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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 (Work-
ing Groups) derived from the IIOE-2 Science Plan. In this issue we focus on the chairs 
and co-chairs for the Working Groups.

Working Group 1 - SCIENCE AND RESEARCH
The Science and Research Working Group focuses on the six Science Themes toward ef-
fective integration of the output within the overarching goals of IIOE-2. The objectives 
of this Working Group includes translating research questions identified in the IIOE-2 
Science Plan into specific studies that can promote new research initiatives that align 
with the IIOE-2 Science Plan, integrating  IIOE-2 with the remote sensing research 
community in order to maximize use of remote sensing data in the Expedition etc.
This Working Group is headed by  Prof. Hermann W. Bange (hbange@geo-
mar.de)  of the GEOMAR Helmholtz Centre for Ocean Research, Kiel, Germany. Prof . 

Bange completed his PhD related to N2O and CH4 meas-
urements,  at Universität Mainz after studying chemis-
try at Universität Goettingen and Universität Freiburg. 
He currently focuses on marine biogeochemistry of ni-
trogen, carbon and sulphur in  open and coastal oceans 
with a special interest in upwelling/OMZ regions. He 
serves as both the coordinator of the German SOLAS 
project SOPRAN and that of the Boknis Eck Time Series 
Station. 

Working Group 2 - DATA AND INFORMATION MANAGEMENT
The IIOE-2 efforts under this group are primarily directed at supporting individual 
science plans and overall IIOE-2 programme goals by encouraging sharing of data 
using internationally agreed rules of data exchange and the IIOE-2 Implementation 
Strategy that specify common data exchange policy, core measurements, sampling, 
analytical protocols, metadata structure, quality control procedures and modalities of 
data dissemination. Additionally, the group has a focus on long-term data preserva-
tion, publication of research results and development of ancillary information systems 
and information management capacity. As a support for these objectives a Regional 

Coordination Unit for IIOE-2 Data and Information Man-
agement is being set up at INCOIS, Hyderabad. The co-
ordination of the various activities under this Working 
Group has been mandated to a committee co-chaired 
by Cynthia L. Chandler (cchandler@whoi.edu) 
of the Woods Hole Oceanographic Institution (WHOI), 
USA, and Harrison Ong’anda (honganda@km-
fri.co.ke) of the Kenya Marine and Fisheries Research 
Institute (KMFRI), Mombasa. 

Ms. Chandler completed a B.A. in Zoology from the State University of New York in 
1975 and then trained as a data and computer specialist keeping her qualifications 
up-to-date in programming and cyber-infrastructure. Now, with over thirty years 
of experience in integrating information systems technology with oceanographic 
research, she works as an information systems professional with the Department 
of  Marine Chemistry and Geochemistry at WHOI and has participated in 18 ocean 

research cruises. Her current research is related to improving and enhancing data 
management activities throughout the research data life cycle, with a particular focus 
in using semantics to connect resources to improve discovery, facilitate interoperabil-
ity and ultimately make ocean science research data, especially those from research 
cruises, more accessible to the research community. 

Harrison Ong’anda works as a Senior Research Officer with KMFRI and also in capacity 
of  Coordinator  of the Ocean Teacher Global Academy-
Mombasa Regional Training Centre. He completed a 
B.Sc. (Hon) in Mathematics from University of Nairobi 
in 1988 and then an M.Sc. in Fundamental and Applied 
Marine Ecology (FAME) from Vrije Universiteit Brussel 
in 1992. His focus areas are GIS database use in man-
agement of natural resources, relational databases for 
meta-data, satellite and airborne imaging for coastal 
resource management etc. He steered the data man-

agement component of the Southwest Indian Ocean Fisheries - Global Environment 
Facility(GEF)-World Bank project and the Agulhas and Somali Current Large Marine 
Ecosystems Proje GEF-UNDP project and is the National Coordinator of the Kenya Na-
tional Oceanographic Data Center. He is also a member of the Western Indian Ocean 
Marine Science Association.

Working Group 3 -CAPACITY DEVELOPMENT
The objectives of this Working Group are aimed at contributing to the capacity de-
velopment (CD) efforts of nations participating in IIOE-2. The group seeks to regu-
larly review capacity development initiatives in the region, align the CD needs of 
Indian Ocean countries with the IIOE 2 Science Plan, develop human resources, 
increase access to both online training & resources as well as access to research in-

frastructure. The assigned committee is co-chaired 
by Dr. Nasser H. Zaker (nhzaker@inio.ac.ir; 
nhzaker@gmail.com), Director of the Iranian 
National Institute for Oceanography & Atmospheric 
Science, Tehran, and Dr. Zainal Arifin (zain003@
lipi.go.id; arifinz2010@gmail.com), Deputy 
Chair of the Indonesian Institute of Sciences, Jakarta.

Dr. Nasser H. Zaker, after a B.Sc. and then MSc. 
in Civil Engineering at University of Tehran went 
on to complete his PhD at the University of West-
ern Australia in 1998. His research interests include 
coastal/environmental engineering, physical  and 
dynamical oceanography and marine pollution.

 Dr. Zainal Arifin received his M.Sc. from Dalhousie 
University Canada and doctoral degree in 2000 from 
Simon Fraser University, Canada in field of biosciences. 

He went on to become Director of Research Centre for Oceanography – LIPI in 
2011. His research interests include ecotoxicology, biodiversity and conservation.

