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Jusqu'à présent, tous les atlas concernant l'océan Atlantique

tropical ont été réalisés à partir de données observées. Nous présentons

ici l'évolution des couches supérieures de cet océan au cours d'une année

climatologique simulée: les "observations" utilisées sont les résultats

du modèle tridimensionnel du G.F.D.L. (Geophysical Fluid Dynamics

Laboratory). Cette simulation, qui reste une référence, n'a été présentée

que partiellement dans des études antérieures (PHlLANDER & PACANOWSKI,1984:

1986a: 1986b: PHlLANDER & al, 1986: RICHARDSON & PHILANDER, 1987).

Nous souhaitons que la présente compilation des résultats de cette

simulation, par son caractère global, soit un outil utile aussi bien pour

les expérimentalistes que pour les modélisateurs.

Cet atlas concerne l'Océan Atlantique Tropical limité par les

latitudes 20 0 S - 20 0 N, zone d'intérêt des programmes FOCAL et SEQUAL. Il ne

porte que sur les 300 premiers mètres de l'océan, afin de visualiser au

mieux les évolutions de la couche homogène et de la thennocline.

Les cinq paramètres du modèle décrits ici sont la température, la salinité

et les trois composantes de la vitesse.

Les figures ont été réalisées en utilisant une interpolation

quadratique des résultats obtenus aux points de grille du modèle, sans

procédure de lissage. Le matériel infonnatique et graphique utilisé est

celui du C.C.R. (Centre de Calcul Recherche) de l'Université PARIS VI

(Jussieu) •
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INTRODUCTION:

Up to now, aIl the atlases concerning the Tropical Atlantic Ocean

have been produced using observed data. We present here the evolution of

the upper layers of the ocean during a simulated climatic year. The

"observations" used are the product of the G.F.D.L. (Geophysical Fluid

Dynamies Laboratory) three-dimensional model. This simulation, which

remains a reference, has been partly presented in previous studies

(PHILANDER & PACANOWSKI,1984; 1986a; 1986b; PHILANDER & al, 1986;

RICHARDSON & PHILANDER, 1987).

We hope this compilation of the results of this simulation, by its global

nature, will be of use to the observationalists as weIl as modelers.

This atlas concerns the Tropical Atlantic Ocean limited by the

latitudes 20 0 S 20 0 N, the zone of interest of the FOCAL and SEQUAL

programs. Its extension with depth is restricted to the upper 300 meters,

in order to examine the evolution of the mixed layer and the thermocline.

The five parameters of the model described here are temperature, salinity and

the three components of the velocity.

The figures have been produced using a quadratic interpolation of the

results obtained from the grid-points of the model, without any smoothing.

The computer and graphie devices used in this study are part of C.C.R.

(Centre de Calcul Recherche) of the University of PARIS VI (Jussieu).
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DESCRIPTION DU MODELE:

Ce modèle concerne l'océan Atlantique limité par les parallèles 28°S

et SooN. La topographie des fonds océaniques est prise en compte, les iles

et la plate-forme continentale étant considérés respectivement comme des

fonds à lSOm et SOm.

Il y a 27 niveaux sur la verticale, la résolution étant de 10m dans les

100 premiers mètres. Les points de grille sont distants de 1° selon la

longitude et de 1/3° selon la latitude entre 100S et 100N. Au-delà de ces

latitudes cet écart augmente graduellement et atteint 1.5° à 20 0N.

Le modèle est forcé en surface par les vents mensuels moyens décrits

par HELLERMAN et ROSENSTEIN 1. Afin de calculer le flux de chaleur à la

surface de l'océan, la température de l'air, variant saisonnièrement, est

spécifiée à la surface de la mer. La radiation et l'humidité relative sont

considérées, leurs valeurs étant prises constantes, afin de pouvoir

calculer l'évaporation à le surface de l'océan. Les seuls termes

importants intervenant dans le budget de chaleur sont la radiation

incidente et l'évaporation.

Les équations primitives du modèle sont celles décrites par BRYAN 2.

Les coefficients de mélange dépendent du nombre de Richardson et leur

application dans le modèle est détaillée par PACANOWSKI et PHlLANDER 3.

Le mélange dû aux fluctuations de haute fréquence du vent est pris en

compte en assignant au coefficient de viscosité turbulente une valeur de

10cm2/s dans les 10 premiers mètres de l'océan. Dans l'expression

concernant l'évaporation, les fluctuations du vent exercent une tension

minimale imposée a O. 2Sdyne/cm2 • En l'absence de cette tension minimale,

les températures de surface croissent vers des valeurs inacceptables dans

des régions où la tension du vent mensuel moyen est faible.
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Le modèle a été t:orcé par les vents climatologiques d' HELLERMAN 

ROSENSTEIN pendant deux ans au bout desquels un cycle saisonnier équilibré

est atteint. Les résultats présentés ici sont ceux de la troisième année

de simulation.

