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ONSET OF SUMMER SURFACE
COOLING IN THE GULF OF GUINEA
DURING GATE
Ph. Hisard' and J. Merle"
(receioed 22 August

1979;reuised 28 October 1979)

Abstract--Observations in the Gulf of Guinea during the summer of 1974
provide new information about the onset of summer surface cooling in t h e
eastern equatorial Atlantic. Dramatic variations observed in t h e hydrological
structure of the upper layer during summer a r e described.

The seasonal SST

signal is interpreted in terms of an annual component superimposed on an
,.

almost permanent EI Nino-like phenomenon in the eastern equatorial Atlantic.
This interpretation of t h e observations is supported by recent theoretical
considerations which demonstrate the possibility of an eastern tropical Atlantic
response t o remote atmospheric forcing on a seasonal time scale.
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INTRODUCTION
The GATE observations in the eastern equatorial Atlantic Ocean (Gulf of Guinea)
have focused attention on a sharp decrease of sea surface temperature at 0'-1OoW,
during
the first days of July, 1974 (R/V PASSAT data). This phenomenon appeared to precede a
similar event noticed some days later along t h e northern coast of t h e Gulf of Guinea.
Research on t h e link between these two SST decreases has provoked intensive theoretical
discussions (Moore et E&, 1978; Adamec and O'Brien, 1978; Philander, 1979).
A large amount of GATE-independent data was collected during 1974 as part of t h e
routine activities of t h e Oceanographic Research Centers or Fisheries Research Unit in
Ivory Coast, Ghana and Congo Republics. Moreover, a special experiment was conducted
by them on t h e Ghana continental margin during summertime (Houghton, 1976). I t included
monthly cruises across the Congo Republic's continental margin, a n annual tuna fishery
survey between Sao Tome Island and t h e Gabon Coast, t h e participation of an airplane
conducting infrared radiometer surveys (ART) and a cruise of the R/V CAPRICORNE
(ORSTOM-CNEXO) in June-July,

1974 (Fig. I).

These data described well the principal

hydrological features of t h e Gulf of Guinea during t h e GATE study and shed new light on
the so-called summer upwelling.
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Fig. 1.

Chart of the Gulf of Guinea with locations of the oceanographic surveys
conducted during summer 1974 (GATE).
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OCEANIC CIRCULATION IN THE UPPER LAYER OF THE GULF OF GUINEA
Bounded by land to the north (at 5'N) and t o the east (at 10-12'E) t h e eastern
equatorial Atlantic, t h e Gulf of Guinea, is open to t h e South Atlantic Ocean. As a
consequence, the observed summertime surface cooling was at first accounted for in terms
of southern winter influences. Southeasterly trades, which prevail over t h e basin, south of
the equator, become southerly near the equator and southwesterly as they approach t h e
African continent.

Thus t h e winds could, in principle, induce a coastal upwelling.

However, in spite of t h e northward migration of the ITCZ during summertime, and t h e wind
field intensification over t h e equatorial Gulf, winds remain quite weak along t h e coastal
region (see Fig. 3 in Philander, 1978) and cannot induce significant upwelling.
The Guinea Current is a coastal current which transports low-saline, warm waters
toward t h e east from its western Atlantic origin. It is an extension of t h e North Equatorial
Countercurrent (NECC). I t has been demonstrated that t h e NECC, previously thought to be

a seasonal current, is in fact a permanent feature (Hisard, Citeau and Morliere, 1976).
Only the surface signal of the NECC is seasonal, this being brought about by t h e seasonal
surfacing of t h e deeper current, mainly during summer, when t h e ITCZ migrates northward
(Khanaichenko, 1974). In May-June the salinity of the Guinea Current is further decreased
by t h e run-off from intensive precipitation over t h e mountainous region of Guinea. This is
c