Working Group 4 -OPERATIONAL COORDINATION
The Operational Coordination Working Group works collaboratively with other IIOE-2
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Working Groups, committees and other stakeholders to develop and integrate web-
based tools, databases and partnerships to enable a sufficient level of cooperation, 

resource-sharing, scientific collaboration and capacity 
alignment. Some of its objectives are to establish a 
central web-based expedition planning utility for 
operational coordination and cruise archival, a database 
of opportunity/volunteer vessels or commercial-sector 
ships and fixed platforms available for research and 
observations, a database of “in-kind” resource support 
from institutions, national fleets and funding agencies etc. 
The group is also responsible for integrating data inputs 

from the research community into integrated IIOE-2 expedition planning tools and 
for providing access to resources detailing recommended methods for calibration and 
analyses. 

The group has a two-tier structure comprising a Core Group of Chairs/Co-Chairs 
of the Working Groups 2, 3, 5, 6 and 7, and an Associate Group comprising 
nominated members. This Working Group is headed by Dr. Shailesh Nayak 
(shaileshnayak@hotmail.com), Distinguished Scientist at India’s Ministry of 
Earth Sciences. Dr. Nayak after graduating from M. S. University of Baroda progressed 
to a PhD in Geology from the same university in 1980. After a distinguished career at 
the Indian Space Research Organization and then as Director, Indian National Centre 
for Ocean Information Services till August 2008, he went on to lead the Ministry of 
Earth Sciences, Govt. of India as Secretary till 2016. He was awarded the National 
Mineral Award for the year 2005 and the Indian National Remote Sensing Award for 
the year 1994 by the Indian Society of Remote Sensing, Dehradun.

Working Group  5 - OUTREACH AND COMMUNICATION
This working group is tasked with developing an IIOE-2 Communication Strategy and 
related Implementation Plan to ensure that the ‘IIOE-2’ is effectively communicated 
and kept highly visible to all potential stakeholders. This Working Group is chaired by 
Dr. Faiza Al Yamani (faizayamani@gmail.com) of the Kuwait Institute for 
Scientific Research.

Dr. Al-Yamani is currently Executive Director at the Environment and Life Sciences 
Research Center, Kuwait Institute for Scientific Research. 
She completed her PhD in Biological Oceanography at 
the Rosenstiel School of Marine and Atmospheric Science, 
University of Miami in1988. Her interests include trophic 
relationships in marine plankton communities and food 
chain dynamics, plankton ecology and biodiversity, 
physical regulation of biological systems, fisheries 
oceanography, biogeochemical processes, ecosystem 
restoration science and policy, coastal zone management 

science and policy, development of human resources in oceanography especially 
related to its interdisciplinary aspect, oceanography data management and marine 
protected areas.

Working Group 6 - TRANSLATING SCIENCE FOR SOCIETY 
This Working Group is tasked with ensuring all IIOE-2 endorsed projects identify 
links with national and/or international benefits. It also focuses on estimating the 
societal and economic value of proposed IIOE-2 research, through conducting a 
socio-economic assessment study that references, and is complementary to, the 
IIOE-2 Science Plan as well as disseminating the results of the IIOE-2 socio-economic 
assessment to stakeholder communities.

The group is chaired by Dr. Rezah M. Badal (mrbadal@govmu.org) the 
Head of the Office of Ocean Affairs and Development at 
the Prime Minister’s Office, Government of Mauritius, 
where he focuses on offshore hydrocarbon and minerals, 
continental shelf submissions, development of the Ocean 
Economy Roadmap etc. Dr. Badal pursued a Masters 
Degree in Oceanography at University of Southampton 
after a Masters in Applied Mathematics & Modelling at 
University of Mauritius. He completed a PhD in Physical 
Oceanography, also from University of Mauritius.

Working Group 7 - SPONSORSHIP AND RESOURCES 
This Working Group focuses on acquiring and providing the day-to-day resources to 
administer and run IIOE-2 through the respective Joint Project Offices (JPOs). The 
group facilitates the acquisition of larger scale over-arching strategic support to IIOE-2 
through identification of distinct public- and private-sector stakeholder communities, 
developing a strategic plan for uniquely engaging within each funding and stakeholder 
community , managing and making funding decisions pertaining to fund-raising and 
acquiring sufficient resources for IIOE-2 as well as proving sufficient internal resources 
to support the effort of soliciting and obtaining funding and resources.

The Heads of the two JPOs of IIOE-2, Dr. Nick D’Adamo, (nick.dadamo@bom.
gov.au), Head of the Perth-Australia Node and Dr. Rajan Sivaramakrishnan 
(rajan.s@incois.gov.in) , Head of the Hyderabad-India Node are the two Co-
Chairs of this Working Group. 

Dr. D’Adamo is Officer-in-Charge of the Perth Regional Programme Office of the 
UNESCO Intergovernmental Oceanographic Commission 
since January 2007. He completed a Masters degrees 
in engineering from the University of Western Australia 
and earned his Ph.D. in physical oceanography from 
the University of Canterbury, New Zealand in 2002. 
His interests include the link between oceanic and 
atmospheric processes, biodiversity conservation, 
ecologically sustainable utilization of marine natural 
resources and the characterization and modeling of 

bio-physical processes significant to natural and human populations. He has worked 
with Western Australian environmental protection agencies on multidisciplinary 
environmental impact and management studies and with biodiversity conservation 
agencies focusing on the establishment of multiple-use Marine Protected Areas 
(MPAs). He was also instrumental in coordinating multidisciplinary marine research 
and monitoring protocols and programs within a comprehensive MPA program for 
Western Australia. 