(D'après PHlLANDER and PACANOWSKI: Pictures from a simulation of the

seasonal cycle of the tropical Atlantic Ocean, 1984)

1 S. HELLERMAN and M. ROSENSTEIN:

"Normal monthly windstress over the world ocean with error estimate"

(J. Phys. Ocean. 13, 1093-1104, 1983)

2 K. BRYAN:

"A numerical method for the study of the world ocean"

(J. Comput. Phys. 4, 347-376, 1969)

3 R.C. PACANOWSKI and S.G.H. PHlLANDER:

"Parameterization of vertical mixing in numerical models

of tropical oceans"

(J. Phys. Ocean. Il, 1443-1451, 1981)
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DESCRIPTION OF THE MODEL:

The model extends from 28°S to SOON in the Atlantic Ocean and takes

the topography of the seafloor into account, except that islands do not

rise above lSOm nor the coastal shelf above SOm. There are 27 layers in

the vertical with a resolution of 10m in the upper 100m. The longitudinal

grid-spacing is 1° and the latitudinal grid-spacing is 1/3° between 100S

and 100N. Poleward of these latitudes it increases gradually and is 1.So

at 20 0 N.

The forcing function is the monthly mean surface winds as described by

HELLEMAN and ROSENSTEIN 1. To calculate the heat flux at the ocean surface

the seasonally varying air temperature at sea level is specified.

The radiation and relative humidity are assigned constant values 50 that

the evaporation from the ocean surface can be calculated. The only

important terms in the heat budget are the incoming radiation and the

evaporation.

The primitive equation model is that described by BRYAN 2.

The Richardson number-dependent mixing coefficients have been discussed by

PACANOWSKI and PHlLANDER 3 Mixing caused by high frequency wind

fluctuations is taken into account by assigning the eddy viscosity a value

of 10cm2/sec in the upper 10m of the ocean. In the expression for

evaporation it is assumed that wind fluctuations exert a minimum stress of

o. 2Sdyne/cm2 • In the absence of this minimum, sea surface temperatures

increase to unacceptably high values in regions where the monthly mean

windstress is weak.
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Monthly averaged climatologie winds (HELLERMAN and ROSENSTEIN)

force the model for two years, by which time an equilibrium seasonal

cycleis established.

The results we present here are from the third year of the simulation.

(From PHlLANDER and PACANOWSKI: Pictures from a simulation of the seasonal

cycle of the tropical Atlantic Ocean, 1984)

1 S. HELLERMAN and M. ROSENSTEIN:

"Normal monthly windstress over the world ocean with error estimate"

(J. Phys. Ocean. 13, 1093-1104, 1983)

2 K. BRYAN:

"A numerical method for the study of the world ocean"

(J. Comput. Phys. 4, 347-376, 1969)

3 R.C. PACANOWSKI and S.G.H. PHlLANDER:

"Parameterization of vertical mixing in numerical models

of tropical oceans"

(J. Phys. Ocean. Il, 1443-1451, 1981)
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MAPS OF SALINI'1Y AT:
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MAPS OF HCRIZQlrAL VELOCI'lY AT:
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L.QfC(TUDE

•..

P1~NTH' NOYE~
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\..DNGtTOOE
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HO~TII, OECU'!llE~
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LO'CI11.Œ.

t(JIA.l. ... avt
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MAPS OF VERTICAL VEIOCI'lY AT:

* 5 m:

rronths: - j anuary ta june. p. 44

- july ta clecember. p. 45

* 35 m:

rronths: - j anuary ta june. p. 46

- july ta clecerrt>er. p. 47

* 95 m:

rronths: - j anuary ta june. p. 48

- july ta december. p. 49

* 136.25 m:

rronths: - j anuary ta june. p. 50

- julY ta december. p. 51
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VERTICAL VEL<X:I'lY AT Sm

(M:>ti.cn is downward in hatched areas)

(eattour interval-lO-5 IÙ/s)

_TH. FEIlRI.lIIRY

P1ONTH. APRI'L

l''tC*THI ..QNE

44



l'''lIlNTH 1 JUL.y

VERTICAL VEL<X:ITY AT ~

(MJtion is d:Jwnward in hatched areas)

(contour interval 10-5 rn/s)

l''OIlJTHI SEPTE.... P<lHTHI OCTOBE~

"DNTHI OECEI't8EPI

45



VERTICAL VEUX:rI'Y AT 3Sm

(~al is 00wnward in hatched areas)

(contour interval 10-5 mis)

w;)NTHI "......-ctl PIIN1'H1 APIIlIL

46



VERTICAL VELCCITY AT 35m

(~on is downward in hatched areas)

