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greetings

e are very delighted to announce that Nansen Environmental WResearch Centre – India (NERCI) in Cochin, Kerala stands out 
to celebrate its 20th anniversary of international scientific and 
educational cooperation (1999-2019).

For the last two decades, NERCI has been contributing to science, 
particularly in the fields of marine, atmospheric and climate research, 
imbibing a culture of collaboration and networking within science, 
providing capacity building within and for the young generation of 
oceanographers, marine biologists and atmospheric scientists. Looking 
back at the track record of NERCI, Sixty nine peer reviewed 
publications have been produced in the last 20 years in both national 
and international peer reviewed scientific journals by a handful of 
scientists at NERCI. Six Ph.D. students have been awarded their 
doctoral degrees by MoU partner Universities – i.e. Cochin University 
of Science and Technology (CUSAT), Cochin, Kerala, India, 
University of Bergen and Anna University, Chennai, Tamil Nadu, 
India. These students were  supported with fellowship grants from 
Nansen Scientific Society as well as scientific supervision and 
contributions from Nansen Centre, Bergen, Norway and other partner 
institutions. Around twenty alumni of NERCI are well placed in 
coveted positions primarily in India as well as abroad. About fifty 
Master theses were guided by NERCI scientists during the last two 
decades. During this period, projects worth approximately 14.4 million 
NOK has been handled and knowledge exchange was facilitated to both 
the Indian and European including Norwegian scientific community 
and society as well, in the fields of climate change research, marine 
ecosystem research, Asian monsoon and Arctic teleconnection, 
promoting bilateral and international exchange visits. 

The history of setting up of Nansen centre (India) and its beginning in 
Kochi,  a maritime township along the southwest coast of India, dates 
back to the year 1999, but its voyage through the troubled waters for 
survival and establishment has been eventful and perseverant than the 
time span of 20 years. 

 

The Nansen Environmental Research Centre India [NERCI] (http://www.nerci.in) is an Indo-
Norwegian joint venture registered in 1999 in the State of Kerala as a non-profit research company 
under “Article 25” (similar as a scientific foundation). NERCI receives funding from Norwegian, 
Indian and international public and private sources and agencies.

The vision of NERCI is to serve the society through advancing knowledge on monsoon, Ocean 
Variability and Coastal Marine Ecosystem for sustainable development by promoting 
interdisciplinary research and education cooperation programmes in the spirit of Nobel laureate 
Fridtjof Nansen.  It is also NERCI's mission to generate scientific results of high relevance  and to 
disseminate the science for the benefit of society.

The key elements of this Indo-Norwegian bilateral cooperation in marine research dates back from the 
participation of Prof. Ola M. Johannessen, in the UNDP/FAO Pelagic Fishery Project (IND 69/593) in 
Kerala, during the years 1971-1975. Results published by Johannessen et al. (1987) suggested for the 
first time that coastal upwelling along the southwest coast of India (Kerala) is associated with the large 
scale summer monsoon conditions that drive the anti-cyclonic Arabian Sea monsoon gyre; a 
phenomenon that later received much scientific attention.

Later, in February 1997, Prof. Ola M. Johannessen, Founding director of the Nansen Environmental 
and Remote Sensing Center, Bergen, Norway took the initiative to host a three day Nansen 
International Workshop on Coastal Ecosystem Studies in Cochin. The workshop gathered 70 scientists 
from 15 institutions in India, Norway, Finland, Italy and Thailand. This workshop was the key 
platform for initiating a new research centre in India at Cochin under the joint partnership between 
TerraOrbit AS, Bergen, Norway - a subsidiary  of the Nansen Center-, NTS Pvt. Ltd (M/s Norinco 
Technical Services) and JCOB (Ms.Anita JACOB) (Indian partners).  Since then, the bilateral and 
international cooperation have flourished in developing and extending its scientific cooperative 
network with other Indian research institutions and universities in the field of ocean, atmospheric, 
climate  and environmental research. 

In this context, the two Nansen Centers (NERSC and NERCI) developed scientific cooperation 
with Indian Space Research Organisation (ISRO) within satellite Earth observation which  led to 
the participation in two IRS satellite data utilization projects from Space Application Centre, ISRO, 
Ahmedabad (i) to study the algal blooms in Norwegian waters using Oceansat II data and (ii) to 
study the Arctic sea ice using Oceansat II Scatterometer data.

Later, in August 2000, NERSC and NERCI jointly organized a scientific workshop in Cochin for 
preparations of the EU‐INCO- DEV proposal “Coastal system variability studies for Fisheries 

development of India (COSVARI)” to the European Commission International Development 
programme (INCO-DEV).  Unfortunately,  the proposal was not funded, however, it led to the 
development of a network of cooperation. 

The key milestones of the NERSC-NERCI bilateral scientific and educational cooperation are: 

Ph.D. dissertation entitled “An Ocean modelling and data assimilation system for the Indian 
Ocean” by Dr. Vibeke Haugen, NERSC, November 2001 with Prof. O.M. Johannessen as 
supervisor.
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A Memorandum of Understanding (MoU) was signed in 2003 between Cochin University of 
Science and Technology (CUSAT), University of Bergen and the two Nansen Centers, involving 
funding and supervision of PhD candidates at CUSAT, including scientific exchange visits to 
Norway.

Two Indian Ph.D. candidates from NERCI implemented the ToPAZ model system for the Indian 

Ocean . The model has also been implemented at Indian National Centre for Ocean Information 

Services (INCOIS) for operational research use.

A Memorandum of Understanding (MoU) on developing collaborative research was signed in 
January 2007 between Anna University, Chennai and NERSC, Norway, including NERCI.

A MoU on developing cooperation in operational oceanography was signed in January 2008 
between Indian National Centre for Ocean Information Services (INCOIS), Hyderabad, 
University of Bergen and the two Nansen Centers respectively in Bergen and Cochin.

Three months annual exchange visits of Indian Masters, PhD and post doc students to NERSC, 
Norway have been taking place since 2008 from Anna University (2), INCOIS (1 scientist), 
NERCI and CUSAT (3) to learn topics related to the respective MoUs.

Organisation of several thematic workshops with Indo-Norwegian (European) participation such 
as:

HYCOM-ToPAZ modelling and Data Assimilation at Naval Physical Oceanographic 
Laboratory, Cochin in January 2008.
Operational Ocean Modelling and Data Assimilation at INCOIS, Hyderabad, March 2009.
Indo-Norwegian workshop on Climate Change Science Research – Key challenges and 
opportunities at the TERI DSDS´09, Delhi, February, 2009.
Indo-Russian workshop on Regional climate change (Oct. 2009) organised by NERCI in 
collaboration with Nansen International Environmental and Remote Sensing Centre, St. 
Petersburg, Russia by involving scientists from major research institutions in climate and 
ocean studies in Russia and India.
Organisation of a one week winter school on “Indian Ocean; Challenges in Meteorology and 
oceanography” (8‐12 February 2010) for 46 Indian master and PhD students at Cherai, Kerala, 

with 16 lecturers from, India, Norway, UK, Canada and South Africa.

The association that started with Dr. Shubha Sathyendranath and Prof. Trevor Platt, FRS of 
Plymouth Marine Laboratory (PML) during the winter school in 2010 led NERCI to take active 
role in SAFARI 1 international symposium in 2010.  The association with PML has been 
continuing as a strong scientific collaboration over the years. 

· During this period, NERCI was awarded and completed externally funded research projects, 
namely,

Water quality monitoring and low cost purification strategies for inland waterways of low 

lying areas, funded by UNEP-‐APFED, Bangkok, Thailand (2007).

