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Abstract. Interannual to decadal sea level changes
are investigated in the Iberian Peninsula in the
interval 1993-2001 using satellite altimetry and tide
gauge measurements. Eleven locations, six in the
Mediterranean Sea and five in the Atlantic Ocean, are
selected. Monthly de-seasoned sea level values are
low-pass filtered to focus on signals with periods
longer than one year. The correlation of altimetry and
tide gauge monthly values is higher than 0.7 and
significant at the 95% level at many of the locations,
is regionally dependent and increases when using
low-pass filtered data. The long-term components of
the sea level height differences are mostly smaller
than +/- 3 mm/yr. The sea level is inversely
correlated to the North Atlantic Oscillation climatic
index and the correlation increases at interannual
time scales. A relative maximum in sea level in the
years 1996-1997 coincides with a relative minimum
of the North Atlantic Oscillation index. A maximum
in the same time interval is observed in steric heights
computed from hydrographic databases, that
correspond to the change in sea level due to volume
change. The correlation between steric heights and
tide gauge yearly values in 1993-1998 is regionally
dependent and significant at the 90% level at a few
locations in the Mediterranean Sea. Highest values
are reached with steric and thermo-steric heights of
Medar/Medatlas in Malaga (0.7) and with thermo-
steric heights of World Ocean Atlas 1998 in Ceuta
and Algeciras (0.8).
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1 Introduction

A comparative analysis of sea level data from tide
gauges and the Topex/Poseidon (T/P) altimeter is
part of the European Sea Level Service — Research
Infrastracture Project (ESEAS-RI). Data from more
than 500 tide gauge stations of the PSMSL dataset
(Permanent Service for Mean Sea Level -
http://www.pol.ac.uk/psmsl/) are quality controlled
and analysed (Tsimplis et al. 2004) to provide a basis
for comparing and merging tide gauge data with T/P
data. Analysis of tide gauge data per region is based
on coherent sea level signal analysis (Shaw et al

2004). Spatial and temporal correlation with
altimetry in 1993-2001 is analysed in Kjaer et al.
(2004). The present study concentrates on the Iberian
region with longitude 10°W-3.5°E and latitude 35-
44°N. In addition to the monthly tide gauge records
prepared within the ESEAS-RI project, hourly data
from Spanish tide gauge stations are used to extend
the series over the last decade until end of year 2001
as years 1999-2001 are often missed in the PSMSL
database. Sea level variability at low and medium
frequencies has been investigated in the late 20™
century in this region by using tide gauge data and
T/P satellite altimetry data. A general positive rate of
sea level rise has been observed with a major
increase in the last decade (Cazenave et al. 2001,
Fenoglio-Marc 2001). A variation in the exchange
flow through the strait of Gibraltar in the last decade
was observed (Ross et al. 2000). The sea level in the
North-Atlantic and in the Mediterranean Sea is
strongly influenced by the North Atlantic Oscillation
(NAO) (Woolf et al. 2003), which influences sea
level anomalies in both freshwater flux (evaporation,
precipitation and river runoff) and surface pressure
(Tsimplis and Josey 2001). Changes in sea level
heights arise from mass and volume changes. The
mass change contributes to the gravity field
variability and mainly arises from fresh water flux
and net flow. The steric change corresponds to the
volume change and is the portion of sea level change
due to density variation, which is introduced by
temperature and density variation and dominated by
thermal effect. Its thermo-steric and halo-steric
components are due respectively to changes in
temperature and in salinity. Positive average
expansion rates of 0.8 mm/yr for the 1000-2000 db
layer and of 1.6 mm/yr for the full water column
have been estimated for the interval 1950-1980 from
temperature and density profiles near to the Iberian
Peninsula (Arbic and Owens 2001). The values are
comparable to the average value of 1.8 mm/yr
estimated for the global sea level rise over the last
century using tide gauge data, that include steric and
other contributions (Douglas 2001). Regional
temperature and salinity trends are detected from the
hydrographic databases and from profiles collected in
dedicated campaigns (Bethoux et al. 1998, Painter
and Tsimplis 2003,  Tsimplis and Rixen 2002).
Warming trends in sea temperature have been


http://www.pol.ac.uk/psmsl/

observed in the last century with increase in the last
decade: a warming trend of 0.02 °Cly in the
temperature of the Alboran Sea in 1992-2001 in the
200 m deep layers of the Malaga Bay continental
shelf and positive trends of 0.005 °C/y during the past
century from the Medatlas dataset (Vargas et al.
2002). The Mediterranean Sea and the Atlantic
Ocean present different characteristics of sea level
variability mainly due to ocean tides, ocean
circulation patterns and atmospheric conditions
(Garcia-Lafuente et al. 2004). Studies based on
monthly data (Zerbini et al. 1996, Fenoglio-Marc
2002, Mangiarotti 2003, Fenoglio-Marc 2004) show
an agreement between seasonal and linear-term
components of the sea level variability from tide
gauges and altimetry in the Mediterranean Sea.

