Bio-physical objectives for the IIOE-2, with context for
the NW Indian Ocean i Persian Gulf region

Training Seminar, ICPGO, Tehran, |.R. of IrarR2@ February 2016

Nick5 W! R IloI@=2 Coordinator; Head, PertRProgrammeOffice, UNESCO Intergovernmental Oceanographic
Commission, Western Australi@ick.dadamo@bom.gov.al

Acknowledgments: IOP of GOOS/CLIVAR, SIBER of IOGOOOS/IMBER, SESEdiO&®lan, incl.sourcePPTs +
presentation materials: Jay McCreary, Jero@lard, Raleigh Hood, Mike Roberts

IOE2
to advance our understanding of the Indian Ocean and its role in the Earth System in or
to enable informed decisions in support of sustainable development and the-eihg of
humankind

2nd International

Indian Ocean
Expedition



mailto:nick.dadamo@bom.gov.au

Acknowledgements

(and for your further reference)

Specific thanks
Jay McCreary, Jerome Vialard, Raleigh Hood
Mike Roberts, Mike McPhaden

and many others (past & present members) from:

|IOP
Indian Ocean Panel of IOGOOS/CLIVAR

SIBER

Sustained Indian Ocean Biogeochemistry and Ecosystem Research of
IOGOOS/IMBER

Scientific Committee on Ocean Research

lIOE-2 Science Plan Development Committee and its IIOE-2 Science
Plan (Hood et al, 2015)



Overview

lIOE-1 (1959-65)
Since lIOE-1
General motivation for [IOE-2 (2015-20)

IIOE-2 Science Plan i specific scientific motivation for IIOE-2
(basin-wide and NW IO specific)

IIOE-2 science planning i key themes

Opportunities: NW Indian Ocean - Marginal Seas
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IIOE 1959-65 (Scientific Committee on Ocean Research 3 years + UNESCO IOC 3 years)

...........................................

Hydrographic surveys (repeats)

Meteorology

Marine geology

Chemical
oceanography

Marine biology

Geophysics

Total 323 ship months
(approx.)

1) Australia A 37
months

2) Francei 20

3) Germany i 7

4) IndiaTl 24
5) Indonesiai 3
6) JapanT 20

7) PakistanT 8

8) Portugal i 3

9) South AfricaTl 13
10) Thailand T 2

11) USSR1T 20

12) UK'T 35

13) USA - 119

Courtesy: Satheesh Shenoi, INCOIS, India
INNC®DIS



IIOE had three phases

195759 SCORConcept development

195962 SCORStart-up & management (I0OC became a-sponsor in 1961)
Project Coordinator (R G Schneider). Fully paid (USA NSF)
Overarching International Project Office, New York (opened 1959)
IIOE prospectus written

Schneider4 5 x round the world missions advocacy, constituency
building, planningetc

T T T>o T

196365 IOC Transfer of management to IOC froject completion

Establishment of Working Groups

A Operational Coordination

A Communications

A Publications

At2ad mopecp {/ hw F2N¥SR | 22NJAY



THE INTERNATIONAL INDIAN OCEAN

IHOE (195@35) EXPEDITION 1959-64

ROBERT G. SNIDER

As a result of a unique set of conditions, the Indian Ocean is possibly the most productive of all the
oceans, biologically. Virtually nothing is known about it at the present time but it will undoubtedly
become the best understood of all the major bodies of water after this multi-nation effort.

products

Assault on the largest unknown

The International
Indian Ocean Expedition

SCOR IIOE website [ SOEINIEI (6
: ,-"”"‘ ATLAS Of the Daniel Behrman

WWW.SCOT-
int.org/IIOE History.h
tm

|OC Library / archives -W OF THE WORLD
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lIOE papers
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Since IIOE-1



+ WOCE World Ocean Circulafion Expenment (0C)

« TOGA Trapcal Ocean-Global Amosphere Study (E| Ning) (WCRP)
« JGOFS Joint Global Ocean Fix (gobal carbon cycke) (1GBP)
+ GLOBEC Global Ocean Ecosystem Dynamics project1GBP and 10C)

+ [MBER Integrated Marinz Biogeachemistry and Ecosystem Research

+ SOLAS Surface Ocean-Lower Atmosphere atudy (IGBF, WCRP and Commission on Almasphenc
Chemistry and Global Polluion (CACGF)

+ (GEOHAB Global Ecology and Cceanagraphy of Harmful Algal Blaoms (scor e 1oc)

