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The Origin and Characteristics of the Algerian Current

ROBERT A. ARNONE, DENIS A. WIESENBURG,' AND KIM D. SAUNDERS

Ocean Science Directorate, Naval Oceanographic and Atmospheric Research Laboratory. Stennis Space Center, Mississippi

Satellite and ship data collected between May I-and 22, 1986, show that the Algerian Current
originates in the Almeria-Oran Front and remains within 30 km of the Algerian coast for over 300 km,
between Oran and Algiers. The differences between the water masses of the current and the resident
regional waters are clearly observed in the chlorophyll concentrations and optical characteristics, thus
permitting the resulting patterns to be used as tracers of the circulation. During this field period, the
Algerian Current begins as an extension of the Almeria-Oran Front, which is found at the western
periphery of the Eastern Alboran Gyre. This major oceanographic'salinity front (AS > I/km) delineates
the boundary of the Algerian Current, which has average surface velocities of 40 cm/s and maximum
speeds reaching 80 cm/s. The current, which has a volume transport between 0.4 and 0.5 Sv. is
confined to the upper 150 m and is in geostrophic balance. A sequence of coastal zone color scanner
(CZCS) and advanced very high resolution radiometer (AVHRR) satellite imagery showing the rapidly
evolving surface circulation features is augmented with in situ ship data of current and water mass
characteristics. Rapid undulations and frontal movements of the current were observed during the
study period; however, the flow remained unbroken between I' and 3°E. Current instability increased
eastward as 'he undulations were sharper and the current appeared to depart from the coast near
Algiers. A

INTRODUCTION between Almeria and Oran, named the Almeria-Oran Front
Satellite imagery of the western Mediterranean Sea col- [Wiesenburg and Arnone, 1986; Tintore et al., 19881, sepa-

lected over the last decade indicates a much more complex rates MAW from the denser, more saline surface waters (S >
surface circulation than suggested by Ow'hinnikov [1966. 37.6 psu) of the interior Western Mediterranean Basin. In the
Arnone and La Violette [1986] and Millot [1985, 1987a] vicinity of Oran, the current splits into a westerly compo-
observed that the surface circulation in the western Medi- nent, which completes the gyre, and into an easterly com-
terranean is composed of an interconnecting series of anti- ponent, which forms a strong easterly current along the
cyclonic gyres that propagate eastward along the northern Algerian coast (Algerian Current).
coast of Africa. The Atlantic Water (AW) entering the The eastward flowing Algerian Current boundary appears
Alboran Sea forms two anticyclonic gyres: the Western and in the imagery as a continuous undulating ocean feature lying
Eastern Alboran Gyres (Figure 1) [Lanoix, 1982; Parrilla et within 30 km of the Algerian coast. At approximately 3E,
a!.. 1986; Wiesenburg and Arnone, 1986; Tintore et al., offshore of Algiers, the regular undulations transition to
1988]. As the AW moves eastward, it mixes with the deeper irregular anticyclonic eddics. Farther east, the Algerian
Levantine Intermediate Water (LIW), forming Modified Current is not clearly defined as a continuous flow, but
Atlantic Water (MAW), which typically has salinities of 36.5 rather as a series of eddies that detach from the African coast

and temperatures of 16'C during March [La Violette, 1986]. and migrate several hundred kilometers offshore into the
The temporally changing size and shape of the Western center of the western Mediterranean [Perkins and Pistek,
Alboran Gyre can occupy the entire western Alboran Basin this issue; Millot, 1987a, b]. These eddies increase in diam-
of 200 km across to less than one-half that size [Lanoix, eter as they propagate eastward, evolving from diameters of
1982; Arnone and Oriol, 1986; Perkins and Pistek, this issue; approximately 30 km to 100 km [e.g., Millot, 1985; Arnone

