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VISION

The vision of the Nansen-Tutu

Centre for Marine Environmen-

tal Research is to serve Africa

through advancing knowledge of

the marine environment and cli-

mate system in the spirit of Nobel

Peace Laureates Fridtjof Nansen

and Desmond Tutu.

The priority research activities at

the Centre are:

e Ocean modeling and predic-
tion

e Ocean-atmosphere,
and regional impact

e High resolution satellite re-
mote sensing of the regional

climate

shelf seas

e Regional sea level variability
and global change

e Capacity building and educa-
tion
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The Nansen-Tutu Centre’s activi-
ties are enabled through financial
contributions from its Norwegian
partners. In 2014 the Nansen En-
vironmental and Remote Sensing
Center and the Nansen Scientific
Society contributed funding to
the Centre. In kind contributions
are received from the other part-
ners.

ORGANISATION

The Nansen-Tutu Centre (NTC)
is a non-profit research centre
hosted at the Marine Research
Institute and the Department of
Oceanography at the University
of Cape Town (UCT). The admin-

Cover image: Redeployent de-
ployment of the ATLAS mooring
off Angola. The mooring is the
PIRATA extension in the South
East Tropical Atlantic and was
deployed as part of the preface
project.

Images courtesy of Bernard
Boulres from the IRD.

istrative and legal responsibili-
ties reside with the University of
Cape Town. It is a joint venture
agreement between the signatory
partners from South Africa, Nor-
way and the United States. From
South Africa including the Marine
Research Institute (Ma-Re)/De-
partment of Oceanography, Uni-
versity of Cape Town, the Applied
Centre for Climate and Earth Sys-
tem Studies (ACCESS), the Coun-
cil for Scientific and Industrial
Research (CSIR) - Earth Observa-
tion research group, the South Af-
rican Environmental Observation
Network (SAEON), and the In-
ternational Centre for Education,
Marine and Atmospheric Scienc-
es over Africa (ICEMASA). From
Norway including the Nansen En-
vironmental and Remote Sensing
Center (NERSC) and the Nansen
Scientific Society of Bergen and
from the USA the Geosciences
Department, at the Princeton
University. The extension of the
joint venture for 3 years (Phase
II) was initiated in July 2013, with
seed funding commitments from
NERSC and the Nansen Scien-
tific Society. Additional funding
for projects is applied for exter-
nally notably South African and
Norwegian funding bodies, bi-
lateral funding agreements, the
European Union’s Framework
Programmes, space agencies, in-
dustry and private sponsors.

STAFF

Nansen-Tutu Centre staff consists
of partially funded and seconded
associate researchers and admis-
trators from the partner insti-
tutes, as well as fully or co-funded
MSc, PhD students and Post-doc-
toral research fellows. During
2014, the Nansen-Tutu Centre
comprised 20 persons, including
3 MSc students, 4 PhD students,
2 Post-doctoral research fellows,
and 10 associate researchers and
1 adminstrator from some of its
founding partners, including the
Marine Research Institute and the
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Department of Oceanography at
the University of Cape Town, the
Council for Scientific and Indus-
trial Research, South African Envi-
ronmental Observation Network,
and the Nansen Environmental
and Remote Sensing Center.

SCIENTIFIC PRODUCTION, CAPACI-

TY BUILDING AND TEACHING

A total of 19 publications emanat-

ed from the Centre, which includ-

ed: 14 papers in peer-reviewed

journals published or in press;; 2

chapters in books;; and 3 articles

in peer-reviewed conference pro-

ceedings.

In 2014, the Nansen-Tutu Centre

supported the students and Post-

docs listed below. They either

received a full bursary, top-up

funding towards their bursaries

or travel support for research ex-

changes or conference attendance

e Kyle Cooper (travel support)
- MSc (graduated December
2014), South Africa

e Isabelle Giddy (top-up fund-
ing) - MSc (graduated Decem-
ber 2014), South Africa

e Daniel Schilperoort (full bur-
sary) - MSc, South Africa

e Rodrigue Anicet (full bursary)
- PhD, Cameroon

e Neil Malan (travel support) -
PhD, South Africa

e Georges-Noel Longandjo (full
bursary) - PhD, Democratic
Republic of Congo

e Patrick Vianello (full bursary)
- PhD, South Africa

e Dr Charine Collins (top-up
funding) - Post-doc, South Af-
rica

e Dr Issufo Halo (full bursary),
Post-doc, Mozambique

Additionally, NTC staff and as-

sociates were involved in the

co-supervision of Honours, MSc

and PhD students registered at

the University of Cape Town and

the University of Bergen, as well

as teaching in the Department of

Oceanography’s undergraduate

and post-graduate programmes,

the Applied Marine Science MSc



programme and the African Cli-
mate and Development Initiative
MSc programme.

