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Motivation

Ekmanpumping,a form of wind-drivenupwelling,playsimportant rolesin upper-
oceandynamics,thermodynamics,and biologyaswell as in boundary-layer
meteorology.

Inversemodels,suchas thoseof ECCO(Estimation of the Circulation and Cli-
mate of the Ocean,http://www.ecco-group.org/ ),estimatewind forc-
ing through oceandata assimilation.

Ekman pumping obtained from scatterometeris compared with those derived
from ECCOmodels which assimilateTOPEX/POSEIDON (T/P) derived
sealevelanomaliesusingthe adjoint andKalman�lter/smo other methods.

Di�erences in Ekmanpumpingare quanti�ed and changesdue to the assimila-
tion are analyzedto identify the spectral areaoverwhich it hasa signi�cant
impact.

The comparisonalsohighlightsaspectswherethe ECCOmodel and assimilation
schemesneedimprovement.

Objectives

The objectivesof this studyare to:

1. Analyzethe di�erence betweenthe Ekmanpumpingestimates
from di�erent model designs:

(a) forward (simulation),

(b) adjoint (assimilation)

(c) Kalman�lter/smo other,

2. Compare the seasurfaceheight anomalyfrom T/P with that
obtainedfrom the models.

3. For eachmodel/datacomparisonanalyzethedi�erencein several
areasof the period{wavelengthspectrum associated to known
dynamicalphenomena.

4. Suggestpossiblemodel improvementsbasedon the analysis
above.

Intro duction

The Ekmanpumpingwe is an estimateof wind{driven vertical velocity, directly
relatedto the curl of the wind stress:�




�

	
we =

~r � ~�
� f

This is a �rst order estimate that works within the constraintsof the Ekman
theory.

The wind stressis estimatedfrom satellitescatterometerwind vectors, accurate
to approximately 1ms� 1 and 20� .

Estimatesof seasurfaceheight anomalyfrom the T/P altimeter are assimilated
by the adjoint and Kalman �lter/smo other models.

In turn, the modelsyield the Ekmanpumping�elds that would be necessary to
createthe assimilatedseasurfaceheight anomaly.

TheseEkmanpumping�elds are compared to the scatterometermeasurements.
This comparison is performed within severalareas of the zonal-temporal
spectrum.

Data and Metho ds

The altimeter{derived sea surface height anomaly � was obtained from the
WOCETOPEX/POSEIDON data distributed by JPL/PODAAC.

The interpolated � o is decomposedthrough a seriesof zonal{temporal �nite im-
pulseresponse(2D FIR) �lters [2, 3] in the following components(numeric
subscriptsindicate the � period in months):

�
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� o = � t +|{z}
Basin

� 24 + � 12 + � 6 + � 3+
| {z }

Rossby waves

� 1+
|{z}
TIWs

� K 6 + � K 3 + � K 1+
| {z }

Kelvin waves

� E + � r| {z }
eddies

From ERS-1/2scatterometerwindsthe stress� is calculatedvia LKB method [1]
usingSST �elds from the Reynoldsdataset[4] and water vapor estimates
from SSMI.

Throughthe analysisof the � componentswe obtain the �lter parameters(phase
speedandwavelength)usedto decomposethe Ekmanpumping(we) �elds.

This way both the Ekmanpumpingand the seasurfaceheight componentsrefer
to the samespectral area, associated with speci�c dynamicalregimes.

\Simulation" refersto the model run without T/P data assimilation,\Assimi-
lation"refersto the model run with T/P data assimilation,and \Kalman"
refersto the Kalman �lter/smo other model.

Description of the Mo dels

Adjoint

The model referredto as Model-X usesthe X method and assumesthat Y.

The Model-X run in this study usesthe following set-up: a, b, c, etc.

As a consequencewe expect Model-X to reproducethe following aspectsof the
oceanphysics.

Forward

The model referredto as Model-X usesthe X method and assumesthat Y.

The Model-X run in this study usesthe following set-up: a, b, c, etc.

As a consequencewe expect Model-X to reproducethe following aspectsof the
oceanphysics.

Kalman

The model referredto as Model-X usesthe X method and assumesthat Y.

The Model-X run in this study usesthe following set-up: a, b, c, etc.

As a consequencewe expect Model-X to reproducethe following aspectsof the
oceanphysics.
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Paci�c 2.5� N - Comparison of � and we

-300

-200

-100

0

100

200

300

Kalman Ekp
t
 (10-7 m/s)

130°E 180° 130°W  80°W

Assimilated Ekp
t
 (10-7 m/s)

130°E 180° 130°W  80°W

Simulated Ekp
t
 (10-7 m/s)

130°E 180° 130°W  80°W

ERS Ekp
t
 (10-7 m/s) 

130°E 180° 130°W  80°W
Jan97

Apr97

Jul97

Oct97

Jan98

Apr98

Jul98

Oct98

Jan99

Apr99

Jul99

Oct99

Jan00

Apr00

Jul00

Oct00

Kalman h
t
 (mm)Assimilated h

t
 (mm)Simulated h

t
 (mm)pac 2.5N - T/P h

t
 (mm) 