Heburn and La Violette, 1987; Perkins et al., 1990]. In the and La Violette, 1986]. Satellite imagery also indicates that
area of Cape Tres Forcas the second anticyclonic Eastern cold, chlorophyll-rich waters characteristic of upwelling
Alboran Gyre is formed (Figure 1). Little has been reported regions are present in this current/eddy system [Arnone and
about this second gyre. Previous results of Lanoix [1982 La Violette, 1986].
howed the absence of this gyre and that the flow was In this paper we examine the Algerian Current from its

continuous along the southern region between Cap Tres beginning as an extension of the Almeria-Oran Front to its
Forcas and Oran. However, repeated observations of satel- conclusion in unstable eddy shedding near Algiers. Our
lite imagery show that the Eastern Alboran Gyre "typically" objective is to characterize the temporal and spatial struc-
extends across the entire basin (250 km in diameter). Time- ture of the Algerian current and the mechanisms that control
sequential thermal infrared (IR) satellite imagery for October it by integrating ship measurements with concurrent satellite
1982 and May 1986 used in the present study indicates imagery. We will show that the distribution of bio-optical
rotational speeds of approximately 40 cm/s. properties found on the surface layers is closely coupled to

The boundary of the Eastern Alboran Gyre that extends the physical processes related to the current and may be
used as tracers of the circulation.

'Now at Department of Oceanography, Texas A&M University,
College Station. CRUISE OPERATION AND DATA ANALYSES

This paper is not subject to U S. copyright. Published in 1990 by Shipboard Data Collection
the American Geophysical Union. An oceanographic cruise was conducted aboard the USNS

ti ,u,,mcr 89JC03260. Lynch from May I to 21, 1986. to investigate the Almeria-
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Fig. 1. (Top) Schematic diagram of the surface flow field in the Alboran Sea and along the coat of Algeria.
(Bottom) NOAA 9 thermal IR image of the western Mediterranean from the Strait of Gibraltar to the Strait of Sicily
collected May 12, 1986. The data are from channel 4 (10.5 pjm); the dark tones are warmer temperatures, and white
tones arc colder temperatures.

Oran Front and associated flo, of the Algerian Current. The each station, and the chlorophyll concentrations were deter-
Almeria-Oran Front was surveyed at both the beginning and mined by the method of Smith el al. [1981].
the end of the field study to observe temporal changes that Surface measurements (upper 2 m) of conductivity, tem-
occurred during the 3-week period. Along the African coast, perature, and light transmission were also made continu-
nine meridional transects at 30-min increments were made ously along several transects using a towed instrument
beginning at V°W and ending at 3°E (Figure 2). Each transect package [Rein et al., 1985; Arnone and Wiesenburg, 19881.
bt ian 25 kll fiua tit. Algi;a,, .uabt & ,unded in the This togcd systcm.includcs Sca Bird, Inc., tempcrature and
regional resident waters located 80 km to the north. conductivity sensors and a SeaTech, Inc., beam transmis-

Vertical profiles of conductivity, temperature, and chloro- someter. The sensor package was towed-at-8 kn (about 4.2
phyll fluorescence were collected at 43 stations (Table I). m/s), and data were collected every 12 s, which equates'to
These measurements were made with a Neil Brown Instru- one measurement every 50 m. The beam transnissometer
ments, Inc., Mark IIIB conductivity-temperature-depth measured the percent light transmission at 670 nm across a
(CTD) unit interfaced to a SeaMarTech model 6000 in situ 25-cm path length.
fluorometer. Although vertical profiles were made to 1000 m, Current velocity measurements were made continuously
only the upper 100 m will-be discussed here, since we arc using an RD Instruments, acoustic Doppler current profiler
concerned with characterizing the regional surface proper- (ADCP). The ADCP recorded 14-min averages of 75 depth
ties. Water samples were obtained at 17 discrete depths at increments from the surface to approximately i50 m. The

BEST
AVAILABLE COF
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Fig. 2. Chart illustrating the station location (numbers in italics) and surface transect legs in the western
Mediterranean. The numbers of the transect legs correspond to the date in May 1986 that the transect was surveyed
(i.e., May 9, 1986, is labeled 9).

