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Table 1.

The periods of data obtained.
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Fig. 3. Stick-diagrams of wind and currents from 1 to 15 September 2000. The data is shown every hour.
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Fig. 4. Sectional distributions of temperature, salinity and sigma-t at H-section in the summer of 28 June
2001 (upper) and in the winter of 17 December 2001 (lower).
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Fig. 5. Power spectra of wind speeds based on the two-year observation (1 April 2000 — 31 March 2002).
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Fig. 6. Power spectra of current speeds at a depth of 0.5 m based on the two-year observation (3 May 2000

— 18 March 2002).
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Fig. 7. Mean wind and current vectors averaged
over the two-year period (3 May 2000 — 18 March
2002).
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Fig. 8. Wind rose over the two-year observation (1
April 2000 — 31 March 2002). The numeral in the
center circle shows scalar mean wind speed.
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Table 2. The mean speeds and directions of wind and currents based on the two-year observation (3 May
2000 — 18 March 2002).
depth vector mean vector mean scalar mean period
(m) speed direction( °) speed
current 0.5 8.40 150.4 21.28
(cms™!) | 1.0 6.08 153.1 17.96 3 May 2000 -
3.0 1.60 162.3 13.18 18 March 2002
wind — 0.71 190.0 2.69
(ms™!) | — 0.79 198.6 2.80 1 April 2000 -
31 March 2002
ROBDOEIER 5% LKL, JLHR~HILRRTILFE~
DREAMNZEDEZULZ EDH TS, Fiz, BEDR
[ NS—F3 28 m 5=t LRY MILEIEEDY 4 5
. 0 ~1.5(m 5;1) THbd, CNRAERHPEZELTVENEWVS T EER

00:00

06:00
-1.5(m s1)

Fig. 9. Hourly hodograph of wind velocities and
mean wind vector based on the two-year obser-
vation (1 April 2000 — 31 March 2002).
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Fig. 10. Monthly mean wind and current velocities (upper: April 2000 — March 2001, lower: April 2001 -

March 2002).
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BYERS) HZEORBMBSTSHY, HEARIKRE
FEL T3, FIC S, IIREAMDIRIEN 1.3 ms™? &,
DRLEETORDTDHRTRATH o7, THIZPEH
BOE S HEMRDTHD, 2L S, ABKRDIE
ZHANCHA L BRAKI DR TS L ZRL TV,
HEBLTTIES;, (REBEFH) AFESHERL T
B, S IKRNTKELRKE (1.0 m s71) 2RO,
DS B OEAARICKE S RFLIFERL 1 BEH
THRALARIZTELERLTVS, ZOMT
X Ky, Py OBEEKS L S O¥-HRABKS D RIEE
ORI (0.2~0.3 m s71) ZF> T3, R Tm, th

-

(6N
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Fig. 11. Lag — correlation coefficient between low-passed wind and current speeds based on the two-year
observation (3 May 2000 —~ 18 March 2002). (A) Wind (U comp.) — Current (U comp.), (B) Wind (V comp.)

— Current (V comp.).

DOBHFMBGT E Ta, Re O¥HEAMKTH 0.1~0.2 m
s™! ORIEZFFD (Table 3), Th5 I TARGHEBR
DD TH B, TNELND R EIEH TN
L, —BICFBADBERENSFD 0,, M, A
BT BICIESRENICEEL TVWERWY, Thbb, A
DEYW AR DEBEC I AREEE I RS hixn,
2 ERDADKR R Y57 (Fig. 9) TREN3 1HE
Bk, iRlizLSic, BEREZEL TV, TOFR
FT57 L 2 FEROBEDFEHED S, (Fig. 12) ZHLEY
38, FRTSTDEHBRT L ETOREE, HEIZIEZ
FRILTH3. BEWVI 4BEEAROEETHB &
hot, TOS, KdEEREZEL TV ATEEDE
Vo ZTT, S EHEERIKOVWTAIKRETVL,
Fig. 131 PERKD ZRRO - BRIOER R Y'5 7537,
Fi-, BOABFMERD 5KD S RU S D
BEES (%A 15 HIcHBI % 24 FFEOZEH) IcDWT
LERTRY, &8, AN EZITICE->TIE14F
PEDF—aRane $; 2Ky, Py R TERVE
B, BANCKRSDIZ S IR ThSDENLEENTLE
5. T T, 2EMDOT—2H 53R I-FFEE L K
T5728, BAICKRDIEFBIIITS AL () DT

