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Introducing

UNESCO Intergovernmental Oceanographic 

Commission (IOC)

&

UNESCO IOC Perth Office

(focussing on Indian Ocean & South West Pacific)



WMO World 

Meteorological
Organisation

UNESCO

UNEP

Councils, Assemblies, Courts, Secretariats, 
Programmes, Funds, Institutes etc

Education

Includes IOC = ‘Assembly’ of 

~148 member nations

Culture    

Science  

Ocean observations

Hazards (eg tsunami warning systems)

Bio-geochemical  marine science

Knowledge Transfer / Capacity Development



UN

U N E S C O

SCIENCE Division

Incl. IOC sector

148 Member States
(Intergovernmental)

IOC globally

Facilitates
ocean 

observations
(GOOS)

related research, 
applications

through
alliances, support

IOC Perth

One of only a few 
global IOC node 

offices

Incl. Secretariats
for

Indian Ocean 
Tsunami 

&
IIOE-2 Australian 

Node

Foci

Bringing scientists 
& users, together 

under
governmental 
support and 
initiatives

Multi-national 
frameworks



IOC Perth Office mandate

to facilitate

Observations

Understanding

Prediction (modelling)

Transfer of knowledge and capacity

Networking & relationships

Multi-sectoral relevancy: socio, economic, environmental

SW Pacific region

Pacific Islands Global Ocean Observing System
’regional alliance’

Indian Ocean region

Indian Ocean Global Ocean Observing System
‘regional alliance’  



Workshop overview

Part I Case studies – Ocean Observing Systems & Technologies
• Indian Ocean Observing System (IndOOS)

• Australian Integrated Marine Observing System (IMOS)

Part II Second International Indian Ocean Expedition (IIOE-2: 2015-20)
• Planning 2012-15
• Science Framework & Implementation Strategy

Part III Bio-Physical oceanography overview
• Persian Gulf, Gulf of Oman, NW Indian Ocean

Part IV Prospect for  “an integrated observing system for the NW IO” ?
• Persian Gulf - Gulf of Oman - NW Indian Ocean

• Aligned with the science framework for IIOE-2



Part I

Case studies – ocean observing systems 

and technologies

Indian Ocean Observing System (IndOOS)

Australian Integrated Marine Observing System (IMOS)



Indian Ocean Observing System (IndOOS)

Under the auspices of the IOC-Global Ocean Observing System 

program and CLIVAR (Climate and Variability Program) of the World 

Climate Research Program

Since 2006

Complementary to many sub-regional ‘observing systems’

(eg IMOS, discussed next in this talk)



Indian Ocean Observing System (IndOOS)

part of

Global Ocean Observing System (GOOS)

JCOMMOPS (IOC /WMO) ]

Globally – GOOS is 

plateauing  at ~65% 
complete

.
.



Emergent Agulhas System 

Study
IMOS Australia

Indian Ocean Observing System

Observations  process research studies modelling  capacity development



Examples of broad-scale science/societal drivers 

motivating research in the IO

Typhoons, 
Cyclones & 
Hurricanes 

MJO

Indian Ocean 
Dipole

ITF

Courtesy:  Mike McPhaden, IIOE-2 RG2 Qingdao Nov 2013 SST anomaly (Feb 

2011)

Ningaloo Nino
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A flagship component of IndOOS

RAMA – Deep Ocean (up to 6000m) instrumentation

Gear ~ $10Ms

Vessel Support ~ $10Ms

6
0

0
0

m

2015 ~ 75% implemented

Courtesy M McPhaden and IOP
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Indian Ocean Regional Panel of IOC-GOOS/CLIVAR
Plans based on IndOOS - next 5 years



Australian Integrated Marine Observing System 

(IMOS)

A major sub-regional ‘observing system’ in the Indian Ocean



Contemporary technologies for ocean 

observations under the Global Ocean Observing 

System framework – an Australian perspective

On behalf of Tim Moltmann, IMOS Director - University of Tasmania



IMOS is part of the Global Ocean Observing 

System’s  network of GOOS ‘regional alliances’

working together for a common purpose



The Integrated Marine Observing System (IMOS)

is Australia’s contribution to GOOS…



What is IMOS?

