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Abstract. A large number of SLA observations at a high  The SLA along track observations have the largest impact
along track horizontal resolution are an important ingredi-on the state estimates by the MFS system. Their important
ent of the data assimilation in the Mediterranean Forecastingmpact arises from the fact that, in addition to barotropic ef-
System (MFS). Recently, new higher-frequency SLA prod-fects, SLA represents a vertically integrated effect of vari-
ucts have become available, and the atmospheric pressugdions in temperature and salinity over the whole water col-
forcing has been implemented in the numerical model usedimn. While in situ observations provide more accurate direct
in the MFS data assimilation system. In a set of numerical ex-observations of the temperature and salinity variability along
periments, we show that, in order to obtain the most accuratéhe water column, their spatial scarcity limits their impact
analyses, the ocean model should include the atmospherionly to small areas of the Mediterranean. There are also many
pressure forcing and the observations should contain the aSST observations, but their impact is often limited only to the
mospheric pressure signal. When the model is not forcedestimate of the temperature distribution close to the surface
by the atmospheric pressure, the high-frequency filtering ofof the ocean. On the other hand, the SST observations can be
SLA observations, however, improves the quality of the SLA combined with in situ observations of vertical profiles to get a
analyses. It is further shown by comparing the power densitythree-dimensional estimate of the state of the ocean. Even in
spectra of the model fields and observations that the modehis case, the ability to construct three-dimensional estimates
is able to extract the correct information from noisy observa-is, however, limited due to the small number of in situ obser-
tions even without their filtering during the pre-processing. vations. Another important property of SLA observations is
that they provide information on geostrophic component of
surface currents, a product that is used in a number of appli-
cations requiring MFS analyses and forecasts. For example,
1 Introduction surface currents are implemented to forecast oil spill move-
ment, assist search and rescue operations and detect sources

The Mediterranean Forecasting System (MFS) (Pinardi anyng the spreading of the pollution. Figure 1 shows the spa-
Coppini, 2010) each day provides 10-day-long oceano+jg| and temporal coverage by SLA and in situ observations
graphic forecasts of the Mediterranean Sea. The forecasts 2009. It can be seen that the SLA observations repeatedly
are initiated by the analyses of the state of the ocean agpserve the whole Mediterranean Sea, whilst the in situ ob-
the daily frequency. The analyses combine estimates by thgeryations sample only some limited parts of the basin. The
ocean model (Oddo et al., 2009), satellite observations of segg|ative importance of the large number of SLA observations

surface temperature (SST) and sea level anomaly (SLA), angh the Mediterranean has been investigated in detail in Pujol
in situ observations of temperature and salinity by Argo floatset g1, (2010).

and of temperature by expendable bathythermograph (XBT)
instruments (e.g. Dobricic et al., 2007).
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frequency correction of the SLA observations. This quantity
may be difficult to assess, and, therefore, the use of a more
sophisticated ocean model forced by the atmospheric pres-
sure gradient could even degrade the quality of the analyses.
In this study we will describe the procedure implemented
for the assimilation of SLA observations when the model is
forced by the atmospheric pressure. We will assimilate the
TAPAS observations with and without the high-frequency
correction. These experiments will help us to draw the guide-
lines for the future use of SLA along track observations in
the MFS data assimilation system in which the model is
forced by atmospheric pressure gradient. In Sect. 2 we de-
scribe the TAPAS data product, and the data assimilation sys-
tem methodology for the use of the model forced by atmo-
spheric pressure. Section 3 describes the setup of numeri-
cal experiments and compares the results of the assimilation
with different model implementations, with and without the
atmospheric pressure forcing and with TAPAS observations
containing and excluding the high-frequency correction. Sec-
tion 4 provides a discussion and offers some guidelines for
the future use of the SLA products in the MFS data assimila-
tion system.
Fig. 1. Number of SLA and in situ observations in the Mediter-
ranean during 2009. Top panel shows the position of Argo (red open . o
circles) and XBT (blue crosses) profiles in the year 2009, while the2 ~SLA observations and data assimilation system
bottom panel shows the number of SLA observations along tracks )
from both Jason and Envisat satellites during 2009. Each Argo and-1  SLA observations
XBT profile was performed only once.

