Current Affairs - Meetings/Plans/Programmes
In-Depth Profiling
The IIOE-2 Steering Committee consists of a Core Group and a Stakeholder Group.
In the Core Group besides the three co-chairs at strategic executive level there
are chairs/co-chairs for each of the 6 Science Themes and 7 Operational Divisions
(Working Groups) derived from the IIOE-2 Science Plan. In this issue we focus on the
chairs and co-chairs for the Science Themes.
Science Theme 1 - HUMAN BENEFITS AND IMPACTS
One of the most dangerous threats that marine ecosystems face currently is
the combined impact of multiple stressors, most of which involve extremes
of environmental variation that have increased in frequency or severity as a
consequence of human activities. Marine ecosystem stressors that are of particular
concern in the Indian Ocean include warming, sea-level rise, deoxygenation,
acidification, eutrophication, atmospheric and plastic pollution, coastal erosion and
overfishing.
In the above context of relevance to the Indian Ocean region, the Science Theme -1
committee was formed to study how human-induced ocean stressors (e.g. warming,
sea-level rise, saltwater intrusion, deoxygenation, acidification, eutrophication,
atmospheric and plastic pollution, coastal erosion and overfishing) are impacting
the biogeochemistry and ecology of the Indian Ocean and in turn, how these
impacts are affecting human populations.
This committee is chaired by Dr. Ben Milligan
(b.milligan@ucl.ac.uk), who is a faculty member
at University College London since 2012 and is also a
Senior Research Associate at the Centre for Law and
Environment and Institute for Sustainable Resources.
He is a Visiting Senior Fellow at the Australian
National Centre for Ocean Resources and Security,
University of Wollongong and has held visiting
positions at the British Institute of International and Comparative Law, George
Washington University, University of Cape Town and University of Cambridge.
Dr. Milligan holds a PhD in ocean governance from University of Wollongong.
His focus areas include law and sustainable development, design of legislative
frameworks concerning the environment, energy and natural resources, readiness
assessment of related legal and institutional frameworks, governance of natural
assets , ecosystem services management, nature and biodiversity conservation,
spatial and development planning, governance of oceans and coasts , transboundary cooperation, low-carbon shipping, sustainable fisheries, marine and
coastal protected areas, spatial and development planning, nature-based climate
change mitigation and adaptation etc.
Science Theme 2 - BOUNDARY CURRENT DYNAMICS, UPWELLING VARIABILITY
AND ECOSYSTEM IMPACTS
The unique geomorphology of the Indian Ocean basin is associated with complex
upwelling and downwelling circulations and remarkable boundary currents. In the
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northern Indian Ocean, several boundary current systems are seasonally reversing
(ex., the Somali Current, West and East India Coastal Currents and the Java Current).
These reversing surface currents are unique to monsoon-driven systems and they
have profound biogeochemical and ecological impacts. Indian Ocean fishery is
closely tied to boundary current dynamics and upwelling variability and so these
physical oceanographic features have direct societal impacts and thus need to be
examined in depth. The ST-2 committee is co-chaired by Dr. P. N. Vinayachandran
(vinay@caos. iisc.ernet.in), Professor at the Centre for Atmospheric and Oceanic
Sciences, Indian Institute of Science and Dr. Yukio Masumoto (masumoto@
eps.s.u-tokyo.ac.jp), Professor at the Department of Earth and Planetary Science,
the University of Tokyo .
Dr. Vinayachandran completed his PhD in
Oceanography in 1996 from the Indian Institute
of Science, Bangalore. He is recognised as a Fellow
of the National Academy of Sciences, India and the
Indian Academy of Sciences.
He was awarded the Shanti Swarup Bhatnagar
Prize in 2008, by the Council of Scientific and
Industrial Research, Govt. India and the Frontier Research Award for Excellence
in Research in 1998 by the Frontier Research Centre for Global Change, Japan.
His research focuses on Indian Ocean dynamics,ocean modeling and physicalbiological interactions in the ocean.
Dr. Yukio Masumoto received his Ph.D in 1993 from
the University of Tokyo on climate variations and
large-scale air-sea interactions in the western
tropical Pacific Ocean. After working at the University
of Tokyo for 18 years, he moved to JAMSTEC in
2010. His current research focuses on prediction
and predictability of climate variation modes in
the tropics and on basin-scale and regional ocean
circulation simulations.
His areas of focus are climate dynamics and physical oceanography with a specific
interest in climate and ocean variations in the tropics and subtropics which have
significant impacts on global climate system. He concentrates on elucidating
mechanisms responsible for such climate variations as air-sea coupled modes and
ocean circulations and their variability.
Science Theme 3 -MONSOON VARIABILITY AND ECOSYSTEM RESPONSE
The monsoon in the Indian Ocean refers to the phenomenon northward of 10°S,
where circulation is characterized by seasonal reversal along with the monsoon
annual cycle. The monsoonal winds have the largest annual amplitude of any
subtropical and tropical climate feature. Monsoon variability acutely affects a
significant fraction of the world’s population living in the coastal and interior regions
of Indian Ocean Rim countries.