• IMOS is a national, collaborative, research 

infrastructure, funded by Australian Government

• It undertakes systematic and sustained 

observing of the marine environment

• Open data access, for research and other 

purposes

• Established in 2006-7

– 11th year of operation

http://www.sims.org.au/
http://www.sims.org.au/
http://www.uwa.edu.au/
http://www.uwa.edu.au/


IMOS Capability integrated across:

Open 
ocean

Shelf Coastal

Physics Chemistry Biology

Spatial scales

Disciplines

http://imos.org.au/index.php?eID=tx_cms_showpic&file=uploads/pics/IMG_2010_01_31_Chris_Oosthuizen.jpeg&md5=7bdb081a6edceb8020b6de43f74b042894a528b1&parameters[0]=YTo0OntzOjU6IndpZHRoIjtzOjQ6IjgwMG0iO3M6NjoiaGVpZ2h0IjtzOjM6IjYw&parameters[1]=MCI7czo3OiJib2R5VGFnIjtzOjQyOiI8Ym9keSBiZ0NvbG9yPSIjZmZmZmZmIiBz&parameters[2]=dHlsZT0ibWFyZ2luOjA7Ij4iO3M6NDoid3JhcCI7czozNzoiPGEgaHJlZj0iamF2&parameters[3]=YXNjcmlwdDpjbG9zZSgpOyI%2BIHwgPC9hPiI7fQ%3D%3D
http://imos.org.au/index.php?eID=tx_cms_showpic&file=uploads/pics/IMG_2010_01_31_Chris_Oosthuizen.jpeg&md5=7bdb081a6edceb8020b6de43f74b042894a528b1&parameters[0]=YTo0OntzOjU6IndpZHRoIjtzOjQ6IjgwMG0iO3M6NjoiaGVpZ2h0IjtzOjM6IjYw&parameters[1]=MCI7czo3OiJib2R5VGFnIjtzOjQyOiI8Ym9keSBiZ0NvbG9yPSIjZmZmZmZmIiBz&parameters[2]=dHlsZT0ibWFyZ2luOjA7Ij4iO3M6NDoid3JhcCI7czozNzoiPGEgaHJlZj0iamF2&parameters[3]=YXNjcmlwdDpjbG9zZSgpOyI%2BIHwgPC9hPiI7fQ%3D%3D
http://imos.org.au/index.php?eID=tx_cms_showpic&file=uploads/pics/rx-rrk-3_01.JPG&md5=57cb90d7da3bba57846f4bb4ccfafea62791d763&parameters[0]=YTo0OntzOjU6IndpZHRoIjtzOjQ6IjgwMG0iO3M6NjoiaGVpZ2h0IjtzOjM6IjYw&parameters[1]=MCI7czo3OiJib2R5VGFnIjtzOjQyOiI8Ym9keSBiZ0NvbG9yPSIjZmZmZmZmIiBz&parameters[2]=dHlsZT0ibWFyZ2luOjA7Ij4iO3M6NDoid3JhcCI7czozNzoiPGEgaHJlZj0iamF2&parameters[3]=YXNjcmlwdDpjbG9zZSgpOyI%2BIHwgPC9hPiI7fQ%3D%3D
http://imos.org.au/index.php?eID=tx_cms_showpic&file=uploads/pics/rx-rrk-3_01.JPG&md5=57cb90d7da3bba57846f4bb4ccfafea62791d763&parameters[0]=YTo0OntzOjU6IndpZHRoIjtzOjQ6IjgwMG0iO3M6NjoiaGVpZ2h0IjtzOjM6IjYw&parameters[1]=MCI7czo3OiJib2R5VGFnIjtzOjQyOiI8Ym9keSBiZ0NvbG9yPSIjZmZmZmZmIiBz&parameters[2]=dHlsZT0ibWFyZ2luOjA7Ij4iO3M6NDoid3JhcCI7czozNzoiPGEgaHJlZj0iamF2&parameters[3]=YXNjcmlwdDpjbG9zZSgpOyI%2BIHwgPC9hPiI7fQ%3D%3D


Why was IMOS established?

