -07 16 15 10 19 29 38 46 49 39 25 15 02 -06 -15 -30 -34 -23
Miyakejima 23 35 3.3 1.7 1.0 1.5 1.9 3.0 3.0 09 -08 -14 -27 -36 -27 -27 -43 -50
Hachijojima -55 -62 -73 -88 -98 -99 -100 -105 -111 -115 -95 -70 -55 -33 -13 -16 -12 09
Differenece is results of subtructing CSL (0-150m) from 15 days MSL (KZ).
Otherwise, the CSL of Odomari is caluculated from data of the depth 0 — 100 meters,

Jul. Aug. Sep. Oct. Nov. Dec.

early mid late early mid late early mid late early mid late early mid late early mid late
< Kushimoto and westward>
Odomari -28 -27 -17 -19 -31 -35 -24 -02 2.0 34 3.7 23 1.3 06 -02 -06 -13 -15
Aburatsu -30 -12 -05 0.2 1.1 0.7 -11 -07 1.3 23 2.6 24 19 -03 -22 -15 -15 -12
Hososhima -18 -05 03 04 01 00 -06 -04 08 18 25 27 16 03 00 -01 -11 -15
Tosashimizu -33 -32 -29 -16 -17 -20 -11 -04 0.3 20 24 1.3 03 -05 -0.8 -03 0.1 0.6
Kure -16 -20 -15 -02 01 -03 05 -03 -14 -05 14 12 04 08 16 17 03 -13
Kochi -08 -13 -12 0.2 07 -03 -03 -14 -23 -04 1.0 0.7 0.7 0.8 0.9 1.3 06 -05
Murotomisaki -2.1 -24 -36 -37 -31 -23 -10 -04 09 21 15 04 -04 03 14 10 -03 -03
Shirahama 0.7 0.4 0.2 1.0 1.2 -08 -04 01 -05 -04 -13 -16 -09 -05 -0.2 0.1 0.2 0.2
Kushimoto 04 0.2 0.6 1.3 20 2.6 25 1.3 0.0 04 02 -10 -13 -14 -15 -03 -02 -06
< Uragami and eastward>
Uragami -15 -12 -16 -17 -02 04 -04 -03 -04 0.0 1.3 1.0 -02 -07 -12 -04 0.1 0.2
Owase -12 -16 -19 -10 13 21 i5 12 10 13 17 14 -03 -15 -16 -04 08 05
Maisaka -21 -21 -17 -17 -09 0.4 1.6 2.1 1.8 24 22 0.8 02 -05 -10 -13 -20 -18
Omaezaki -40 -32 -27 -20 -06 05 038 0.1 -05 0.7 1.7 1.8 1.3 0.0 0.2 15 14 0.3
Yaizu -38 -37 -41 -34 -27 -28 -30 -32 -22 -02 0.7 1.5 1.7 0.6 1.8 3.5 3.8 28
Shimizu-ko -41 -42 -42 -31 -30 -27 -13 -07 0.3 0.5 03 1.1 1.2 0.1 0.7 22 30 20
Uchiura -35 -37 -37 -24 -24 -23 -13 -12 -05 -03 -06 04 06 -02 06 21 29 19
< Sagami Wan Bay and around>
Tago -38 -42 -48 -44 -45 -47 -27 -16 -14 -03 -02 10 16 09 21 40 45 40
Minamiizu -40 -37 -37 -32 -25 -23 -12 -01 1.2 1.9 0.8 0.6 0.6 00 04 20 22 23
Ito -21 -35 -37 -21 -04 -10 -11 0.2 1.1 04 -12 -14 -13 -08 0.7 22 2.8 24
Aburatsubo -18 -22 -18 -07 -010 -09 -11 -04 -01 -04 -09 -06 -06 -06 0.6 2.1 23 22
Mera -25 -27 -16 -14 -13 -18 -17 -05 01 -06 -14 -04 03 -03 -0.1 1.4 25 29
Okada -22 -26 -22 -20 -22 -27 -25 -15 -07 -08 -18 -14 -10 -10 -03 09 18 22
<Islands located in the Kuroshio Current>
Nakanoshima —0.4 0.2 1.0 09 -01 -02 09 1.2 0.8 03 -03 -17 -18 -10 -16 -27 -18 0.6
Nishinoomote 0.3 1.2 2.1 1.3 -03 -0.7 0.2 0.3 1.2 22 1.7 0.2 0.4 1.2 02 -17 -36 -40
Kozushima -12 -07 -09 -23 -38 -46 -43 -33 -23 -05 08 04 -02 13 17 16 03 -19
Miyakejima -36 -14 -22 -23 -13 01 17 27 21 10 02 -01 05 08 03 01 01 08
Hachijojima 2.4 4.1 5.1 6.7 108 124 128 143 143 132 11.1 8.5 6.1 3.5 04 -09 -16 -40
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Figure 7. Regional Characteristics of the Difference between Mean Seal.evel and Calculated Sea Level
The boundaries of region are indicated in longitude at upper right side of each graph. Blue thick line shows

average differences in each region. In figure (b) light blue thick line shows the average of Shirahama and

Kushimoto, and dark blue tick line shows the average of Uragami and eastwards. In the figure (a),CSL of

Odomari Tidal Station, which locates on a broader continental shelf, is exceptionally estimated by specific vol-

ume of depth 0-100 m. The differences of each tidal station are shown in Table 6.
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Systematic Errors and Corrections of Current Velocity
Measured by Shipmounted Three-Beam Type ADCP

Haruo ISHIT*

At present, one of the most widely used instruments to measure current velocity in the ocean is shipmounted
ADCP (Acoustic Doppler Current Profiler). The ADCP measures current speed by sending out acoustic pulses
downward from transmitters mounted on the ship bottom, and then by processing the Doppler shift of the acoustic
signals scattered by particles in the water. Three-beam type ADCP using 3-element transducers has been widely
used in Japan including the vessels of Japan Coast Guard, as well as four-beam type. Although shipmounted
ADCPs are very useful for current measurement, non-realistic current data are sometimes obtained mainly due to

errors of ship velocity relative to sea water. In this technical article, systematic errors in current measurement by

shipmounted three-beam type ADCP and error correction are described in detail.
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V=AY e (24)
Vx*=Vx
Vy*=Vy - coséx +Vz - sindx [+ (247)

Vz*= —Vy - sindx + Vz - cosdx
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Upx* =Usx * cosd+ Uy * sind

Usy* = — Usx * sind+ Usy * cosd [ -+ (28)

Upz* =Usz

X (28) DWAD 2 Fef % & MDD 5N D
£, WEREUFDOKRE S ITHERHE Uy DZF
MIZELL, US| =1Us|. X @27) &
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Y#he X#OMY) OO &S, Az0BKD
Dizehznk 21, 23) DAy, AxzHwh
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U*-U=(E-Az)V - (31)

U*-U= (Bz—E)V* - (31")

A (31) ZxHE—FOL XX (29) LN
Ll WEEIMEDF —F — 25 ED 10 fEFEE
D728, WKE— FEEOFHEBZIINZ D KEL
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RO EICERER
Ux* —Ux=Vx(1—cosd) —Vy - sind
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Ux*=Ux+Vx* (cosd— 1) — Vy*sind
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Table 1. Relations between observed ship velocity V* (Vx*, Vy*) ,current velocityU* (Ux*,Uy*) and true
velocities V (Vx, Vy) U (Ux, Uy), for misalignment angles §,8y and 8x. In calculation of U*-U, Vx

and Vy are given as 10 knots and +1 knot respectively, and vertical component Vz is ignored.

