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Winds

Bj-2.1.30

Anticyclones

Currents

Polar
easterlies

Cyclones

Westerlies

Trades

Doldrums
Equator

Trades

Westerlies

Polar

easterlies

——Polar current '
O Subpolar gyre 5
West wind drift

O Subtropical gyre

A

North Equatorial Current

%Equatori_gl Countercurrent .D

O‘Su btropical gyre

+>—West wind drift
. i . - e e ———
Antarctic Circumpolar Current

South Equatorial Current
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NAKAMINATO IBARAKI FROM 1945 TO 1981
HBIE .

ME AN
JAN. FEB. MAR. APR. MAY JUNE JULY AUG. SEPT. OCT. NOV. DEC.
FIRST 11-2 9.9 1B.1 11.3 13.7 14.8 18.3 28.4 22.6 208.4 17.4 13.5.
MIDDLE 1B8.6 $.8 10.4 11.9 14.6 17.1 19.2 22.0 22.0 19.5 146.1 12.4
LAST 1@.1 9.9 18.8 12.9 15.9 '17.8 28.2 22.5 21.4 18.7 14.8 11.4
STANDARD DEVIATION

AY JUNE JULY

AN. FEB. MAR. APR. M AUG. SEPT. OCT. NOV. DEC.

FIRST 1.4 1.3 1.3 1.6 1.7 1.6 1.8 2.1 1.8 1.1 1.5 1.3
MIDDLE 1.5 1.3 1.5 1.5 1.7 1.8 1.2 1.6 ©.9 1.8 1.3 1.4
LAST 1.3 t.1 1.5 1.7 2.8 2.1 1.8 1.4 8.7 1.4 1.2 1.5

1

12 ’ 1 . 2 3 4 5 B 7 8 9 10 LB 12 1 2 B

HEEOEBEAEOTUFEHE (L) L EBEEEOSHEH (T) (1965F~19814E)

-2.2.217
RBEFHEEco AR, G5, FHAKEESEERZE (1965-19 8 14F)
(B - R 7 = » 7KHEE, 1983)
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2.3 IBFBEILHEET 2 NRAOHES LU T OERE

AFEBELBEREZRRLAABE. TERRB. #Bil. EHELEoRE I X
ERHEEAPBD LN, BEBRLAONBZ 0B REELYBHEOBIR - il &
oEbhic>WTE TFTicidd,

2.3.1 EERBETOoREDOE(L
BEBBROKEIHRIZTH LK - TEERBOBESKELELTEET
b2, H-23 I3 EABLEFEBOBRBILB-TOXKFLEZFOKE., BXR
g (EHEE 18065553 3 LHEAESBONDB) | BEORBEMESHERL
7o (FEHAM: 1977, FHARM: 1974) o
HBABEOREAR RO IXLEOHAARKRABOFEBLELRL S
DTH B, AOMABEETRIBEKE R 8 T TS M, B X316
TKERLERET S, WhYw I3 KEHERRESER o3, BELTL4~5CTHDK
EBHESBAINIIEbE5. COLIRKEIEUKEOETELET @ &
2450, RERBKEOEVWEAREANEL LTy, BEOHEREL
TOWRWIEHHAER» DEHPTH b, BORFTEEERANRKBRALRE
EBACES > THRELTHC CHEHLTABHD SBREED > TEREK
GRTEESOKBRV-TL 3, COLdk, BEAHOBVWHEHNZHOE
WEEDHL, TORBECIHEBRILELEEEREFEN 3,
B EAlkEBRkED bERBERD, L ESEEER VLD, BD
THBOWKER > TEREBEBACHP - THHT 20 EFCUHBO TRVEERRB
BHES . BEAEOKE. BH. BEOELRECE~ET BB = K5,
CORBRETUNERARBIVEL. REROZBEANINAYMEREL
BNAEBEEFR L3 2 EFECERNI L N 2, BRFELABORE OB
EAHOHELEBNETIBERRZBELY bBART 3,
INETHENTERLT LR, EREPEJABO LS . HANCEORVFK
BKBMb - HBEOETEH 2, HENALEO LS cERNCBERBHCL
Ficthk ORALR S » BE, BKOBRBEVELEDLILRE»ERLEDOHR
-2.3.2TH B, CHBHREBROHREMY AN KERYKROLERTS 3,
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MATBEKOBEZ—FiL, EEELLNEIELBEGOBKOFNE DOMNE%:—
EHHBRBEWEIOTH I, CCRBRSATOR VWY, MEOHEIANS
NTOVWRVWESIIE, BRKEARAR (HBEBEQC00A) i LTHERFETE
BoTHLY, BEOMBEPAZ L, BRKOLEWOHFREEEER E R, BKXK
BERB >~ THRAANLHUTTIT, BFEESNEVEE (BER 3B HE
WIS ELELRCEARELROERER > TEAKDBEN - THFL. L,
FEEEPRECRZE (ETH) . BRKoOLEB Y o dfFESHEEL B, BK
BREMANRBEMTT, BRB>THBRMBTTIT, COoOEBRTRIERTO
ASNBRBENEEOHBEEZEFAMELTWE N, SEX¥ROBARBEKOE LI
B> TEM L 3,
X-2.3.2CRLABKOPEV~DEHB VR I2EETCT. 2hllbiznsd
WIREB SR Z, COFKNNRBLARRATEIAShBIEENOATN S,
A= (Ap/p-gh) "2/ 1
CIT, ApREEZE, pEE. cRENMEE., nBKE. 2V V0
NS5 A —5THbo HENADBTRLOMIE 3 ~10knO@WHEHIKNE 3 & EHB W,
B-2.2.29 &X-2.2.30 KARLAANKOLESD & C OHEHBIA->TWV3, iBE

KRB LB EME O EMBEEEA S ETH, IO LAYEBRERE

BT 2LEND B,
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cm dp/p = 0.00%
-+ Q =005
21.0 =15
18,901 —
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12.01
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0.0 Tao T T o T e tdo ¢ Tsoe | 12ee | hsee | qgoo
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—2.3.2 mXROBAK L HEERBER. H%0MHEHEQ L HARQRE
L, BEE(op/p )% 3HHNEL —EMHNMEL T, 7
B bRV o, B () OERRBAI RS, BEENNRS L
70 L HIA W IRIBETE b o R A B
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2.3, M EBYRS

