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¢ƘŜ ΨƻǊƛƎƛƴŀƭΩ LLh9

a brief trip back in time

1959-65



IIOE 1959-65 (Scientific Committee on Ocean Research 3 years + UNESCO IOC 3 years)

Total 323 ship months 

(approx.)

1) Australia  Ą 37 

months

2) France ï20

3) Germany ï7

4) India ï24

5) Indonesia ï3

6) Japan ï20

7) Pakistan ï8

8) Portugal ï3

9) South Africa ï13

10) Thailand ï2

11) USSR ï20

12) UK ï35

13) USA - 119

Courtesy:  Satheesh Shenoi, INCOIS, India

Hydrographic surveys (repeats) Chemical 

oceanography

Meteorology Marine biology

Marine geology Geophysics

Original IIOE 1959-65



IIOE had three phases

1957-59   SCOR Concept development

1959-62   SCOR Start-up & management (IOC became a co-sponsor in 1961)
Å Project Coordinator (R G Schneider). Fully paid (USA NSF)
Å Over-arching International Project Office, New York (opened 1959)
Å IIOE prospectus written
Å Schneider Ą 5 x round the world missions ςadvocacy, constituency 

building, planning etc

1963-65   IOC Transfer of management to IOC & project completion
Establishment of Working Groups
Å Operational Coordination
Å Communications
Å Publications
Å tƻǎǘ мфср {/hw ŦƻǊƳŜŘ ŀ ²ƻǊƪƛƴƎ DǊƻǳǇ ƻƴ Ψ!ǘƭŀǎŜǎΩ ό{/hw ²Dммύ



IIOE  (1959-65)

products

SCOR IIOE website

www.scor-

int.org/IIOE_History.h

tm

IOC Library / archives 

IIOE papers

Berhman (UNESCO; 

1981)



Since IIOE-1



Since IIOE-1 é a number of major IO studies

(SCOR & IOC)



NW Indian Ocean & Persian Gulf, Gulf of Omané

éfrom a quick searché

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

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) ïCoML 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 IIOE-2 ??

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

άΧ¢ƘŜ ƎŜƴŜǊŀƭ ŎƛǊŎǳƭŀǘƛƻƴ ƻŦ ǘƘŜ Lh ƛǎ ǘƘŜ ƭŜŀǎǘ ǳƴŘŜǊǎǘƻƻŘ ƻŦ ŀƭƭ ƻŦ ǘƘŜ ƻǇŜƴ 

ƻŎŜŀƴ ōŀǎƛƴǎΦΦΦέ όIƻƻŘ Ŝǘ ŀƭΣ нлмр)

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

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

Å etc



Χŀ ΨƴŜǿ ǿƻǊƭŘΩ ƛƴ ƻōǎŜǊǾŀǘƛƻƴŀƭ ǘŜŎƘƴƻƭƻƎȅΧ

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

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



Χŀ ΨƴŜǿ ǿƻǊƭŘΩ ƛƴ ƻōǎŜǊǾŀǘƛƻƴŀƭ ǘŜŎƘƴƻƭƻƎȅΧ

Remotely controlled equipment ςŘǊƛǾŜƴ ŀǘ ǘƘŜ ƭŀōΧΦǎŜƴŘƛƴƎ Řŀǘŀ ǘƻ 
the lab



WARM

COLD

¢ƘŜǎŜ ƛƴǎǘǊǳƳŜƴǘǎ ŜƴŀōƭŜ ǳǎ ǘƻ ΨǎŜŜΩ ōŜƭƻǿ ǘƘŜ ƻŎŜŀƴΩǎ 
surface

ǎƻƳŜǘƛƳŜǎ ƛƴ  ΨǊŜŀƭ ǘƛƳŜΩ



Χ ŀ ΨƴŜǿ ǿƻǊƭŘΩ ƛƴ ŎƻƳǇǳǘŜǊ ƳƻŘŜƭƭƛƴƎΣ ǎǳǇǇƻǊǘŜŘ 
ōȅ ƴŜǿ Řŀǘŀ ŀƴŘ ǳƴŘŜǊǎǘŀƴŘƛƴƎ Χ



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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Another example, distribution of fCO2 observations since 1957 in the 

SOCAT database (www.socat.info)

However, almost all of these are pre 2000

(sparse observations since)

