
Analysis of a 44 - Year Hindcast for the Mediterranean Sea : 
Comparison with altimetry and in situ data

ABSTRACT
    

· We use the ORCA025-G70 simulation of the DRAKKAR global OGCM (Barnier et al., 2006) to perform a model as-
sessment in the Mediterranean Sea by using altimetry and in situ data. 

· Comparison of SSH from the model and that from altimetry shows that the interannual variability is well reproduced, as 
well as the annual cycle, which is well correlated, specially at the basin scale. However the model overestimates the ob-
served altimeter trends (possibly due to drift).

· Due to the model’s low resolution it is incapable of correctly reproducing most mesoscale features. This is especially no-
table in the Alboran Sea and Algerian Current where the model is unable to reproduce the gyres and eddies that are 
formed in these regions.

· Comparison of T & S from ORCA and from MEDAR show that the mean surface values and the surface layer (0-150m) 
over the 1962-2001 period are very accurately represented in the model for both the WMED and EMED. This is not so in 
the deeper layers where positive warming trends cause some problems. 

· We have shown good agreement between the 40yr ORCA simulation and observed data (Altimetry and MEDAR).

· ORCA is a very useful tool to study the interannual variability & seasonal cycle at the basin & sub-basin scales.

· However, given the resolution limitations, mesoscale features are not well resolved (as is expected).

· Trends are not accurately resolved possibly due to warming in the deep layers (common to other models). 

Enrique Vidal-Vijande(1,*), A. Pascual(1), D. Gomis(1), B. Barnier(2), M.Rixen(3), J. Tintoré(1)

(1)  IMEDEA (CSIC-UiB), Mallorca, SPAIN  |  (2)  LEGI, Grenoble, FRANCE  |  (3)  NURC, La Spezia, ITALY  |   (*) enrique.vidal@uib.es

DATA
    

· ORCA025-G70 is a ¼º resolution simulation carried out with a global ocean/sea-ice numerical model (NEMO 
code) aiming at the study of the ocean variability under realistic atmospheric conditions (from ECMWF) over the 
last half century (1958-2004). The model simulates the evolution of T, S, velocity, SSH, sea-ice characteristics, and 
oceanic concentrations of CFC11 and 14C (Drakkar group, 2007). The model is eddy permitting but not eddy-
resolving (effects of which are visible in the analysis).

· Altimetry : 13 years (Jan 1993-Dec 2005) gridded Sea Level Anomaly (SLA) fields combining several altimeter mis-
sions (Topex/Poseidon (T/P), Jason-1, ERS1/2, ENVISAT), geophysically corrected (tides, wet and dry troposphere, 
ionosphere) with the atmospheric component (MOG2D) added back to recover total sea level. Data filtered with 
30 day running filter & sub sampled for monthly temporal resolution. These data are delivered by the AVISO web 
server :
http://www.aviso.oceanobs.com

· MEDAR is a database based on the interpolation of quality checked T & S profiles onto 25 standard vertical levels 
and a 0.2ºx0.2º horizontal grid of the Mediterranean. The data used is a 1 year running average. 
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TEMPERATURE

TEMPERATURE & SALINITY - ORCA vs MEDAR 

Western Mediterranean Mean Temp.
ORCA vs MEDAR

Eastern Mediterranean Mean Temp.
ORCA vs MEDAR

Mediterranean Mean Temp.
ORCA vs MEDAR 
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ORCA : Mean Surface Temperature :1962 - 2001

ºC

MEDAR : Mean Surface Temperature :1962 - 2001

ºC

· ORCA model shows marked weakness at reproducing interannual variability in the Mediterra-
nean. 

· Interannual variability is lower in ORCA than in MEDAR (although within small range: ± 0.1 psu)

· Absolute values show small differences between ORCA & MEDAR (typically within ± 0.3 psu)

· WMED low correlation in interannual variability.

· WMED deep layers show a similar positive trend in both the ORCA & MEDAR datasets. 

· ORCA is capable of better resolving the EMED salinity with slightly higher correlations and si-
milar trends to MEDAR. 

· SST maps show good agreement in T distribution 
between ORCA & MEDAR. 

· ORCA shows finer structure detail due to its 
higher resolution. 

· MEDAR shows similar values to the ORCA model 
despite the fact that real data points are in fact very 
sparse, especially in the Eastern Mediterranean. 
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· Surface S shows a similar good agreement bet-
ween the model and MEDAR. 

· S fields in MEDAR appear very smoothed out 
possibly due to the lack of  ‘real’ data. 

· Fresh water inputs from the Nile seen in the 
model along the north of the Egyptian coast are 
not visible in the MEDAR data.

