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Laboratoire de Physique des Océans, IFREMER/CNRS/UBO, Brest, France.
�

Scripps Institution of Oceanography, UCSD, San Diego, CA, USA.

N
ational Oceanographic Partnersh

ip
Prog

ram

Es
tim

ati
ng

the
Circu

latio
nandClimateof theOcean

Instability Mechanism

Jan96 Sep96 Apr97 Dec97 Aug98 Apr99 Dec99
-1.5

-1

-0.5

0

0.5

1

1.5

10
-4

  W
/m

3

Lon: 205 E (155 W)

Jan96 Sep96 Apr97 Dec97 Aug98 Apr99 Dec99
-1.5

-1

-0.5

0

0.5

1

1.5

10
-4

  W
/m

3

Lon: 225 E (135 W)

EXP1, Lat: 4.1667, 0-50m

Jan96 Sep96 Apr97 Dec97 Aug98 Apr99 Dec99
-1.5

-1

-0.5

0

0.5

1

1.5

10
-4

  W
/m

3

Lon: 245 E (115 W)

Jan96 Sep96 Apr97 Dec97 Aug98 Apr99 Dec99
-1.5

-1

-0.5

0

0.5

1

1.5

10
-4

  W
/m

3

Lon: 205 E (155 W)

Jan96 Sep96 Apr97 Dec97 Aug98 Apr99 Dec99
-1.5

-1

-0.5

0

0.5

1

1.5

10
-4

  W
/m

3

Lon: 225 E (135 W)

EXP1, Lat: 2.1667, 0-50m

Jan96 Sep96 Apr97 Dec97 Aug98 Apr99 Dec99
-1.5

-1

-0.5

0

0.5

1

1.5

10
-4

  W
/m

3

Lon: 245 E (115 W)

Jan96 Sep96 Apr97 Dec97 Aug98 Apr99 Dec99
-1.5

-1

-0.5

0

0.5

1

1.5

10
-4

  W
/m

3

Lon: 205 E (155 W)

Jan96 Sep96 Apr97 Dec97 Aug98 Apr99 Dec99
-1.5

-1

-0.5

0

0.5

1

1.5

10
-4

  W
/m

3

Lon: 225 E (135 W)

EXP1, Lat: 0.16667, 0-50m

Jan96 Sep96 Apr97 Dec97 Aug98 Apr99 Dec99
-1.5

-1

-0.5

0

0.5

1

1.5

10
-4

  W
/m

3

Lon: 245 E (115 W)

Jan96 Sep96 Apr97 Dec97 Aug98 Apr99 Dec99
-1.5

-1

-0.5

0

0.5

1

1.5

10
-4

  W
/m

3

Lon: 205 E (155 W)

Jan96 Sep96 Apr97 Dec97 Aug98 Apr99 Dec99
-1.5

-1

-0.5

0

0.5

1

1.5

10
-4

  W
/m

3

Lon: 225 E (135 W)

EXP1, Lat: -2.1667, 0-50m

Jan96 Sep96 Apr97 Dec97 Aug98 Apr99 Dec99
-1.5

-1

-0.5

0

0.5

1

1.5

10
-4

  W
/m

3

Lon: 245 E (115 W)

Fig. 1: Time evolution of different terms of the perturbationkinetic en-
ergy (PKE) in the EXP1 experimentat four latitudes: 4 � N, 2� N, 0� , 2� S.
The valueshave beenaveragedbetween0 and 50m depthand in a 10� -
wide longitudebandcenteredon 155,135 and115� W, respectively. (Blue)
Barotropicconversion: � � �

�
	��
� ���

(plain line), � �

	���	��
� ���

(dashed
line) and � � �

�����
� ���

(dashdottedline). (Black) Baroclinicconversion:
��� � �

�
�

���

.

Instability waves north of the equator and role of the NECC: At 130-
140� W of longitude,the barotropicconversion(dominatedby � � �

�
	

�
�

�
�

) is maximum at about 4� N within the cyclonic shear betweenthe
SouthEquatorialCurrent(SEC)andthe North EquatorialCounter-Current
(NECC). The importanceof the barotropicconversionvaries in time and
in longitude:(1) similar amplitudesareobserved furtherwest(155� W), but
further east(115� W), the barotropicterm no longerprevails andthe TIWs
mainly derive their energy from baroclinicinstability; (2) at 155� W of lon-
gitude,the barotropicconversionis very weakduring the 1996-1997TIWs
season,whenit is largein 1998-1999and1999-2000.