Z oY) DL § Y O ) DIEliE §y X oW Y oz dx
Vx* VX * cosd+Vy - sind VX * cosdy+Vz * sindy Vx
=Vx * cosdy
Vy* -Vx - sind+Vy - cosd Vy Vy * cosdx+Vz * sindx
=Vy - cosdx
Ux*-Ux Vx(1-cosd) —Vy - sind Vx (1 - cosdy) —Vz - sindy 0 (%)
=Vx (1 - cosdy)
Uy*-Uy Vx - sind+Vy (1 — cosd) 0(RE) Vy (1= cosdx) — Vz - sindx
=Vy (1 - cosdx)
() |Vy Ux*-Ux Uy*-Uy Ux*-Ux Uy*-Uy Ux*-Ux Uy*-Uy
(kn) (kn) (kn) (kn) (kn) (kn)
1 + —0.02 0.17 0.00 0 0 0.00
— 0.02 0.17
2 + —0.03 0.35 0.01 0 0 0.00
— 0.04 0.35
3 + —0.04 0.52 0.01 0 0 0.00
— 0.07 0.52
5 + —0.05 0.88 0. 04 0 0 0.00
— 0.13 0. 87
10 + —0.02 1.75 0.15 0 0 +0. 02
— 0.33 1.72
15 + 0.08 2.62 0.34 0 0 +0. 03
— 0. 60 2.55
20 + 0. 26 3.48 0.60 0 0 +0. 06
— 0. 95 3.36
723 %, RASCHRShESEERT. X yiik)
e AW, YA mE2S, X (9) oFvy S,
79— 7 bElid
Si=0, S;=-5;
5N % 3K AR N S sx )
Vx=Vz=0, Vy<0 "/
PHUAE b X) XY Ha2EH»s, mHEd Y 'U
o723 T, S

Uy=V:;—Vy>0
KR, Avm X oA WET Ihb.

4.3.2 Y Y omEEICEE S R

Zomad, X 3Bl DAzIZRK (21) @Ay
ZHVNE, U U OBR»ESRS (| U*|
+|U|).

Fig.5 An example case of northward moving of ship
with its heading kept eastward.

Ux* —Ux=Vx(1—cosdy) —Vz - sindy
Uy*—Uy=0

Uz* —Uz=Vx - sindy + Vz (1 — cosdy)
F 721

-+ (33)
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Ux* =Ux+ Vx* (cosdy — 1) — Vz*sindy

Uy*=Uy

Uz* =Uz+ Vx*sindy + Vz* (cosdy — 1)

Y A ) O AERTIEGED T 7 4 X ¥ P ERE
AL Z%wv (Uy*=Uy). X (33) TVz & AT
%L, WLHEFAZEIME IO U BN 4. Hi
HEMEFOWE (Vx>0) Tl

AUx =Ux* - Ux=Vx—Vx*= Vx(1 - cosdy) =0

...... (34)

L2arH, X (33) TVZEEHTLE,

AUx=Ux*—-Ux = Vx*(cosdy —1) =0

EoTLEY. bBEAA2EY ORIZEL,
X (34 DELV. Vz=0TH->Td Vz*#+0D
728, EROELIITE 2. KX (33) @ Vx* Vz*
z#3 (22") O Vx,Vz TEHIEIX (34) k5.

Y i Y o EgRIAE D PR DR A, kK
B DR T IS Vx* (= Vx + cosdy) AYi /I
RO, R 84 O AU K E L
A, L LyDS5ELUT %5, Vx = Vx*°
20/ v FTHoTH AUx X 0.1/ v FTFTH
5.

+(337)

4.3.3 XY omEIHE ) FHERE

X (31 DAz (23) © Ax WU, U
LUroOBBRAESNS (U] + [U]|).

Ux*—Ux=0

Uy* —Uy=Vy(1-cosdx) —Vz * sinSX] -+ (35)

Uz* —Uz=Vy - sindx + Vz (1 — cosdx)

F720

Ux*=Ux

Uy* =Uy + Vy* (cosdx—1) —Vz*sinSx] - (35")

Uz* =Uz+ Vy*sindx + Vz* (cosdx — 1)

Xy omgE Tk Us*=Ux 7206, el
MM DRI Ul v, BT MO j#aR 22 1

AUy = Vy*(—1+1/cosdx)

XA D Vz 2 A L, Vy*~+Vx*/10 TdH
R, Uy BT EPZALT 5. XEAE Y o[l
WZAE D P DRI HH T E 5.

Vw (t-at) U

Fig.6 A case of ship cruising along clockwise course in
non-current water.

4.4 FROZESHIHE D WAERAE

RRAZESET 5 & ZOMARAETHEHEATE 2.
ZET OB OWETINZ, MEHIIERT LI L
M, Bl Z AZRERHI 0 \SES L2 & &, W
DIFET D 1I2ZE L T < HIEMDEART 5 72
DA LoD L7z 0, MBS Db - T
W% G 5 & & DOWMIIEAHARZIHNS L.
ZOMEIZ, Vx4 aDInEIh DD RS
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LT S SR UR A “JlE” &b, B (I
At) IZBWTHREETH Y, MoBEEV
] & REETA D IS L L T <.

%k, MASEAED T FINEF 72 ERE L 72 E
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cos (a-sint)

0 /2

Fig.7 Figures of the function cos (a@ * sin t) from =0 to ¢=2 n. ampli-

tudes ’a’are given as mn/24 (n=1,2,3,4,5,6).

Table 2. Mean values (A) of the definite integral of
sin¢) from ¢=0 to t=n/2,for
different amplitudes ’a’.

function, cos (a *

/24 /12 /8 /6 5n/24 /4
(7.5°) | (15°) |(22.5°)| (30°) |(37.5°)| (45°)

0.995 | 0.983 | 0.961 | 0.932 | 0.895 | 0.851
1—A | 0.005 | 0.017 | 0.039 | 0.068 | 0.105 | 0.149

DIEMZILTIE R, REMESBLEN D § BEX
LT, MESLALICIRN S, § BARORERZ
Lz, 72721, sy A uny L L5777
b HYEE, KM B & e L D
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4.5.1 8ydx I TEILT 5L &
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BB Zib s a6 2Hko . X (33) & (35)
DX, Y F DU E R

Ux* —Ux=Vx(1—cosdy) —Vz - sindy - (36)

Uy*—Uy=Vy(1—cosdx) —Vz - sindx -+ (36")

WCE TN BinTH 1, Ve EHL R L
b, 8y X &x DAL X ) TR VR T
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FHICIED DL THFRITIE R ST, s
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cos (a-sint) oo (37)
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I A L. Fig. 7 O3RIE a D B EIZD W
T, BMERFICX o TRD/ZZA L 1-A % Table
2 (A, 1993) (2R3 [BiH$k 3].

W E Uy 123 % dx ORI T A /DA E W
7z, 3 (36") T ox A3 IC IE % B B A AL
(=9 r7) LTHEHTEL. EvFrriZ
SRS % 8y OIEBHBEOR R, AT 15
E (n/12) TR 51, Vx=10 / v b OIA,
ZD 2% D0.27 v PUTFICEEF . RIFEH
22.5 % (n/8) T 4%, 30 (n/6) T 7% &
%0, WE ORI IEHTE 2w, 2
OIRFEZ, 2R KREVHIELTH Y, HKTO
BOFAD PHEIN, BIllOERD EHR %\,

FEBEOY v F ¥ 7FEOMOBFEIL, EZEET
RKENLHIFEHAYTE AL, WRIEH KD BRI
IZZEALT5THAH. LA L Table 2 DfERIL,
Mo IR B 3% 25D 5 5 A o Bl T (IS
Ux*) DREDORKESOHEEZ525L%25.
D5 VEIMELSZT 5, 9 R LRI
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4.5.2 940 - PFRITHE) wEERE
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Table 3. Misalignment angle (§) estimated from eq. (44) and eq. (46) in the text. Current velocity was
measured at 7 m depth by S/V Kaiyo. Number of data pairs (K),mean (m) and standard deviation

(o) are also shown.

