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“Because of geostrophy, the sea-level on
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on the north side.” (Ross et al., 2000)
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ESA Envisat RA-2 (SGDR: Phase E2) descending track 

#0360: May 2002 (cycle 6) to September 2010 (cycle 93)

Global Tidal Model DTU10

Local Tidal Model UCA2.5D

Global Mean Sea Surface DTU15MSS

Pta. Carnero

International Review Workshop on Satellite Altimetry CAL/VAL Activities and Applications (Chania – Crete – Greece, 23-26 April 2018)

Along-track Local Mean Sea Surface AT_Local_MSS

Pta. Cires
Global MDT DTU15MDT

Local MDT UCA2.5D

Tide gauge and bottom pressure data

Bathymetry and Wind velocity
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ESA Envisat RA-2 descending track #0360 (SGDR 18 Hz along-track data)

AT_SLA = Orbit – Range – Range Corrections – Geophysical Corrections – MSS

Sensor Geophysical Data Records (SGDR) official product: waveforms, orbit, ionospheric,

dry / wet tropospheric, solid earth tide and pole tide corrections (ESA, 2007).

Adaptive Leading Edge Subwaveform (ALES) retracker: Range, Sigma0 and Significant Wave

Height (SWH ) (Passaro et al., 2014) => recomputed SSB correction (Gómez-Enri et al., 2016)
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Height (SWH ) (Passaro et al., 2014) => recomputed SSB correction (Gómez-Enri et al., 2016)

Danmarks Tekniske Universitet (DTU): mean sea surface (DTU15MSS, Andersen et al., 2016) 

and tidal model (DTU10, Cheng and Andersen, 2011).

Local Tidal model (UCA2.5D) (Izquierdo et al., 2001).

Along track local mean sea surface.

Objective

Results

Conclusions

Data sets and 
Methods

Study Area

Acknowledgments



Sea level variability in the Strait of Gibraltar from 
along-track high spatial resolution altimeter products

ESA Envisat RA-2 descending track #0360 (SGDR 18 Hz along-track data)

AT_ADT = AT_SLA + AT_MDT

Danmarks Tekniske Universitet (DTU): mean dynamic topography (DTU15MDT, Knudsen et 

al., 2016).

International Review Workshop on Satellite Altimetry CAL/VAL Activities and Applications (Chania – Crete – Greece, 23-26 April 2018)

Objective

Results

Conclusions

Data sets and 
Methods

Study Area

al., 2016).

Local mean dynamic topography (UCA2.5D) (Izquierdo et al., 2001).
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Assessment of models used for corrections

DTU10 vs. UCA2.5D tidal models

RMS of the differences and the

RSS of the main constituents:

M2 and S2 (semidiurnals), K1
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M2 and S2 (semidiurnals), K1

and O1 (diurnals) using

information from a few tide

gauges and bottom pressure

instruments located within the

Strait of Gibraltar
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Assessment of models used for corrections
RMS differences (cm) RSS (cm)

M2 S2 K1 O1

DTU10 / UCA2.5D DTU10 / UCA2.5D

Tarifa
4.9 / 5.6 1.9 / 2.0 0.6 / 1.2 1.3 / 1.7 5.5 / 6.3

SN
4.9 / 5.6 2.1 / 1.9 0.4 / 1.0 0.6 / 1.1 5.4 / 6.1

DN
0.8 / 4.8 1.0 / 2.4 0.3 / 0.9 1.0 / 0.7 1.7 / 5.5

DS
4.0 / 2.4 0.2 / 0.9 0.9 / 1.0 0.9 / 1.2 4.2 / 3.0

SS
5.5 / 1.3 2.0 / 0.3 1.7 / 1.0 1.6 / 0.8 6.3 / 1.9
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5.5 / 1.3 2.0 / 0.3 1.7 / 1.0 1.6 / 0.8 6.3 / 1.9

Pta. Gracia
3.6 / 6.3 2.2 / 2.2 1.1 / 1.5 0.7 / 1.5 4.4 / 7.0

Pta. 

Kankoush
7.0 / 3.4 1.5 / 1.3 0.8 / 1.7 1.2 / 1.8 7.3 / 4.5

Pta. 

Carnero
1.0 / 2.4 0.9 / 0.03 0.5 / 0.5 1.3 / 0.7 2.0 / 2.6

Pta. 

Cires
4.6 / 4.6 1.2 / 1.3 0.5 / 0.8 1.1 / 0.6 4.9 / 4.9

Algeciras
0.6 / 2.8 0.4 / 0.2 0.7 / 0.3 0.6 / 0.7 1.2 / 2.9

Ceuta
3.6 / 0.8 1.8 / 0.4 0.1 / 0.4 0.2 / 0.3 4.0 / 1.0

Total_RSS

4.3 / 4.2
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Spatial variability of AT_SLA
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Initial number of cycles: 78 (it should be 88!)

‘Rejected’ cycles: 48 (mainly due to ‘non- stable’ leading edge)

Final number of ‘valid’ cycles: 30 (‘stable’ leading edge)
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AT_SLA = Orbit – Range – Range Corrections – Geophysical Corrections –DTU15MSS
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Spatial variability of AT_SLA

AT_SLA = Orbit – Range – Range Corrections – Geophysical Corrections –DTU15MSS

But, Houston we have a problem…

Bormans and Garret (1989), Ross et al. 
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Bormans and Garret (1989), Ross et al. 

(2000) and Stanichny et al. (2005) 

reported that in normal conditions 

there is a higher / lower sea level on 

the southern / northern side of the 

Strait, respectively.
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Spatial variability of AT_SLA

AT_SLA (DTU15MSS)
(cycle 14)

AT_SLA (Local_MSS)
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Local_MSS: ERS2 / Envisat derived

mean sea surface based on ALES data.
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Cross-strait variability
(along-track ADT)

AT_ADT = AT_SLA + AT_MDT
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Cross-strait variability
(inversion of the cross-strait sea level drop due to wind regime)

Variability of the cross-strait sea level in the Strait of Gibraltar (eastern side) and its dependence with the wind regime.

Wind information: hourly mean zonal component (û) from a station located in Tarifa.

Comparison made with the sea level difference obtained from two tide gauges located in Ceuta (southern coast of the

Strait) and Tarifa (northern coast).
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Strait of Gibraltar

South

North‘Poniente’ wind 

(West)

Strait of Gibraltar

North

South ‘Levante’ wind 

(East)

Positive û Negative û
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Cross-strait variability
(inversion of the cross-strait sea level drop due to wind regime)

Altimetry observations In-situ observations
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The use of a global MSS in the Strait of Gibraltar to obtain the 

anomalies might hide some of the sea level variability, and hence 

complicate their oceanographic interpretation.

The global tidal model DTU10 shows a good performance in the Strait 

of Gibraltar to de-tide altimetric records.
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An ad-hoc local along-track MSS (based on ERS2/Envisat) gives a more 

realistic cross-strait variability in the Strait. This improves the analysis 

of the oceanographic processes in the area.

The analysis of the along-track ADT showed a positive correlation with 

the zonal component of the wind.
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