Interannual to decadal sea level changes measured
by altimetry and tide gauge data are here investigated
in the Iberian Peninsula in 1993-2001. In Section 2 a
dataset is constructed that contains the hourly data
collected from the local organisations after
inspecting the differences with respect to the monthly
ESEAS-RI dataset. In Section 3 altimetry and tide
gauge sea level heights in 1993-2001 are compared.
In Section 4 the relationship between sea level
change and North Atlantic Oscillation is analysed
using de-seasoned monthly averages and low-pass
filtered data. In Section 5 interannual variability and
steric heights from climatologic datasets and from
hydrografic  profiles are compared in the
Mediterranean Sea.

2 Data preparation

Sea level monthly averages from altimetry and tide
gauges are used. The Topex/Poseidon altimetry data
between January 1993 and December 2001 are
provided by the NASA Pathfinder Project
(http://iliad.gsfc.nasa.gov,  Version 9.2). The
altimeter sea level anomalies are averaged in monthly
grids with spacing in latitude and longitude of 1x1
degrees using a Gaussian weighted average method
with half-weight parameter equal to 1 and search
radius equal to 1.5 degrees (Fenoglio-Marc 2001).
Alternatively time series at data points are treated.

The inverse barometric correction is applied to
neither altimetry nor tide gauge data, the ocean tide
correction given by the GOT002 model is applied
only to the altimetry data before computing the
monthly averages.  This choice is based on
comparisons between altimetry and tide gauge data
(Fenoglio et al. 2004). Computing the monthly
averages of hourly tide gauge data the short-period
(diurnal, semi-diurnal) ocean tides average to zero at
a given location, while the same does not apply for
the ocean tide when the three T/P altimeter values
for each month are averaged, that is why the ocean
tide correction is applied to the altimeter data but not
to the tide gauge data. Ocean tides of lower
frequencies are neglected. The inverse barometer
correction does not average to zero at a given

location over one month using high frequency
observations, that is why the inverted barometer
correction is applied neither to altimeter nor to tide
gauge data. The correlation of altimetry and tide
gauge is higher when the inverse-barometric
correction is not applied to the data as part of the
correlation between the altimetric and tide gauge
time-series is due to the inverse barometer response
of the ocean, correcting the data reduces the
correlation by less than 5% (Fenoglio et al., 2004).
Monthly tide gauge data pre-selected by ESEAS-RI
from the PSMSL (Permanent Service for Mean Sea
Level - http://www.pol.ac.uk/psmsl/) and hourly data
from local organisations are used. The PSMSL
dataset contains 30 stations in the Iberian region in
the last decade: 14 in the Mediterranean Sea and 16
in the Atlantic Ocean, but only 8 of those stations
have complete coverage over 1993-2001, 4 are in the
Mediterranean Sea (Ceuta, Algeciras, Malaga I and
L'Estartit) and 4 in the Atlantic Ocean (Santander, La
Corufia, Vigo, and Cadiz). The longer records at
Cascais (1880-1993) and at Lagos (1900-1990) do
not cover the altimetry period. The longest records
including also the last decade are La Coruiia,
Santander, Vigo and Tarifa (1944-2001), Cadiz and
Malaga (1960-2001). We have constructed an
IBERIAN LOCAL dataset containing tide gauge
hourly data in the interval 1993-2001 provided by
three Spanish organisations: the Instituto Espafiol de
Oceanografia (IEO), Puertos del Estado (PDE) and
the Universitat Politecnica de Catalunya (Table 1).
Figure 1 shows the geographical locations.