(contour interval 10-5 mis)

1'OIffiI. OCTOlI[A

fi"lCJNTH. ŒŒPtIEfIt

47



1
1

VERTICAL VEUX::ITY AT 95m

(Pbtian is àJwnward in hatched areas)

(contour interval 10-5 mis)

l'IONT.... FE!lAU"AY

_TH. JlM

48



l''IOHTHI J!LY

vmTICAL VF.:rœI'lY AT 95m

(lobtion is <binward in hatched areas)

(contour interval 10-5 mis)

_Tt<. IClYE"[A

49



ItONTH' "",-"y

vmrICAL VELOCITY AT 136.25m

(~ian is <bwnward in hatched areas)

(contour interval 10-5 mis)

P'IONTM 1 FEBRUAAY

.:»ITM.~lL.

BAAZI ..

,

~.. ~,



l'1CNT~. JIA.:r

VERl'ICAL VEIOCI'lY AT 136.2~

(loDtion is downward in hatched areas)

(contour interval 10-5 mis)

Jl'f(ltTH. OCTDBiFl

51
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MERIDI<H\L SEX:TI<H5 OF~ AT:

* O.2SE:

Il'Onths: - january te june. p. 54

- july te december. p. 55

* 9.7SW:

Il'Onths: - j anuary te j une. p. 56

- july te december. p. 57

* 19.7SW:

Il'Onths: - j anuary te j une. p. 58

- ju1y te december. p. 59

* 29.7SW:

Il'Onths: - j anuary te j une. p. 60

- ju1y te december. p. 61

* 39.7SW:

Il'Onths: - j anuary te june. p. 62

- july te december. p. 63

* 49.7SW:

Il'Onths: - j anuary te june. p. 64

- j uly te december. p. 65
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VERTICAL SEI:TIŒ OF~ AT 0.25 E

l'IC'lHTH. F'EBRUARY
MONTH' JAI"lUARY

F_---=:.::....---=:x...._X-_--.L..._---C.._-"L:'·_-'C_·~

-_./'.--

...
"'ONTH' ""V "OHTHt ..uNE.

54



l'IONfHt J1JLY

VERTICAL SEI:TICN OF~ AT 0.25 E

P'IONfHI '.iEPTEI'l8.

P'lONTH' OCTQBER l'1ONTH 1 NOVEM9E.H

l.ATrn.~
u. '0 IG. 1:'. Ill.

55

rtCJrr4TH. uECEP19Ef1



VERTICAL SEX:TIŒ OF '.lDiPFBATURE AT 9.75 W

......TH. JANJARY

vER' ICAL SECTION

HONTH 1 FE.tsHlJI'HT

TEI1PERA.TlIRF.
LONG ITlinF. -!J.75

l10NTHI I1AAC:H

..... _I!ô. _l,0' ~5. LATqI.TlŒ ,'. Lpo I~. 'To )..
LAT 1TlLlE l..ATITUOE

-AA. -IS. _10. .S. ". S. 10. ,:;. ztI. -ZOo -15., -Ip. _,s. 0.. ?' If- ,,!o.
s•

~ \. U~---;.
~ ~

~ ~

I10HTH 1 APRIL l'1ONIHo "AY t1C1NTHI JUN!

l.o\Ttnl.a:.
.... ·lS. -10. ..~. !Jo ~. ',0. I~.

•
lATITUDE

~ o. ~ I~ 1~ ~.

56



MONTH 1 .JlLy

VERTICAL SEX:TIrn OF '.rEM?mATURE AT 9.75 W

!'tONfH 1 AUGUST HONTH. sEPTEMB.

"""TH. OCTDBER l'IJNTH 1 NOVEMBER r'IONTH 1 OECEt"IRF"R

LAtITUDE
..... .IS. ·le. .s,. ... ,. 10.

o.

57

10. .'- ....
LA'IIt.D:.

... ·1'* ·10. -,. o. ,.



1-l

l1UN 1H 1 JANUARY

VERITCAL SOCTIŒ OF '1E4>ERATURE AT 19.75 W

t1UNTH. F'EBRV.-.RY l''IQNTHI HARCH

f1ONTH. APRIL

58

l'IONTHI .JUNE

LArlTWE
-ao.. .1'- _10. _,. O. ,. 10. 11. :



l10Nnh •.lULy

VERTICAL SEI:TIœ OF~ AT 19.75 W

r'IOHTHI AI..QJST l'''ONfth SEPTEP18.

