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1. IndOOS Review Workshop
1.1 Introduction
From January 30th to February 1st, the CLIVAR/IOC-GOOS Indian Ocean Region Panel
(IORP) met for its 13th session in Perth, Australia. The main agenda item of the meeting was
the Indian Ocean Observing System (IndOOS) Review Workshop, jointly organized with the
Sustained Indian Ocean Biogeochemistry and Ecosystem Research (SIBER) panel. The
IndOOS review is being co-ordinated by IORP on behalf of the international community. The
workshop consisted of 24 review presentations along three themes: past and present of
IndOOS; new scientific drivers in the Indian Ocean; and new technologies for future IndOOS,
as well as two discussion sessions charged with identifying the scientific drivers of IndOOS
and their observing requirements. Refer to Annex 2 for the annotated agenda of the IndOOS
Review Workshop and Annex 3 for the summaries of all presentations.
Important outcomes of the workshop were: a mission statement for IndOOS, terms of
reference for the IndOOS Review and, most importantly, a list of scientific drivers and
observational requirements for IndOOS. Following the workshop, the IndOOS review white
paper first draft is planned to be delivered by September 2017, and a panel review of the white
paper is planned for 19-24th March 2018, alongside the next IORP meeting. The detailed
timeline and writing team for the white paper were developed by IORP co-chairs shortly after
the meeting, and are available on the IndOOS review page at the following link:
http://www.clivar.org/indoos-review-2006-2016.
The IORP-13 was organized alongside annual meetings of IOGOOS-13, SIBER-7, and IRF7, as well as the first Scientific Steering meeting of IIOE-2 and a Bio-Argo Workshop. More
details of all these events can be found at http://www.clivar.org/events/iogoosiopsiberirfannual-meetings-and-1st-iioe-2-steering-committee-meeting-and-bio-argo

1.2 Workshop Highlights
There were broad review talks on the essential science questions and societal needs for Indian
Ocean observations on the first day of the workshop. On the second day there were review
talks on ten years of IndOOS and a look forward to the role of new technologies for the future
of IndOOS. The last day of the workshop was dedicated to discussion sessions to outline the
science drivers and observing requirements of IndOOS, to lead towards a framework for the
IndOOS review white paper.
On the first morning, Lisa Beal and Jerome Vialard opened the workshop, introducing the
overall objectives, the agenda, and the expected outcomes of the workshop. They also
highlighted the important role of rapporteurs, and developed a set of ground rules, suggested
and agreed by all participants, that could lead to efficiency and satisfaction for workshop
participants. Following, IORP and SIBER panel members and invited speakers gave broad
review talks on the essential science questions and societal needs for Indian Ocean
observations. Ten talks over three sessions were presented on the first day, including: Indian
Ocean Coupled Modes of Variability (See 1.1 to 1.4, Annex 3); Oceanic Variability and Change
and (See 2.1 to 2.3, Annex 3); Physical and Biogeochemical processes of the Indian Ocean
(See 3.1 to 3.3, Annex 3). Each presentation lasted 20-mins with an additional 10-min
discussion. At the end of the day, three rapporteurs synthesised the day’s presentations in
the context of the main scientific and operational drivers that IndOOS should address and
sought feedback from participants.
On the second day of the workshop, presentations were focused on reviewing ten years of
IndOOS and its products and a look forward to the role of new technologies. Twelve talks were
given over four sessions (See 4.1 to 6.4, Annex 3) including: Research Moored Array for
African-Asian-Australian Monsoon Analysis (RAMA); Argo and drifter observations; Ship of
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Opportunity and Expendable Bathythermograph (XBT) Lines; Global Ocean Ship-based
Hydrographic
Investigations
Program
(GO-SHIP)/GeoTRACES;
biogeochemical
measurements and instrumentation; assessments of oceanic and atmospheric re-analysis
products; satellite instruments and missions; Bio and Deep Argo; Gliders; and Current and
Pressure-sensor-equipped Inverted Echo Sounder (CPIES).
The third day of the workshop consisted of breakout discussion groups to develop Indian
Ocean science drivers and their observing requirements for the IndOOS review white paper.
First, Bernadette Sloyan gave Ocean Observation Panel for Climate (OOPC, the Physics and
Climate panel of Global Ocean Observing System <GOOS>) guide lines for the IndOOS
Review, and Jerome Vialard summarised some lessons learned from the Tropical Pacific
Observing System (TPOS) Review, which could provide insight and input to the IndOOS
review. For the discussion sessions, participants were separated into six groups, each with a
diversity of expertise and research interests. Discussions oriented around two questions: 1)
What scientific and operational outcomes should IndOOS achieve? 2) How do (can) the
components of IndOOS serve the scientific and operational goals? Following the breakout
discussions, each group gave a 5-mins pop-up report and these were subsequently
synthesized by Lisa Beal and Jerome Vialard into a draft framework for the IndOOS review
white paper, and presented and discussed in the afternoon of day three (See Table 1).

1.3 Outcomes
1.3.1 IndOOS Mission Statement
During the workshop, the need for an IndOOS Mission Statement was raised by Mike
McPhaden, and the following was approved by participants.
IndOOS Mission Statement: The goal of IndOOS is to provide sustained high-quality
oceanographic and marine meteorological measurements to support knowledge based
decision making through improved scientific understanding, weather and climate forecasts,
and environmental assessments.
1.3.2 Terms of Reference (TOR) of IndOOS Review
The following Terms of Reference (TOR) for the IndOOS Review was developed through
plenary discussion at the workshop, and subsequently refined by IORP Co-chairs:


Make actionable recommendations for priority observing system components going
forward, including pilot studies with new technologies
 Provide justification for these recommendations by:
- Reviewing the current status of IndOOS and its past successes and failures.
- Articulating the scientific and operational drivers of IndOOS and their societal impacts.
- Identifying the essential ocean variables (EOVs) that address these drivers, their
spatial coverage and temporal/spatial resolution.
1.3.3 Science drivers
A draft list of science drivers was developed based on a synthesis of the group discussions
on the third day of workshop. These science drivers will be used as a framework for the
IndOOS review. The required observing components were also discussed and synthesized,
but not finalised during the workshop. One task of the subsequent white paper process is to
further develop these requirements in terms of essential ocean variables, their spatial
coverage and temporal/spatial resolution.
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Table 1 Scientific Drivers, Operational Drivers and Observation Components of IndOOS

Scientific Drivers



















Required Observation Components

Hydrological/freshwater cycle (P+E+R)
Heat budget (oceanic and surface fluxes)
and SST variability and change
Carbon
cycle,
acidification,
and
ecological/biological impacts
Monsoon and monsoon onset variability
and predictability
Interannual variability and predictability:
Indian Ocean Dipole (IOD) / El NiñoSouthern Oscillation (ENSO) / Indian
Ocean basin mode (IOBM) /
Subtropical Dipole / Ningaloo
Intra-seasonal air-sea coupling (MaddenJulian Oscillation <MJO>, Monsoon
Intraseasonal
Oscillation
<MISO>,
eddies)
Extreme events (cyclones, marine heat
waves)
Oxygen variability / Oxygen Minimum
Zones (OMZs)
Food security: marine productivity
variability and predictability
Detection of anthropogenic climate
change
Decadal variability and predictability
Boundary currents, interaction of coastal
and open ocean,
Upwelling, and ecosystems
Regional sea level variability and change
Operation Drivers:
- Development of predictions and
predictive models
- Improvement of surface flux products
- Improvement of ocean reanalyses
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Extreme events (cyclones, marine heat
waves/coral bleaching)
- High temporal resolution;
- Cyclones: Bay of Bengal (BoB) & East
Arabic Sea (EAS); 10-20°S band;
- Marine heat waves/coral bleaching:
Leeuwin current, Maldives, Sea Level
Intraseasonal (MJO, MISO)
- Daily resolution needed + potential
influence of diurnal cycle; near-surface
high-res
- Key
regions:
thermocline
ridge
(maintain), BoB (expand 18°N), AS
upwellings, NWAB (develop)
- Air sea-fluxes, mixing
- Ocean
meso-scale
eddies
well
sampled?
Seasonal, Interannual
- Maintain components of obs system
that have proven useful; expand into
AS
- Indian monsoon!!! Arabian Sea
upwellings, Somalia Current (how do
we do that?)
Decadal/climate change
- Monitor inter basin exchange of
properties (Indonesian throughflow
<ITF> piggybacking IX01, 25°S, air-sea
interface)
- Deep measurements, in particular in
south
- Monitor internal redistribution (crossequatorial, BoB and AS including
boundary currents?)
- Long time series are needed
- Parameters: air-sea fluxes, heat,
freshwater (including river outflows),
nutrients, aerosols?
Biogeochemistry
- Sea & BoB OMZ (BioArgo)
- Acidification; carbon fluxes
- Piggyback on existing system!!!
- Upwelling systems in Arabic Sea
Verified satellite observations; Accurate AirSea fluxes; Data assimilation systems; wellvalidated models
Pilot studies for innovative observing
system strategies
Additional measurements at the boundaries

1.4 Follow-up actions
1.4.1 Timeline
A draft timeline was proposed by the IORP Co-chairs, and received with no objections from
participants. A first draft of IndOOS Review white paper will be prepared for September 2017
with a final draft in December 2017. The second IndOOS Review Workshop will be organized
in March in 2018. The IORP Co-chairs completed a more detailed timeline soon after the
meeting (see Annex 4).
1.4.2 White Paper Outlines and Writing Team
Immediately following the workshop, an outline for the IndOOS Review White Paper was
developed, together with proposed lead authors/co-authors for each chapter, by IORP cochairs (See Annex 5). Authors were invited and a first teleconference of the writing team was
organized for the week of March 13 to 16, 2017.
A google drive for the white paper has been established by Jing Li from ICPO, and populated
with documents related to the IndOOS Review process.
A webpage for IndOOS review (http://www.clivar.org/indoos-review-2006-2016) has also
been established and linked to the IORP page of CLIVAR website, for publishing the progress
and related news for the IndOOS Review.
1.4.3 Next IndOOS Review Workshop
An expert review of the IndOOS Review white paper will be held on 19-24th March 2018 in
Lombok, Indonesia, alongside the IORP-14 panel meeting. The review committee will be
convened by CLIVAR, IO-GOOS, IMBER and OOPC, to provide feedback and discussion on
the IndOOS Review white paper.

