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Posibles cambios que pueden tener un impacto en las zonas costerPosibles cambios que pueden tener un impacto en las zonas costeras:as:

-- cambios en el nivel medio global (incrementos de masa/volumen) cambios en el nivel medio global (incrementos de masa/volumen) 

-- cambios en el nivel medio regional (forzamiento atmosfcambios en el nivel medio regional (forzamiento atmosféérico mecrico mecáánico y nico y 
modificacimodificacióón del rn del réégimen de corrientesgimen de corrientes)  )  

-- cambioscambios en la en la variabilidadvariabilidad de de frecuenciafrecuencia media (la media (la ‘‘mareamarea meteorolmeteorolóógicagica’’) ) 

-- cambioscambios en el en el rréégimengimen de de oleajeoleaje

-- cambioscambios en el en el rréégimengimen de de extremalesextremales de de nivelnivel

ImpactosImpactos:  :  
-- inundaciinundacióónn de de zonaszonas costerascosteras delimitacionesdelimitaciones de de dominiodominio ppúúblicoblico
-- impactoimpacto sobresobre obraobra civil, civil, especialmenteespecialmente en en puertospuertos

-- modificacimodificacióónn del del transportetransporte de de sedimentossedimentos en en sistemassistemas frfráágilesgiles ((dunasdunas, , 
playas,playas,……))

-- impactoimpacto del del incrementoincremento de de temperaturatemperatura sobresobre la la biodiversidadbiodiversidad
-- ……

Cambio climCambio climáático y nivel del martico y nivel del mar



ProjectsProjects:  :  -- ESEAS (2002ESEAS (2002--05): 05): towardstowards anan increaseincrease ofof thethe EuropeanEuropean sea sea levellevel
observationobservation capabilitiescapabilities

-- different aspects of seadifferent aspects of sea--level variability (2002level variability (2002--05)05)
-- different aspects of the circulation variability (2006different aspects of the circulation variability (2006--09)09)

FundingFunding:  EU, Puertos del Estado.:  EU, Puertos del Estado.
MethodsMethods:  different data analysis methods:  dimension reduction (:  different data analysis methods:  dimension reduction (EOFsEOFs),),

statistical approaches, statistical approaches, ……

Results:Results:
-- deploying of new, GPSdeploying of new, GPS--referenced tide gauge stationsreferenced tide gauge stations

-- development (and implementation in development (and implementation in PdEPdE procedures) of methods aimedprocedures) of methods aimed
to analyze the spatial consistency of the time series to analyze the spatial consistency of the time series 

-- characterization of the seasonal cycle (characterization of the seasonal cycle (GarcGarcííaa--LafuenteLafuente et al., JGR, 2004)et al., JGR, 2004)
-- extreme events evolution (Del Rextreme events evolution (Del Ríío et al, in preparation) o et al, in preparation) 
-- seasea--level trends (Marcos et al., JGR, 2005)level trends (Marcos et al., JGR, 2005)

Antecedentes:  estudio de series largasAntecedentes:  estudio de series largas



1 EOF1 EOF 2 EOF2 EOF 3 EOF3 EOF Num.Num.
modelmodel

BiasBias 3.713.71 1.341.34 2.062.06 5.74 5.74 

StdStd 5.895.89 4.194.19 4.684.68 6.976.97

MaximumMaximum 3535 2323 3737 3333
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* HAMSOM model forced by a * HAMSOM model forced by a downscaling of atmospheric fields carried out by downscaling of atmospheric fields carried out by 
the Climate Diagnostics Centre (CDCthe Climate Diagnostics Centre (CDC--NOAANOAA--CIRES). Ref.: HIPOCAS project.CIRES). Ref.: HIPOCAS project.