P10N Till NQVEHBER

59

t1QNTH. OfCt:;.I"'BER



f'1ONfH. JANIJARY

VERrICAL SECTIœ OF T.EH>ERATURE AT 29.75 W

t'tONTt-t. FEBRUARY I1ONfH' f'tAHC."

l'1ONTHI APRIl. P1OHTH. "AY - "'ONTHI J~

60



l'''IONTH' JULy

VERTICAL SOCTIOO OF ~AT29.7SW

l'ION TH. AU(;US r I10H rH. SEPTEI1B.

I1DHfHI nCfQ8EH I10NTH 1 HOVF"8[A

61

HONTH 1 .ru...t'A



1

1

HONfH' JANUAA'f

VERTICAL SEX::TIOO OF TEMPmATURE AT 39.75 W

HONTIII FEBAUMW HONTH. l'1'''R~''

f'tONTH. APRIl. MnNTHI l'''lAV

62



f10NH11 Jln..r

VERTICAL SEI:TIOO OF TEM?ERATURE AT 39.75 W

I1QNTH. AUCUST

MONTHI OCTOBCR P10N 1H 1 HOVEP'lOEFI PlJHTHo OECEI"BF.R

... -IS. -40. -S. l./l
TJ.1UJ€ p" 10. n. 10.

63



- ~
1

vm:rICAL SOCTICN OF TlM?ERA'roRE AT 49.75 W

MON rtll .JAHUAAY
l'tQNT!-t ~ F'EBRUAH' l'''IONTHI /'IARC...

10. ,.... :lU•
1 ! )

LAT 1 Tl.I)E'
_"" -I~. .lf" -,'" ,0. ,"

l

L.ATITLOE
.. "'t=-"~~I:l._.'::i:;-l!,.--:L-":"-"_...L:....!J._'::-0 ....:c..".----,'C-,"--=.~)

!..ATtila
.ID. _IS. .'p. ·s'" ,0. ." ',0. \'5. z:..l.ATUlŒ UTtTLŒ

... n. -10. -'S. o. ,. In. L'I. :AI. -10. -I:t. -10. _,. Il. 'e 10.

o. ..

64



VERTICAL SOCTICN OF~Nr 49.75 W

l'1()NtH. JlJLY HONtH 1 AU(;Ust l'1()NTH 1 5EPtEr1B.

-s. l.ATITIJOt..._," L"'I,~.ll."
1"

_I{'" -10.

f'l)NTH. OCTOSER HONni. NOVEI1BE"" f1ONTH. DECE'HBfR

_,'_ L.A~af.TlDE. s
"

.
i

.-~. -l'"_-e.::....-'p.-2--" _L.AT(Tl.l1F'1 ~. ;..

1
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1. l
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MERIDlamL SOCTIOOS OF SALINITY AT:

* O.25E: .

months: - j anuary ta j une. p. 68 .

- ju1y ta december. p. 69

* 9.75W:

months: - j anuary ta june. p. 70

- ju1y ta decernber. p. 71

* 19.75W:

months: - j anuary ta june. p. 72

- july ta december. p. 73

* 29.75W:

months: - january ta june. p. 74

- ju1y ta decernber. p. 75

* 39.75W:

months: - j anuary ta june. p. 76

july ta december. p. 77

* 49.75W:

months: - j anuary ta june. p. 78

july ta decernber. p. 79

67



1. l

....TH. JANJAA'I'

VERTICAL SOCTIœ OF SALINITY AT 0.25 E

t'IONTHo FEBRUAA'I' f10NTHI ""AG~

L.ATtTlŒ
~ -~. -10. 4 ~ ~ .~ 20 ~

50

,....'0... APRIl. f"I)NTHI..l..INE

68

l.I\TtT\JŒ
.ISe _10. -5. o. 'J. 10. 1:10.



rtQHfH. JL/l.Y

VERTICAL SEX:TIœ OF SALINITY Pœ 0.25 E

t1ONTH. AUCUST HONTH. SEPTEI'18 ..

!'ION rH' oeTOBER p,()NfH' NOVEI'ftlER

69

LATln.ne:
..zo. -I~. ·lft. ~ .0. l"~ Ir· 1;;- "._' "f':



/"ONTHt JA"JARY

vmTICAL SEX::TIœ OF SALINI'lY AT 9.75 W

l'ClNTH. FEBRIJAHY

_TH. APRIL

. lJ.TlflllE
-1ft. _1'. _104 .s. o. 5. I~ I,'. 1\1-

'''OHH.I1AY

70



l'IJNTHI JULV

I1ONTH. OCTDBER

VERTICAL SOCTICN OF SALINITY AT, 9.75 W

f10NTH 1 AUQJST

?'OrtTH. NOVEI'IBE.A

f1ON1H. SEPTEI1S.