Table 1.Stations included in the Iberia_local dataset and
13 stations selected for the analysis in 1993-2001

N Ntg PSMSL Location Source Sea Interval

Code
1 1 200006 Bilbao PDE Atl  1993-2001
2 200011  Santanderl 1IEO Atl  1993-2001
3 2 200013  Santanderll PDE Atl  1993-2001
3 200022  Gijonll PDE Atl  1996-2001
4 200030 LaCorunal IEO Atl  1993-2001
4 3 200031 La Corunall PDE Atl  1993-2001
5 200036 Villagarcia  PDE Atl  1997-2001
6 200041 Vigo 1 IEO Atl  1993-2001
6 4 200042  Vigo Il PDE Atl  1993-2001
7 220005 Huelva PDE Atl  1996-2001
8§ 5 220008 Bonanza PDE Atl  1993-2001
9 6 220003  Cadiz III 1IEO Atl  1993-2001
10 7 340008 Ceuta 1IEO Atl  1993-2001
11 8 220011  Algeciras 1IEO Atl  1993-2001
12 9 220021  Tarifa IEO Atl  1993-2001
13 220031 Malagal 1IEO Atl  1993-2001
13 10 220032 Malagall PDE Med 1993-2001
14 11 220056 Valencia PDE Med 1993-2001
15 225011  Palma de 1IEO Med 1997-2001
Mallorca
16 12 220061 Barcelona PDE Med 1993-2001

17 13 220081 L’Estartit UPC  Med 1993-2001

Stations used in the further analysis are in bold.
Data are available at 21 tide gauge stations
corresponding to 17 locations, as four locations
(Santander, La Corufia, Vigo and Malaga) have two
tide gauge stations of different institutions.
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Fig. 1 T/P ground-tracks and tide gauges with hourly data in 1993-2001: IEO (grey triangles), PDE (grey circles) and UPC

(grey reversed triangle)

The IEO provides 9 stations, 5 in the Atlantic
Ocean (Santander I, Coruia I, Vigo I, Tarifa and
Cadiz) and 4 in the Mediterranean Sea (Ceuta,
Algeciras, Malaga I and Palma de Maiorca), the PDE
provides 11 stations of the REDMAR network, 8 in
the Atlantic Ocean (Bonanza, Huelva, Santander II,
Gijon, Bilbao, La Coruna II, Villagarcia, Vigo II)
and 3 in the Mediterranean Sea (Barcelona, Valencia,
Malaga II), the UPC provides 1 station (L'Estartit).
At 13 locations (17 tide gauge stations) data cover
the complete interval 1993-2001 with short or no
gaps. Monthly means are computed from the hourly
tide gauge data by averaging data over one month
and are in good agreement with the PSMSL monthly
data for all the 17 stations. The monthly averaged
time-series of both altimetry and tide gauge data are
detrended, de-seasoned and low-pass filtered using a
simple 12-month window at 6 month intervals to
focus on interannual signals. For the comparison with
the yearly steric heights of the hydrographic datasets,
yearly values are computed averaging the detrended,
de-seasoned tide gauge and altimetric monthly time-
series of a same year. The World Ocean Atlas 1998
(WOA9S8) contains annual grids of temperature at 14
standard levels in the interval 1945-1998. The
Medar/Medatlas database (Medar 2002) contains
annual grids of temperature and salinity at 46
standard levels in 1950-2002 in the Mediterranean
Sea, grids are available corresponding to one, three
and five year low-pass filtering, the filtering at one
year is used. The spacing of the grids is 1 x 1 degree
in latitude and longitude for WOA98 and 0.2 x 0.2

degree for Medar/Medatlas. Gridded time-series of
the steric sea level anomalies are computed by
evaluating first the density, the specific volume
anomaly and the pressure at each level from
temperature, salinity and depth data and then
vertically integrating the specific volume anomalies
over the water column (Gill 1982). Steric sea level
anomalies are computed from temperature and
salinity profiles collected by IEO four times a year
during 1992-2001 at three stations near Malaga. The
profiles are interpolated to every 5 db and time series
constructed and the steric height time-series is
obtained as an average of the three stations.