Science Theme 6 - UNIQUE GEOLOGICAL, PHYSICAL, BIOGEOCHEMICAL, AND
ECOLOGICAL FEATURES OF THE INDIAN OCEAN
Physical, biogeochemical and ecosystem phenomena associated with the
complex geology and topography in the Indian Ocean are yet to be studied in detail.
These topographic features may strongly influence deep Indian Ocean circulation
which also requires further investigation. In addition, the tectonically active
mid-ocean ridges and their associated hydrothermal vent circulations inject trace
metals and reduced compounds into the deep ocean which supports diverse
hydrothermal vent communities. The ST-6 committee focusses on processes
controlling the present, past, and future carbon and oxygen dynamics of the
Indian Ocean and their impact on biogeochemical cycles and ecosystem dynamics.
It also seeks to address how the physical characteristics of the southern Indian
Ocean gyre system influence the biogeochemistry and ecology of the Indian Ocean
and how complex tectonic and geologic processes and topography of the Indian
Ocean influence circulation, mixing and chemistry etc.

The Committee is chaired by Dr. Jèrôme Dyment (jdy@ipgp.fr) of the
Laboratoire de Gèosciences Marines, Institut de Physique du Globe de Paris (IPGP),
France.

Contributions by the Scientific Committee on Oceanic
Research (SCOR) to Capacity Building in the Indian
Ocean region and Plans for IIOE 2

scientists from developing countries, mostly early-career scientists, to participate
in international meetings and training activities. This program is funded by the U.S.
National Science Foundation (NSF).

Ed Urban, Scientific Committee on Oceanic Research
Venugopalan Ittekkot, University of Bremen (ret.)

SCOR has been involved in capacity building for ocean science since its formation in
1957, including in the Indian Ocean region. SCOR is making additional efforts since
2016 to increase capacity building as a contribution to IIOE-2. Three SCOR capacity
building activities—the SCOR Travel Grants, the Visiting Scholar Program and the
POGO-SCOR Visiting Fellowships—are described below.

The SCOR Secretariat works through meeting organizers, who request travel support
for their meetings. Meeting organizers solicit applications from developing country
scientists and make the final selection of travel grant recipients. The list of upcoming
meetings supported by SCOR, links to these meetings, and a list of eligible countries
are given at http://www.scor-int.org/SCOR_Travel_Support.htm. In 2016, SCOR
support funded all or part of the following travel:
• A Ph.D. student from South Africa attended the 48th International Liege
Colloquium on Ocean Dynamics in Liege, Belgium on 23-27 May 2016.
• One scientist from Sri Lanka and another from Pakistan attended an
International Ocean Institute Training Programme on Ocean Governance: Policy,
Law and Management in May-July 2016 in Halifax, Nova Scotia Canada.
• Two students from India, two students from Malaysia, and one student from
Pakistan attended a training program held by SCOR WG 146 on Radioactivity in
the Ocean, in June 2016 in Xiamen, China
• A Ph.D. student from India attended the Margalef Coloquium in July 2016 in
Barcelona, Spain.
• Two scientists from India attended the 12th International Conference on
Paleoceanography on 29 August-2 Sept. 2016 in Utrecht, Netherlands.
• One student from South Africa attended the IMBER CLIMECO 5 Summer School
in August 2016 in Natal, Brazil.
• One student from South Africa attended the CLIVAR Open Science Conference in
Qingdao, China in October 2016.