Synergistic application of Scatterometer and OCM data from Oceansat-II for the studies of 
coastal upwelling in the SW coast of India, funded by SAC-ISRO, Ahmedabad, India (2008).
Algae Bloom monitoring and forecasting for the Norwegian waters using Oceansat-II data, 
data from by ISRO (2009).

o

o

o

o

·

·

·

·

·

Arctic monitoring and forecasting using Oceansat II Scatterometer data, data from ISRO 
(2009).
Indo-Russian workshop on Regional Climate Change, October 8-9, 2009 at Cochin, under 
DST-RFBR call 2009, funded by Dept. of Science and Technology, India.
Regional Climate change issues and adaptation measures for low lying regions in the 
context of future sea level rise, funded by UNEP-APFED, Bangkok, Thailand (2010).
Application of Altimetry (AltiKa) and Ocean Color (Oceansat II) in the studies of mesoscale 
features of the Southeastern Arabian Sea, funded by SAC-ISRO (2011).

MoUs on research and educational cooperation was signed in 2010 between TocH Institute of 
Science and Technology in Kerala and an expression of interest for joint research and 
education was signed with Kerala University of Fisheries and Ocean Studies, a State 
University in February 2011 and the MoU was signed in 2013 and is renewed from 2019 for 
another five years. Similar MoU with Sathyabama University, Chennai was also signed in 
2015. 

A NERCI study demonstrated that the wind stress and surface divergence impact the 
phytoplankton growth in the Arabian Sea during November to January. During the SW 
monsoon (June – September) no similar relation is found (Jayaram et al., 2010).

A ToPAZ Indian Ocean modelling and validation paper was published in 2010 (George et al., 
2010).

Three Indian Nansen Fellowship Ph.D. stipends were instituted at CUSAT jointly with 
NERCI, including exchange visits which were funded by the Nansen Scientific Society for 
three years.  One of the three students has completed her doctoral programme and two others 
got placements in India and Middle East in the field of Marine science.

The period 2012-2015 is considered as major breakthrough years for NERCI as it was awarded 
the role as the coordinator of the European Commission funded FP7 project “INDO-
MARECLIM; Indo-European Research Facilities for Studies on Marine Ecosystem and 

thClimate in India”, - the first India-EU joint research initiative under the 7  Framework 
programme of EU co-ordinated by an institute from India and it brings the memories of late 
Prof. N.R. Menon, the Scientific Coordinator, who was so committed to  the Center and the 
project.  The overall objective of INDO-MARECLIM was to use and extend the research 
infrastructure at Nansen Environmental Research Centre India (NERCI) in order to strengthen 
scientific cooperation between India and the European Union member states and associated 
countries in the areas of:

a) monsoon climate variability, 
b) marine ecosystems studies and 
c) costal management, including impact on society. 

Thematically the research topics focused on studies of the impact of monsoons and climate change 
on the marine ecosystems of the northern Indian Ocean, with emphasis on the coastal zone and 
NERCI capitalized on established research and Indo-European / Norwegian cooperation, mainly 
from 5 European partners - NERSC, Norway, PML, UK, ALTERRA, The Netherlands, IFREMER, 
France and CMCC, Italy. The project resulted in the establishment of the research infrastructure at 
NERCI, 17 scientific publications.,. During the course of INDO-MARECLIM a total number of 
138 scientists and about 450 young scientists from approximately 60 Indian and 33 European 
research institutions were involved in 50 events including conferences, workshops, seminars, 
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lecture series, exhibitions events and exchange of scientific cooperation and partnership. and  In 
addition, around 200 Indian students and 38 EU students had the opportunity to learn from the 
tutorial lectures and hands on training offered during the events.

NERCI server now hosts a wide range of information  like in situ observations on Primary Productivity 
and auxiliary parameters in the entire Indian Ocean and  IIOE – 1 data on primary production and 
related parameters as metadata that could be of use to future research Scientists . 

During the same period, another major project implemented by NERCI was IndiaClim: Exploring 
Decadal to Multi-decadal Scale Variability and Changes  in the Indian Summer Monsoon (ISM) and 
tele-  connection with Atlantic Multidecadal Oscillation, funded by Research Council of Norway and 
coordinated by Prof. Ola M. Johannessen, NERSC. The project resulted in 12 scientific publications 
and the dissertaions of two PhD. Candidates – one in India and one in Norway.

A Memorandum of Understanding was signed between Nansen Environmental Research Centre 
(India) and Central Marine Fisheries Research Institute (CMFRI), Indian Council of Agriculture 
Research in 2016 and the overall objective is to develop long term co-operation through  joint research 
projects between scientists from both the organization in order to utilize the research, development and 
infrastructural facilities of either parties mutually for furtherance of research and education in the 
areas:   Ocean characteristics,  remote sensing  and fisheries including Marine ecosystem modeling 
and also in the field of   Climate variability  and its impact on marine living  resources.

The funding support received from Research Council of Norway under the Bilat programme to 
conduct joint workshops at INCOIS led by NERSC, Bergen on numerical ocean modeling, also 
strengthened our cooperation with Indian scientific fraternity.  The ongoing INTPART project funded 
by Research Council of Norway, and ARCONOR: Arctic cooperation between Norway, Russia, India, 
China and US in satellite Earth Observation and Education are also providing a platform for improved 
bilateral cooperation between India and Norway and strengthen its cooperation within research and 
higher education related to sea ice, environment, climate change, and operational conditions in the 
Arctic Ocean, focusing on the Northern Sea Route. The first winter school in India on polar research 
The Arctic Ocean: Atmosphere, Ice and Ocean interactions – implications for future Climate and 
Human activities, was organized at National Centre for Polar and Ocean Research (NCPOR) in, Goa, 
India in 2018. The majority of the student participants came from India and the students are currently 
working on their joint peer review publication from this winter school.

The first national funding for project to NERCI was received from Space Application centre (ISRO) in 
2008 and there after NERCI got funded projects from Department of Science and Technology, 
Department of Environment and Climate Change, Govt. of Kerala, Ministry of Earth Science, 
Department of Biotechnolgy, Govt. of India. The ratio of international to national project coordination 
at NERCI over these years are in the range 1:2. The main international project funders are Nansen 
Environmental Remote Sensing Centre (Norway), European Commission, Research Council of 
Norway (RCN), Nansen Scientific Society, Bergen,  UNEP,  NF-POGO Alumni Network for Oceans 
(NANO) and Australian Direct Aid programme.

NERCI has co-organised and contributed to many international symposia with Indian scientific 
partners, the important ones being World Ocean Science Congress (2015), International Symposium 

on Marine Ecosystems Challenges and Opportunities-2 (2015), Fifth International Symposium on 
Cage Aquaculture in Asia (2015), International Conference on Blue Economy (2016), SAFARI 2, 
Aquabe (2019), MARICON 2019 and the upcoming CLIMFISHCON. 

NERCI is recognized by Kerala University of Fisheries and Ocean Studies (KUFOS) as a centre of 
research in the faculty of Ocean Science, Climate variability from 2015 and has four Ph.D candidates 
currently working at the centre. It expects recruitment of researchers in the coming years.

NERCI looks forward to the future with challenging scientific tasks meeting societal needs, increased 
national and international project funding as well as expanding the international network of 
cooperation, joint publications and joint doctoral programme. In this regard the co-funding by 
Ministry of Earth Sciences assuring participation from Indian partners in the European Commission's 
Horizon2020 and upcoming Horizon Europe framework programs are considered to boost  the 
scientific activities of NERCI in cooperation with other institutions in India and abroad. The recently 
signed contract with MoES on the Horizon 2020 project COMFORT: Our Common Future Ocean In 
The Earth System – Quantifying Coupled Cycles of Carbon, Oxygen, And Nutrients For Determining 
And Achieving Safe Operating Spaces With Respect To Tipping Points, is an important achievement in 
this direction. The Indian component of this project will be coordinated by NERCI along with CMFRI 
for the next 4years and would contribute to  Identify climate-induced ocean tipping points and 
attribute them to processes , Provide respective mitigation targets and options, as well as projected 
mitigation pathways. 