• Oceans matter to Australia 

as a ‘marine nation’

– marine industries

– national security

– coastal populations

– climate & weather

– marine biodiversity

• Historically, Australia’s marine observing effort was uncoordinated

– poor coverage, fragmented, not sustained

• IMOS was established in 2006-7 to address these problems



3. How does IMOS work?

- Science Nodes

- Facilities



Sub-national science ‘nodes’ that set the ‘science objectives’

• Multi-decadal Ocean Change

– Temperature, salinity, carbon

• Climate Variability, Extremes
– ENSO, IOD, SAM

• Major Boundary Currents

– EAC, Leeuwin, ITF

• Shelf and Coastal Processes

– Eddies, currents, upwellings etc

• Ecosystem Responses

– Productivity, abundance, distribution

– Pelagic, benthic

http://www.google.com.au/imgres?imgurl=http://www.ncusd203.org/central/html/what/science/patterson/images/Great-White-Shark-002.jpg&imgrefurl=http://www.ncusd203.org/central/html/what/science/patterson/&usg=__-QvZSMOp98ibZXbLkbS0_KkLSVU=&h=287&w=432&sz=17&hl=en&start=3&um=1&itbs=1&tbnid=BgGYhzK0QeTs1M:&tbnh=84&tbnw=126&prev=/images?q=white+shark&um=1&hl=en&safe=off&sa=N&ndsp=18&tbs=isch:1
http://www.google.com.au/imgres?imgurl=http://www.ncusd203.org/central/html/what/science/patterson/images/Great-White-Shark-002.jpg&imgrefurl=http://www.ncusd203.org/central/html/what/science/patterson/&usg=__-QvZSMOp98ibZXbLkbS0_KkLSVU=&h=287&w=432&sz=17&hl=en&start=3&um=1&itbs=1&tbnid=BgGYhzK0QeTs1M:&tbnh=84&tbnw=126&prev=/images?q=white+shark&um=1&hl=en&safe=off&sa=N&ndsp=18&tbs=isch:1


Nationally distributed – facilities

(one for each major observing infrastructure type)

• Observations are 

undertaken by 10 

national Facilities

• Facilities use a wide 

range of platforms 

and sensors to 

collect the data

– from open ocean, 

to shelf, to coast

– across physics, 

chemistry, and 

biology



How does IMOS work? - Facilities

1. Argo Floats 

2. Ships of Opportunity 

3. Deepwater Moorings 

4. Ocean Glider Fleet

5. Autonomous Underwater 

Vehicles 

6. National Mooring Network 

7. Ocean Radar Network

8. Animal Tagging and 

Monitoring Network

9. Wireless Sensor Network 

10. Satellite Remote Sensing

http://imos.org.au/index.php?eID=tx_cms_showpic&file=uploads/pics/rx-rrk-3_01.JPG&md5=57cb90d7da3bba57846f4bb4ccfafea62791d763&parameters[0]=YTo0OntzOjU6IndpZHRoIjtzOjQ6IjgwMG0iO3M6NjoiaGVpZ2h0IjtzOjM6IjYw&parameters[1]=MCI7czo3OiJib2R5VGFnIjtzOjQyOiI8Ym9keSBiZ0NvbG9yPSIjZmZmZmZmIiBz&parameters[2]=dHlsZT0ibWFyZ2luOjA7Ij4iO3M6NDoid3JhcCI7czozNzoiPGEgaHJlZj0iamF2&parameters[3]=YXNjcmlwdDpjbG9zZSgpOyI%2BIHwgPC9hPiI7fQ%3D%3D
http://imos.org.au/index.php?eID=tx_cms_showpic&file=uploads/pics/rx-rrk-3_01.JPG&md5=57cb90d7da3bba57846f4bb4ccfafea62791d763&parameters[0]=YTo0OntzOjU6IndpZHRoIjtzOjQ6IjgwMG0iO3M6NjoiaGVpZ2h0IjtzOjM6IjYw&parameters[1]=MCI7czo3OiJib2R5VGFnIjtzOjQyOiI8Ym9keSBiZ0NvbG9yPSIjZmZmZmZmIiBz&parameters[2]=dHlsZT0ibWFyZ2luOjA7Ij4iO3M6NDoid3JhcCI7czozNzoiPGEgaHJlZj0iamF2&parameters[3]=YXNjcmlwdDpjbG9zZSgpOyI%2BIHwgPC9hPiI7fQ%3D%3D
http://imos.org.au/index.php?eID=tx_cms_showpic&file=uploads/pics/IMG_2010_01_31_Chris_Oosthuizen.jpeg&md5=7bdb081a6edceb8020b6de43f74b042894a528b1&parameters[0]=YTo0OntzOjU6IndpZHRoIjtzOjQ6IjgwMG0iO3M6NjoiaGVpZ2h0IjtzOjM6IjYw&parameters[1]=MCI7czo3OiJib2R5VGFnIjtzOjQyOiI8Ym9keSBiZ0NvbG9yPSIjZmZmZmZmIiBz&parameters[2]=dHlsZT0ibWFyZ2luOjA7Ij4iO3M6NDoid3JhcCI7czozNzoiPGEgaHJlZj0iamF2&parameters[3]=YXNjcmlwdDpjbG9zZSgpOyI%2BIHwgPC9hPiI7fQ%3D%3D
http://imos.org.au/index.php?eID=tx_cms_showpic&file=uploads/pics/IMG_2010_01_31_Chris_Oosthuizen.jpeg&md5=7bdb081a6edceb8020b6de43f74b042894a528b1&parameters[0]=YTo0OntzOjU6IndpZHRoIjtzOjQ6IjgwMG0iO3M6NjoiaGVpZ2h0IjtzOjM6IjYw&parameters[1]=MCI7czo3OiJib2R5VGFnIjtzOjQyOiI8Ym9keSBiZ0NvbG9yPSIjZmZmZmZmIiBz&parameters[2]=dHlsZT0ibWFyZ2luOjA7Ij4iO3M6NDoid3JhcCI7czozNzoiPGEgaHJlZj0iamF2&parameters[3]=YXNjcmlwdDpjbG9zZSgpOyI%2BIHwgPC9hPiI7fQ%3D%3D