BREKETEBKESLEELRFGESEZ2T 2 b0 L LTEHEBB TN B, T
BMEIPATVWDEECADHDIR, MY L LZEHEO LTIRE 8-> TAT B
NOETH D, HMEESERIITEHNRALABICHD, CHS5OREOHIR
KT MR ETRECK-T, S35 EHA0BEIER-TR B, Rk
ERHREANCABEEEZF T30 7T, BHLANEZR -~ LHhOoEE Db &
BB, HTHM1 BEMEAOANAR » M- OHHR (ChEZENSHR
ERES) BEMYT S, S2MACUHEUEOEGNERIWOBAELH 2 &, 10
CoNEEBRD LN, TOMATOMKOTFHSTEL L 2,

ABR CTHBOEPRVWKERTEHRIIRERMELZRE 2. LELUEMKL, B
BRAZOBEROLI CERNEERRTARLEL TV AR TR —RICHR
BEZEL TV,

ERoRBEM B AERLAOBHTREAAFAMSERLTLE L, B
BObc s EMRER—REHL LY, BLEABHRS SR 3, JLigER
EEZSTRARALARERD, FEHAEKI D bHAFROG P RELR
5, COBBBEHETRBARRYEORY - Hlcsz VEERARIAZ VT, BN
HE2VRBIEREFENZ LS50 HENNREE LR > TH 3,

B 1 AR 0 & R AT BRNOBE D HOT, CORNICE R
MERS 2EMOR,. BELLOMBRRAC LN S (HECREREFIEN
2—ERBSH20T, TOMEBRREZCERTV) , IHLBHAPST B L.
BAIYBRLXCEELMEELTCVWAWVWIE LR S, LELBHES, KRB
FRICR» TR KRENLNRALET LI DONBERAGPRALKNIBHABET 5,
BHEBABBALZZPEIDREHOBI LEERBOES OEE KK L
S TR THRZ. BERBFB, BRSBFOEOERBRAEF S, KA,
BRETHRCBVWESEIHERGVBALL-T,. REFEI NI, BEEEEK
IZ2AROBRBANVF DL TCHANOZZAVF— L, REOBKOE
BEECTOKE (H) KhRTHFHRBOESE, H/UPOKES L& » TH
BB MEKBEREGVECEHREVPREL LIPS PEL >TSE, JIT
URBHROBRAEZRT (Sinpson et al. 11974, 8 19907 &) o K-2.8. 341
HMENBTOH/UVSOMEAHERLTVS (W-FH. 1988) o HELH TR
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FFE WD, g0 (H/U®) OEMBNEILHE->TVT, L.5E0/NMS0WHBSK
BNy FRO20FONTVE, COBAIRALFEESE (F-2.3.4) 25 LS5
BREI2ic, BEEB-TBY., BEREBEATVS I &HgHh 3,
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3.0 0 50km S
/ 3.5 ¢ . ’ -F‘;'-.
B-2.3.3 HEPHED logiw(H/UY O, H 3KIE (M), Uk M, MIFURIA(m sec™

(HD, 1989)

F B0-2.3.4
198646 B 9 B 53650
NOAAY D#hi/HmR
BOCESMER, BV
AR AT

(B, 1989
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2.3.8 WEHELEROMER

RelEh SIH S M ABREEDES. BEETHRET 2 0BEEE L 3 LT,
BORREDERTILENS S I,
BHLEEZRSBEOBARLE > TRABEL 2, COMNMERBZHEEY, =7
< ¥ (Ekman:1905) KX > CTZ OEBAN BB IERNCHFE &N, BBIEX
(. POEVET, BOTEBBicbhL - TEAPRERILBEEERS LT
EROBESHFMOELZRST ER-2.3.50KRICT 3,

CORTROTHENB LR, BoMasLtBHRmTcOREROOME L BHLH
TN TVWBEIETH B, T/, B L dbiimhomsBENLTWE, 53
%s?ﬁﬁﬁvmﬁﬂemﬁﬁﬁémﬁnéxémﬂéocm;iﬁﬁn@ﬁﬁ
EL7T VIBEEHATVS, BERHEERESEICL - TEMLLEWER
ETHe, BATOREHOBERZILERTHAOKELZIME LW L THISE
LFh s EPFERNICMENI TV S,
BEORBFRLIBZFLEEREELEZREhTwW3 0T, REWRTRESHE
COEHL, BUUBRELAP - TEEAEVECDPILLULBEELIONE, T F o
€ (Madsen:1977) RAEBBHEEREBKEREAL LT 288508 %
Koo H-2.3. 6BRERPREZLE-LREBOKNWDOHESHE 7 = v O
_E?kay@ﬂfﬁﬁbt§®?$607F¢ty®ﬁm;ﬂw\ﬁﬁﬁmﬁ
RFEOR EREATIEEAP > TIERETHIELAET, BEMFETREERIKRE
Wb OO, BETFTREBCHRENNS BB, BEOWTORERET F o
V®%mﬁu%mt%iéﬂ%@~ ' "  : 

W A S D LF o A BEALL T DTy 5Lk RBEE RO
Bﬁmﬁﬂ%%éb@&:éﬁ&f%%gcm%é%&%ﬁmﬁﬁbmﬁmlm
BoTWB, BEPHCOESDETEREROSHMTBELT, =77 VB
EIERC EDb B, BALPOSESIDETORIEHAT 2L, ROBELEBE L
%,

Mx=r/f-p My=0

—E@@W(Yﬁﬂﬁﬁﬁ%@ﬁ*%%ﬁﬁc5&bmﬁi%ﬁ\%%mmi
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BOHVWEATETKEA SMESET I 00, TAUEOCEVENTRAL
CEPIFVHENMBELC TV 2 LHBEARILHEST 2Ly AR EZDHER
HLBV, ChieMLT, 272 YBIEOR» o bBHMAERIC, BRI EBERD
XAPICEEBENRESET S (COMEZ 27 = VRELFELR) o LEERDOBSG,
BTrE» > THERBCRENEC S, CORZRBEZOYHOWZX - EiLc
REBEEERITT,