SCOR Travel Grants
SCOR has had a program of travel grants since 1984 to make it possible for

SCOR Visiting Scholars
SCOR started its Visiting Scholar program in 2009 and has so far sponsored

Dr. Ed Urban is Executive Director
of SCOR and focuses on strategic
planning, communications, financial
management
and
reporting,
conference planning, capacity
building, project management of ocean research projects. Dr. Venugopalan
Ittekkot (former Director, Leibniz Centre for Tropical Marine Ecology,
University of Bremen) is the Special Advisor for Capacity Development at
Global Oceans.
The Scientific Committee on Oceanic Research (SCOR) is one of three cosponsors of the second International Indian Ocean Expedition (IIOE-2), with the
Intergovernmental Oceanographic Commission (IOC) of UNESCO and the Indian
Ocean component of the Global Ocean Observing System (IO-GOOS).
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Jérôme Dyment is Director of Research at CNRS.
His research focuses on magnetic anomalies in the
ocean, in order to date and reconstruct the structure
and evolution of ocean basins, to constrain the
structure and magnetic properties of the oceanic
lithosphere, to understand active processes at
the oceanic ridges and finally to clarify the past
history of the geomagnetic field so as to constrain
its functioning. He completed his doctorate from the Louis Pasteur University
of Strasbourg (1991). He was mission officer for the Deputy Directorate of Earth
Sciences of the CNRS for marine geosciences (2006-2011), France’s representative
in the international program InterRidge (2001-2012), and President of the
French National Committee for Geodesy and Geophysics (CNFGG) (2010-2014).
He has been responsible for the Marine Geosciences team at the IPGP since 2013.

Development of a WebGIS Application for IIOE-2
Endorsed Projects
N. Kiran Kumar , S. P. Vighneshwar , J. Ramanjaneyulu, L. Sushmitha
ESSO-Indian National Centre for Ocean
Information Services
Kiran, Vigneshwar, Ramanjaneyulu
and Sushmita manage website design,
development, interactive interfaces etc. for
both the IIOE-2 and ESSO-INCOIS websites
Designed to better serve the end-users, the INCOIS Web Team has recently developed
a new WebGIS application for the scientific projects endorsed under IIOE-2 (http://
www.iioe-2.incois.gov.in/IIOE-2/Endorsed_Projects.jsp).

This WebGIS application provides a visual display of many spatial layers with
appropriate links to the endorsed projects, enabling the user to assess the spatial
data at different boundary levels. Each endorsed project is represented by a different
symbology and legend. This provides ease of visualisation on the spatial coverage
of the Project in the Indian Ocean as well as its status of initiation/completion.
In addition, for completed cruises, the actual area occupied, the cruise tracks
and sampling stations are depicted. The application has GIS tools such as zoom,
pan, identify and hyperlink capabilities. All the spatial layers are associated with
attributes depicting the information on each spatial record of the project. The users
can also query by point query mode, wherein the query details are displayed in a
pop-up window with further navigation links to the corresponding webpage in the
IIOE-2 Website.
The WebGIS application can be accessed at http://www.iioe-2.incois.gov.in/WebGIS.
html
The WebGIS application helps the end-users to access information, evaluate the
progress, analyse the information for their specific needs and also contribute to the
success of the IIOE-2 activities.
Acknowledgements:
The authors thank Dr. Satheesh Shenoi, Director, INCOIS for encouragement. The
authors are also indebted to our colleagues Shri. B.V. Satyanarayana and Dr. S. Rajan
for their suggestions and critical comments.

Full Speed Ahead - Important Cruises
First IIOE2-WIOURI cruise on the Madagascar Ridge,
November-December 2016
Jean-François Ternon1, Mike Roberts2,3,4
Institut de Recherche pour le
Développement (IRD), UMR 248 MARBEC,
Sete, France
2.
National Oceanography Centre (NOC),
Southampton, UK
3.
Nelson Mandela University (NMU), Port Elizabeth, South Africa
4.
SIBER co-chair

1.