LATITlDE
.• -15.. -l,0' ,s. ,Do ,'S, L,U. \~'------.!f..:..

f'C)NTH' OECEI'IIER

. 71



ItJNTH 1 JAP«)AAY

VERTICAL SEI:TIŒ OF SALINI'lY AT 19.75 W

HONTH' FFBfJJARY

72

l'tONTHI..JUNE



VERTICAL SECrICN OF SALINI'I'Y AT 19.75 W

1'10NTHt JLLY I10NTHI ,a.u;uST t10NTH 1 SE'PTE'f18.

l''IONTH. OCTOBER l''IONTH 1 NOYEJ'IIER l'1ClNTH 1 DECEI'IBER

Ufl'lŒ
•• _l~. -10. _1. o. ,. 1'. 1:1.. ~..

.
! ..

73



f'l)NTH 1 JANJARY

VERTICAL SECrIOO' OF SALINI'lY AT 29.75 W

f'IlNTHo F(BRUARY ....1H' """e1I

l'tUNTHI ~IL
....TH' I1AY

74

l'OtTH_ ..AItE



f'lC)NTH • .ALY

vmrICAL SOCTICN OF SALINITY AT 29.75 W

MONTHI SEPTEP'IB.

f1UNTH 1 oeTOBER P'IONTH. NOYEf1BER

75

POfTH' ŒCEPtBEn



. VERTICAL SECITrn OF SALINITY AT 39.75 W

t10NTH 1 JANUAAY l'1OHTH1 FEBAUAAY HONTH 1 HARett

l.ATITtllE
-*II -I~. _10. -s. o. ~I l,0' l,"

-m. .\S. .10. .,!l. l"AT,JI
TtŒ

,s. I~ I,~' .!f:...

HONTHI APRIL
l'K')NTH· HAY rtCIrtTH ••.lUE

l"ATlrU][ LArTTtDE
_lOI _IS. -I!J. ·r. ,u. ," Ifh I?-,.. -1'00 -ISo .10. _,S. ?_ ? Ip. ?_ ,.

S. ~

16



VERl'ICAL SOCTIOO OF SALINITY AT 39.75 W

"ONTH 1 ..AJLY HONTH. AUQJST J"lQNTH, SE'PTEI'18.

l'1ONTH. OCroBER I1(WTH, NOYEP1BEA
l'I)NTH' OECEttSER

LATlllU:.
-M. -". -,.. ,. O. 'L 10. .,. 10•..

LATI HŒ U,TtTl..Œ
3....• ~"'. -ID. -,". ,0. ,S. Ifl. I(J. tpo .,.-.. -l,S. _l,O. ',S. ,0. ,'" ':'- l,S. --.T-

L U

77



l''IONTHt JAtlJARY

VERTICAL SF.I:TIŒ OF SALINITY AT 49.75 W

HONTH t FEBAUARY

l.,AUTtŒ
,.-'~.I'.------'...~-•. _ -,rc...-'---'--""---,-I~_.-<--1,'5.--'-~

l..AT l fllE
••• lS. _ID. .,. O. 'S. 1111. I~. • .:aa. _1'...

LA' 1 rllJE
... .l~. .10. -5. Ch s. II. ~..

l'IONTH. MY

L.ATtTLOE
......r-------'--'''.--.,'''--f'.---",---,~._,"'----,.--"'--.t.. -----,,1,0,,--'~,•• --->:1'-.

•
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. VERTICAL SOCTIŒ OF SALINI'lY M 49.75 w

J"'ION{HI SEPTEHB.

I10NTHI QCTOBER HON TH. NOvEI't8ER P'tONTH. DEL:Er1BER

LATITl.Œ
.... -.s.. .10. .s. a. 'te la.. IS. :;O••.. LATtTLŒ

~ _l'. ·I~ 4. r. ?" ~ ~ ~..

•

79
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MERIDI~ SEX:TICNS OF ZCNAL VELCX:ITY AT:

* 0.25E:

rronths: - j anuary ta j une • p. 82

- july ta dècember. p. 83

* 9.75W:

rronths: - j anuary ta j une. p. 84

- july ta december. p. 85

* 19.75W:

rronths: - j anuary ta j une. p. 86

- july ta december. p. 87

* 29.75W:

rronths: - j anuary ta j une. p. 88

- july ta december. p. 89

* 39.75W:

rronths: - j anuary ta j une. p. 90

- july ta december. p. 91

* 49.75W:

rronths: - j anuary ta j une. p. 92

- j uly ta december. p. 93

81



VERTICAL SOCTIOO OF Z<JIlAL VELOCITY' Kr 0.25 E

(~on is \llestward in shaded areas)

(Contour interval: 10 anis)

T

L

Y

l'tONTH' JANUARY

I1ONTH. ",PRIL

MONTH' FF.8F1uo\H1

l'I)NTHI "Al

r"!ONTM 1 MARC: N

MON TH 1 j'JNE

82



VERTICAL SOCTIOO OF ZOOAL VELCX:ITY AT 0.25 E

(M:Jtion is "Westward in shaded areas)