system interfaces with ship navigation and computes a and v Complementing AVHRR, ocean color images were col-
components of velocity to a resolution better than 5 cm/s. lected for this experiment during the final weeks of operation
These data were available in near real time to aid in station of the Nimbus 7 coastal zone color scanner (CZCS). (The
selection. CZCS stopped operation June 14, 1986.) Approximately 40

CZCS images were collected from April, May, and June 1986
Satellite Data Processing and processed using the atmospheric correction algorithms

During the field study, NOAA 8 and NOAA 9 advanced by Gordon 119781 and Gordon et al. [1983]. The images were
very high resolution radiometer (AVHRR) IR satellite data processed to represent distributions of phytoplankton pig-
were received at a ground station located at the Naval Ocean ment concentration (chlorophyll a and phaeophytin) [Gor-
Research and Development Activity (NORDA) (now Naval don and Clark, 1980]. The resulting satellite-derived chloro-
Oceanographic and Atmospheric Research Laboratory) in phyll concentration was shown to be very closely correlated
Mississippi. These images were calibrated, enhanced, and with ship measurements [Lohrenz et al., 1988a, b].
transmitted via INMARISAT to the USNS Lynch at sea. Ocean color imagery is responsive to biological processes
The registered IR imagery provided the location of ocean in the surface ocean. The color signature results from the
features to the shipboard scientists in near real time, allow- absorption and scattering of radiation in the first attenuation
ing them to optimally select the ocean sampling strategy. length [Gordon and McCluney, 1975]. For MAW and surface

For the postsurvey analysis of the field data, a total of 40 Mediterranean waters, the depth of one attenuation length is
daily AVHRR images was remapped to a standard Mercator approximately 10 and 20 m, respectively. Thus the resulting
projection with particular concern given to proper registra- water-leaving radiance sensed by CZCS is related to the first
tion. The AVHRR images in this study were taken from 10-20 m of the water column and is not influenced by the
channel 4, since the small temperature gradients in the afternoon solar heating problems of the first centimeters that OT-

Mediterranean are not clearly defined by the multichannel occur in the thermal IR imagery. copy
sea surface temperature (SST) algorithm [La Violette and The ocean color signature represents biological differ- 8 pEcT
Holver [1988]. All thermal imagery has been processed such ences in the upper water column and provides a method of
that warmer waters are dark, and the colder waters are differentiating water masses with differing biohistories. This
white. is advantageous in Mediterranean waters, since the major

TABLE I. Summary of Data Collccted During USNS Lynch Cruise 705-86

Towed
Transit

Date Station* Number Area Covered

May 1-8 2-9 4. 5, 7 Almeria-Oran Front
May 8-9 10-14 8 I*W, section (NIS)
May 10-12 15-19 10 00, section (N/S)
May 12-15 20-26 12 2°E, section (NIS)
May 16-18 27-32 16, 17 30E, section (NIS)
May 18-20 33-38 11, 12, 18 I°E, section (N/S)
May 21 41-43 20 Almeria-Oran Front
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Fig. 3. Vector representation of ADCP data from a depth of 10 m is illustrated for the entire 3-week experiment.
The arrows are averages of data collected every second for 14 rain. The Algerian Current reached speeds of 80 cm/s at
W°E longitude.

changes in the current field are a result of salinity, not heights at the surface were calculated for all 43 stations using
temperature variations. Thus by coupling the bio-optical a 500-m reference depth. The contoured dynamic topogra-
water properties with salinity and velocity measurements, phy (Figure 4) indicates substantial agreement with mea-
we can describe the circulation in this region using ocean sured surface currents. ADCP current measurements pro-
color distribution to complement the more subtle tempera- vide the basis for interpreting satellite imagery. Direct
ture distributions, comparison of Figure 3 with individual satellite images

requires near-synoptic satellite and velocity measurements,

RESULTS AND DATA INTERPRETATrO-4 since frontal features in this region were changing from day
to day. The 3-week composite of the velocity vectors is best

Suiace Currents (Acoustic Doppler) compared with the satellite sequence (Plates I and 2). To

The regional surface circulation for May 1-22 is defined facilitate direct satellite comparison, however, a subset of

with 10-m current vectors (Figure 3) derived from instanta- ADCP vectors have been overlaid on the May It satellite

neous Doppler profiler measirements. These measurements image.