Dr. Ternon is an oceanographer well published with respect to ecosystem
response to dynamical processes and mesoscale and sub mesoscale
dynamics in seamount ecosystems. Prof. Roberts currently investigates the
underpinning processes that sustain food security with a strong focus on how
climate change and a changing global ocean will impact marine upwelling
systems in the western Indian Ocean
The Western Indian Ocean Upwelling Research Initiative (WIOURI) is the counterpart
to the Eastern Indian Ocean Upwelling Research Initiate (EIOURI; http://wwwmasu.s2.weblife.me/EIOURI/) and has nine proposed Regional Upwelling Regions
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(referred to as Projects - RUPs; Figure 1a). Both EIOURI and WIOURI are flagship
initiatives of IIOE2 (Hood et al., 2015). The overarching theme of WIOURI is ecosystem
functioning, food security and the impact of Climate Change and a changing Indian
Ocean. Each RUP appears to have a unique upwelling mechanism(s). The term
‘upwelling’ in the WIOURI context does not necessarily imply isothermal outcropping
at the ocean surface but rather the vertical movement of deeper, colder water
holding elevated levels of nutrients. Even small vertical travels of nutrients can have
significant biological impacts in these mostly oligotrophic systems. The RUPs will be
phased into action when and where funding and ship time become available over
the life time of the IIOE2 and will involve neighbouring countries. Strengthening
regional research capacity and capability is a central thread of WIOURI, as is science
to governance.
RUP 3, commonly referred to as MAD-Ridge, draws attention to the Madagascar Ridge
where several shallow seamounts exist — in particular the Walter Shoal and those
south of the Madagascan shelf (Figures 1b, c). This region of the WIO has received
very little scientific attention but is well known to international fishing fleets (e.g.
Figure 2a) and as a hotspot for seabird activity (Figure 2b) — the latter suggesting
higher levels of productivity in this area. The Walter Shoal is seen as an Ecologically
and Biologically Significant Area (EBSA) according to the Convection on Biological

Early observations of SSHA shown in Figure 4a indicate an eddy dipole located
over the seamount during the cruise which was responsible for the S-ADCP and
L-ADCP measured south-westward near-surface currents, at times > 1 ms-1.
The first completed E-W CTD transect in Figure 4b not only confirmed the cyclonicanticyclonic dipole but also discontinuities in the vertical temperature structure
suggest flow-topographic interactions (highlighted by the red arrows). The dipole
was still present during Leg 2, with intense currents from the anticyclonic eddy being
close to the summit area. Acoustic data (not shown) have also shown a planktonic
response to these strong currents as well the existence of internal waves.
Conducting multi-purpose, multi-disciplinary cruises is always a challenge as no one
research group gets sufficient sampling time to achieve all their objectives. This is
particularly true on a small research vessel such as the RV ANTEA, but it remains
the main method to investigate the biological response to physical forcing. Analysis
of the varying data collected are already well advanced as is a second cruise to the
region using the RV Marion Dufresne in May 2017.
Figure 4: (a) SSHA data for 17 Nov 2016 showing a dipole eddy over the Unnamed Seamount at the time of
sampling. The blackline indicates the position of the E-W vertical temperature transect shown in (b), with
several S-ADCP vectors highlighting the near-surface current at the time. The red arrows in (b) suggest
discontinuities in the horizontal thermal structure around the seamount possibly as a result of currenttopographic interactions.