Numerical model*                     Observations EOF prediction



Correction of a ref. jump ofCorrection of a ref. jump of
4 cm in the 4 cm in the CoruCoruññaa recordrecord



1943  1943  -- 20012001 1993  1993  -- 20012001

RelativeRelative
trend  trend  

(mm/year)(mm/year)

AbsoluteAbsolute
TrendTrend

(mm/year)(mm/year)

PostPost--GlacialGlacial
ReboundRebound
(mm/year)(mm/year)

StationStation
Relative Relative 
TrendTrend

(mm/year)(mm/year)

Absolute Absolute 
TrendTrend

(mm/year)(mm/year)

1.85 1.85 ±± 0.090.09 2.122.12 0.270.27 IEOIEO--SantanderSantander -- -- -- -- -- --

2.38 2.38 ±± 0.090.09 2.512.51 0.130.13 IEOIEO--CoruCoruññaa 3.78 3.78 ±± 1.401.40 3.913.91
2.69 2.69 ±± 0.090.09 2.912.91 0.220.22 IEOIEO--VigoVigo 3.30 3.30 ±± 1.401.40 3.523.52

0.330.33 PdEPdE--BilbaoBilbao 5.75 5.75 ±± 1.311.31 6.086.08

0.270.27 PdEPdE--SantanderSantander 5.59 5.59 ±± 1.321.32 5.865.86

0.130.13 PdEPdE--CoruCoruññaa 3.94 3.94 ±± 1.381.38 4.074.07

0.220.22 PdEPdE--VigoVigo 2.65 2.65 ±± 1.411.41 2.872.87



ProjectProject:  :  VANIMEDAT (2005VANIMEDAT (2005--08): from the description of the variability to08): from the description of the variability to
the the quantification of the different physical forcingsquantification of the different physical forcings: : thermostericthermosteric
contribution, mass increase, atmospheric mechanicalcontribution, mass increase, atmospheric mechanical forcing and forcing and 
regional circulation changes. regional circulation changes. Reconstruction of spatial fields Reconstruction of spatial fields 
backwards in time.backwards in time.

FundingFunding:  MEC.:  MEC.

MethodsMethods:  :  merging of different data setsmerging of different data sets: tide gauge data, satellite altimetry : tide gauge data, satellite altimetry 
and and model datamodel data

modelsmodels:  :  -- barotropic sea level modelbarotropic sea level model forced by a reanalysis of 44forced by a reanalysis of 44
years of downscaled atmospheric pryears of downscaled atmospheric pressure/wind data essure/wind data 

-- baroclinic ocean circulation modelbaroclinic ocean circulation model forced by the same forced by the same 
reanalysis, but now including heatreanalysis, but now including heat fluxesfluxes

http://www.imedea.uib.es/goifis/OTROS/VANIMEDAT/html/vanimedat.hhttp://www.imedea.uib.es/goifis/OTROS/VANIMEDAT/html/vanimedat.htmtm

Trabajos actuales:  del  Trabajos actuales:  del  ““cuantocuanto”” al al ““ por qupor quéé ””



AltimeterAltimeter TracksTracks in in thethe MediterraneanMediterranean SeaSea

TP  /  JASONERS  /  ENVISAT



Domains of:Domains of:

-- the barotropic model HAMSOM (the seathe barotropic model HAMSOM (the sea--level forecasting operational model of   level forecasting operational model of   
PuertosPuertos del Estadodel Estado))

-- the the downscaled reanalysis of atmospheric fieldsdownscaled reanalysis of atmospheric fields generated by the model REMO generated by the model REMO 
in the framework of the HIPOCAS project. in the framework of the HIPOCAS project. 

-- the the wave model WAMwave model WAM (not used in the framework of VANIMEDAT).(not used in the framework of VANIMEDAT).



HAMSOM outputsHAMSOM outputs only reflect the contribution of direct atmospheric forcing to only reflect the contribution of direct atmospheric forcing to 
total sea level variabilitytotal sea level variability. However, this is by far the dominant contribution to . However, this is by far the dominant contribution to 
sea level variability at sea level variability at scales between 1 day and a few monthsscales between 1 day and a few months..

The skill of the model has been largely validated against tide gThe skill of the model has been largely validated against tide gauge data. auge data. 
CorrelationCorrelation between observed sea level residuals and model outputs is arounbetween observed sea level residuals and model outputs is around d 
0.80.8 or higheror higher, with , with RMS errors of order RMS errors of order 5 cm5 cm.. Removing the steric part from the Removing the steric part from the 
tide gauge signal the agreement would be even better.tide gauge signal the agreement would be even better.