Dr. Rajan after a M.Sc. Geology 1977 at University 
of Kerala joined the Geological Survey of India. He 
completed a PhD in Geology & Geophysics in 1995 at 
University of Hawaii. He then went on to join the National 
Centre for Antarctic and Ocean Research (NCAOR), India 
and then lead both the Indian Continental Shelf project 
and the Indian Arctic Programme becoming Director, 
NCAOR in 2013. While pursuing geophysical studies 
aimed at understanding the plate tectonic evolutionary 

history of the Southwestern continental margin of India, understanding the Andaman 
subduction zone, seafloor hydrothermal systems along mid-ocean ridges etc., he also 
participated in an Antarctic expedition as well as in India’s scientific endeavours in 
the Svalbard Arctic. He now manages the IIOE-India node associated with the Indian 
National Centre for Ocean Information Services.
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Full Speed Ahead- Important Cruises (Planned/ Completed)

Russian science expedition to the Indian 
Ocean

Oleg Levchenko
PP Shirshov Institute of Oceanology, Russian Academy of Sciences
Dr. Levechenko is a Leading Scientist at the Russian Academy of Sciences with research  
interests in paleoclimatology and geology

The Russian expedition to the Indian 
Ocean involved scientists from all over 
Russia - Moscow, Kaliningrad, Vladivostok, 
Sevastopol, Tomsk, who conducted 
research activities on board the Research 
Vessel “Akademik Boris Petrov” (Fig. 1). 
This is the first multidisciplinary scientific 
expedition of our R/V for our own research 

program of the Indian Ocean in over last 
25 years. This expedition is the first contribution of Russia to IIOE-2 (http://www.
iioe-2.incois.gov.in/IIOE-2/EP14.jsp). Areas of research are shown in Fig. 2. The 
primary objectives of the expedition were geophysical and geological research of the 
northern part of the Ninety East Ridge and hydrologic research of equatorial currents 
on the western part of the Indian Ocean. Hydrobiological, gas-geochemical and 
mercurimetric research were carried out as well.

The goal of the geophysical survey was to study the structure of the northern and  
oldest part of the aseismic Ninety East Ridge – the longest and the most enigmatic 
intraplate volcanic rise of the World Ocean. Another important study object was the 
area of intraplate deformation of the lithosphere of the Indian Ocean in the Central 
Basin characterized by the highest oceanic intraplate seismicity and abnormal high 
heat flow.

Hydrological work was aimed at the study of the Equatorial Counter Current. Two 
sections with CTD and ADCP measurements were made along the 65°E and 68°E from 

3°S to 3°N (Figure 2).

To measure the concentration of polychlorinated biphenyl (PCB), organochlorine 
pesticides (DDT and metabolites), mercury, synthetic radionuclides 90Sr, 137Cs, 239,240Pu 
and secondary radionuclides 210Po in water, hydrobionts and sediments of marine 
ecosystems samples were collected along the route of the expedition. Cytometric and 
bioluminescent studies of micro-, nano-, pico- and femtoplankton at upper layer of 
water column were conducted as well.

Samples were taken along the route of the expedition to determine the concentration 
of polychlorinated biphenyls (PCBs), organochlorine chemical pesticides (DDT 
and metabolites), mercury, synthetic radionuclides 90Sr, 137Cs, 239,240Pu, natural 
radionuclide 210Po in water, hydrobionts, bottom sediments of marine ecosystems. 
Cytometric and bioluminescent studies of micro-, nano-, pico-, and femtoplankton 
in the surface water column were done as well.

Samples for measurements of the concentration of greenhouse gases (methane, 
carbon dioxide, hydrocarbon gases), and hydrogen in water column, marine 
sediments and atmospheric surface layer were collected as well.

The obligatory component was a wide range of meteorological observations 
throughout the entire length of the cruise. The expedition which set sail from Tianjin 
on 5th January 2017 was successfully concluded on 28th March 2017 in the Port of 
Kaliningrad, Russia.

Australia to revisit 110˚E line in 2019 as 
contribution to IIOE-2

Prof . Lynnath Beckley
Murdoch University, Australia.

Prof. Beckley, in addition to focussing on biological oceanography of the Agulhas 
Current and larval fishes in particular is engaged in research on general fish biology, 
recreational and subsistence fisheries and has completed several fisheries and 
conservation projects along the east coast of Africa

In  May and June 2019, Australia is to revisit the original 110 ˚E International Indian 
Ocean Expedition line in the SE Indian Ocean with the new, 93 m  RV Investigator 
and  conduct  a coupled bio-physical examination of the pelagic ecosystem in this 
oligotrophic part of the ocean. The multi-disciplinary, multi-national team of 30 

Fig.1.  R/V “Akademik Boris Petrov”

Fig.2. Route and work areas on the cruise

Deployments on board   R/V “Akademik Boris Petrov”
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scientists will be led by Professor Lynnath Beckley of Murdoch University. 

During the 
1960s, Australia 
made significant 
contributions to 
knowledge about 
the SE Indian Ocean 
during the first 
IIOE. The 110 ˚E 
line was regularly 
sampled across 30 
degrees of latitude 
and a benchmark 
e s t a b l i s h e d 

of the unusual 
oceanographic and 

biological characteristics occurring off the western side of the continent. Five decades 
on, despite advances in global understanding of ocean ecosystems, very little 
subsequent work has been undertaken in this atypical part of the world’s oceans. 
During the month-long voyage in 2019, the team of a dozen principal investigators, 
their staff and students will apply modern techniques to investigate the physical, 
biogeochemical and biological processes supporting ecosystem functioning along 
the 110 ˚E line. The voyage will allow comparison of the properties of the deep ocean 
against the 1960s benchmark, incorporate bio-optical and cutting-edge molecular 

techniques, measure 
more biogeochemical 
parameters, and 
develop models to 
underpin mechanistic 
understanding of 
trophic linkages. 