We look forward to a bright future for NERCI by contributing to Indian and international science with 
the wholehearted cooperation of our colleagues and collaborative institutions from India, Norway and 
other associate partners in the coming years.

In conclusion a famous quote from Fridtjof Nansen………………..

 “I demolish my bridges behind me...then there is no choice but to move forward.”

As a first step forward, we share with you the abstracts of our scientific publications during the first 20 
years of NERCI´s history. Enjoy reading!

Warm regards,

Ajith Joseph K
Executive Director, 
NERCI

5-2-2020
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Human activities, was organized at National Centre for Polar and Ocean Research (NCPOR) in, Goa, 
India in 2018. The majority of the student participants came from India and the students are currently 
working on their joint peer review publication from this winter school.

The first national funding for project to NERCI was received from Space Application centre (ISRO) in 
2008 and there after NERCI got funded projects from Department of Science and Technology, 
Department of Environment and Climate Change, Govt. of Kerala, Ministry of Earth Science, 
Department of Biotechnolgy, Govt. of India. The ratio of international to national project coordination 
at NERCI over these years are in the range 1:2. The main international project funders are Nansen 
Environmental Remote Sensing Centre (Norway), European Commission, Research Council of 
Norway (RCN), Nansen Scientific Society, Bergen,  UNEP,  NF-POGO Alumni Network for Oceans 
(NANO) and Australian Direct Aid programme.

NERCI has co-organised and contributed to many international symposia with Indian scientific 
partners, the important ones being World Ocean Science Congress (2015), International Symposium 

on Marine Ecosystems Challenges and Opportunities-2 (2015), Fifth International Symposium on 
Cage Aquaculture in Asia (2015), International Conference on Blue Economy (2016), SAFARI 2, 
Aquabe (2019), MARICON 2019 and the upcoming CLIMFISHCON. 

NERCI is recognized by Kerala University of Fisheries and Ocean Studies (KUFOS) as a centre of 
research in the faculty of Ocean Science, Climate variability from 2015 and has four Ph.D candidates 
currently working at the centre. It expects recruitment of researchers in the coming years.

NERCI looks forward to the future with challenging scientific tasks meeting societal needs, increased 
national and international project funding as well as expanding the international network of 
cooperation, joint publications and joint doctoral programme. In this regard the co-funding by 
Ministry of Earth Sciences assuring participation from Indian partners in the European Commission's 
Horizon2020 and upcoming Horizon Europe framework programs are considered to boost  the 
scientific activities of NERCI in cooperation with other institutions in India and abroad. The recently 
signed contract with MoES on the Horizon 2020 project COMFORT: Our Common Future Ocean In 
The Earth System – Quantifying Coupled Cycles of Carbon, Oxygen, And Nutrients For Determining 
And Achieving Safe Operating Spaces With Respect To Tipping Points, is an important achievement in 
this direction. The Indian component of this project will be coordinated by NERCI along with CMFRI 
for the next 4years and would contribute to  Identify climate-induced ocean tipping points and 
attribute them to processes , Provide respective mitigation targets and options, as well as projected 
mitigation pathways. 

We look forward to a bright future for NERCI by contributing to Indian and international science with 
the wholehearted cooperation of our colleagues and collaborative institutions from India, Norway and 
other associate partners in the coming years.

In conclusion a famous quote from Fridtjof Nansen………………..

 “I demolish my bridges behind me...then there is no choice but to move forward.”

As a first step forward, we share with you the abstracts of our scientific publications during the first 20 
years of NERCI´s history. Enjoy reading!

Warm regards,

Ajith Joseph K
Executive Director, 
NERCI

5-2-2020
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Arabian sea is one of the highly productive seas in the Indian ocean region due to its long boundaries 
and the open ocean processes which manifest as upwelling during summer monsoon (June -
September) and cooling during winter especially in the northern regions. The present study is aimed at 
applying ocean color satellite imagery to understand the seasonal variability of chlorophyll-a 
concentration and SST in the coastal waters as well as in the open ocean waters of the Eastern Arabian 
Sea. The interrelationship between two biophysical parameters, like chlorophyll-a and SST has shown 
characteristic relationship as mutually exclusive but time and again, inter dependent in view of 
different environmental conditions of the marine ecosystem. It is observed that in general, the 
chlorophyll-a concentration in the post monsoon was comparatively higher than the pre monsoon 
season. There is an inverse relationship between the SST and chlorophyll- a concentration for the open 
ocean. But in the coastal waters, the relationship need not be always true and there exists a direct 
relationship between chlorophyll-a and SST as nutrient availability turns out to be the dominant 
controlling factor in determining chlorophyll-a concentrations in the coastal waters.

During a study of the Bryozoa of Cochin Harbour, Biflustra perambulata n. sp. (Membraniporidae) 
was discovered at an oil-tanker berth. Two erect foliaceous and brittle colonies of the species were 
found attached to a wooden rack deployed to suspend test coupons to collect fouling bryozoans. The 
present record documents the recruitment to this harbour of a genus most naturally occurring in 

geographically distant localities. Insofar as a number of Biflustra species are known to be distributed 
via shipping to contiguous waters, the new species is interpreted to be an alien introduction, with a 
probable provenance from South-East Asia via a merchant vessel.

Histo-cytological responses in organisms are relatively easy to determine and can be correlated with 
the health and fitness of individuals, thus giving scope for extrapolating the possible ill effects at the 
levels of population and community. Wide ranges of histo-cytological alterations in fishes and 
bivalves are used as biomarkers for monitoring pollution effects. In the present study, specimens of 
the infaunal mollusc Sunetta scripta (30-35 mm length) are exposed to Water Accommodated 
Fraction (WAF) of the Petroleum Hydrocarbons (PHC) for a period of 15 days to ascertain lethality as 
well as sub-lethal organismic changes. The concentrations employed are 5, 15 and 50 ppm of WAF of 
Bombay High Crude (BHC) oil. The sub-cellular damages of the digestive gland and the main storage 
and metabolizing site of accumulated oil are analyzed through Transmission Electron Microscope 
(TEM). Structural damage of basal lamina and nuclear membrane, the proliferation of Endoplasmic 
Reticulum (ER), lipopigment accumulation, blebbing and the subsequent rupture of lysosomes are 
the distinctive damages. There exists a direct relationship between the extent of damage and PHC 
exposure concentration. Similarities in the ultrastructural damage of digestive glands of intoxicated 
and starved animals open up the scenario connected with ultrastructure and energy utilization of 
hepatopancreas-the most important organ involved in the trophic dynamics and detoxification in this 
bivalve. It is clear that chronic exposure of bivalves to pollutants would ultimately impair their 
nutrient absorption and assimilation efficiency.