Fig 1: Participants at the International Indian Ocean science conference, Perth, Australia, 30 Jan- 4
Feb 2017. The conference incorporated the annual meetings of IORP-13, IOGOOS-13, SIBER-7 &
the IRF-7, alongside with the first Steering Committee meeting of IIOE-2. (Photo by: IOC Perth
Programme Office)
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Annex 1: List of Participants
No.

First Name

Last Name

Gender

Organisation

1.

Andreas

Schiller

Male

Commonwealth Scientific and
Industrial Research Organisation
(CSIRO)

2.

Amit

Tandon

Male

University of Massachusetts,
Dartmouth

3.

Bernadette

Sloyan

Female

Commonwealth Scientific and
Industrial Research Organisation
(CSIRO)

4.

Caroline

Ummenhofer

Female

Woods Hole Oceanographic
Institution (WHOI)

5.

Chari

Pattiaratchi

Male

University of Western Australia

6.

Craig

Lee

Male

University of Washington

USA

7.

Dongxiao

Wang

Male

South China Sea Institute of
Oceanology

China

8.

Dwi

Susanto

Male

Columbia University

USA

9.

Greg

Cowie

Male

University of Edinburgh

UK

10.

Helen

Phillips

Female

University of Tasmania

Australia

11.

Hermann
W.

Bange

Male

GEOMAR Helmholtz Centre for
Ocean Research Kiel

Germany

12.

Jerome

Vialard

Male

Laboratory of Oceanography &
Climate

France

13.

Jerry

Wiggert

Male

University of Southern Mississippi

USA

14.

Jing

Li

Female

International CLIVAR Project Office
(ICPO)

China

15.

Lin

Liu

Male

First Institute of Oceanography

China

16.

Lisa

Beal

Female

University of Miami

USA

17.

Lisan

Yu

Female

Woods Hole Oceanographic
Institution (WHOI)

USA

18.

Louise

Wicks

Female

UNESCO/IOC PPO

Australia

19.

Lynnath

Beckley

Female

Murdoch University

Australia

20.

Magdalena

Andres

Male

Woods Hole Oceanographic
Institution

21.

Makio

Honda

Male

Japan Agency for Marine-Earth
Science and Technology
(JAMSTEC)
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Country
Australia

USA
Australia

USA
Australia

USA
Japan

No.

First Name

22.

Michael

23.

Last Name

Gender

Organisation

Country

Landry

Male

Scripps Institution of Oceanography

USA

Mike

McPhaden

Male

NOAA/Tropical Moored Buoy
Implementation Pane

USA

24.

Mike

Roberts

Male

University of Southampton &
National Oceanography Centre

South
Africa/UK

25.

Ming

Feng

Male

Commonwealth Scientific and
Industrial Research Organisation
(CSIRO)

Australia

26.

Nick

HardmanMountford

Male

Commonwealth Scientific and
Industrial Research Organisation
(CSIRO)

Australia

27.

Nick

D’Adamo

Male

UNESCO/IOC PPO

Australia

28.

PPeter

Burkill

Male

Scientific Committee on Oceanic
Research

UK

29.

Raleigh

Hood

Male

University of Maryland, Cambridge

USA

30.

Rokkam

Rao

Male

International CLIVAR Monsson
Project Office (ICMPO)

India

31.

Roxy

Mathew Koll

Male

Indian Institute of Tropical
Meteorology (IITM)

India

32.

Satheesh

Shenoi

Male

Indian National Centre For Ocean
Information Services (INCOIS)

India

33.

Satya

Prakash

Male

Indian National Centre for Ocean
Information Services (INCOIS)

India

34.

Sidney

Thurston

Male

National Oceanic and Atmospheric
Administration (NOAA)

USA

35.

Somkiat

Khokiattiwong

Male

Phuket Marine Biology Centre

Thailand

36.

Takanori

Horii

Male

Japan Agency for Marine-Earth
Science and Technology
(JAMSTEC)

Japan

37.

Tong

Lee

Male

NASA

USA

38.