+ GEOTRACES (global bingeochemical eycies of trace elements and ther isotopes. (SCOR and I0C]
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efrom a quic

Institutionally

Including SQU, INIOAS,
ROPME, Uni Miami,
Johns et al, recent lit
review of Yao (PhD 2008),
Mitchell Expedition,
GOGP99, Woods Hole
(Bower et al), workshops,
review papers etc

Scientists

Including Pointkovski,
Chiffings, Al-Azri, Al-
Hashmi, Al-Oufi, Swift,
Alessi, Samimi, Bower,
Reynolds, Yao (review,
PhD 2008), Goes, Smith,
Claereboudt, Peery 1965,
Thoppilt, Khalid, C John,

Johns et al, Hogan) é .

Much more available
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Seasonal cycles of temperature,
salinity and water masses
of the Western Arabian Gulf
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Carol A Alessi, Feather . Hunt and Amy . Bower

V. Chandy JOHMN, Stephen L. COLES, Abahaker 1, ABOZED
Waler Resources and Environment Division, Research Institute, King Fahd University

of Petroleum and Minerals, Dhahran 31261, Saudi Arabin A ”‘ wgg
Mesoscale eddies and variability of chlorophyll-a in the Sea of Oman p
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Persian Gulf and Water Exchange with the Indi:
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Fengchao Yao
Uniwersity of Miami, fracg@rsmas miamiedu

Report of a Workshop Held at Stennis Space Center, Mississippi
May 11 - 13, 1999

Mesoscale Eddies of Arabian Sea: Physical-biological Interactions
5.A Piontkovski®, NP Neglin™

Hydrelogy and circulation in the Strait of Hormuz and the
Gulf of Oman—Results from the GOGP99 Experiment: 1.
Strait of Hormuz

Coastal upwellings and Mesoscale Eddies of the
Waestern Arabian Sea: Some Biological Implications

5.7, Pous", X. canon’, P. Lazure®
5.A. Piontkovsld and 5. Al-Jofaili Physical Oeeanography of the Persian Gulf, Strait of Hormuz, and
o o o . the Gulf of Oman — Results from the Mt. Mitchell Expedition
A Modeling Study of Circulation and Eddies in the Persian Gulf
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Character and dynamics of the Red Sea and Persian Gulf

flow Y Dr Hassan August 1993
outllows Mohammadi The Relationship between Algal Blooms, Fish Kill

) Incidents, and Oxygen Depletions along the Omani

Aoy 5. Bower, Heather [, Hunt, 2l Tamees F, Price Coast
R ICPGO 2016

Variability of dinoflagellates and diatoms in the Keynote S-A. Piontlkovsld', H-liifﬂﬂi';ﬁ- Jupp”, ¥.VB. Sarma'!,

surface waters of Muscat, Sea of Oman: comparison

between enclosed and open ecosystem Seasonal and interannual variability of chlorophyll-a in the Gulf

of Oman compared to the open Arabian Sea regions

Khalid A Al Hachmi"" Joaquim Goe:™, Michael c1aerehendr;", Sergev A
i

Piontkovskd "', Adnan Alb-Azri "' Sharon L Smith SERGEY PIONTECVSET*, ADMNAN AT-AFRT and EHATLID AT.-HASHMI



= International [§11990-1997
JGeFS Collection

1990-1995

|
CTD. X8T & SeoSoor Data Dass CDROM
Arablan Seqa Process Study 19901997 VR NS —

1992-1994, - . xidie
and 2001 %]
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Slide from: Sergey Piontkovski, Adnan Al-Azri (SQU) i CoML Workshop, SQU, Oman, 2007


http://www.nioz.nl/cgi-bin/ws.exe/en/facilities/dmg/meta/overview.hts
http://www.nioz.nl/cgi-bin/ws.exe/en/facilities/dmg/meta/overview.hts

General motivation for IIOE-2
(2015-20)



SO WHY AN IIGE??