V=V 0 (BEAREME) V=VG-U
£ B H K 75D (sind) H %@ (tans) F&ED (sind) %@ (tans)
m o m o m o m o
2004 8.28 FLUE! 35 1.76° +0. 49° 1.73° +1.06° 1.76° 0. 49° 1.76° 0. 49°
2004  9.20 FAURH 25 1.45° +0. 42° 1.96° +1.28° 1.45° 0. 42° 1.42° 0. 42°
2004 11.20 &M 21 1.48° +0. 56" 0.81°%+2.00° 1.49° £0.55° 1.48° £0.55
2005 3. 4 &A@ 23 —0.34° £0. 85" —0.29° *1.15 —0.34" +0.86° —0.34° +0. 85"
2005 4.24 ZHEAH| 13 0.54° 0. 08° 0.15" +1.90° 0.55° 0. 06° 0.54° 0. 06°
2005 4.24 EHAH| 15 —0.07° £0.16° —0.25" +0.90° —0.06" *0.16° —0.06" *0.15°
2005 6. 6 = 13 0.40° £0. 35 —0.07° £0.82° 0.41° +0. 36° 0.40° +0. 35
2005 8.12 EimA| 27 0.44° 0. 31° 0.51° 0. 68° 0.43° +0.32° 0.43° %0.31°
2005 9.17 B 26 0.36° %0. 30° 0.57° +1.31° 0.35 +0.30° 0.35 0. 30°

EnWZLThab &b, F28 47Tm o0
THHEOEDT S ZRDA=H FKME V=V,
-U,), FRIFEFEAEHUTH S, HEARREMHE
Vo 2 V2861, HEQDIZH) " KE” 7% §
fizh52%. LHL, HEOTHHKMEV=V,
“UZHVNERLYLERPEONL I ED D,
HEQBEEROBETIZE C, EAREMEV, &M
AR Ve & 2 FEEICH W2 A I MES 4 L
b, LEAD. 1272, RERKICHGWS L FEDN
HDHOPxEDT, BEIIHT 2 MEIIHREN T
FRE R,

RE OB, HEBAITT 74 2 v M7z
FEELRET— 7 U, UBEbhize s, 2
NOOFHE L Him#E U DR ERLTEBL.
X (“2) 25

Ur=U+ (Bz—E) V{

U;=U+ (Bz—E) V§

FHLT

(Ur+Us) /2=U+ (Bz—E) (Vf+V5) /2

SEEMEA BRI L oix, ERoABE 2
HEHXFEIZ kD, Bz=EF 73 Vi=-VDE X T
Hb. WiHEIZEI=0NV=V) TKAT T4 A}
MAENENEATH D, SF0D L XX, WER
HETFHLCHERBE IR bRV, BEITHE
F - B CHNIE L7 KA RO R & S35 L <,

&3 MDOWETH B35, MAFE LHE))TH:
BWLAZELTYH, WADPFET S E ST F4
V. 2D, OB Z ) — g THEEL
TEHE DR, NF+Vi=0E7%5%.

5.3 794 XY MEEOWHIES

ZEA Y OEliEf § & A —VARBF A RE N
X, X 88 »LHEOBELHEETES. T4b
LMEOMIEASTE S, 22T, 794 A b
MAEDHIETEZOMRIIKS 26 2R3 (R
I — VERZEDORIE TIXIFBIAMEE)

A 61 4F (1986) 9 H 5 HIZ AR [HE#E] 2%
AT o 7= A B R o W % 0t 3 & Al OE OE 3 &
Fig.10 CAJE, 1993) (Rd. WArEREIZa T ~
C T, MBIXMIMOIZIZIERETH A, Bk B
RILIGAT L BIHO THEIL L THERARNLTSH
D, KOS RMAROBEM T, ME®OTHR
X1/ v MEETH 5. Fig.10 (a) T, ok
FTHNEAR LR EZE D 5. A~k
L7z, dLHMiER L D LTS
{, TmBALMIcR 5. Fig.10 (b) &, X (43)
WML (MEk7] CTHRHE-/2=-3E%
HOWTHIELZZARTH Y, s T MVIZRIAE
flioTwa., A4 FAD§HIZ, AHEIZAL T
52 LaRL, WEED T HMOAMITKE
CHTWA. #%IE, A7r—WRHERHELzE S



Systematic Errors and Corrections of Current VelocityMeasured by Shipmounted Three-Beam Type ADCP

A —
(a) \\?\f
=
==
SFES
L \3\\e %\:’ 32°55%]
SE S
§ §
S
$F @f&%
| ﬁj . 32°507]
: lSG‘:OO'E 1 kml‘
(b) T—s——>§
S
== .
o \\?\’ %’ 32°55
¢¢a<§? §§?<%a
=
=
=
S {@
3 c_—fﬂ . 32°50
1 136°00°E 1 km:t

Fig.10 An example of correction for current velocity measured
by shipmounted ADCP, (a) non-corrected data, (b) cor-
rected data. The observation was made on 5 September

1986.
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Fig.11 Same as Fig.10,but the observation was made in 9-11

July 1999.

TEE, RNERZEEOHIRE ZO T, EIBKRK
(M, 55705 Xl LR LA AR 12X
%. Fig. 11 (b) 1I3MKIAE L TRER DR 5 K 4F
bHL0Y, (@ WHRNEPRY)ZYRKE S 2
b, TNEIEORELSBEIIERADINDTTH-
72, VX A UDIRGMPIEE Thiro72h, &
LWVIIEFZ o 722 S DK TH 7Y X T A
WIELS AN EN o7z LHEMT 5.

6 BbDhIZ

MANFE R O ADCP 13, WMHEEICHET 54
B D DOOWmD THEM R FHEETTH S, kit
&, RRELZGPSHALIC XD, FA5E o i &
F—F BB ENTEL. 55 L OARSE LR
BT BiHET— F I EER ST 5725 9 25,
ADCP 028t L, X0 REOREVIEHON
ENLETH L. 7272, 4 (A2F) O s

THWVTYH, 0.1~0.2 / v hOEEI#IT SR
BTWEHFEFRII-STWE,

FEERNPBEHLENT, ARTRBTE Lholz
ZEWBEOHL. MEDIE, 3KADOFHLE — 4
D2 DAV (Hfz) 1) ERETH L. K
FTIEE — 2D % Mz I HE ) BRI O W TR
7205, BEIZIIEA DXL OFHED Fvrd
Az, BIZIE, REHTRO Y — 25 OW A
AL UL, MEHMOMHEIKREL LS (R
r—VilEDRE). ThobnZ b, ezt
HLRZTEEDTHRI,

Lo EDIF, AT —VEREDEKR DTS
b. TDO72HIZ, ADCP MR S hfiw 7z (Gl
fildue s >~ C) @, GEK & OB EHIZB T 5
VA, HEC TR 2oV T OB S LETH
5. GEK & #ME, HllifikeE, Yy oo
YRAREEOCTNIZS BR L 2. GEK Bk



Systematic Errors and Corrections of Current VelocityMeasured by Shipmounted Three-Beam Type ADCP

BRSO D D725, ADCP DAy — )VilkE%
WGE$ %9 2T, BELEREEZL VL0 TIE
. IEAI61 4D 62 4F, HARWGOILHE 41 B
MAHET S [HE] oBNERDT—5 % [
R FRRBRICRIAT % &, WA IZ e TR
OHEATHI () ZEW7z, RS IZHIRS
N7z, THLZBIHLO” mhsET 7
57 BHAZETEREISIEN . ST T
A XY PEREIIH-MT, AT7r—IVitEIZERIZ
Ao 7.

WY 7 TR & Wi 72w E A O WAL
HIEHHLF 5. F72, THO - ONHEBIN
P L7 ] (SR e KL £
T RIS, BIEOMEACIICR W 7272w 72
F—F v MIRREERT 25 2 TRWIHEIL
LE L7 m&mmﬂmﬁm%z& TR E
BOFDIIBVT, & RHERICEERIZB VT
SR ENRZEF L BELET.

LT ORBUE, WEMERIN TS 33—
LA ADCP 2 & A il o JE B &, ) 2 il 12
LIZUIER S N2 2568110 % B2 O LRI D W T
BB 72, RMWREDOHIETEIZOW TR
N5,

2 K

AR, THHES, Mg BE, EBFE=, EH
B (1986), Ny 77—uZ &R L7z
Wi, KesmsHFZER T, 21, 135-150.

AFFERE (1993), #Fr LW itd il Edicgk-o <A
W - WA EBRSR O MBS O MFgE, A
L, HALKE:, 106 pp.

A &M, EHE (2006), GPS fift & iR 72 28
ADCP Wit IZ K AT 508, M1 IS e #k
#, 42, 89-100.

Joyce, TM. (1989), On in situ “calibration” of ship-
board ADCPs, J. Atmos. Oceanic Tech.,6, 169
-172.

E1Hr, PHEEEE (1994), ADCP O K & i
FOFERE, WOWIE, 3, 359-372.

KT (1999), EEBLIITR ST

THEFZ, FEtEiT (2001), #HN#E# ADCP

T — 5 O ) BAEMIEISOWT, KEgHE
, 19, 77-80.

AR, 458t KNKE (1997), ADCP I
X % 25 IRy ) o ot B o A SR 12D T
KEEEBHEHR, 15, 32-35.

# (1995), ADCP 7 — % 2 b W7 il i
AT, KEETSHIGERY, 31, 45-56.
Michida, Y (1999), Structure of the Kuroshio and
the surface Ekman layer by current data analy-
sis of shipborne ADCP, Dr.of Sci.thesis Tokyo

Univ..