Toshiaki

Shinoda

Male

Texas A&M University-Corpus
Christi

USA

6

Annex 2: IndOOS Review Workshop Agenda
Monday 30th Jan, AM (IndOOS Review workshop: IOP /SIBER /IOGOOS /IRF)
Day 1: IOP and SIBER panel members and invited speakers will give broad review
talks on the essential science questions and societal needs for Indian Ocean
observations.
08h30-08h45: General introduction and objectives of the workshop
• Sustainable Indian Ocean observations (IndOOS): Why are we doing an IndOOS review
and how are we going to proceed? (Lisa Beal and Jerome Vialard, IORP co-chairs)
08h45-10h45: Scientific drivers: IO coupled modes of variability (Rapporteur: Roxy Mathew
Koll)
1. Role of Indian Ocean for Seasonal Prediction of Australian Climate (Harry Hendon,
BOM)
2. Effect of the Indian Ocean on monsoons and rainfall: Future ocean observation needs
from a monsoon/rainfall research perspective (Caroline Ummenhofer, WHOI, with
inputs from A. Turner & H. Annamalai)
3. The Madden-Julian oscillation and monsoon active-break phases, and their impact on
the ocean (Toshiaki Shinoda, TAMU)
4. Air-Sea Interaction over the Eastern Indian Ocean and Meridional Circulation
from Observations (Takanori Horii, JAMSTEC)
11h15-12h30: Scientific drivers: oceanic variability and change (Rapporteur: Ming Feng)
1. Indian Ocean decadal variability (Jerome Vialard, IRD)
2. Climate Change Indian Ocean response to climate change: ocean warming, sea level
rise, changing circulation... (Roxy Mathew Koll, IITM)
3. Rapid changes in WBCs and implications for Indian Ocean heat transport (Lisa Beal,
U. Miami)
Monday 30th Jan, PM (IndOOS Review workshop: IOP /SIBER /IOGOOS /IRF)
14h00-15h30: Scientific drivers: physical and biogeochemical processes of the IO
(Rapporteur: Makio Honda)
1. Mesoscale, submesoscale eddies and their large-scale impacts in the Indian Ocean
(Amit Tandon, U. Mass-Dartmouth, with input from A. Mahadevan, WHOI)
2. Science Overview of ITF: Past, Present and Future Implications to the Indian Ocean
(Dwi Susanto, U. Maryland)
3. Biogeochemical / ecological climate variability and change response in the Indian
Ocean (Jerry Wiggert, U. Southern Mississippi)
16h00-17h00: Rapporteurs will synthesise into a brief summary the scientific (and operational)
drivers that IndOOS should address, seeking discussion and input from the group
17h15: Opening Ceremony
18h00-20h00: Icebreaker
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Tuesday 31st Jan, AM (IndOOS Review workshop: separate IOP/IOGOOS/IRF & SIBER
sessions until 11h30)
Day 2: Panel members and invited speakers will provide background on past and present
IndOOS, and a look forward to the role of new technologies.
8h30-10h00: 2006-2016, 10 years of IndOOS and looking ahead (Rapporteur: Lin Liu)
1. RAMA: Research Moored Array for African-Asian-Australian Monsoon Analysis and
Prediction (Mike McPhaden, NOAA-PMEL)
2. Argo profiling floats: Indian Ocean; IBPIO (International Buoy Programme for the
Indian Ocean) (Jerome Vialard, IRD, on behalf of M. Ravichandran Director NCAOR,
with input on drifters from Boris Kelly-Gerreyn, BOM)
3. Monitoring boundary currents in the Indian Ocean (Ming Feng, CSIRO)
10h30-11h30: Scientific drivers: IndOOS re-analysis products (Rapporteur: Roxy Mathew
Koll)
1. The state of air-sea flux observations and the quality of atmospheric re-analysis
products (Lisan Yu, WHOI)
2. Ocean Synthesis (Data Assimilation) for Indian Ocean Research: recent progress,
issues, and the way forward (Tony Lee, JPL)
11h30-12h30: 2006-2016, 10 years of IndOOS and looking ahead (Rapporteur: Greg Cowie)
1. GO-SHIP: 2012-2023 Decadal Survey (Bernadette Sloyan, CSIRO)
2. Review of Past Biogeochemical Measurements and Instrumentation, Associated
Science Results and Looking Ahead to New (and old) Technologies (Raleigh Hood,
U. Maryland)
3. Recent observation over the Eastern Indian Ocean by the CAS (Dongxiao Wang,
CSC-IOCAS)
Tuesday 31st Jan, PM (IndOOS Review workshop: IOP /SIBER /IOGOOS /IRF)
14h00-16h00: Looking towards new technologies for IndOOS (Rapporteur:Toshiaki Shinoda)
1. Oceanographic Satellites and Indian Ocean Research (Tony Lee NASA)
2. Bio and Deep Argo: technology advances, applications and future role in sustained
measurements of the Indian Ocean (Nick Hardman-Mountford, CSIRO)
3. Potential Roles for Gliders in IndOOS & IIOE-2 (Craig Lee, U. Washington)
4. Current and Pressure-sensor-equipped Inverted Echo Sounder (CPIES) (Magdalena
Andres, WHOI)
16h30-17h30: Rapporteurs will synthesise into a brief summary how the components of
IndOOS (and future technologies) serve (can serve) the scientific and operational drivers,
seeking discussion and input from group
Wednesday 1st Feb, AM (Joint strategic Discussions around IndOOS review:
IOP/SIBER/IO-GOOS/IRF)
The main objective of this day is to frame the IndOOS review white paper that will be the
starting point for the IndOOS review wrap-up in Jan/Feb 2018. At the end of the day, we want
to have designed an outline to the white paper and designated a team of authors, with lead
authors for each chapter.
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08h30-09:00: Guidance and Lessons from Pacific and Atlantic reviews
1. How did they approach review? What expert information was most useful? What have
been the biggest challenges? Recommendations for IOP going into this process?
2. OOPC (GCOS/GOOS) guidance (Bernadette Sloyan, OOPC co-Chair, with input
from Katy Hill, GCOS/GOOS/JCOMM)
3. Lessons from the TPOS review (Jerome Vialard with inputs from S. Cravatte and N.
Smith)
4. Goals and ground rules for breakout sessions. Announcing of groups and rapporteurs
(Lisa Beal)
09h00-10h00: Break-out discussion 1 (groups of ~6)
• What scientific and operational outcomes should IndOOS achieve? (start with Rapporteur
summaries from day 1)
10h00-10h30: Report back
• 5-minute pop-up report from each break-out group rapporteur and synthesis of ideas
(facilitator Jerome Vialard)
11h00-12h00: Break-out discussion 2 (groups of ~6)
• How do (can) the components of IndOOS serve the scientific and operational goals? (start
with Rapporteur summaries from day 2)
12h00-12h30: Report back
5-minute pop-up report from each break-out group rapporteur and synthesis of ideas
(facilitator Lisa Beal)
Wednesday 1st Feb, PM (White paper discussion: Self-identified authors of IndOOS
Review only)
14h00-15h30:
• Use synthesis of ideas from the morning break-out sessions to frame the white paper
• Identify way forward, delegate writing responsibilities, draw up schedule
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Annex 3: Summary of presentations
Session 1: Scientific drivers: IO Coupled modes of Variability
1.1 Role of Indian Ocean for Seasonal Prediction of Australian Climate (Harry H.
Hendon)
Variations of tropical convection in the Indian Ocean are a primary source of extratropical and
tropical seasonal climate variability in the Southern Hemisphere. Variations of convection that
are driven by variations of tropical sea surface temperatures, especially associated with the
Indian Ocean Dipole (IOD), are potentially a source of seasonal predictability. However, in
comparison to the ENSO variability in the tropical Pacific, the capability to predict SST and
convection in the Indian Ocean with current generation of forecast models is limited to less
than a season. This limited skill partly reflects the inherently lower level of predictability of the
IOD compared to ENSO, but it also stems from common large systematic models errors in the
depiction of the mean state and variability in the tropical Indian Ocean. Alleviating these errors
is a challenging problem, largely stemming from general problems of depicting tropical moist
processes. However, enhanced observations in key areas of the tropical Indian Ocean that
are largely unobserved but are areas of large variability on timescales from diurnal to
seasonal, could help to expedite model developments by providing direct understanding of
important coupled air-sea processes that drive this variability. One such region is off the
northwest shelf of Australia. A proposal to Integrated Marine Observing System (IMOS) has
been submitted to deploy a flux mooring in this region.
1.2 Effect of the Indian Ocean on monsoons and rainfall: Future ocean observation
needs from a monsoon/rainfall research perspective (Caroline C. Ummenhofer)
Upper-ocean thermal variations in the Indian Ocean exert a considerable impact on rainfall in
the surrounding countries. For Indian monsoon variability, a skillful representation of the Wyrtki
jets is essential to realistically simulate monsoon variability across a range of timescales. The
influence of Indian Ocean sea surface temperatures (SST) for regional rainfall can be either
direct or through a modulation of the remote influences from the Pacific (e.g., remote impacts
associated with the El Niño-Southern Oscillation; ENSO).
In a series of atmospheric general circulation model experiments, the potential impact of
Indian Ocean SST anomalies in modulating low- to mid-latitude precipitation around the Indian
Ocean-rim countries was examined. SST anomalies closely resembling a leading mode of
Indian Ocean variability with features of both tropical and subtropical Indian Ocean dipoles
induce a basin-wide re-organization of the atmospheric circulation, which results in
precipitation anomalies over the surrounding landmasses. Beyond the well-established SST
variability associated with the region’s leading mode of interannual variability, namely the
Indian Ocean Dipole (IOD) characterized by a zonal SST gradient across the equatorial Indian
Ocean, meridional gradients in SST are also of importance. This is especially the case for
Australian rainfall and droughts. For Southeast Australia, distinct differences in the dominant
influence of the Indian and Pacific Ocean are seen on interannual and decadal timescales: on
interannual timescales, ENSO is important, but the IOD influence dominates for decadal
hydroclimatic variability. Prolonged Southeast Australian droughts over the last 120 years
were linked more robustly to Indian Ocean than Pacific conditions. In particular, a conspicuous
absence of negative IOD events characterized the major Australian drought episodes over the
last century.
Indian Ocean subsurface conditions associated with thermocline depth variations are
important for pre-conditioning IOD events on a range of timescales. More specifically, positive
IOD events were unusually common in the 1960s and 1990s with a relatively shallow
thermocline. In contrast, the deeper thermocline depth in the 1970s and 1980s was associated
with frequent negative and rare positive IOD events. This has implications for decadal climate
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predictions in the region, where the mostly agrarian societies in surrounding countries are
particularly vulnerable to changes in rainfall and droughts.
It is important to observe Indian Ocean thermal characteristics across a range of timescales,
from seasonal, interannual to decadal and beyond. In particular, sustained long-term
observations are crucial to understanding substantial low-frequency variations in upper-ocean
Indian Ocean characteristics.
1.3 The Madden-Julian Oscillation (MJO) and monsoon active-break phases, and their
impact on the ocean (Toshi Shinoda)
This presentation focused on the role of ocean and air-sea interaction in the MJO mostly in
the Indian Ocean region. Particular emphasis was given to the ocean variability associated
the MJO such as processes that control intraseasonal SST variability, the role of diurnal cycle,
and remote ocean responses. The ocean variability in the Bay of Bengal associated with the
northward propagating monsoon intraseasonal oscillation (MISO) was also discussed briefly.
Importance of air-sea interaction for the MJO development and propagation has been widely
discussed after the Tropical Ocean-Global Atmosphere: Coupled Ocean-Atmosphere
Response Experiment (TOGA COARE) field campaign in 1990’s during which significant SST
variations associated with the MJO were observed. Comparisons of coupled and uncoupled
model simulations of the MJO suggest the important roles of air-sea coupling in the MJO
initiation and propagation. Significant contributions of ocean dynamical processes for
intraseasonal SST variability in the Indian Ocean is found near the equator and SeychellesChagos thermocline ridge (SCTR) region at least during strong MJO events. However, the
processes in the tropical Indian Ocean largely depend on space and time. While the
CINDY/DYNAMO field campaign advanced our knowledge of ocean and air-sea coupled
processes associated with the MJO, oceanic and atmospheric variability observed during the
campaign suggests that the role of the ocean could vary substantially from event to event
(MJO diversity).
Key regions for future observations are suggested. These are:
Maritime Continent
Models often fail to simulate or predict MJO propagation through Maritime Continent. Unique
processes such as a large diurnal cycle may impact the MJO propagation.
Timor Sea
Maximum SST anomalies associated with the MJO are observed off the northwest coast of
Australia. Oceanic and air-sea coupled processes in this region is not well understood
because of insufficient in-situ observations.
Western tropical Indian Ocean including SCTR region
While DYNAMO focused on MJO initiation processes, the actual initiation of MJO convection
occurs farther west of the DYNAMO observational areas. In particular, air-sea interaction
processes around the center of SCTR region are still not well understood.
Bay of Bengal
Strong salinity stratification may play an important role in the development and propagation
of MISO.
Planned field campaigns including Years of the Maritime Continent (YMC), Eastern Indian
Ocean Upwelling Research Initiative (EIOURI), Tropical Indian Ocean and the Bay of Bengal
(MISO-BOB), and Western Indian Ocean Upwelling Research Initiative (WIOURI) are
expected to contribute to improve our understanding of key processes in these regions.
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Given the MJO diversity, the enhancement and maintenance of sustained ocean observing
systems such as RAMA are crucial, which can monitor many different MJO events.
1.4 Air-Sea Interaction over the Eastern Indian Ocean and Meridional Circulation from
Observations (Takanori Horii)
The Indian Ocean observational network has improved dramatically since the mid-2000s, by
the development of a new moored buoy array: the Research Moored Array for African-AsianAustralian Monsoon Analysis and Prediction (RAMA). In this presentation, I introduced our
recent observational works on air-sea interaction associated with Indian Ocean Dipole events,
and on cross-equatorial meridional currents in the eastern Indian Ocean.
First, heat balance analysis based on RAMA buoy observation demonstrated that horizontal
heat advection mainly produced mixed layer temperature (MLT) anomalies and that air-sea
heat fluxes had a damping effect during the development phase of IOD events. In contrast,
during the decay phase, air-sea heat fluxes had a primary role in suppressing MLT anomalies,
causing decay of the anomalous IOD conditions. The contributions of horizontal heat
advections differed in events, which may be attributed to diversity of IOD evolutions. These
results suggest that IOD involves variety of feedback processes during the development and
decay phases.
Second, using data from moored subsurface acoustic Doppler current profilers (ADCPs), we
present observations of the seasonal and interannual variation in the cross-equatorial currents
in the 2000s. In line with earlier observations and numerical simulations, there were significant
subsurface currents that displayed seasonal variation. The seasonal variation in upper 120-m
meridional transport can be explained by wind-driven cross-equatorial Ekman/Sverdrup
transport. The interannual variation could be related to the Pacific El Niño/Southern Oscillation
(ENSO).