T&Y (S1'=5S1 + K1 + Py + ), EDFFTF7
ZR2E, BEIIBRE, ®HEIERTSHY, £/-20
EIRIEEFICKE L, RT3 HEBEE O
BEHARICELTWS, —7, S’ & Sy AHOEHE
DAZERXEATKRRTSTLIZIE-BLTWVWS, T
b, 2 EMOFAMBITTHRNAIZAD S; (RU K,
P1), S; AR IZHEREEZEDEDTHB T LERL
TW3 (FIKIE S B5). EV#zs e, AD1HAN
£l (febem) &, RMTZ2T5L S, S amel
THh3CZ kick s,

BERI ARSI X > THREI S N3 KRBERTH
D, RXBDEX S CBEZAPEH TR AV, ZDHk
B, EREEOLDAMDES XX S, IV EAREED
DL ETETHAH5, Lrl, BEELRITHEE
BENEHENTE L THD. 5, 1 FANEET 3R
I8 A(t) & & DO HEMZE) F(t) #U FORTET,

F(t) = A(t)sin(wit+ )
= {B+ Csin(wst + 82)} sin(wit + 61) (1)

TTT, B, CRIREBTENTNEEERUER{LES
BRL, w02 ZETNThBEY (24.0 %) RU%E
A (365.24219 B) IcHIST 5AFEETHS. (1) R
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Fig. 12. Ellipses of wind with tidal periods based on the two-year observation (1 April 2000 — 31 March 2002).
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Fig. 13. A comparison of two diurnal winds, based on the data (black line) and reproduced on the analyzed
components of S;’ and Sy’ (gray line), in the form of hourly hodograph.
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Table 3. The amplitude of ellipses (major axis component) of the wind and currents for 60 tidal components.

Symbol  Freq. Wind Current (cm s™!)  Symbol  Freq. Wind  Current (cm s™?)
(cph) (ms™!) 05m 1lm 3m (cph) (ms™!) 05m 1m 3m
Se 0.000114 1.28 460 5.27 3.06 M, 0.080511 0.04 0.78 0.89 1.19
Ssa 0.000228 0.56 198 2.81 1.81 | MKS; 0.080740 0.04 050 0.53 049
M, 0.001512 0.08 0.51 0.77 091 A2 0.081821 0.04 049 0.65 0.31
MS; 0.002822 0.22 0.97 140 0.58 Lo 0.082024 0.01 0.11 0.29 0.23
M; 0.003050 0.10 049 048 0.49 Te 0.083219 0.07 0.78 0.43 0.29
2, 0.035706 0.06 029 038 0.35 So 0.083333 0.29 145 1.18 0.78
o1 0.035909 0.08 0.35 032 0.27 Ry 0.083447 0.10 1.11 101 048
Q 0.037219 0.06 097 090 0.96 K, 0.083561 0.07 0.23 0.30 0.20
1 0.037421 0.04 064 060 0.61 | MSN; 0.084845 0.03 0.22 0.26 0.28
O, 0.038731 0.03 271 2.86 3.02 K, 0.085074 0.03 047 046 0.24
MP, 0.038959 0.06 1.12 0.97 0.57 | 2SM; 0.086155 0.02 038 0.31 0.16
M; 0.040256 0.04 0.25 0.16 0.25 MOg 0.119242 0.03 0.23 0.22 0.11
X1 0.040471 0.01 0.57 0.51 0.56 M3 0.120767 0.02 0.16 0.21 0.08
m 0.041439 0.13 0.7 0.66 0.54 SO3 0.122064 0.04 0.12 0.15 0.14
P, 0.041553 0.24 145 1.84 1.23 MKs;  0.122292 0.03 0.04 011 0.10
S1 0.041667 0.97 585 4.92 198 SK3 0.125114 0.05 0.34 0.16 0.09
K, 0.041781 0.28 244 282 292 MN; 0.159511 0.03 0.10 0.16 0.09
2 0.041895 0.18 293 266 1.75 M, 0.161023 0.02 0.08 0.09 0.10
¢ 0.042009 0.06 089 0.89 0.71 SN, 0.162333 0.03 013 0.12 0.11
6 0.043091 0.05 067 0.65 0.50 MS, 0.163845 0.02 020 022 0.18
Ji 0.043293 0.07 0.60 047 0.17 MK, 0.164073 0.02 021 022 0.13
S04 0.044603 0.02 037 0.14 0.16 S4 0.166667 0.03 0.14 0.06 0.10
00, 0.044831 0.11 053 064 040 SK4 0.166895 0.02 016 0.13 013
0Q2 0.075949 0.04 030 0.22 0.14 || 2MNg 0.240022 0.01 0.11 0.07 0.13
MNS, 0.076177 0.04 046 0.18 0.14 Ms 0.241534 0.02 0.09 0.14 0.07
2N, 0.077487 0.03 049 049 030 | MSNs 0.242844 0.01 0.09 0.08 0.10
u2 0.077689 0.02 0.14 0.35 0.06 2MSg  0.244356 0.01 0.09 0.05 0.07
N2 0.078999 0.03 0.56 043 040 | 2MKg 0.244584 0.01 013 010 0.04
vy 0.079202 0.06 034 046 048 || 2SMg 0.247178 0.01 0.10 0.07 0.07
OP. 0.080283 0.04 031 064 037 | MSKe 0.247406 0.01 0.16 0.08 0.10

