
Data used and corrections
Theraw data usedare SLAvaluesfrom Jason-1 and Jason-2 (Fig. 1). satellites for a period of elevenyears
(2003-2013) within the entire MediterraneanBasin(30ÁҖ˒ Җ50Áand-10ÁҖ˂ Җ40Á).
The data have been downloaded from RADSserver (DEOSRadarAltimetry Data System)in the form of
SLAsrelative to EGM2008, after applyingall the necessarygeophysicaland instrumental corrections.

Each Jason-1 and Jason-2 cycle consists of 254 passeswith almost 15% of those having available
observationsin the MediterraneanSeawithin the satellite'speriod of 10days. Foreachyear36cyclesand
~92000observationsare available with a crosstrack spacingof 300km at the equator. For the present
study, NAO,SOIand MOI data have been acquired from the ClimateResearchUnit of the University of
EastAnglia(http://www .cru.uea.ac.uk/ )

Introduction & Objectives
Fluctuationsin the level of the seaposean issueof emergingimportance,sincelatest scientific research
showsa clear trend in the rise of the sea level. A crucial point to studying the variations of the sea
surfaceis the correlationsof SeaLevelAnomaly(SLA)with globaland regionalclimatic phenomenathat
influencethe oceanstate aswell.

This work presents correlations of the Sea Level Anomaly (SLA)with global and regional climatic
phenomenathat influencethe oceanstate aswell. Thedevelopedcovariancefunctionsare usedin order
to investigateanypossiblecorrelationswith climatechangeindicesover the MediterraneanSea.

Threesuchindexeshave been investigated. The first one is the well-known SouthernOscillationIndex
(SOI)correspondingto the oceanresponseto ElbƛƷƻκ[ŀbƛƷŀ-SouthernOscillation(ENSO)events(Fig.2
top). Thenext index investigatedis the North Atlantic Oscillation(NAO)index, which correspondsto the
fluctuations in the difference of atmosphericpressureat sea level between the Icelandiclow and the
Azoreshigh (Fig.2 middle). The last index investigated is the Mediterranean Oscillation Index (MOI)
which refers to the fluctuations in the difference of atmosphericpressureat sealevel between Algiers
andCairo(Fig.2 bottom).

The goal is to come to some conclusionson the SLAcorrelation with global and regional climatic
phenomena. A regional multiple regressionanalysisand a principal component analysisbetween sea
level anomalies and these indexes is carried out to model any possible correlation between the
Mediterraneansealevel andtheseglobalandregionalclimaticphenomena.

Modeling the response of the Mediterranean sea level to global and regional climatic 

phenomena
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Thecorrelation between SLAand the indexesdepicted in Fig. 2 is similar to the valuesof the regressioncoefficients. Duringall
years,the coefficient of MOI takes the biggestvalues,resulting in good correlation with the SLA. TheSOIcoefficient valuesare
smaller,while during the yearsthat the ENSOeventsare strong(2011, 2013) b2 is biggerthan b1. Finally,NAOcoefficientb3 takes
absolutevaluescloseto 1 signalingthat atmosphericconditions in the North Atlantic are not the dominant contributing factor
for the MediterraneanSeawhile the big valueof 2010canbe attributed to the smallvalueof SOI.

.

Figure1: Jason-1 andJason-2 data distribution.
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Figure 2: Jason-1 and Jason-2 SLA variances (from the monthly empirical covariance functions)
fluctuations from 2003to 2013andcorrelationwith SOI(top) andNAO(middle)andMOI (bottom).