Figure taken from IIOE-2 Science Plan (Hood et al, 2015)

http://www.socat.info/


Exclusive Economic Zones

Much larger total EEZ network now

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

For effective research ςwe need to collaborate under a collegial framework

Bi-, Tri-, Multi-lateral collaborations

IIOE-2



An opportunity for IIOE-2 presented ƛǘǎŜƭŦΧ

To examine questions that:

Å Link & synergize individual research programs

Å Tackle truly basin-wide integrative issues 

Å Allow us to understand the anatomy of the IO and its climate and then 
to facilitate & help unerpinthe maintenance of its health whilst it is 

ōŜƛƴƎ ΨǳǎŜŘΩΦ

Å Need substantive energies, synergies

Å Cannot be tackled by singular national approaches

Å Provide for education, training (Capacity Building)



And because technologynow gives us all a much greater potential to work 
together

1+1 > 2 

Under a significant intergovernmental framework
(IOC ς147 Member States)

(SCOR -> 30 national committees)
(IOGOOOS ~ 30 members)

The Lh ƛǎ ŀ Ǝƭƻōŀƭ ŎƻƴŘǳƛǘ Χ

Indian Ocean communicates with Pacific, Southern and Atlantic oceans

IO is critical in global climate cycles
GH GasesĄ global heat changes ĄLh ǎƻǳǊŎŜǎ ŀƴŘ ǎƛƴƪǎΧΦŎƘŀǊŀŎǘŜǊƛȊŜ ϧ ǇǊŜŘƛŎǘ

We are all connectedΧΦ



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



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



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 countries é

eg

Å Poverty and growing their economies (tourism, fisheries, oil & 

gas)

Å Energy & Food security (artisanal and industrial fisheries, 

climate, rainfall)

ÅClimate (Change) and extreme events (droughts, TC)

ÅCoastal erosion and sea level rise

Å Ecosystem preservation and performance

ÅOcean wealth ïderiving wealth sustainably for the long termCourtesy:  Mike Roberts, IIOE-2 Rg2 Qingdao Nov 2013



Ocean related weather ïmonsoons etc ïvital 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 é

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



Snapshot of some exemplars 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



10X10 KM global

 

IIOE-2 can provide data/info to support óocean forecastingô
GLOBAL models and nesting (downscaling for bio-physical questions at relevant 

scales) GODAE OceanView - Eg BLUELINK Australia

Fine scale local

< 10km x 10km regional

Eg larval dispersion, recruitment

Courtesy BLUElink

Courtesy C PattiaratchiCourtesy AIMS

Courtesy BLUElink

Courtesy BLUElink



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



é an example of relevance é

Improve design loadings for submerged 

hydraulic forces on marine infrastructure

? EG improve by say 1% ?

? For 1000kms of pipelines ?

? saving $$$ in designing materials & anchoring ?

? Avoid structural  failures ?

Protect sub-sea workers



IIOE-2 Science Plan:

underpinning biophysical context

(basin-wide and NW IO specifics)



Second International Indian Ocean Expedition

IIOE-2

IIOE 1959-1965

IIOE-2

2015-20

What will it look like

this time



Regional connections will facilitate / achieve 
collaboration under an IIOE-2

Χ ŀƴŘ Ŏŀƴ ŜƴƎŀƎŜ LƴŘƛŀƴ hŎŜŀƴ ŀƴŘ Ǝƭƻōŀƭ 
ŎƻƴǎǘƛǘǳŜƴǘ ŎƻǳƴǘǊƛŜǎΧ 

Χ ƛƴ ōƻǘƘ ŀ ǎǘǊŀǘŜƎƛŎ ŀƴŘ ǘŀŎǘƛŎŀƭ ǎŜƴǎŜ Χ



IOGOOS

IMOS GOOS Regional Alliance 
WAGOOS

SEAGOOS

IOC 

AFRICA

IOC WESTPAC

IOCINDIO

GOOS AFRICA

ASCLME/SAPPHIRE

WIOMSA

CORDIO

etc

Indian Ocean has a suite of relevant institutional/governmental alliances with 

constituencies directly deriving from

> 50 countries draping over > 3 billion population base

BOBLME

ROPME

PERSGA

PG-GOOS EIOURI



IOGOOS

IMOS GOOS Regional Alliance 

WAGOOS

SEAGOOS

IOC 

AFRICA

IOC WESTPAC

IOCINDIO

GOOS AFRICA

ASCLME/SAPPHIRE

WIOMSA

CORDIO

etc

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

IIOE-2

BOBLME

ROPME

PERSGA

PG-GOOS EIOURI



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

Å Indian Ocean Global Ocean Observing System (IOGOOS)
Åŀ Dhh{ ΨwŜƎƛƻƴŀƭ !ƭƭƛŀƴŎŜΩ

Å Marine/Environment/Climate institutional reps ςderiving from 
most IO countries.