Session 2: Scientific drivers: Oceanic variability and change
2.1 Indian Ocean decadal Climate Variability (Jerome Vialard)
In this talk, I have briefly reviewed decadal (between 7 years and a couple of decades) climate
variability in the Indian Ocean region, a gray area in our knowledge according to the Han et
al. (2014) review paper. Anthropogenically-forced signals have been discussed separately
(review talk by R. Matthews), but it should be pointed out that only a good knowledge of
internally generated decadal climate variability allows a proper attribution of climate change
signals. For example, several recent studies (Lee et al. 2015, Nieves et al. 2016, Liu et al.
2016) have shown that the Indian Ocean seems to have played an important role in storing
heat absorbed from the atmosphere in the Pacific during the recent “hiatus” in global warming.
I hence began by describing the robust oceanic bridge between the western Pacific and southeastern tropical Indian Ocean: enhanced Pacific trades pile up heat in the western Pacific
during negative IPO phases (i.e. decades with more La Niñas than usual), inducing sea level
rise along the west coast of Australia (e.g. Feng et al. 2004). There is also an atmospheric
biridge between the Pacific and Indian Ocean. Negative IPO phases also induce a westward
shift of the Walker cell, and hence more cloudiness and a cooling of the Indian Ocean (e.g.
Tozuka et al. 2007). On the other hand, the atmospheric bridge between El Niño and the
Indian Ocean Dipole (IOD) decadal fluctuations- that control wind variations over most of the
equatorial Indian Ocean - is less clear. Observations and some models suggest that IOD
decadal modulation is completely independent from the Pacific (e.g. Ashok et al. 2004; Tozuka
et al. 2007) while CMIP5 models seem to show that part of the IOD decadal modulation is
correlated with the IPO (Nidheesh et al. 2017b). Finally CMIP5 models also seem to indicate
that there is an independent mode of decadal climate variability in the south western Tropical
Indian Ocean, but this region is poorly constrained by decadal oceanic observations

12

(Nidheesh et al. 2017a). This underlines the need of sustained observations for the study of
decadal variability and climate change in the Indian Ocean sector.
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2.2 Indian Ocean Response to Climate Change (Roxy Mathew Koll)
The response of Indian Ocean to climate change has been monotonous and rapid in the recent
decades, in terms of increased ocean warming and heat content, sea level rise and changing
circulation. Over the past 60 years, the surface warming in the Indian Ocean has been three
times faster than the tropical Pacific. Studies show that the subsurface (up to 1000 m) is also
showing a large warming trend in the recent decade. In terms of the changes in the sea level,
studies unanimously point out a steady rise over the entire basin. The secular rise in sea level
is attributed to the thermosteric component, due to a basin wide surface warming. Studies
indicate that the wind stress changes in the Indian Ocean (local Walker and Hadley circulation)
has modulated the ocean heat transport and spread out the heat across the basin, resulting
in a large thermosteric response in the sea level.
Though we understand the extent and magnitude of the warming trend, we still do not have a
clue on where the excess heat is coming from, and where it is going. One of the reason is the
inability to accurately perform a heat budget analysis, due to lack of long-term high frequency
data over regions like the western Indian Ocean and the Indonesian throughflow (ITF). This
need to be resolved with a combination of RAMA moorings and Argo buoys (and gliders where
both do not function) which measure the ocean data at various timescales. Also, though Argos
floats generally provide measurements up to a depth of 2000 m, only 60% of the floats do so.
Hence the uncertainty in subsurface warming trends in the Indian Ocean could be large, and
need to be addressed.
A response to the largescale warming in the Indian Ocean is a weakening of the local monsoon
circulation and slowdown of the northward propagating monsoon intraseasonal oscillations.
Another response is on the marine ecosystem, due to ocean surface stratification (suppresses
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nutrient mixing) and coral bleaching. It is hence of utmost importance to implement an
observation system which can monitor the Indian Ocean – especially the key areas (equatorial
Indian Ocean – from west to east up to the ITF) at various timescales, and for ocean,
atmospheric and biological parameters. Almost all coupled models fail miserably in
representing the equatorial dynamics and processes including the biology (e.g. Wrytki jet) and
this is where a major focus of IndOOS should be.
2.3 Rapid Changes in the Boundary Currents and Implication for IO Heat Transport and
Overturning (Lisa Beal)
Western boundary currents—such as the Agulhas Current in the Indian Ocean—carry heat
poleward, moderating Earth’s climate and fuelling the mid-latitude storm tracks. They could
exacerbate or mitigate warming and extreme weather events in the future, depending on their
response to anthropogenic climate change. Climate models show an ongoing poleward
expansion and intensification of the global wind systems, most robustly in the Southern
Hemisphere, and linear dynamical theory suggests that western boundary currents will
intensify and shift poleward as a result. Observational evidence of such changes comes from
accelerated warming and air–sea heat flux rates within all western boundary currents, which
are two or three times faster than global mean rates.
Here we show that, despite these expectations, the Agulhas Current has not intensified since
the early 1990s. Instead, we find that it has broadened as a result of more eddy activity. Recent
analyses of other western boundary currents—the Kuroshio and East Australia currents—hint
at similar trends. These results indicate that intensifying winds may be increasing the eddy
kinetic energy of boundary currents, rather than their mean flow. This could act to decrease
poleward heat transport and increase cross-frontal exchange of nutrients and pollutants
between the coastal ocean and the deep ocean.
Heat transported poleward by the Agulhas Current is a large component of the oceanic heat
export from the Indian Ocean basin, which must balance heat loss to the atmosphere over
both the Southern and Atlantic Oceans. These fluxes are likely to influence Indian Ocean heat
content, sea surface temperature, sea level, and storminess variability, but the dependencies
are unknown. Sustained in situ measurements are needed to properly understand the role of
these oceanic fluxes in a changing climate.

