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

Hydrographic surveys
(repeats)
Chemical oceanography

Meteorology
Marine biology
Marine geology
Geophysics

Marine atlases
Data

New techniques
Books

Papers

Ref stations
Institutions

Total 323 ship months
(approx.)

1) France i 20
2) Germany i 7
3) IndiaT 24

4) USAT 119

5) Indonesiai 3
6) JapanT 20
7) PakistanT 8
8) Australia - 37
9) Portugal T 3
10) South Africa’i 13
11) Thailand T 2
12) USSRT 20
13) UK'i 35

Courtesy: Satheesh Shenoi, INCOIS, India
INCDIS



An IIOE-2 planning constituency asked itself during 2012-15:
..., SO WHY2 AN I.1.0E

It has been half a century since IIOE & The Indian Ocean is complex & still
relatively poorly understood

e
y &

Sea Surface VeloCity™
6 May 2009

Natural and human disasters
Sea Search and Rescue / recovery
Environment
Climate Change
Food & Energy Security
Blue Economy
etc



...a ‘new world’ in observational technology...
GOOS

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

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

surface
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A rapidly improving world in term of computer modelling
allowing scientists to examine and understand the Cascade of Scales, which
connects |0 communities internally and the 10 more widely to the global system
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Courtesy: Garry Brassington (BoM), CAWCR, BLUEIlink, Australia Courtesy: Gabe Vecchi, ex-IOP / GFDL USA



Exclusive Economic Zones

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

Bi- Tri- & Multi-lateral collaborations needed to try to overcome impediments



Examples of broad-scale science/societal drivers
motivating research in the 10

Mechanisms of Tropical Atlantic Variability
Positive Dipole Mode

El Nino Conditions

Thermocline

ge in SST (°C
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Courtesy: Mike McPhaden, IIOE-2 RG2 Qingdao Nov 2013




EG Ocean related weather — monsoons etc — vital for the
Indian Ocean

SST (°C) and Wind Stress (N m™2) Rain Rate (mm day™!) Surface Current (cm s™!)
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One third of the world s
population depends on
monsoon rainfall

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




GFDLCM 24 BRAN2.1 85T for 01-Jul-1997
Hi-Res Coupled Mo;iel . v W T S

Sea Surface Temperature (°C)
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The strong coastal summer flow of the West Arabian Sea (Somali current) is
subjected to Ekman offshore drift, upwelling, | arge gyres, squirts,
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

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

Habitat ﬂ}
>

tT = 0.0
H w 15
'p, x 10

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

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

(Vapzyziceimaariny & Frisicjsr)



A major appreciation was that:

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
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lIOE-2 planning led by

IOC A 148 Member States
SCOR A 32 national committees
&
I0GOOS (Regional Alliance) A 30 members, deriving from many countries (from
professional — et SA0 -~

(Chairi INDIA)
(Secretariat INDIA)

UNESCO IOC Perth

Australia Madagascar
India Tanzania
UNESCO |I0oC Indonesia
Iran France
Kenya: BOBLME |
Mauritius: U Bangladesh
Mozambique U India
South Africa U Indonesia
Sri Lanka U Malaysia
USA U Maldive
U Myanmar
U Sri Lanka

U Thailand



Planning 2012-15
>100 scientists, from >50 countries, involving >20 institutions, many
local/national briefings, advocacy etc

\KTERNATIONAL INDIAN OCEAN EXPEDITION
(110F-2) REFERENCE GROUP MEETING |

& OCCS INeIs @) &

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

N 4
Murdoch

UNIVERSITY
SIBER + I0GOOS BOBLME




UNESCO IOC = 148 Member States

(Inter-governmental)
|OC endorsed [IOE-2 in 2015

This means that 148 Governments endorsed [IOE-2

Benef i dgciertistecan lobby their institutions &
governments to support IIOE-2 aspirations

Bottom-up marries with top-down

The Intergovernmental imprimatur can be leveraged by
scientists to make the for institutional and national
support L
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Comoros

Also supported by Indian Ocean Rim Association Indonesia

India

IORA Iran
(Foreign Affairs & Trade T Ministerial Assoc.) 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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An important nuance
|OC has championed a new concept at UN level

UN Decade of Ocean Science for Sustainable
Development 2021-30

Almost certain to materialise
It was the subject of a RESOLUTION at IOC Ass29 Junel?