We expect to 
characterise the 
physical, chemical and 
biological properties of 
some of the flows that 
supply the Leeuwin 
Current system and 
explore the impact of 
ocean physics on the 
biogeochemistry of this 

oligotrophic region. We will focus on nitrogen fixation, and for the first time, the 
biogeography and functional gene diversity of microbes will be examined across these 
temperate, sub-tropical and tropical waters. We will explore the trophic relationships 
resulting from nitrogen-fuelled primary production through to the micro-zooplankton, 
meso-zooplankton and larvae of rock lobsters and mesopelagic fishes.  Further, bio-
optical techniques will be used to relate field information on phytoplankton, primary 
production and carbon export to quantities derivable from satellite remote sensing, 

allowing extension 
to the ocean basin 
scale. This will 
enable significant 
improvements in our 
ability to quantify 
biological carbon 
cycling and export 
at synoptic time 
and space scales, 
providing a legacy of 
long-term capability 
to monitor the 

ecosystem of the SE 
Indian Ocean over 
future decades. The 

bio-optical measurements will contribute to Australia’s commitment to validation of 
the European Copernicus Sentinel-3 satellite series.

 The expected outcome of the voyage is a stepwise improvement in the understanding 
of physical, biogeochemical and trophic processes that regulate elagic ecosystems in 
the SE Indian Ocean. Use of new technologies will provide updated reference points 
and allow examination of oceanic processes, particularly regarding N2-fixation, 
physical-biogeochemical coupling and food web fluxes.  Our work will characterise 
the roles microbes play in maintaining the chemical balance through measurements 
of chemical cycling rates, facilitating incorporation of robust data on a range of 
processes into coupled physical-biogeochemical models, and allowing novel insights 
into oceanic ecosystems across temperate, sub-tropical and tropical latitudes.  

The suite of measurements will be of value for fisheries management in the data-
deficient Australian EEZ, especially with respect to the extremely valuable Western 
rock lobster fishery as the pelagic phyllosoma larvae are known to spend 9-11 
months in this part of the SE Indian Ocean. The voyage should also considerably 
enhance knowledge about the pelagic ecosystem at the western extent of Australia’s 
marine jurisdiction which now incorporates several new Marine Parks (particularly 
the South West Corner, Abrolhos and Gascoyne Marine Parks) which are poorly 
studied but include prominent geological features such as the Naturaliste Plateau, 
Wallabi Saddle and Cuvier Abyssal Plain.

Principal investigators are Prof. Lynnath Beckley (Murdoch University), Prof. 
David Antoine (Curtin University), Prof .Michael Landry (Scripps Institution of 
Oceanography), Dr. Helen Phillips (University of Tasmania), Dr. Peter Thompson 
(CSIRO), Prof. Anya Waite (Alfred Wegener Institute), Prof. Justin Seymour (University 
of Technology, Sydney), Dr. Martin Ostrowski (Macquarie University), Dr .Pilar Olivar 
(Institut de Ciències del Mar, Barcelona), Prof. Andrew Jeffs (University of Auckland), 
Dr Nick Hardman-Mountford (CSIRO) and Prof Raleigh Hood (University of Maryland).

In terms of the International Indian Ocean Expedition Science Plan (http://www.iioe-
2.incois.gov.in/IIOE-2/pdfviewer_pub.jsp?docname=IIOE-2-DOC_AD_2.pdf), the 
110˚E voyage will contribute to the following science themes: Human benefits and 
impacts, boundary current dynamics, circulation, climate variability and change and 
unique features of the Indian Ocean.

Prof. David Antoine who will be leading the bio-optics, phytoplankton, 
primary production and ocean colour component of the 110˚E voyage 
aboard the RV Investigator with Prof. Lynnath Beckley when it recently 
visited Fremantle (photo: Wayne Rochat). 

Prof . Lynnath Beckley and Prof . Michael Landry of Scripps Institution of 
Oceanography exploring the RV Investigator during a recent visit to Fremantle 
(photo: Wayne Rochat).

Prof. Lynnath Beckley, Chief Investigator for the 2019 IIOE-2 voyage along 
the 110˚ line pictured with the Australian RV Investigator on a recent visit to 
Fremantle (photo: Wayne Rochat).

5



The Demise of Two Large Russian Research Vessels

J.A. Rudyakov 1 and K. Banse 2 ,
1 formerly at P.P. Shirshov Institute of Oceanology, Russian Academy 
of Sciences, Moscow, Russia 

 jrudyakov@yahoo.com-
2 School of Oceanography, University of Washington, Seattle, U.S.A. 
 banse@uw.edu

Dr. Rudyakov ‘s research interests include ostracods, crustaceans,  primary production, 
ecology of zooplankton biomass distribution and variability in all major oceans. He 
is honoured in the ostracod name Sclerochilus rudjakovi  Prof. Banse is an expert in 
plankton production and hydrography, especially in the Arabian Sea and also focuses 
on methodology in plankton work