An experimental product called “Tailored Altimetry Products
for Assimilation Systems” (TAPAS) was developed that pro-
, . vides SLA observations without the high-frequency signal
The daily frequency of MFS analyses and the ability of the o e cions, i.e. the inverse barometer corrections and oth-

MFS system to simulate a large number of high-frequencye s The TAPAS data set further addresses issues encountered
oceanographic processes may require SLA products that afgjih advanced modeling systems that may contain most of
specially prepared for the MFS system. In particular, ré-ie high-frequency signal in the sea level. A first TAPAS
cently the atmospheric pressure forcing has been added tQIong-track product based on delayed-time (DT) observa-
MFS model equations (Oddo etal., 2012). In a semi-enclosegigns was delivered in 2010 for the global ocean. These
basin like the Mediterranean, the inverse barometer estimatgLA observations are without along-track filtering and sub-

cannot fully remove the impact of the atmospheric pres-gympjing (raw 1Hz altimeter data at the horizontal resolu-
sure gradient, because the slow water exchange between the .\ ¢ 7 5 km). In addition, a new subset of TAPAS ob-
Mediterranean and the Atlantic through the narrow Gibraltargg ations is produced ove,r the Mediterranean Sea for this

Strait often generates large-scale oscillations that can last f°§tudy. For each SLA observation, it gives the information
several days (e.g. Candela and Lozano, 1994). In the pashy, the modifications made in different stages of the pro-
these oscillations were removed from SLA observations bycegsing: the longwave error correction, the low-frequency
adjusting several SLA satellite tracks in consecutive days (L&yerse harometer, the correction for ocean tides, and the
Traon and Gauzelin, 1997). Since 2004, the ocean responsggh frequency correction obtained after the application of
to the high-frequency atmospheric pressure, winds and tidal, p4r6tropic model forced by high-frequency winds and at-
potentl_al has been S|_mulated with a _barotroplc ocean mOdeImospheric pressure. This allows us to put the high-frequency
and this simulated high-frequency signal has been removedjgna| hack into SLA observations, and to estimate the im-
from SLA observations (Carrere and Lyard, 2003). pact of SLA high-frequency components on the MFS assim-
This procedure, however, creates inconsistencies when thﬁation system. Therefore, with the TAPAS data set, we could
MFS assimilation system uses the ocean model forced byegt the effect of unfiltered SLA data in the MFS assimilation

the atmospheric pressure. In order to compare obs,ervatiorgystem that includes the atmospheric pressure forcing.
and background model fields, which contain the atmospheric

pressure effects on sea level, it would be necessary to sub-
tract from the model background field the same SLA high-
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2.2 Ocean model combining the estimate by Rio et al. (2007) with the infor-
mation from the in situ observations in a procedure similar to
The MFS data assimilation system uses the Mediterraneathe one applied in Dobricic (2005).
setup of the NEMO ocean model (Oddo et al., 2009). The Wwhen the assimilation uses the high-frequency corrected
model has the horizontal resolution of 116d 72 unevenly SLA data and the ocean model is forced by the atmospheric
distributed layers in the vertical direction. In the Atlantic pressure gradient, it is necessary to modify the model back-
it is nested with the global 174model by Mercator-Ocean ground SLA field in order to represent the same quantity that
(Barnier etal., 2006; Oddo et al., 2009). The atmospheric turhas been observed. Itis then necessary to subtract an estimate
bulence fluxes are calculated in bulk formulae by using theof the sea level response to high-frequency atmospheric pres-
atmospheric fields of wind, temperature, humidity and sur-sure forcing from the background SLA field. On the contrary,
face pressure from the ECMWF operational analyses, whilayhen the model is not forced by atmospheric pressure and the
short- and longwave radiation are parameterized with the usg|A observations contain the high-frequency sea level sig-
of the cloud cover operational analyses by the ECMWF (Petng|, this contribution must be added to the model background
tenuzzo et al., 2010). Recently, the forcing by atmospherics|A field. The relationship between the model background
pressure has been introduced into the MFS model. It is apfield from a numerical model with and without atmospheric
plied by adding an additional pressure gradient term into horpressure forcing can be written as
izontal momentum equations (Oddo et al., 2012):