DHAZEERT B L, RN, F(t) I=D0WICHEN%, TO=D0
BOAEBIIZNETN, wmi B 98, wi+we 3Ky
S, w1 —we I Py FEOMAEEIC—BT B, ThD

+ Sos{wr —w)t+ - 5) ) B, WIER L EANTELT S GHELTS) 1 B

F(t) = Bsin(wt+d) - %cos{(wl + wa)t + 61 + 82}
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HOZEENE, FOMITICED, S1, Ky, Py icafEh
BTLiCEB, G0z 3e, MikEEIE=DDKRM
B OERTIHEE NS, BERDFENZIRE
M8 e LT, FMEBIMK,, P ELT
Bns, EHEEHPKEVZEEK,, P b KELLS,
JINETY 2RIE, ZOMNTEMY 2WEmZE
D>%, -7, BWABTEHT 2RIE, #WEAH
OFNEERTHA S,
(2) NDEE)
FcDOVWTEE L @ Ua#lic DV THElTREM Z2{F
B liz. SEEDRERETERNY Fig. 141IRY, £
EKANCEILARICRE LB L B> TWaA N, R
DEBLEZLNS, Fig. 14 RU Table 3 &b, #Hin
IEDWTE S, X S5 THA EORABIKRIHRENT
Ehbhd, Thi3dEREEOKREERBOE(LEE
LTW3EDTHBH, HFHEADORKE ENEREAM
IKEELTWA T D, BRA)IREOFME K
EDEEBLREVWEEZ LN S,
BLNHENEIRA BV EFRE S0 AEED S, 75
TH5. B 0.5 m ED S, it B AR 2
EU EORIEREE D, S, K EDEHMEEFRI LD EK
Fl, EHIL, TOS PEIRIEEEL L BICREICHE
BTV 5H8EE s, 0.5 mET5.8cm s~ DIk
B3 mETIE2.0cms™ &K 1/31ckD, £z, &
JEE L BICHIMHOMAENTNAHTHRONS, %
DOARAEE LTIE S IGEWABDK;, ¥, P&
EDARE, KEEMID 07 B cm s~ FUE DRI
FoTWd, S; IZETIERWVH Ky, 11, Py bEESH
FICHEORZEIHRELTWVWS, —FA, O, Z3FEEL
ERIEDHEENRDTMEANTNTVEEDD, 15
MOFARICRELAR SN, ZOMoOHEERE
lem s 1 LAFEPEW,
YARMRIZIZOIEFLALORIEN Lem s LT L
ARSI T/hE VW, AR E ZikiEZ & D5
#iZ S, L ZDOFEED Ty, Ry DKIGH L KEEHD M,
TH5. 0.5 mETIES; DENREKEL 1.4cms™?
OREZFON, BFEE LBIKBREL 3 mETIR¥EY
BELES, A8, Mo o#liZ3%ELE 1ems™1 1
HORBLINEN,
A& FNOFRMERICR SN B LERIE, KGEH

