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= 15 Are the cllmatologlcal patterns changlng in the

: 2) WhICh |mpact has the ocean warmlng in the
‘ mesoscale structure of the CCUS?

¢ 3) What is the consequence of ocean warming in
: the subsurface structure of upwelling?

4) Which consequences can we observe and
expect in the ecosystem productivity?

5)How do the changes observd in the Canry |
8 System compare with the others EBUS?



Subsurface study

Investigate the variability of the subsurface structure
testing the hypothesis that its fluctuations contribute to
changes in upwelling patterns.

Analyze the temporal evolution of the stratification and
thermocline depth during the Ilast decades and
investigated to what extent the response of the upper
ocean to upwelling favorable winds was affected by
changes in this vertical structure.

Oceanographic cruises and international databases
(mainly NODC)
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"he CCUS is one of the major four Eastern Boundary Upwelling Systems
(EBUS) of the world.

 The strong dynamic link between the atmosphere and the ocean in these
regions makes them highly sensitive to global changes.
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Canary Current Upwelling System, CCUS

The CCUS extends from the northern Iberian
Peninsula at 432N to the south of Senegal at
approximately 102N.

Is a unique system since it is divided by the
discontinuity imposed by the Mediterranean
entrance in:
- a northern segment (Western Iberia) where the upwelling
regime has a seasonal prevalence, roughly from April to
October,
- a southern segment (NW Africa) were upwelling is:
1. permanent in the northern part, although
intensified during the summer months,
2. and seasonal further south during winter months.

It has been recognized that t _large circulation
patterns of  the CCUS rsAa ""}
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processes associated to the north part of CCUS-
(Relvas et al., 2007).
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State-of-art

?
Bakun (1990)
Nocturne cooling W INTENSIFICATION
(CO,)atm M Atmospheric system of
Diurnal heating A\ low thermal pressure

A4
h“ Intensification of the

equatorial wind
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INTENSIFICATION
of the coastal upwelling




State-of-art

Lavin et al. (2000), Lemos & Pires

Santos et al. (2005), McGregor et al. (2004), Lemos & Sansé (2006) and
(2007) and Narayan et al. (2010) Pardo et al. (2011)

The upwelling intensity increased, supporting Decay of the upwelling intensity in the

the hypothesis of Bakun (1990) CCUsS

...but they are contradictory results

Belkin (2009) and Barton et al. (2013)

Sherman et al. (2009) Didn’t find any clear evidence for the
existence of coastal upwelling
Warming consistent with middle intensification

and high latitudes
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Subsurface study

The study area is the lIberia Peninsula Upwelling
System (IPUS) from 43¢ to 362N and from -309 to -52W.
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Subsurface study:
methodology
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Subsurface study
Offshore subsurface characterization

North Lower salinities
area Colder SST and Mixed layer
Water column less stratified

Higher salinities
Warmer SST and Mixed layer
ar€a \yster column more stratified

South

Figure 5 — 6-S diagram with both offshore areas: north at the left side and south at the
right side. Each colours represent different temporal periods: 1950-1959, 1960-1969,
1970-1979, 1990-1999, and
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Subsurface study

Platform subsurface characterization
Overall

Platform water
colder than in

North
e offshore
e More distinct at
Lower salinities L

Colder SST and Mixed layer
Water column less stratified

South Higher salinities
Warmer SST and Mixed layer
aréa \yster column more stratified

Figura 6 — 6-S diagram with both offshore areas: north at the left side and south at the
right side. Each colours represent different temporal periods: 1950-1959, 1960-1969,
1970-1979, 1990-1999, and
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IPUS temporal evolution
Temperature and Salinity
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Figure 7 — Temporal evolution of the ocean subsurface (0-150m) temperature seasonal averages (top) and
salinity (base). The top and base of the thermocline are both represented with the B and € symbols,
respectively. The profile colours represent different temporal periods: 1950-1959, 1960-1969, 1970-

1979,1980-1989, 1990-1999, and
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IPUS temporal evolution
Density and Spiciness | ]
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Subsurface study
Preliminary results

north subarea

L between 1970 - 1989 south subarea
Upwelling season: _ between 1960 - 1969

Intensification since 1950

Relaxation since 1990, more intense in south subarea

« Shown by homogenization within coastal and offshore superficial waters and
more similarity between coast and offshore waters.
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superficial waters » Upwelling intensification?




IPUS geographical divergence
Maximum gradient thickness

Figure 9 — Maximum gradient thickness variation in time of temperature (a), salinity (b), density (c) and
spiciness (d). Each colour represent a different area: blue — North platform, red — North offshore,

and . The vertical scale, depth, is represented by the dotted grey
lines spaced 50m (Please note that each area is shifted vertically 80m).
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IPUS geographical divergence
Amplitude of the maximum gradient zone

Figure 10 — Temperature (a), salinity (b), density (c) and spiciness (d) maximum gradient variation in time.

Each colour represent a different area: blue — North platform, red — North offshore,
and . The vertical scale is the correspondent variable where the dotted

grey lines are spaced 5°C, 0,2 psu, 1 kg/m3 and 2 unit, respectively (Please note that each area is shifted
vertically 5°C, 0,25 psu, 2 kg/m3 and 3 unit).
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IPUS geographical divergence
Results

Clear discrepancy between the north and south study areas of the IUS:
-the south waters are warmer, saltier and consecutive denser than the north waters.

TEMPERATURE

South coastal waters thermocline - deepener of the lower limit = bigger thickness

Coastal waters thermocline = similar temperature gradient with offshore waters.

Increasing of thermocline gradient > more perceptible in the south area of the IUS

Offshore waters thermocline = Higher gradient and a tendency for the upper limit to get shallower

SALINITY

Halocline = smaller gradient and depth in all area of 1US

All IUS area excepting the north coastal area = almost vertical but still inverted halocline

Coastal waters = bottom of the halocline is getting deeper in time = higher thickness and

gradient in recent years

Offshore waters = halocline thickness very stable and its gradient is getting smaller but of same
salinities values

DENSITY and SPICINESS

Maximum gradient thickness = similar pattern with temperature
Offshore waters = great density gradient Platform waters - small density gradient
Spiciness maximum gradient zone —> directly correlated with the temperature distribution
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Subsurface study

Conclusion

Subsurface of the Iberian
Margin coastal waters

Generalized warmin % t
J Minor extension in the north coastal

—— Increasing of the
¥ thermocline gradient
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Possible strengthening of the

upwelling process in recent years?

pycnocline = shallow and small thickness
homogeneous water column

area of the Iberian Margin

:> Higher stratification

Sinking of the

thermocline lower limit?

Rising of the mixed
layer depth?

- ‘Oceanic area offshore
the Iberian Margin
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