The RESOLUTION was warmly embraced by the DG UNESCO and
President UN General Assembly

lIOE-2 is being considered as a natural contribution to the DECADE

IIOE-2 also now being discussed within IOC as a potential model for
other such pursuits in the World’s oceans under the DECADE

spirit/framework
18



2nd Intemational
I&E- Indian Ocean
& Expedition

IMPLEMENTATION STRATEGY
FOR THE
SECOND INTERNATIONAL
INDIAN OCEAN EXPEDITION
2015-20

4 December 2015

Available at www.iioe-2.incois.gov.in




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

Theme 1
Human Impacts

SECOND INTERNATIONAL INDIAN
OCEAN EXPEDITION (IIOE-2)

A Basin-Wide Research Program

Theme 3
Monsoon variability
& ecosystem response

Theme 4
Circulation,
climate variability
& change



IIOE-2 ‘connects’ with the GRAs

Geographically and thematically - directly via their overlapping
domains of interests and programs
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lIOE-2 ‘connects’ more widely with adjacent ocean GRAs
by virtue of it s -oceah@nnactorfa thp a
global circulation systemdg ITF,AgulhusAtlantic Leakage)
And similarly fegrOWwe aMh@,r M®
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SOOS-S0IS

GOOS Recional Alliancis
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SOOS - Southern Ocean Indian Sector Working Group



IIOE-2 also has a new and exciting emerging relationship with
Southern Ocean Observing Syster®Bouthern Ocean Indian Sector
Working Group
(SOOSO0IS WG)

SA0N

PI-GOOS

GOOS-Afij 10600S % " K=Saypeo,

. ‘.b \ GRASP

ional Alliances:
SOQS-SOIS WG

SOOS - Southern Ocean Indian Sector Working Group



Update

Governance
&
Supporting framework

24



lIOE-2 Steering Committee

IIOE-2 STEERING COMMITTEE

CO-CHAIRS A& Support from
(IOC, SCOR, I0GO0OS)
EXECUTIVE JOINT
6 X Science Theme team leaders PROJECT
7 x Working Group team leaders OFFICE

Reps from sub-regional Bodies

Eg, IOCINDIO, I0C AFRICA, I0OC WESTPAC
V < Perth Node

REGIONAL COORDINATION LEVEL &
Focal points of IIOE-2 National Committees Hyderabad
y'a Node

SCIENCE DELIVERY LEVEL
Leaders of major IIOE-2 Research Initiatives

+ Early Career Scientists Network leader 25




SCIENCE THEME LEADERS

ST1 ST2 ST3 ST4 STS ST6
Human Boundary current Monsoon Circulation, Extreme Unique
impacts dynamics, variability and climate events and geological,

upwelling ecosystem variability their impacts physical,
variability and response and change | on ecosystems | biogeochemical
ecosystem impacts and human , and ecological
populations features of the
10
Ben Milligan Vinayachandran &  Adrian Matthews Jerome Chari Jéréme
Yukio Masumoto & Vialard & Pattiaratchi Dyment
Joaquim Goes  Amit Tandon
WORKING GROUP LEADERS
WG 1 WG2 WG 3 WG 4 WG5 WG6 WG7
Science & Data & Capacity Operational | Outreach & | Translating | Resources &
Research Information | Development | Coordination | Communi- | Science for | Sponsorship
Management cation Society
Hermann Cynthia Nasser Zaker Shailesh Faiza Al- Rezah JPO Perth &
Bange Chandler & & Zainal Nayak Yamani Badal Hyderabad
Harrison Arifin

Ong'Anda



REPRESENTATIVES OF REGIONAL BODIES

I0C AFRICA IOCINDIO 10C WESTPAC IOCARIBE

Johnson M Atmanand Somkiat Khokiattiwong
Kazungu (Kenya) (India) (Thailand)
Kentaro Ando

Facilitation |0OC o _ A erae
Nairobi (Mika Facilitation IOC HQ (Justi
Odido) Avanhanzg

Facilitation IOC WESTPA
(WenziZhy)

First meeting of the IIOE-2 Steering Committee, Perth, 2-4 February 2017



IIOE-2 SC members & focal points

IIOE-2 Steering Committee

Vladimir Ryabinin France / UNESCO IOC
Peter Burkill UK / SCOR
Satheesh Shenoi India/l10GOOS