During 2014, the Centre facili-
tated four international research
exchanges, three to the Nansen
Environmental and Remote Sens-
ing Center in Bergen, Norway,
and one semester exchange to the
University of Sao Paulo.

WORKSHOPS AND SUMMER SCHOOLS
The Centre helped coordinate 2
workshops and 2 summer schools
in 2014.

The International workshop on HF
Radar was held from 17-19 Feb-
ruary. Two potential sites near
Port Elizabeth were identified by
a team from South Africa and CO-
DAR Europe.

A strategic workshop on Global
change and southern African Ma-
rine Ecosystem Research was joint-
ly hosted by the Centre with ICE-
MASA and Ma-Re. The workshop
was held at the University of Cape
Town from 8-10 April. The aims
of the workshop were to view the
marine research horizon in a dif-
ferent dimension, discussing four
themes that might form the basis
of future research collaboration
and co-ordination, given the his-
toric strengths of the existing and
new partners. The discussions
held during the workshop have
been synthesized into a research
strategy document for marine sci-
ence to facilitate planning for fu-
ture research proposals, and key
research groups will be identified
that will address marine research
issues at an international level.
The Centre co-organised the In-
tergovernmental Oceanographic
Commission of UNESCO, Summer
School on Application of Ocean
and Coastal Data and Modelling
products which was held at the
University of Ghana in Accra from
9 - 13 June, 2014. The main goal
of this initiative is to build Afri-
can capacity to access and utilize
ocean and coastal data from in
situ and satellite observations,

as well as those generated from
ocean models to generate useful
services for local use, for a wide
variety of human and economic
benefit purposes.

The Centre organised and hosted
the Nansen Tutu Summer School
on Ocean, Climate and Marine Eco-
system focused on Agulhas Cur-
rent, the Benguela upwelling sys-
tem and the Tropical Atlantic and
it dealt with field observations,
remote sensing and modelling.
It was held at University of Cape
Town from Monday 1 to Monday
8 of December 2014. 34 students
from Europe and Africa attend-
ed lectures given by African and
European scientists. Sponsors
include CLIVAR, the FP7 PREF-
ACE project, the Norwegian RES-
CLIM project, the German SACUS/
SPACES project and the Nansen
Scientific Society.

NATIONAL COOPERATION

The Centre actively participates
in national research and develop-
ment activities, including the pro-
jects funded through the National
Research Foundation, Water Re-
search Commission (WRC) and
ACCESS. In addition to this, the
Centre provides expert consulta-
tion for Anchor Environmental on
some of their Environmental Im-
pact Assessments projects.

INTERNATIONAL ACTIVITIES

The Centre facilitated 6 research
exchanges between South Afri-
can and Norwegian researchers
during 2014, and supported one
MSc student’s attendance at a
summer school in Brest, France.
In addition to this the Centre con-
tributed to a number of interna-
tional projects. These include 2
European Seventh Framework
Programmes, the Marie Curie
Actions, People International Re-
search Staff Exchange Scheme for
the project “The role of the South-
ern Ocean carbon cycle under cli-
mate change” (SOCCLI), and the
project “Enhancing prediction of
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Tropical Atlantic climate and its
impacts” (PREFACE). The centre
is a partner in a project funded
under South Africa - Norway Re-
search Co-operation on Climate
Change, the Environment and
Clean Energy, entitled “Seasonal
to decadal Changes Affecting Ma-
rine Productivity: an Interdisci-
plinary investigation” (SCAMPI).

FINANCIAL SITUATION

A total 0of 887 000 ZAR seed fund-
ing for the Centre was made avail-
able from Norwegian partners:
482 000 ZAR from NERSC and
385 000 ZAR from the Nansen
Scientific Society. In addition to
this, almost 2,500,000 ZAR was
raised through project proposals
in 2014. These include project
proposals submitted to the South
African National Research Foun-
dation, the Department of Sci-
ence and Technology, the Water
Research Commission, the South
Africa-Norway Research Co-op-
eration and the European Frame-
work 7 Programme.

PROSPECTS FOR 2015

The Centre will continue to sup-
port its existing PhD and MSc stu-
dents as well as the Post-doctoral
research fellows Drs Charine Col-
lins and Issufo Halo.

Given the potential for a deficit
budget by the end of 2015, new
MSc and PhD students will only be
appointed from successful project
funding applications.

The Centre will host and organise
the CLIVAR Atlantic/Preface/Pi-
rata meeting, which is scheduled
to held in Cape Town during the
last week of August 2015.