(Contour interval: 10 cm/s)

MONTH • ../\Il 't' MUN' H. A.U(;UST MONTHI SEPTEI"I8.

g

1

.".
! )

~~~

~
..
u

MONIH.oeT'OSEA
l'1QNTH 1 NOVEl1BiA MONTIII DECEt18EA

•,U, ... '~ .
~•

T..
~
u

1
". '~
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VERrICAL SEI:TIOO OF ZCNAL VEUX:ITY AT 9.75 w
(lot:>tion is \oo1estward in shaded areas)

(Contour interval: 10 cm/s)

MONTH 1 JANUAny l''lONTH. 'FEBRUAAY

l'IONTHo l'tAY

1:>. lO.
1 ~

l''lONfl.h MftAC....

L

§

84

l'. 10.



VERTICAL SFX::TIOO OF ZCNAL VE:J:.œITY AT 9.75 W.

(~tion is \Estward in shaded areas)

(Contour interval: 10 anis)

MONTH. JlJI.. Y

P'K1NTH' OCTOO(A 1"IOHTH 1 NOVEl"l8(R

MONTH. ':iEPTfHB.

l'1()NTH. DECEI16ER

"., )

l,S. ",.....

85

l,S. ~., " .,



VERTICAL SEX:TIOO OF ZCW\L VELCX:ITY AT 19.75 W

(M::>tion is westward in shaded areas)

(Contour interval: 10 cm/s)

86



VERTICAL SEX:TICN OF za.w.. VELOCITY Kr 19.75 W

(fution is westward in shaded areas)

(Contour interval: 10 anis)

MOtH.... J~Y

MON 1H 1 OCTOBEfl

MON TH' "UCUS T

J10HTH 1 MOVEHA[R

87

l''In~T~·h SEPTEMB.

/'t(It'IITHI OECEI"'IB~R



VERTICAL SEI:'TIOO OF~ VEJ:..CX:ITY' AT 29.75 W

(~on is westward in shaded areas)

(Contour interval: 10 cm/s)

l'lONTH 1 JAHUARY MON 1H. FEflRlIARY

88

r10NfH 1 "'''''CH

f"IONTH. JUNe;



VERTICAL SEX:TIOO OF ZOOAL ~I'IY AT 29.75 w

(M:ltion is 'A'estward in shaded. areas)

.(Contour interval: 10 anis)

MONTH. J'J'_y
MONTH' flUGU'!'iT

MONTH. SEP TEMS.

MONTt-! 1 ocroRF'R l1l.Jtll'H. NOVl;I1BEA

89

l''IONTH 1 OECEI'1BER



VERTICAL SEX:TIOO OF, ZœAL VEIœITY' Kr 39.75 W

(l-btion is v.estward in shaded areas)

(Contour interval: 10 anis)

110NTH. Ji\NUARy

L,. -';., ,

l'1ONTl-H "PAtL

110NTH. 1"Ii\~<:'"

-1". _10.,

l'1ONTH 1 ;ut4€:

.,So

J
l

90



VERITCAL SFX:TICN OF zrnAL VE:La:I'lY M 39.75 W

(M:rt:icn is \Estward in shaded. areas)

(Contour interval: 10 anis)

l'tONTM, JIJ\.V

MQNTH, OCTOBER

'T

f1ONTH. AUGUST

1"'.,

r1UNTH' NQvEMBEA

.!~.

MUNT)-I. SEPTEM8.

l'tQNTM. OECEI"IBER

,.~ _l," -l,0' -."

1 1

91



VERTICAL SEX:TICN OF~ VEl.OCITY AT 49.75 W

(M:>tion is ~stward in shaded areas)

(Contour interval: 10 cm/s)

I10NTH 1 FEBFlUAR f P"IQNTH. H"R..ctt

..-...j:.:...-_C-_..I:._---''''--_-'''::=::-::===~-.:.,-====

-
-

t1ONTHll1AY 110NTHI J'JNE

".,...,

T

L

U

-s.

'""\

1-
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vmTICAL SEI:TIŒ OF~ VELCX:rTY AT 49.75 W

(MJtion is ~stward in shaded areas)

(Contour interval: 10 cm/s)

MONTH ......... Y

'"'UN JH. oc.: 1OBER

MON rH' J\uGuST

I1ONTH. ~Ve:I'IO[R

MON TH 1 SEPTEMe.

MfINTM: OEClMl:lER

....

93
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* 14.78N:

m::>nths: - j anuary te june. p. 96

- july te decernber. p. 97

* 5.17N:

m::>nths: - j anuary te june. p. 98

- july te decernber. p. 99

* O.l7N:

m::>nths: - j anuary te j une. p. 100

- july te decernber. p. 101

* 5.175:

m::>nths: - j anuary te june. p. 102

- july te decernber. p. 103

* 15.245:

m::>nths: - j anuary te june. p. 104

- july te decernber. p. 105

95



VERTICAL SOCTICN OF TEMPErumlRE M 14.78 N

I1ONrH. JANlIARY

l'IONTHI APRIL

MONTt•• FEBRU...RY

l'tOHTH. !"tAY

LOIr.1 nOf
-'N. -~. ....~. -J::. -<:0. ·,n. ~. :J.
-~~---_:_-,-.. ' . .:...._-_.~..,.
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VERl'ICAL SECITCN OF T.EMPERATURE AT 14.78 N