The onset of the Indian summer monsoon (ISM) over the southern tip of the Indian peninsula [also 
known as monsoon onset over Kerala (MOK)] has been considered the beginning of India's rainy 
season. The Indian Meteorological Department (IMD) makes an official prediction of ISM onset 
every year using a subjective method. Based on an analysis of the past 60-yr (1948–2007) record, the 
authors show that the onset date can be objectively determined by the beginning of the sustained 850-
hPa zonal wind averaged over the southern  Arabian Sea (SAS) from 5° to 15°N, and from 40° to 
80°E. The rapid establishment of a steady SAS westerly is in excellent agreement with the abrupt 
commencement of the rainy season over the southern tip of the Indian peninsula. In 90% of the years 
analyzed, this simple and objective index has excellent agreement with the onset dates that are 
subjectively defined by the IMD. There are only 3 yr of the past 60 yr during which the two onset dates 
differ by more than 10 days, and none of them perfectly reflects the MOK.A prominent onset 
precursor on the biweekly time scale is the westward extension of the convection center from the 
equatorial eastern Indian Ocean toward the southeast Arabian Sea. On the intraseasonal time scale, 
the onset tends to be led by northeastward propagation of an intraseasonal convective anomaly from 
the western equatorial Indian Ocean. The objective determination of the onset based on the SAS low-
level westerly is a characteristic representation of the complex process of the ISM onset. Given its 
objectiveness and its representation of the large-scale circulation, the proposed new onset definition 
provides a useful metric for verifying numerical model performance in simulating and predicting the 
ISM onset and for studying predictability of interannual variations of the onset.

3. Menon, N.N. and Menon, N.R., 2009. Tissue Pathological Studies on Marine Clam 
Sunetta scripta L. Exposed to Petroleum Hydrocarbons. IUP Journal of Environmental 
Sciences, 3(3).

4. Wang, B., Ding, Q. and Joseph, P.V., 2009. Objective definition of the Indian summer 
monsoon onset. Journal of Climate, 22(12), pp.3303-3316.
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found attached to a wooden rack deployed to suspend test coupons to collect fouling bryozoans. The 
present record documents the recruitment to this harbour of a genus most naturally occurring in 
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via shipping to contiguous waters, the new species is interpreted to be an alien introduction, with a 
probable provenance from South-East Asia via a merchant vessel.
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the health and fitness of individuals, thus giving scope for extrapolating the possible ill effects at the 
levels of population and community. Wide ranges of histo-cytological alterations in fishes and 
bivalves are used as biomarkers for monitoring pollution effects. In the present study, specimens of 
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and metabolizing site of accumulated oil are analyzed through Transmission Electron Microscope 
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the distinctive damages. There exists a direct relationship between the extent of damage and PHC 
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differ by more than 10 days, and none of them perfectly reflects the MOK.A prominent onset 
precursor on the biweekly time scale is the westward extension of the convection center from the 
equatorial eastern Indian Ocean toward the southeast Arabian Sea. On the intraseasonal time scale, 
the onset tends to be led by northeastward propagation of an intraseasonal convective anomaly from 
the western equatorial Indian Ocean. The objective determination of the onset based on the SAS low-
level westerly is a characteristic representation of the complex process of the ISM onset. Given its 
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provides a useful metric for verifying numerical model performance in simulating and predicting the 
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An eddy-permitting HYbrid Coordinate Ocean Model (HYCOM) configured for the Indian Ocean has 
been validated using both in-situ and satellite observations. The present work focuses on a detailed 
study of the model's capability to simulate the major surface and subsurface variables realistically. 
Weekly data from the model for eight years from 1994 to 2001 are used for the evaluation of the surface 
data. The model simulation of the circulation patterns in the Indian Ocean for both the monsoon 
seasons and the transition periods matches well with the observations. Comparisons between model 
and satellite observations for the sea surface temperature (SST) patterns and its temporal evolution 
showed that the model produces realistic SSTs. The sea level anomalies (SLA) from the model 
compared with those from the altimeter data confirmed that the model is in good agreement with the 
observed SLA. A detailed comparison of results from the daily data of the model with the Argo profiles, 
for the years from 2002 to 2004 showed that the model has a diffuse thermocline with warming in the 
subsurface waters, but overall, the model simulates the subsurface temperature and salinity patterns 
well. The validation of the model indicates that the model results are satisfactory and that with 
improvements in some of the model configurations, it can be implemented in an operational 
forecasting system for the Indian Ocean.

Increase in sea surface temperature with global warming has an impact on coastal upwelling. Past two 
decades (1988 to 2007) of satellite observed sea surface temperatures and space borne scatterometer 
measured winds have provided an insight into the dynamics of coastal upwelling in the southeastern 
Arabian Sea, in the global warming scenario. These high resolution data products have shown 
inconsistent variability with a rapid rise in sea surface temperature between 1992 and 1998 and again 
from 2004 to 2007. The upwelling indices derived from both sea surface temperature and wind have 
shown that there is an increase in the intensity of upwelling during the period 1998 to 2004 than the 
previous decade. These indices have been modulated by the extreme climatic events like El-Nino and 
Indian Ocean Dipole that happened during 1991–92 and 1997–98. A considerable drop in the intensity 
of upwelling was observed concurrent with these events. Apart from the impact of global warming on 
the upwelling, the present study also provides an insight into spatial variability of upwelling along the 
coast. Noticeable fact is that the intensity of offshore Ekman transport off 8°N during the winter 
monsoon is as high as that during the usual upwelling season in summer monsoon. A drop in the 
meridional wind speed during the years 2005, 2006 and 2007 has resulted in extreme decrease in 
upwelling though the zonal wind and the total wind magnitude are a notch higher than the previous 
years. This decrease in upwelling strength has resulted in reduced productivity too.

The impact of environmental changes on the hydrology of small basins is a serious challenge to the 

.

safety of water, food and energy supplies in the state of Kerala, India. Human interference and climate 
changes have altered the hydrology of most of the basins here, with significant impacts on all facets of 
life. Conservation and management practices are inadequate and implementation of projects and 
policies often fail because of various social, economic and political problems. An assessment of the 
impact of climate change and human interference on the small basins of Kerala has been carried out. 
Changes in water availability under a predicted change in climate have been estimated using the 
modified hydrological model. Sediment transport in selected basins has been analysed. A review has 
been made of both the existing programmes and projects for the protection and management of 
basins, as well as of current policies and adaptation strategies.

The presence of diazotrophic cyanobacterium Richelia intracellularis Schmidt as an endosymbiont 
of Rhizosolenia hebetata was observed in the phytoplankton samples collected from the Northern 
Arabian Sea during the fag end of winter monsoon (February - March). R. hebetata formed 80% 
Rhizosolenia population and 60% of this species harboured endosymbiotic cyanobacterium R. 
intracellularis. This is an indication that Richelia- Rhizosolenia interaction could have a significant 
influence on nutrient and energy budgets of the Northern Arabian Sea.

This study presents in situ evidence for the blooms of Trichodesmium erythraeum observed in the 
shelf waters of the South Eastern Arabian Sea (SEAS) during the onset of the southwest monsoon in 
June 2009. Evidence showed that water surface discoloration was caused by the accumulation of T. 
erythraeum, and that the water column contained a colony of T. thiebautii. The surface water color in 
the bloom region varied from pale brown to pinkish red. Pale brown indicated healthy algae at the 
peak of its photosynthetic activity, while pinkish red indicated the presence of photosynthetically less 
active filaments. Zooplankton abundance, especially copepodites, in the bloom area substantiated the 
theory thatTrichodesmium filaments are excellent epiphytes to which the copepodites cling. The 

−1bloom area was very fertile with copious quantities of dissolved oxygen (6.85 ml L ), PO4-P (0.108 
−1 −1 −1μmol L ) and SiO4 (1.29 μmol L ). Lower NO -N (0.028 μmol L ) values in the bloom area did not 3

appear to affect Trichodesmium growth from molecular nitrogen fixation. However, lower NO3-N 
values altered the normal phytoplankton composition of this area.