3 Sea level change from tide gauge and altimetry

Altimetry and tide gauge data are compared at the
selected thirteen locations with data in the complete
interval 1993-2001. The difference in the results
obtained using gridded time-series or averaging over
the nearest altimeter points is negligible. A set of
parameters are relevant for the comparison between
altimetry and tide gauge data (Fenoglio-Marc 2004).
Table 2 shows the values of those parameters for the
monthly records. Standard deviation and correlation
of the records (3™ and 4™ columns), standard
deviation and linear-term of the differences between
altimetry and tide gauge station records (2" and 7"
columns) are the relevant parameters. The 5™ and 6™
columns give the linear term of the altimetry and tide
gauge station records. The standard deviation of the
difference between the tide gauge and the nearest T/P
point is higher (5-7 cm) for the Atlantic stations than



for the Mediterranean stations (3-5 c¢cm). The linear
trend of sea level in the interval 1993-2001 evaluated
from the tide gauge data along the Iberian coasts is
positive almost everywhere, in agreement with
altimetry (Fenoglio-Marc, 2004), it is significantly
negative only in Cadiz. The correlation of monthly
records is higher than 0.70 for most of the stations
and is significant at the 95% level. Errors and
problems in the tide gauge records are identified
from the values of the relevant parameters. The
linear-term of the monthly differences between
altimetry and tide gauge stations is smaller than 3
mm/yr for most of the stations, but higher in
Santander I, Cadiz, Malaga I, Bonanza while values
in Santander II and Malaga II are low. Errors are
identified in the records of the first three tide gauge
stations, in Bonanza departures from the altimeter are
expected as it is located near to a river estuary.

Table 2. Relevant parameters at 17 tide gauge stations
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Bilb 46 6880 0.82 59+/-25 6.5+/-29 -0.6+/-1.7
Sanl 57 64/88 0.76 5.6 +/-2.5 11.+/-32 -58+/-2.1
Sanll 46  64/82 0.73 5.6 +/-2.4 54+/-3.0 02+/-1.7

LCI 67 69/95 0.70 3.8+/-2.7 24+/-3.6 14+/-26
LClH 61 81/87 0.73 3.0 +/-29 12+/-34 18+/-24
Vigl 63  66/95 0.75 39+/-25 03+4/-3.6 3.6+/-24
Vigll 51  66/90 0.83 3.6+/-25 2.0+/-34 16+/-19
Bona 58  60/77 0.66 3.6+/-22 11.4/-27 -7.7+/-2.1
Cadi 72 64/83 0.55 4.4+4/-25 -6.0+/-3.1 104+/-2.6
Ceut 53  80/56 0.76 2.8+4/3.0 -0.1+/-2.1 29+/-2.0

Alge 60 80/61 0.67 3.0+/-3.0 58+/-22 -2.7+/-22
Tarif 38  48/48 0.74 42+/24 62+/-2.1 -2.0+/-1.7
Mall 56  77/72 0.73 43+/-29 13.+/-23 -94+/-19
Mall 51 77/68 0.77 6.0+/-46 9.8+/-3.7 -3.0+/-3.0
Vale 45 84/90 0.86 4.4+/-32 82+/-33 -3.8+/-1.7
Barc 41 86/3 088 48+/-32 56+/-3.0 -08+/-1.5
L’Est 28 77/8 094 48+4/-28 44+4/-29 04+/-1.0

Comparing results from tide-gauge stations at the
same location (Santander, La Corufia, Malaga, Vigo),
the PDE records agree better with the altimeter data
in terms of correlation and trend of the sea level
height differences (4" and 7" columns in Table 2).

Table 3. Correlations of tide gauge and T/P sea level

rat rat rat
monthly monthly interannual
deseasoned

Bilbao 0.82 0.63 0.88
Santander 11 0.73 0.74 0.87
La Coruifia IT 0.73 0.72 0.63
Vigo 1T 0.83 0.75 0.77
Tarifa 0.74 0.68 0.79
Ceuta 0.76 0.67 0.77
Algeciras 0.67 0.56 0.64
Malaga II 0.77 0.68 0.84
Valencia 0.86 0.67 0.60
Barcelona 0.88 0.80 0.56
L’Estartit 0.94 0.92 0.96

Further only the PDE stations are considered
when both PDE and IEO are available at the same
location, Bonanza and Cadiz are eliminated. Finally
11 stations are retained. Correlations of altimetry and
tide gauge data computed from monthly, monthly de-
seasoned and interannual (low-pass filtered) records
are compared in Table 3. The higher correlation
using interannual records shows that changes at long
time-scales are associated to large spatial scales.

4 Sea level and NAO

In 1993-2001 the correlation between NAO and
the tide gauge records is higher with interannual
fields than with de-seasoned monthly fields. The
correlation is higher if only Winter months are used,
as NAO is mainly effective during Winter (Table 4).
The de-seasoned monthly and interannual altimetry
fields are decomposed in the Iberian region using the
Principal Component Analysis method in dominant
spatial and temporal components. The temporal
patterns and the NAO climatic index are anti-
correlated (Figure 2).