Approved by The Board
Cape Town, July 2015
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SCIENCE REPORT FOR 2014

THE LOFOTEN VORTEX OF THE
NORDIC SEAS

Roshin P. Raj, Léon Chafik, Jan
Even @. Nilsen, Tor Eldevik and
Issufo Halo

The Lofoten Basin is the largest
reservoir of ocean heat in the
Nordic Seas (Figure 1). A particu-
lar feature of the basin is ‘the Lo-
foten Vortex, a most anomalous
mesoscale structure in the Nordic
Seas. The vortex resides in one of
the major winter convection sites
in the Norwegian Sea, and is likely
to influence the dense water for-
mation of the region.
High-resolution sea level anom-
alies (SLA) during the past 16
years (1995-2010) are used to
study the vortex. The SLA fields,
corrected for the inverse barome-
ter effect, tides, and tropospheric
effects, are based on merged En-
visat and ERS-I (@)

and Il altimetric
data. The SLA
fields obtained
from AVISO are
provided as
weekly means
on a 1/3° Mer-
cator  projec-
tion grid. This
corresponds
to a resolution
(twice the grid
spacing) of 22-  (b)
29 km in the
Lofoten Basin
study  region -
and 24-27 km 71

in the tracking ;
areas (68.1°N
to 72.1°N and
41°W to 201°E).
Sea surface ge-
ostrophic  ve-
locity anomaly 67
components, u ‘
and v, are com-
puted from the
SLA gradients
using the con-
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ventional geostrophic relation.

In addition to SLA fields, we also
use gridded weekly absolute dy-
namic topography (ADT) data
(1995-2010) in this study. The
ADT fields are used to quantify
the relation between the season-
ality of the slope current, and the
strength of the Lofoten Vortex,
using an along-isobath approach.
The ADT dataset is the sum of the
time invariant CNES-CLS09 mean
dynamic topography (MDT) and
the time variant weekly SLA data.
The errors associated with the es-
timation of CNES-CLS09 MDT are
provided together with the MDT
dataset, and in the Lofoten Basin,
from the continental plateau and
out, the errors are less than 1 cm
(not shown). The errors associ-
ated with ADT are the quadratic
sum of the errors in SLA (3 cm)
and MDT (1 cm), i.e., 3 cm.

The detection of Lofoten Basin ed-

EKE (cm?s7?)

AAAAA

.....

el Longitude8

Figure 1. Monthly (July 2000) mean satellite altim-
eter derived surface geostrophic velocity anomalies
(arrows) superimposed on (a) eddy kinetic energy
and (b) MODAS sea surface temperature. Isobaths are

drawn for every 600m.
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Figure 2. (a) Frequency distributions of the (a) radius
and (c) eddy intensity of the Lofoten Vortex. Annual cli-
matologies of (b) radius and (d) eddy intensity of the
Lofoten Vortex together with error estimates. al

dies was done using the automat-
ed hybrid algorithm described by:.
It combines the two most used
criteria to identify an eddy, name-
ly, closed contours of streamlines
of sea surface height and a nega-
tive Okubo-Weiss parameter, i.e.,
where the vorticity of the flow
field dominates its deformation.
Long term climatology (1949-
2008) of temperature and salin-
ity in the Nordic seas, largely fo-
cusing along 70.1°N are prepared
from the hydrographic NISE da-
taset (Norwegian Iceland Seas
experiment). The NISE dataset
consists of decimated CTD data
and bottle data. Winter mixed lay-
er depth (MLD) climatology of the
Norwegian Sea is calculated using
a finite difference method.

VALIDATING HycoM-ENOI IN THE
AGULHAS USING ARGO PROFILING
FLOATS.

Charine Collins, Bjorn
Backeberg, Francois Counillon
and Johnny Johannessen

The greater Agulhas Current sys-
tem, one of the most energetic sys-
tems in the world, plays a key role
in the global ocean circulation,
regional weather, and the marine
environment. A prediction sys-
tem of the marine environment
around southern Africa would not

Mar  May  Jul Sep  Nov
Month

blooms.

Despite  the
emergence of
various glob-

prediction

(operational data assimilation)
systems (e.g. MyOcean, Blue-
Link), there is hitherto no system
for the southern African regional
ocean. As a first attempt towards

an ocean prediction system for
southern Afri-

ca, A regional
data assimi-
lation system
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ferred to as HYCOM-EnOI). While
HYCOM-EnOI improved the me-
so-scale dynamics in the Agulhas
Current system, as well as the
water mass characteristics and
velocities at ~1000m, there was a
slight degradation of the SST dis-
tribution.