A red tide of heterotrophic dinoflagellate Noctiluca scintillans was observed off Kochi (Southwest 
coast of India) along with a multi species diatom bloom generated by upwelling induced eutrophic 

2conditions during south west monsoon in August 2008. Spread over an area of ea 5 km  the bloom was 
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8 -1recorded as viscous fluid of tomato soup consistency. Noctiluca cell count of 8.1x 10  cells L  were 
recorded from the bloom area. The whole area where the bloom occurred was conspicuously 
bioluminescent. The percentage composition of N. scintillans and diatoms in the bloom waters were 

856.17% and 43.83% respectively. Diatoms were present in high numbers with cell density 6.32x 10  
-1cells L . Diatoms were mainly represented by the species belonging to the genera Chaetoceros, 

Navicula, Thalassiosira, Coscinodiscus, and Nitzschia which were also the main food item found 
within the Noctiluca cells. Closer observation of the Noctiluca cells revealed that the food vacuoles 
contained diatom cells and remains of these species. It is implied that the abundance of N. scintillans 
could be due to the occurrence of its preferred food species. 

Surface water samples were collected in March 2009 from five selected stations (between14° 46.851′ 
to 15° 26.851′ N and 42° 54.850′ to 42° 57.138′ E) in the coastal waters of the Yemeni RedSea. The 
coastal waters of Al-Hodeidah is highly polluted and eutrophicated causing regular blooms ofthe 
dinoflagellate Noctiluca miliaris. The effect of pollution was reflected on phytoplankton 
abundanceand species diversity in the sewage-fed area, north of Al-Hodeidah. The non-polluted 
coastal waters offAl-Saleef supported rich phytoplankton coupled with high species diversity and 
richness. No signs oftemperature-influenced floral disturbance were noticed in the coastal waters 
which received thermaleffluents from a steam power station at Ras Al-Katheeb. 

Morphometrics are important in fish taxonomy and fishery biology studies. Nine standard 
morphometric lengths, viz; total length, fork length, standard length, body depth, eye diameter, snout 
length, post orbital length, head length and caudal peduncle height of the Indian mackerel Rastrelliger 
kanagurta were measured by the conventional morphometric method and also using an image 
analysis technique.Algorithm for the same is described.The image analysis showed good validation 
with corresponding conventional measurements. Nearly 50 per cent of the measurements 
representing the nine morphometric lengths showed no difference and 31 to 34 per cent showed a 
difference of < 3 per cent. Another 11 to 19 per cent showed a difference < 5 per cent. The results 
proved that digital image processing and morphometric measurements using image analysis are 
dependable

A massive monospecific bloom of toxic marine raphidophyte Chattonella marina was observed off 
Kochi along the southwest coast of India during late September 2009 with very high cell density (1.59 

7 -1x 10  cells L  ) and wide spatial distribution. The tear drop shaped cells were 38-65 µm long, 25-30 µm 
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V.N., 2011. Monospecific bloom of noxious raphidophyte Chattonella marina in the 
coastal waters of South-West coast of India. Int J Biosci, 1(1), pp.57-69.

wide and having large number of chloroplasts. Almost 90% of the phytoplankton population was 
composed of C. marina in the bloom area. Other phytoplankters were few in number represented by 
Skeletonema costatum, Rhizosolenia spp., Chaetoceros spp., Psuedo-nitzschia spp. etc. and among 

4 -1these Skeletonema costatum was dominant with cell density 2.3 x 10  cells L . The concentration of 
-1photosynthetic pigment, chlorophyll a was 8.3 µg L  in the bloom area. Toxicity test using the alcohol 

extracts of the Chattonella bloom samples showed characteristic neurotoxic symptoms in fishes 
leading to mortality. 

The role of wind stress in modulating upwelling and subsequent changes in mixed layer depth and 
chlorophyll concentration in southeastern Arabian Sea are studied for the period encompassing 2000 
to 2008. During southwest monsoon season favoring upwelling in this region, it is observed that 
decrease in wind stress is always followed by an increase in chlorophyll concentration with 
approximately two weeks delay, accompanied by the shoaling of mixed layer depth, whereas the 
opposite is observed during high wind stress periods. This is attributed to the mixing and entrainment 
of nutrients into the euphotic zone which enable increase in surface chlorophyll and thereby boosting 
the primary productivity of the region. Wavelet analysis is used to deduce the temporal variability of 
winds, chlorophyll and mixed layer for the region. A time lag of 2 weeks is observed between the 
decrease in wind stress followed by a high in the surface chlorophyll concentration, often well 
captured by satellite. Another interesting observation is the bimodal variability of chlorophyll-a 
concentration during summer monsoon is observed in this region which was hitherto unnoticed. This 
spatial and temporal relation between wind, chlorophyll and mixed layer depth can provide valuable 
insight towards future studies on upwelling induced productivity for this region.

Cyclonic storms having maximum winds of 34 knots and above that had genesis in north Indian 
Ocean have been studied with respect to the eastward passage of Madden–Julian Oscillation (MJO). 
In the three decades (1979–2008), there were a total of 118 cyclones reported in which 96 formed in 

o o othe region chosen (0–15 N, 60 E–100 E) for the study. Although the percentage of MJO days 
inducing cyclogenesis is small, it is found that tropical cyclone genesis preferentially occurred during 
the convective phase of MJO. This accounted for 44 cyclones of the total 54 cyclones (i.e., 81.5%) 
formed under MJO amplitude 1 and above. The study has shown that, when the enhanced convection 
of MJO is over the maritime continent and the adjoining eastern Indian Ocean, it creates the highest 
favorable environment for cyclogenesis in the Bay of Bengal. During this phase, westerlies at 850 hPa 
are strong in the equatorial region south of Bay of Bengal creating strong cyclonic vorticity in the 
lower troposphere along with the low vertical wind shear.
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Southeastern Arabian Sea. The International Journal of Ocean and Climate Systems, 
3(2), pp.97-108.

15. Krishnamohan, K.S., Mohanakumar, K. and Joseph, P.V., 2012. The influence of 
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Occurrence, increase in frequency, intensity and spatial coverage of harmful algal blooms during the 
past decade in the EEZ of India are documented here. Eighty algal blooms were recorded during the 
period 1998–2010. Of the eighty algal blooms, 31 blooms were formed by dinoflagellates, 27 by 
cyanobacteria, and 18 by diatoms. Three raphidophyte and one haptophyte blooms were also observed. 
Potentially toxic microalgae recorded from the Indian waters were Alexandrium spp., Gymnodinium spp. 
Dinophysis spp., Coolia monotis, Prorocentrum lima, and Pseudo-nitzschia spp. Examination of 
available data from the literature during the last hundred years and in situ observations during 1998–2010 
indicates clear-cut increase in the occurrence of HABs in the Indian EEZ.

Interstitial faunal survey of the interstices of the sandy beaches of Kerala, India revealed the presence 
of gastrotrich, an aberrant phyla of invertebrates in large numbers. The paper reports eight species of 
gastrotrichs, belonging to four macrodasyds and four chaetonotids, the two major orders of the group. 
Genus Halichaetonotus is reported for the first time from the Indian coast. All the eight species 
reported here are premier records from the coast of Kerala. Distinct discontinuity in occurrence and 
abundance was a striking feature of these animals.

A simplistic model to forecast aerosol optical depth (AOD) over north India is presented in this study. 
The forecasts are generated by integrating the available high-resolution AOD data using time series 
modelling techniques. The forecasts are done using the autoregressive integrated moving average 
(ARIMA) method. It is found that the modelled values show good fit with the multiangle imaging 
spectroradiometer data during the years 2000–2010. This long-term statistical dependence shows that 
AOD over the north Indian region exhibits a long memory. The forecasts for the next 12 months were done 
at a 95% level of confidence. Our analysis confirms that using time series models prediction of AOD is 
possible, particularly during the summer months when the region is dominated by dust aerosols. The 
results obtained using the chosen ARIMA model suggest that this model proposes a simple and efficient 
method for determining the future values of AOD compared to more complex deterministic models.