graphically demonstrate the existence of strong southeast-
ward flow along the Almeria-Oran Front (average speeds of Satellite Imagery
40 cm/s and maximum speeds of 60 cm/s). with further
amplification along the Algerian coast (maximum speeds of Several-day sequences of thermal IR and CZCS ocean
80 cm/s). In the vicinity of Oran, a partial separation in the color images are presented in Plates I and 2.
flow is observed with a portion moving westward to com- The thermal character of the Algerian Current, especially
plete the Eastern Alboran Gyre. Most of the flow, however, at the Almeria-Oran Front, changes in the sequence of IR
continues eastward, staying within 30 km of the coast. A images. MAW of the Eastern Alboran Gyre and the Algerian
continuous current front, defining the separation of MAW Current are warmer than the Mediterranean surface waters
and Mediterranean surface water, extends along the Alme- to the northeast in the April 30 and May I images. This
ria-Oran Front and along the African coast for 300 km. temperature distribution begins to change on May 2. By May

For comparison with the ADCP current vectors, dynamic 10 the cooler Mediterranean surface waters have warmed to

z -* ...- 0.31

*-SPAIN-------- -

-0.330 -. 330

- -0327

Fig. 4. Surface dynamic height field calculated from the 43 stations using the 500-rn surface as the reference surface.
These contoured results indicate a geostrophic approximation that closely resembles the ADCP velocity field.
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a temperature similar to that of the Eastern Alboran Gyre SALNITY (ppt)
36.5 370 375 38.0 385

across the Algerian Current are not well defined. , /4,j (a)
The ocean color patterns clearly define the boundaries of ,/

the Algerian Current (Plate 2) and imply flow direction. The 16"
distribution of high pigment concentration areas agrees well 41

with the ADCP current velocity distribution. / ," -
The changes in pigment concentration shown in this

sequence indicate that April 27 and 30 had higher phyto- "
plankton concentrations than the days in May that followed. are at 100 m depth increments
It can be postulated that strong wind events occurring in the ,r cre5sson of stations eastward 4&-43
last days of April (not shown) are responsible for mixing the 12

surface waters. Such mixing entrains nutrients into the
surface waters and results in increased primary production " 4(b)
[Lohrenz et al., 1988a] and elevated levels of chlorophyll as -/' - ,
detected in CZCS imagery. As calm sea conditions devel- t 16 - , i, 4,

oped during the first week in May, the surface water column " , "'

stabilized, and mixing decreased. 36.. " -<' ,

14 " .

Altneria-Oran Fronte
are at 100 m depth increments

Pi.gressn tati nsSo utard 33 34, 36 38
Some characteristics of the Almeria-Oran Front are best 12

observed in thermal and ocean color satellite imagery se- -8 's
quences. Sequences of these images show rapid local varia-,(C)
tions and evolution of anticyclonic eddies, which suggest
flow instabilities at the frontal boundary. The near- 16 - 2 - 31,
symmetrical 72-km-diameter anticyclonic eddy seen in early , . ,
May is defined in the imagery by cooler, chlorophyll-rich 2& -
water encircling a warmer MAW core. By May 10 the eddy / "
boundary is advected into the main core of the Algerian 14
Current, and a perturbation of the frontal boundary is m

a areal10md ice ntobserved downstream in the image. The position of the /Prgression of staons norttnard 29 0, 28 31
Almeria-Oran Front, as defined by both ocean color and a.2 /. , .. .I r ... . .

temperature, progresses eastward (25 km) in early May, and Fig. 5. Plots of temperature versus salinity at stations (a) across
then retreats westward in late May. the Almeria-Oran Front, (b) at 1°E, and (c) at 3°E. Data are plotted

CTD stations were occupied across the Almeria-Oran from the surface to 1000-m depth with a triangular marker every 100
in.