In this study, we assess the limi-
tations of HYCOM-EnOI in repro-
ducing the water mass properties
of the Agulhas Current region
through a detailed comparison
with Argo profiling floats. A com-
parison between HYCOM-EnOlI
and the Argo profiling floats is
made in terms of temperature
and salinity differences at various
depths, differences in water mass
characteristics, and mixed layer
depth.

The temperature values in the
upper 100m simulated in HY-
COM-EnOI are, for most of the
region, in close agreement (+1°C)

b) Salinity difference 0-100m

4 LB iy X i O e
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.
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f) Salinity difference 1000-2000m
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timal Interpo-
lation (EnOI)
data assimi-
lation scheme
(hereafter re-

Temperature ditference (°C)

Salinity difference (psu)

Figure 3. Difference between Argo and HYCOM-EnOI
temperature (left panel) and salinity (right panel) for
the upper 100m (a and b), 500-1000m (c and d) and

1000-2000m (e and f).
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Figure 4. Temperature and salinity differences between
Argo and HYCOM-EnOI for the main water masses of
the Agulhas Current Core (a and b), Agulhas Retroflec-
tion (c and d) and the Agulhas Return Current (e and f).

with the observations (Figure
3a). On the contrary there is an
overestimation of the salinity val-
ues in the upper 100m simulated
in HYCOM-EnOI by about 0.1psu
(Figure3b). In the 500-1000m
depth range, HYCOM-EnOI tends
to underestimate temperature
(Figure 3c) and salinity (Figure
3d) values south of the Agulhas
bank, in the vicinity of the Agul-
has Retroflection region and the
Agulhas Return Current. West of
the Agulhas bank, the tempera-
ture of HYCOM-EnOlI is in good
agreement with the observations
(£1°C), however, there is again
an overestimation of the salinity
values by more than 0.1psu. In
the deeper layers (1000-2000m,
HYCOM-EnOI tends to underesti-
mate the temperature and salini-
ty throughout the region, except

o d
-05-04-03-02-01 0 0102030405

Retroflec-
tion, Agulhas
Return Cur-
rent). For the
Agulhas Cur-
rent core and
Agulhas Retroflection regions,
all the water masses tend to be
more saline in

Salinity Difference

warmer (cooler) in HYCOM-EnOI
compared to the observations. In
HYCOM-EnOI, TSW in the Agulhas
Return Current is warmer and
saltier while RSIW are cooler and
saltier (Figure 4).

The disparity in HYCOM-EnOI in
terms of temperature and salinity
suggests that the vertical densi-
ty structure of the Agulhas Cur-
rent region is not well resolved.
The density structure as well as
the overall performance of HY-
COM-EnOI may therefore be im-
proved by including the Argo pro-
file data into the data assimilation
scheme.

ANALYSIS OF SAR WINDS AND RE-
ANALYSIS PRODUCTS OVER THE
AGULHAS CURRENT

Daniel Schilperoort, Marjolaine
Krug, Mathieu Rouault, John-
ny Johannessen and Morten
Hansen

Since it's implementation, Space-
borne Synthetic Aperture Radar
(SAR) has become a particularly
effective remote sensing system
for measuring fine resolution
wind speed patterns over the
ocean. However, due to the em-
pirical nature of derivation mod-
els utilised in the determination
of wind speeds and dynamics

HYCOM-EnOI
compared
to the ob-
servations
(Figure 4). In
contrast, the
temperature

v“ll i L |‘: } a8
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T
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values of the

water mass-
es within the
Agulhas Cur-
rent core are
in close agree-
ment with the
observations.

Windspeed Perpendicula

year all_downcurrent

r to Transect for
34.5-33.255 27.5-28.75E

However, in
the  Agulhas

Figure 5. Line plot of Transect from 33.25S : 27.5E to

Retroflection
region TSW

(AAIW) is

34.5S : 28.75E showing the perpendicular component
of the up-current (A) and down-current (B) SAR de-
rived, winds over the Agulhas current for the period
2007 to 2012
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as well as physical limitations
of measuring surface backscat-
ter, there are still many errors
and caveats in the data inter-
pretation which need to be ad-
dressed. Principally, the effect of
relative motion from a non-static
ocean on wind-wave interactions
means that many mesoscale and
sub-mesoscale ocean dynamical
processes, such as: ocean fronts,
barrier waves, convection and
barrier effects, are evident in SAR
derived wind measurements and
can cause over- or underestima-
tions in wind speed. In particular,
the fast flowing ocean currents
such as the Agulhas Current can
have a substantial influence on
wind speed measurements over
their locations.