In this study, the influence of the El Nino Southern Oscillation (ENSO) on the transport, deposition 
and distribution of absorbing aerosols over the Indian subcontinent during a period of 30 years (1982 

2013

to 2011) is investigated. The analysis reveals that the changes in the zonal circulation over the tropics 
have a significant effect on the aerosol loading over the Indian region. This interannual variability in 
aerosol concentration arises due to its increasing dependence on the development of sea surface 
temperature (SST) anomalies over the tropical Pacific Ocean. Significant statistical correlations in 
SST anomalies confirm this relationship. During El Nino conditions, warm SST anomalies cause the 
zonal circulation to become pronounced with well-defined areas of rising and sinking motion along a 
mean air flow driven by convection at the west (the Arabian Peninsula), and subsidence to the east 
(Indian subcontinent). These intense westerlies at 700 hPa altitude transport large quantities of 
aerosols from the Arabian Peninsula towards the east and deposit them over the Indian subcontinent. 
However, a weaker and less organised zonal circulation system associated with cold SST anomalies 
suppresses the aerosol loading during the La Nina phase.

Recent research has reported that the tropical easterly jet stream (TEJ) of the boreal summer monsoon 
season is weakening. The analysis herein using 60 yr (1950–2009) of data reveals that this weakening 
of the TEJ is due to the decreasing trend in the upper tropospheric meridional temperature gradient 
over the area covered by the TEJ. During this period, the upper troposphere over the equatorial Indian 
Ocean has warmed due to enhanced deep moist convection associated with the rapid warming of the 
equatorial Indian Ocean. At the same time, a cooling of the upper troposphere has taken place over the 
Northern Hemisphere subtropics including the Tibetan anticyclone. The simultaneous cooling of the 
subtropics and the equatorial heating has caused a decrease in the upper tropospheric meridional 
thermal gradient. The consequent reduction in the strength of the easterly thermal wind has resulted in 
the weakening of the TEJ.

Sea surface temperature (SST) in the region off southern tip of India (STI, 75–83°E, 5–8°N) exhibited 
a prominent variability in the intraseasonal time scale (both 30–90 d and 10–30 d band) during boreal 
summer. Mechanisms associated with this intraseasonal variability are studied using three-
dimensional ocean general circulation model (OGCM) sensitivity experiments, satellite observed 
outgoing longwave radiation, SST and winds for the period 1998–2007. The background oceanic 
structure of the STI characterized by a shallow thermocline and moderate mixed layer provided ideal 
conditions for strong oceanic sub-surface processes. The model mixed layer heat budget reveals that 
the oceanic processes such as horizontal advection and vertical processes are the dominant 
mechanisms in the STI region as compared with air-sea flux. Sensitivity experiments with the OGCM 
reveals that the ocean dynamical processes contribute to most of the intraseasonal SST variability and 
the wind stress contributes to 85% of the variability whereas surface flux contributes to only 15% for 
the 30–90 d SST variability. Higher amplitude of surface flux perturbation and its contribution to SST 
in the 10–30 d as compared with the 30–90 d band are evident in the model experiment and are 
consistent with the observational analysis. There is year-to-year variability in the relative role of 
horizontal and vertical processes for different intraseasonal SST events over STI.
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of chlorophyll-a concentration along the southwest coast of India. International journal 
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The interannual variability of chlorophyll concentration along the southwest coast of India is studied 
using remote-sensing data from SeaWiFS. The data are analysed in conjunction with satellite-
measured sea surface winds. The satellite-measured chlorophyll data for a period of 10 years from 
1998 to 2007 were made use of for indexing the maximum offshore extent of chlorophyll along the 
coast for each month. From the empirical orthogonal functional analysis of chlorophyll data, it is 
observed that the dominant mode is annual. Interestingly, intraseasonal variability and the influence 
of climatic events like El Niño are observed in the secondary principle component of the time series. 
The variability of chlorophyll coincided well with variability of Ekman transport all along the coast 
with higher chlorophyll >1 mg m−3 when the Ekman transport is greater than 1000 kg/m/s. During the 
years 2005–2007, reduction in the meridional along shore component of wind resulted in reduction of 
Ekman transport, the phenomenon which leads to a decrease in chlorophyll. This is due to the 
reduction in the amount of nutrients that entrained to surface layers during upwelling of the southwest 
monsoon. The chlorophyll- a is minimum when Ekman transport is less than 0.5 kg/m/s on the 
normalized scale. For higher values of chlorophyll, the Ekman transport is higher, indicating the 
contribution of wind in enhancing the already upwelled chlorophyll production. The smaller value of 
R 2 infers that there exist other forces as well involved in augmenting the surface chlorophyll. The 
enhanced knowledge on the offshore extent and the intraseasonal and interannual variability of 
chlorophyll can provide valuable inputs on fisheries and primary productivity for this region.

According to current knowledge, convection over the tropical oceans increases with sea surface 
temperature (SST) from 26 to 29 °C, and at SSTs above 29 °C, it sharply decreases. Our research 
shows that it is only over the summer warm pool areas of Indian and west Pacific Oceans (monsoon 
areas) where the zone of maximum SST is away from the equator that this kind of SST-convection 
relationship exists. In these areas (1) convection is related to the SST gradient that generates low-level 
moisture convergence and upward vertical motion in the atmosphere. This has modelling support. 
Regions of SST maxima have low SST gradients and therefore feeble convection. (2) Convection 
initiated by SST gradient produces strong wind fields particularly cross-equatorial low-level 
jetstreams (LLJs) on the equator-ward side of the warm pool and both the convection and LLJ grow 
through a positive feedback process. Thus, large values of convection are associated with the cyclonic 
vorticity of the LLJ in the atmospheric boundary layer. In the inter-tropical convergence zone (ITCZ) 
over the east Pacific Ocean and the south Pacific convergence zone (SPCZ) over the west Pacific 
Ocean, low-level winds from north and south hemisphere converge in the zone of maximum SST, 
which lies close to the equator producing there elongated bands of deep convection, where we find 
that convection increases with SST for the full range of SSTs unlike in the warm pool regions. The 
low-level wind divergence computed using QuikSCAT winds has large and significant linear 
correlation with convection in both the warm pool and ITCZ/SPCZ areas. But the linear correlation 
between SST and convection is large only for the ITCZ/SPCZ. These findings have important 
implications for the modelling of large-scale atmospheric circulations and the associated convective 
rainfall over the tropical oceans.
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Wighting,2014.Commercial Arctic shipping through the Northeast Passage: routes, 
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26. Bindu.G, Ajo Abraham, 2014.The impact of PM10 on Acute Respiratory Illness in 
children: Resutl s from a case study over an urban area..Indian Journal of 
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Indian Summer Monsoon Rainfall (ISMR) exhibits a prominent inter-annual variability known as 
troposphere biennial oscillation. A season of deficient June to September monsoon rainfall in India is 
followed by warm sea surface temperature (SST) anomalies over the tropical Indian Ocean and cold SST 
anomalies over the western Pacific Ocean. These anomalies persist until the following monsoon, which yields 
normal or excessive rainfall. Monsoon rainfall in India has shown decadal variability in the form of 30 year 
epochs of alternately occurring frequent and infrequent drought monsoons since 1841, when rainfall 
measurements began in India. Decadal oscillations of monsoon rainfall and the well known decadal 
oscillations in SSTs of the Atlantic and Pacific oceans have the same period of approximately 60 years and 
nearly the same temporal phase. In both of these variabilities, anomalies in monsoon heat source, such as deep 
convection, and middle latitude westerlies of the upper troposphere over south Asia have prominent roles.