R OREHNAKZNC L TH B, TDKBERD I,
S1 RUZDREA (my, Py, Ky, 1) OREAHEEL, S,
RUZFDRE (T2, Ry) DH¥HE#ETH S, HER
X, KEERMAS D 01, My BEICIZLRDT Lxh
5HRENT, FINORICENZ L THB,

ETC, HELTWA S, 0#lfiTHAD, TEEL S,
SN AREY RIS (RG) TSR TH 5,
HFFERANEE L L BN A, BomELRLT
AETFIIBAMHICHB LB L TS, £
fz, BEWC 4 REORABE#B THL L L, (MHHE
HNEW (FFRL TR L DT RE TN, 2FMT
DFNMMT & D AIFEEI 20~30 012E) Teh s, H
no S i3, B S, FHEEIC X > THE S hizlax
FTHAHERENEV. BICHFLLRS28, AR
S T ORMERZ KD (F—2N 15 B LD
LZAENMRL LK), 1 AHOT—RIC K BB T
1 S1, Ki, Py RDETERVISD, BOBE LR
IZ, 81" (=851 +K; +P; +1t) TKRT, G5
MERD S BREEDARFTAEMNZERL, 3HhAT
LICHlR L7z (Fig. 15). #8MIEREIILAMICR T LI
Kekh-oTwid, CORTREFETANERR, Al
Ko THHDOKEE, HENKRELELLLTWSEL
AILH B, ML (1981) IFEFTHARPRIRIC K-> TR
MEBHIERETE L, BICHRICOVTRRLRE
BERICK > TR E A2 LEEMET LY
TV EEEHL TV, 5, FEEARICEDTH
2.5 m DM THEAIKIEHLMNCEE->TED, AR
FEEEEEINE LD, omELELT S, Th
BARHRHFEUNDOTEN KV EEZ NS, &
B, K27 m IR LBIIEIEIE 3 m LURD T &IE
TH31®, BEILLZEBOBEIEEIICI N, KU
LORRNS, TTTROENS S, 78l5id S ° A
OWERDEEEZH ZIITVBREEILNS,

TTT, EFNLUADNNC K> TEBIE N FH
EHHT, AR K->THEILHEFE LTHN
ZENERLUER LR LICT S, Thabb, §1 A
HomhdEi Tl A RIC K 2R LUEHETH 5. H
B, BAYFDO Ky, Pi, S; AHRSERNCHEL
BLEFEEES, $habb 2 FERDOFRMMN TRz
K1, P1, S; EFIC b BLETRSSEN TV S, TD
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Fig. 14. Tidal current ellipses at three depths (0.5 m, 1 m and 3 m), based on the two-year observation (3
May 2000 — 18 March 2002).
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Fig. 15. Monthly change of tidal current ellipse (S;’ component) at three depths (0.5 m, 1 m and 3 m).
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1 ERUERR D OEEBHIKEL D129, BioRk
WRUZDIMRICIIFREI R E L35, —75, 01, My
DR IRE L T3 ARBEEEARIIRICIEE L RVES
K THc1zh, ThbDfiizEEDINRIZEDE
BrRITLALZIRN,

BAHRSRICS X 288 OVTIR, ThETIC
LZOARERII TR E N TV S (HES, 1982 FEFA,
1993 ; #l, 2001), #il (2001) & ARRE MT RDT—%
ERWTHEERL K, 2EOBGRERLTWS, 2
L, TOHENIBEL,DDEMMNEE S NEEICK
PERERTH S, BERDOBZELT, Bhoh
ﬁyT—&ﬁﬁﬁkm;%%bﬁL@ﬁWﬁ%®ﬁh