distinct from the two permanent areas of extreme low saline conditions which exist in t h e
eastern Gulf of Guinea, one in t h e Biafra Bight (due t o Cameroon Mountain and Niger flood
influences), and one off the Congo River estuary.
The Guinea Current runs above an undercurrent which is thought to be a westward
flowing extension of t h e northem branch of t h e Equatorial Undercurrent which is split into
two branches after impinging upon t h e African continent at Sao Tome Island (Lemasson and
Rebert, 1973a). Because t h e Equatorial Undercurrent carries cool, highly saline water, t h e
thermocline beneath t h e Guinea Current is particularly intense.
The other important surface flow in the Gulf of Guinea is the South Equatorial
Current (SEC) which is separated from the Guinea Current by t h e northern tropical
convergence along 3'N (Dubravin, 1970; Hisard, 1975). At the equator, t h e thickness of t h e
SEC sharply decreases due to the presence of the Equatorial Undercurrent (EUC). Hisard
(1973) has previously described the seasonal variations of the EUC in the Gulf of Guinea.
Near 4O305, the third branch of t h e equatorial countercurrent system is encountered. It
has a velocity core of order 50 cm-I s near the 150 m depth level (Khanaichenko, 1974;
Hisard -et al., 1976).
Along the Gabon and Congo coasts, t o t h e south of Cape Lopez, a thin surface current
flows t o the north, but the main transport in the upper 200 meters is southward. It is
mainly the southern branch of the EUC (Rinkel gal., 1966; Morliere gal.,1974; Hisard g
al., 1975). The EUC continues to be important at 5s
' (Pointe-Noire) where it opposes t h e
O.S.L.M.
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northward continuation of the Benguela Current waters, whose mainstream is moreover
deflected westward near 15OS, at Cabo Frio.
A general description of the atmospheric and oceanic fields in t h e Gulf of Guinea may
b e found in three recent atlases by Neumann et al., (1975), Hastenrath and Lamb (1977) and
Merle (1978). The upper layer oceanic conditions in t h e Gulf of Guinea a r e characterized
by a strong seasonal signal which accounts for an alternation between the effects of
advection of warm, low salinity water and t h e summertime surface cooling (Merle, Fieux
and Hisard, 1978). It has been demonstrated that this seasonal signal is larger in subsurface
than in surface layers, and that advection by t h e equatorial countercurrent system may
play a major role in its development (Merle, 1977).
OBSERVATIONS IN THE GULF OF GUINEA DURING GATE
A detailed data s e t was acquired at Oo,JOoW, t h e western edge of the Gulf of Guinea
during all three Phases of GATE by the R/V PASSAT (USSR) and during Phase II by R/V
CAPRICORNE (France).

These data demonstrated a narrow link between the onset of the

summer surface cooling at the equator (the so-called equatorial upwelling) and t h e shoaling
of the EUC (Fig. 2).

The direct influence of. .the EUC upon cooling and enrichment

processes of the upper layers at Oo-LIOoW tias been discussed by Hisard et&. (1977). The
subsurface maximum salinity core progressively shoals (from 70 t o 30 m depth) and
simultaneously decreases, from 36.4% in May [ d a t a collkcted in May 1968 by R/V JEAN
CHARCOT (Lemasson

g d.,1969)]

to 35.9% in August, a phenomenon associated with the

shoaling of the EUC which increases the mixing with low sàlinity surface water.

As a

conse'quence the equatorial surface cooling precedes t h e actual surfacing of the
Undercurrent.
The sharp decrease of SST observed at 0'-IOOW,

on July 7th to lDth, has been

previously discussed and attributed t o an oceanic response to remote wind forcing brought
about by t h e intensification of the trades in t h e central Atlantic during May-June (Katz et.
1977; Moore g a&, 1978; Adamec and O'Brien, 197.8). However, until now, no emphasis
has been devoted t o t h e increase of SST during t h e first week of September developed as

a&,

rapidly as the July decrease.

.As shown in -the following sections, very similar events

occurred at nearly t h e same time along t h e northern and eastern coasts of t h e Gulf of
I

Guinea (Fig. 3).
The Easternmost Equatorial Part of t h e Gulf of Guinea During Phase I of GATE
Each year in mid-June an important tropical tuna fishery exists between Sa0 Tome
Island (6'30'E) and Cape Lopez (Gabon coast, 9'E); it pursues large concentrations of tuna,

closely associated with a sharp surface frontal zone. This frontal zone is a boundary
between warm, low salinity waters from Biafra Bight, in the north (.28'C; 33.0°/oo) and
cold, high salinity waters (22OC; 36.Oo/oo) which surface, slightly sto t h e south of the
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Fig. 2.

Upper panel: SST variations at 0'-1OoW
during t h e three Phases of GATE.
Lower panels: E-W and N-S components of t h e current, from mooring at
0'-1OoW,
in cm/sec, as calculated by
DÜing (pers. comm.)
from R/V
:PASSAT data. Shaded areas: temperature greater than 24OC, west and south
components;

equator and spread out along the coast, south, of Cape Lopez.

These cold, high salinity

waters a r e part of t h e southem branch of'the EUC which runs along t h e continental margin
(Hisard

et E&,

1975).