The Russian and Norwegian Arctic are gaining notoriety as an alternative maritime route connecting 
the Atlantic and Pacific Oceans and as sources of natural resources. The renewed interest in the 
Northeast Passage or the Northern Sea Route is fueled by a recession of Arctic sea ice coupled with the 
discovery of new natural resources at a time when emerging and global markets are in growing demand 
for them. Driven by the expectation of potential future economic importance of the region, political 
interest and governance has been rapidly developing, mostly within the Arctic Council. However, this 
paper argues that optimism regarding the potential of Arctic routes as an alternative to the Suez Canal is 
overstated. The route involves many challenges: jurisdictional disputes create political uncertainties; shallow 
waters limit ship size; lack of modern deepwater ports and search and rescue (SAR) capabilities requires ships to 
have higher standards of autonomy and safety; harsh weather conditions and free-floating ice make navigation 
more difficult and schedules more variable; and more expensive ship construction and operation costs lessen the 
economic viability of the route. Technological advances and infrastructure investments may ameliorate 
navigational challenges, enabling increased shipping of natural resources from the Arctic to global markets.

Kochi is a metro city in Kerala and its ambient air quality is being deteriorated day by day. Rapid 
increase in the number of vehicles, unplanned urbanization, enhanced potential for industrialization 
and uncontrolled growth of construction activities have taken the problem to a threatening dimension. 

2014

2524

abstractsabstracts BOOK OF ABSTRACTS BOOK OF ABSTRACTS



22. Jayaram, C., Kochuparambil, A.J. and Balchand, A.N., 2013. Interannual variability 
of chlorophyll-a concentration along the southwest coast of India. International journal 
of remote sensing, 34(11), pp.3820-3831.

23. Sabin, T.P., Babu, C.A. and Joseph, P.V., 2013. SST–convection relation over tropical 
oceans. International journal of climatology, 33(6), pp.1424-1435.

The interannual variability of chlorophyll concentration along the southwest coast of India is studied 
using remote-sensing data from SeaWiFS. The data are analysed in conjunction with satellite-
measured sea surface winds. The satellite-measured chlorophyll data for a period of 10 years from 
1998 to 2007 were made use of for indexing the maximum offshore extent of chlorophyll along the 
coast for each month. From the empirical orthogonal functional analysis of chlorophyll data, it is 
observed that the dominant mode is annual. Interestingly, intraseasonal variability and the influence 
of climatic events like El Niño are observed in the secondary principle component of the time series. 
The variability of chlorophyll coincided well with variability of Ekman transport all along the coast 
with higher chlorophyll >1 mg m−3 when the Ekman transport is greater than 1000 kg/m/s. During the 
years 2005–2007, reduction in the meridional along shore component of wind resulted in reduction of 
Ekman transport, the phenomenon which leads to a decrease in chlorophyll. This is due to the 
reduction in the amount of nutrients that entrained to surface layers during upwelling of the southwest 
monsoon. The chlorophyll- a is minimum when Ekman transport is less than 0.5 kg/m/s on the 
normalized scale. For higher values of chlorophyll, the Ekman transport is higher, indicating the 
contribution of wind in enhancing the already upwelled chlorophyll production. The smaller value of 
R 2 infers that there exist other forces as well involved in augmenting the surface chlorophyll. The 
enhanced knowledge on the offshore extent and the intraseasonal and interannual variability of 
chlorophyll can provide valuable inputs on fisheries and primary productivity for this region.

According to current knowledge, convection over the tropical oceans increases with sea surface 
temperature (SST) from 26 to 29 °C, and at SSTs above 29 °C, it sharply decreases. Our research 
shows that it is only over the summer warm pool areas of Indian and west Pacific Oceans (monsoon 
areas) where the zone of maximum SST is away from the equator that this kind of SST-convection 
relationship exists. In these areas (1) convection is related to the SST gradient that generates low-level 
moisture convergence and upward vertical motion in the atmosphere. This has modelling support. 
Regions of SST maxima have low SST gradients and therefore feeble convection. (2) Convection 
initiated by SST gradient produces strong wind fields particularly cross-equatorial low-level 
jetstreams (LLJs) on the equator-ward side of the warm pool and both the convection and LLJ grow 
through a positive feedback process. Thus, large values of convection are associated with the cyclonic 
vorticity of the LLJ in the atmospheric boundary layer. In the inter-tropical convergence zone (ITCZ) 
over the east Pacific Ocean and the south Pacific convergence zone (SPCZ) over the west Pacific 
Ocean, low-level winds from north and south hemisphere converge in the zone of maximum SST, 
which lies close to the equator producing there elongated bands of deep convection, where we find 
that convection increases with SST for the full range of SSTs unlike in the warm pool regions. The 
low-level wind divergence computed using QuikSCAT winds has large and significant linear 
correlation with convection in both the warm pool and ITCZ/SPCZ areas. But the linear correlation 
between SST and convection is large only for the ITCZ/SPCZ. These findings have important 
implications for the modelling of large-scale atmospheric circulations and the associated convective 
rainfall over the tropical oceans.

24. Vareed Joseph, P., Gokulapalan, B., Nair, A. and Sheela Wilson, S., 2013. Variability of 
summer monsoon rainfall in India on inter-annual and decadal time scales. Atmospheric 
and Oceanic Science Letters, 6(5), pp.398-403.

25. Albert Buixade Farre, Scott R. Stephenson, Linling Chen, Michael Czub,Ying Dai,Denis 
Demchev,Yaroslav Efimov,Piotr Graczyk, Henrik Grythe,Kathrin Kei Niku Kivekiis, 
Naresh Kumar,Nengye Liu,Igor Matelenok, Mari Myksvoll, Derek O'Leary, Julia Olsen, 
Sachin PavithranAP.,Edward Petersen,Andreas Raspotnik, Ivan Ryzhov,Jan Solski, 
Lingling Suo, Caroline Troein, Vilena Valeeva, Jaap van Rijckevorsel & Jonathan 
Wighting,2014.Commercial Arctic shipping through the Northeast Passage: routes, 
resources, governance, technology, and infrastructure”, Polar Geography, 37(4),29B 
324,DOI:10.1080/1OB8937X.2014.965769.

26. Bindu.G, Ajo Abraham, 2014.The impact of PM10 on Acute Respiratory Illness in 
children: Resutl s from a case study over an urban area..Indian Journal of 
Environmental Pollution, VoL34, No.2 pp94-102.

Indian Summer Monsoon Rainfall (ISMR) exhibits a prominent inter-annual variability known as 
troposphere biennial oscillation. A season of deficient June to September monsoon rainfall in India is 
followed by warm sea surface temperature (SST) anomalies over the tropical Indian Ocean and cold SST 
anomalies over the western Pacific Ocean. These anomalies persist until the following monsoon, which yields 
normal or excessive rainfall. Monsoon rainfall in India has shown decadal variability in the form of 30 year 
epochs of alternately occurring frequent and infrequent drought monsoons since 1841, when rainfall 
measurements began in India. Decadal oscillations of monsoon rainfall and the well known decadal 
oscillations in SSTs of the Atlantic and Pacific oceans have the same period of approximately 60 years and 
nearly the same temporal phase. In both of these variabilities, anomalies in monsoon heat source, such as deep 
convection, and middle latitude westerlies of the upper troposphere over south Asia have prominent roles.

The Russian and Norwegian Arctic are gaining notoriety as an alternative maritime route connecting 
the Atlantic and Pacific Oceans and as sources of natural resources. The renewed interest in the 
Northeast Passage or the Northern Sea Route is fueled by a recession of Arctic sea ice coupled with the 
discovery of new natural resources at a time when emerging and global markets are in growing demand 
for them. Driven by the expectation of potential future economic importance of the region, political 
interest and governance has been rapidly developing, mostly within the Arctic Council. However, this 
paper argues that optimism regarding the potential of Arctic routes as an alternative to the Suez Canal is 
overstated. The route involves many challenges: jurisdictional disputes create political uncertainties; shallow 
waters limit ship size; lack of modern deepwater ports and search and rescue (SAR) capabilities requires ships to 
have higher standards of autonomy and safety; harsh weather conditions and free-floating ice make navigation 
more difficult and schedules more variable; and more expensive ship construction and operation costs lessen the 
economic viability of the route. Technological advances and infrastructure investments may ameliorate 
navigational challenges, enabling increased shipping of natural resources from the Arctic to global markets.