Jan97

Apr97

Jul97

Oct97

Jan98

Apr98

Jul98

Oct98

Jan99

Apr99

Jul99

Oct99

Jan00

Apr00

Jul00

Oct00

-150

-100

-50

0

50

100

150

-250

-200

-150

-100

-50

0

50

100

150

200

250

-250

-200

-150

-100

-50

0

50

100

150

200

250

-100

-50

0

50

100

-100

-50

0

50

100

-200

-150

-100

-50

0

50

100

150

200

-150

-100

-50

0

50

100

150

Figure 1: Zonal{temporal (Hovmoller) diagramsfor the
basin{scale,non{propagatingcomponents(� t , wet ) for the
Paci�c at 2.5� N. The top row shows sea{surfaceheight
anomalies(in mm) andthe bottom row showsEkmanpump-
ing (in m/s). The left columnshowsthe FIR�ltered satellite
data, the middle column shows the simulatedmodel data,
and the right columnshows the assimilatedmodel data.
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Figure 2: Similar to Figure 1 for the components (� 12,
we12) associated to annualRossby waves.
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Figure 3: Similar to Figure1 for the components(� 1, we1)
associated to tropical instability waves.
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Figure 4: Similar to Figure 1 for the components (� K 3,
weK 3) associated to Kelvin waveswith 2-3 monthsperiod.
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Figure 5: Similar to Figure1 for 10.5� N.
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Figure 6: Similar to Figure5 for � 12 and we12, annualRossby waves.
Pac 10.5� N R� ;s R� ;a R� ;k Rw;s Rw;a Rw;k

1.12 0.80 0.64 1.02 0.85 0.81
� � ;s � � ;a � � ;k � w;s � w;a � w;k

-0.26 0.37 0.59 -0.03 0.28 0.34
C� ;s C� ;a C� ;k Cw;s Cw;a Cw;k

0.14 0.70 0.77 0.38 0.57 0.69

-60

-40

-20

0

20

40

60

Kalman Ekp
6
 (10-7 m/s)

128°E 176°E 135°W  86°W

Assimilated Ekp
6
 (10-7 m/s)

128°E 176°E 135°W  86°W

Simulated Ekp
6
 (10-7 m/s)

128°E 176°E 135°W  86°W

ERS Ekp
6
 (10-7 m/s) 

128°E 176°E 135°W  86°W
Jan97

Apr97

Jul97

Oct97

Jan98

Apr98

Jul98

Oct98

Jan99

Apr99

Jul99

Oct99

Jan00

Apr00

Jul00

Oct00

Kalman h
6
 (mm)Assimilated h

6
 (mm)Simulated h

6
 (mm)pac 10.5N - T/P h

6
 (mm) 

Jan97

Apr97

Jul97

Oct97

Jan98

Apr98

Jul98

Oct98

Jan99

Apr99

Jul99

Oct99

Jan00

Apr00

Jul00

Oct00

-40

-30

-20

-10

0

10

20

30

40

-30

-20

-10

0

10

20

30

-50

-40

-30

-20

-10

0

10

20

30

40

50

-20

-15

-10

-5

0

5

10

15

20

-10

-5

0

5

10

-25

-20

-15

-10

-5

0

5

10

15

20

25

-10

-5

0

5

10

Figure 7: Similar to Figure5 for � 6 and we6, semi{annualRossby waves.
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Figure 8: Similar to Figure1 for 27.5� N in the Atlantic.
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Figure 9: Similar to Figure8 for � 12 and we12, annualRossby waves.
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Figure 10: Similar to Figure8 for � 6 and we6, semi{annualRossby waves.
Atl 27.5� N R� ;s R� ;a R� ;k Rw;s Rw;a Rw;k

1.00 0.84 1.00 1.11 1.35 1.16
� � ;s � � ;a � � ;k � w;s � w;a � w;k

0.00 0.29 0.00 -0.23 -0.81 -0.34
C� ;s C� ;a C� ;k Cw;s Cw;a Cw;k

0.07 0.63 0.09 0.07 0.10 0.10

Concluding Remarks

For seasurfaceheight anomalies(� ) the assimilationand
Kalman �ler/smo other runs improve on the simula-
tion results. In all testedcasesexceptone it reduces
the rms di�erence (R� ;a < R� ;s ), increasesthe
fractional variance (� � ;a > � � ;s ) and the correla-
tion betweendata and model (C� ;a > C� ;s ).

For the Ekmanpumpingestimates(we) only the Kalman
�lter/smo other assimilationimprovesthe statisticsat
2.5� N and 10.5� N for most components. At 27.5� N
none of the assimilationschemesgave positive re-
sults.

In most �gures the Ekman pumping patterns from data
assimilationmodelsare qualitatively more similar to
the satellitederivedpatternsthan the simulationruns.

Resultsare relatively better for the low{frequency, large

wavelengthend of the spectrum. As a consequence,
resultsare generallybetter at low latitudes.

Apparently, the modelsreproducebetter the Paci�c basin
than the Atlantic or Indian (not shown).
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