ART surveylrom June-July, 1974 shows that as early as June 14th SST was lowered
to less than 23OC, just off Cape Lopez, but there was large variability. In fact, the frontal
zone was characterized by waves, and seemingly periodic outbreak of cold water patches
has been previously described as a north-south migration of t h e frontal zone (Stretta, 1977).
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SST variations during GATE, at three locations in the Gulf of Guinea: thick
(R/V PASSAT)
line is SST variations at Tema (Ghana), dotted line, at 0'-10°W
and dashed line at Pointe Noire (Congo). See locations on Figure 1.

The oceanographic study made during t h e same period by t h e R/V CAPRICORNE is
not interpretable as synoptic due t o t h e high variability mentioned above. Nevertheless t h e
sea surface salinity chart for this cruise demonstrates high saline patches surrounded by a
low saline water mass of northern origin (Fig. 4). The surface high salinity core t o t h e east
of Sao Tome Island (35.9%) was observed on July Ist, associated with an SST of 22.2OC.
This low temperature was observed at lOoW on July 12th. These observations support t h e
conclusion based on historical data in the open ocean and at the coast that t h e summertime
cooling of surface waters appears to move from east to west along the equator (Merle,
Fieux and Hisard, 1978).
The vertical distributions of temperature and salinity (Fig. 5 ) in t h e Cape Lopez
region in June-July,

1974 a r e in agreement with t h e cold high salinity waters observed at

t h e surface, coming from the EUC as suggested by EQUALANT III observations (Rinkel
a
&
, 1966) and a study of the so-called Cape Lopez Upwelling (Hisard gal.,1975).
Hydrological Variations Across the Continental Shelf Off the Congo During 1974
South of the previous region, at SOS, two sets of data were acquired during GATE
along the coast. The first one (Figs. 6a and b) consists of monthly hydrological sections
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Fig. 4.

Surface salinity distribution between Sao Tome Island and Cape Lopez (Gabon)
during GATE (Phase I), as observed during a cruise made by R/V
CAPRICORNE. Dots represent hydrological stations; shaded oceanic areas
underscore water patches with salinity values greater than 35.9O/oo. The thick
line south of Sao Tome Island shows t h e position of t h e section in Figure 5.

across the continental shelf together with anchored current meter stations.

The second
(Fig. 7) is t h e daily surf ace T-S series at t h e Pointe-Noire coastal station which is part of a
10-year t i m e series.
In April and May, 1974, t h e vertical distribution of salinity (Fig. 6a) demonstrates t h e
intensification of the southern branch of t h e EUC. The subsurface salinity maximum
flowed southward near 50 m depth, below a thin layer of low salinity, warm water which
flowed northward along t h e coast probably due to t h e trade wind forcing.
subsurface salinity core shoaled.
L

In June, the

As a consequence, t h e surface salinity increased and a

surface cooling occurred but with exceptionally low values of salinity (Fig. 6b);
consequently this cooling is attributed to t h e influence of t h e northward extension of t h e
Congo River outflow plume.
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Fig. 5.

Vertical transects of temperature (upper panel) and salïnity (lower panel),
along a section t o t h e south of Sa0 Tome Island (see location on Fig. 4), on July
12-14th, 1974. Salinity values greater than 35.9'/00

a r e shaded.

/

The influences of this variation upon the Pointe Noire coastal station record a r e
dramatic (Fig. 7).

As early as May 20th, SST decreases sharply at 17 m depth and t h e

salinity greatly increases to about 35.8'/00.

Spectral analysils of the 10-year time series

t

revealed an energy peak at around 14 days (Picaut and Verstra te, 1975) in t h e same way as

off Cape Lopez and along t h e equator.

A
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Fig. 6a.

Vertical transects of temperature (upper panels) and salinity (lower panels)
across the Congo Republic continental margin, off Pointe Noire, during April
(left) and May (right) 1974. Salinity values greater than 35.9'/00 are shaded.
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Fig. 6b.

Same as Figure 6a but for June and July, 1974.
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It has not been possible to correlate t h e observed' surface cooling in May-June with

local wind variations (Berrit, 1976). Tentative explanations of the cooling by influences of
the Benguela Current appear to be irrelevant. Based on t h e characteristics of the
upwelled (cool, saline) waters, these waters a r e advected southward in a branch of the
EUC. This interpretation is supported by current meters measurements made during 1977.

Fig. 7.

Time series of daily measurements of temperature and salinity at 17 m depth,
on the continental margin, off Pointe Noire (5°S-110501E) during GATE. Data
from ORSTOM-Oceanographic Research Center.