After World War II the large ships of the US research fleet consisted of conversions of 
various boats. None could operate successfully in most of the Pacific and also parts 
of the Indian Ocean, because the travel time needed to reach, and return from, the 
centre of the oceans did not leave much time for research. In contrast, the USSR built 
large ships that could do that. Many comprehensive cruises in all oceans, supported 
by large scientific complements, lasted three months or more. Since the late 1980s, 
however, Russian science suffered greatly owing to the economic difficulties in the 
former USSR, and most research vessels were tied up at their docks or had to serve as 
tourist ships trying to support limited crews and sometimes skeleton scientific teams. 
By now, most of these ships are decommissioned, in part due to the chronic lack of 
financing, in part because they had approached the end of their life time.  Among 
them were the R/V Akademik Kurchatov and Dmitry Mendeleev (Fig. 1), both of the 
P.P. Shirshov Institute of Oceanology of the Russian Academy of Sciences in Moscow 
and last berthed in Kaliningrad on the Baltic Sea. Each of them had completed a few 
scientific trips in the Indian Ocean and we believe that our note will be of interest to 
our colleagues working there.     

The ships were sisters with only minor differences between them (Table 1).  For 
example, there was no room for volleyball playing on Mendeleev’s boat deck, but 
we had a very good team on Kurchatov that exercised on that deck’s stern extension, 
which had originally been planned as the helicopter landing pad. 

The end of Dmitry Mendeleev’s life was as follows. One hour before the spring tide 
in early May 2001 at Bhavnagar in southeastern Gujarat, Gulf of Khambhat (formerly 
Cambay), India, the ship was to run straight onto the beach between two wrecks. 
The captain with the mates stood on the bridge and the crew, besides those on duty, 
waited on the foredeck. With 10 knots the boat smoothly smashed into the silty sand, 
the anchors were dropped, and the engines were stopped.  

We wonder about Joseph Conrad who wrote in The Mirror of the Sea (1924, p. 179): 
“… and then I had only to hold her straight. No ship ran so joyously to her death 
before.” 

Three days later near Mumbai the former flagship of the Soviet Academic Research 
Fleet, the R/V Akademik Kurchatov succumbed to the same fate, to be shredded. 

 

References

Conrad J. 1924. The Mirror of the Sea. Collection of Autobiographical Essays. Garden 
City, New York. Doubleday, Page and Company. 194 p.

Kuznetsov O.A. and Burenin V.V. 2000. Scientific Research Vessel “Academik Kurchatov” 
and its Expeditions 1966-1991. Moscow, VLADMO, 288 p.

Kuznetsov O.A. and Aleynik D.L. 2002. Scientific Research Vessel “Dmitry Mendeleev” 
and its Expeditions 1969–1993. Moscow, GEOS, 372 p. (The latter two volumes in 
Russian.)  

Blast from the Past - Memories

Akademik Kurchatov Dmitry Mendeleev

Year of commission 1966 1968

Year of decommission 1991 1993

Displacement, ton 6,830 6,840

Length overall, m 124 124

Beam, m 17 17

Range for operations, 
nautical miles

20,000 16,800

Max. speed, knots 18 16

Self-sustained period (fuel, 
max. speed), days

45 50

Scientific complement 81 74

Number of scientific cruises  53 52

Fig.1 Dmitry Mendeleev under way on her 6th cruise in 1971 (Photo by V.G. Riklin and A.N. Popov)

Basic characteristics of R/V Akademik Kurchatov and Dmitry Mendeleev

(from Kuznetsov and Burenin, 2000,  and Kuznetsov and Aleynik, 2002, with some corrections)
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Model SST and Precipitation Biases over the Indian Ocean

Prof. Raghu Murtugudde 
 University of Maryland

Prof. Murtugudde is a specialist in Earth System Modelling and Predictions,  
with a focus on Climate Impacts and the  Ocean’s Role in Climate Variability 

A study on the challenges of reducing coupled climate model SST biases in the 
eastern tropical Atlantic and Pacific Oceans by Zuidema et al. (2016) contrasts mean 
model SST and precipitation biases (see Fig. 1) to note the apparent correspondence 
between the SST, ITCZ and precipitation biases in these two oceans. But they go on 
to comment that the precipitation biases in the Indian Ocean must have other origins 
since the SST bias in the Indian Ocean shows no such direct correspondence to the 
local ITCZ.

 But how do we define the ITCZ over the Indian Ocean? Figure 2  shows the uniqueness 
of the (from http://www.meted.ucar.edu/tropical/textbook_2nd_edition/print_3.
htm) the ITCZ over the Indian Ocean. Just to the east of the Indian Ocean over the 
Maritime continent, the ITCZ appears to follow the Sun as we expect and clearly 
traverses across the equator. On the other hand,  over the longitudes of the Indian 
subcontinent, the ITCZ is anchored to the warm SSTs while also establishing a 
convective region over India during boreal summer. Intraseasonal rain bands referred 
to as MISOs propagate northward from the equatorial region into the Bay of Bengal. 
Much has been written about the air-sea interactions and the role of the ocean in 
the northward propagation. A new intrinsic coupled Central Indian Ocean mode 
has also been proposed recently by Zhou et al. (2017a, b) which raises the potential 
importance of the basin-scale SST patterns and the coupled air-sea interactions in 
determining the role of the Indian Ocean in regional climate and monsoon variability.