1. Argo Australia

• 370 active Australian floats

– 50% IMOS

– 50% partners

• Core mission

– plus Oxygen

– plus high latitude



2. Ships of Opportunity

• Observations

– XBT

– Biogeochemistry

– SST

– Air-Sea Fluxes

– CPR

– Bioacoustics

• Platforms

– RV’s

– Commercial 0 m

1000 m

night day

Tasmania New Zealand

0 km 2000 km
0 m

1000 m

night day

Tasmania New Zealand

0 km 2000 km

‘Virtual

Fleet’



3. Deepwater Moorings

• Transport arrays

– ITF

– EAC

• Southern Ocean

– Carbon cycling

– Air-sea flux

– Antarctic bottom 

water



4. Ocean Glider Fleet

• Seagliders (x9)

– Open ocean, up to

• 1,000m

• 6 months

• ~16 missions pa

• Slocums (x13)

– Shelf/coast, up to

• 200m

• 30 days

• ~30 missions pa

http://imos.org.au/index.php?eID=tx_cms_showpic&file=uploads/pics/map.jpg&md5=891e1249991ba94d31311a30532afff0eb8be4a8&parameters[0]=YTo0OntzOjU6IndpZHRoIjtzOjQ6IjUwMG0iO3M6NjoiaGVpZ2h0IjtzOjM6IjUw&parameters[1]=MCI7czo3OiJib2R5VGFnIjtzOjI0OiI8Ym9keSBiZ0NvbG9yPSIjZmZmZmZmIj4i&parameters[2]=O3M6NDoid3JhcCI7czozNzoiPGEgaHJlZj0iamF2YXNjcmlwdDpjbG9zZSgpOyI+&parameters[3]=IHwgPC9hPiI7fQ==
http://imos.org.au/index.php?eID=tx_cms_showpic&file=uploads/pics/map.jpg&md5=891e1249991ba94d31311a30532afff0eb8be4a8&parameters[0]=YTo0OntzOjU6IndpZHRoIjtzOjQ6IjUwMG0iO3M6NjoiaGVpZ2h0IjtzOjM6IjUw&parameters[1]=MCI7czo3OiJib2R5VGFnIjtzOjI0OiI8Ym9keSBiZ0NvbG9yPSIjZmZmZmZmIj4i&parameters[2]=O3M6NDoid3JhcCI7czozNzoiPGEgaHJlZj0iamF2YXNjcmlwdDpjbG9zZSgpOyI+&parameters[3]=IHwgPC9hPiI7fQ==


5. Autonomous Underwater 

Vehicles

• Fine-scale benthic 

imagery

• Reference sites

– Repeat observation

• Pattern recognition

– From robotics to 

ecology



6. National Mooring Network

• National Reference 

Stations

• Shelf mooring 

arrays

• Acidification 

moorings

• Passive acoustics

South West
•Narrow shelf
•Leeuwin Current influence
•Tropical oceanic communities

South East
•Very narrow shelf

•EAC influence, eddies
•Temperate neritic

communities

GBR lagoon
•EAC/Hiri current 

influence
•Floristically distinct 

shallow waters

Tropical North
•Broad, shallow shelf seas
•Tidal influence
•Tropical neritic communities

WAIMOS

SAIMOS

QIMOS

NSW-IMOS

TasIMOS

South Central
GAB, SA Gulfs

•Leeuwin/Flinders 
current influence

•Upwelling systems
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7. 