The focus of this investigation is
to investigate the effect that the
Agulhas Current may have on
SAR derived wind estimations,
particularly in the upcurrent and
down-current components of
wind velocities. Secondly, further
investigation will be made into
the in-shore, high resolution wind
regimes and patterns and the ef-
fects of coastal orography on near
shore winds.

In order to illustrate the appar-
ent influence of the Agulhas Cur-
rent on SAR derived wind speeds,
cross sections will be taken over
specific regions above the Agulhas
Current. The wind regimes will be
split into predominantly upcur-
rent and down-current regimes,
from which the current-parallel
component can be extracted and
investigated. Geolocation of the
current against the SAR extracted
wind using MODIS SST data will
enable assessment of increasing
wind speeds directly over the cur-
rent.

Preliminary, encouraging, results
from the tester transect (Figure
5) seem to show an increase in
wind speed over the current dur-
ing upcurrent wind regimes and
a decrease in wind speed during
down-current regimes. This is as

expected and prompts the expan-
sion of the study to the rest of the
transects along the current.

UNDERSTANDING THE SOUTH
AFRICAN EAST COAST SHELF EN-
VIRONMENT - A MODELLING AP-
PROACH

Neil Malan, Bjorn Backeberg,
Juliet Hermes, Chris Reason,
Mike Roberts and Annette Sam-
uelsen

Upwelling cells on the inshore
edge of the Agulhas Current,
along South Africa’s east coast,
play an important role in main-
taining marine ecosystems. These
highly dynamic shelf regions are
strongly influenced by the power-
ful Agulhas Current and provide
a spawning environment for sev-
eral commercially harvested spe-
cies.

Recent numerical modeling and
satellite remote sensing studies
have suggested that the Agulhas
Current core and its variability
are changing in response to ba-
sin-scale wind changes that drive
it. Resulting impacts on ocean cir-
culation over the continental shelf
as a result of these changes could
have effects on the functioning of
marine ecosystems along the east
coast. In order to understand the
functioning of these coastal shelf
regions, their interaction with the
Agulhas Current, and their sensi-
tivity to climate change, it is first
necessary
to  develop

over the shelf regions of two exist-
ing ocean model simulations for
the Greater Agulhas System, Agul-
has HYCOM and INALTO01, com-
paring the results of these models
against in-situ and satellite re-
mote sensing data sets. Encour-
agingly, results of these analyses
show that both models represent
the mean state of shelf circulation
well and show inter-annual vari-
ability consistent with observa-
tions. However, INALT exhibits a
cool bias when compared to sat-
ellite observations, but a warm
bias at depth. HYCOM shows
better agreement of mean state,
but does not sufficiently capture
the high frequency variability at
depth. Both models successfully
simulate the large solitary mean-
ders, which are the main mode of
variability in the Agulhas Current,
and provide new insights into
their role in the shelf circulation.
A 1/20th degree resolution con-
figuration of Aguhas HYCOM has
now been set up and will be an-
alysed in early 2015, with the in-
crease in grid resolution enabling
finer-scale and coastal processes
to be better resolved.

Figure 6 shows an example of a
tracer experiment run in HYCOM
in order to examine the spatial ex-
tent of upwelling forced by a large
meander in the Agulhas Current.
In addition to upwelling con-
centrated at 27 ° in the cyclonic

Tracer concentration on day 14

1

model config-
urations that

s

R 0.9
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can accurately
simulate the
dynamics re-

0.7
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looks at the
performance
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Figure 6. Concentration of upwelled tracer at 100m
depth during a large meander in the Agulhas Current
in HYCOM. Tracers are initialised at 1 below 200m and
0 above 200m and the simulation is run for 14 days.
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core of the meander, there is also
vertical motion extending south
westwards along the shelf break,
possibly driven by Ekman veering
in the bottom layers. These large
meander events appear to be the
dominant driver of upwelling of
water onto the shelf inshore of
the Agulhas Current, however
the interplay between this eddy
driven upwelling and the more
continuous nature of wind and
current driven upwelling still re-
quires detailed exploration in or-
der to understand the feedbacks
of the current itself on the shelf
circulation.