It has been half a century since [IQEThe Indian Ocean remains comple)
€9
GX¢KS ISYSNIf OANDdz FGA2Y 2F GKS
20SlIYy O0FaAyaoodé ol 22R S
Natural and human disasters in the 1O highlight this poittlimatic, oceanographic, Sea
Search and Rescue / recovery
A Environmental problems
A Climate Change

A Food & Energy Security
A Need to underpin sustainability for the Blue Economy

Sea Surface VeloCity*®
6 May 2009
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Contemporary technigues/technology, infrastructurd give us an improved
capacity to measure and characterize (processes)

Direct and roboticallyg gear, humans and animalsabove, at and below the sea

surface
|1 Jel
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GFDL CM 2.4

Hi-Res Coupled Model

Sea Surface Temperature (° —

- —

-10 31 72 114 155 196 238 279 320

0 |




Science drivers

Bio-Geographic
sampling since 1959

2000-10 Census of Marine Life -
Ocean Biogeographic Information
System (OBIS)

(Incl. the Oman (SQU) workshops
2007/8)

Shows that

Indian Ocean

Is under sampled
biogeographically
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http://www.socat.info/

Exclusive Economic Zones

Much larger total EEZ network now
Issues of sovereignty of access, restrictions on sharing strategically sensitive d
For effective researclq we need to collaborate under a collegial framework

Bi-, Tri, Multi-lateral collaborations

IOE2




An opportunity for IOE2 presentedA U & S

To examine guestions that:

A Link & synergize individual research programs
A Tackle truly basinwide integrative issues
A Allow us to understand the anatomy of the 10 and its climate and then
to facilitate & helpunerpinthe maintenance of its health whilst it is
0SAY3d WdzZASRQO®
A Need substantive energies, synergies

A Cannot be tackled by singular national approaches

A Provide for education, training (Capacity Building)



And because technologgow gives us all a much greater potentital work
together

1+1>2

Under a significant intergovernmental framework
(I10C¢ 147 Member States)
(SCOR> 30 national committees)
(I0GOOOS ~ 30 members)

TheLh A& | 3Jt20lf O2yRdzA

Indian Ocean communicates with Pacific, Southern and Atlantic ocea

1O is critical in global climate cycles
GH Gases global heatchanged, Lh 42 dzZNOS& FyR aAy]a

We are all connecteX @



The Cascade of Scales connects all IO communities
to the wider ocean(s)

|O Sea Surface Temperature |O Sea Surface velocity

Australian Government y / . | ‘, | 1 k
Bureau of Meteorology / W\ N BI.UE | I n >
\g W\

Dcgan Forgcasting Australia

& N LS
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Sea SU'@G 8mpErature§e)
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i ‘ =
200 218 235 252 270 288 305 322 340

Courtesy: Gabe Vecchi, ex-IOP / GFDL USA Courtesy: Garry Brassington, CAWCR, BLUEIlink, Australia



The point is

The Indian Ocean has a profound environmental influence on its own rim &
oceanic environs and on neighboring land masses far away from its own
domain, including rim and island countries

o %




Typically raised
societal drivers for an IIOE-2

Results of IIOE-2 scientific planning
gatherings 2012-15

Expressed as generically applicable by
and for developing ..

€g
A Poverty and growing their economies (tourism, fisheries, oil &
gas)

A Energy & Food security (artisanal and industrial fisheries,
climate, rainfall)

A Climate (Change) and extreme events (droughts, TC)

A Coastal erosion and sea level rise South Africa

A Ecosystem preservation and performance
k

A Ocean wealth i deriving wealth sustainably for the long tet§resy: Mike Roberts, IIOE-2 Rg2 Qingdao Nov 2013




Ocean related weather T monsoons etc 1 vital for the Indian

Ocean
SST (°C) and Wind Stress (N m™%) Rain Rate (mm day™!) Surface Current (cm s™!)
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One third of the world s
population depends on
monsoon rainfall

WI/N/E Indian Ocean strongly
influenced - monsoons (floods,
droughts), cyclo

Courtesy: Mike McPhaden, IIOE-2 RG2 Qingdao Nov 2013




Snapshot of some exemplars of broad-scale
science/societal drivers motivating research in the IO

Mechanisms of Tropical Atlantic Variability
Positive Dipole Mode El Nifo Conditions
NAO
/
(N
% by
N
ENSO |
\ N
Thermocline / \ Cold SST
high sea-level
bal\ ) / pressure
(] ty £
fa: ,

INDIAN

standard deviations

Chlange in SST

Courtesy: Mike McPhaden, IIOE-2 RG2 Qingdao Nov 2013 SSTanomaly (Feb [

. 1880 1900 1920 1940 1960 1980 2000
2011)




IIOE-2 can provide data/infot o support oO0o0cCe

GLOBAL models and nesting (downscaling for bio-physical questions at relevant
scales) GODAE OceanView - Eg BLUELINK Australia