Current−topographic interactions were investigated using high resolution
transects comprising discrete surface to bottom CTD casts complemented with a
high resolution CTD and fluorescence survey using a towed undulating Scanfish
(0−120m). Trials to measure small-scale turbulence were performed with a Vertical
Microstructure Profiler (VMP, Rockand, Canada) deployed close to the moorings as
references to assess energy transfer between different scale processes.
The combination of the spoke and wheel (radial transects) survey pattern with the
acoustic survey and trawl sampling, will allow the spatial distribution and species
composition of the micronekton fauna to be studied at varying distances from the
seamount. Day trawls were conducted on acoustically detected targets while night
trawls targeted the near-surface (<100m) and mid-deep (~500m) layers. Trophic
energy transfer between plankton and and micronekton will be investigated using
stable isotope ratio analysis, with reference to SI data collected in the SWIO during
previous cruises. Visual census of seabirds and marine mammals was conducted
during the first part of the cruise (leg 1) only.
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Dust induced Primary Productivity and N2 fixation
experiments in the Arabian Sea
P. Kiran Kumar1, Rupa Mukherjee1, Anil Patel1, Anima Tirkey2, Hiren Bhatti2, Jabir
Thajudeen3, Kusum Komal Karati4, Arvind Sahay2, Mini Raman2, Neeraj Rastogi1,
Sanjeev Kumar1, Arvind Singh1*
1. Physical Research Laboratory, Ahmedabad (PRL), India
2. Space Application Centre (SAC), Ahmedabad, India
3. Cochin University of Science and Technology (CUSAT), Cochin, India
4. CSIR-National Institute of Oceanography (NIO), Regional Centre, Kochi, India
*Email for correspondence: arvinds@prl.res.in
Scientific participants on the SS359 cruise
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A scientific cruise in the northern Bay of Bengal during
northern winter 2016
N. Sureshkumar, V. P. Thangaprakash, Jofia Joseph,
M. S. Girishkumar, S. Sivaprasad, B. Murali, Jithin Abraham,
B. Praveen Kumar, S. S. C. Shenoi
ESSO-Indian National Centre for Ocean Information Services
The northern Bay of Bengal (BoB) is one of the freshest regions in the tropical oceans,
maintained primarily by large volumes of influx of fresh water from rivers and the
seasonal monsoon rainfall. This freshness of the upper ocean then leads to many
unique features, like thin mixed layer, thick intermediate “barrier layer”, the layer
between the base of the mixed layer and the top of the thermocline, inversions in
the vertical temperature
profile and high sea
surface
temperature.
Another
interesting
feature of the Bay to the
strong fresh water forcing
is the presence of sharp
lateral salinity gradients,
which are believed to
play an active role in
maintaining the strong
stratification at the nearsurface layer and mixing
characteristics. All these
features make the BoB
Suresh Kumar deploys a VMP-250 in the northern Bay of Bengal.
an ideal laboratory to
Photo Courtesy: Thangaprakash, INCOIS
observe and understand
these processes and that excited many oceanographers in the recent period to study
such processes through fine-scale measurements.
Indian National Centre for Ocean Information Services (INCOIS), Hyderabad
carried out an expedition in the BoB onboard research vessel Sagar Nidhi during
18 December 2016 to 3 January 2017. A contingent of 18 young researchers and
early career scientists from different Indian institutions participated in the cruise,
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Sea Surface Salinity from Thermosalinograph along the SN-110 Cruise track and
vertical profiles of the turbulent kinetic energy dissipation rate (ε; W Kg-1) estimated from
VMP-250 at three different locations in the northern Bay of Bengal.

and operated many sophisticated instruments like the underway ConductivityTemperature-Depth (CTD), Vertical Microstructure Profiler (VMP) , Acoustic Doppler
Current Profiler, ship mounted Automatic Weather Stations, etc. The primary
objective of the expedition was to collect high spatio-temporal resolution upper
ocean hydrographic and near-surface meteorological observations to map the submesoscale and turbulence characteristics in the northern Bay.
During this cruise, Rockland Scientific Inc., VMP-250 is used to measure the
microstructure of temperature, conductivity and shear probes (to estimate
turbulent kinetic energy dissipation rate). The VMP-250 was also equipped with
standard oceanographic conductivity and temperature sensors (CT, JFE Advantech)
and a fluorometer (JFE Advantech). The major purpose of these measurements are
to better describe and understand the processes that determine the turbulence
characteristics in the BoB, which is not explored in detail in this region.
The turbulent kinetic energy (TKE) dissipation rate (ε) estimated at three different
locations in the northern BoB, shows that turbulence intensity of higher magnitude
10-3-10-5 W kg–1 in the upper 10 m of water column and it never penetrated to
deeper depths. From 10 m to 20 m depth TKE dissipation rate decreased rapidly to
10-6-10-8 W kg–1. Below 20 m depth mixing intensity is relatively weaker and is almost
constant (10-9 W kg–1). However, observations from west coast of the BoB show that
the TKE dissipation rate becomes weak at 10 m onwards. The presence of strong