Table 4. Correlation between NAO and tide gauge stations
in 1992-2001

Monthly Interannual Winter-
deseasoned Monthly
deseasoned
Santander II  -0.48 -0.46 -0.56
Coruiia II -0.54 -0.81 -0.60
Vigo -0.57 -0.67 -0.65
Cadiz -0.56 -0.65 -0.68
Algeciras -0.59 -0.70 -0.71
Tarifa -0.59 -0.56 -0.73
Malaga II -0.61 -0.77 -0.73
L’Estartit -0.66 -0.73 -0.72
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Fig. 2 Temporal patterns of first two EOFs of low-pass
filtered sea level altimetry in Iberian region in 1993-2001
(grey circles and triangles) and NAO index (black circle)

The spatial pattern of the first EOF corresponds to
an oscillation in phase in the Mediterranean Sea and
in the Atlantic Ocean, the second EOF to an
oscillation out of phase. The first EOF of the
interannual data explains 51% of the variability of
the field and its temporal pattern has a correlation of
—0.85 with the NAO index. A similar high correlation



is observed between the temporal pattern of the first
EOF of low-pass filtered altimetric sea level data and
the NAO index in the Mediterranean Sea (-0.72) and
in N-E Atlantic region (-0.86), defined as the region
with longitude 24°W-5°E and latitude 25-55°N.

5 Steric heights and sea level change

The sea level change due to thermal expansion is
evaluated in the Mediterranean Sea at the grid-point
nearest to the last six stations of Table 3, located in
the Mediterranean Sea. Deseasoned yearly means
from tide gauges are compared to the steric heights
evaluated from the WOA98 and Medar/Medatlas
hydrographic databases. Table 5 shows the
correlation between tide gauge and thermo-steric and
steric heights at few stations for 1993-1998 and
1993-2001. WOA98 being only available until 1998,
comparisons of results wusing thermo-steric
Medar/Medatlas and WOA98 components are made
in 1993-1998. The correlation is significant at the
80% level at a few locations. Significant values are
obtained with both databases in Malaga and in
Algeciras, where the highest correlations are found
with Medar (0.7) and with WOA98 (0.84)
respectively. In L’Estartit only the Medar database
(0.52) and in Ceuta only the WOA98 (0.89) database
gives high correlations. Values obtained with
Medar/Medatlas over 1993-2001 are similar to the
values obtained from the same dataset over 1993-
1998. In Malaga and Algeciras the correlation with
the steric height decreases due to a strong variation in
the halo-steric component that occurs after 2000.

Table 5. Correlation and p-value in 1993-1998 (above) and
in 1993-2001 (below) with tide gauge sea level

Thermo- Thermo-steric Steric
steric Medar/Medatlas Medar/Medatlas
WOA93
Malaga 1T 0.63 (0.18) 0.70 (0.12) 0.72 (0.12)
0.73 (0.02) 0.41 (0.27)
L’Estartit -0.8 (0.02) 0.52(0.2) 0.46 (0.3)
0.59 (0.09) 0,61 (0.08)
Ceuta 0.89 (0.01) 0.33 (0.5) 0.03 (0.9)
0.51 (0.16) 0.21 (0.6)
Algeciras 0.84 (0.03) 0.61 (0.2) 0.85(0.03)
0.75 (0.02) 0.64 (0.06)

In Malaga local hydrographic measurements are
available from IEO. In 1993-1998 the highest
correlation between the interannual tide gauge and
thermo-steric heights is obtained with
Medar/Medatlas (0.7), significant at the 90% level,
while WOA98 gives a slightly lower correlation
(0.63) (Figure 3). The amplitude of the interannual
sea level signal at the tide gauge is 60 centimetres,
which is comparable to the amplitude of the steric
heights obtained from the Medar/Medatlas. The
maximum is reached in 1996 using Medar/Medatlas
and one year later using WOA9S. Steric heights
including the salinity contribution are computed over