ÅScientific Committee on Ocean Research (SCOR)
Å Ǝƭƻōŀƭ Ґ Ҕ ол Ψƴŀǘƛƻƴŀƭ {/hw ŎƻƳƳƛǘǘŜŜǎέ

ÅUNESCO Intergovernmental Oceanographic Commission (IOC)
Å 147 Member States ςIntergovernmentallyconstituted



INDIAN OCEAN GOOS
(ChairïAUSTRALIA)

(Secretariat INDIA)

UNESCO IOC Perth

Australia

India

UNESCO IOC

Iran

Kenya:

Mauritius:

Mozambique

South Africa

Sri Lanka

USA

Madagascar

Tanzania

Indonesia

France

BOBLME

üBangladesh

üIndia

üIndonesia

üMalaysia

üMaldive

üMyanmar

üSri Lanka

üThailand



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

Link to GOOS Steering Committee óPanelsô and GOOS global aspirations

JCOMMOPS (IOC /WMO) ]

Globally ïGOOS is 

plateauing  at ~65% 

complete

.

.



Emergent Agulhas System 

Study
IMOS Australia

These IOGOOS entities are building and using the Indian Ocean Observing System 

(IndOOS) 

IIOE-2 aims to enhance IndOOS ïtherefore 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.



A flagship component of IndOOS

RAMA ïDeep Ocean (up to 6000m) instrumentation

Gear ~ $10Ms

Vessel Support ~ $10Ms

6
0
0
0
m

2015 ~ 75% implemented

Courtesy M McPhaden and IOP



What has occurred in IIOE-2 
planning

2011-2015

A broad constituency has been created

regional + global



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



2013-15

Many nationally based planning meetings

Including formation of IIOE-2 National Committees 
(coordinating input to IIOE-2, nationally)



IIOE-2 has formal imprimatur of UNESCO IOC

Achieved June 2015

147 Governments

Note West Indian Ocean regional links, including to 

IOCINDIO
(IOC Regional Committee for the Central Indian Ocean)

IOCINDIO Meeting-V to be held 25-27 Apr 2016, Chennai
Iran a long time Member

IIOE-2 will be on the agenda!



Also supported by Indian Ocean Rim Association

IORA

(Foreign Affairs & Trade ïMinisterial Assoc.)

MEMBERS - 20
Australia

Comoros

Indonesia

India

Iran

Madagascar

Mauritius

Oman

South Africa

Tanzania

UAE

Bangladesh

Seychelles

Kenya

Malaysia

Mozambique

Singapore

Sri Lanka

Thailand

Yemen

DIALOGUE PARTNERS - 6

China

France

UK

Egypt

Japan

USA

OBSERVERS - 2

Indian Ocean Research Group

Indian Ocean Tourism Association
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The international meetings alone, during the 

2012-15 IIOE-2 planning process and high level 

advocacy program,

é have óexplicitlyô involved é

> 100 scientific/institutional leaders (derived globally)

> 50 countries

>55 institutions

ü20 major national/regional/global oceanographic 

alliances (having multiple memberships )



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

www.iioe-2.incois.gov.in



50Commissioned by SCOR

Developed by an international, interdisciplinary team of experts

Science Plan

(2015)

Χ  ƛƴ ǊŜƎŀǊŘǎ ǘƻ ǘƘŜ {/hw ΨǎŎƛŜƴŎŜ ǇƭŀƴΩ ŦƻǊ LLh9-нΧ



Before examining the IIOE-н {ŎƛŜƴŎŜ tƭŀƴΩǎ ǎƛȄ 
ǘƘŜƳŜǎ ŀƴŘ ǘƘŜƛǊ ǎǇŜŎƛŦƛŎ ƻōƧŜŎǘƛǾŜǎΧ

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

Emphasisingthe Arabian Sea and margins

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



Some key issues

Physical forcings(winds, fluxes)