Michida, Y. and H. Ishii (2000), A practical method
of current measurement with three-beam type
shipmounted ADCP, J.Adv. Mar. Tech. Soci.,
6, No.l1&2, 29-44.

B (2004), ORI, #BETEOKEEE
I CRETE S EEA 2) , LS, 208-217.

VEHZEY, ZEHEF (1981), WMiRic & % A
W, 1981 4F BL H A il i 7 X Pk K o3 ol i
B4, p8s3.

Pollard, R. and J. Read (1989), A method for cali-

brating shipmounted acoustic Doppler profil-

B S N

ers and the limitations of gyro compasses, J.
Atmos. Oceanic Tech.,6, 859-865.

B 1

B AEE (GEK) 37 7 97— O BMHLE
DA (18 O vh & B EARDE)  LIREIIAHE
%) ZIGH LT, WEERE OGN - btz e
TR TH 5. FigAlIZHlE OB 2 M %R
ER %“’%h%h*WQOH%2$®%ﬁ%
Wio 72 1RO =70 (i) # R 5 R
B VAR OREL BT B -0 BEHEOE S IIH
HA—MVTHD. BEIIMOETHINIH &
& BT, THITESMZ TR O 5 HE v Tt
SNb., ZoLE, HMIkEEOSESS )% H, &
WMEOHESg» L3 2L, BHREICIEv-L-H
WCHB LB ENET S, HE LIZBMTH
Bho, BMEDNSGHEEVIRE S.



Haruo Ishii

£1=aHvh

v
RO RE

H

&
SHERRES O
QES

Fig.A 1 Measurement of current velocity by GEK (Geo-magnetic Electro

Kinetograph).

COVICEALRGEEERD L0, Mrt
(72) 1290 FEIMIBA 3 4. H 12 180 J& [ §A, 90 B
WPE L Coun$tIicR 5. Zo—HmofiE (ITE
REfIZ 20 0 L) CT1MORET— 726N
% . GEK B3 5 K R R0 Al o i 5 g3k € 13 fe
At olcmz, ZoXIIZEIFNTH 5.
LA»L, MEMBEOREED ADCPIZHRTH S Z
PREZTLLZL, 17y MEEOREZ &L
WA HEICHELTLE ) ADCP LV iF “%
£ LTwh.

B, BHEUZ7OFEB D GEK L [H LT, K
T OUGEAIK T 28 (2 H) T 7-ivE) D&
B, $hbbikitszilEd s, 2720, HEk
B OBDL DI AT, 2 RAE S5, B
D18 Q%) OBMBT 7T, BHEEME -
R MICEAICERE S 5720 (FigAl TFH 90 &
BIEEE O 2 — 2128 5" BEOMERER" <t

), ARE T O KRS T D HE E b,

Fi g5 2

VEH - 22 (1981) 1%, B/RET 7 2L 72
B TP © MR I2X->T, GEKX D b
ZeMI I SR R R A 2 55 2 L B RAMAT.
BRI IR 54 4 (1979) 3 HiZAT b, WAL
Eidus > CThHo7z. FigA2id, oo %
I, MEL-LDTHA. Fig. (a) T, MA
EDEDHAHEELHN BT MO AL, BT
BhHME T 7L BHAEMED SHEE SN D HE
M ORE T, 5 CIEM AB I M 2 ]I X -
TSI L S hp & LzBEINTH Y, &
LARICARZAN ANV, HEAAIEL
V. Fig. () T, WfIE~<7 FLCD TH 2 bR
L. 1NEMT 7 TlE, WKMENRZ Fvofit
BHRSS (N7 FVAB) Laskid bizzus,




Systematic Errors and Corrections of Current VelocityMeasured by Shipmounted Three-Beam Type ADCP

(kn)
+3.

+2F °

+F

Udrift — UGEK

(b)

UGEK

!
2 3 (kn)

Fig.A2 (a) Current velocity by "ship drift” method using elecro

-magnetic log.

(b) Difference of current speed measured by "ship

drift” and GEK.

FigA2 (b) &, fRii & GEK® [# %] 0%
(fE ) & GEKuit# (Bifh) oz R¥. —
RLTNT Y FPREL, WRMEORELIKE W
CLERBLTNS, WO [#HE] X, Wiko
TINREL @D Y, O GEK it
HWO/PNZVEZIZE LY. ZOHLEOHBITED
POBREBRRNOBEETHAH 05, FHEIuI v C
DR R TE R WREKTDH - 72 LS
5.

B, o TED LAEMEFIE Y 2
LEONRIETIECEEINTVDIETHOTE
BLARW] ELTWwa., KD 2.2T, fivfkzH
Lt T B OFGIZOWTORGBEFR CHNETDH
5.

K g% 3
TERR I
A= ;}/Z cos(a - sint)dt 13,
Z K Bessel B9EL L 12X D
A=n/2-], (a) =£ cos(a-t)/(1—t) "dt

EHzZ2o6NA, ALD Table2 1%, At=2%10"
LT, ERZt=025t=1-At T THMEMED
L7302 L 5.

By 6% 4

R 8 4E (1996) 5 A 1-2 HIZ, & [
VR HSEEERIIEP LSS BT, B 5 <~ A
VO E TR E 2 & L, F25 K



Haruo Ishii

LI I

MEFEOEAES UEW (knot)

PRI A S I T N N B A B |

May 1st

BEFEDRILHS UNS (knot)

LI B I N N B N L B B N B B

TS N SN A Y N T N N N T O T AN N

Ma

-«
»
-

12h

BHEER - > hYBEROBERARS?

0 | L 1 1

Fig.A 3 Temporal changes of E-W and N-S component
(Uew, Uns) of current velocity measured by ADCP at
10 m depth, and southward component of wind
force, wave scale and swell scale.

OB ZEML 2. [x#e— N THlE
L, ®fr% 27 I, dbf7% 26 [, 14412 1 Kef
B L7z, B, LR ~HAEH O R 2558 <
(JBJ) 4~5), WK - 5 Y HLIZFE TR 3~
5 CThore (MASLsT3 A REICIVR, FEFTRAC
BWE). Fig.A3 1210 m JE I BT % & 5K H D
mAbE s (Uss) EHPERST (Upw) ORERYZ IR
I oF7, HAEDARY - PRRREER ORI X
DOEALD RS, WEREOIAT, BEITRED K FY
fii (/v b)) 1,

JEAT  Uss=  0.53, Uew=0.84
1T Uns= —0.07, Ugw=0.69

MEHMPSE - e TnbE XIIME N
MOTFEHESKE {, MELSZIT TS L EiT/h
S B L), NURZWERR G2 KR
?D4.3.1 THXNS, FERE—2OZHHEY O
AVFAESZRED - THREMOMIE % R A7z
A, SHE— FTHo TR EIMEFETE T,
EBIT L A LB, JLATRE E BATREIC B 2l
WHDHE R AERIE, Ar—VilEORYMTH
5. KRXOA (407) IRT LI ICHME—-FT
DA — VAREUIHIEE (GPS) A & o if I A
DML TH L5 0, MEMEOKE SITHR

Ao TO AT —VEEIIAELRL D, it



Systematic Errors and Corrections of Current VelocityMeasured by Shipmounted Three-Beam Type ADCP

YA

YA

Ve

v

Fig.A 4 Two vectors on an XY plane and the angle between both vec-

tors.

BT D7 IHEE22Z 2 513 GPS b 230 Tl
HHE. BBAED (1997) 1, RKM %@@"ﬁ)ﬂz

55 Vz DM T & 20 WA TR E 5 T O 3t 3
B LR Z R RTWS, LaL, Y$$LU®
gz 12 9 M E 5 i o 224t (R L @ Table
1) 1, Ux*—Ux=Vx(1-cosdy) —Vz - sindy T
HH, dy=10F & LT, Vz-sindy ®IHA1
J v roi#EzE (Ux*-Ux) 2447201213
WKHLCHEDRK 6 /2 v b OSKEE Vz 250 %
Lo T, PEMTIIME. 7z, JLATHIH -
IRDD T[] THDEI L, fRIKT 6~7m
DOBIWETH L Z 6, MEMETHEELR
FTEE N DFAED T RENE S B E T & 2=\ A%, KA
EAHDOTETH 5.