Session 3: Scientific drivers: Physical and Biogeochemical
processes of the IO
3.1 Mesoscale, submesoscale eddies and their large-scale impacts in the Indian Ocean
(Amit Tandon)
This work focused on the role of eddies in stirring the property gradients and setting the
stratification in the Northern Indian ocean as these are emerging themes for recent research
in the Indian ocean circulation. River outflows and precipitation patterns create large salinity
contrasts in the Northern Indian ocean across the Arabian Sea and the Bay of Bengal. Both
the boundary currents and mesoscale eddy stirring achieve the horizontal mixing in the Indian
ocean to mix the properties. A recent major observational effort that examined the eddies from
large scale, to sub-mesoscales, to Langmuir eddy scales, and mixing down to micro-scales
occurred as the India-US collaboration The Ocean Mixing and Monsoons and Air Sea
Interactions in the Northern Indian Ocean-Regional Initiative (OMM-ASIRI) 2013-2017. This
talk showed a few examples from this experiment to showcase the influence of eddies. An
example from this experiment concerned an anomalously fresh intrathermocline eddy (ITE) of
Andaman sea which was intensely sampled in the western Bay of Bengal, thousands of
kilometers from its origin, surrounded by Arabian sea water. Hence it has remarkable longevity
and such eddies may play a significant role in freshwater transport and distribution in Northern
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Indian ocean. This ITE was shown to arise from an interaction of a westward propagating
anticyclonic mesoscale eddy that was subducted due to interaction with the tropical cyclone
Lehar. Such cyclone-mesoscale eddy interactions have not been sufficiently characterized in
the literature and need to be further studied. Another example showed an O (200 km)
anticyclonic eddy from North Bay of Bengal and its physical, chemical and biological
signatures, including a sub-surface chlorophyll maxima at O(50 m) which is modulated at submesoscales. Intriguing signatures of sub-surface warm water barrier layers were shown which
are modulated at sub-mesoscale and outcrop at the edge of the eddies. The observed vertical
mixing is very small, which leads to the quandary of how and where do the property fluxes
occur. This was answered by characterizing the embedded fronts and associated submesoscale. Discerning these fronts requires observing and sampling the eddies at less than
2.5 km horizontal resolution, and O (1m) vertical resolution in the Northern Indian ocean. The
spectral character shows that the dynamics at mesoscale is very different from the dynamics
at O(1 km) sub-mesoscale, with the latter showing significant unbalanced motions. Next this
talk covered the persistent very low concentrations of Oxygen in the Northern Bay. Both
published and ARGO profiles often show rapid vertical variations in Oxygen. This talk
hypothesized that mesoscale and submesoscale eddies, rather than mean flows, are the
major lateral transport mechanism for oxygen. This eddy stirring leads to a highly intermittent
oxygen distribution with occasional patches of very low oxygen. Nitrate reduction occurs within
these patches. The overall rate of nitrate reduction is thus controlled by the frequency and
intensity of these patches, which constitute the major mode of interaction between mixing
processes and oxygen sinks. Sub-mesoscale numerical process modeling example
considered in this talk shows that it is the lateral supply along-ispycnals that dominates the
nutrient transport, and the vertical mixing is very weak, except perhaps during cyclones, when
it may increase by two orders of magnitude. Thus eddy mechanisms and their interaction with
surface forcing is central in setting the horizontal and vertical distribution of temperature,
salinity, oxygen, and nitrate, and are important for the Indian ocean ecosystem. Finally,
observing eddies requires examining their sub-surface structure, and various in-situ tools such
as sub-surface moorings, PIES and glider sections at critical locations are needed to elucidate
their role further. Combining these with space-based remotely sensed observations, drifters
and other profiling floats will be necessary to estimate circulation and material fluxes in the
Indian ocean in the near future.
3.2 Science Overview: Indonesian Throughflow Program: Past, Present, and Future
Implications to the Indian Ocean (R. Dwi Susanto)
The Indonesian seas, with their complex coastline geometry and narrow passages, provide
the only pathway for low latitude Pacific water to flow into the Indian Ocean, which is known
as the Indonesian Throughflow (ITF). The ITF plays an integral role in global ocean
thermohaline circulation and directly impacts the basin mass, heat, and freshwater budgets of
the Pacific and Indian Ocean with the possible influence of the El Niño Southern Oscillation
(ENSO), Asian-Australian monsoon and Indian Ocean Dipole climate phenomena [e.g.
Deckker, 2016; Lee et al., 2015; Sprintall et al., 2014 and references therein]. ITF has been
measured since the mid-60s. However, ITF measurements have been conducted at different
straits and times. A comprehensive ITF measurements have been conduction during the
International Nusantara Stratification and Transport Program (INSTANT) to a simultaneously
measure ITF in the major inflow passages (Makassar and Lifamatola; except Karimata Strait)
and outflow passages (Lombok, Ombai, and Timor) from the end of 2003 to the early 2007.
Then South China – Indonesian Seas Transport/Exchange (SITE) program in 2007-2016
measured the South China Sea throughflow in the Karimata and Sunda Strait. Currently, with
the exception of one mooring in the middle of the Makassar Strait and one mooring in the
Halmahera Sea, all the 12 moorings to monitor ITF are part of the ongoing Indonesia-China
collaborations.
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Sustained ITF in situ measurements is logistically challenging and expensive. Techniques for
developing a proxy-ITF monitoring system are ultimately needed to ensure cost-effective, long
term ITF transport information. One feasible technique for proxy ITF monitoring comes from
linking the changes in ITF transport to satellite-altimetric measurements of sea surface height.
The proxy using altimeter data works well for the case where ITF transport is concentrated
only in the upper layer. However, this is not the case, especially for the ITF through the exit
passages of the Indonesian seas. Hence, Susanto and Song (2015) used altimeter sea
surface height (the sea level difference between any point in the western Pacific and the
eastern Indian Ocean) and gravity ocean bottom pressure data, as well as a theoretical
formulation, to derive an ITF proxy.
Along the route within the Indonesian Seas, the water undergoes strong tidal mixing and airsea
interaction and other oceanic/atmospheric climatic processes associated with Madden-Julian
Oscillation (MJO), monsoon, El Nino Southern Oscillation (ENSO) and possibly the Indian
Ocean Dipole. Observations and numerical models show the evidence of tidal mixing within
the Indonesian seas. Previous work by Field & Gordon (1996) gives -- owing to inadequacies
of SST data available to them -- a rather misleading picture of the tidal mixing in that region.
Recently, Ray and Susanto (2016) concluded that the largest fortnightly signals (a sign of tidal
mixing) observed from SST are found to be localized to relatively small straits, channels, and
sills, while the deep basin of the Banda Sea displays little significant signal. These results
support previous in situ microstructure measurements by Alford et al., (1999) who concluded
that there is no strong tidal mixing in the Banda Sea and numerical modeling results (Nagai
and Hibiya, 2015).
ITF variability (and its associated mass, freshwater, and biogeochemical fluxes), stratification,
and mixing are important to understanding the dynamics and biogeochemistry variability in the
Indian Ocean.
3.3 Biogeochemical/ecological climate variability and change response in the Indian
Ocean (Jerry Wiggert)
The Indian Ocean exhibits a number of biogeochemical and ecological responses to
interannual variability associated with climate modes affecting the basin, such as the Indian
Ocean Dipole (IOD) and the El Niño Southern Oscillation (ENSO). In response to the
manifestation of these climate modes, the Indian Ocean ecosystem exhibits significant shifts
in distribution patterns at all trophic levels, ranging from phytoplankton all the way up to apex
predators such as Yellowfin Tuna (Thunnus albacares ). On longer time scales, rates of
primary production, phytoplankton speciation shifts and food web modification in the Arabian
Sea have been associated with snow cover leading to monsoon intensification. Whether this
monsoon intensification indeed relates to climate change or is an indicator of poorly
understood decadal variability in the Indian Ocean has yet to be determined unequivocally
and mechanistic understanding remains to be established. There are also indications of multidecadal deoxygenation trends in the Arabian Sea and eastern Indian Ocean that require
confirmation and more comprehensive knowledge of how oxygen levels interlink with aeolian
iron deposition patterns and nitrogen cycling pathways (both denitrification and nitrogen
fixation). Several suggestions for how IndOOS can be modified to better address these open
biogeochemical and ecological questions in the Indian Ocean basin are provided.

Session 4: 2006-2016, 10 years of IndOOS and looking ahead
4.1 RAMA: The Research Moored Array for African-Asian-Australian Monsoon Analysis
(M. J. McPhaden)
This presentation reviews the scientific rationale for RAMA, the present status of its
implementation, and recent scientific progress in the use of RAMA data. The presentation also
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covers technological progress in developing a new generation mooring system, called T-Flex,
to replace the existing ATLAS mooring. Finally, we highlight both challenges and opportunities
for completing the array, and propose modifications to its design, taking into account practical
lessons learned, evolving scientific priorities, and technological advances in the past 10 years.
RAMA was designed to improve our ability to describe, understand, and predict oceanatmosphere interactions affecting monsoon variability. Many nations and programs contribute
to RAMA, most notably the U.S., India, Indonesia, Japan, China, and the Bay of Bengal Large
Marine Ecosystem Program (BOBLME). RAMA is at present 78% complete with the Arabian
Sea being the last major area without established moorings. RAMA data have contributed to
113 known publications in the refereed literature since inception in 2004. The new mooring TFlex system has been thoroughly tested and is presently being phased into the array, with 8
sites occupied at present and 3 more planned for 2017. T-Flex makes use of more modern
instrumentation, provides greater data throughput in real-time via Iridium satellite
communications, and is more resistant to fishing vandalism. Piracy has been a deterrent to
establishing sites in the Arabian Sea for the past several years. However, navies of the world
patrolling this region have essentially eliminated piracy as an obstacle to further
implementation.
RAMA principal investigators in the U.S., China, India, and Japan have proposed a revised
array design referred to as RAMA-2.0 in the context of the 2017-18 Indian Ocean Observing
System (IndOOS) review. This design is intended to make the array more robust, costeffective and less dependent on ship time, which is the most limiting resource for sustaining
the array. RAMA-2.0 has slightly fewer moorings than the original design and eliminates
moorings in regions prone to heavy fisning vandalism or where it has not been possible to find
ship support. RAMA-2.0 also calls for deployment of more proven moored biogeochemical
instrumentation in support of the Sustained Indian Ocean Biogeochemical and Ecosystem
Research Program (SIBER) so that the array can address a broader range of multi-disciplinary
problems. Plans are outlined for completing RAMA with occupation of mooring sites in the
Arabian Sea during the Second International Indian Ocean Expedition (IIOE-2), which is
scheduled for 2015-2020. It is understood that the RAMA-2.0 proposal needs full vetting as
part of the IndOOS review process, but it provides starting point for discussion.
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Draft plan for RAMA-2.0