MONTHI JULY f10NTHI I\UGUST NQNTH 1 SEPTEM8.

LONC;1 TUOE
.o. .SO. ~).n.

l'IONTH_ OCnJt!ER ItUNnh N(JVEI18ER ~ONTH. OECEHRFR

..,LONCI TLOE
!iO. ....0. .30. -2fl' _l,0'_l~.
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110NfHr JANUARY

f'OfTH. APRIL

VERTICAL SEX::TIŒ OF TEMPERATURE AT 5.17 N

r'lUNfH. FEBRU.....A'I'

\
\

, L~~

"
~

"-- ~'\

-~

t...lJftGl TUDE: • 10.
~. .1D. ...... _M. -.. 'D....
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I"IONTHI JULY MON rH 1 i\UGUS T HONTHt SEPTEMB.

l.OHG 1Tt.DE
.. 'OF-"--=--:::L.:....-....-..::.--.~-... ---.::-'f:....-'.---1:"------'4'"

..

I"IONfHIOCTORER I1ONfH' NO'YEHBEFI

99

11()NTH. UEC(MB[n



VERTICAL SEI:TIœ OF TE:-1PmATURE AT 0.17 N

t1QNTH 1 JANUARY
t1QNTH 1 FE8RUAAY

...a. --,cl. ..... _:so~{:~E -la.
t.

L
LONGrTLŒ

~.. ~. ~o. .,. ~. _10.

1

•

I1ONTH. MAY l'1UNfHt JUNE
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I1QHTM' JULY t1QNTH. AUl;UST MOHTH 1 SEPTEI'18.

1
~

l.(.N;~TlDE'
1IlO. _"l. ....n. -JO. -lU. _10. O. In.

] ~. Ul_
"'.

~\I
~~)

~/

MONTH. OCTOt:lER P1OHTH, "IQVI:.t1BER l''ONTH 1 OEClP"l8ER

UN;lTlOi
10. -~. ~.~~~1.:..,.

LCNiiI flJJE
~. ~. ..,. .~. .,.. _I~. ,o. Ip_ )..
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VERTICAL SB:TIŒ OF 'IH1PEmmIRE AT 5.17 S

MONT.... J .....NJAny I1UHIHI FEBRUARY' MI.,~ II ~; t1ARC+I

IJ..W,(Tl'CE
~ --=:i.:.-_~ .:1.:.. 7.:- __ .:10.:.. __~ _ '. lo-

..

LONC!TLOE
-60.. ·UI. -..o. .~. "n. _10. CI. tO.,.

-
l

l10HfHI APRIl. I1ONTH. Jl.JJ'tt.

L.CJNGIIIŒs..... 311- ~~. -JP. .... .I~. r· l[Jo ,

~~.
I~~

~"

~",/
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VERTICAL SECl'IOO' OF 'l»1I?mATURE AT 5 .17 S

f'1ONTHI JUty l''1ONTH' AUGUST

t'IlHTH. OCTOREA tt:lNTH 1 HOVE:!"lAF'A t1OHTH' DECEI1BER

l.DNC,nŒ u:.wc;tTl.Œ:
~. -XI. -.0. -30. -20. -10. o. 10. -a. -30. -100. .10. -lai. .10. o. to.. .

...
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VERTICAL SOCTICN OF TEMPERA'lURE AT 15.24 S

MON 1H. JANUI\RY l'1ONTH. FEBAUA.AY MONTHI l"Lo\RC....

LUN'.I'rlXJf
..#10. -::.lJ. -4.,. ......J. _r~:. .l~. u, IJ.

s., --.-- ....-----~ - '---~
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VERTICAL SEX:TICN OF 'l'EMPERA1l1RE AT 15.24 S
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* 14.78N:

rronths: - j anuary te june. p. 108

- july te december. p. 109

* 5.17N:

rronths: - j anuary te j une. p. 110

- july te december. p. III

* O.l7N:

rronths: - j anuary te june. p. 112

- july te december. p. 113

* 5.175:

rronths: - j anuary te june. p. 114

- july te december. p. 115

* 15.245:

rronths: - january te june. p. 116

- july te december. p. 117
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f"lONTH 1 JAHUARY

VERI'ICAL SEX:TIrn OF SALINITY AT 14.78 N
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VERTICAL SEI:TICN OF SALINITY AT 14.78 N
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I1ONTH. JAHUAAY

VERTICAL SOCTIŒ œ SAL.INI'lY AT 5.17 N
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VERl'ICAL SEI:TICE OF SAI.J:NI'IY AT 5.17 N
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l''IONrHI JANUARY

VERTICAL_ SOCTIOO OF SALINITY AT 0.17 N
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vm.rICAL SEI:TIOO OF SALINITY AT 0.17 N