challenge of monsoon
predictions, especially
at
intraseasonal
timescales. Modelers
will
always
be
handicapped by the lack
of this integrated view
from the scientists. It
is quite likely that the
chronic model biases
The ITCZ over the Indian Ocean splits during the boreal summer with
of a double ITCZ over
mesoscale eddies carrying moisture towards the Indian subcontinent.
The equatorial crossing of the rainbands during boreal spring must be the Pacific,reversed SST
understood in detail for advancing our understanding of the monsoon gradient in the tropical
onset and monsoon variability.
Atlantic and erroneous
thermoclinegradient over the tropical Indian Ocean are also intimately tied to the
ITCZ and monsoon bias over the Indian Ocean. Given the large monsoonal heat
source and the warm pool of the Indian Ocean with the permanently anchored ITCZ,
Indian Ocean may well offer the best hope of solving the ITCZ problem as a global
conveyor of tropical variability at all timescales.

An integrated network of moored-buoys with the surface fluxes as well as exchanges
across the straits of Bab-el-Mandeb, Hormuz and Malacca as well the Arabian Sea,
Bay of Bengal, the equator and 5oS will enable a comprehensive model diagnoses.
My shopping list thus includes a fully instrumented Indian Ocean which allows
very accurate quantification of the evaporation, precipitation and the upperocean
freshwater and heat balance over the Indian Ocean. If models are not improved with
such a rich spectrum of observations, then modelers will have only themselves to
blame. Here is my cartoon of Atlas buoys covering the Indian Ocean.

Ocean Vision
The Futurists - Mathematical Modelling
The Central Indian Ocean Mode: An Intrinsic Mode as a
Framework for Indian Monsoon Modeling, Observations,
and Predictions
Lei
Zhou1, 2*,
Raghu
Murtugudde3, Dake Chen2,
Youmin Tang2, 4, Weidong Yu5, 6
1. Institute of Oceanography,
Shanghai Jiao Tong University,
800 Dongchuan Road,
Shanghai, 200240, China.
2. State Key Laboratory of Satellite Ocean Environment Dynamics, Second Institute
of Oceanography, 36 Baochu North Road, Hangzhou 310012, China.
3. University of Maryland, 2227 CSS Building, College Park, Maryland 20842, USA.
4. Environmental Science and Engineering, University of Northern British Columbia,
Prince George, British Columbia, Canada
5. First Institute of Oceanography, State Oceanic Administration, Qingdao 266061,
China.
6. Laboratory for Regional Oceanography and Numerical Modeling, Qingdao
National Laboratory for Marine Science and Technology, Qingdao 266061, China.
1. The Central Indian Ocean Mode and its dynamics
Precipitation during the Indian summer monsoon (ISM) is the lifeline for billions
of people living on the rim of the Indian Ocean. The intraseasonal variabilities
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(ISVs) are a distinguished feature of ISM, which usually have a period of 20-90
days and can account for up to 60% of total variance of the monsoonal rainfall.
Although considerable efforts have been devoted to improving the prediction of the
ISM rainfall and some successes have been achieved, its predictability is still very
limited (Wang et al. 2015), which is largely attributable to the weak correlations
between the monsoon rainfall and the traditional weather and climate modes,
such as the El Niño/Southern Oscillation (ENSO) and the Indian Ocean Dipole/
Zonal Mode (IODZM). Recently, we have shown that an intrinsic mode in the
Indian Ocean – the Central Indian Ocean (CIO) mode – is closely related to the
heavy precipitation during ISM (Zhou et al. 2016). The CIO mode is captured with the
first empirical orthogonal function (EOF) mode of the combined daily intraseasonal
SST anomalies and daily intraseasonal zonal wind anomalies at 850 hPa over
a domain from 40°E to 120°E and from 20°N to 20°S. The pattern of the positive
CIO mode, i.e., the first combined EOF mode, is shown in Fig. 1. The amplitude of
the CIO mode is represented with the principal component (PC) of the first EOF
mode. The warm intraseasonal SST anomalies and the associated anticyclone are the
key features of the positive CIO mode. In the vertical, there are easterly winds in both
the lower and the upper troposphere, and the latter is stronger than the former. As a
result, easterly vertical wind shears occur for the positive CIO convective momentum
transport (Kang et al. 2010) and the interactions between the barotropic vorticity
and the baroclinic divergence (Jiang et al. 2004). In addition, downdraft is found
over the central Indian Ocean due to the deep convection over the western Pacific
warm pool. The 3D structure is sketched in Fig. 2.