CENTRAL AFRICA RAINFALL
AND ITS RELATIONSHIPS WITH
THE SURROUNDING TROPICAL
OCEANS: Do ENSO oR 10D PLAY
ANY IMPORTANT ROLE?
Georges-Noel T. Longandjo and
Mathieu Rouault

Rainfall over Central Africa
(7°-32°E, 10°N-15°S) and its rela-
tionship with surrounding trop-
ical Oceans sea surface temper-
ature (SST) is evaluated using
GPCP v2 Rain rate, NOAA OI v2
SST and wind of ERA-Interim re-
analysis data. We show that Cen-
tral Africa rainfall anomalies are
asymmetricly influenced by the
SST gradient between the trop-
ical Atlantic Ocean (10°W-12°E,
5°N-15°S) and the Indian Ocean

Positive vears

(40°W-65°E,
5°N-15°S)
Oceans, with
far  strong-
er influence
from negative
SST gradient.
During posi-
tive years of
SST gradient,
Central Africa ¢
is associated :
with  above
normal rain-
fall for March-
April-May
(MAM) and
September-Oc-
tober-Novem-
ber (SON)
while the
Unit: mm d* °C".

opposite lead to drought in SON
and December-January-February
(DJF). However the Atlantic Ocean
is influenced by El Nino Southern
Oscillation (ENSO) and the Indi-
an Ocean is influenced by El Nino
Southern Oscillation (ENSO) and
the Indian Ocean Dipole (IOD). In
austral spring (SON), the asym-
metry impact of SST gradient on
Central Africa seems to be distort-
ed: tropical rainfall anomalies oc-
cur over the southern part of Cen-
tral Africa during negative years
of SST gradientlENso. This finding
suggests that the I0OD might play

an important

Neaqgative vears role than
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Figure 7. Composite of MAM and SON rainfall anom-
alies from GPCP for positive and negative years of SST
gradient between tropical Atlantic and Indian Oceans.
The black box delineates Central Africa.

over Atlan-
tic and Indi-
an Oceans
and rainfall
over some

o regions in

Central Afri-
ca (7°-32°E)
has been
found to be

Positive years

Negative years

Figure 8. Regression ofSSON rainfall anomalies onto
respectively SON SST gradient, SON SST gradient/
(residual SSTgradient where ENSO and 10D have been
removed), SON SST gradient/
where ENSO has been removed) and SON SST gradi-
ent,,, (residual SST gradient where 10D has been re-
moved) for positive and negative years of SST gradient.

ENSO_IOD

(residual SST gradient

ENSO

statistically significant, but re-
mains complex and seasonally
dependent. Furthermore, the
Atlantic Ocean is influenced by
ENSO variability whereas the In-
dian Ocean is influenced by both
ENSO and IOD climate modes.
The aims of this study is not only
to contribute to an improved defi-
nition of the relation between SST
gradient and the inter-annual var-
iability of rainfall over Central Af-
rica, evidencing in particular, spa-
tial patterns and their annual (or
seasonal) cycle by focusing on the
response of rainfall to inter-basin
SST, but also to investigate the in-
ter-annual changes in rainfall over
Central Africa caused by ENSO- or
[0OD-induced changes through the
inter-basin SST gradient between
tropical Atlantic (10°W-12°E, 5°N-
15°S) and Indian Oceans (40°W-
65°E, 5°N-15°S). The SST gradient
index is defined as the difference
of detrended SST anomalies av-
eraged over the eastern tropical
Atlantic Ocean (ETAO, 30°-12°E)
and over western tropical Indian
Ocean (WTIO, 40°-82°E) over sim-
ilar latitudes (15°S-5°N).

The annual cycle of rainfall over
Central Africa has a bimodal char-
acteristic with the maximum oc-



curing respectively in MAM and
SON and the minimum during
JJA and DJF as shown in Figure 7.
So, during negative years of SST
gradient, Central Africa is associ-
ated with above normal rainfall
for MAM and SON, except over its
Atlantic coasts. Meanwhile during
positive gradient years, Central
Africa experiences below normal
conditions for MAM and SON, ex-
cept over its Atlantic coasts and
its north part (about 0°-10°N) for
MAM.

Considering austral spring (Sep-
tember-November, SON) when
[0D matures and became strongly
correlated to ENSO, we compute
the regressions patterns of rain-
fall anomalies with SST gradient,
SST gradientlENso_IOD (residual SST
gradient where ENSO and 10D
have been removed), SST gradi-
ent . c (residual SST gradient
where ENSO has been removed)
and SST gradient, , (residual SST
gradient where IOD has been re-
moved) for positive and negative
years of SST gradient to better
understand the asymmetry rela-
tionship. The results are shown in
Figure 8.

We can note above normal rainfall
occurs over central Africa more
during negative years than dur-
ing positive years of SST gradient.
And the asymmetry impact of SST
gradient on Central Africa seems
to be distorted: we have a deep
tropical convection anomalies
(above normal conditions) over
south part of Central Africa dur-
ing negative years of SST gradi-
ent ;co- This finding suggests that
the IOD might play an important
role than ENSO on Central Africa
rainfall.