HEHBEEOX I RERFEFERNRH TR, BEREFEAIRVAB& LK
RHEOPENRSGLCENS, FAlEHUTEBRREZLLFE, LAFKL &
HEACZ 7 v Y REKELI LD, HAVORBABIBREIMCHRB T REN
EVHEN3, SN LT, MESROWABGRIz 7 2 v BENEL S
G- TR D. RALORBKRIBEO~LEKEHbN., TEOKNE X
EH-THk3 (H-2.3.188) o COBRRLTESEB-TEALKRBELOERE
BHESATWELROENBHZBALTEIEBHONTVWS, £/, Bick
> TTEBKBBEE LY - TRIRREBEERBLPATV S, BEERAROR
Ellebh D10 %en/sec BEOW-{ D& LAbDT, KEFDL00005D 1 L
TOMBETLIE V. BAGRORET ZEIANKDHFSO~DEDN O & EHE.
3 ~10kniEETSH %,

PEERTERES . BREEOBEENICADIERREOLONS D,
Ehbit. EEKRE. BE. Bofihc B2 HR. PEERSIOTH 3, &
o3 2OERMOBEER., AARXEERBLHRORILLII2HEREGD
EABGVWRE, bPEHOEBBECHR - TEERERN LG 5, - T, DR
TOEFHEMBIEHEZETFMELEIIET AR OECHODEREZRVIAALE

FalLBRFnidEsidn,
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Vertical structure of a pure drift current (according to Ekman),

B-2.8.5 +HERELAREROES X BHE - FuRosqk
(D esant,1962)
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B-2.3.8 A, B—FEDHEEDLIY
BiE& A, BARKEICHEFALT
RNELRBBEDLI TV
2% (Madsen, 1977)

(#n, 1989)
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2.4 BEBECHETIBEY— 7 (KB, ES. BEBRZRE. zofh) oRER
CEoE¥HE

2.4.1 F—7 0HBR

BREOBNEECE ORENHEE E-TWE, BEAEOBNL T ET 3
BRodERLLS, HI00mPEORBOPA T2 LU LEHOBEHA RN
VBRI, FEOCRERE»SKERA LT THRICRIAKTS ~6EMb0
H%Faﬁﬁi‘iﬂ‘ﬁléo‘ﬁﬁ‘@tiéﬁaj@ﬂk-{z v —-BHRHEBEIAhTETWE b, 8BK
TEHEHERL, F—7TVORBFEWMoffdlaetry—Bick-7T, BE. K&, &
5. BEBREFOHAPEINECEECUETESZ LA~ T THE
YH—RE-TRFAERXZ2BECRASNS - T, 2FECBHAIB X2 bIF T
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ERT, 72U HEDDEDMBI0~200FEHw, Thwi, HRES OEKE.
%X$ﬁ®?ﬂUﬂﬁ@*%2~3m®&C6TﬂM$®§®&hﬁC&Kﬂ%o
TAFEEOEDPSBHEHHLAYER. KFEL - THREEATLL T, ELET 53
Dlc SOEREN DB C LR o RRTHED SIHAFEREEHE L TEE
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NBELAESWIIEL» 2, KAKOCBHXRFE VDT, IbREE, SIEKRKEE~
REKEED > T BNENSNE. TORI BT » LARB TP > T BH 5
3

ERAPHCBY 3EAWEEE-2.6.5C 55 5, BRATEOR-2.6.3.b&
HEATREREVR, HRUO~0E, KES~4mo &5 THATRAES R
FSOFLVWHEY, RAIRBRWIETH D, COFQSOERLEREZAE (1982)
WESEB L XU, Craig (2 v 42, 1972) REBAIH (benthic front) & Xk
ATWB,

ET, EOoR%2ATH, WFOFESHBELEBVAATVWRH B ILHILAE
HELDPRBWI EPDP S, REETR, KE LinBEIcodBAKRERS
NTd, VHWEIERKRERTER Y, $72, FREOLXFBCREARPFBVALK
LTd. BPETOREVKEL, ZOHRBTHhEER-EDEDbOR Y,

LEROoHEER, PYVTF o4 CH) O5FHESBELOPERR-&EDT 5,
JF Y ARYUCEAREFEROMATEL, EERMEBRORTFREE D 5K
BosoBRifidhio MCLOERR, MY F Y AOERPRILIELIEL,
CCBEOBRLGPRBMLTOURBVWI ETH B, K-2.6.61cBKE P Y F v A2
EORBATBEL BT smltiEmeRy. BEOR, TURINI Fyara=,
bf\lTUm3H/”HOE?ﬁﬁmq&ﬁ55C&%ﬁ?oﬂ%%*ﬁﬁmb
PEREBRKOBEOABBV I EHN, P Fyv 2BERICEDLDATVS, LEWOED
T, BHEZBFCREKPBECIHEL TV S, b, RKEKOFYFv
LABEFEERLOIEFERcBOWTEVWDOR., AEEHe - TR EHhA Y
FULDEBEERTE WIS TH 3,
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Bd-2.6.6 PEHEPAREEHKITDO Y9 A (TUBEM) o 1972— 1913 E#El (Ost