4.2.1 Argo profiling floats: Indian Ocean and IBPIO (Jerome Vialard presented on behalf
of M. Ravichandran)
The broad-scale global array of temperature/salinity profiling floats, known as Argo, has
already grown to be a major component of the ocean observing system. The Argo array is part
of the Global Climate Observing System/Global Ocean Observing System GCOS /GOOS, and
it is a major contributor to the WCRP 's Climate Variability and Predictability Experiment
(CLIVAR) project and to the Global Ocean Data Assimilation Experiment (GODAE). It is a
standard to which other developing ocean observing systems can look to. Deployments of
Argo floats began in 2000 and continue today at the rate of about 800 per year. The total
number of operational Argo floats was 3785 as of July 2016, which is remarkably similar to
the original design in 1998, and with contributions from 30 nations. There are over 1.3 million
T/S profiles and trajectories being acquired, presently over 10,000 per month. The global
design for Argo is to deploy a float per 3x3 degree and 10 days sampling from upper 2000m
and parking at 1000m. Meanwhile, the ongoing conversion to Iridium communications results
in longer float lifetime and reduced bio-fouling.
Argo float deployments started in the Indian Ocean during the year 2001, the same year as
IORP / IndOOS plan started. The contributors to Indian Ocean Argo include: Australia,
Canada, France, Germany, India, Japan, Mauritius, South Africa, UK, US and etc. There 547
Active Argo floats, though the Indian Ocean only requires 450 floats (3x3 deg) as per Global
design. Most of the floats are in the Bay of Bengal is 5-day temporal resolution to capture ISO
(OSSE experiment suggested 5-day sampling and 1x1 degree per float, at least in the Eastern
Indian Ocean is more suitable considering seasonal reversal of winds and currents). The
Iridium floats started to be deployed in the year 2011, which are through two-way
communication and enable higher vertical resolution. Bio-Argo floats started in the year 2010,
with a few floats deployed in the Northern Indian Ocean. INCOIS is the Regional Coordinator
for Argo deployments in the Indian Ocean, performing Delayed-Mode Quality Control (DMQC)
for all eligible floats, generating value-added products and making the data and its products
available through INCOIS data server.
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In the future, while sustaining the existing Array, the global Argo design aims to enhance the
sampling in Western Boundary Currents (WBC), marginal seas, equatorial regions, and
seasonal ice zones, as well as to increase the deployments of Bio-Argo and Deep Argo floats.
4.2.2 International Buoy Programme for the Indian Ocean (IBPIO) (Jerome Vialard
presented on behalf of Boris Kelly-Gerreyn)
The International Buoy Programme for the Indian Ocean (IBPIO) is affiliated with the Data
Buoy Cooperation Panel (DBCP), which is a joint body of the World Meteorological
Organization (WMO) and Intergovernmental Oceanographic Commission (IOC) of UNESCO.
The main objective of the IBPIO is to establish and maintain a network of platforms in the
Indian Ocean to provide Meteorological and Oceanographic data for both real-time operational
requirements and research purposes. The programme is built upon cooperation from agencies
with Indian Ocean interests. The programme is self-sustaining, supported by voluntary
contributions from participants in the form of equipment (e.g. drifting buoys), or services
(including communication, deployment, storage, archiving and coordination). The programme
liaises directly with data users to monitor the effectiveness of the programme in meeting user
requirements. The participating countries to IBPIO includes Australia, France, India,
Indonesia, Kenya, South Africa, Sri Lanka and United States.
The IBPIO’s primary focus is on Drifting buoys, which aid in regional weather forecasting and
weather models. Because many IBPIO partners are affiliated with Meteorological
organizations (i.e, BoM, SAWS, MeteoFrance, etc.), more than 80% (100 drifters) of the
drifters deployed in the Indian Ocean each year measure Sea Level Pressure (SLP).
4.3 Monitoring boundary currents in the Indian Ocean (Ming Feng)
Major ocean boundary current systems in the Indian Ocean include: the Indonesian
Throughflow, which is part of the warm route of global overturning circulation, brings warm,
fresh Pacific waters to the IO; part of the ITF waters joins the Agulhas Current system and
eventually form a significant portion of the Agulhas leakage in to the Atlantic; there are the
seasonally reversing Somali Current, and South Java Current systems, which are
important in the shallow overturning and meridional exchanges in the IO; the Leeuwin
Current system is strongly Influenced by Pacific-IO waveguide.
Gary Meyers championed the establishment of the XBT observing systems in the IO and a
few of the XBT sections are located in the Indonesian Seas and have been used to monitor
the interannual variability of the ITF. The IX1 XBT line between Fremantle, Australia and
Sunda Strait, Indonesian has been continued for more than 30 years. This line has been used
to capture the mean structure of the ITF outflow, its interannual variability related to ENSO
and IOD, as well as its decadal trends. The IX1 line is now occupied biweekly.
With the arrival of global Argo program, the role of XBT network as a basin-scale observing
system has largely been superseded. Most of the XBT network in the northern IO has stopped
operating, with the IX12 line between Fremantle and the Red Sea suspended in 2015 due to
lack of suitable commercial vessels operating between the two ports. Scripps still operates the
IX21 between South Africa and Mauritius on a quarterly basis. The IX12 line may capture the
Somali Current system and the IX21 captures the source of the Agulhas Current. XBT lines
are still important to monitor the ocean boundary currents, so that it is still imperative to
maintain the IX1, IX12, and IX21 lines.
The Long-Term Ocean Climate Observations (LOCO) program was established by scientists
from the Netherlands to monitor the Mozambique Channel flow during 2003-2012. The
program has captured the mean transport through the Channel and its IOD-related interannual
variability. The program was eventually superseded by the ASCA mooring array to monitor
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the full Agulhas Current transport and variability during 2010-2013. The Leeuwin Current has
been monitored through the Australian IMOS program since 2009, however, neither the shelf
moorings nor the gliders cover the full the width of the current. There has been discussions to
link the ASCA array with the Leeuwin Current system using end point moorings to monitor the
basin wide overturning circulation in the IO.
The ocean boundary current monitoring in the IO has been very patchy. There has been long
term monitoring of the ITF and we are gaining knowledge of the Agulhas Current. However,
the Somali Current system is largely unobserved, and to some extent the eastern boundary
current systems. These observing systems will be crucial in understanding the basin-wise heat
and energy balances, the overturning circulation, the cross-equatorial exchanges, understand
the influences of climate variability and extreme climatic events.
4.4 GO-SHIP: 2012-2023 Decadal Survey (Bernadette Sloyan)
The global decadal survey started under CLIVAR has now become the Global Ocean Shipbased Hydrographic Investigations Program (GO-SHIP). GO-SHIP provides the international
program oversight and determines the future direction of the sustained decadal survey of the
global ocean. It brings together scientists with interests in physical oceanography, the carbon
cycle, marine biogeochemistry and ecosystems, and other users and collectors of ocean
interior data to develop a sustained global network of hydrographic sections as part of the
Global Ocean/Climate Observing System.
The program aims for GO-SHIP includes: 1) to document the large-scale ocean water property
distributions, their changes, and drivers of those changes; 2) to determine the distributions
and controls of natural and anthropogenic carbon (both organic and inorganic); 3) to determine
ocean ventilation and circulation pathways and variability using chemical tracers; and 4) to
provide high-quality full-depth reference observations to other components of the observing
systems.
GO-SHIP has three measurement levels: Level 1 data are of highest priority. GO-SHIP
recommends that level 1 data should be collect at least once per decade on all sections.
Sections occupied at higher frequencies (yearly, biennial) do not need to undertake all level 1
measurement on all re-occupations; Level 2 data are highly desirable. GO-SHIP recommends
that level 2 should be collected when possible. Level 3 data are ancillary measurements are
done according to opportunity and space available. They should not significantly interfere with
Level 1 or 2 data collection, and may be regional or specific to an individual cruise.
The GO-SHIP data policy is stringent and geared toward rapid, open dissemination, with a
clear structure for all data to undergo quality control and to be sent to and available from
recognized data centers. The policy includes: 1) all Level 1 and 2 observations, cruise reports,
and metadata are made public in preliminary form through a specified data center soon after
collection (“early release”), with final calibrated data provided six months after the cruise, with
the exception of those data requiring on-shore processing. 2) all data collected as part of the
program are submitted to a designated data management structure for quality control and
dissemination for synthesis.
4.5 Review of Past Biogeochemical Measurements and Instrumentation, Associated
Science Results and Looking Ahead to New (and old) Technologies (Raleigh Hood)
The SIBER program, in collaboration with IORP and RAMA / IndOOS principle investigators,
has been successful in motivating multiple biogeochemical sensor deployments on RAMA
moorings. These include sensors that measure fluorescence and backscatter and also CO2
and pH. A fluorometer and backscatter sensor was deployed at the equator on the 80°E
mooring on 22 May 2010 as an unfunded pilot program to demonstrate the feasibility of doing
biogeochemical sensor deployments on RAMA moorings. Striking chlorophyll “spikes” were
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observed during the fall Wyrtki Jets. Two competing hypotheses were developed to explain
the chlorophyll spikes: 1) Turbulent entrainment of nutrients and/or chlorophyll from across
the base of the mixed layer by wind stirring or Wyrtki jet-induced shear instability; and (2)
Enhanced southward advection of high chlorophyll concentrations from the Chagos-Laccadive
Ridge into the equatorial zone associated with wind-forced biweekly mixed Rossby-gravity
waves. A paper describing these results has been published in a recent Biogeosciences
Special Issue on the Northern Indian Ocean (Strutton et al., 2015).
A CO2 and pH sensor was deployed at the 15°N, 90°E in the Bay of Bengal on 23 November
2013 with funding from Bay of Bengal Large Marine Ecosystem project and NOAA. The data
reveal strong seasonal variations in pCO2 in the surface water relative to the air, which are
associated with the monsoon seasonal cycle. Increases in pCO2 in the water during the early
intermonsoon time periods are driven by increasing temperatures and reduced CO2 solubility,
and decreases in pCO2 during late intermonsoon and monsoon time periods are driven by
decreasing temperatures and elevated CO2 solubility. But there are also clear salinity impacts
superimposed, with low pCO2 often coincident with low salinity and vice versa. These low
salinity events appear to be associated with riverine influence. A paper describing these
results is in preparation (Hood et al., in prep.)
Another fluorometer and backscatter sensor was deployed on a RAMA mooring at 26°S 97°E
in September of 2012. One interesting aspect of this location is that numerous eddies come
off the Leeuwin Current and the mooring might be able to capture their biogeochemical
signatures. Fluorescence and backscatter data was collected for 7 months. The mooring
appears to have sampled some of these eddies which are revealed as pronounced “spikes”
in fluorescence and/or backscatter. We hypothesize that these spikes represent packets of
coastal biogeochemical properties propagating westward. We are in the process of analyzing
these data (Strutton et al., in prep.). Our goal is to reveal the spatial physical and
biogeochemical context and hopefully sources and fate of these biogeochemical signatures.
The transport variability through the ITF has been studied for many years and is wellcharacterized. In contrast, there are very few published studies of the nutrient and carbon
fluxes. As a result, we know very little about the magnitude of these fluxes and their impacts.
Biogeochemical models suggest that the entire Indian Ocean basin is sensitive to ITF nutrient
fluxes. We have calculated the first depth- and time-resolved nitrate, phosphate, and silicate
fluxes at the three main exit passages of the ITF: Lombok Strait, Ombai Strait, and Timor
Passage (Ayers et al., 2014). Although these fluxes are confined to the upper 400 meters of
the water column, they are significant, i.e., comparable to tropical new production over an area
of 1.46 x 107 km2.
Other biogeochemical measurements that have been collected in the Indian Ocean related to
the SIBER program include ADCP-based estimates of zooplankton biomass variability off of
Java (Yu et al., unpublished). These measurements reveal seasonal upward migration of
crustacean zooplankton toward the surface in summer months during Southeast Monsoon.
This is likely related to the increased upwelling and primary production during the summer
monsoon and feeding. Numerous Bio-Argo deployments have also been motivated as part of
a joint Indian-Australian project led by Nick Hardman-Mountford (Australia) and M.
Ravichandran (India). These floats are being deployed in the northern Indian Ocean and in
the southern Indian Ocean and the measurements include temperature, salinity, fluorescence,
oxygen, nutrients. Many Interesting results have emerged which are discussed in the
presentation by Nick Hardman-Mountford.
In terms of future needs:


We need more fluorometer / Backscatter and CO2 measurements. There have only
been three deployments so far. We need to aggressively pursue funding for purchase
and deployment of more sensors.
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We need more remote sensing studies (SST, SSH, SSS, color, primary production).
Combining mooring and remotely sensed physical and biogeochemical data is a
powerful and cost effective scientific approach. The Strutton et al. (2015) paper is an
excellent example where we combined mooring biogeochemical measurement with
satellite SST (with OSCAR currents), SSS and Chlorophyll. We need to aggressively
pursue funding for remote sensing (and modeling) studies.