By 6% 5
[BLEST ] Tl Xz, Y®#zlice D,
My #EE O #u i) % Vs= (us,vs), KD
HWE Vw= (uwvw) EEKT. T2, MTEOE O
X3 2 BIMEE 2 V= (Wv) &L, Th
ZIE LV RICBUT 5 HE Vo= (ug,ve) (TR
T H-HDOMEAE ¢ (REFHE D IZIE), A7 —
VB E A LY. ALK (38') &HmZ
IR,
Uw=us+w=us+ AU * cosd+ vy * sing) -+ ®
Vw=Vs+Ve=vs + A(— Uy * sing + vy * cosp) @)
WNHE— FTIE EEORE Z2iHEKE ALY
W, — Vo lZ 2SI S Tidd o s, I
TRIEHEIZE (w=w=0) 7255

w=A*(Uy * cosd + vy * sing)’
vi=A*(—uq * sing + vy * cosd)’

CTHHD, wt+vi=A (Wi+vi)
A= {(Wd+v8) / (Wi+ vl

2155, 7, ROZOTHRLT,

us/vs= (s * cos¢ + vy + sing) / (— s * sing +
Vi * cosd)

I 5, cosd(uv's—vsu'a) = sing (uu’s +vsv'a)

tang = (usv’s — vsu's) / (usu’s + vsv'a)

At tano Z AR OXKELIZTNIE, ALDOK
(40), (40") &% 5.

K 6% 6
SKRICHREEX-Y-Z%T, X-YFiii Lo
GHEFRULT5 22007 FMra(a, a, 0),
by by, 0) &2 % (FigAdk). 2DODNY
MVORLfIER LT D E, W (XRH T —
fit) LAV (X7 VR 1, ZH OB S
MVZEKk&ELT
a*b=]al | b/ cosd=ab.+ab,
axb=lal| ‘- [b|sin-k=(0, 0, ab,—ab)
0 OKE SITEHITNE, W25
tan6 = (a.b, —a,b,) / (a,bs +a,b,)
FigA4 () & BV, allVe (Ver,Van) %,
W2 Ve (Ve Ven) & & TlEONIL,
tang = (Ve * Vax— Von * Vie) / (Ve -
Vi)
FBIIARZL DX (40) O tand LH U THA. ¢
AEFRTY (GWY) CIEETRE, Ve Ve D

Vi + VGN °



Haruo Ishii

AHE CEMD 2hrEEoIRIE () 745,
by g% 7

FT—=FIX 15T EIEEsR s, O FHEERR
X555 Th 5. ﬁﬂﬁ 7z % Hh A R (Vva

Vi 22 Ve DWW N0 HIW§ 5 720
SO R R BT, *%tﬁﬁ-%ﬁ
5155k E 5 5B OME Ve ZEFHHE L T
Vo LB L7z (RO 7 — 713 <). fMc o
B CIRALED RON D25, FHLTHRD LT
0.02/7 v FTHY, Vy HEMHE Ve Th 515
PEATE. K ,%ﬁﬁﬁﬁw%mmf Ua=
vv—voﬁ)%ﬂwbt Ua &, B1E (Tm) OHlE
MU, L7z, WMEOMEEII R RRD,
T Uy 1E Ve — Vo 20 5 OFHE &Kk L 72,

%) 7,

Fi g 8

Mgk 5 T, AXLDA (38') 2T LITRL
7z.

Uw=us+uw=us+ AUy * cosd+ vy * sing) -+ ©

Vw=Vs+Vi=vs + A(— Uy * sing + vy * coso) @)

IhboXig, Kl RFED LB GRT
2) ICBWTHMEERZ2E2 22008 HATO
PR H % Vs, sKM#EZVdE L, T0E%E
dvs,dvid &9 5% &

dVs = (dus,dvs) = (us; — us;, Vs~ Vs)

dvd= (du'e,dve) = (Wa— e, Va— Vi)

RO, @O uw,vw IFHE - B TR L & L
T, MR EML &

A= {(dud+dv®) /(dui+advit"”

= ldvs|/ldvd |

AimoFihkzedizix, X 41) &%25%.

72, EVAERO, Or5AZHEL, &

LR BT 2 3 uE, X (45) \IRF IR ¢
HRES.
tang = (dvs * dus — du’s * dvs) / (du’s * dus +
dv’y - dvs)

M4k 6 DX S ICNZ MVONKEEIMERZ VR
I3,
tang = (dVsXdV’d) / (dVs - dV'd)

OIXIFFT D IZIELZDTAL DS L1 o=—-8
(tang= —tand). AfRoO XKL TITX (46) &%
5.

Mt &% 9
AL DA (43) T, MEHMDOED (=y—

y,) 3180 FE @ & X 1L, sind=0, cosd=—1

o,

sind = {(Vx{ + Vx5) (Uyr + Uys) — (Vy* + Vys)

(Uxf +Ux) b/ 1V + Vx5 )? + (Vy! +
Vyi)'t

A (1993) 1F, ALDHX(20), Vx*=Vx - cosd
+Vy * sind ® Vy # R L,

Vx*=Vx * cosd

tbwi. Zorx, X 32) 56

Ux =Ux*—Vx (1~ cosd)

Uy=Uy"* - Vx * sind

INHERTTF—=2IZHTITDEH L

tand = (bd —ac) / (a>+b?)

7272 L

a= —Vx{ +Vxscos® ; b=Vxssin®

c¢=Uy; — Ux;'sin® — Uy, cos®

d=Ux; — Uxscos® + Uy, sin®

X (43) OREKE OBRIZ

c=g; d=h

=180 ED L X, b=075

tand= —c/a= (Uy; + Uys) / (Vx + Vx)

B, Lo Eirb 3 (Vy & HEHe3)
WIS &, X (46) 1B 3 % tand 215 %.

tand= (b*d—a*c)/(a**+b** —a*d—b*c)

X (43) OfRBEEHNS L,

a*=e=a—Vy;sin®

b*=f=b— Vy! + Vy,cos®

tand = (th—eg) / (e’ +f—eh —fg)

Ff§% 10

XihZ®, Y#iZzdlce by, #EXZ MLV
(Ve, Vi) DR & SHV, J71) (360 BEJT L) 436
oL &

V:=VsinO ; Vx=VcosO



Systematic Errors and Corrections of Current VelocityMeasured by Shipmounted Three-Beam Type ADCP

—0, AXO XD X EAHE I, Y sk
Ao L& DV (VxVy) &, V (Vg Vy) OB
FRix

Ve=Vx * sin6 —Vy * cosb

Vy=Vx * cosb + Vy * sind

115 %o T

Vi sinf —cos@\[Vx
(VN)_<COS¢9 sin @ )(Vy)
EQAd S

Vx= Vg - sin6+ Vy * cos6
Vy= —V;* cos®+ Vy * sind

Ve _( sin 8 COS9> Ve
Vy —cosf sind /\Vy



TPETE I Ze s 5 42 5 Pk 184E 3 H 27 H
REPORT OF HYDROGRAPHIC AND OCEANOGRAPHIC RESEARCHES No.42 March, 2006

W5/ — bk GPS A3 D235 )% ADCP FidiIc I3 e

AR - S

Effects of Ship’s Velocity Determined from GPS Data
on Current Velocity Measured by Shipmounted ADCP

Haruo ISHIT*!, Yutaka MICHIDA **
Hydrogr. and Oceanogr. Dept.,Ocean Research Institute
Japan Coast Guard University of Tokyo

Abstract

It is required to know the ship velocity referred to the earth (ground velocity) in oceanic current measurement
using shipmounted ADCPs. At present, the ground velocity of a vessel is usually calculated from the distance be-
tween two different points whose positions in latitude and longitude are determined by GPS. This article discusses
potential effects of errors in ship velocities determined by GPS upon current measurement by ADCPs. The mean
value of distance estimated by GPS location data is to be always larger than the real distance, on the assumption
that the GPS location data show a two dimensional normal distribution around the real position and that the zonal
(x — direction) and meridional (y — direction) components of the difference between the real and GPS locations
have same standard deviations (6x =oy). This fact results in overestimation in the ground velocities. The overes-
timated error velocity depends not only on the accuracy of GPS but also both on the time interval of velocity calcu-
lations and the ground speed of the ship. The error velocity can be suppressed and negligible through averaging
procedure for many velocity data, whereas the individual errors may be too big in current measurement. Further in-
vestigation on errors of GPS velocities will be necessary for cases of inhomogeneous GPS location data (ox #

oy), which has been reported at some fixed points.