[, B i M st it o A T i M T s T e T A e T
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SC Strategic Executive Level
Ben Milligan UK

P N Vinayachandran India
Yukio Masumoto Japan
Adrian Matthews UK
Joaquim Goes USA
Jerome Vialard France
Amit Tandon USA
Charitha Pattiaratchi Australia
Jerome Dyment France
Hermann Bange  Germany
Cynthia Chandler USA
Harrison Ong'anda Kenya
Nasser Zaker Iran
Zainal Arifin Indonesia
Shailesh Nayak India
Faiza Al-Yamani  Kuwait
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Rezah Badal Mauritius

M Atmanand India
Somkiat Khokiattiwong Thailand
Kentaro Ando Japan

Johnson Kazungu Kenya

SC Regional Coordination Level
Shailesh Nayak India
Ashley Johnson  South Africa
Raleigh Hood USA
Lynnath Beckley Australia
Hermann Bange  Germany
Greg Cowie UK

|
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SC Science Delivery Level

o

GLOBAL SATELLITE MOSAIC ¢ - ” e o~ 4 Pz ‘THE NEED FOR SATELLITES 1}

Danielle Su Australia g E
Weidong Yu China |

Yukio Masumoto Japan L

Mike Roberts UK E

Raleigh Hood USA }

Jerome Vialard France | \
Lisa Beal USA h i

| ‘g

2

Charitha Pattiaratchi Australia
Boris Kelly-Gerreyn Australia
Hermann Bange  Germany
Greg Cowie UK

o Pl =

IIOE-2 Joint Project Office

Rajan Sivaramkrishnan India Node THE WORLD

Nick D'Adamo Australia Node ; - s ! ! SATELLITE MAP
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6 x Science Theme and 7 x Working Group teams

Countries from which approx 50 people have nominated for membership of the 6 x Science Themes and 7
x Working Groups (currently belng assessed)

o idior v ’-kl,wfm MO o S AP M o A T s otk A Ll o s S L A M S il St A A e il s 20 m%i

B e i

T e

IIOE-2 SC Science Theme an
Working Group teams

T

Nominations received from:

o A T et

Indonesia 8 noms g
India 8 noms l‘;
Australia 3noms k|
Tanzania 1nom \
China 5 noms 3
Germany 2 noms % , SR ?
UK 2 noms ‘ : : v | i - !
Pakistan 1nom S R s . % ;

Russia 2 noms

Ukraine 1nom

Denmark 1nom

Egypt 7 noms

Japan 3 noms

Kenya 1 nom

Spain 1nom

USA 3 noms

THE WORLD

SATELLITE MAP



All planning outputs, current and prospective activity details available at
the IIOE2 dedicated website

WWW.II0e-2.INnC0IS.goV.In
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Principal Enquries: JPO Perth Office & Contact Us

2nd International
"OE2 Indian Ocean
m \ N Expedition
= 2015-2020
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As at August 2017

Six IOE-2 National Committees

India, USA, Germany, Australia, UK, South Africa

(we believe some other may be in gestation)

25 oendorsedo pr

further detail from

IIOE-2 Joint Project Office
and
WWwWw.lloe-2.iIncois.gov.in

31



Cruise tracks (for endorsed proposals) completed / planned

As at Aug 2017

Arébian

. Sea
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: Russia, China, Australia, multi-national T

SRR <

Prospective: (TBD - Fridtjof Nansen), South Africa,
| Kenya, Germany, Indonesia, Iran)



NEKTON. UK.
Baseline of deep sea marine life of the Mozambique Channel to Seychelles area of the West 10, the Chagos/Maldives areas
of the central tropical 10 and the Andaman/Sumatran regions of the E I0.

PHYSINDIEN. FRANCE.
Bio-physical characterisation of the Arabian Sea and marginal seas of the NW 10, including adjacent seas and gulfs - Gulf
of Aden, Sea of Oman, Arabo-Persian inland waters. Includes modelling, exchange with the 10, support to development of
ocean forecasting capacity.

KIOST IO RESEARCH. REPUBLIC OF KOREA.
Bio-physical characterisation of large scale cross basin dynamics of the central 10, with context to future Climate Change
scenarios.