Considering the high mean SSTs in the Indian Ocean, even seemingly small mean SST 
biases can be critical since SSTs are very close to or above the atmospheric convective 

threshold for SST. 
We need a different 

paradigm for 
assessing SST-
precipitation 

relation and 
biases over the 
Indian Ocean. To 
put a finer point 
on this argument, 
we can see the 
i n t r a s e a s o n a l 
variances of SSTs 
and precipitation 
over the tropical 
oceans in Figure 
3. Variance of SSTs 
at intraseasonal 
timescales are 
inherently small and thus gathering data and modeling these tiny variance with 
disproportionately large influences on the regional climate and monsoons is a critical 
challenge. And this also extends to the biogeochemical and ecosystem responses at 
these timescales and also at mesoscales (See Figure 4 from Valsala and Murtugudde 
2016). Process and predictive understanding of the physical and biogeochemical-
ecosystem responses and bio-climate feedbacks are an interesting challenge in the 

coming years.

The ITCZ is a 
global conveyor 
of tropical 
variability and 
tends to follow 
the Sun but has 
a split personality 
over the Indian 
Ocean. The Indian 
Ocean dynamics, 
thermodynamics 
and the 

e c o s y s t e m -
biogeochemical 
variability are all 
dependent on 
these coupled 
i n t e r a c t i o n s . 

Indian Ocean response to monsoon forcing is generally studied with a focus on 
the seasonal variability of the winds. We will need to evolve new hypotheses to 

Ocean Voice - Opinions

Figure 1. Model SST biases in the tropical Atlantic and Pacific basins appear to correspond to local ITCZ and 
precipitation biases. But the Indian Ocean sector shows no such direct apparent relation. What determines 
the precipitation biases over the Indian Ocean? How is the ITCZ defined over the Indian Ocean? We will need to 
consider intraseasonal timescales.

Figure 2. Can  the ITCZ be defined uniquely over the Indian Ocean? One branch is 
anchored to warm SSTs over the tropics whereas a convergence zone is associated 
with the monsoons over the Indian subcontinent. The MISOs propagate northward 
from the marine ITCZ into the Bay of Bengal. Mean SST biases cannot be used to 
understand precipitation biases in the Indian Ocean unlike the tropical Atlantic 
and Pacific Oceans. We need to focus on intraseasonal biases as well as the mean 
biases. The role of the basin scale SSTs and air-sea interactions at these timescales 
are also important.

Figure 3. Mean SSTs shown in contours with colors showing standard deviations of 
intraseasonal SSTs and precipitation. Lower panels show grid points with annual 
mean values shown as bars and standard deviations at each of those values shown 
as clouds. Standard deviation of intraseasonal SSTs is smaller at high mean SSTs 
whereas that of intraseasonal precipitation increases at high mean SSTs.  Clearly, 
models must be able to capture these characteristics for accurate rendition of not 
only the monsoon but also the entire ITCZ. Mean biases in SSTs and precipitation can 
be misleading in the monsoon region.
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Ocean Vision 
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SREP is an autonomous robotic system that is located on the seabed off the coast. It 
consists of movable and a fixed component. The movable component of this system 
consists of a re-configured inverted version of the thruster driven autonomous 
vertical profiler (AVP). This profiler is positively buoyant and carries an acoustic 
transponder and standard oceanographic sensors on its hull to measure water 
column properties at ~0.4 m resolution, in its upward ascent from the seabed to 
the sea surface. The fixed component of the system is a sea winch ensconced within 

an anchored framework residing on the seabed and connected to the profiler by a 
neutrally buoyant monofilament line. The framework accommodates a winch  winch 
-control electronics, pressure, temperature, tilt sensors, batteries, Divinycell Hydraulic 
Crush Point foam (HCP 50) and an acoustic transponder that is used to acoustically 
communicate with the profiler. 

Cutting Edge - Instrumentation

address the transition of the ITCZ into a marine and continental ITCZ starting in 
the spring intermonsoon as well as the northward propagating MISOs. The oceanic 
and biogeochemical-ecosystem responses and feedbacks to these processes at all 
timescales must also be observed, understood, modeled and predicted as well as 
projected under global warming.

We must understand the impact of this peculiar ITCZ variability in the context of 
the global ITCZ, especially in terms of tropical Pacific and Atlantic Ocean impacts on 

this regional ITCZ dynamics as well as the feedback of this regional coupled dynamics 
onto the rest of the tropics and extra-tropics. As daunting a challenge as this is for 
the climate and Earth System models, accurate predictions and reliable projections of 
the African-Asian-Australian monsoons cannot be expected without resolving these 
regional idiosyncrasies. Predicting and projecting marine carbon cycle and fisheries are 
also needed for the rim countries which are highly vulnerable to climate variability and 
change in terms of food and water security.
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Figure 4. Some studies have considered mesoscales and intraseasonal timescales in biogeochemical-
ecosystem responses in the Indian Ocean. But basin scale data remain scant especially for air-sea fluxes 
of CO2  etc. There are regions where coupled air-sea interactions and biogeochemical-ecosystem responses 
work synergistically with potential bio-climate feedbacks. These offer interesting observational, modeling 
and process and predictive understanding challenges.

Fig. 1: SREP System 
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Why SREP?