SALINITY Western Mediterranean Mean Temp.
ORCA vs MEDAR

Eastern Mediterranean Mean Temp.
ORCA vs MEDAR

Mediterranean Mean Temp.
ORCA vs MEDAR 
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ORCA : Mean Surface Salinity :1962 - 2001

MEDAR : Mean Surface Salinity :1962 - 2001

· Good T reproduction in upper layers, moderate in intermediate, poor at deep layers with positive trend bias.
· WMED shows better correlation possibly due to the higher number “real” data in the MEDAR database. 
· S is not well reproduced, with very low interannual variability and correlation compared to MEDAR. 
· Signal corresponding to EMT period is well represented in both ORCA and MEDAR across EMED & WMED

FINDINGS

· Signal amplitudes very similar between model & 
altimetry. 

· Slightly weaker and more diffuse in the model SSH 
possibly due to resolution limitations. 

· ORCA is incapable of reproducing the Alboran 
gyres and the structure of the Algerian Current.

· Good comparison of Annual Phase in WMED bet-
ween model SSH & altimetry 

· EMED Altimetry shows interpolation errors bet-
ween weekly & monthly data. Despite the abnorma-
lities, a large part of the area is actually very similar. 

· ORCA SSH trend is overall positive with much 
higher values throughout the entire Mediterranean 
basin caused by a drift in the model. 

· The model SSH has not reproduced the negative 
trend in the Ionian basin.

SEA SURFACE HEIGHT - ORCA vs ALTIMETRY

· Breaking Med. into regions & layers allows better comparison between ORCA & MEDAR.

· WMED surface layer is well reproduced by the model with high correlation.

· EMED is less well correlated however the strong signal (1990-1995) corresponding to the 
EMT period is well reproduced.

· Intermediate layers show positive trend in the model however the variability is well repro-
duced. 

· Deep layers show marked positive trend with very little interannual variability causing low 
or negative correlation with MEDAR. 

· Positive trend is especially steep in the WMED.

· Positive trends in deep layers increase positive trend in the watercolumn-integrated data. 

· Care must be taken when using this data for climatic predictions.

ORCA : SSH : Annual Amplitude : 1993 - 2004

Altimetry : SSH : Annual Amplitude : 1993 - 2004 (montly data)

ANNUAL  AMPLITUDE

ORCA : SSH : Annual Phase: 1993 - 2004

Altimetry : SSH : Annual Phase : 1993 - 2004 (monthly data)

ANNUAL  PHASE

ORCA : SSH : Trend : 1993 - 2004

Altimetry : SSH : Trend : 1993 - 2004

ORCA : SSH : Trend : 1993 - 2004 (adjusted scale)

TREND

· The seasonal cycle is removed to study the 
interannual variability. Correlation decreases 
but is still statistically significant at 99% level.

· Many of the important features of the sig-
nals are similar such as the 1996 event. 

· Model’s signal shows a 4-year variability

· Altimetry shows more intense interannual 
variability. 

· Seasonal cycle phase and amplitude show 
high correlation between the model and alti-
metry SSH with almost identical phase & am-
plitude

· The model’s signal shows a clear positive 
trend from 1993-2004. This is possibly due to 
drift in the model as observed with other pa-
rameters. 

· Large difference between Dynamic Height & Sea Surface Height
· The model correctly reproduces many structures and variability detected by Altimetry 
· Due to resolution limitations, structures appear more diffuse in the model than in Altimetry
· Algerian current and its associated eddy structures, as well as the Alboran Sea gyres not well represented. 
· Model drift caused by warming in deep layers cause positive trend much higher than detected by Altimetry.
· Basin-scale SSH amplitudes & phases show good comparison with Altimetry

FINDINGS

CONCLUSIONS

ORCA ALTIMETRY

TIMESERIES
WMED : SSH & ALTIMETRY MEAN

EMED : SSH & ALTIMETRY MEAN

MED : SSH & ALTIMETRY MEAN

WMED : SSH & ALTIMETRY MEAN (No Seasonal Cycle & Trend)

EMED : SSH & ALTIMETRY MEAN (No Seasonal Cycle & Trend)

MED : SSH & ALTIMETRY MEAN (No Seasonal Cycle & Trend)

· Large difference between computed DH and SSH & 
Altimetry. 

· Strong variance structures not visible in DH maps. 

· Strong structures in Ionian and Levantine basins are 
partially visible in the model, appearing more diffuse 
and of slightly lower intensity.

· Algerian Current not well represented in the model

ORCA : Dinamic Height (500m ref ) : Variance : 1993 - 2004

ORCA : Sea Surface Height : Variance : 1993 - 2004

Altimetry : Sea Level : Variance : 1993 - 2004 (monthly data)

VARIANCE