8. Animal Tagging and Monitoring

• Acoustic tags and 

arrays

– Shallow water

– Deep water

• Satellite tags

– Seals, sea lions, sea 

birds



9. Wireless Sensor Network

• Eg Inter-connected 

wiring of a reef area 

– Sensor floats, poles

– ‘plug and play’



10. Satellite Remote Sensing

• SST

• Ocean Colour

• Altimetry

• Calibration/Validation

• National Processing 

and Product Delivery

Bass 
Strait
Storm 

Bay

LJCO

Hinchinbrook Channel

Herbert 

River 

Estuary

Lucinda Jetty

0            1            2 km

N

LJCO

Hinchinbrook Channel

Herbert 

River 

Estuary

Lucinda Jetty

0            1            2 km0            1            2 km

N



Data Management

All IMOS data – openly accessible through an 11th Facility

Australian Ocean Data Network (AODN)

Funded under IMOS



Data Management

• And all real time data is 

mapped and accessible on a 

daily basis via IMOS 

OceanCurrent

– Altimetry

– SST

– Ocean Colour

– Gliders

– drifting buoys

– Argo

– HF Radar

– Satellite tracked animals

http://oceancurrent.imos.org.au/



Relevance and impact of IMOS

• This is how we ensure 

IMOS observations and 

data are relevant

• And have impact for 

Australia as a ‘marine 

nation’

– marine industries

– national security

– coastal populations

– climate & weather

– marine biodiversity



THANK YOU



Part II

Second International Indian Ocean Expedition 

(IIOE-2: 2015-20)

Planning 2012-15

Science Framework & Implementation Strategy



The ‘original’ IIOE 1959-65

Total 323 mths

of ship time

France – 20
Germany – 7

India – 24
Indonesia – 3

Japan – 20
Australia 37
Pakistan – 8
Portugal – 3

South Africa – 13
Thailand – 2
USSR – 20

UK – 35
USA - 119

Hydrographic surveys (repeats) Chemical oceanography

Meteorology Marine biology

Marine geology Geophysics

Capacity Development, new research institutions, research techniques, reference data



General motivation for IIOE-2 

(2015-20)



It has been half a century since IIOE-1. The Indian Ocean remains complex, 
eg

“…The general circulation of the IO is the least understood of all of the open 
ocean basins...” (Hood et al, 2015)

Natural and human disasters in the IO highlight this point - climatic, oceanographic, Sea 
Search and Rescue / recovery
• Environmental problems

• Climate Change
• Food & Energy Security

• Need to underpin sustainability for the Blue Economy
• Marine industry support (design, risk assessment, modelling, shipping support, hazards)

• etc



…a ‘new world’ in observational technology…

Contemporary techniques/technology, infrastructure  give us an improved 
capacity to measure and characterize (processes)

Direct and robotically – gear, humans and animals - above, at and below the sea 
surface



Sophisticated, powerful new computer models

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

IO Sea Surface velocity

Courtesy:  Gabe Vecchi, ex-IOP  / GFDL USA

IO Sea Surface Temperature

Courtesy:  Garry Brassington, CAWCR, BLUElink, Australia



Exclusive Economic Zones

Much larger total EEZ network now

Issues of sovereignty of access, restrictions on sharing strategically sensitive data

For effective research – we need to collaborate under a collegial framework

Bi-, Tri-, Multi-lateral collaborations

IIOE-2



Ocean related weather – monsoons etc – vital for the Indian 

Ocean

One third of the world’s 
population depends on 

monsoon rainfall

W/N/E Indian Ocean  strongly 

influenced - monsoons (floods, 

droughts), cyclones …

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



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

Weather
&

Connecting 

currents



COST:BENEFIT RATIONALLE
eg ATSE/WAGOOS (2006)

Based on just 4 sectors (oil/gas, 

agric, fisheries, iron ore)- investing 

in ocean observations yields better 

than 1:22 return



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)

shelf seabed

Pipelines

Oil/gas rig legs

Habitats

Fisheries

infrastructure
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Internal Waves in the AS



IIOE-2 Science Plan:

underpinning biophysical context

(basin-wide and NW IO specific)



The planning for IIOE-2 has been undertaken 
under leadership of

• Indian Ocean Global Ocean Observing System (IOGOOS)
• a GOOS ‘Regional Alliance’

• Marine/Environment/Climate institutional reps – deriving from 
most IO countries.

