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‘ Motivation I

Ekmanpumping,a form of wind-drivenupwelling, playsimportant rolesin upper-
oceandynamics,thermodynamics,and biologyaswell asin bounday-layer
meteaology.

Inversemodels, suchas those of 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 compaed with those derived
from ECCO modelswhich assimilateTOPEX/POSEIDON (T/P) derived
sealevelanomalieausingthe adjoint and Kalman Iter/smo other methaods.

Di erences in Ekman pumping are quanti ed and changesdue to the assimila-
tion are analyzedo identify the spectral areaoverwhichit hasa signi cant
Impact

The compaisonalsohighlightsaspectswherethe ECCOmodel and assimilation
schemeseedimprovement

‘ Objectives \

The objectivesof this study are to:

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

(a) forward (simulation),
(b) adjoint (assimilation)
(c) Kalman lter/smo other,

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

3. For eachmodel/datacompaisonanalyzeéhe di erencein several
areasof the period{wavelengthspectrum asseiated to knowvn
dynamicalphenomena.

4. Suggestpossiblemodel improvementsbasedon the analysis
above.

‘ Intro duction |

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

_r -
We = ;

This is a rst order estimate that works within the constraints of the Ekman
theary.

The wind stressis estimatedfrom satellite scatterometerwind vectas, accurate
to approximately Ims * and 20 .

Estimatesof seasurfaceheightanomalyfrom the T/P altimeter are assimilated
by the adjoint and Kalman Iter/smo other models.

In turn, the modelsyield the Ekmanpumping elds that would be necessey to
createthe assimilatedseasurfaceheight anomaly

TheseEkmanpumping elds are compaed to the scatterometermeasurements.
This compaison is perfaomed within severalareas of the zonal-tempral

spectrum.
‘ Data and Metho ds|

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

The interpolated , Is decommsedthrough a seriesof zonal{temporal nite im-
pulserespnse(2D FIR) lters [2, 3] in the following components(numeric
subscriptsindicatethe  period in months):
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Basin  Rossly waves TIWs Kelvinwaves  eddies

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

Throughthe analysisof the componentswe obtainthe lter parameters(phase
speedand wavelength)usedto decommsethe Ekmanpumping(we) elds.

This way both the Ekmanpumpingand the seasurfaceheight componentsrefer
to the samespectral area, assa@iated with speci ¢ 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 assumeghat Y.

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

As a consequenceve expect Model-X to reproducethe following aspects of the
oceanphysics.

‘ Forward I

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

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

As a consequenceve expect Model-X to reproducethe following aspects of the
oceanphysics.

‘ Kalman |

The model referredto as Model-X usesthe X method and assumeghat Y.
The Model-X run in this study usesthe following set-up: a, b, c, etc.

As a consequenceve expect Model-X to reproducethe following aspects of the
oceanphysics.

‘ Results|
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Figure 1: Zonal{temporal (Hovmoller) diagramsfor the
basin{scale non{propagatingcomponents( , Wet) for the
Pacic at 2.5 N. The top row showns sea{surfaceheight
anomaliegin mm) andthe bottom row shovs EKmanpump-
Ing (in m/s). Theleft columnshavsthe FIR ltered satellite
data, the middle column shows the simulatedmodel data,

and the right columnshaws the assimilatedmodel data.
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Figure 2: Similar to Figure 1 for the components ( 1o,
We12) ass@iatedto annualRossly waves.
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asseiatedto tropical instability waves.
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Figure 3: Simila to Figurel for the components( 1, We1)

Figure 4: Simila to Figure 1 for the components( s,
Wek 3) asseiatedto Kelvin waveswith 2-3 months period.
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‘ Results |
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pac 10.5N - T/P ht (mm) Simulated ht (mm) Assimilated ht (mm) Kalman ht (mm)