Front to assess the vertical extent of the front. Stations
40-43 (Figure 2) show distinctive water mass separation
characterized by the temperature salinity (TS) relationship surface Mediterranean waters increased from 15* to 18*. The
(Figure 5a). Stations 40 and 41 are representative of MAW temperature increase in mid-May not only is observed at the
waters (a, = 27), while stations 42 and 43 are characteristic surface but is also observed throughout the upper 100 m. A
of Mediterranean surface water (o,, = 28). The vertical TS similar increase in the surface temperature was observed in
profiles merge at a o-, of 28.75 at 200 m; below this depth, the thermal satellite sequence shown in Plate 1.
similar water mass characteristics occur at both sets of The changes in chlorophyll cross sections collected in
stations. The MAW at station 40 extends to 200 m. Similar early and mid-May (Figures 6c and 7c) are apparently due to
results were observed for other stations at the Almeria-Oran the presence of an anticyclonic eddy, which is observed in
Front. the surface waters in early May. The early May section

Cross sections of temperature, salinity, and chlorophyll shows surface chlorophyll concentrations of 0.40 mg/m in
concentrations (to a depth of 100 m) across the Almeria-Oran MAW waters, increase to 0.85 mg/m 3 at the eddy interior
Front were collected on May I and 2 (Figure 6) and on May (stations 3 and 4). Continued increase in chlorophyll to 1.3
19 and 20 (Figure 7). In both sections, salinity clearly mg/m 3 is observed at the eastern boundary (station 2) of the
characterizes the abruptness of the front. The surface salin- eddy. Similar high chlorophyll distributions associated with
ity gradient is shown as approximately 2 psu within a 2-km frontal eddies are shown in the April 30 CZCS imagery (Plate
distance. 2). A chlorophyll maximum occurs at 40 m within the eddy

The early May section (Figure 6) does not reveal as strong center (station 3). The chlorophyll maximum slopes down
a salinity gradient near the surface as in late May (Figure 7), the vertical density gradient between stations 4 and 5.
although the subsurface structure (>60 m) is similar. This The chlorophyll cross section for mid-May (Figure 7d)
difference suggests that the subsurface structure is more shows a reduced surface chlorophyll gradient (0.2-0.3 mg/
persistent than the variable surface frontal boundary. In3 ) and a complex subsurface maximum at the frontal

From data collected in early and late May, the salinity location. Within the frontal zone (station 41), the chlorophyll
structure across the Almeria-Oran Front remained the same, maximum occurred at 30 m. The downward extension of the
but surface waters showed a net increase in temperature. isopleths between stations 41 and 42 is suggestive of down-
MAW increased from 160 to 190 during this period, while welling along the isopycnal surface. Downwelling in this
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PIdtt I. Sequence of AVHRR thermal IR images of the temporal origins of he Algerian Current. The May I I image

has the ADCP current vectors superimposed, and the May 12 image sliows station locations.
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Plate 2. A sequence of CZCS imagery representing phytoplankton pigment concentration for a time period similar
to Plate I shows a strong biological coupling with the circulation at the origins of the Algerian Current. A nonlinear
calibration wedge of the chlorophyll concentration is displayed at the bottom of the plate. ADCP current vectors and
station locations are superimposed on May I I and May 12 images, respectively.



1594 ARNONE ET AL.: ORIGIN AND CHARACTERISTICS OF ALGERIAN CURRENT

0 OISWCE (kml)/ 0 20 40 60 80
, \ 2 5 I2- I I ~ 8

It . 376 \

C / ' I l , 3M..Q.v
2,5L37 -

18

SAUNITY 364 (a) S86
0- T1 1I J

150 SALINITY

254 1
lbo 14 50-

32- .1

7(b)

142 TEMPERATURE 10

_9__, 7 _7 I I

5146

100L] ' 8

.3 1-1 50 -TEMPERAURE

1013

75 - 75 _ ,_
75H.7

(c) o;7
CHLOROPHYLL

140 5 4 3 2 25-.
STATION NUMBER 4

Fig. 6. Contour of station data of the upper 100-m depth across ti - .
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chlorophyll collected in early May. .4

transect has been confirmed based on the high levels of CHLOROPHYLL
photochemically produced hydrogen peroxide that were 10D I
observed at depth [Johnson et al., 19881. 40 41 42 43