• Scientific Committee on Ocean Research (SCOR)
• global = > 30 ‘national SCOR committees”

• UNESCO Intergovernmental Oceanographic Commission (IOC)
• 147 Member States – Intergovernmentally constituted



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

WAGOOS

SIBER + IOGOOS

UNESCO/IOC

Sub -Commission 

for 

Africa and the 

Adjacent Island 

States

BOBLME
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The international meetings alone, during the 

2012-15 IIOE-2 planning process and high level 

advocacy program,

… have ‘explicitly’ involved …

> 100 scientific/institutional leaders (derived globally)

> 50 countries

>55 institutions

 20 major national/regional/global oceanographic 

alliances (having multiple memberships )



IIOE-2 has been formally endorsed by the UNESCO 
Intergovernmental Oceanographic Commission

(148 Member States)

Has also the support of IORA: Indian Ocean Rim Association 
Foreign Affairs and Trade alliance

(Constituency = 28 countries)



All planning outputs available at  the new IIOE-2 dedicated website 

www.iioe-2.incois.gov.in



IIOE-2 science framework

2012-15: four years of general IIOE-2 planning

including

One intensive year (2015) of writing by a Science Plan Development 

Committee

under the auspices of 

Scientific Committee on Ocean Research
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Science Plan
(2015)



Science Plan for IIOE-2

Six over-arching scientific Themes

1: Human induced stressors & their impacts

2: Boundary current dynamics, upwelling 

variability and ecosystem impacts

3: Monsoon variability & ecosystem response 

Ed. Raleigh Hood (USA)  … involved ~100 authors.

Reviewed widely by international community. Edited by scientists from Australia, China, 

Germany, India, Japan, Netherlands, UK and USA.

______________________________________________________________________



Scientific Themes cont…

4: Circulation, climate variability and change

5: Extreme events and their impacts

on ecosystems and human populations

6: Unique features of Indian Ocean



Science Plan mentions 
specific committed &  

planned research

e.g. Eastern Indian Ocean Upwelling 
Research Initiative 

EIOURI
(SIBER + IORP)

(ref, more info: Weidong Yu, Yukio 
Masumoto  et al) 

e.g. Emerging Western Indian Ocean 
Upwelling Research Initiative 

WIOURI
(ref, more info: Mike Roberts et al)

Sumatra Upwelling 

Java Upwelling 

NW Australia 

shelf region 

Sri Lanka Dome 
Intraseasonal  

Kelvin Wave 

Fresh Water Inputs 

Eastern pole  

of IOD 

BoB Circulations Heat Flux 

Annual Cycle 

Plankton behavior 

Indonesian  

Throughflow 
Barrier Layer 

Equatorial Upwelling 

Nitrogen Cycle 

Ecosystem dynamic 
Subsurface 

nutrient supply 

Mixed layer 

dynamics         

Leeuwin Current 

Meso-scale Eddies 

Primary/Net production 

Monsoon 

Ningaloo Nino/Nina 
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East	Indian	
Ocean	

Upwelling		
Ini a ve	

 Agulhas Current driven upwelling
 Upwelling in the Mozambique Channel
 Madagascar Ridge and seamounts
 Upwelling in the East African Coastal Current (EACC)
 and influence of major islands (Mafia, Zanzibar, Pemba)
 Upwelling in the Somalia Current system
 Oman/Arabian Sea upwelling system
 Chagos-Seychelles upwelling dome and Chagos Ridge
 Mascarene Plateau induced upwelling
 Chagos-Laccadive Ridge-induced island wake effects
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IIOE-2 governance

The steering committee and 
advisory elements
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IIOE-2 Steering Committee (SC) development

Science Theme Groups
1. Human Impacts

2. Boundary current dynamics, 

upwelling variability and 

ecosystem impacts

3. Monsoon variability and 

ecosystem response

4. Circulation, climate variability 

and change

5. Extreme events and their 

impacts on ecosystems and 

human populations

6. Unique geological, physical, 

biogeochemical and 

ecological features of the 

Indian Ocean

67
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1. Science and Research

2. Data and Information 

Management
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5. Outreach and Communication

6. Translating Science for 

Society
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3. IOCINDIO (for central Indian Ocean / Middle 