The southwest monsoon winds trigger upwelling along the west coast of India and 
causes nutrient rich upwelled waters to fertilise the upper oxygenated coastal water 
layers. This creates a rich pasture ground for growth of zooplankton, phytoplankton, 
fish and fish larvae resulting in large fish yields by end of the monsoons in October. 
Due to the extreme sea wave and wind conditions during this period it is practically 
impossible to deploy instrumented packages using research vessels. Therefore there 
exists a massive information deficit in our knowledge about what happens during 
this crucial period. In order to bridge the knowledge gap we have developed the 

unsupervised autonomous 
SREP; that acquires and 
transmits vertical column 
profiles over the monsoon 
period and in fair weather 
to shore stations on 
the west coast of India. 
This technology can 
play a significant role in 
establishing of upwelling, 
tracking onset of hypoxia 
and quantify variations 
during these phenomena 
over a period of time

Unique Selling Point

The major challenges were long endurance of three months, underwater acoustic 
communications (status & data) between the sea bed and the profiler unit and data 
transmission by the profiler to the shore. During profiling the profiler transmits low 
resolution data to the seabed unit for safekeeping. A third compatible modem cum 

Ultra Short Base Line (USBL) can be used to independently communicate with either 

the seabed unit or profiler. Long term deployment constraint prompted us to use an 
ultralow power Nano Watt XLP technology based PIC 18F97J94. A small winch system 
manufactured by NiGK Systems (Japan) is used on SREP. The winch system of the 
SREP is responsible for vertically elevating or lowering the profiler attached to it, thus 
allowing measurements in a time-series manner at various depths. Fig 1. Shows the 
SREP system ready for deployment and table 1 lists its specifications. 

Sea trials

In order to qualify the sea worthiness, SREP system was deployed at a water depth 
of 200m for a period of 35 days. The system performed 2 dives a day autonomously 
without stoppage. The vertical structure of DO in the water column over the 35 day 
deployment from 11th April to 16th May 2017 is depicted in the color panel (fig. 2).                  
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Diameter of seabed unit 1 m

Height of seabed unit 1.6 m

Weight of seabed unit (air) 228 kg

Buoyancy of seabed unit 80.45 kg

Weight of profiler (air) 27.76 kg

Buoyancy of profiler 9.8 kg

Endurance ~100 days

Operational depth 200 m

Communication Acoustic

Pay out/Pay in speed 0.4/0.2 m/sec

Sensors on seabed Pressure, Temperature, 
Tilt

Sensors on profiler CTD, DO, CHL

Table. 1. Brief Specifications of SREP

Fig. 2: Dissolved Oxygen Concentration time series profiles (pre-monsoon)
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Gillnetting is one of the most common fishing systems in India after trawl. The study 
was conducted during 2012-14 to find out the details of large mesh gillnetting 
systems operated along the coastal states of India. Design details of the large mesh 
drift gillnets nets were collected using structured and pre-tested questionnaire. 

Wooden, steel and Fibre Reinforced Plastic (FRP) gillnetters of length overall (LOA )
ranging from 8 to 19 m are operating. According to the species targeted, there are 

tuna gillnets, seerfish gillnets, pomfret gillnets, shark gillnets and Hilsa gillnets.  
In high sea gillnets polyamide (PA) multifilament and high density polyethylene 
(HDPE) are most commonly used for fabrication of drift gillnets. Gillnets targeted 

for large pelagics, foot rope and sinkers are absent.  Gillnet have either a single unit 
of net or a number of units tied end to end to form a full fleet of length ranging from 
600 to 16500 m with a depth of 6 to 23 m. Horizontal hanging coefficient employed 
for gillnets ranges from 0.4 to 0.6. Mesh size up to 380 mm have been observed. 
Shooting and hauling of the net is carried out manually or mechanically by using 
drums and winches. Disc shaped HDPE and thermocol floats are used for buoyancy 
elements.  

Large pelagics have been exploited from Indian waters both as incidental by-catch 
and also as targeted catch since very long and the production reached very close 
to their estimated potential. During 2010,  20,257 gillnetters were reported to 

Census - Biology
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be operating in Indian waters (CMFRI, 2012). Presently , coasts of Kerala, Andhra 
Pradesh, Tamil Nadu, Goa and Gujarat are intensely exploited. Considerable scope 
remains for increasing production from less exploited coastal areas including 
Andaman-Nicobar. Oceanic species are being exploited as targeted fishery in some 
parts and as incidental catch in several coastal fisheries. The operational areas are 
limited to the outer continental shelf, adjacent oceanic waters, knolls and seamounts 
where these resources congregate. Yield can be improved by extending fishery to 
unexploited areas. 

Major problem faced by the Indian gillnet fleets are bycatch issues of marine 
mammal, sea turtle, shark etc. Most of the gillnet fishermen surveyed don’t want 
to disclose about marine mammal and turtle mortality.  From 2000 onwards, the 
species composition of drift gillnets was diverse in nature due to the expansion of 
fishing ground to oceanic and deeper waters. So, the interactions of marine mammals 
and turtles are very high in these areas. However, most of the Indian gillnet vessels 
are interacting more frequently with highly migratory species, such as tuna, seer fish, 
sword fish and shark.  At the same time discarded driftnets have serious detrimental 
effects on these species of concern and the marine environment. In gillnetting 
indiscriminate use of loosely hung net and deployment of large fleet of gillnets are 
reasons for marine mammal and turtle bycatch and ghost fishing. From the baseline 
survey it is clear that there is a paucity of information on bycatch associated with 
gillnet fisheries throughout the Indian coast and it is not possible to accurately 
quantify the level of bycatch that can be attributed to gillnet vessels that target high 
sea pelagic species.  
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Maximum sustainable yield (MSY) for Trichiurus lepturus fishery in northern Bay of 
Bengal (nBoB) is estimated in this present study using non- equilibrium catch effort 
data analysis (CEDA) computer package. The MSY value for Trichiurus lepturus fishery 
in nBoB over the last decade is estimated as 3869 tonnes (R2 = 0.777). The fishery 
collapsed after 2011 due to substantial over exploitation much above the estimated 
MSY value.  The study indicates ribbon fish population in the region needs proper 
management of fishing practice for sustainable marine fishery.