< 10km x 10km regional

BRAN2.1 SST for 01-Jul-1297

e ="

| B s
5 . - 185 - 565 466 550 T
Courtesy BLUEIink
Courtesy BLUEIlink Fog e — »
dispersion, recruitment == ‘- ~Fine scale |ocal
g 60 e.
= 120 =
Courtesy AIMS Courtesy C Pattiaratchi = Courtesy BLUEIink e



COST:BENEFIT RATIONALLE
eg ATSE/WAGOOS (2006)

Economics of
Australia’s sustained
ocean observation
system, benefits

and rationale for
public funding

* | Based on just 4 sectors (oil/gas,
~ | agric, fisheries, iron ore)- investing
In ocean observations yields better
than 1:22 return

Report for the Australian Academy
of Technological Sciences and
Engineering and the Western

mm Australian Global Ocean
Observing System Inc.

August 2006



SUB-SEA BREAKING INTERNAL WAVES
Intense turbulence and forces
on structures and habitats at the seabed

Currents (arrows) Vertical temp/density stratification (colour)

Bottom currents during internal wave breaking = 10-20 x stronger than
ambient

(Venayagamoorthy & Fringer)



Internal Waves in the AS

B Adlmm mf mmmem e Tobmm | 5w s TR maam e T by L
i FIAS O LACBanIC INTeInal SOUIETY Waves | Feiary Juus
| b " Observations
There has been some scientific study of mternal waves mn the Arablan Sea and Gulf of

 Global Ocean Associates
Oman through the use of satellite imagery [Zheng et al., 1998; Small and Martin 2002]. The

o . [ — el T TR
i L T = - I HIE W |
whoa TS Al s e i R imagery shows evidence of fine scale intemnal wave signatures along the continental shelf around
the entire rezion.
Table 1 shows the months of the year when internal wave cbservations have been made.
- TRy prye— oy Woves Febetn p Aralias Son snd e ¢ Onase Table 1 - Months when interns] waves have been observed in the Arsbian Sea snd Gulf of Oman
. i A e (Mumbers indicate unigue dates in that month when waves have been noted)
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Figure 6. Astronaut Photograph (STS30-95-113) over the Arabian Sea acquired on 7 May 1989 at 0537 UTC. The image shows the signature of several well-
structured internal wave packets. Imaged area is unknown. Position estimate based on spacecraft nadir (black dof) and sun specular location (red dot). [Image
~ -

Courtesy of Earth Sciences and Image Analysis Laboratory, NASA Johnson Space Center (http-//eol jsc.nasa.zov)]
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€ an exampllevaornfce e

Improve design loadings for submerged
hydraulic forces on marine infrastructure

? EG improve by say 1% ?
? For 1000kms of pipelines ?
? saving $$% in designing materials & anchoring ?

? Avolid structural failures ?

Protect sub-sea workers



IIOE-2 Science Plan:
underpinning biophysical context

(basin-wide and NW |O specifics)
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Regional connections will facilitate / achieve
collaboration under an 1O

X YR OFy Sy3l3S LYR;
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Indian Ocean has a suite of relevant institutional/governmental alliances with

constituencies directly deriving from
> 50 countries draping over > 3 billion population base

IOCINDIO BOBLME

I0GOOS
SEAGOOS  !OC WESTPAC
ROPME
PERSGA

PG-GOOS " EIOURI
I0C
AFRICA

GOOS AFRICA
ASCLME/SAPPHIRE
WIOMSA WAGOOS
CORDIO
etc

IMOS GOOS Regional Alliance



Note: those on the W/ NW Indian Ocean side of

IIOE-2
BOBLME

IOCINDIO
SEAGOOS  !OC WESTPAC

EIOURI

GOOS AFRIC
ASCLME/SAPPHIRE
WIOMSA
CORDIO
etc

IMOS GOOS Regional Alliance




The planning for IIOR has been undertaken
under leadership of

A Indian Ocean Global Ocean Observing System (I0GOOS)
Al Dhh{ wwS3aizylf 'fftAlyOSQ
A Marine/Environment/Climate institutional repsc deriving from
most IO countries.