We need more sustainable Bio-Argo deployments. The joint Australia-India funded
effort has a finite lifetime. We need to secure additional, long-term funding.



We need to motivate modeling and more observational studies of ITF nutrient fluxes
and impacts. There is a very clear basin-wide fresh signature and a very clear basinwide high silica signature associated with advection of ITF water in the South
Equatorial Current. Basin-wide biogeochemical models appear to be sensitive to the
ITF nutrient boundary conditions (Hood, McCreary and Yu, unpublished). We need to
secure funding to pursue modeling studies and more observational studies.



We need to motivate Continuous Plankton Recorders on Ships of Opportunity. Given
the dynamic nature of the Arabian Sea, it would be good to set up a CPR route between
India and the Gulf of Oman and perhaps beyond this into the Persian Gulf. We
envisage other CPR routes such as one from Western Australia to the Red Sea and
another between South Africa and Pakistan. The former traverses a wide range of
water types, from oligotrophic through to equatorial and Somali upwelling waters,
across the whole ocean basin, and the latter route is orthogonal to the other two routes
and traverses a range of different waters that are seasonally forced to differing extents.
Such long routes would be unique, sampling plankton biodiversity in waters that we
know little about.



We need to deploy Bio-Gliders for as part of larger process studies. Bio-Gliders can
measure temperature, salinity, fluorescence, oxygen, nutrients, etc. Combining
process study Bio-Glider deployments with long-term mooring measurements is a
powerful combination to do ground breaking science in the Indian Ocean.



There are many other high technology sampling devices that could be deployed as
part of IndOOS and RAMA. These include, for example, the Mobile Robotic Laboratory
that can collect genomic samples, among other things. Efforts should be motivated to
secure funding for the deployment of these kinds of devices.

Session 5: Scientific drivers: IndOOS re-analysis products
5.1 The state of air-sea flux observations and the quality of atmospheric re-analysis
products (Lisan Yu)
This presentation provided a review of (i) the progress that has been made in improving
gridded air-sea flux products during the past 10 years, (ii) the role of RAMA surface buoy
measurements, and (iii) the remaining challenges that lie ahead. Gridded air–sea flux products
on basin and global scales are commonly produced by empirical bulk formulae using surface
meteorological variables from atmospheric reanalyses, satellite retrievals, and ship
observations. A survey of 16 flux products, which include the first, second, and latest
generations of atmospheric reanalysis, ocean reanalysis, ship-based analysis, and satellitebased analysis, was conducted to evaluate the present state of air-sea flux estimation. We
found that mean spatial pattern of the tropical Indian Ocean surface net heat flux (Qnet =
Shortwave Radiation (SW) – Longwave Radiation (LW) – Latent heat flux (LH) – Sensible heat
flux (SH)) has been improved considerably compared to 10 years ago when RAMA buoys
were initiated. There is a good agreement between the products in showing that the ocean

22

surface gains heat from the atmosphere in region north of 15°S and loses heat south of the
latitude.
Despite the significant improvement in the mean pattern, there are considerable deviations in
Qnet temporal variability on seasonal, interannual, and decadal timescales. On seasonal
timescales, LH estimates vary with products, with some showing no clear seasonal cycle. On
interannual and longer timescales, SW estimates are the leading source of uncertainty. Most
products show a major reduction in SW in the tropical Indian Ocean during the 1980s and
1990s. After 2000, some products show that the downward trend has continued while other
products show that the trend has reversed to a steady increase. The satellite-derived SW from
CERES EBAF, though are available only after 2000, indicates a leveled off time series
throughout the recent decade.
It is known that all flux products suffer from uncertainties arising primarily from subgrid-scale
parameterizations, empirical estimates of parameters, and changes related to the
observational systems. The errors can accumulate and contaminate the estimate of long-term
trend. To identify
biases in the flux products, we conducted buoy-based evaluation to the flux components (SW,
LW, SH, and SH) for all products. We found that downward SW estimates are poorly produced
in all reanalyses, with a wide range of deviations from RAMA buoy measurements when SW
is low. A similar pattern is observed when conducting TAO-TRITON buoy-based evaluation in
the western Pacific warm pool. Downward LW estimates as well as LH and SH estimates
seem to be better produced at the buoy sites.
When the change of Qnet in each product is differentiated onto the change of SST, we found
that the spread in the Qnet products increases sharply when SST exceeds 25°C. The high
dependence of Qnet on SST in the tropical convective regime suggests that SW estimates
produced by atmospheric reanalyses are highly sensitive to the convective clouds in the
model. It appears that the atmospheric moist physics and the realism of parameterizing cloud
microphysics remain a formidable and constraining problem for improving surface heat flux
estimates in atmospheric reanalysis.
5.2 Ocean Synthesis (Data Assimilation) for Indian Ocean Research: recent progress,
issues, and the way forward (Tony Lee)
This presentation covers 4 topics:
(1) Different types of utilities of ocean synthesis (data assimilation) products: to
characterize
ocean
variability,
understand
processes
(e.g.,
budgets,
causality/attribution), evaluate observing system (impact and design), initialize climate
prediction, and drive biogeochemistry model.
(2) Indian Ocean examples of using ocean synthesis systems to evaluate the impacts of
observational data as well as science applications, including examples from systems
contributing to the Copernicus Marine Environmental Monitoring Service, NOAA
NCEP, INCOIS, and ECCO.
(3) Major issues in ocean synthesis that influence the fidelity of the ocean synthesis
products, including issues with models and with assimilation.
(4) The way forward, including sustaining observations, working closely with modeling
centers to improve model physics, improving data assimilation methods, and working
towards coupled data assimilation.