BENTVEUEENLH B, ARKTIITE i
@#5%?H5awoﬁME&%ﬁmﬁécauxb

COESHREEREPRL TS, 5T, 2ERDHEE
Bzt it ko T, HRERM S, ndlsizlED
L, ZNHHEAMFRICHELTWAZ L 2R LTz, [
Eric, TENEITH S K, ®° Py R LI B UEHRR D
MuAL T L ZR LT,

BRERZ TN T 5 T LI & > THE L N8R

I, ASRRYZIIGRRR Y & BN T E N B, AR
A, & U GBS S R T, B
IZ & o T S Mz HlFRE R BIC AR DMIFRICIE < 7%
%, LHLEDBAIIE SN 2HEFI LR K
DEEDHBT LICED, WFIRBERKERE X —
BANCHEROKRE aBETH L, REILREREZ
BUHBENRETHS. ARITRZ#GAEN (Fig. 15)
LEDAZEE (Fig. 13) ORKEEDEHSAICE ST
BT LE—BLARVDIE, Sy’ 77EiANEIC X A5
W TR, BEIIIHEORZ 2 ARNEHETL
BATWBHLEZLNS,

ks, WHRLEICH 5 EMBRIET (KETRED/N
ZHERUBTHEE) OMMT— 22T, FR#EH
ERIU 2 FERIC DV TRDRAEETIX, Mo 7
DiRELRERKE L, K1, Oy 28l M, 780 2/3 %
EThH-oT (PHS, 2005). IhbOEIHIYRIE

BE G HRET, 1992) Offie £13IF—BT 5, Lh
LENSEBBENI-EFRIZITE 4 528OP T M, 78
DiRE/NEV, TOT eld, FIBIARRFE T
REEREATLLEMEFOREERZRMT 2 LIIE
RNV EERLTWVWS,
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KR UERR S (DRSRREHE) ORRETRINC G X
BEDMREFANZ 2, AL ERBRBIERZEK-
R 2 FEMIC bz > TRIEL Too HUHEROERRET
ISR DFRAK & O F/7%2 8 U TRWHEER
MERENTED, TOHRLIROTIZ 2728, fi
HEt#205m, 1m, 3m®D3FEHERE LTz, Fokat
BHEELS —EDFREIREND XS ICEET AN
mbTFFohiz,

BRITNIEREFENDANRT MIVEFFERIZHEEIKC
BTV, BB D EARATEEDTRIVF—
EENBERICOMLTEY, 1FRMHIZDIC—DD
BEONDB, HAMSKSTIIHEAREEEEBICE
BEOBN>TE—IDFEL TV, &5 LEAN
7 FILOR AR ARTHENDBENIEREICENTZE D
T, HEAMEEHEAMOES I HENNICE]L T
EDTHBETEERLTVS,

FUIPEROFEIC X h Rt EED L THD, Bl
IR ZE CTORY MVEGSoRRE 3HEEL &,
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BEEE EBICEML, HE0SmA D 3m X TOR
TR/ x> TVD, —F, BRIRFEENICHEEAM
ANKECETEE00, HARLE UTHICILEE
DEF-OTVS, TOILREKSICK > TEEREH IO
ZiMEORRERRE, T Vil EEMED HT
MWEERHT, HMEIC B 3/ FREROBER L 55,
TN S DEFEIKDOFIAL, M FRZEOHT LT
B L FRRDOMRERFON, AR TOHERDONR L
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LA, EFEPDIC, BOKRABROEME JLRE
(%iﬁ)ﬁﬁisf,ﬁﬂﬁ%ﬁ@ﬁTﬁ%ﬁk?%



BB REIC B B HhIc R4 BOSRFABEMEFEIC B 3 i RiETADOME 53

CLEHAITHAD, T, HEMI h ERAHEID
EWRICH LT, 2BNIREZEC TO/E o
HEMBEERD . ZOKR, HEHEBERE 0.64 £
HWVMEERLTED, B ERERE OMIcERZHN
B’hH BT LHRENT,