Very special conditions can develop when a massive southward extension of t h e
northern waters from t h e Biafra Bight occurs and inhibits t h e summertime surface cooling
along the Congo and Angola coasts as far south as Cabo Frio (15's) where it opposes t h e
flow of the Benguela Current. Such a situation has been described by Dhonneur (1974), as
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cited in Wauthy (1977) during the year 1925. He hypothesized that the north-south ITCZ
pattern over central Africa was anomalously deflected offshore, over t h e ocean, a situation
which would favor northerly coastal winds and a corresponding EI Nino-like phenomenon
along the Congo and Angola coasts.
I

Hydrological Variations Along the Northern Coast of t h e Gulf of Guinea During 1974
At the coastal stations off Ghana, SST decreased rapidly on about July 15th, 1974.
The summer surface cooling which lasted until t h e first week of October (when a rapid SST
increase took place), was characterized by a well-delineated oscillation with a period of
about 14.5 days (Fig. 8). There is some evidence t h a t t h e 14.5-day wave propagated
westward (Houghton and Beer, 1976; Picaut and Verstraete, 1975). Thus, this oscillation
appeared to be a general feature in the Gulf of Guinea along the E-W and N-S continental
margin to t h e north and t o t h e south of t h e equator, as well as along t h e equator.
The hydrological variations which accompanied the onset of the summer cooling in
1974 were described by Houghton (1976) using weekly hydrological surveys across t h e
continental margin plus data from moored current meters. These observations confirm t h e
conclusions from t h e Oceanographic Research Center (CRO-ORSTOM) in Abidjan (Ivory
Coast) that the onset of the surface cooling is induced by the shoaling of the sharp
thermocline and t h e subsequent surfacing of t h e cold, high salinity waters of t h e westward
undercurrent (Morliere,

1970; Lemasson and Rebert, 1973b).

The shoaling of the

thermocline is consistent with geostrophic adjustment of t h e north-south slope of isotherms
when the Guinea Current intensifies (Bakun, 1978; Philander, 1978a) a phenomenon which is
enhanced off Cape Palmas and Three Points Cape. Philander (1978) suggests t h a t t h e
Guinea Current is induced by cross-equatorial winds that a r e intense at t h e equator but

weak at the coast. However, from Bakun (1978) there is a lack of coincidence between
locations of maximum offshore transport in t h e Guinea Current and SST minimum, and
there is a lag of at least one month between the maximum current, observed in July, and
t h e SST minimum in August-September.
Warm and low salinity water is advected eastward in the western and central Atlantic
and flows eastward in t h e NECC. GATE data have shown t h a t t h e eastward advection by
t h e NECC had been previously underestimated.

During summertime and also during

February and March to a lesser extent, a second water mass dominates. This colder (less
than 25OC) and more saline (greater than 35.5'/00)

water mass is advected westward from

the northern branch of the EUC (Lemasson and Rebert, 1973a; Hisard and Morliere, 1973).
The period of transition between these water masses is generally rapid; both t h e SST
decrease in July and the SST increase in July and t h e SST increase in October a r e sharp.
There is a coincidence between those events and t h e seasonal north-south migration of t h e
ITCZ (Fig. 9). The high rate of the precipitation which is associated with the ITCZ induces
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twice a year (in May-June and in November) a dramatic lowering of t h e salinity values in
t h e upper layer.

KETA

6O00'N
í000'E

TEMA

5O40'N
0000'

WINNEBA

5"22'N
0039'W

Fig. 8.

-Time series of daily measurements of temperature at three coastal stations
along t h e Ghana coast, during GATE. Date provided from t h e Fishery
Research Unit (Tema).

During some years, as for instance during 1968, t h e summer cooling was nearly absent
due apparently to an exceptional advection of warm, low salinity water by t h e Guinea
Current.

As a consequence of this anomalous warming, heavy rains occurred during t h e

normally dry months of August and September (Bakun, 1978; Lamb, 1978). This anomalous
situation was related to the northward migration of the ITCZ which did not proceed f a r
enough during June, 1968 (Sadler, 1975;Lamb, 1978), a situation which would favor a more
intensive advection of western Atlantic waters.

Historical. data analysis by Lamb (1978)

et &. (1978) underscored t h e existence of

a widespread positive SST anomaly
during the 1968 spring and summer in the entire equatorial region. Such a situation was
also observed during 1958 and during 1963 (EQUALANT experiment). These situations a r e

and by Merle
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suggestive of an EI N i r h i k e phenomenon which begs a comparison of t h e eastern
equatorial Atlantic with t h e eastern equatorial Pacific. The biological consequences of t h e
1968 EI Niño in the Atlantic was of a great importance. A large decrease in Sardinella
aurita catches greatly damaged the local fishing industry in Ghana (Bakun, 1978) and t h e
recruitment of t h e 1968 year class for tropical tuna was at a minimum (Fonteneau, personal
Moreover, due to heavy rains, catastrophic floods occurred in Ghana

communication).

which induced exceptional damage.
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SST and rainfall variations in Abidjan (Ivory Coast) during eight years, from
1967 to 1974. Note t h e weak summer surface coooling i n 1968, and t h e rapid
variations of SST between t h e "warm1f and "cold season."