SeaSea--level residuals from the Barcelona tide gauge (41level residuals from the Barcelona tide gauge (41ºº 21' 01'' N, 221' 01'' N, 2ºº 9' 41'' E) and 9' 41'' E) and 
model values at the closest model values at the closest gridpointgridpoint (41(41ºº 20' 00'' N, 220' 00'' N, 2ºº 15' 00'' E) during 1999.15' 00'' E) during 1999.
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AtmosphericAtmospheric pressurepressure//windwind forcingforcing:: firstfirst EOF EOF forfor eacheach seasonseason

WinterWinter (93%)                                            (93%)                                            SpringSpring (91%)(91%)

SummerSummer (83%)                                             (83%)                                             AutumnAutumn (85%)(85%)



A(t) − − − A(t) = a.NAO(t) + b.t + c         r: correlation coeficient

AmplitudeAmplitude ofof thethe firstfirst EOF EOF forfor eacheach seasonseason: : interannualinterannual variabilityvariability

Western Total



Comparison with previous flow estimates inferred from Comparison with previous flow estimates inferred from currentmetercurrentmeter observations.observations.

The model only includes the meteorological forcing.The model only includes the meteorological forcing.
Flow estimates base on some hypothesis such as the interface depFlow estimates base on some hypothesis such as the interface depthth
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Tsimplis and Bryden [23 Jan − 23 Apr 1997]

Correlation between observed and modelled net flow:    Correlation between observed and modelled net flow:    0.810.81
Linear regression Linear regression ((TTobsobs = a= a**TTmodmod + c) + c) coefficient: coefficient: 0.91 0.91 
BBiasias between observed and modelled net flow:between observed and modelled net flow: 0.085 0.085 SvSv



Temporal evolution of the spatial mean of latent and sensible heTemporal evolution of the spatial mean of latent and sensible heat fluxesat fluxes
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+  +  CaracterizaciCaracterizacióón del impacto de distintos escenarios atmosfn del impacto de distintos escenarios atmosfééricos sobre el  ricos sobre el  
ococééanoano, en particular sobre:, en particular sobre:

-- la la evolucievolucióónn del del nivelnivel mediomedio del mar, del mar, cuantificandocuantificando laslas distintasdistintas
contribucionescontribuciones ((termoesttermoestééricarica, , mecmecàànicanica, etc.), etc.)

-- la la evolucievolucióónn de la de la variabilidadvariabilidad ((extremalesextremales, , oleajeoleaje,,……) ) 

-- validacionesvalidaciones a a cortocorto plazoplazo a a partirpartir de de datosdatos in situ y in situ y remotosremotos

MetodologMetodologíía:  a:  -- modelo nummodelo numéérico forzado por rico forzado por downscalingsdownscalings de modelos de modelos 
atmosfatmosfééricos (ocricos (océéano pasivo frente a atmano pasivo frente a atmóósfera)sfera)

-- interpretaciinterpretacióón de resultados (caracterizacin de resultados (caracterizacióón de patronesn de patrones
espaciales, espaciales, ííndices climndices climááticos, etc.) ticos, etc.) 

AplicaciAplicacióón:  n:  -- al periodo 1958al periodo 1958--2001 en el marco de VANIMEDAT, a partir2001 en el marco de VANIMEDAT, a partir
del del downscalingdownscaling de rede re--analisisanalisis; modelo ; modelo barotropobarotropo y y baroclinobaroclino

-- extensiextensióón a periodos futuros si se cuenta con prediccionesn a periodos futuros si se cuenta con predicciones
de modelos para escenarios futurosde modelos para escenarios futuros

QuQuéé podemos aportar podemos aportar 
a la caracterizacia la caracterizacióón de escenarios regionalesn de escenarios regionales



+  +  Feedback oceFeedback oceáánico sobre los escenarios atmosfnico sobre los escenarios atmosfééricosricos, en particular sobre:, en particular sobre:

-- flujosflujos de de calorcalor atmatmóósferasfera--ococééanoano, , frentefrente a la a la opciopcióónn de de calcularcalcular loslos
flujosflujos a a partirpartir de de climatologclimatologííasas marinasmarinas

MetodologMetodologíía:  a:  -- modelo nummodelo numéérico rico baroclinobaroclino para acoplar a modelopara acoplar a modelo
atmosfatmosfééricorico


	Altimeter Tracks in the Mediterranean Sea