to finally erase the warm anomalies over the central Indian Ocean. Such negative
feedback is hypothesized to control the life cycle of the CIO mode which depends
on the background state. This also indicates an irregularity of the CIO mode and
the low-frequency variability (such as the interannual variability) of the CIO mode.
Moreover, the strong ocean mixing of surface and subsurface waters over central
Indian Ocean may also play a role during the CIO mode, as shown with observations
by Pujiana et al. (2015) and Moum et al. (2016). The in-situ observations during
IIOE-2 over the tropical Indian Ocean and the upwelling region off Sumatra (EIOURI)
will be valuable for in-depth analysis of the oceanic role in the CIO mode.
Since the CIO mode unveils the relation between the subseasonal monsoonal
precipitation and an intrinsic mode in the ocean-atmosphere system in the Indian
Ocean. We anticipate that a better understanding of the ocean dynamic and
coupled processes of the CIO mode, will deepen our understanding of the coupled
monsoon system and brighten the prospects for better simulation and prediction of
monsoonal precipitation in the affected countries. This intrinsic coupled mode also
can serve as a unifying international concept for the ongoing projects such as RAMA,
CTCZ, and S2S and so on.
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Elemental View - Chemistry
Spatio-temporal variability of optically active
substances (OAS) in the northern Bay of Bengal during
post-monsoon season
Sourav Das *, Sugata Hazra
School of Oceanographic Studies,
Jadavpur University, 188, Raja S. C.
Mullick Road, Kolkata 700 032, West
Bengal, India.
*[corresponding author’s e-mail:sourav.biooptics@gmail.com]
Abstract
Optically active substances {i.e. Chromophoric dissolved organic matter (CDOM),
total suspended matter (TSM) and chlorophyll-a (Chl-a)} and other physicochemical parameters were measured in the northern Bay of Bengal (nBoB)
during October, 2015-January, 2016. Present study zone in the nBoB portrayed
a spatial as well temporal variability of optically active substances (OAS). Higher
values of aCDOM(440) were observed near the confluence and a gradual decrease
towards the offshore was observed except the month of January. aCDOM(440)
also showed a significant temporal variation in the inshore stations in parity
with the dynamics of TSM. During the post-monsoon season, when favourable
conditions for photosynthetic activity prevailed in the water surface an increase in
chl-a concentration was observed in the offshore stations along with a concurrent
increase in aCDOM(440) and decrease in TSM.
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1. Introduction
The optical characteristics of coastal and estuarine waters have a complex nature
and they exhibit significant spatial variability of optically active substances
(OAS) concentration (Keith et al., 2002). OAS concentrations increase due to the
anthropogenic input of domestic or industrial effluents by river discharges (Bricaud
et al. 1981) in the case-II water along with estuarine erosion process and in-situ
CDOM production from phytoplankton debris (Carder et al.1989).
There are several OAS present in the coastal water. In present research, we have
estimated three of these namely Chromophoric dissolved organic matter (CDOM),
Total suspended matter (TSM) and Chlorophyll-a (Chl-a). It has been conceptualized
with adequate emphasis on region-specific OAS estimation and characterization. In
this study the CDOM has been assessed as aCDOM(440) in the shallow continental
shelf waters lying adjacent to the West Bengal coast in the northern end of the Bay
of Bengal. The prime objective of this research article was to examine the variability
of OAS (i.e. aCDOM(440), TSM and Chlorophyll-a) during the study period (October
2015 to January 2016).
2. Materials and Methods
2.1 Study Area
The present study has been carried out in the northern part of the Bay of Bengal
(lying adjacent to the West Bengal coast) (Fig. 1). The present survey has been
conducted at three stations (Table 1) throughout the study period.