Surface salinity, temperature, and percent transmission NUMBER

Fig. 7. (a) Surfact transect of temperature, salinity, and percentfrom the towed instrument package show marked differences transmission across the Almeria-Oran Front made with a towed
across the frontal system. Similar characteristics are ob- instrument system, and contour of station data (40-43) for (b)
served between the optical properties (percent transmission) salinity, (c) temperature, and (d) chlorophyll, which were collected
and the chlorophyll concentrations in MAW and Mediterra- along the same transect in mid-May.
nean waters. Similar distributions of surface bio-optical
properties and salinity are observed at other frontal regions
and are believed to be associated with frontal circulation temperature gradient is weak. The sequence of imagery
(convergence, divergence) and internal cross-frontal motion shows further (2-week period) development of undulations in
[Prieur et at., 1981; Lohrenz et al., 1988b]. the horizontal flow along the coast. Additionally, by May 12

the satellite sequence shows that the temperature character
of the Algerian Current system in comparison with the

Algerian Current East of the Almeria-Oran Front resident water has reversed: the MAW is represented by
Satellite imagery. In the April and early May imagery cooler temperatures compared with the Mediterranean sur-

(Plates I and 2), the Algerian Current transports an elon- face waters. The chlorophyll character, however, remains
gated, horizontal, warmer water mass with high chlorophyll relatively unchanged through the sequence, i.e., MAW was
content adjacent to the Algerian coast. The front between higher in concentration.
the MAW and Mediterranean surface water is well defined Along the Algerian coast, CZCS imagery indicates that
by the chlorophyll concentration; however, the surface small localized areas of elevated chlorophyll levels occur at
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the coast and extend directly northward foi 10 to 30 km nitracline depth, a confirmation of the importance of up-
before being advected eastward into the main flow field of welling in this region.
the current. These nearshore. chlorophyll-rich areas can also The 3°E ship data. Thermal and color satellite imagery
be seen in the thermal images as colder waters and are collected during May and June 1988 suggests that the Alge-
probably an indication of upwelling. Two of these areas arc rian Current appears to detach from the coast and become
located at the coast at 0'40'E and at 2°E. Comparison of the unstable at approximately 3E. Figure 9 shows surface
position of these rich coastal chlorophyll areas in the CZCS transect data and cross sections of salinity, temperature,
and AVHRR imagery sequences indicates eastward migra- chlorophyll, and current velocity from stations 28 to 32.
tion of these regions down the Algerian coast at a speed of 2 which were collected between May !6 and 17.
km/d. Similar features have been observed in other CZCS The major salinity front between MAW (36.8) and Medi-
and AVHRR imagery [Arnone and La V'iolette, 1986: Millot, terranean surface water (37.4) occurs between stations 28
1987a1. 1987a].and 27 (37'18'N) and defines the current boundary approxi-

The May 12 thermal image (Plate I) reveals a 32-km region ad 2 km a di the c rrnt boundary aroi-
of slightly warmer water that undulates parallel to the cooler mately 62 km off the coast. This frontal position agrees withMAW. Thi wa mer egi n i locted norh ofthe curent the offshore movement of the flow as seen in the satelliteMAW. This warmer region is located north of the current iaey
and major salinity front as defined by cross-section data imagery.
(Figures 8 and 9). These surface waters, which characterize The observed subsurface doming of isohalines at the front
a transition region between the two water masses, have is similar to that shown in Figure 8. The sharply defined
significant subsurface structure. A gentle anticyclonic undu- salinity front is also seen in the transect made with the towed
lation is observed centered at P°E, and a sharp cyclonic instrumentation. Between stations 27 and 31 the surface
meander at 2°E. The anticyclonic feature contains colder salinity transect is variable compared with the Mediterra-
water with elevated chlorophyll concentrations adjacent to nean waters to be the north and the MAW to the south. This
the coast. These features are strong indicators of upwelling. area comprises a 20-km transition region similar to that
In the cyclonic meander, warmer water with low chlorophyll shown for I°E, which is bounded by sharp salinity gradients
concentrations is observed and suggests a converging down- to the south and overlying the subsurface doming of iso-
welling water mass. halines. Transition regions having similar subsurface fea-