Major circulation features

Influence on biophysics



LƴŘƛŀƴ hŎŜŀƴ ƛǎ ΨǳƴƛǉǳŜΩ ŀƳƻƴƎǎǘ ǘƘŜ ǿƻǊƭŘΩǎ ƻŎŜŀƴǎ 
because it is

ΧōƻǳƴŘŜŘ ǘƻ ƛǘǎ ƴƻǊǘƘ ōȅ ǘƘŜ !ǎƛŀƴ ŎƻƴǘƛƴŜƴǘΧ

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



Winter (~Jan)

Above land Ą air cold and relatively dense
Above seaĄ air relatively warm & hence 

ΨƭƛƎƘǘŜǊΩ

5ŜƴǎŜ ƭŀƴŘ ŀƛǊ ΨǇƭǳƴƎŜǎΩ ǘƻ ǘƘŜ ǎŜŀ ǳƴŘŜǊ ǘƘŜ 
warmer sea air as the Northeasterly monsoon 

winds

Summer (~July)

Above land Ą air warm and relatively light
Above seaĄ air not as warm and hence 

ΨŘŜƴǎŜǊΩ

5ŜƴǎŜ ǎŜŀ ŀƛǊ ΨǇƭǳƴƎŜǎΩ ǘƻ ǘƘŜ ƭŀƴŘ ǳƴŘŜǊ ǘƘŜ 
warmer land air as the Southwesterly monsoon 

winds



Note

Zone between the SE Trades of IO 
interior and Northesterlymonsoon 

winds residing at ~ 10oS

Relatively weak winds in this 
transition zone

Note 

{9 ¢ǊŀŘŜǎ ŦǊƻƴǘ ΨƳŜǊƎŜǎΩ ǿƛǘƘ 
Southwesterly flow and moves 

northwards to ~ equator

Intensified air stream off 
Somalia/Oman = FindlaterJet



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

όǎƭƛŘŜǎ ŦǊƻƳ Wŀȅ aŎ/ǊŜŀǊȅΩǎ bLh όDƻŀΣ LƴŘƛŀύ нлмр winter school materials)
(further background also from Jerom±ƛŀƭŀǊŘΩǎ[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-мрлƳ ŘŜǇǘƘύ ƛƴŘǳŎŜŘ ōȅ ǘƘŜ ǿƛƴŘ ŀǊŜ ŦƻǊŎŜŘ ΨǎƛŘŜǿŀȅǎΩ ōȅ ǘƘŜ 
ŦƻǊŎŜ ƻŦ ǘƘŜ 9ŀǊǘƘΩǎ Ǌƻǘŀǘƛƻƴ όie 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 FindlaterJet 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)

¢ƘŜ {ƻƳŀƭƛ ŎǳǊǊŜƴǘ ƎȅǊŜ ǊŜƎƛƻƴ Ƙŀǎ ǎǳŎƘ ǎǘǊƻƴƎ ŎǳǊǊŜƴǘǎΣ ǘƘŀǘ ǘƘŜ ǳǇǿŜƭƭƛƴƎ ŎƛǊŎǳƭŀǘƛƻƴ ƛǎ ΨŘƛǎǘƻǊǘŜŘΩ 
ōȅ ŀŘǾŜŎǘƛƻƴ ƛƴǘƻ ŀ ǎŜǊƛŜǎ ƻŦ ǳǇǿŜƭƭƛƴƎ ΨǿŜŘƎŜǎΩ ƭƻŎŀǘŜŘ ōŜǘǿŜŜƴ ǘƘŜ ƎȅǊŜǎΦ

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

Jay aŎ/ǊŜŜǊȅΩǎǇƛŎǘǳǊŜǎ ǘƻ ƛƭƭǳǎǘǊŀǘŜΧ



Summer monsoon Jul/Aug

South-westerly winds



Winter monsoon Jan/Feb



Somali Current (fed by Southern Equatorial Current SEC; Northeast Madagascar Current NEMC;

East African Coast Current EACC )

The Somali Current is 
as strong as the Gulf Stream 
but, unlike the GS it 
reverses annually.  

A series of gyres (Great Whirl and 

Southern Gyre) usually develop along the 

Somali Coastduring the Southwest Monsoon.  
In addition, there are undercurrents that flow 

in the opposite directionfrom the surface 
currents.