A(x, Y, 1)
8]} 1 nA(-xvyst)anA(xvyst)_u'i_A(t)_l_g(xvyat)s (2)
E:...——VpA-i-..., Q) pog
ro wherena is the background sea level estimate produced by
wherevw is the horizontal velocitypg the reference density, the model with the atmospheric pressure forcinga is

and pa the atmospheric pressure. the same estimate produced by the model without the at-
S mospheric pressure forcinga is the atmospheric pressure
2.3 Data assimilation scheme field, g is the acceleration due to gravity, addr) is a hori-

o o zontally constant field over the whole model domain, which
The chanVar_ data gs_5|m|lat|on sch_eme _(DOb”C'C angncludes the Mediterranean and a part of the Atlantic Ocean.
Pinardi, 2008) is a variational scheme in which the slowly 1o second term on the right-hand side of Eq. (2) is the so-
evolving vertical part of temperature and salinity background . jeq inverse barometer effect that assumes the full isostatic

error covariances is represented by seasonally and regiofg|ance between the atmospheric pressure and the sea level
ally variable empirical orthogonal functions (EOFs), whilst (e.g. Ponte, 1993). In addition, terAtr) is estimated by
their horizontal part is assumed to be Gaussian isotropic de- ’ ’

pending only on distance. The horizontal radius of corre- [ A Ty

lation is set to 10km. In the horizontal direction, we ap- A(1) =7na — [1INA — LA (3)

ply the isotropic covariances, because we assume that, due pos

to the large variability of parameters at the high horizon- Term ¢ represents differences due to the nonisostatic re-
tal resolution of the model, it could become very difficult sponse of the model forced by the atmospheric pressure in
to correctly estimate the complex structures of the horizon-the Mediterranean Sea. Equations (2) and (3) are also applied
tal background error covariances by a set of climatologicalto model background estimates of SLA fields obtained after
EOFs. The rapidly evolving part of the background error subtracting the MDT from the background sea level.
covariances, consisting of the sea level and the barotropic Inthe assimilation scheme, the mean residual is subtracted
velocity components, is modeled in each step of the mini-from the residuals along each SLA satellite track. In this way
mization algorithm by applying a barotropic model forced by the unknown steric height signal is removed together with the
the vertically integrated buoyancy force resulting from tem- largest-scale oscillations that may originate from the atmo-
perature and salinity variations. The baroclinic componentsspheric pressure forcing, or from other small-scale processes,
of velocity are then estimated by applying the geostrophiclike for example the local variations of wind near the Gibral-
relationship, modified along the coast in order to eliminatetar Strait, which may be unresolved by the ECMWF analyses
the horizontal divergence. In this way OceanVar combines gFukumori et al., 2006). Residuals are calculated at the obser-
long-term three-dimensional variational scheme for the slowvational time, and the atmospheric pressure available from
processes with a scheme that fully dynamically evolves thehe ECMWF analyses at the interval of 6 h is interpolated in
covariances by model equations for the fast processes. Théme to the observational time. This procedure can produce
scheme is minimized in iterations that stop when the gradientliasing of the atmospheric pressure signal due to the atmo-
of the cost function becomes smaller than 1% of the initial spheric tides (e.g. Ponte and Ray, 2002), but, since this part
gradient. The background SLA estimate is formed by sub-of the signal has a very large spatial scale, it is most likely
tracting the mean dynamic topography (MDT) estimate fromalso removed by the subtraction of the mean residual along
the background sea level estimate. The MDT is obtained bythe satellite track. It should be noticed that the model has
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Table 1. Summary of experiments.

Experiment  Atmospheric pressure High-frequency signal Period covered by
forcing in dynamical model presentin SLA observations  the experiment

SIM1 YES none January 2009

SIM2 NO none January 2009

ATPR1 YES YES 2009

CONT1 NO YES 2009

ATPR2 YES NO 2009

CONT2 NO NO 2009

an implicit numerical scheme for the adjustment of the seathe Mediterranean sea level response to atmospheric forcing
level and the vertically integrated velocity. Therefore, grav-is not well captured by the inverse barometer effect due to
ity waves in deep ocean are strongly damped instead of beinthe slow exchange of water with the Atlantic Ocean through
dispersed. the Gibraltar Strait.
The simulation differences are further compared with
] ) differences between assimilation experiments ATPR1 and
3 Numerical experiments CONTL1 in January 2009. Figure 3 shows the root-mean-
square (RMS) differences of sea level estimates between the
two simulations (SIM1-SIM2) and between the two analy-
sis estimates in January 2009 (ATPR1-CONT1). It can be