€
E
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a longer interval (1993-2001) from Medar/Medatlas.
The correlation between tide gauge sea level and
thermo-steric component increases, while the
correlation with the steric component decreases due
to a strong salinity contribution after 2000. The
interannual steric heights computed from the local
hydrographic data have smaller amplitude and a
different phase; the maximum occurs in 1998, i.e.
two years later than the maximum obtained using
Medar/Medatlas. Steric heights from Medar/Medatlas
and interannual sea level from tide gauge and
altimetry are compared in Figure 4. Tide gauge and
altimetry data time-series are similar, with a phase
difference of a few months with respect to the
Medar/Medatlas steric heights. The low agreement
between the steric height from hydrographic profiles
off the coast and the observed sea level at the tide
gauge in Malaga is partly due to the low-frequency
(one per season) of the profiling.
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Fig. 3 Steric sea level near Malaga from Medar/Medatlas
(square) and campaign (reversed triangle), thermo-steric
from WOA98 (diamond) and Medar/Medatlas (circle)
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Fig. 4 Steric sea level near Malaga from Medar/Medatlas

(square) and interannual sea level from tide gauge
(reversed triangle) and altimetry (triangle)

The expected annual cycle, i.e. a minimum in
spring and a maximum in autumn, which is found in
the tide gauge and altimetry data, is not present in the
computed steric heights. Altimetry and tide gauge
measurements have seasonal amplitudes of about 10
cm, while the seasonal signal detected in the profiles
is out of phase and has an amplitude of 3 centimetres
only. Currents and river discharges, that affect both
salinity and temperature, and atmospheric forcing
(pressure and associated wind) explain part of the
difference between tide gauge and steric level
computed from hydrographic data. Higher correlation
is expected neglecting the surface layer in the
computation of the steric anomaly, as temperature
and salinity change very quickly in this layer due to
atmospheric changes (pressure and temperature) and
river runoff. Finally atmospheric condition on the
day of sampling and sparse temporal sampling of
hydrographical measurements, compared to the high
frequency of tide gauge might have some influence.



6. Conclusions

The analysis is based on interannual time-series of
sea level variability constructed by low-pass filtering
the de-trended and de-seasonalised altimetric and tide
gauge monthly averages. A good agreement is found
over the last decade analysing four parameters:
correlation and standard deviation of the time-series,
standard deviation and trend of difference of the
time-series. The correlation of altimetry and tide
gauge monthly values is higher than 0.7 at many of
the locations, is regionally dependent and increases
when using low-pass filtered data. Sea level height
differences of tide gauge and altimetry are regionally
dependent too, mainly due to differences in tide and
circulation patterns at the altimetry and tide gauge
locations as well as due to wind and bathymetry
effects. The long-term components of the sea level
height differences are mostly smaller than +/- 3
mm/yr. In the Mediterranean Sea the correlations are
generally higher, standard deviation and linear-term
of the differences are smaller than along the Atlantic
coasts. Using carefully checked tide gauge stations,
the agreement between altimetry and tide gauge data
is higher compared to the PSMSL dataset. Care in the
station selection as well as updates of the PSMSL
dataset and correction of IEO data is needed. The
correlation between the NAO climatic index and the
sea level height is negative and higher than 0.65 at
most of the stations at interannual time-scales, the
correlation is higher when only the Winter months
are used. A relative maximum of the sea level
variability in 1996-1997 coincides with a minimum
in the NAO index. The identified coherent regional
signals characterise regionally the interannual
variability. The correlation between the thermo-steric
heights computed in the Mediterranean Sea from the
two databases Medar/Medatlas and WOA98 and the
interannual sea level from tide gauge and altimetry in
1993-1998 show a regional dependence. In Malaga
the correlation is significant for both datasets and
higher with Medar/Medatlas (0.7). The opposite
occurs in Algeciras. In a few locations only one
dataset gives a significant correlations, while in
others the correlation is low with both datasets. Steric
heights including also the salinity contribution and
computed over longer intervals (1993-2001) from
Medar/Medatlas are in agreement with results using
thermo-steric heights over the shorter period except
in Malaga where the salinity contribution has to be
further investigated after year 2000. The steric
heights in Malaga computed by dedicated
hydrographic campains have a lower agreement with
the interannual sea level due to the low sampling of
the hydrographic data. The maximum observed in
1996 by altimetry occurs a few months before in the
steric heights evaluated from Medar/Medatlas in
Malaga. The filtering used and the sampling are
partly responsible for the different times at which the
maximum occurs. Further data and analysis are
needed to assess the percentage of variability due to

mass and volume change both at seasonal and
interannual time scales.
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