A Scientific Committee on Ocean Research (SCOR)
A3Jt2oFt T B on WylLOaAz2ylft {/hw O2°

A UNESCO Intergovernmental Oceanographic Commission (I0C
A 147 Member Stateg, Intergovernmentallyconstituted



INDIAN OCEAN GOOS

(Chairi AUSTRALIA)
(Secretariat INDIA)

UNESCO IOC Perth
Australia

India

UNESCO IOC

Iran

Kenya:
Mauritius:
Mozambique
South Africa
Sri Lanka
USA
Madagascar
Tanzania
Indonesia
France
BOBLME
U Bangladesh
U India
U Indonesia
U Malaysia
U Maldive
u Myanmar
U Sri Lanka
U Thailand

Upper Ocean
__ Deep Water
| Bottom Water

wationl Resoaren Hage




lIOE-2 will enhance the Global Ocean Observing System (GOOS)

Link to GOOS Steering Committee O0Pa

(5 continuous satellte measurements Globally T GOOS is
* of sea surface temperature, height, plateauing at ~65%

ié winds, ocean color, and sea ice . complete — L N
e E .

o, Surface measurements from
volunteer ships (VOS)

Global drifting surface
buoy array

: P —P icebuoys

f” 5° resolution array: 1250 floats

Tide gauge network (GCOS

0,
ges subset of GLOSS core network)

AA .

fast slow/no GPS
data  data

170 real-time reporting gauges

819 XBT sub-surface temperature
® section network

i ’ ‘ = = = 51 lines occupied

100% Argo profiling float
network

4 L o °

°
3° resolution array: 3000 floats

Trapsp_ort 24% ‘:‘jf—"r‘r‘} 48% Glopal time - 24% Global tropical moored W 430, Repeat hydrography and
monitoring e series network ey buoy network e T carbon inventory
A H

(planned)

29 sites =

D 119 moorings planned

58 moorings planned Full ocean survey in 10 years



These IOGOOQOS entities are building and using the Indian Ocean Observing System
(IndOOS)
IIOE-2 aims to enhance IndOOS i therefore directly relevant to sub-regional studies

Multi platform, long-term observational network. Under IOGOOS/CLIVAR/IMBER + IOC Perth support. Examples of major
sub-regional foci are shown.

; . :
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(including the tsunami |

@ Process Studies Regional Ocean



A flagship component of IndOOS

RAMA T Deep Ocean (up to 6000m) instrumentation

"
Research Moored Array for African—Asian—Australian m‘]E
Monsoon Analysis and Prediction (RAMA) it
#Surface Mooring mFlux Reference Site ®ADCP Y Deep Ocean 1 g
. 1 1 ol L . 2 ] . "f , ‘.
30°N A Gear ~ $10Ms - ' {
1 2015~ 75% implemented ~ Vessel Support ~ $10Ms )
20°N - USA/India (2004) .
] USA/Indonesia (2006) [
- o ® | Usa/France (2007)
10°N i ¢ China/Indonesia (2007) N
: o ¢ | USA/ASCLME (2008) -
: o o
] ¢ D
| 5] ¢ ¢ o %)
0] _ -
10°S A R R
: o o - i
20°S A - 90 oo =
] L |l e -
. o [ S
1 Solid=existing, open=planned - #s0m co
3008 | ' ' | | ' | ' | o
40°E 60°E 80°E 100°E 120°E T l
Courtesy M McPhaden and IOP a




What has occurred in [IOE
planning

2011-2015

A broad constituency has been created

regional + global



IIOE-2 Reference / Focus Group meetings in 2013-15, incl:

NTERNATIONAL INDIAN OCEAN EXPEDITION :
{110E-2) REFERENCE GROUP MEETING

» OGS INedIS | i

UNESCO/IOC
Sub -Commission
for
Africa and the
Adjacent Island
States

-
2
m

UNIVERSITY
SIBER + 10GOOS BOBLME



201315
Many nationally based planning meetings

Including formation ofllOE2 National Committees
(coordinating input to IIOE2, nationally)



IIOE2 has formal imprimatur of UNESCO 10C
Achieved June 2015
147 Governments

Note West Indian Ocean regional links, including t

IOCINDIO
(I0C Regional Committee for the Central Indian Ocean)

JIOCINDIO Meetingy to be held 287 Apr 2016, Chennal
Iran a long time Member
IIOE2 will be on the agenda!