In conclusion, SST gradient has an
impact on Central Africa rainfall
and their relationship is asym-
metric. During negative years of
SST gradient, the Central Afri-
ca is associated to above normal
(flood) conditions while the op-
posite leads to below normal con-
ditions. This finding suggests that

Indian Ocean could play as impor-
tant a role as the Atlantic Ocean
over Central Africa. Central Africa
is not only a transitional region
between Southern and Northern
part of Africa, but also between
west and east regions of Africa. So
its rainfall presents non-homoge-
neous signal with respect to West
Africa or East Africa where rain-
fall seems more coherent. The
I0D seems to play a more impor-
tant role than ENSO on Central Af-
rica rainfall.

MASCARENE RIDGE CIRCULATION

Patrick Vianello, Mathieu Rou-
ault and Isabelle Ansorge

The Mascarene Plateau is a sub-
merged volcanic plateau to the
east of Madagascar which ex-
tends over 2200 km between the
Seychelles and Mauritius. It is a
complex feature, which is com-
posed of 4 banks separated by 3
channels - namely the Seychelles,
Saya de Malha, Nazareth and Car-
gados-Carajos Banks.

The main objective of the research
is to analyze cruise data obtained
during the October/November
2008 ASCLME (Agulhas Somali
Current Large Marine Ecosystem)
cruise on board the Dr Fridtjof

Nansen which surveyed the re-
gion around the Mascarene Pla-
teau. Due to the paucity of data in
the region, the cruise was a rou-
tine cruise with no specific scien-
tific questions to be answered. A
comparison is also made between
sea surface temperature (SST)
and Acoustic Doppler Current
Profiler (ADCP) derived currents
on board to satellite estimate to
possibly extend cruise results
in space and time. Although the
resolution of satellite estimate is
low compared to cruise measure-
ments, satellite estimate of geo-
strophic velocities and sea sur-
face temperatures compare well
with cruise data and can therefore
be used in the region with confi-
dence. This is invaluable since the
Mascarene Plateau is relatively
poorly understood and it allows
us to link cruise data with Rossby
waves and currents impacting the
region.

The water masses in the region
can be divided into 3 regions. The
northern region (north of 8°S) is
characterized by Red Sea Water in
the intermediate layers and Ara-
bian Sea High Salinity Water in the
surface waters. Mixing of surface
waters (Arabian Sea High Salinity

Latitude (°S)

“%0 60 70 80

Longitude (°E) cm/s

Figure 9a. The Mascarene Plateau with its associated Banks and gaps.
The Plateau is crescent shaped and is composed of 4 shallow banks and
3 gaps separating these banks. It lies mainly in a meridional direction
from the Seychelles to Mauritius. Some of the banks have regions where
it breaches the surface to form small islands. The deepest gap is between
the Saya de Malha and Nazareth Banks where depths exceed 1000m.
Isobath interval: 500m. Figure 9b. Altimetry derived Geostrophic Veloc-
ities during October/November 2008 (period during the Nansen cruise

across the Mascarene Plateau).
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Water and Indonesian Through-
flow Water) was observed. The
central region between 8°-13°S
exhibits mixing between Red Sea
Water And Antarctic Intermediate
Water in the intermediate waters
while surface waters are predom-
inantly Indonesian Throughflow
Water, Tropical Surface Water and
Sub-Tropical Surface Water. The
South Equatorial Current acts as
a barrier to Sub-Tropical Surface
Water. To the south of 13°S, only
water masses of Southern Indian
Ocean origin exist (Antarctic In-
termediate Water and Sub-Tropi-
cal Surface Water) with the excep-
tion of Indonesian Throughflow
Water (where the South Equato-
rial Current flows). Many areas
in this region exhibit mixing be-
tween Sub-tropical Surface Wa-
ter and Indonesian Throughflow
Water. North Indian Deep Water
exists throughout the region of
the Mascarene Plateau except in
regions where the bathymetry is
too shallow. South Indian Central
Water exists south of 8°S. Corrob-
orating these findings, nutrient
rich water associated with Ara-
bian Sea High Salinity Water and
nutrient poor water associated
with Sub-Tropical Surface Water,
the area is broadly divided into 2
regions of nutrient rich waters to
the north of approximately 13° S
and nutrient poor waters to the
south.

The cruise results from the Octo-
ber/November 2008 Dr Fridtjof
Nansen cruise show that the SEC
splitsinto 3 cores to the east of the
Mascarene Plateau and is chan-
neled through the 3 major gaps
in the plateau. The total transport
for the upper 450 m was 36.53 Sv
with 14.93 Sv, 14.41 Sv and 6.19
Sv flowing through the Seychelles
- Saya de Malha, Saya de Malha
- Nazareth and Cargados - Ca-
rajos gaps respectively. The only
bank to experience flow is the
Seychelles Bank due to the South
Equatorial Counter Current. The
South Equatorial Current does not

act as a con-
stant current
in the region
but rather
oscillates in
strength. The
Saya de Mal-
ha, Nazareth
and Carga-
dos-Carajos
Banks retain
similar high
Chl-a values
throughout
the year sug-
gesting that a
distinct eco-
system could
exist across
these banks.