East)

4. IOCARIBE (collegial connection to Caribbean 

office)



Part III

Bio-physical oceanography overview

Persian Gulf, Gulf of Oman, North West Indian Ocean



Some key issues

Physical forcings (winds, fluxes)

Major circulation features

Influence on oceanic bio-physics & coupled weather



Indian Ocean is ‘unique’ amongst the world’s oceans 
because it is

…bounded to its north by the Asian continent…

Land-Sea air temperature differential causes annual broad-
scale wind direction shifts

… the “monsoons” … 



Winter (~Jan)

Above land  air cold and relatively dense
Above sea air relatively warm & hence 

‘lighter’

Dense land air ‘plunges’ to the sea under the 
warmer sea air as the Northeasterly monsoon 

winds

Summer (~July)

Above land  air warm and relatively light
Above sea air not as warm and hence 

‘denser’

Dense sea air ‘plunges’ to the land under the 
warmer land air as the Southwesterly monsoon 

winds



Quick review on highlights of the broader scale circulation 
features for the IO / NW IO

(slides from Jay McCreary’s NIO (Goa, India) 2015 winter school materials)
(further background also from Jerom Vialard’s [and co-presenters] winter school 

(Goa, India) 2015)
(also see seminal papers of Schott et al, 2001, 2009) 



Ekman drift a critical feature for the region

Surface currents (ie down to about 100-150m depth) induced by the wind are forced ‘sideways’ by the 
force of the Earth’s rotation (ie the Coriolis Force).

In northern hemisphere the Ekman drift is to the right of the wind direction (Opposite in the southern 
hemisphere)

In summer the Ekman drift associated with the Findlater Jet off Somalia and Oman moves coastal 
water offshore towards the central AS & major upwelling results along the whole WAS west & north 

coasts. Blooms accompany the upwelling to 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)

The Somali current gyre region has such strong currents, that the upwelling circulation is ‘distorted’ 
by advection into a series of upwelling ‘wedges’ located between the gyres.

There are characteristics filaments (squirts) and jets associated with the WAS flow in summer

Jay McCreery’s pictures to illustrate…



Summer monsoon Jul/Aug

South-westerly winds



Winter monsoon Jan/Feb



Wyrtki Jets

Swift eastward currents (the Wyrtki Jets) develop along the equator during the 

inter-monsoons (April/May & October−December)  forced by westerly winds in those 

periods.  The confined (Wyrtki) jets of water flow towards the eastern boundary of the IO, 

causing lowering of sea level in the western equatorial ocean and raising it in the east.

L R



Illustrative pictures of the summer and winter blooms

(see IIOE-2 Science Plan, Hood et al 2015; and Wiggert et al, 2006)

WINTER
Cold, dry air over AS

Evaporative convective mixing (deepening)
Light levels and dilution of nutrient store can limit 

intensity of blooms

SUMMER
Coastal flow, Ekman drift, upwelling, 

offshore transport of nutrients to 
Central AS, strong blooms



Somali and 
Oman

Central  and 
northern AS

Sri Lanka

Western Bay

Java/Sumatra

South Indian 
Ocean band

Vinayachandran (2006; priv. comm.)

SeaWiFS annual chlorophyll composite (1999)



OMZs occur in many regions of the 

world ocean underneath areas of 

high production.

The high production also generates 

detritus.  The detritus is 

remineralized by bacteria as it sinks, 

consuming oxygen and creating a 

subsurface OMZ.

Arabian Sea Oxygen Minimum Zone (ASOMZ)



There are of course many more phenomena to 

discuss .. if there were time …

More on upper ocean circulation

Meridional overturing cells and their transport of southern hemisphere water into the 

northern hemisphere and AS etc

Ocean to ocean circulation / exchange.

Madden Julian Oscillation (agglomeration of equatorial weather off NE Africa, 

propagates eastward to the Pacific)

Indian Ocean Dipole / ENSO and linkages between them. A large subject in its own 

right.



Some ‘locally’ derived snapshots

• Issues and motivations for the NW 

Indian Ocean – Marginal Seas

• That could focus research under IIOE--2



NW Indian Ocean & Persian Gulf, Gulf of Oman…

…from a quick search…

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) ….