A& FN OB O T — 21DV T 60 M5
RUER, BIXS, QEAR &S (BAH) DIk
R L THED, S,o(EERW), Ki, PL(BAN),
S (EHAR) RN TKRELRLDTH -, ThHid
AEKBEROLEHTH->T, KEAHOEMNIRS
Nihotz, —7, FhbiRBEOKEZETTIIALEBL
LI (ERNME SNz, Thbb, S, & S DIRIENRD
K<, Ssa Ki, P1, O1, S3, Mg RV TAZ AR
BERLUIz, ME0REE, BERUAKBEHOEE
2, KERRABPZRETS 01, My AliboTWW5,
2L, KERRBN IS NG M, TiE S; 200 A
BZNERREBELHIESNED 5Tz, BHOME AL
HAIKRFELTWADICH LT, fihdEREOFEIC
Ko THILICELT AT L BRLTWVS, BADS;, K,
P;, S i3EBERE RS ZEMBASME RS T, E Tz,
MY RBOFNE AN S REGFERZZITI TSI L
WRENz, B (H5VIEZOMOERE) Ic &> TET
3w Mo (Wt L) BRLRE PR L
L, XROHEFHRLIIX D L THRT AVDELNDHB T
EERLTz
HEERORIBIIAS M EEERLET S, TDLD
TIREAS 1 EJPATENT 2 AHARTNIE, RIZREH
—ER=DOEM (S1, K1, Py) DHEICK->THREH
T3, WAL, MREEICIE S, MBIET TldE
CK; RU P AHOALEENTED, ThHhEA
WD EFICRLUEREMIAZE TV 5, B<HIS
NTVB L3I, bIWCERSPREZ¥AEHE, M
L Sy BHIRERC LT 15 BRAMOKMNIIZIED 72
T, FARRIC, HITCEHDORL S HRESESE (S1, Ki,
P) N1 ERBLESS EHESHEDIODHLTVS L
b WZ 3, S HEMIEINFEETEET AN TH DA
MBS, EROMETRITLAEZRINT I Abh o,
ZO—DDREE LT, fEROFINDOERIEAMA 15 H
530 HEELEh o e ETFBh3, S; L K
BBV P) ZHENBHICK > TOMRTRITE 1EF

L EDO#EGET— 2 WRBETH DB, TORDERT—X
ERAWES, St AR ENTENTLUE S I-ZHi
Ztd5 K, DEmNELRT LICK S,

AL iz X b BERICBEGITTWA 800, @)l
o DBIKFRAIL K> TEREB L TER I NI EE
DEEERBELEZ OGNS, TOBRBOFEENRNICH
TREOMEE K DD, BOT VI —IIEBIUR
DT EE (KE) icEFT 3, BRI EEBOEFE
KK DEFITR D, it Ehaceick?, £
Tz, BELEROEFEEICED, KEBMICHUMENE
BERMEREN TV BAIEEN D S5, CORATIIN
REFEOHPIMNS T S LIz ADBRINTE THRVH,
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Wind Effect on Currents in a Thin Surface Layer
of Coastal Waters faced Open-Sea

Masanao Nakano *, Hisaaki Isozaki *, Tokuju Isozaki *,
Masashi Nemoto !, Keiichi Hasunuma ¥, and Takashi Kitamura

Abstract

Two-years of continuous observation of wind and current were carried out
to investigate the relationship between them in the coastal waters off Tokai-
mura, Ibaraki prefecture. Three instruments to measure the current were set
in a thin surface layer of 3 m above the strong pycnocline, which is a common
feature in coastal waters.

Both of the power spectra of wind and currents showed very similar fea-
tures, an outstanding high peak at 24-hour period and a range of high peaks
longer than several-days period. The long term variation of the wind field always
contained north-wind component, which contributed to forming the southward
current along the shore throughout the year. A high correlation coefficient (0.64)
was obtained between the wind and the current at a depth of 0.5 m on the basis
of the two-year observation.

Harmonic analysis revealed that an outstanding current with 24-hour pe-
riod was the S; component (meteorological tide), and was driven by land and
sea breezes. These breezes also contained solar tidal components such as K, P,
and S;. These wind components added their own wind driven currents on the
original tidal currents. This meant that land and sea breezes generated wind
driven currents with solar tidal periods which behaved like astronomical tidal
currents. As a result, coastal currents contained pseudo tidal currents which
behaved like astronomical tidal currents.
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