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Time-series o f oceanographic and meteorological data collected off the Basque 
coast, SE Bay o f Biscay, show tendencies concurring with the anomaly patterns 
described for the NE Atlantic area as a whole during the late 1980s and 1990s. Tem
perature and salinity maxima were reached in the early 1990s after a period o f dry and 
relatively warm winters related to the dominance of south and westerly winds. In the 
SE corner o f the Bay of Biscay, this atmospheric regime increases the occurrence of 
Eastern North Atlantic Central Water (ENACW) over the continental shelf. Other 
maxima were recorded during the second half of the 1990s, but the correspondence 
between the increase of temperature and salinity and the occurrence of ENACW type 
waters is lower than in the previous period of observation. It would appear that the 
same climatic regime that favours the intrusion of the ENACW into the SE Bay of 
Biscay is also associated with warm and dry weather conditions that maintain the 
temperature-salinity characteristics o f the Atlantic Central Waters in this area.
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Introduction

Oceanographic data collected at 43°30'N 2°W 
over the continental shelf of the SE Bay of Biscay 
(Figure 1) show a significant coupling with the mete
orological data collected in the same region of the 
NE Atlantic Ocean (Valencia, 1993; Valencia et al., 
1996). The monthly time-series of temperature and 
salinity (from surface to 100 m water depth) for the 
shelf waters of the Basque coast from 1986 to 2000 
show tendencies that concur with the general ano
maly patterns described for the NE Atlantic Ocean 
during the late 1980s and 1990s. The simultaneous 
increase in temperature and salinity of the surface 
waters from the mid-1980s until 1992 has been 
reported by several authors, both from coastal moni
toring and from oceanic cruises, all around the 
intergyre zone of the N E Atlantic (e.g. Dauvin et a i,

1991; Ellett and Turrell, 1992; Valencia, 1993, Pin- 
gree, 1994). This anomaly pattern has been related to 
local climatic variables (air temperature, precipita
tion minus evaporation balance, river run-off), as 
well as to external driving factors such as the atmo
spheric circulation represented by the North Atlantic 
Oscillation index (Pérez et al., 1995; Valencia et al., 
1996; Pérez et al., 2000). For other periods, dissimilar 
tendencies have also been reported, e.g. Lavin et al. 
(1998) describe the increase in temperature and the 
strong decrease of salinity during the period 1991— 
1995.

Results and discussion

The Basque coast has some distinctive climatic, 
geographic, and morphodynamic characteristics and
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Figure 1. Study area. The southeastern Bay of Biscay and the 
Basque coast. Meteorological data and SST daily data are 
from INM  and from the Aquarium of San Sebastian. Gironde 
river flow data are from Bordeaux. The vectorial wind data 
are from NOAA (45°N 2°W). In situ hydrographic data are 
from D transect of AZTI starting from San Sebastian.

is a convergence area. Calculations of the Ekman 
transport along the Spanish (east to west) and 
French (north to south) coasts indicate the domi
nance of onshore transport. Results based on vecto
rial wind data obtained from NOAA for 45°N 2°W 
give an average yearly value of 125 m3s_1 km-1 for 
the total Ekman down welling in the area (Valencia 
et al., 1996). The concavity of the SE corner of the 
Bay of Biscay produces a continental influence in 
this region and hence the shelf waters of this area 
are colder in winter and warmer and less saline in 
summer than the waters of the areas located west
ward at equivalent latitudes. Hence, Eastern North 
Atlantic Central Water (ENACW) entering the SE 
Bay of Biscay is modified and frequently loses its 
characteristic T-S relationships, not only in the 
layer above the seasonal thermocline but also in the 
whole water column over the continental shelf out 
to the 120-m isobath (Valencia, 1993).

Nevertheless, against a background of variability 
within the coastal waters, data series of temperature 
and salinity for the coastal area and the adjacent 
continental shelf reflect the general tendencies 
described for the N E Atlantic. Changes in trends of 
temperature, salinity, residence time, and the pro
portion of the water column occupied by ENACW- 
type waters have been observed throughout the 
1986-2000 period.

The observed changes may have been the result of 
a change in the magnitude of inflow of ENACW to 
the SE Bay of Biscay, or a change in the characteris
tics of that water mass (e.g. Pollard and Pu, 1985; 
Dickson et al., 1988). A combination of climatic 
parameters affecting the T-S signature of the water

masses (the in situ modification hypothesis) and 
those determining the circulation of the water 
masses (the advective hypothesis) may be considered 
for the assessment of the cause and effect of the 
observed anomaly patterns.

As a first approximation, the air temperature may 
be considered representative of the main thermal 
atmosphere-ocean interchanges. The precipitation 
minus evaporation balance and the river run-off 
may be considered as the main variables related 
to changes observed in salinity. The eastward and 
northward transport of water can be related to 
upwelling and downwelling, respectively, along the 
Basque and French coasts.

Monthly averages of the atmospheric temperature 
at San Sebastiån correlate significantly with the 
monthly average sea surface temperature (r2=0.90; 
a  < 0.0001 ; d.f. = 178). Even if the autocorrelation 
between data sets of time-series is taken into 
account (lag 1 residual autocorrelation = 0.30) the 
relationship between air temperature and SST 
remains statistically significant (a <0.01).

Figure 2 shows the accumulated anomalies of 
quarterly average flow of the Gironde River, the 
precipitation in San Sebastiån, and the average 
salinity (100 m water depth) of the shelf waters along 
the Basque coast. The form of the curve of the accu
mulated river flow anomalies is similar to other 
variables related to the thermal and saline balance 
within the shelf waters (e.g. hours of sunshine, rela
tive humidity, evaporation, precipitation minus eva
poration balance), especially in the timing of extreme 
values.

On the other hand, almost all the points within the 
hydrographic series associated with changes in the 
tendency of the T-S characteristics of the waters in 
the SE Bay of Biscay, and the occurrence of ENACW
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Figure 2. Accumulated anomalies (quarterly) o f the Gironde 
River flow (solid dots), precipitation in San Sebastian (dots) 
and salinity in 100 m water column off the Basque coast 
(triangles).
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in the area, are related to events of intensification or 
moderation of the eastward and poleward transports. 
The intensification of these transports is related to 
the dominance of southerly and westerly winds that 
provide simultaneously warm and dry weather in the 
area.

It would appear that the same climatic regime 
favouring the intrusion of ENACW into the SE Bay 
of Biscay is also associated with the warm and dry 
conditions that maintain the T-S characteristics 
of the Atlantic Central Waters in this area. The 
anomaly patterns and the relationships between the 
variables considered show similar tendencies to 
those observed in other areas of the intergyre zone 
of the NE Atlantic (Pérez et al., 2000). Hence, the 
series of climatic and hydrographic data for the 
Basque coast reflect the general tendencies described 
for the NE Atlantic as a teleconnected response 
related to general indices of environmental forcing 
such as the NAO.
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