COCHIN UNIVERSITY ZOOPLANKTON STUDY. INDIA.
Characterisation of the role of gelatinous zooplankton in the trophic structure and community assemblages of the Arabian
Sea.

OON-INDIA. INDIA.
Met-ocean buoy program to monitor GOOS components in Indian waters.

GEOTRACES INDIA. INDIA.
GEOTRACES component involving mapping and characterisation of the distribution of trace elements and isotopes in the
Arabian Sea, Bay of Bengal, and southern 10.

TAREEV CURRENT EXPEDITION. RUSSIA.
Repeat survey of the original 1974 Russian hydrographic surveys of thesub-sur f ace east waTakevE€g u & te @

E IO GEOPHYSICAL STUDY. RUSSIA.
Exploration and characterisation of the regional geologic structure and tectonics of he east equatorial zone in the region of
the 90E ridge.

EIOURI. MULTI-NATIONAL.
Bio-physical hydrographic, biogeochemical and met-ocean characterisation of major upwelling areas of the E IO.

WIOURI. MULTI-NATIONAL.
Bio-physical hydrographic, biogeochemical and met-ocean characterisation of major upwelling areas of the WIO.
33



DUSTNIF. INDIA

Monitoring and characterisation of iron-in-dust r el ated Nitrogen f i kladw omhli or d phhey 16l
including study of the chemical characterisation of the dust and sea water, primary productivity and community structure.

IPBIO OF DBCP. MULTI-NATIONAL.
International Buoy Programme for the Indian Ocean (IPBIO) of the Data Buoy Cooperation Programme, for the coordination
and facilitation of the Indian Ocean buoy network of GOOS in the Indian Ocean.

CHALLENGER OCEAN GLIDER MISSION. AUSTRALIA/USA..
Transect salinity-temperature-current profiling survey of the W-NE IO from Fremantle Australia to Columbo Sri Lanka with
an ocean glider, to provide new data and symbolically reimagine the original HMS Challenger voyage.

BIOCAT. GERMANY.
Biogeochemistry, microbiology, physical oceanographic, atmospheric / air chemistry surveys and characterisation of key
processes related to the Oxygen Minimum Zone in the Bay of Bengal.

110E Study. AUSTRALIA.
Integrated multi-national collaborative study of the bio-physics of the 110E region, as a reimagining of the original 1IOE-1
expedition surveys.

RAMA. INDIA.
Observations of met-ocean bio-physical properties in the tropical 10, as part of the Indian Ocean Observing System
(IndOOS), with a focus on RAMA (Research Moored Array for African-Asian-Australian Monsoon Analysis and Prediction).

ASIRI. INDIA.
Study of air-sea interactions in the N 10, focussed on the EEZ and (i) ocean mixing and monsoons (ii) influence of Bay of
Bengal Freshwater Flux on 10 monsoons (iii) remote sensing of atmosphere waves and instabilities, including research
cruises and deployments on island nations of the equatorial 10.

FIRST IIOE-2 CRUISE. INDIA.
Goa-Mauritius bio-physical survey (4-22 Dec 2015) to mark the launch of the IIOE-2, repeating the original cruise survey of
IIOE-1 five decades ago.

|O0-SO REPEAT MONITORING. INDIA.
Study of the influence of the Southern Ocean in modulating the ecosystem dynamics of the tropical 10 and Indian climate
via annual cruises employing transects across the 10 and SO within the 40- S/ 40-80 E region.
34



News on
latest submissions
potential new collaborations
opportunities

In support of the IIOE-2 Science Plan

35



French IIOE-2 National Committee T recent information.

La Perouse
Mad Ridge
Walters Shoal

(Ref: Francis Marsacj‘:ﬁ;

‘

French IIOE-2 Nat Comm
- (shallow sea mounts)
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peditionUpdates-U/-Aug-ZU1/.png - P

Very recently submitted USA proposal Aug 2017
(endorsement process underway)

NOAA Ship Ronald H. Brown
Indlan Ocean - FY 2018
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Survey programme for the RV Dr Fridtjof Nansen in the Indian
Ocean, 2018

(EAF-Nansen, Mauritius Workshop, 21-13 Aug 2017)

Negotiations with FAO and Norway research leaders for EAF-Nansen / 1IOE-2
linkages and collaboration are underway
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Recent collaboration formed