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f'IONTH. JANJARY

"ON TH • APFUL

VERITCAL SOCTIGI OF SALINI'1Y AT 5.17 S
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VERITCAL SECITŒ OF SALINI'lY AT 5.17 S
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VERTICAL SIX:TIOO OF SALINI'lY AT 15.24 S
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VERTICAL SEX:TIœ OF SALINI'lY AT 15.24 S
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ZONAL SF.X:TICNS OF MERIDI<H\L VELCX:I'lY M:

* 5.17N:

IIDnthS: - j anuary te j une. p. 120

- ju1y ta december. p. 121

* O.l7N:

IIDnths: - j anuary te j une. p. 122

- ju1y ta december. p. 123

* 5.175:

IIDnths: - j anuary te j une. p. 124

- ju1y ta december. p. 125
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VERTICAL SEX:TION OF MERIDleBAL VE:L<X::ITY Nr 5.17 N

(~tion is southward in shaded areas)

(Contour interval: 5 anis)
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VERTICAL SEX:TIŒ OF 1-1ERIDlaw.. VELCCITY lIT 5.17 N

(~tion is southward in shaded areas)

(Contour interval: 5 cm/s)
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VERTICAL S.OCTIŒ OF MERIDlŒAL VEI:œI'lY AT 0.17 N

(M:>tion is southward in shaded areas)

(Contour interval: 5 anis)
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VERTICAL SEX::TIœ OF MERIDICMU. VELCCITY AT 0.17 N

(M:>tion is southward in shaded areas)

(Contour interval: 5 anis)
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VERTICAL SEX:'I'IOO OF MERIDIrnAL ~ITY AT 5.17 S

(M:>tion is southward in shaded areas)

(Contour interval: 5 crn/s)
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VERTICAL SEX:TIOO OF MERIDICNAL VEUX:ITY Nf 5.17 S

(~tion is southward in shaded areas)

(Contour interval: 5 anis)
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MAPS OF DEP'lH OF 'DIE lSO'lHERM T=20ocelsius:
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lT1O'C" ISC7llIERM T=20oCDEP'lH OF .Lllü (in IIEterS)
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SOTHERM T=20oCDEPTH OF THE l (in IœterS)
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~ERATURE AND SALINITY VERSUS DEPrn:

M THREE LOCATIOOS ALCH; 'IllE EXJUA'IDR:

131



~ VERSUS DEP'IH AT 3 LOCATICHJ AL<Ni 'IllE FX2UA'IŒ

(in fact along 0.17 S) longitude: 39.79W.
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TEMPERA'roRE VERSUS DEP'IH AT 3 LOCATIŒS AI..<Ni 'mE~

(in fact along 0.17 S) longitude: 39.75W"

l8.75W +
9.25E •

r1ON1H. "tJCuST HONTH' SEPTEHB •

''''.'''l-------l~-.J!----------

.....,.------+-+----f------

...... .
el_ars +

''''r--~I------------'!dL-,.

.•

uu...... Ir

..-r,,-. ..... "
el'." +.... .

MONTH. JIJL'f

uu....
"-1"-, ....." "

-l'J'I ...
••!!......--....!

rtJNTH' OECEt'OEA

u,'".. _.11

I.I:IIII"-'''J'I "
ellJ'l op... .

l'EI'PERAlUAE
f'tOH hll NQyEttBER

,,.."'T-------R'----------------

,..........-------oU-----,t------

".... f-------+----:-.*-'----+-----

,....

U,fl"-, ••1'

.... , .... "'JI •
el&J'S op

......,.-----1'H-----------....---'

133



SALINI'I'Y VERSUS DEP'lH AT 3 :LCX:ATIŒS AL<H; '!lIE~

(in fact along 0.17 S) longitude: 39.75W
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SALINI'IY VERSUS DEP'lH AT 3 LOCATICNS ALCHi THE~

(in fact along 0.17 S) longitude: 39.75W
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