lund B, 1976) ik 3, ‘
mee ‘ (RS (1983) : BAELE-LF¥ETHEEZHEL,PL-2D
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2.6.2 BEPORFHEVEOSH (ALERIC X 3% &
BECBIIAIRHEYEOEES YD KEE S e 0 R 1954F L RFER
BEBE SO TTb R KRRBEERORTS 5o WHE S 5 ATHHEY
Bz o, s
OreLicd 5 /F /e ak
@RT &
OEEBER
[ 1 (T
RFNEEL»SBEREINDZIEDVTRFS AGHZERREAY P, TRT7 7 0
PTHUEUCHTES (WImBR) CEBERETIHGLERERELSEHE Y
BBELPE L, BEEVLEETNIERRSE. ®%Co. %98, 137TCs. *4Ge
185Ry—193Rh, 'B®Ru~"PRLZEHNH 3,
RFNE»SOEEREREYRBE-—RRHKOBEBRECH OO ZHBHES
D44 B TR B2 Co. ¥ Fe. %%Fe. %'Cr. RU'%2TaT5 %,
BREBPSOMSFHEELBECRVWIEHEIHL TEH 345,
- OEBRBECORBMAZ + - AT Y b
QMFEE7 2 —VT7 U b
@OREB7+— VT U b
C3NEEIh 3, WHEBTYRNGHEE. REEERETHOWAARLLID 5T,
A (ZEOBNIC L 5 L90%EL) RBAKELSBTT 3. KHkEOH
BOERASCO2>WTREBEHNFGOREVW DO E LT %L a, 141Ge— 11 Ce,
196Ru~ 185 Rh, '®¥Ru—"8%Rh, 311, g, 137Cs, 1B4BaENH B,
DEERLABRCATRBECIIBREEYERSE b3, T0oBEETO
ﬁﬁ@%%womruﬁftﬁm@fmmuo:cvmki&%ﬁ&ﬁ@ﬂm?
BEAEPLERHRLITODOATV S, ¥ TCs. RUPHERPWTZoEENOLE
THRNTBDET B,

(1) £ 94 —137 (137Cs)
Yy ARIBNEEPTOREEEIEVDO T, PR IOIKENETEELEL
BIEPHRDE, —BRETAVAVEBTRAF VEROBK LA EBESEESIE
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(BB EDPS, AFVEEOMKRE L IDRRENHEMNTS YU I HEYIC L3R
BREBZL 6N B,

19545 3 B S5 AL DU T7AYAMNEF= 220z by JBETT- %
—BOBRERCL - TREOESRERYBPEE U, ChoDRAEDHE
REBEOCREBIETL, EREBHRICOD, EF=DmosHBIEEH,. vV YEBHT
dbEL. BHERHETER LI, COocdic, LA FEBREROFTLRIZ., X
. PRV EL, HABB 5N EHTELSHEETE » o BYESE
REACHEEBT. BHELAVOHELL, V4EANSIESHETO
ATEEE RDIRB D 2B-2.6.TIEAR T,

B-2.6.7 JLRFEFHICBY ZHMEEEHFL (1954~55)
HEOMOYBRADOEREZRY

(BB (1975) : HBHEERMLE, P133)

IBNEF I BIF B3 Cs & S 1l ORTEORESH & M-2.6. IR T HFEER

L H45° RECBETEOBRARESZ, CoBRKE, REBOXRIVEELS HE

KRB LOBRARF + » 72 b-T0WEED, 2C:2B->-TREBEEOERTY

BPHREE~RENAL D TH %, H-2.6. 8113 Cs& P SrOER2BEHBRTE

DEEENERT, VIEPLERKB L Lco3ME. EOREROEIEER
LA DTH B,
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B-2.6.7
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BEETFCS L '37C s RIEMH
EEWL° TIECBREE b 2,

v A — (1981) : BEAIAFEAPFS,.P166)

IUCs 3T 4 (10° atomfem’ B

2230 0

1970

BTk CsOFEHBTROREL Lo
(W. S. 7ay#h— (1981) : WBHELZEAF, PLES)




AR EEZEGARKIO'3TCsE°SrOoORBFOLE(LER-2.6.2. ]&-2.6.3IT R 9o

F-L 0 UEARTPEBERBEEHREAF O] CsB LU s (Hff: PCi 92)

;,:_ ulcs "51' ﬂz_ '"CS "SI‘ 5I_-._ '"CS "Sl’ .

1957 0.9~4.8 0.6~2.3 1963 0.2~0,9 0, 2~0,6 1969 0.2~0.3
1958 0.4~3.3 0.2~3,1 1964 0.2~0.9 0.2~0.7 1970 0.2~-0.35
1959 0.2~2.6 0.3~2.3 1965 0,2~0,6 0.2~0.5 1971 -
1960 0.4~0.9 0,1~0.5 1966 0.2~0.5  0.2~0.4 1972 -
1961 0.2~0.5 0.15~0.4 1967 0.2~0.4 0.2~0.3 1973 0. 16~0. 24
1962 0.2~0.7 0.15~0.5 1968 0.2~0.4 0.1~0.2

F-2.6.3 LA TEERBEBHEERKS
D137 CsBLU®sr (BE:PCi Q)

(BEME (1975) : WHHEEBEILSE,PL33)

tin 111Ce "5

1959 0.04~D.15
1960 0.04~0.18
W61 0.10~0,23
T1962  0.13~0.41 0. 10~0.30
1963 - -
1964  0.7~0.8  0,35~0.26

= Folsom Hiz X5,

(TmEf#i 5 (1975) : HWHEEBBILSE, P133)

£-2.6.2250bhBEII, 1PBTFERLRIBERPDOS?Sr130.6~2.3PCi, 9 DIF

LUAFZEd->TWBH, 1961FIBB &, 0.2~0.4PCi 0 &Ry, FLi
BRESLAEVWEECE > 7o 1962F LR, SAATCRESG -0, 1961
~62EDORE, VEOERBRIIZKEB7r VT YL BHDTH B,
1963 E RS, BAHD 137Cs, PSrOEEFERILPEI L. 10ERBER Y
SryRETHOBREROALLPEHEREZRED, REHEKD 137Cs, SO EE
B, EREN, 0.2~0.4, 0.1~0.3PCi /0 ER > TW 3,
£-2.6.3podbhdidkk, AXEERERBHEOREKD 137 CsiREIX. 195
LEZ AL 0.05~0.15 PCi 90 'E‘%Ioﬁ:iﬁ\ EridbllLFVIREAL, 1954
FEiR'3TCsid0.6~0.75PCi,/ 9. ®2S1i30.3~0.6PCi/Q &M » to R

B EERBHRORERI O Cs, VSro@BEER LAV —{bLA, Thid.
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ﬁﬁ%ﬁt:iﬁﬁ%ﬁﬁabﬁéﬂﬁﬁ?‘#é\ WMIER T, BEE—cR-7F T &
ERTo