. . . .. MEMBERS - 20
Also supported by Indian Ocean Rim Association australia

IOl indonesra
(Foreign Affairs & Trade T Ministerial Assoc.) -
Iran

Madagascar
- Mauritius
Upper Ocean Y Oman
South Africa
DCCD Water , Wite Tanzania

, ¢ UAE
Bangladesh
Seychelles
Kenya
Malaysia
Mozambique
Singapore
Sri Lanka
Thailand
Yemen

DIALOGUE PARTNERS - 6
China

France

UK

Egypt

Japan

USA

)‘)

\/
“”."’)HHH OBSERVERS - 2

Indian Ocean Research Group
Indian Ocean Tourism Association

kitonal Roscareh Maggho  ¢sino



The international meetings alone, during the
2012-15 IIOE-2 planning process and high level
advocacy program,

é have oOoexplicitlyo 1 ny

> 100 scientific/institutional leaders (derived globally)
> 50 countries
>55 institutions

U 20 major national/regional/global oceanographic

alliances (having multiple memberships ) ”



All planning outputs available atthe new IIOE2 dedicated website

WWW.Il0e-2.INnCcoIS.gov.in
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SECOND INTERNATIONAL INDIAN
OCEAN EXPEDITION (11OE-2)

A Basin-‘Wide Research Program

SEDMITRED &Y
W. Qange, L. Sesl L. £ Seckiwy, P. S kil
s, G. Gassses, H. Harxion, J. Harmreses,
da M. McffMadon, M. Robarts. S.Singk. £ Urban. W. Ye

Commissioned by SCOR 50
Developed by an international, interdisciplinary team of experts



Before examiningthe IOE { OA SY OS
0KSYSa FyR GKSANJ &L

Some highlights of some of the motivational
science that led to the Science Plan

Emphasisinghe Arabian Sea and margins

Much of this material from collaborators acknowledged
earlier (see for further ref.)



Some key issues
Physicalorcings(winds, fluxes)
Major circulation features

Influence on biophysics
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because it Is
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LandSea air temperature differential causes annual broad
scale wind direction shifts



Winter (~Jan) Summer (~July)

Above land4 air cold and relatively dense Above land4 air warm and relatively light
Above sed air relatively warm & hence Above sed air not as warm and hence
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warmer sea air as the Northeasterly monsoon warmer land air as the Southwesterly monsoon
winds winds

NCEP windstress and SST, July
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Note

Zone between the SE Trades of 1O
interior and Northesterlymonsoon

winds residing at ~ 1%

Relatively weak winds in this
transition zone

\JC[P wmdstress and SST, January

!!!!!

w4
\&‘.
\\"\:;:« PPN ¢....‘.A.l.wk\\'\
‘“"Nm"w“ ............. \\\\ \\
tll

"‘-“wrtov-c e
.

4°E  60°F  8O°F 100 120°F

Note

{9 ¢N)}RSa FTNRYI
Southwesterly flow and moves
northwards to ~ equator

Intensified air stream off
Somalia/Oman= FindlaterJet

NCEP windstress and SST, July

, \ ‘.
\ = i\ \:;\“-\ ‘ %ﬁ\ \\ ;
RN N ~‘0<f$$ﬁ§\
205 R
\ \ \ NRLRRALR |
\ Y AR SN RRRRAAAANRNN \\\\\\\\“n\\u
B TapEPER L LRRAR SN LAY WA i

3005 ¢

‘e wcoqonnw i)
MY F .

40 60°  80°E 100°E 120°F




Quick review on highlights of the broader scale circulation
features for the 10 / NW IO
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(further background also fronderom+ A | f [JafdBoPr@senters] winter school
(Goa, India) 2015)
(alsosee seminapapers of Schott et al, 2001, 2009)



Ekman drift a critical feature for the region

Surface currentsi¢ downto about 100Mp 1Y RSLII KO Ay RdzOSR o6& GKS
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In northern hemisphere the Ekman drift is to the right of the wind direction (Opposite in the souther
hemisphere)

In summer the Ekman drift associated with titéndlaterJet off Somalia and Oman moves coastal
water offshore towards the central AS & major upwelling results along the whole WAS west & nortl
coasts. Blooms accompany the upwellitg well offshore.
The strong Somali current along WAS coast leads to a series of large clockwise Gyres:
Southern Gyre (recirculates Somali current water back down across the equator)

Great Whirl to the north (~ south of Oman)

Socotra Eddy (northeast of Socotra)
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There are characteristics filaments (squirts) and jets associated with the WAS flow in summer
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East African Coast Current EACC)

TheSomali Current is
as strong as the Gulf Strea
but, unlike the GS it
reverses annually