Six experiments are performed to estimate the impact of the?€€n that, when averaged over the whole month, the differ-
atmospheric pressure forcing on the simulated sea level an§NCes between simulations have small amplitudes and they
in the analyses produced by different models and SLA ob-are at large scales (top panel in Fig. 3). This happens be-

servation processing methods. Two simulation experiments(,:ause the small-scale differences in snapshots shown in Fig. 2

without data assimilation, are carried out with (SIM1) and &' mainly due to the barotropic Kelvin waves that appear
without (SIM2) atmospheric pressure forcing only in Jan- less frequently and are rapidly dispersed. Therefore, they

uary 2009. The four assimilation experiments cover all ofdo not leave a strong signal over a longer period of Fime.
2009 and include models with (ATPR) and without (CONT) On the other hand, the mon_thly averaged RMS of d|ﬂer-
atmospheric pressure forcing and with (ATPR1, CONT1) €nces between the analyses in ATPR1 and CONT1 contains

and without (ATPR2, CONT2) high-frequency corrections to POt 1arge and small scales (middle panel in Fig. 3). The
SLA observations. Table 1 summarizes the differences bela/9€-scale structure of the analysis differences is very sim-
tween the experiments. In all of these experiments, the pai_lar to the structure of the simulation differences. Clearly,
rameters of the data assimilation scheme are kept invarianf® data assimilation does not change the sea level signal at
and only observations and model are changed. All eﬁects[he Ia'rge barotropic spales which originates from the atmo-
that could appear due to the non-linear interaction betweeﬁ_phe”fC rf)re_s?ure forcing. On t?e Othﬁr hand, Lhe combina-
the components of the data assimilation scheme only due t§0N ©f the information coming from the SLA observations

the change of the model and observations are assumed to od th_e differences m_the backgro_und fields due to the_atmo—
negligible. spheric pressure forcing create different sea level estimates

When the sea level estimate from SIM1 is compared withat smaller scales. In the analyses, the small-scale differences
SIM2 by using Eq. (2), the difference between the two soly-Propagate slowly, because they reflect the changes in tem-

tions gives the term. The field ofs is shown in Fig. 2. It can perature and salinity in the ocean’s interior introduced by the

be seen that the differences mostly have large scales. In pai;‘t_ssimilation of SLA observations. Therefore, their signal is

ticular, the basin scale dominates the differences, and ther&€@rly visible even when the RMS of differences is averaged

are gradients between the western and the eastern basins, aR¢e" the whole month (bottom panel of Fig. 3). The next sub-

further in the semi-enclosed Adriatic and Aegean Seas. irsection will evaluate the impact of these differences on the

addition, there are some smaller-scale differences, concerficcuracy of the analyses.

trated mainly in the western basin, and especially along the

Northern African coast. The smaller-scale differences along3-2 Analysis accuracy

the Northern African coast can be explained by the propaga-

tion of Kelvin waves along the coast generated by the differ-The accuracy of the analyses is estimated by the evaluation
ences in the transport through the Gibraltar Strait. In generabf the RMS of residuals with respect to the SLA observa-
these differences are expected because, as mentioned abotiens and the in situ observations of temperature and salinity

3.1 Scales of sea level differences in simulation and
assimilation experiments

Ocean Sci., 8, 78795, 2012 WwWw.ocean-sci.net/8/787/2012/
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Fig. 2. Snapshots of differences of sea level (cm) in January 2009 between simulations forced with and without the atmospheric pressure
gradient. Simulations started on 1 January 2009, and shapshots are on days 15, 20, 25 and 30 after the start of the simulation. Isolines ar
drawn with the interval of 0.5 cm.

by Argo floats. Assuming that the time between the two sub-(e.g. Pinardi et al., 2011). On the other hand, there is no
sequent observations by the satellites or the Argo floats iparticular area with large differences between the RMS of
only several days long, we may assume that the backgroun8LA residuals in experiments CONT2 and ATPR2, but in
errors are mainly due to the errors in the initial state repre-CONT2 the RMS of residuals has lower values over most of
sented by the analyses, and not due to the errors in the mod#ie Mediterranean.