During both
cruises con-
ducted in the
region (2002
and 2008)
there were no
major Rossby
wave  prop-
agations in
the area and
hence sam-
pling was un-
dertaken dur-

ing  normal
conditions with regards to Rossby

wave propagations induced by In-
dian Ocean Dipole (I0D) and/or
El Nifio. During the period 1994-
2011, the majority of the major
Rossby waves crossed every part
of the Mascarene Plateau whilst
the Rossby waves which passed
through the gaps in the Mas-
carene Plateau significantly in-
creased the geostrophic velocity
in the gaps (Figure 9).
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WIND INCREASE ABOVE WARM
AGULHAS CURRENT EDDIES

Mathieu Rouault, Philippe Ver-
ley and Bjorn Backeberg

The objective of our study is to
explore the interaction between
the atmosphere and ocean eddies
warmer than their surroundings.
The goal is to quantify the effect

9

3( 10 20

Figure 10. Clockwise from top left, Instantaneous es-
timate of QuikScat wind speed in m.s-1(color) and di-
rections (arrows) and AMSR microwave sea surface
temperature (contours) south of the Agulhas Current
system in the “Roaring forties” on the 15 07 2002
(morning path) 19 07 2003 (morning path), 23 02 2004
(evening path) and 28 07 2003 (evening path) show-
ing strong and homogeneous increase and decrease in
wind speed collocated with increases and decrease of
sea surface temperature.

of the sea surface (SST) pertur-
bation on surface wind speed
increase without filtering the
data. Eddies are identified with a
combination of AMSR-E SST and
altimetry. Twice daily instanta-
neous gridded wind speed field
estimates from QuikScat are ex-
amined south of the Agulhas
current. For the two year period
from 2 July 2002 to 2 June 2004,
we select 6 warm eddies south of
Africa that presents strong sur-
face thermal contrasts with the
surrounding ocean (SST pertur-
bation > 1°C) for a variety of wind
directions and SST perturbation.
Such eddies were found in an area
between 35°S to 45°S latitude
and 15°E to 25°E longitude. The
record represents a total of 22
months of clear-cut, identifiable
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Figure 11. Scatter plot of SST perturbation versus wind
speed increase for cases when the wind increased homo-
geneously above eddies and for SST perturbation from
the surrounding ocean superior to 1°C

eddies. We have cases for all sea-
sons with a variety of SST (19°C
to 12°C) and SST perturbations
(1° to 5.5°C). Figure 10 shows 4
examples of scenes showing high
acceleration above a warm eddy.

The analysis of 2500 instantane-
ous charts of equivalent stabili-
ty neutral wind speed estimates
from the SeaWinds scatterometer
onboard the QuikScat satellite col-
located with sea surface tempera-
ture and sea level anomaly shows
stronger wind speed above warm
eddies than surrounding water at
all wind directions in about 800
of the 2500 cases. To quantify the
relationship between SST pertur-
bation, wind speed increase, sea-
son and eddy duration we looked
at the statistics of the merged da-
taset of those 800 cases that pres-
ent a clear homogeneous increase
and a SST perturbation > 1°C. For
each scene, we extract SST, SLA,
absolute geostrophic current and
wind speed at three positions
along the wind flow: a) before the
border of the eddy in undisturbed
condition b) in the middle of the
eddy c) downwind of the eddy
border. SST and wind speed gra-
dient and perturbation are calcu-
lated across the eddy border at
the entrance of the flow. Figure 11

taset with a
great num-
ber of case
showing
increase su-
perior to 2

1 L 1
4 45 5 55

m.st. For those 800 scenes, the
mean increase was about 2 m.s*!
for a mean wind speed of 11 m.s’
1 at the entrance, slightly higher
than other studies of wind speed
modification across Gulf Stream
eddies who found an increase of
about 10 to 15%. Most of selected
wind speed background ranged
between 5 m.s* and 20 m.s’. The
eddy SST centers range from 19°C
to 12°C with SST perturbation of
up to 5.5°C for a mean gradient
of 2.5°C per 100 km. Sizes of ed-
dies range from 100 to 250 km
diameter This is substantially
higher than values of wind speed
increase and SST perturbation
given in previous studies for the
region using filtered data. Previ-
ously an average increase of 1.2
m.s! for an average SST perturba-
tion of 0.8°C was found.
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