It has not been possible to satisfactorily explain t h e onset of the so-called summer

coastal upwelling either in terms of local wind-driven upwelling or current-induced
upwelling. As underlined by Houghton (1976), t h e 1968 summer wind was more intensive
than normal and should have induced a more intensive coastal upwelling. Tentative
explanations which invoke remote atmospheric forcing due either to an increase of t h e E-W
stress of the wind (Moore et&., 1978; Adamec and O'Brien, 1978) or to an increase of t h e
N-S stress (Philander, 1978) were proposed.
DISCUSSION
The preceding description of hydrological variations during t h e 1974 summer in three
different locations in the Gulf of Guinea highlights a feature common to these events: t h e
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summer surface cooling proceeds through high salinity water from t h e EUC, either directly
as along t h e equator, or indirectly, via t h e southern and northern branches of t h e EUC,
west of Sao Tome Island. Until now these three coolings were considered independently and
they were described in terms of either equatorial or coastal upwelling, regardless of t h e
difficulties in relating them to familiar mechanisms of upwelling.

The hypothesis of an

oceanic response to a remote westward atmospheric forcing in t h e western equatorial
Atlantic is not consistent with t h e surface cooling at Cape Lopez and along t h e Congo
coast, which occurred prior to t h e cooling at 0'-10°W
and along t h e northern coast of t h e
Gulf of Guinea. These intriguing results led some authors to consider t h e possibility of a n
underestimated influence of cold water advection from t h e Benguela Current whose
mainflow is apparently westward deflected at Cabo Frio (15's).
Little attention has been devoted to t h e long tlwarmlf season which was mainly
suggested to be of local origin. It appears t h a t this "warm" season is mainly due to an
eastward advection along with t h e Guinea Current. The intense local rain which parallels
this season can b e considered as a consequence of this warm advection creating a positive
feedback.

The extreme situations observed some years (1958, 1963, 1968) confirm this

point of view. Hence, t h e normal situation in t h e eastern Atlantic would be an almost
permanent annual "El Ninbll interrupted only three to four months in summer and one to
two months in winter. In contrast, even if a weak "warm" season occurs annually around
Christmas t i m e in t h e eastern Pacific (I*Originally t h e name EI Niño was applied to a weak
coastal current flowing southward along t h e coast of Equador around Christmas time.
such it is an annual e v e n t . .

>I;

As

Wyrtki, 1975), t h e normal situation there is an almost

permanent surfacing of cold waters. Extreme situations of EI Niio occur when t h e ltwarmlt
season extends over several months as in 1972-1973. It is t h e consequence of a large
eastward advection of warm, low salinity water in t h e NECC due to a relaxation of t h e
trades and a subsequent intensification of t h e countercurrent system (Wyrtki, 1975).
Hence, w e can consider that t h e eastern equatorial regions of the Pacific and
Atlantic Oceans a r e similar in t h e structure of t h e processes affecting t h e seasonal and
interannual variability but different by t h e magnitude of t h e induced effects. Both oceans
have a "warm season," normally short in t h e Pacific Ocean and long in t h e Atlantic. The
abnormal situation occurs when this "warm season" becomes longer in t h e Pacific, and so
long in t h e Atlantic t h a t t h e summer cold season does not even appear.

The annual

variation and the interannual variability of t h e SST of these equatorial oceans are
modulated by t h e more or less extension of t h e "warm season."

W e claim t h a t t h e warm
surface water, associated with t h e llwarm season" is due, in t h e Atlantic Ocean, to an
eastward warm advection and to its local consequence: rain and run-off. Thus, t h e budget
of warm, low salinity water in t h e eastern equatorial oceans appears to be t h e leading
factor in determining t h e SST variability on t h e seasonal and interannual time scales,
independent of the dynamic processes producing advection of these warm surface waters
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(atmospheric remote forcing and equatorial waves). That this budget appears more variable
on an interannual time-scale in t h e Pacific and, in contrast, more regular and larger in t h e
Atlantic, can be related t o the size of the basins. The smaller Atlantic basin can react on

an annual time scale and with a large amplitude t o t h e seasonal variation of t h e
atmospheric forcing; in the larger Pacific basin, a similar phenomenon, IlEl Niño," can only
occur on an interannual time scale (Philander, 1979) ).
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