integration or in the atmospheric forcing. Figure 4 shows the The RMS of the temperature and salinity residuals (Fig. 6)
evolution of the RMS of SLA residuals in the year 2009 is the lowest in experiment ATPR1 when the model is forced
obtained by experiments ATPR1 and CONT1. It is shown by the atmospheric pressure gradient and the observations are
in two panels, because each panel shows the comparison oot corrected for the high-frequency dynamical signal. When
background fields with a different SLA data set that is ei- the model is not forced by atmospheric pressure, experiment
ther filtered or unfiltered. It can be seen that the RMS of CONT1 on average gives a lower RMS of temperature and
SLA residuals is very similar in all experiments. When av- salinity residuals than CONTZ2, in which the observations are
eraged over the whole year, it was 4.00 cm for experimentot corrected for the high-frequency signal (Fig. 6). It can
ATPR1 and 4.05 cm for experiment CONTL1. The difference be seen in Fig. 6 that the differences in the RMS of tem-
is only about 1 % of the total RMS of residuals, but through- perature and salinity residuals are most pronounced in the
out the year 2009 the RMS of SLA residuals is lower when layer between 50 and 400 m. This layer roughly represents
the model is forced by the atmospheric pressure gradient. Ithe depths of the first baroclinic mode in the Mediterranean
the second set of twin experiments, the analyses assimilate@.g. Molcard et al., 2002) that should be mainly affected by
TAPAS observations of SLA with the high-frequency cor- the differences in the assimilation of the SLA observations.
rection. This time the RMS of SLA residuals is 4.15cm in There the RMS of temperature residuals in ATPR1 is 3-4 %
experiment ATPR2 and 4.10 cm in experiment CONT2. Onlower than in CONT1, 3—6 % lower than in CONT2, and 3—
average, the CONT2 experiment gives 1% lower RMS 0of9 % lower than in ATPR2. In ATPR1 the RMS of salinity
SLA residuals than the ATPR2 experiment. The horizontalresiduals is 3-5 % lower than in CONT1, 4-8 % lower than
distribution of differences between the RMS of SLA residu- in CONT2, and 6—10 % lower than in ATPR2.

als (Fig. 5) shows that, when the observations are not filtered, The data assimilation combines the information from the
the forcing of the ocean model by the atmospheric pressurebservations with the information from the background fields
especially reduces the RMS of residuals in the central part ofind it produces analyses that contain the dynamical con-
the Western Mediterranean. This area also shows large difstraints given by the model dynamics. This feature of the
ferences in January between SIM1 and SIM2 experimentMFS data assimilation system is demonstrated in Fig. 7.
(Fig. 2). The central part of the Western Mediterranean isThe power spectral density of sea surface height observa-
characterized by a strong dynamical activity that appears tdions follows approximately thé=2° slope at scales larger
be sensitive to the perturbations in the atmospheric forcinghan 50 km. This slope is flatter than the slopekof that

Www.ocean-sci.net/8/787/2012/ Ocean Sci., 8, 7895, 2012
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Fig. 4. Top panel shows the RMS of SLA residuals (cm) in experi-

ments ATPR1 (continuous red line) and CONT1 (continuous black
line) during 2009, and the bottom panel shows the RMS of SLA
residuals (cm) in experiments ATPR2 (dashed red line) and CONT2

Simulation Atm. press. — control minus

‘ Assimilation Atm. press. — control B _ ‘ (dashed black line) during 2009. The RMS of SLA residuals is cal-
culated once a week.

Fig. 3. The RMS of the differences between the sea level (cm) " comes flatter only at the scales comparable to or shorter than

January 2009 from simulations with and without the atmosphericth del 3-arid . It b fafal
pressure gradient forcing (top panel). The RMS of the differences € model 5-grid spacing. It may be a consequence or a faise

between the sea level (cm) in January 2009 from the analyses Witﬁ_nergy aliasing due to the ir]accurate simulation of the .non-
and without the atmospheric pressure gradient forcing (ATPR1-linear energy cascade, or simply a consequence of an insuf-

CONTZ1, middle pane|)_ The RMS of the differences between thefiCiently selective horizontal diffusion Operator. It should be
sea level differences (cm) in January 2009 obtained from the simhoted that all experiments had similar power density spec-
ulations and from the analyses with and without the atmospheridra, and differences in forcing the model and processing the
pressure gradient forcing (bottom panel). observations were not able to change significantly the en-
ergy distributions among the spatial scales. The comparison
of the power spectrum densities from the model and the ob-

could be predicted theoretically for larger synoptic scalesS€rvations partly explains the ability of the model to incor-