Southern Ocean Observing System 1 Southern Ocean Indian Sector Working
Group
SOO0S-SOIS WG 1st Meeting Japan 12-16 August 2017

Early consideration of the WGOs

To materialise an interfacial zone of interest between IIOE-2 & SOOS

—1 SOOS-SOIS-1 (2017) Re <

@& Secure https://docs.google.com

SOO0OS-S0OIS-1 (2017) Report draft vO ndadar
File Edit View Tools Help

=a 100%

DEscriBING THE INDIAN SECTOR
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In terms of tangible linkages with GRAS or
GRA patron bodi es

40



IOC AFRICA / GOOS-AFRICA

41



REPORT

IOCAFRICA Planning meeting for the Second International
Indian Ocean Expedition (IIOE-2)
Second Session, Catembe, Mozambique , 6-8 October 2015

Intergovernmental Oceanographic Commission
IOC Workshop Report No. 272
UNESCO

LED AND COORDINATED BY MIKA ODIDO

COVERED THE GOOS-AFRICA DOMAIN

A REVIEW, STRATEGIC FOUNDATION AND RELATIONSHIP BUILDING EXERCISE FOR PROSPECTIVE
ENGAGEMENT IN IIOE-2

Eg for:
FAO/EAF-NANSEN: Research Vessel planning for 2018 10 surveys (Mauritius Workshop, Aug 2017)
SOUTH AFRICA: SA AGULHAS Il October 2017 SW IO surveys

Underpinning for higher level advocacy (eg Nairobi Convention, UNESCO, Government, UNDAF, IORA)

NATIONAL REPORTS WORKING GROUPS - REPORTED ON IMPLEMENTING IIOE-2,
FOCUSSING ON:
Comoros Kenya Madagascar
Mauritius Capacity Development, Data and Information Management
Mozambique Seychelles Ship time requirements and availability
South Africa Publicity and public awareness
Tanzania Coordination mechanisms (national and regional)




S.1# environmental affairs South Africa:

,\‘;, Dot IIOE-2 survey Oct/Nov 2017
WYy REPUBLIC OF SOUTHAFRIA

% 2nd International

SA Agulhas II

o Polar supply & research vessel
o 134 m; 100 scientists; 90 days
o 100 seat auditorium

Sampling plan to include:

Physical & chemical oceanography
Biological oceanography (plankton)
Benthic biodiversity (grabs, camera)
Marine top predators (whales,
seabirds)

Marine Geology

TRAINING

To Do o Do Do I



environmental affairs

Department:
Envirenmental Affairs
REPUBLIC OF SOUTH AFRICA

Invitation to participate in a South African research cruise onboard SA Agulhas Il under the IIOE-2
programme

In 2014, the IOC of UNESCO" adopted a resolution in support of the Second Intemational Indian Ocean
Expedition (IOE-2), to run from 2015 to 2020. South Afmca, being one of the countnes afiliated to the
10C, will be participating in the IOE-2 through vanous activties. These activities were endorsed by the
South African Cabinet in August 2017

Will launch at Oct 2017 IORA meeting Durban 7 being
South Africados first meetin

Will end at WIOMSA conference, Tanzania, Oct 2017




IOCINDIO
|OC Regional Committee for the Central Indian Ocean
Has embedded IIOE-2 within its strategic objectives

€ an evolving engagemen
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We look forward to being updated on IIOE-2 engagement
from ot her GRAs and | OC regio

Eg
SEAGOOS

|IOC WESTPAC
IMOS

46



We also invite and look forward to any collegial thoughts,
observations, suggestions, queries etc

from other GRAs ....
from stakeholders of the GOOS Steering Committee ....

We welcome any insightful suggestions, benefits of
experience of others in this sphere

We encourage neighbouring GRAs, and their parent
bodies, where relevant, to enhance engagement with
IIOE-2

47



o L 4
Australian Government S = v
Bureau of Meteorology v’ - ; BLUEII"k>

Ocean Forecasting Australia

Sea Surface Tempé 1, Ry 7,
1 January 2009 ot o 5
IOE2
to advance our understanding of the Indian Ocean and its
th an k yo u role in the Earth System in order to enable informed decisions

In support of sustainable development and the w4éing of
humankind