Much more available

ROPME

(numerous)
Dr Hassan

Mohammadi

ICPGO 2016
Keynote



1990-1997

1994

1990-1995

1992-1994,

and  2001

Slide from: Sergey Piontkovski, Adnan Al-Azri (SQU) – 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


Prominent circulation

(Persian Gulf / Gulf of Oman)

Long coastal currents, eddies, temp-salinity-chlorophyll correlations, 

exchange in the Strait



Primary productivity variability

Satellite sensed Chlorophyll



High relative biodiversity, considering the geographical location and the 

background bio-physical regimes eg in water temperatures and bio-

geochemical properties

Case in point ….  CORALS

• Worldwide about 700 species

 In Oman about 120-140

• 17 Families and 111 genera 

 In Oman, 15 and  44 respectively

• 5 regions (Musandam, Capital +

Daymaniyat, Qualhat-Sur,

Bar Al-Hikman+ Masirah, Dhofar)

Cycloseries curvata Diaseris fragilis
Acanthastrea maxima

Arabo-Persian
waters

Regional influences on biodiversity

Red
Sea

West Indian
Ocean

Indo-pacific



DENSITY FRONTAL ZONES

&

Eddies

high chlorophyll

upwelling

downwelling

dramatic and variable water quality

(eutrophication, de-oxygenation)



Interesting internal dynamics characterise the marginal 

seas due to their bathymetry, hydrological regimes, 

evaporation, wind fields, biology etc and also the sills and 

constrictions at the exchange ‘necks’.

Extreme changes in water quality occurs

Is further work on the internal issues perhaps a case for 

IIOE-2 regional focus?

Gulf of Oman

A clear May day
Gulf of Oman

A murky August day



Strong coastal summer flow in the West Arabian Sea (Somali 

current)

subjected to Ekman offshore drift, upwelling, large gyres, squirts, 

filaments, jets … as characteristic mesoscale mixing / transport 

features

They are obviously critical in respect to characterising exchange 

between the Marginal Seas and the AS.

Are they understood sufficiently, predictable (by models?)

http://daac.gsfc.nasa.gov/oceancolor/images/Ras_al_Hadd_jet_labeled.jpg
http://daac.gsfc.nasa.gov/oceancolor/images/Ras_al_Hadd_jet_labeled.jpg


Dense (high salinity), Persian Gulf water

plunging into the Gulf of Oman and into the Arabian Sea



The Marginal Seas input high salinity water to the AS as

plunging density currents … to a neutrally buoyant 

depth… ie as gravitational  intrusions (eg PG at ~250m).

The AS inputs low salinity water to the Marginal Seas, as 

buoyant surface flows in two layer exchange flows.

Characteristically long residence times in the marginal 

seas (eg PG 2-5 years).

Complex barotropic and baroclinic dynamics, plus 

Coriolis, in the Marginal Seas.



What is the fate, mixing and properties (physical and 

biogeochemical) of the waters going into the Gulfs and 

then coming back out to the Arabian Sea?

Is enough known of the internal biophysical  dynamics of 

the marginal seas in this context?



Part IV

Prospect for

“…an integrated observing system for the 

North West Indian Ocean…” ?

Persian Gulf - Gulf of Oman - NW Indian Ocean

Aligned with the science framework for IIOE-2



Opportunities for the region in IIOE-2 

Collaboratively & collegially complete the fundamentally relevant and critical

Indian Ocean Observing System (IndOOS)

For RAMA deep moorings, and all other ocean observing components

Vessels, people, logistics, funding etc

2015 ~ 75% complete



Opportunities: NW Indian Ocean - Marginal Seas

A number of opportunities have been mentioned

The IIOE-2 Steering Committee provides places for institutional reps, 

science reps and also national committee reps.

• A Member of the Steering Committee can, for example,  derive from a new 

IIOE-2 Research Initiative.

• For example, from a Persian Gulf – Gulf of Oman – West Arabian Sea 

Research Initiative aligned with the IIOE-2 ?

• Link the Research Initiative with the wider Western Indian Ocean Upwelling 

Research Initiative (WIOURI)

• Include Capacity Development (local facilities exist – eg Iranian UNESCO 

Category II training centre, and others)

• Facilitate the Research Initiative to collaborate amongst industry, 

government, academia, other alliances (eg ROPME etc)

• Use the Research Initiative to foster international links and collaborations 

through its inherent intergovernmental underpinning (IOC)



thank you
IIOE-2

to advance our understanding of the Indian Ocean and its role in the 
Earth System in order to enable informed decisions in support of 

sustainable development and the well-being of humankind.