Introduction

Marine capture fishery of West Bengal is in a static state over the last decade (from 
2002 to 2015) (DoF, 2016). Annual catch of Ribbon fish, Trichiurus lepturus decreased 
by 85% over the last decade, while number of boats operating in the northern Bay 
of Bengal (nBoB) increased by 25% (DoF, 2016). The decreasing catch trend indicates 
the need of fishing regulation and fishery management for sustainable fishery.        

Sustainable fishery implies that the number or weight of a fish species that can be 
harvested from its stock should be below the maximum sustainable yield (MSY) 
without affecting its abundance for a longer period of time (Hilborn and Walters, 
1992). Schaefer and Fox models are frequently used surplus production models to 
calculate the MSY for tropical fisheries (Prager, 1994). These models are much popular 
(Quinn and Deriso, 1999) for stock assessment of tropical fisheries since major inputs 
for these models are catch and effort data. While detailed studies have been done 
on feeding habits, reproductive biology and stock structure of ribbon fish (Ghosh et 
al. 2014) in the nBoB, estimates of MSY of this fishery is unavailable. In the present 
work non- equilibrium catch effort data analysis (CEDA) computer package is used to 
estimate the MSY for Trichiurus lepturus fishery in the nBoB, off West Bengal coast.

Materials and Methods

Study Area and Data Collection

 Releasing entangled turtle from the net on board F V Sagar Harita
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The annual catch (in tonnes) and effort (number of boats) data for ribbon fish were 
obtained from Handbook of Fishery Statistics 2016 (DoF, 2016) (Table 1). Fig. 1 

shows the 
major marine 
fish landing 
c e n t r e s 
along with 
the fishing 
zone of West 
Bengal.

CEDA (version 
3.0, Hoggarth 
et al. 2006) is 
a computer 
p a c k a g e 
w h i c h 
incorporates 
three non-
equil ibrium 
s u r p l u s 
p r o d u c t i o n 
models (viz. 
Fox, Schaefer 

and Pella- 
To m l i n s o n ) . 
The model 
has three 
e r r o r 
distribution 
assumptions 
( n o r m a l , 
log-normal 
and gamma 
distributions). 
The final 
outputs of 
the model 
are MSY, q 
(catchability 
coefficient), 
K (carrying 
capacity), r 
( i n t r i n s i c 
growth rate) 
and Ryield 
(replacement 
y i e l d ) . 
Coefficient of 

variation (CV) of MSY values were calculated from the confidence intervals. The CEDA 
package needs the input of initial proportion (IP) from the user. IP indicates how the 
fishery data series started it ranges from 0 to 1.

Results and Discussion

Sensitivity analysis indicates that the CEDA package is sensitive to the IP values. 
Table 2 shows the different MSY values estimated from three different models 
with IP values ranging from 0.1 to 0.9. The Schaefer and Pella- Tomlinson models 
show similar results. The values obtained from IP = 0.8 were selected to estimate 
the MSY, for the starting catch was around 80% of the highest catch. Estimation of 
MSY for ribbon fish using Fox (log- normal) and Fox (gamma) are 4464 (R2 = 0.626) 
tonnes and 18625 (R2 = -0.267) tonnes respectively (Table 3). Fox (normal), Schaefer 
(normal and gamma) and Pella- Tomlinson (normal and gamma) models provide 
minimization error. The Schaefer (log- normal) and Pella- Tomlinson (log- normal) 

Year Catch (in 
tonnes)

Effort (no. of 
Boats)

2002 7200 1431

2003 2775 2607

2004 2950 3285

2005 7807 2520

2006 8195 2585

2007 6439.6 3230

2008 5273 4202

2009 5919 4821

2010 4865 6194

2011 4570 6050

2012 1315 5201

2013 1643 7066

2014 246 3244

2015 250 9108

Table 1 Catch and effort data of Trichiurus lepturus in the northern Bay 
of Bengal (nBoB) off West Bengal coast(within parentheses) of the post 
monsoonal data set for the parameters SSS, TSM, Chl-a, aCDOM(440).

Fig. 1 Study area map showing the major fish landing centres and the fishing 
area of West Bengal

Fig. 2 Graphical plots showing the annual observed (dots) and estimated (lines) catches of 
Trichiurus lepturus in the northern Bay of Bengal from 2002 to 2015.
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model estimated MSY value as 3869 tonnes (R2 = 0.777). Among the three CEDA fits 
(Fig. 2), the Schaefer and Pella- Tomlinson log- normal curves show better fit (R2 = 
0.777) than the Fox models. 

The estimated MSY value for Trichiurus lepturus fishery in the nBoB is lower than 
the present catch; however, from 2002 to 2011, the ribbon fish catch continually 
exceeded the MSY limits. Thus, 2011 onwards, the ribbon fish catch for West Bengal 
collapsed from 4570 tonnes in 2011 to 250 tonnes in 2015, though the number of 
boats operating in this region increased from 6050  to 9108 during this time period.

Thus, it can be concluded that the MSY value estimated for Trichiurus lepturus fishery 
in the nBoB region is 3869 tonnes. The fishery collapsed after 2011 due to substantial 
over exploitation much above the estimated MSY value. Ribbon fish population in the 

region needs proper management of fishing practice involving regulation on shallow 
trawling or by-catch control in bag net fishing for a sustainable marine fishery.
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