Relative importance of the baroclinic instability north of the equator:

The baroclinic conversionalso contributes to the eddy energy production
at 4� N. At that longitude,the amplitudeof BC is similar to that of BT. At
2� N, the TIWs mainly derive their energy from baroclinic instability. (Fig.
1). Although,thedominanceof thebaroclinictermsis observedat 155and
115� W and during the threeTIWs season(that is 1996-1997,1998-1999
and1999-2000),it is alsosubjectto large interannualandspatialvariability
(Figs.1 and2).
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Fig. 2: (Upperpanels)Depth-timeplotsof thebarotropicterm � � �

�
	

�
�

�
�

at 4� N and2� N. (Middle panels)Depth-timeplotsof thebarotropicterm
� � �

��	���� �
�

at 1� N andat theequator. (Lower panels)Depth-timeplots
of thebaroclinicterm ��� � �

�
�

���

at3� N and3� S.

Shear between the SEC and the EUC: The maximum of the term
� � �

��	�� � �
�

is locatedin surfaceat the equatorand at deeperdepth
whenmoving northward(Fig. 2) whichshows thatboththeSEC-EUCshear
and the SEC itself play a role in the generationof TIWs just to the north
of the equator. The maximumof � � �

��	�� � �
�

is larger at 2� N thanat
theequator. Comparedto theobservations,theTIWs aretoo weakalongthe
equator, especiallyin 1996when � � �

�
	

�
� �

�

is almostzero,which sug-
geststhat thebarotropicenergy productionthatarisesfrom theshearwithin
theSECitself at theequatoris tooweakin themodel.

Instability wavessouthof the equator: Southof theequator, thebarotropic

termis negligible andthebaroclinicinstability is themainsourceof energy
to the�uctuations(Fig. 1). Theeddyenergy productionis largerin thewest-
ernthanin theeasternbasin.
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Fig. 3: SameasFig.1 for othertermsof theperturbationkineticenergy. (Red)
Eddy pressure �uc divergence, �  !� �
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Eddy pressure �ux divergence: Theeddypressure�ux divergenceradiates
energy awayfrom theproductionregion,thatis from 4 � N towardtheequator
(Fig. 3). This termis asimportantastheotherterms.

Sensitivity to the wind stress-�eld The eddy energy productionis larger
whenthe ECCOwind-stress�eld is used.However, many of the previous
conclusionsare robusts(Fig. 4). Indeed,the baroclinic instability remains
dominantat 2� on bothsidesof theequator, thebarotropicinstability at and
just northof theequatoris still weak,andtheradiationof energy keepsthe
samesign.Themaindifferencesoccurat 4� N: theimportanceof theNECC
remainstruebut thevariability previously observed is lessstriking.Particu-
larly, thebarotropicinstability is largeat115� W andin 1996/1997at155� W.
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Fig. 4: SameasFig. 1 but for theEXP2experiment.Thevaluesareplottedat
4� and2� N.

Conclusionand perspectives
4 The main characteristicsof the TIWs in the modelsare in good agree-

mentwith theobservations.Thevariability is not enoughenergeticwhen
theNCEPwind-stress�eld is usedandis too energeticwhenthemodelis
forcedwith theECCOwind-stress.Increasingthe modelresolutiondoes
not signi�cantly improve the modelsolution.As the wind is crucial for
modellingthetropicaloceansandtheTropicalInstabilityWaves,thosere-
sultsrisethenecessityof developpingdataassimilationin high resolution
model.

4 At about2� on bothsidesof theequator, aswell asat 4 � N, theperturba-
tions gain their energy throughbaroclinicinstability. Justto the north of
theequatorandat 4� N, barotropicinstability prevails. Themodelclearly
shows the importanceof theNECCin theeddyenergy production.How-
ever, its in�uence is subjectto spatialand interannualvariability which
couldexplain that,in thelitterature,aconsensushasnotbeenfoundonthe
role of this current.The SECandthe EUC appearsto be involved in the
eddyenergy productionjust to thenorthof theequator, but thebarotropic
instability at theequatorarisingfrom theshearin theSECitself is weak
andcouldexplain theweaknessof theTIWs alongtheequatorin themod-
els.

4 Thenext stepwill consistin following aninstabilitywaveduringits prop-
agationacrossthebasinin orderto determinethemechanismthatinduces
thegrowth of thiswave,themechanismthatmaintainsthiswaveduringits
propagationand�nally thereasonfor its death.
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