1 ZL®ic BIUE, Ve Vyw 25 X8R LT, #KROHERIC

PREICBI 2 HEMEDOTFEELT, Fv 7
7 —u 7 & FH LSRR ADCP (& v
7T — iGN 231980 A SR HER L TE
7. Py 7 I—uZaRE, »HEIOWAKITKH
T HAROME (LUT “XKAE" & XY, X7 b
WV &27) ZHBEEHETHH. —HT, o
HER (B (I 2 (AT, Vo) %

9 BHE, Tabbi#ENs LU EES.

U=V;—Vy.

AR, MUATAAN O BIAL 261 & L C GPS A% —#i%
FISREH SN TS, B s 2 M8 T GPS
THIE S NIRERE - FREEA O 2 fifH O BEAE 2 5K
B, TNEBEICELZERTRLT, ik
Ve &K%, ADCP THMllE L 723 #E D FR A 12D

tReceived January 17, 2006 ; Accepted March 3, 2006
*1 HUEHIHE Geodesy and Geophysics Office

*2  WHRKZWEEFZEHT Ocean Research Institute, University of Tokyo



Haruo ISHII, Yutaka MICHIDA

WTOHEFIZL DS (B 21, Joyce, 1989 ; Pol-
lard and Read, 1989 ; fi3, 1993 ; Michida and
Ishii, 2000 7 &), VA D K % kK AR E Vi
RO TW D, FENICRIER, SRETEELL
GPSYIFLIZ & 1, FREEE DR Huf# Ve 2515 H
TWwWb L&z 5., oL, mlxmEEcllEy
% 729121%, GPS TR 7z Hufid (LLF“GPS
" & X8) ORELE R TRE L.

AT, GPSH#EDRAELR, KFPnX L Hmet
FOEH (SEH, 1996 ; =it - i, 1992) OB
2D CHAED, ZhdsADCP i#IC ZITT

BEWHAL.

2.1 [—HToO GPS Jll&iis

HHHEITB T GPS THIE L7-fE - &1
DF—=F%E2 5. WEINIHE - BREOFY
ZERICED, FEREALOWRM (BE) Hhoh
BEx x, BdL GEED) Lotz y &35, x
Ly OEREREBE (R0 M) 13, ThThP
BIRBFEOERGATHY, x &y DM R MERE
B x &yl 3EME) 94, $72, xEyDE
#RAZox L oy l3FE L L, ox=oy=oc) &£ T 5.
Cok &, ‘FHME (FER) o RO
&, XX 2 KBGO RIREEEETE 2
LbNb.

f(x,y) =expl — X*+y) /26l /200 oo (1)

WEMEOR L 2LOHMEr & 35L, =
X+y b, FEraede LMl (B 5%
B 1SS N X, y) OMEREEIIFL V.
F 72, expl—rHCHBI L CTHEREEIZ/NSL 2
. HiROMED S L1, HiEr OfESRS &M
Rl - e RO TH S, Bl xy XIEH A
W 95,

X=x/00, Y=Yy/0o
LB L, MREREXYIEZ, TRENFHHR
%, RS 1 OFEHETRGAINE ) . SRR
Ai (BT, N(0, 1) &£T) OMREEME

f(z) =exp[—2'/2]/(2n)"
ThHzoh5b.

XY DBSZENENN(O, 1)IZHEH L &, =X+

YIHHE2O y (B4 238 5HIHKEY, £
OFHRu=JEIHABE 2D H A4 570 g () 12
PEH . AH (1999) 1, ANLEEZFA L6
VATFADVEDTHLTVIAY AT AL
THEIE SNIHEE - BREZFHT LT (ox*oy),
SEEIALED S OWBEDOBEEE S A DS . (W) 12IFIF
WHZERIRLT.

HEHEE 2 O £ 545 OfESR B R 0,

XZ(Z) :Z‘eXp[—Z2/2:| ...... (2)
ThY, TOMFE L &oHiv i,

nw= (n/2)"* = 1.2533

v=2-u'=(4-m)/2 = 0.4292

¥7,

u=X+Y)"= x+y’)"*/oo=r/cy
26, u=1dr=co xS L, FEE»5 OBk
OWIFER uow, FHIZ vol & 72 5. EEOHIE
fli® 6, A50m, 30m, 10m THhE, r DM
ftiix 63m, 38m, 13mMBEL 2%, JFH (F¥
friE) DEOME L RaehuE, Zh A
GPS O BRI IC B 5 “FIRE" L E 25
ns.

2.2 [A—H 052 RZNTHE M L 72 i

GPS fit#iE, R 2WANIBWTHlE SN2
WROME,LOROONE., 22 TIRET, FH-—
M TR ZREZNHE SNE» SRS R
LEHEICOWTEZ 5. [H—HEZH 5, K,
BEHEIIFICRAREED, GME T2 SO
“PHEE" AET A0, BEIRELREIIAS R
V. 20 “HEET ORERGAERDTHL.

R 6 e S h7efiE%E (x, y) &L, K
HNt=t+TOETNh% (%, y») &T 5. Hifi&F
BRI, TS 2 E RO IEB 6§ 5 iS4
BERZL, THELTol &7 5.

X=X"Xi;, Y=Y:— Vi
EBLE, xXEyDHAMIE, TNRNENFEEYNE,
GIHRAS 2 of DIEBLG A & 70 B (M6 1].

Z T,

o= (GXZ"‘(sz)l/Z: (2 G%)Vz:\/i - Gy k L,



Effects of Ship’s Velocity Determined from GPS Dataon Current Velocity Measured by Shipmounted ADCP

X=x/0,Y=y/0c
EBLE, XEYRENRENN(O, 1)ITHES.
HiH & WARIC LT,

u= X*+Y)" = (x*+y) /o, e (3)

X (3) DulZHHE2DH A 5AITHES . 214
MoMEEx r & LT,

r=1{(x—x)"'+ (y.—y) "= X +y)"”
nH, fE

u=r/o.
u=1liZr=c 28t L, 2 M o EEEoFEyIx
uo, S vt £ 5.

B HE R SE 6, 330 m T, BRI T 2310 8, 30
B, 6000l E, 275—EO “HE" OF¥Y
¥, #hEh, V2 o/TH55.3m/s, 1.8m/
s, 0.9m/sBBEL LA, RBOHIIHhr2DDL
T, BRLEGICBITS “HET OREMED S
X, K& “#H3” PREEEIS.

B, TITIE HI BEEL TR,
HiT BEFELT, ThbbLEENRT PLOF
BaRo, FHo “HBE” 3o ehsl R
L., 2HHERERT M VEFETEHE, TOK
S X=X, Vi) THDED, xi—x & yi—y.
OMFMEIZICETH S, L7205 >T, EAEn
ZRELLENIE, X7 MVEHO HEXT L, F
WO ZOWM ) 12/ E R (2cv/n) 2=
c (b/n)"” THAIT S.

3 GPS i oiRA

GPS it 1%, £7% 2L HB 1T 5 M ol &
MEDHEHHET 5205, HOMEREH 22l Tw»
(., 22T, #HBHICHE SNV E xy)
W&, AR & MRS, BEOALE O IR ox
=oy=0, CIEB M AHERER EINET 5.

K6 OWEMEZ (x, y), €OEEL
Kimy Yim) &L, A LOZFNS Z (% Vo),
(Xomy Vo) &9 % (Fig.1).

X=X —Xi, Y=Y~V
EBLE, xEyDGMIE, TRNENTHD ik
(ZXom=Xm), Wy (ZYm—Yym), 7 W A c6'=20;
DIEBGAT & 2 5.

A (X2m ,y2rr\‘)

Fig.1 Two GPS locations, (Xim, yim) and (Xem, ¥om),in an
X-Y coordinate system.

YA

Fig.2 A typical case of Fig.1,where the two points are
the origin (O) and Q on the X axis. R is the distance
of the two points and Xim=y1m=y2u=0, Xzn=R.