Oct00 {F4250 | {7190 L {F4250 L ]
Juloo | - - i L ] i 1+ 200
L1200 -- 200
Apr00 - - - . - _ L _
-4100 1150
Jan00 - 7190 - i 1Fq150 | i
B i L i L . - -+ 100
Oct99 1100 100
- 50
Julog | : - . L i L i
50 50 %0
Apro9 r- - - . - _ L _
Jan99 |- 1k o - 1o = 1o L 1Ldo
Oct98 |- : - . L i L i
L1 50 ---50 L.
Julog |- - - § L i L 4r1-50
- -50
Apros8 |- r-1-100 T B 1r1-100 [0 7]
--100
Jan98 - - - - - - L _
---150 ---150
Oct97 [ ] o 14 -100 - - 44 -150
Jul97 - -t --200 - - 44200+ _
- -200
Apro7 - - - . - _ L _
1-250 - -150 ---250
Jan97 ! L L] L L =L 1 1 L L I JL ]
ERS Ekpt (10'7 m/s) Simulated Ekpt (10'7 m/s)  Assimilated Ekpt (10'7 m/s) Kalman Ekpt (10'7 m/s)
T T ] T T ] T T — T T —
- 50
Oct00 |- - - 4 B ] i ]
- 30 --25
- 40
Juloo - - - . L a0 i
Apr00 1%
> - 30
120 -130
Jan00 - - - 4415 F - L _
Oct99 - - _ L 41 B 14 20
110 20
Julog | 4r110 . L i L ]
L 15 -4 10 -110
Apro9 r- - - . - _ L _
Jan99 |- 1k o - 1o = 1Ldo L 1Ldo
Oct98 |- - - i B ] i i
1> --{-10 ]
Julog |- - - i L ] i 1F4-10
--10
Aprog . - 110 1420 [ i
- -20
Jan98 - - - - - - L _
--15
- - -1-30
Oct97 |- 1720 + 1 - . - +4-30
--20
Julo7 + - - . L ALl 40 F i
- -40
Apro7 - 1r1-30 | 1r1-25 [ 7 - -
-4-50
Jan97 ! L L L 1 1 I !

128°E 176°E 135°W  86°W 128°E 176°E 135°W 86°W 128°E 176°E 135°W 86°W 128°E 176°E 135°W 86°W

Figure 5: Simila to Figurel for 10.5 N.
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Figure 8: Simila to Figurel for 27.5 N in the Atlantic.
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Figure 6: Simila to Figure5 for 1, andwe12, annualRossly waves.
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Figure 9: Simila to Figure8 for 1, andwe12, annualRossly waves.
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Figure 7: Simila to Figure5 for ¢ and weg, semi{annualRossly waves.
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Figure 10: Similar to Figure8 for g andweg, semi{annualRossly waves.
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‘ Concluding Remarks \

For seasurfaceheight anomalies ) the assimilationand
Kalman ler/smo other runs improve on the simula-
tion results. In all tested casesexceptoneit reduces
the rms dierence (R ., < R ), increaseshe
fractional variance( ., > s) and the carela-
tion betweendata and model (C 5, > C ).

sults.

For the EKkman pumping estimates(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-

In most gures the EKman pumping patterns from data
assimilationmodels are qualitatively more similar to
the satellitederivedpatternghan the simulationruns.

Resultsare relatively better for the low{frequency large

Wavelengthend ()f the SFECtrum. AS a COnsequence, [2] P. S. Polito, O. T. Sato, and W. T. Liu. Characterization and validation of heat stor-
resultsare generallybetter at low latitudes.

Appaently, the modelsreproduce better the Paci ¢ basin
than the Atlantic or Indian (nOt ShONn)- [4] R. W. Reynoldsand T. M. Smith. Improved global sea surface temperature analyses

age variability from Topex/P oseidonat four oceanographicsites. Journal of Geophysical
Reseach, 105(C7):16,911{16,921, 2000.

[3] P. S. Polito, O. T. Sato, and W. T. Liu. Global characterization of Rossly waves at
severalspectral bands. In print, Journal of Geophysic al Research, 2002.

using optimum interpolation. Journal of Climate, 7:929{948, 1994.
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