(e.g. Nastrom and Gage, 1985). In the Mediterranean thé;)orate most of the information from the observations when

wind is strongly modified by the surrounding topography, they cpntain the smallest amount of t.he pr_eprocessing I.ike_in
and therefore the topography may significantly impact the®Xperiment ATPR1. When observations introduce va_nal_)ll—
slope of the power spectrum at these scales. On the othé}y that may partly come from errors, _the model may signif-
hand at the shorter scales, we could expect that the powdfantly reduce those errors by imposing the dynamical con-
spectrum of the sea level depends less on the external for&traints presentin model equations. The comparison of anal-
ing, and it should have a slope that is closer to the theoretiYSIS and o_bservatlonal power spectrum densm_es shows th_at
cal estimate for the geostrophic turbulence. At scales shortef1® numerical model forced by the atmospheric pressure is
than 50 km SLA observations show a power spectrum slopé:apab_Ie of fll.terlng CO”eC“Y Fhe spectrum of the noisy ob-
that is quite flatter than the theoretical onekof®/3, indi- ser.vatlo'nal signal apd that it is not necessary to filter obser-
cating the presence of the spatially correlated observationaf@tions in advance in order to remove the high-frequency at-
noise at these scales. Contrary to the observations, the pow8#oSPheric signal from them.

spectrum of the analyses (ATPR1) has a slope that is very

close to the theoretical, since the model equations provide

a dynamical constraint for the distribution of energy among

the scales following the assimilation of observations. It be-
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Fig. 5. Spatial distribution of differences between RMS of SLA
residuals (cm) in experiments ATPR1 and CONT1 (top panel), and ™
between CONT2 and ATPR2 (bottom panel). The RMS of residu-
als is averaged over squares with °Lf2solution. The differences

are displayed only in squares that had more than 100 observations :
during the year 2009.
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Fig. 6. The RMS of temperature’C) (top left) and salinity (top
4 Discussion right) residuals calculated with respect to observations by Argo
floats in ATPR1 (continuous red line), ATPR2 (dashed red line),

The study describes the impact of the atmospheric pressur6ONT1 (continuous black line) and CONT2 (dashed black line)
forcing in the numerical model associated with the assimila-during all of 2009. The difference between RMS of residuals from
tion scheme of MFS. The analyses that use non filtered SLAATPR1 and ATPR1 (continuous red line), ATPR2 (dashed red line),
observations and atmospheric pressure forcing in the nume©ONT1 (continuous black line) and CONT2 (dashed black line)
ical model (ATPR1) show differences in SLA at the small normalized byth.e.RMS of res@ualsm ATPR1 for temperature (bot-
spatial scales with respect to the simple assimilation case. AR left) and salinity (bottom right).
demonstrated in Sect. 3.1, these SLA differences are due to
the temperature and salinity changes in the water column at
the mesoscales, introduced by the data assimilation schemdully filter the noise presentin the power spectrum of the SLA

Due to the semi-enclosed nature of the Mediterranean Seabservations. Analyses had the correct slope of the power
the assimilation with the model forced by the atmosphericspectrum at shorter scales, up to the shortest scales hardly re-
pressure gradient required the evaluation of the level of thesolved by the model dynamics. They were able to extract the
SLA data set processing in order to achieve the most accurateseful information from the noisy observations without the
ocean state estimates. It was shown that, when the model wawed for applying additional filters on observations.
forced by the atmospheric pressure, the unfiltered SLA data It should be noticed that the filter for the high-frequency
set leads to the most accurate analyses. The improved accaignal removes also the impact of the high-frequency wind
racy was obtained when compared both with satellite SLAforcing in the Mediterranean. Unfortunately, it was not pos-
and in situ Argo observations. On the other hand, when thesible to have observations only without the high-frequency
model was not forced by the atmospheric pressure gradiengtmospheric pressure forcing, and we have assumed that
the assimilation of the SLA data set that included the high-the differences in the analysis accuracy due to the high-
frequency dynamic correction on average produced more adrequency wind forcing removal were negligible. This as-
curate analyses for SLA, while there was slight reduction insumption may be justified by the final result that shows that
accuracy for temperature and salinity fields. It was furtherthe best result is obtained with the model forced by the full
shown that the analyses that use a dynamical model succesatmospheric forcing and the observations that are not filtered.
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