AL ARFEECEIT 21968~ T8FEOREARPTO 3" CsORHEM-2.6.91C R T,
Hpbobbdiie, IXTFEFIRENFORTHEKRTO T CsBENEL. B
REETHRIBEREV, EXFEHECSV TR, REBROF v 2 v ilihg
EEWISTCSEBERBONIDB, CNRBZSL, aogurvermotbikicd 28
FhHRZ P S OBRHEREROLEBLLL DTHS S, REABKIO 3T C il
.S T7 s - ATy EOBREBEESED, 74T Y b L7137 C sl
HERBEPBORVEA (7T~8F) BHTHIELEHRLTL 5,

Sl ‘iEAQE\ 60N
(7~ ‘\
ﬂ;.{o.zo <l 0asn %
(40.22% 0.38 &
0175 0.3z | 0.43 ,‘ihh. £\

.08 2 ol el 0,49
?]Ua-.” 4 "y

N \\”\ | -“/w/ /é/"

K-2.6.9 KRERZEKOIPTCsDHH1968~T3, BAIPCi ¢
(BEME (1975) : HwAEMEBILSE, P13L)
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-2.6.10 EF-HEoHILESES, tREBFEORENE I B 2#Kb D KE
BEMEE (19548 FE) ¥4 =PH150kn, BH: cpn/Q

(EMMS (1975) : HEEBILLEE, P138)
K-2.6. 103 ¥+ =—BEMSTEII 150miith, tFEEERZEACEI A LD

FABAKPORFUENEREORELSHF TH B, 150mBIENLLEHTR, &
IEEARCHARARERELDIPALTVWS, SR EF= 2292 b7 BEED
HEBREETRT. BERFREISABROEAMc,rbN, 220BROBOBEERH
100kn T & %o JKERE0~ 100m T, 100cpn/ 9 DHUFEEN S » 2o BRERRE 150
mi) FTiRk, I bFroRFELIPERMEIA TR L,
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’—“-T&_fU“W“Bi’ bdl T L+ =) b A=) T o TV b
1040 (- ]
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& ¥5p
000~ c»
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Ekz&u%x$ﬁﬁﬁﬁﬁmﬁwéﬁm¢”sr&”Hn?ﬁFﬁg)
: 1958,
5 (BEEBHMTE (1975) : wEEB/L2E, PL40)
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RS rE ¥ CsOBEBLIVEVWH~DOHREFEOWMELC >WVWTH, RBEEID
bIEARLEEDEIIPHBICESAB LN TEL, EBIBIT 39S BT

BICsOBEBABEIDFHVILSTH S, K-2.6. 1L RKFHERNEH S
i3 51958~59F It B3 5998 1L BPTCsOPESFHEZRTo 19MMFORERM S
HbEP3~5FEDHKIT. KE §,000mOFEHFICSrE FTCsHETZFLTVWSZ
L. BEEBLRINERLA LV, ChoORHFHETROHESHFICIIMIFZENK
E . BHEABROBE LHEZ b - TW5,

BECBIT292SrE "VTCsHPHREARELBEHTI2BBORT, AL BE
BLUBERAIERT 2 EBTES, EVWIHIDR, EYDSr. CsOBMEY
BhEd, Fhhohold, BRKETRAFT VELTEET B OLTH B, Lol
> T, BB~QOHEZREELT. BFRYPHEHREA~OBREZLREZEUDE - LF
MIZBELLIZIbDOEEZI N 5,
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(2) PYFvA—-3 (*H)
HWKFOLMYF O ABEDIIS~IINEOREERTH-2.6. 12k %, + O

B3B8 IUBEAEET, 0. EET2~15T.U.,0.4~2T.U. %, It
REEBKOEIPHEAFLELIVBELFS V.
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H-2.6.12 ALEEEEHRKPO MY FOAE5BOKESH (1068~72)
BR: T.U.

(IBEME (1975) : MEEEBLSE, P136)

PIFvLA0ERBRTREREKIO MV F v o8B LoBcREESS .
REKFOMVF Y AZEE, PV FYARBRTEREAGLTWE & 25RY,

VFEREBFBHMAKFTO FYF 9 ARER (TU) BE-2.6. 13T+ & 5B
DVTHBo TRIMIFVLRAREBLBRTREORESBHEE-2.6. LD XS i3 -

TWhid,
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H-2.6.13 BffAkBEkBIL2FIFoL0 (3H) HER (TU)
(A IBEEE181IFITHIE)
(OSTLEND et al.,1980; BROECKER et al., 1986)
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-2.6.14 R¥EH. 1 Y FEBIUAXFEREDO Y F v 4 (PH) BER (TU)
DEESH. REBILWEISS et al. (1979) kK L 3B TE OHTEHE.

(RETEZE % 19815 ICRHIE) ( BROECKER et al., 1986)
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FUF Y LAQOMESHBRBELTE, ¢+ TRABEOHRBEWENHFEK-2.6.6/c
RULSE, KPECBT 259HEH-2.6.151KRFe 3T, BEHTD MY F ¥ A
FHTHLES i, BERTENSC, BERTOBOCLEBULTH 3, ES
I EAL TR O f RS T 500~1000m % T0. 2T UL & 4 » T U 3 25,
REMETRITUOHMMRY 0ImBELEL, SO THRLBRERRE Gk
ABERBBLUR) BEROBFEERBL TW 3,

248246
0287 20 296 303 269 253 2357 351\|/’,;‘14 29 228 277 204 215 217 218 219
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X3

1000

60°S 10 20 o 20° prave

Bl-2.6.15 165° W&170° EDORIOKEHICBIF S UV F 94 (3H) OFEWE
(BRI TU) (FINE et al.,1881) '




2.6.3 METORFHEYVHOEH
(1) Bk o DOYME DK EEIE
BRKEBITWIYEOARDRBEERY LB - clRkd P oBdPN B, L
TeMBoT. ZOREBERIAREIBRBEITZIEHNTE B,