Session 6: Looking towards new technologies for IndOOS
6.1 Oceanographic Satellites and Indian Ocean Research (Tony Lee)
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This presentation provides an overview of (1) satellites’ contributions to Indian Ocean research
and (2) the status of satellite missions for various ocean parameters. For topic (1), a list of
oceanic parameters being measured by satellites as well as variables/quantities derived from
satellite data are described. Examples were provided across different time scales for
synergistic use of multi-sensor satellite observations and in-situ measurements to the study
the Indian Ocean. The presentation highlights the complementarity between satellite and insitu systems as well as satellites’ advantages. Topic (2) provides an overview of the status of
satellite missions for various oceanic parameters. Current gaps and future needs and gaps
are discussed.
6.2 Bio and Deep Argo: technology advances, applications and future role in sustained
measurements of the Indian Ocean (Nick Hardman-Mountford)
The oceans are undergoing remarkable stresses, including warming, acidification,
deoxygenation, melting of sea ice, circulation changes and changes to nutrient supply. The
challenge is to systematically observe these changes at the global scale. Ship-based
observations of the interior ocean peaked in the 1970s to 1980s and have been in steady
decline since, with the current number of ship hydrocasts per year lower than at the beginning
of the 20th century. Since the early 1990s, autonomous profiling floats equipped with
conductivity, temperature and depth probes (CTDs) have enabled a revolution in temperature
and salinity observations that, through the global Argo program, have countered and
exceeded the decline in ship-based observations, creating a new paradigm for oceanographic
sampling. Since the early 2000s, these advances have also been applied to marine
biogeochemical observing with the addition of oxygen sensors on profiling floats. Ongoing
developments in sensor technology have provided float-enabled sensor packages to measure
dissolved oxygen, nitrate, pH, chlorophyll fluorescence, particle backscattering and
downwelling light simultaneously, along with temperature and salinity. Thus, the technological
basis now exists for a Global Biogeochemical-Argo program with the potential to revolutionise
our view of ocean biogeochemistry in the same way that Argo has for ocean physics. Building
on the recommendations of community white papers, technical reports and research
publications, several pilot programs using biogeochemical profiling floats have been
established internationally. Within the Indian Ocean region, both Australia and India have been
engaged in such float deployments through a bilateral project with joint funding from Australian
and Indian governments (research.csiro.au/iobioargo/).
The targets of these deployments have been biogeochemical hotspots in oxygen minimum
zones, island wakes, enhanced-productivity eddies and subtropical convergence zones.
About 40 biogeochemical Argo floats have been deployed in the Indian Ocean to date,
providing insights into productivity and carbon cycling, oxygen distributions, phytoplankton
community composition and eddy nutrient dynamics. The radiometric and chlorophyll data
from these floats have been further applied to satellite ocean colour validation. The outcomes
from this pilot study and others in the Atlantic, Pacific and Southern Oceans have been used
to inform the development of an implementation plan for Global Biogeochemical-Argo (see
www.biogeochemical-argo.org).
Community collaboration with the Argo Data Management Team (ADMT) has enabled the
development of manuals and protocols for handling data streams from biogeochemical floats,
including recommendations and tools for quality control procedures and file formats. A global
program of ~1000 floats globally is proposed, equating to around 200 floats in the Indian
Ocean. With standard mission configurations, each float can produce 250-300 profiles and
last for ~4 years. Further technological development is enabling ‘deep Argo’ profilers that can
operate up to 6000m deep, addressing another major knowledge gap for observations in the
deep oceans, with results from several pilot deployments being synthesised and a ‘Deep Argo’
implementation report available (www.argo.ucsd.edu/DAIW1report.pdf). To conclude,
Bio(geochemical)-Argo is a mature technology providing the basis to develop a global program
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to address the chronic historical undersampling of ocean biogeochemistry. Further
developments of float-based platforms (e.g. Deep Argo) are likely to continue to enhance our
ability to sample autonomously in the remotest parts of the ocean. These new approaches are
critical technologies to address the significant emerging challenges for our changing oceans.
6.3 Potential Roles for Gliders in IndOOS & IIOE-2 (Craig Lee)
Long-endurance autonomous gliders offer unique sampling capabilities that could be used to
address the challenges faced by efforts to maintain sustained measurements in the Indian
Ocean. Gliders are autonomous underwater vehicles that change buoyancy to sink or rise
through the water column and control attitude to project that vertical motion into the horizontal.
They thus propel themselves slowly (0.25 m/s, or 20 km/day) through the water, typically
profiling 3-6 times per day between the sea surface and 1000 m. Gliders navigate using GPS
and communicate via Iridium satellite phone. Iridium telemetry provides two-way exchange of
data, allowing gliders to be commanded from shore. Numerous factors, including payload,
dive frequency, profile density range and desired speed, determine glider endurance, but
typical missions traverse several thousand kilometers over a span of 4-8 months. Payloads
include sensors for temperature, salinity, dissolved oxygen, fluorescence (chlorophyll and
CDOM), optical backscatter, velocity, microstructure, spectral downwelling radiation,
photosynthetically available radiation and nitrate. Absolute geostrophic velocity can be
calculated by referencing geostrophic shear, derived from observed horizontal density
gradients, to depth-average velocity calculated from observed dive-to-dive displacement and
glider motion derived from a flight model.
Gliders provide access to temporal and spatial scales that have previously been impractical
to sample. Specifically, they can provide continuous, year-round sampling of sections while
resolving spatial scales of a few kilometers and temporal scales of weeks (a 200-km section
can be sampled roughly once every 10 days). Gliders provide access to remote, denied or
difficult regions by transiting to target sites after deployment in locations that offer easier
access or operating conditions. Capital costs are roughly $150k per vehicle, with operating
costs of $150k per year. Gliders operations are light-weight, offer flexible logistics (charted
sport diving and fishing boats to large research vessels) and can often be conducted by local
personnel. Although not as scalable as floats, gliders can be operated efficiently in moderately
large numbers. Gliders are particularly effective when used as one component of multiplatform observing systems that exploit the complementary capabilities of various mobile and
fixed technologies.
Gliders could be used to address a range of observational challenges in the Indian Ocean,
including boundary currents, frontal zones and biogeochemical sampling. Successful, multiyear missions in the Kuroshio, Mindanao and North Equatorial Currents, and in the Bay of
Bengal and Arabian Sea, have demonstrated that sections collected by gliders can be used
to characterize watermass variability and quantify volume, heat and freshwater fluxes at
timescales of weeks to months. Used in conjunction with proxies and calibrations based on
ship-based biological and chemical measurements, gliders have also been used for
quantitative biogeochemical studies. The persistence and scalability provided by gliders
complement the strengths of other platforms, such as moorings and ship-based surveys,
making them a potentially valuable component of an Indian Ocean observing system.
6.4 Current and Pressure-sensor-equipped Inverted Echo Sounder (CPIES) (Magdalena
Andres)
Current and pressure-sensor-equipped inverted echo sounders (CPIESs) are a tool for
characterizing the large- and meso-scale oceanic flow. They can be used to obtain longduration, high temporal resolution time series of western boundary current transport and
velocity structure. Process studies with CPIESs include investigations of (1) the coupling
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between the upper ocean and deep ocean, (2) interactions between eddies and western
boundary currents and (3) the role of topography in shaping the flow. CPIESs have been
deployed as ‘transport lines’ (e.g., in the ACT time series, OKTV Line, PN Line and ASUKA
Line), in ‘dynamics arrays’ (e.g., Kuroshio Extension System Study <KESS>, CDRAKE,
SYNOP, SK-II and FLEAT) and in various ‘niche’ applications (e.g., to study icebergs in
Greenland fjords and non-linear internal waves in the South China Sea).
CPIESs are deployed on the seafloor in a rigid anchor stand for typical durations ranging from
about one to five years. Each CPIES measures the round-trip surface-to-bottom acoustic
travel time (typically from 24 pings per hour to obtain an hourly measure); near-bottom
pressure and temperature; and the horizontal currents 50 m above the seabed. In many
regions, an empirical lookup table can be used to convert the CPIESs’ acoustic travel times
to full-water column profiles of temperature, salinity and density. From these profiles, the
velocity shear between pairs of CPIESs can be estimated using the thermal wind relationship.
This shear is referenced using the CPIESs’ time-varying pressure records that have been
‘leveled’ with the time-mean currents. (Leveling is the technique of referencing all pressure
measurements onto a common geopotential surface.) The result is time series of absolute
geostrophic velocity profiles from the surface to the bottom and the corresponding absolute
geostrophic transports.
Several technological advances are under development to enhance the capabilities of
CPIESs. These include (1) the capability for remote retrievals of data batches (via a popup
data shuttle which rises to the surface at a prescribed time and links to the satellite Iridium
network) and (2) incorporation of a Doppler current profiler instead of the current sensor. In
addition, the integration of CPIESs with other platforms (like gliders and moored ADCPs) has
proven invaluable for leveraging the instruments’ capabilities.
In the Indian Ocean, CPIESs could contribute significantly to studies of surface boundary
currents and their undercurrents (e.g., the Agulhas, the Somali Current, and Leeuwin Current)
and the currents along the equator, to establish both the mean and the time varying transports
and velocity structures. They could be used to investigate the flows’ interactions with
topography at the many dramatic ridges in the Indian Ocean and the interactions of mesoscale
eddies with these ridges and the western boundary currents. In addition, CPIESs are well
suited to study the thermocline movement (and the bottom pressure signals) at the
Seychelles-Chagos Thermocline Ridge.

Session 7: Guidance and Lessons from Pacific and Atlantic Reviews
Breakout discussion 1: What scientific and operational outcomes should IndOOS achieve?
Breakout discussion 2: How do (can) the components of IndOOS serve the scientific and
operational goals?

26

Annex 4: Timeframe of IndOOS Review
Time

Actions

Jan. 30 - Feb. 1, 2017 First IndOOS Review Workshop
Mar. 2017

Telecon with lead authors and develop the stucture for chapters

15th Jun., 2017

Deadline for lead authors to submit draft for each chapter

1st Sep. 2017

First draft of IndOOS Review White Paper

1st Oct. 2017

Deadline for lead authors' reviews and comments

1st Dec. 2017

Final draft of IndOOS Review White Paper

Feb. 2018

Second IndOOS Review Workshop

Sep. 2018

First draft ot review report and recommendations

Dec. 2018

Final review report and recommendations
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Annex 5: Outlines of IndOOS Review White Paper and
proposed lead authors
1. Science Drivers
1.1.

Effect of Indian Ocean on monsoon and monsoon onset (H. Annamalai & C.
Ummenhofer)

1.2.

Oxygen variability and change, oxygen minimum zones (J. Wiggert)

1.3.

Upwelling, coastal/open ocean interactions, and ecosystems (Y. Masumoto & W.
Yu)

1.4.

Extreme events (cyclones, marine heat waves) (M. Lengaigne, M. Feng)

1.5.

Intra-seasonal air-sea coupling (MJO, monsoon ISO, eddies) (T. Shinoda)

1.6.

Interannual variability and its predictability: IOD, IOBM, subtropical IOD, Ningalo
Nino (T. Tozuka)

1.7.

Basin-scale heat and freshwater flux variability (L. Beal)

1.8.

Carbon cycle, acidification, and eco/biological impacts (R. Hood)

1.9.

Oceanic fluxes: Boundary currents and Indonesian Throughflow (M. Feng & D.
Susanto)

1.10.

Decadal variability and predictability (J. Vialard)

1.11.

Anthropogenic climate change (R. Mathew Koll)

1.12.

Ocean productivity variability, predictability, & change (P. Strutton)

1.13.

Hydrological cycle (C. Ummenhofer)

1.14.

Regional sea-level variability and change (W. Han)

2. Operational Drivers
2.1. Improvement of seasonal prediction (A. Subramanian)
2.2. Improvement of surface fluxes (L. Yu)
2.3. Improvement of ocean reanalyses (T. Lee)

3. IndOOS Components and New Technologies
3.1. Past, present & future satellites in support of IndOOS (T. Lee)
3.2. Argo, including Deep & Bio Argo outlook (M. Ravichandran & N. Hardman-Mountford)
3.3. RAMA (M. McPhaden)
3.4. Surface drifters (R. Lumpkin)
3.5. XBT lines (M. Feng)
3.6. Tide gauges (A.S. Unnikrishnan)
3.7. New technologies (C.Lee & M. Andres)
3.8. GoSHIP (B. Sloyan)
3.9. Sustained boundary arrays (L. Beal & M. Feng)
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