The PE ship data. The cross sections of temperature, tures are observed across the frontal boundaries in other
salinity, and chlorophyll at I°E (stations 33-38) show the cross sections, which are not presented in this study.
MAW close to the coast (Figure 8). Steeply sloping iso- The ADCP current velocity cross section (eastward veloc-
halines have their strongest gradient between stations 37 and ity Figure 9e) reveals a core of eastward flowing water that
38. where greatest current velocities are observed. The TS extends to 90 m between stations 29 and 28 (velocities north
relationship (Figure 5b) shows that stations 38 and 30 are of station 28 are not available). The velocities were greatest
representative of MAW and have characteristics similar to at the surface, where average speeds of >30 cm/s were
those found in the Almeria-Oran Front section (o', = 27). observed. Comparison with the IE cross section indicates
Figure 8 shows the salinity changes from 36.8 to 37.2 within that the current had moved offshore, had decreased in
16 km across the front. The influence of the Algerian Current velocity, and had increased in depth. The integrated east-
also extends offshore, as illustrated in the subsurface salinity ward transport through this section was 0.35 Sv, which is
signature. A 44-km transition region occurs adjacent to the similar to that computed for geostrophic transport by Per-
major salinity front, which is north of station 37 and extends
to station 35 (latitudes 36°45'N to 37°10'N). The transition kinad ite ths issue]. Tem r w m
region extends vertically to 100 m and is characterized by aligned with the isopycnal gradients.
highly varying salinity differences in the upper 40 m. A Figure 9c shows a similar chlorophyll structure to the I°E
doming of isohalines at station 35 extends to the surface, secteon with a maximum of 0.8 mg/i 3 located near thewhere a secondary salinity front is observed, with salinities surface (35 m) at station 29 in MAW. A deeper chlorophyll
increasing to 37.6. Surface salinity data from the towed maximum of 1.7 mg/m 3 is located at 75 m in Mediterraneanincrasig to37.. Sufac sainit daa frm te t wed aters. Similarly, a depression of the chlorophyll maximum
system show that the two distinct fronts correspond to w
subsurface salinity features, is observed in the frontal zone (station 28). A dome of the

The cross section of the eastward component of velocity chlorophyll concentrations is observed at depth between
from the ADCP is shown in Figure 8e. Velocities of 40 cm/s stations 29 and 30, again indicative of upwelling near the
are observed in the upper 30 m near the coast at station 38. coast.
The eastward velocities do not extend deeper than 75 m, and Algerian Current transport. The transports associated
the eastward component of the Algerian Current is not with the Algerian Current were computed from across sec-
observed north of station 35, 62 km from the coast. tions of the ADCP along longitudinal section 10W, and 0', 1',

The chlorophyll cross section (Figure 8d) shows the chlo- 2', and 3E (Table 2). Unfortunately, we did not approach
rophyll maximum (1.6 mg/m 3) is shallow (25 m) near the the coast closely enough to resolve the complete eastward
peak of the salinity dome at station 36. Farther offshore in transport. In the two completely resolved cross sections, the
the Mediterranean surface waters, a deep chlorophyll max- current is concentrated in a near-surface core, and the 0.1
imum (I mg/m 3) occurs at 65 m (station 34). The chlorophyll m/s isotach extends to about a 50-m depth in the west and to
distribution in the frontal region is indicative of upwelling, as about a 90-m depth in the easternmost section. The esti-
shown in previous cross sections along the Almeria-Oran mated transports are not complete due to the limitations of
Frontal boundary. Analysis of the relationship between the sampling but are consistent with the assumption of
chlorophyll and nitrate by Lohrenz et al. [1988a] showed that constant (or nearly so) transport of about 0.4-0.5 Sv in the
the depth of the chlorophyll maximum was controlled by the Algerian Current to about 30E.
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