DBEEYESRFRE 61

DRFUEBELTERECE 2818

NBETOSEIEINBEE (RREE) 2B TELENERYR 381 .
—FCHETORNFRAR» SHBINIHLIEINOL IR O IF TR L,
AHIRELRECOENT S v + YOLEBEBELLEFTHED. Thdik
BYEHEZB CTORE (AARKE) O, ~2 7Y 7ick3408. {L¥EN
BRBERADEMEZ T 3. ZLTCOL) CEERTLH 22+ 238Ky
BLAGBILEBLORBR. BAvho 724N (10715TN) Kb 28
KR DLFEMEER (BRIcBEXTRER) 2RETE36- EbEERERO—>TH
%,
BREFOHEBLRTHIEQEOFERRE. AEL SBRE~OHBBOT I
ER HAMOEAERR LBEBESPS VI LR ERFTREEE SRR VG &
TBWV. ChEHRWT DR, ChoDPHBRRIBKPCHEET 24T
MECRERESNIBE (RF+ v Py reBiEhs) BEETIEELS
NTW3, FrTy RF ¢RI rvIEnI30R), ERRRBEECEAS > 18
FEBEMEBEORB Ik » THAD bRBTENRES L 388 0RHTEH
> T, HABEETBR DN TRALZOEESPEL ARV, BEERNICRES
FP2P 7 2OBEMBEHTFOREFPTORBOVOERN 5 4~ 5 — L OB
B bTRERBEE VS HEADEDOTH 5,
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(2) RE e VYV VITEFN

LZEBEFBRLIEFALCEINRE., COREZERBRIIBoORBLEAREINZ D
5. B1EMELTRI RRBWBRE. 220, &0 LBEYT BRI LAY 5B
FEWRBBTHA D, & A, Craiget al. (197 38) i3, 21°Poosgfhik
BOWTAAE—RRIEBREZRELILAFy v s = FLE2EEL I,
—7%. Tsunogai et al. (197 4) it, 2P b REELITRCEGZELTEE
L. T0RBEL-THE»PORDPNE “UBEFL" KXo T2OAHEHH
Lico LBLEPHOAAHRBCASVWITFROEFATHEEERLICHBEI NS
DTH B, CORBLRLEFET -0k, RFREUEBAFOThBEELOH
TOMEHRETH -7 (Krishnaswani et al., 1 9 7 6, Nozaki et al. 1 9 8
1, Bacon and Anderson, 1 982). ¥Rbb, BAKFDO23EThHBWWFHL
EEFOCHBEHEBERL, ThORXF +xry Py r70BRR. BAhoBE
ThiRFLOBMTRE-BHEOANBE TR I RbIh3EBbdo1e
DTH b, SvicEfe, WRMOKBERE LR, BELXBLEVWEB/NERTF (8
KKETOFERRE W) ¢HBOT7S v /2 %2XBET 274 -0y b2
Yy —RBEDKRBRF (BKETOFERBRIDR V) EHHEBERLAES
WEHB BT E (Nozaki et al. 198 7 : Hili. 1986) 6B 5 hich T
& o

CITRELRELREDAL, HFHOOEFVORBE TS S Cleggd Whit-
field (1990) DPY YA RFsRYIVI . . EFVERBAT Bo

Boid. H-2.6.16.alcRT &£ 9 GC\{\’JZ?’&G&&&&'ﬁ:ﬁ%bf&b\%’:ﬁd\ﬁi?P s
(g/8°) ERERFPQ (¢/v%) KHY, ChERREEL TCOMMRETOER
Pr (g/n®-y), BMIKFOBERy (1/y), BINTFOBEy 1 (1/y), RERT
Doy -1(L/y), BLUOKRENFOUBREES (n/y) RXEINBZ & &L,
BB, BU/PRFREBLIWS D& LT,

Fl, KPOoREHEBIC>VTRE-2.6.16.bIcRT &5 CBEFREDL O
(RECd (dpn/n®) ), MIMEFBLUVKRFEBREEINL LD (BEFCs (
dpn/mn®) , BEC Q (dpn/n®) ) &9 3, CAd&Cs OFRB—KREFCOHEE K
(/P EBRBE 1(I/)RE-THRBEBIZbDET 3,
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MELRTTEFREZRET 2L, RRMEHE >V TR,

SR

O
~0
£
N

i

(a)RiFE=F0 (D) AFYRYVVS . E2FL

M-2.6.16 CleggZ UWhitfieldic k32K FEF N
(BFI5%IT (1990) : BERBUI 22X F + VY P v V0B HBILHWVWT)

dPs 2P
5f ~0=Pr-Ps (y+71) +7-1P1+Kv ( Bazas) (1. 4)

dP 2 _, _ _ . BF
q; —0=71Ps P2 (y+9-1) (az) (1. 5)

F=P 28 (1. 6)

DEJRBERILT B0 T TF (g/m®-y) BRBUFOHBET S5 » 7 %, Kv (a?/y)
REBERILHRE TS 3.

BPRTR. BKTONTOFERELNMFREREZIET S LELLNE DT,
HETROBE~RERCOPRFOI L2V TELIHIE LV, Lt - T,
dcd 02¢Cd

=0=P-Cd (A+ky1') +Cs (k'-q4+9) +Kv B
at &, 1)
2
ddCts =0=CdKkK'1+Ci1%-1—~C s (l+k'-1+7+7’1)+Kvaag:
(1. 78)
act _ _ dC 1
at =0~=Csy1+C1l (y-14+21) S 37 (1. 9)

CITP (dpm/n®-y) BHEBEOBMEL LIZEREE. L (I/y) RRFBEE
BTddo
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LEoFERRRKBVWT, BULKEFEEZELZ3L M)V LA BEONRBESTER
Hoh o

2E ¢ RYY Y S EFACOEERRBELUTRE T

(1) HBEGTOEFEBHFEARET (E®B50uaBllk) E/EF (HE50 4n

Rt tRaL. 4075 A0 Fr—FEoUBREEES X 3,
(I) Baorv— (2 Y28 KRRNFEE. MFEEESX 3,
() BEEERECEENTTORERELOBMCRIRERLHELRLI> &
RET %0