From Fig. 2 it can be concludedthat some correlation between ENSOevents and SLAvariations in the Mediterranean can be
seen,eventhough with a phaseoffset of 3-6 months. Thelargenegativevaluesat the beginningof 2004 and2005are related to
the highsin MediterraneanSLAswhich appearin Spring of 2004and in Summerof 2005. TheElbƛƷƻappearancein March 2006
hasa more rapid signaturein the MediterraneanSLAdata, sinceit resultsin significantincreasein the SLAin June-July2006, i.e.,
a time period of 5 months. The samebehavior is evidencedfor the LabƛƷŀevents too, as it can be seen for the moderate
occurrencesin late 2007-early 2008and for the strong event of late 2010and early 2011. Theseresult in significantdepressions
in the SLAvariances,which reachtheir smallestvaluesin Summer2008and in Spring2011, i.e., with a time lagof ~3-5 months.
Given that El bƛƷƻand La bƛƷŀmay not be representative for the Mediterranean Sea, due to their distance and the
characteristicsof the latter asa closedseaarea,the NAOindex shouldbe more appropriate to indicateany correlation between
atmosphericforcing and SLAvariations. It is now evident that a strongercorrelation canbe seen,sincethe positive NAOvalues
are related to more immediatedepressionsin the Mediterraneansealevel, while negativeonesto increasedsealevels. Noticing
are the large positive NAO values at the beginning of 2002, 2007, 2008, 2011 2012 which are immediately depicted as
depressionsin the Mediterranean SLAwith a time lag of lessone-two months. The samebehavior is found for most winter
months, i.e., a good correlation, while for summermonths the responseof the Mediterraneansealevel to variations in NAOis
not sowell depicted(2002, 2004, 2006-2010and2012).
MOI shouldbe the most proper measureof atmosphericforcingcontribution to sealevel variations in the Mediterranean. From
Fig.2 it becomesclearthat positivephasesin MOI are related to depressionsin the SLAdue to dryer conditions,ascanbe seenin
Summer 2002-2004, 2006-2008, 2009-2013. The same behavior can be seen for the negative MOI values, which result in
increasedsealevelsas for examplein early 2002, 2004-2007, 2010-2011and 2013. In most casestrends in the SLAare directly
correlated with MOI while NAO and MOI are also well correlated and follow each other, especiallyfor the winter months.
However, for few months (during Spring and Summer 2007) the NAO index presents a large negative value, signaling the
interrelation of the Atlantic circulationand the variability in the Mediterranean. Thisanti-correlationbetweenNAOandMOI and
their disagreementin Spring and Summer signalsthat atmospheric conditions in the North Atlantic are not the dominant
contributing factor for the MediterraneanSea.

A regional multiple regression analysis between SLA Co values of JASON1 and JASON2 and SOI, MOI and NAO indexes is carried 
out to model the response of the Mediterranean to these global and regional climatic phenomena. 

Regional multiple regression analysis

3 regression coefficients

A linear regression with  three regression coefficients between the Co values and tree indexes has been used. The values of the 
indexes have been normalized, using the minmaxvalues of NAO,in order to take values to be coherent to each other.

Year b1 b2 b3

2002 6.198 -3.055 1.128
2003 6.839 0.365 0.285
2004 8.564 1.182 1.586
2005 11.102 -1.335 -1.708
2006 9.144 2.031 0.298
2007 5.808 1.844 0.952

A correlation analysisis also carried out to model any seasonalcorrelation between SLAand these indexes. Fourperiodsof 3
years (2002-2004, 2005-2007, 2008-2010, 2011-2013) have been checkedwhile a monthly correlation for these periods was
derivedaswell.

Figure 3: Correlation between
Seasons and MOI(top),
SOI(middle)and NAO(bottom)
for years (2002-2004, 2005-
2007, 2011-2013) .

In Fig.3 correlation between
seasons and indexes for a
period of three years is
depicted. Although a
seasonal effect is not
obvious, due to the fact that
periods of three years are
tested, it can be noticed that
MOI and NAO are stronger
correlated with SLA during
the early months of each
year. This is in line with the
fact that NAO and MOI are
well correlated and follow
each other, especiallyduring
winter. On the other hand,
the seasonal correlation
between SOI and SLA
depends on the strength of
ENSO events and it is
presented with a lag of 4-8
months.

Conclusions
A regional multiple regressionand a principal component analysisbetween sea level anomaliesand the SOI,MOI and NAO
indexeswas carried out to model any possiblecorrelation between the Mediterranean sealevel and these global and regional
climatic phenomena. It is obviousthat the responseof the MediterraneanSeato atmosphericforcing within its vicinity is more
predominant with MOI. Somecorrelation between ENSOeventsand SLAvariationsin the Mediterraneancanbe seenwhile NAO
is well correlatedwith MOI and SLAfor winter months. Thesmall responseof SLAin the Mediterraneansealevel during Summer
signalsthat atmosphericforcing is not the contributing factor to the steric sealevel variations in the Mediterraneanduring the
summer period. Thesefacts are depicted in the values of the regressioncoefficients as well, where the MOI coefficient is
dominant. Finally, from the analysisof the empirical covariancefunctions SLA,it is noticed that there is a significant annual

variation which is evident for the entire period under study.
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Year b1 b2 b3

2008 2.882 2.508 -1.371
2009 5.234 3.032 0.209
2010 6.143 0.666 3.407
2011 2.464 3.362 -0.692
2012 5.436 2.224 -0.958
2013 5.598 7.767 2.347

Finallya principal componentanalysisis carriedout, employingall twelve yearsof JASON1/ 2 data and the SOI,NAOand MOI
indexes

PC1 PC1-PC2 PC1-PC2 PC1-PC4

MOI 0.414 0.612 0.740 0.835

SOI 0.447 0.710 0.806 0.869

NAO 0.316 0.505 0.655 0.758

Co 0.642 0.794 0.888 0.931

Percentageof the total variancein eachPC

Figure4: PCs loads for PC1 for MOI (left top), SOI
(right top), NAO(left bottom) Co(right bottom),.
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