X=x-u/0,Y=(y—w)/c
EBLE, XEYRENRENN(O, 1)ITHEH.
i),

u= X¢+Y)"

= {xX—w)’+ (y—u) 4 /o e (4)

X (4) Ould, HHE2DO 7 4 5AHMIZH.
X (4) T, m=w=0,BFIEKX (3)&%5%.
uldoc THELIN:, HDH “HEE BEKT.
i & py i, x e y SO EOHEETH % H
b, X~ Ix=X~Xi—Ux E Y W=~ Vi~ X £
NZNOEFME, S ORAEZEKT. Lo,
ould, TNOLDRAEGIZL > THET S “HiEE”

b,

W, 2HMOEB#EREBE, xn=0, Xom
=R, yuw=ym=0&,3 5. TN, M K Y
ZIEEIZED, 2 MOBEONEZ ST x
rloliiThHbH (Fig.2). 2ok a3 (4)
%,

u={x-R*+y}"/c - (5)

ZZTC, r=ouk B L, X (5) ORI
Fig.2I2/RT&BYVTHD. rid Qo0



Haruo ISHII, Yutaka MICHIDA

B, 2 iMoo EREIZdTHY, FEroML
DHDOMERFEELIETH L TH L. FEFrOL
&0 d OMfHE Eld] =d. I3,
d.=R+r*/3R=h(r) (R=r=0)
d.=r+R/3r=h.(r) (r=R)
b [MEk2]l. 22T, rORICHTHKRE
&0, BIFHEd 2B h & h, Z HWTEL
72. E51Z, u=r/o, w=R/o, uu=d./o & Bt
LT
w=wt+u/3uw=h{ (Rr=u=0)
w=u+uz/3u =h,(u) (U=ux)
wiTHHE 2 07 1 54 (X 2)
x:(u) =u - exp[ —u?/2]
WP . wD W EludiE, we % ull
B LCIXH [0, o] OFasm

E[u,] = fh W@ - dut ] (W - du

oo N, BV b Elul 2HvTEE
TE5 [k 3].

MR, WICEu >w &% 4. Fig. 312wl
%3 5 Elud /ux %, Fig.4 12 ue (283 % 55
Vi ZR7. >3 E TElud & wr @ M1
1311124 %, Elud, Viwl, mDFNZFN% o
i, EROHBECHRETES. 2.1 TR
X7z k9120 (=0//2) 1, HFH () K
Lrde (#E) OO ERETH L.
Do, D% 58EY (100, 50, 30, 10, 5m) 5
2, BEHEERICNT S, HEEoMf#HEEd (=
d) & Ro» % (E[d]-R) @ B4 % Fig.5 2 /R
F. Elwd>uwe 205, 2 mif oW ko B E
[dIZEHBER LD I KREL, coREWVITEE
TEHE L B 5.

2 R DB O FEREZ P E R 22 T CTER LT “fif

HHAEONA.TD 51_0 (10, 30, 60, 120,300
) bz, EOfM#EV, &R S b GPS il 3
Vaps D7 (T&?b% ﬁ"*@(ﬁ'r'““%%) = WLfE
boThD., itk Vgps b EMAEV, X h K& L
B & R, AVgps=Vegps—V,>0 & 7% 1, Veaps
FREET RO, BmEDO KX 81X, Fig.6, Fig.7
RS XD, GPS BEOMERE (60 DK &

15 T T T T T T T T T T

10

E[Ud] / UR

RATIO

L L A L B B B BN R B B

| T S N N N TN S TN N NN N SO S

I T W TN T NN T TN SN (N T SN U T [N S O S B
0 5 10 15 20
UR

E[Ud] / UR

RATIO

o 1 1 1 1 1 | L | 1 |
0 2 4 6 8 10
UR

Fig.3 The ratio of the mean value of measured distance
E[u4] to the real distance ux.

L o o I B i B B e R B s

0.6 — —

04—

var[ud]

variance [Ud]

0.2 — —

AU RN ST SR IRN BTSSR S S NS S S |
(] 5 10 15 20
UR

Fig.4 The variance of measured distance var[ua] to the
real distance ur.



Effects of Ship’s Velocity Determined from GPS Dataon Current Velocity Measured by Shipmounted ADCP

S) WK BT A, EAREV, LR 2 TIC K
. MOEEVA/PNSEWIZEBREIREL R
b. F7, KRBT 25%8WIZ L, “H5E” O GPS
MEICEEFNLHAEIIRE RS,

Fig.2 ® 0 TRENDMOMET IO, HIFHE
El0] & i Viel z Kk % & [ k4], Elo]l=0
b, Thbb, MOWEMEDSRDEST
BT HMERUT L 2 5.

GPS I D#FEDSS v ¥ A THNIE, GPS i
HOWFHEIZEf L ) KRE v, ADCPIZ X %k
BHEICBWT, —~HOMKMEOREDL T V¥
LATHME, WNAMEOMFEOEME Y HRE
V. GPS vl & RO 2 RV & TR
b5 ADCPIRHEDRAEL T VT LA TH A, £
LT, GPSH#E Y& & FMEkIZ, ADCP i # O
WfpIEEM L D HRE L, IO ED
MEIZFELVWEEZBNL., LAL, RARMHEIC
IV NBEIINAZ T, N T ANEE B2
AR O AT HF TN E AR AREAR & (RIS h
%) BEENLLGEIE, T - RO MAHEIC
DWW Tim L H N,

CZETIE, INOMNET - BEIE L
GPS R DREIZOVTOHMTH 72, Th
O “HEE O GPSHED “HE” &
BLTYH, EAFYOMMFHEIEEEPIICE L WD
5, MROFEHFAEIEDL W, LaLl, WE
BNz Vgps D7 bV n \FH$ U, A
S K e R 72 0E, AVgps D 4tz VAR & L
T, (VAR/n)"* E/hELTE S, @HIE, MEN
7 MR TEOTIE AR L, HlE Sz
- RE2H O LOPHILT S, #REFET
H5b.

BTk X72 ADCP 12 & % i Bl i B\ T
(&, R B BBOMEE - B2 b L TRz
Xy ZalfEICHwS, 72, @FIIEEMERT %
5L 9 5 ENLWV. RIZn=20, 6,=50m &
TA5E, BEM#EV,255m/s (10 7/ v ) O¥H
D GPS it D 7% 0 P31y L BEHER 1L, 0.7+
3.5cm/s (0.1 /7 v FRLF) &5, 2,

I T I T T T I T
150 — —
E B 4
100 — —
[+ - .
| oo b
\
— oo -
B, L
w H 7
50 - \\ sigma=100m —
\
St 4
- R .
30\
E AN _
| 10 k\ hS N
OF5 ™ —
| 1 | L | 1 | 1
) 1000 2000 3000 4000
R (distance : m )
T I|' l‘ T T T T T ‘ T T T T
[
40 |~ I —
|3
|
[
[
P
30 |- \ —
E \
|
« \
1 20 \\ sigma=100m
) \ \\
w
01\
10 \ 3o
sh Sl e
N e e
[
T A N S TONY T NN NN TR TR SR N SO A S
0 500 1000 1500

R (distance : m )

Fig.5 The difference between the mean value of meas-
ured distance E[us]and the real distance R, for 5
cases of 6, (sigma) ; 6,=100,50,30,10 and 5 m.

MOREZ KD B I 2 THHICIZ S 2 KEET
HbH. co=%50m& L, T30, 120, 300 #,
n A5, 10, 20 EOYEIZBIT 5, AVgps D3
LA (x10) % Fig.8 II/RT.

4 GPS Mo IME CF “FHHE")

Hi i £ T, GPSHIEMED P2 FHEIZE -
2 &, FREPLOHRN - B MONEEx &y
IO R RERER (x Ly IXIEHR) &L, Th
FROEH#EFAEox L oy IZFE LW EREL 72,
COWREDEYMEE, B EICEE L7 GPS %18
BeCHE L7 - EOWET— 7 DEBIH S
FRT, R L 27— %1%, HEERE OE ik
WA Db — A R_R— T2 S 17z, 2000 4F 5
H 2 Ho SA (Selective Availability) D f#ERH]#
WS BHRBTHESNZDbDOTH S, SA DR



Haruo ISHII, Yutaka MICHIDA

|\ \l T T
14 ' \ |
— \ \ sigma=10m
H s \
< \
\ T = 10 (sec.)
] \ N
gos- ~ 7
1 .
2 \ T~
g N ——
S~
Te—— .
- -
| I | | I 1
o 5 10 15 20 2

Ship Velocity VO (knots)

R I L IS I T
\ .

1+ \ \ —
\ ™,

w
-3

. 10 \ sigma=som .
] \ ~
2 \
c \
=
| AN
5 N T = 30 (sec.)
Sosf \ “ -
| \ Ny
8 i T
BL T
o S— T —
| | | | |
[ 5 10 15 20 2
Ship Velocity VO (knots)
TT T T T T
\
1 .
- .
— 30 \ \ 50 sigma=100m
2 \
g \
= \
\
10\
Sos- | \ T = 60 (sec) —
1 \,
\
I RN
S T
o= I ——
ol N
1 ) | P | L
0 10 1 20 25

5 5
Ship Velocity VO (knots)

sigma=100m

T = 120(sec.) n

Vgps - VO  (knots)
°
o
T

5 10 15 20 “25
Ship Velocity VO (knots)

T T T T T

sigma=100m

- 50!{ T = 300(sec.)