BREIBKPLAFLTLWS D, BEREFRELBRELTCVE, BRERBKI-
WTHRSERHEKe (distribution coefficient) OE %2 EHT 3. < hiz @K
PREAFLTLVWARERECN T BHR (Xid/D) BERNFERELTOWRILER
EolTH 5, COTEFATO—oDMER, EREFOT7 5 » 7 APBERE
flicd->TROONZHB, NTORE—HERBEOHEM (v 71. 7118 E) &
EZLWI L THB, SETOM—OFEH X, Nozaki et al. (1 987) B
JTUHMBE (1986) ¥ThoFEkogmh oilBELcbodd 313 Th 2,
COBRBAELFEIEENTEILBFERINEYE, 2hi3S50ECAHERHE
BLDREV. (REL, EFAVTRZOBCHT2RERTRTETS 3, )
RADE A, €V AV bI o TR IBUBEFORELARCE Yy 7% H
WABBN FZHEL. TOThREMESITEITI &N, NTFOBRE - HESR
BOBEZEZRDD L TREOHFELEZL 5N 5, '
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(NEFAVFFEMLSENBEZ &,

PV Y ADWS oD ORNBOHERESHIL>VWTr=0k¥r 252502
DOFEOHEAER-2.6. 1T R T
HEERPLZENIH KR, BEllOoF—sRcoeFarchridp k{Rah
BEWVWILETH D, FIRPEThORNHREBL LA CH T I DR, &
B100-200mic BV CTEBILVREBREIVSEE (y>> K’ -1) THBIELER
LTWd, COXINRTLIE, AL, BiRFOHANOMOTR RIS TRES
TH5DH Do

B2RE. ZAF+ Ry Py EFLVTHENIL O TWVWEIEEZ ST
BRI EMBAPENS T ETH B, FIAIE, k'1/k'-1 Ob, ¥R DBEF
ThERRThOEAERRILBUOHEBETHIZWITNE D, ZOHEMEEP.
B, BEBEDO 1. 7 1ROV TRAE» S BB, LT, Thot X DE
PREDOERTELDICE, 22EOThEMEE2EE. BBENTFROLRBRET
KGUTRET 2L ERSI b3, FhERKE, MFEFE 75 2 R,
RFHELHOZXBRBEBRE VW TORBHZ LT HRGSBR IR T ALIERE S
BWo TROE, TEFVEIBRSBROERPHBEROF Y4 v %232 LT RER
L2 '

TOTAL (OAC. ¢ 0’ g o) 0TM, (0. / dpm ! 101 (OMC. / dpn ! TOIAL CONC £ 167 gpan o
P TS T T B | 1 3 t o B0 oL o5 68 1 37 40 ot 04 n__
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@ M.P.Bacon(1987): Tracers of chemical scavenging in the ocean :
boundary effects and large-scale chemical fractionation.
(TRACERS IN THE OCEAN edited by H.Charnock, J.E.Lovelock,
P.S.Liss, and M.Whitfield, pages 147-— 160)
(1) xR &
REE2BZ4000 mPlE2 ® v 2 X L4000 mBEOESE S Fv 2 RiC4HE

T 3o 4000 nElED 2 H » 7 A ~OHER

1) WEHNZHER v 7 X (interior box)

2) BESAFX » 7 2 (marginal box)
ET Do RBZE2Ry 7 2P LALEHE, BRAKIOETFNVNTATESR
BERAB O T L /2 P a DABHBROTRTE HERTH TE VRS
ZHHET EHTH %,

-170-



. CHEMICAL SCAVENGING
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Fioune 6. Pacific Ocean box model. Sce text for explanation.
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M. P. BACON

Fioure 4. Activity ratios **Th/*'Pa in Pacific Ocean surface sediments.
The production-rate ratio is 11. From Yang « af. {1986).
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Ficure 7. Deposited flux of (a) Th and (4) Pa against mixing rate. Scavenging rates are held constant at the values

given in table 8. The shaded regions include the selected value of v/ V (0.0014 a™') and threclold variations
about it.
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Freune 9. Deposited #%1h/*1Pa flux ratio (a) from the interior box and (8) from e margin box against mixing
rate. Scavenging rates are held constant at the values given in table 3, The shaded regions include the selected
value of oy, /V (0.0014 a~') and threefold variations about it.
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Fieure 10. Oceanic residence time of (a) Th and (6) Pa against mixing rate. Scavenging rates arc held constant at

the values given in table 3. The shaded regions include the selected value of v/ V (0.0014 a~') and threclold
variations about it.
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@ Peter D.Killworh(1986):4 Bernoulli Inverse Method for Determining

the Ocean Circulation:Journal of Physical Oceanography, vol. 16, pages 20

31-2051
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F1G. 1. (a) Typical stations on (p, g) diagram. (b} The same stations
ywn in a perspective view of the ocean. The two nonintersecting -
faces are of constant density; firm lines show vertical stations;.
shed lines outcroppings at surface and floor; dotted lines show
rves of constant ¢ on a density surface. .
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FiG. 10. The 20 North Atlantic stations, marked by crosses, superimposed on Olbers ct al.'s {1985)
vectors of the 100 m geostrophic flow relative to 2000 m.
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Schott, F., and H. Stommel (1978) Beta spirals and absolute velocities in

different oceans, Deep Sea Res., vol.25, pages 961-1010
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® G.R.Bigg and P.D.Killworth{(1987): Conservative tracers and the
ocean circulation. (TRACERS IN THE OCEAN edited by H.Charnock,
J.E.Lovelock, P.S.Liss, and M.Whitfield, pages 177-187)
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Ficune 1. ceosecs [a) Adlantic and (5) Pacific scctions, A, station 30; B, Tongan Trcneh scetion; C, Kermadec Trench scction. The ends of the sections shown
in figure 2 are marked on {a).
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G.R.BIGG AND P.D.KILLWORTH
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- Froure 4. Bernoulli inversion velocitics (in units of centimetres per second) at 1500 m. Three depth-range cases
(p,q) inversions, o; (g, NO} inversions, a. {a) Atlantic site, (4} Tongan Trench (B), (¢} Kermadec
Trench (C).
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@ C. Wunsch(1987):Eclectic modelling of the North Atlantiec.