Vgps - VO  (knots)
°
o
T
]

| P " | - | s
5 10 15 20 25
Ship Velocity VO (knots)

Fig.6 Relations of the difference between GPS velocity Vgps and the real velocity V, (in
knots), as functions of V. Five panels show cases for different time intervals ;

T=10,30,60,120 and 300 seconds.

Hi (SA—ON) Lf#kr# (SA—OFF) 1225w,
ZhZhoMHE O TFHME ) 25 OlEEH
ke ZzoX CGRWE), Y (ML) Bo oK e
B % 5.

Fig.9 12, SA—ON OIRETo, HEhiEDHk
ML X, Y H oSS 2 RS, B
SATFIER AT E SV, HABIRT X912
XEYOMBBREIZ-0.43 2% ) K& L, ox
=11.8m, oy=13.5m Toy>ox D 7= ®, J& i
DY ZHIRIZEAT Lz, 23, HEME DR
Ko OO & EHERFA1215.5£9.0m
TH5b. Fig. 101X, Y, FEr2S5OHEEDRK 65
G ORERI Z R . AN 7R 4 DGR T
bE, 5~10 S REDRMINZLD 5 L 9 ITH

25,

SA—-OFF O REEIZO W T b B, KH2
Fig.11, Fig.12127/8 9. SA-ON O ¥ & Lk 3
720, F— 7 MBIIMBEEEZ2SFR L (N=
778) 7o 7. BAKINIRT LHIZXEYD
B FR $0130.21, 0x=0.9m,oy=1.7m T, il
SENLTE DR O O FiEE DT85 & B 21X 1.7
£0.9m &% 5. WEMBEIZFEEOMEY 12, FEik
FimE Bl UzRHRICHAi 35, WEREA
K13, SA-ONBF & ERTHEICELS 2->TH
Y, Fig.12 ®¥; %% (Fig. 10 ¥ W LA 7 — )V T
FoR) o bbh b, Fig 12 b HEMELOLF
FExFEDOE LD, TOWBIIHD T/HE W,

% B, SA-OFFFO &7 —% (N=2211) %



Effects of Ship’s Velocity Determined from GPS Dataon Current Velocity Measured by Shipmounted ADCP

g
o
s
<
1 -
(=4 b
> sigma= 5m
1
@ T=30
2 [l
21
60
\
120 \
o_sua\\k\\ ‘‘‘‘‘‘‘‘
I“.l 1 P IR S
0 10 15 20 25
smp Velocity VO (knots)

T T T T LI

w
T
—
Iy
°
1

[}
T
I

sigma= 10m

Vgps - VO  (knots)

(knots)

LN T T L T

®
)
2
E sigma= 30m
5
o
>
! T=30 se
0 \
Q. AN
g
[N
A\,
120 N\ -
~, TNl
300 N T
oC T e L :
s 15 20 25

Shlp Veloclty VO (knots)

Vgps - VO  (knots)

Vgps - VO  (knots)

20

4
]
T=10 g
15 ]
sigma= 50m E
10 —
T=30
5
60
N
120 S e
300 O~ e T T
S s Sl v der e b s sl s M e
) 10 15 20 25
Shlp Velocity VO (knots)
T=10 sec
15 .
T:a? sigma= 100m
10 —~ A =
60
5 \\ -
120 \\ ------------
o e —
3 D\\-\ e ——— ]
Ok, | T T i e 1=
) 5 15 20 25

10
Ship Velocity VO (knots)

Fig.7 Same as Fig.6, except for cases of differento, ; 6,=100,50,30,10 and 5 m.

L7 E0XEYD MR EIEZ-0.09
(Fig.13) &%), RMMOT—% 2 2 ITMHH
REFFITEDOL LM E NS, LarL, €08
ATH oxFoy THIE, BAKITESOWY |2

MTidzd, BHRCHAT S, 2DICXEY
OMBERBAE L RE 584 TH, oy*ox T
HILHIH O R Z0 T THHAT LI LI TE

W, 2RI BT, HARREPNORE FE
EHIZBITSH GPSHIN.T— 7 D45 LT,

WHEZEFHIBIE SN2 WE O (Fukuda et al .,
2004) R, ®ALYT M OFEERADTIG SO 2 f5
DETHo7260 GEH, 2003) &, SFEEh
WA H 5. GPS AL DR 5 72 B PN o 5 )5
oK E LTI, MEWNEIHE L7 GPS i
REOBRBREIRLAE D) H 2 FTHND A, HIZ

ERPULETHD.

5 Fi®

GPS THIE SN ALK - REDOZFZNENAD,
PR A= D5 L WIER 4 %ﬁ eV, AT (EAH

M) &35, 2ok X, GPSii# Vgps O ¥ EE
(X, GPS HIADWMEREITKAET 5 L & BT,
BRI Vo, 0 RER 22 T J OV 5 n (2AKAE
§ 5. it Vgps O FEfE I, HITVo LD bR
& v, GPS b»i%ﬂ’ﬁ@{ﬁﬂﬂzmpﬁ‘%ﬁ?&bti’éﬁ
HAZ I IZE oI E —HT 5.
ADCP % ]\ 75 BRI 3 W T, GPS Al
DFRZE L RIS, MRMEDORAED T ¥ 5 L TH
nE, MFEONT bV ERHTH S5 ADCP
MHEDERAEL T V¥ AL THY, ADCP itdDWFE



Haruo ISHII, Yutaka MICHIDA

LI L R L N N B B

U sigma= 50m
sl
= 4l
£
£ 3
S 2r
]
o 1~
o
gL
Ry -
[ PR I AU AT AN I A AVATSN IVAVATANSN ARV ATIN S A
o 5 10 15 2 25
Ship Velocity VO (knots)
18 T T T T T T T T
L sigma= 50m -
.k T = 120 sec. A
s '[ -
- R
£ i B
o5 A\ -
' r n=5
- n=10 -
a - n=20 -
2 L MEAN
- n=20 -
- n=10 -
- n=5 -
-0.5 - —
Gl el d el b b
5 10 15 20 25
Ship Velocity VO (knots)
PN L B I I UL UL IR
: sigma= 50m
[ T = 300 sec. |
@04l B
£
£ Fok 4
g 02 - 4
K ----------------------------------- n=s
1 - ~ n=o o
) P ————
§ ° N\ MEAN|
—— n=20
- n=10
-------------------------------------- n=§
02} -
T N T U W Y N O T T Y U T M A T O B
o 5 10 15 20 25

Ship Velocity VO (knots)

Fig.8 Same as Fig.7,except for cases with a fixedo,=50
m. Panels show cases for different time interval T,
while curves in each panel represent the mean
value together with upper and lower limits of stan-
dard deviation (+1c) for different numbers of data
to be averaged in velocity calculations.

EIZEME LD B KREL, RAOHFHEIZEOFA
WCEHELWEEZOLNS.

e b [E & 5T O GPS Ml 71 12 1 ox#oy &
%%, Bt GE" EhHM) OFFR LN,
BN D B YA D GPS D= IT OV T
X, SHICESEPLELELRDS.

RN 2 TR R 72 7R 2 B A O T A
FEH B LTS, T, MRS B
A DRI & W72 &, &L
¥4,

T T ' T ' T 7. T ' T T T]
60 [~ —
[ SA ON
40 -
_ 20|
E
o
e
g °r
2
o
>
20
40 (- —
r=-043
-60 [~ —
1 IR B § I S ' | 1 1
-60 —40 -20 ) 20 40 60
X distance (m)
LIS B e e S S
100 - . -
N = 778
. SA ON q
80 -
> H
© 4
c
o 60— -
3 = N «
o
o 40 =
20 —
+ g
L rasrm mrererm e N T T 1T
60 -40 -20 [) 20 40 60
X - distance (m)
LR L B B e e e e
100 (- .
N =778
SA ON !
80 [~ -
>
o - 4
c
P -
3 |8
il 4
o 40 -
T "l-]WT ]
° T Tl o s s srari
-60 ~40 -20 20 40 60

frequency

I T T BT N T N |

I 1 I
) 10 20 30 40 50 60 70
Distance (m)

|
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