O. Tranient tracers and the ventilation of the Eastern Basin thermocl
ine

(TRACERS IN THE OCEAN edited by H.Charnock, J.E.Lovelock, P.S.Liss, an
d M.Whitfield, pages 201-228)
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Figure 1. Geography of the station data used (taken from Jenkins 1987). The data in the ‘B-triangle’ stations were
used to form a composite meridional section along 38° W as depicted in subsequent figures. The data used
combined stations from late 1979 and early 1980.
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Freure 1§, Schematic diagram of the three-dimensional model in which the castern tier of boxes feeds {luid into the
interior boxes to its west at rates determined by the meridional geostrophic shear. A third group of boxes, to
the west, is not displayed and scrves only as a recciving reservoir for the central tier. No backflow from west
to cast is permitted,
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Figure 7. {a) Estimate of meridional geostrophic velocity at the northern boundary as a function of depth,

(6) Estimate of Ekman pumping velocity along the top boundary.
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Ficune 9. Flow in two-dimensional mode] with objective function minimizing the overall sum of the J and the

meridional average our as 2 [unction ol depth. Arrows are labelled with transports in Sverdrups and a schematic

interpretation of the net flow (J°) across each interface in terms of a strcam function is displayed. Contour

interval is approximately 1 Sverdrup. Oxygen utilization rate in units of micromoles per kilogram per year is

displayed in the centre of each box (negative numbers corresponding to consumption). {1 Sverdreup =

168 m?s7L)
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Figure 10. As in figure 8, but for a solution in which an attempt was made to minimize the our below 200 m.

Bl-3.1.14(2) TR EF VR E-THELA Xy 7 ABOLERBEREOEBR
(200 m DLEDOUREB/Dicd %0  Bfr: 10° nd/sec )




S &IREBET %0
4 R el 28R ER _RTcEFALELEL & B,
DEEE2ME 5,

(4) AEFIE. HEERSE
TRAREFAMREEL-TELNAEHy 7 ABORHEHEBRK-3.1. i RT &
DTHD. COMIXTHR, ZRTEFNVNTEBOMIEROBMERELTEE
JRATOBRFRABEEBESEFOANRLEBLCE T EIHFZ2HETFTW3, H
3L M(DOFETEI n MROEFRAEABEEBEZBNEREL TW 5 5,
FEFR v 7 ATREALT ldunol/kg/year BETH D, Fv 72Kk -TR

TOumol/kg/yearDHE & B B0 CHIEX L Tlenkins(198NIK X 2 HETIRER
HHEHBEERSTH10znol/kg/yearBEELLTWS, FBEEEREOLE W
BOPEL2EHE, BFRZOREAROZVWHASEFTREM» SEBEM
CEVIREAPEL 2B/ EREMOoXRy 72 TBRTELhIBRE2EER
BBTELENS 55T H bo |
COMXTRENHBELIFFHOMERR. ZRILEFVTLEOWMOE- %
BLEACTFVENBROSFETIRAERLEBELT WS, CHiL - THERE
Eﬁﬁiéﬁ%ﬁmﬁ%L%ﬁmﬂﬂk%ﬁ®ﬁhﬁﬁﬁ%5nt&th%o
(ELZRLEFVOHEBEER>LVTOFLVERIZEY)

Leetmaa, A. and Bunker, A.F.(1978)Updated charts of the mean annual wind
stress,convergences in the Ekman layers and Sverdrup transports in the

North Atlantie. J. mar. Res. vol.36, pages 311-322

Jenkins, ¥.J(1987)3-0 and 3-He in the beta triangle:observations of gyre

ventilation and oxygen vtillization rates.

J. pbys. Oceanogr. vol.17, pages 163-1383

-190-




® Reiner Schlitzer(1988): Modeling the Nutrient and Carbon Cycles of
the North Atlantic 1.Circulation, Mixing Coefficients, and Heat

Fluxes.

Journal of Geophysical Research, vol.93, No.C9, pages 10, 699-10, 723
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SCHLMZER: NORTH ATLANTIC NUTRIENT AND CarBoN CYCLES, |

HI I 1
TROPICAL ATLANTIC NORTH ATLANTIC ARCTIC

9.5°S 125°N ' ' 52.5°N
Latitude

Fig. I. Meridional section through the North Atlantic from 9.5°S to the Bering Strait. Indicated are the zonally averaged depths
of the isopyenal surfaces that are used as vertical boundary surfaces in the model and the sections that divide the Nonh Adantic
into the three model regions. The horizontal axis is not linear in latitude but is scaled such that the area of the different layers
in the figure is approximately proponicnal to the volume of the corresponding boxes of the model.
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Fig. 2. Map of the North Atlantic showing the sections of the model and
the annual mean outcrop regions of the medel layers.
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SCHLITZER: NORTH ATLANTIC NUTRIENT AND Cargon Cycres, 1

Min: Additional Layer Velocitics n 2008y ———

955 125N ' - 525N

Fig. 10. Meridional layer flows and diapycnal waler flows (proportional to lengths of arrows) and isopycnal and diapyenal
mixing coefficients (numbers in boxes; isopycnal in square meters per second, diapycnal in square centimeters per second) for
solution that minimizes the deviation of the additional layer velocities from Ekman velocities in the surface layers of the sections
at 9.5°S, 12.5°N, and 52.5°N and from zero in the deeper layers. Note the scale change of the vertical axis at 500 m.
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(2) Fresh-Waier-Fluzes [10%g/s) (b) Air-Sea Heat Fluxes [10%W)

{C) Oxygen Air-Sea Fluxes {10fmol Oys] (d) CO, Air-Sea Fluzes [10mol CCy/s}

Fig. 11. (a) Freshwater fluxes, () air-sea heat exchange rates, (¢) oxygen gas exchange rates, and (&) CO, gas exchange rates

for solution in Figure 10.
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Fig. 12. Downward fluxes of panticulate silicate (S), organic carben (O), 2nd CaCO; (I} across the vertical layer boundariss for
the solution in Figure 10.
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