Kochi is a metro city in Kerala and its ambient air quality is being deteriorated day by day. Rapid 
increase in the number of vehicles, unplanned urbanization, enhanced potential for industrialization 
and uncontrolled growth of construction activities have taken the problem to a threatening dimension. 

2014

2524

abstractsabstracts BOOK OF ABSTRACTS BOOK OF ABSTRACTS



Of the criteria pollutants, Suspended Particulate Matter (SPM) is the recent focus of the world 
community as it penetrates the respiratory systems of human beings and cause many disorders. There 
are mainly two categories of particulate matter that causes health effects: PM10 is the group including 
size smaller than 10 m and PM2.5 are particles smaller than 2.5m. Evidences indicate that children's 
health is more vulnerable to air pollution problems due to the ongoing process of lung growth and 
development, incomplete metabolic systems, immature host defenses and higher rates of infection by 
respiratory pathogens. Furthermore activity patterns specific to children can lead to higher exposure to 
air pollutions and higher doses of pollutants reaching the lungs. In this study we are concentrating on 
PM10. The PM10 can pass through the natural protective mechanism of human respiratory system and 
plays an important role in genesis and augmentation of allergic disorders. The goal of this work is to 
undertake a study on the status of air pollution of Kochi covering a 500 square kilometer grid and the 
impacts of air pollution on health of children under 15 years. Health data from Public Health Centres 
(PHCs) are considered as the starting point for identifying linkage between ambient air quality levels 
and chronic or acute health problems. We focused on the ARI (Acute Respiratory Illness) in children in 
the study area. In order to assess the air pollution status of the study area both primary and secondary 
data of SPM are collected. Secondary data is collected from Kerala State Pollution Control Board and 
primary data is collected from sensitive areas within the study area, using a handy Hi.Volume sampler. 
Both the data are analyzed for inference. There are certain grids which show more incidence of ARI, which 
is evidently related higher concentration of SPM. From the analysis of primary data, high values of 3hr 
average are obtained. Compared to CPCB site, which is located just opposite to the hospital site, the values 
are much higher. In the case of ARI also there is a decreasing trend, which can also be due to the trend of 
less people approaching government hospital. But there are certain pockets which shows more incidence 
of ARI, which is evidently related to pollution problems. The effects may be different for high pollution 
exposure with shorter duration and low pollution exposure with larger duration. 

This article describes a unique field experiment on Severe Thunderstorm Observations and Regional 
Modeling (STORM) jointly undertaken by eight South Asian countries. Several pilot field 
experiments have been conducted so far, and the results are analyzed. The field experiments will 
continue through 2016.The STORM program was originally conceived for understanding the severe 
thunderstorms known as nor'westers that affect West Bengal and the northeastern parts of India during 
the pre-monsoon season. The nor'westers cause loss of human lives and damage to properties worth 
millions of dollars annually. Since the neighboring South Asian countries are also affected by 
thunderstorms, the STORM program is expanded to cover the South Asian countries under the South 
Asian Association for Regional Cooperation (SAARC). It covers all the SAARC countries 
(Afghanistan, Bangladesh, Bhutan, India, Maldives, Nepal, Pakistan, and Sri Lanka) in three phases. 
Some of the science plans (monitoring the life cycle of nor'westers/severe thunderstorms and their 
three-dimensional structure) designed to understand the interrelationship among dynamics, cloud 
microphysics, and electrical properties in the thunderstorm environment are new to severe weather 
research. This paper describes the general setting of the field experiment and discusses preliminary 
results based on the pilot field data. Typical lengths and the intensity of squall lines, the speed of 
movements, and cloud-top temperatures and their heights are discussed based on the pilot field data. 
The SAARC STORM program will complement the Severe Weather Forecast Demonstration Project 

27. Das, S., Mohanty, U.C., Tyagi, A., Sikka, D.R., Joseph, P.V., Rathore, L.S., Habib, A., 
Baidya, S.K., Sonam, K. and Sarkar, A., 2014. The SAARC STORM: a coordinated field 
experiment on severe thunderstorm observations and regional modeling over the South 
Asian Region. Bulletin of the American Meteorological Society, 95(4), pp.603-617. 

(SWFDP) of the WMO. It should also generate large-scale interest for fueling research among the 
scientific community and broaden the perspectives of operational meteorologists and researchers.

Asian summer monsoon sets in over India after the Intertropical Convergence Zone moves across the 
equator to the northern hemisphere over the Indian Ocean. Sea surface temperature (SST) anomalies 
on either side of the equator in Indian and Pacific oceans are found related to the date of monsoon 
onset over Kerala (India). Droughts in the June to September monsoon rainfall of India are followed 
by warm SST anomalies over tropical Indian Ocean and cold SST anomalies over west Pacific 
Ocean. These anomalies persist till the following monsoon which gives normal or excess rainfall 
(tropospheric biennial oscillation). Thus, we do not get in India many successive drought years as in 
sub-Saharan Africa, thanks to the ocean. Monsoon rainfall of India has a decadal variability in the 
form of 30-year epochs of frequent (infrequent) drought monsoons occurring alternately. Decadal 
oscillations of monsoon rainfall and the well-known decadal oscillation in SST of the Atlantic Ocean 
(also of the Pacific Ocean) are found to run parallel with about the same period close to 60 years and 
the same phase. In the active–break cycle of the Asian summer monsoon, the ocean and the 
atmosphere are found to interact on the time scale of 30–60 days. Net heat flux at the ocean surface, 
monsoon low-level jetstream (LLJ) and the seasonally persisting shallow mixed layer of the ocean 
north of the LLJ axis play important roles in this interaction. In an El Niño year, the LLJ extends 
eastwards up to the date line creating an area of shallow ocean mixed layer there, which is 
hypothesised to lengthen the active–break (AB) cycle typically from 1 month in a La Niña to 2 
months in an El Niño year. Indian monsoon droughts are known to be associated with El Niños, and 
long break monsoon spells are found to be a major cause of monsoon droughts. In the global warming 
scenario, the observed rapid warming of the equatorial Indian ocean SST has caused the weakening 
of both the monsoon Hadley circulation and the monsoon LLJ which has been related to the observed 
rapid decreasing trend in the seasonal number of monsoon depressions.

Kerala, a maritime state of India is bestowed with abundant rainfall which is about three times the 
national average. This study is conducted to have a better understanding of rainfall variability and 
trend at regional level for this state during the last 100 years. It is found that the rainfall variation in 
northern and southern regions of Kerala is large and the deviation is on different timescales. There is a 
shifting of rainfall mean and variability during the seasons. The trend analysis on rainfall data over 
the last 100 years reveals that there is a significant (99%) decreasing trend in most of the regions of 
Kerala especially in the month of January, July and November. The annual and seasonal trends of 
rainfall in most regions of Kerala are also found to be decreasing significantly. This decreasing trend 
may be related to global anomalies as a result of anthropogenic green house gas (GHG) emissions due 
to increased fossil fuel use, land-use change due to urbanisation and deforestation, proliferation in 
transportation associated atmospheric pollutants. We have also conducted a study of the seasonality 
index (SI) and found that only one district in the northern region (Kasaragod) has seasonality index of 
more than 1 and that the distribution of monthly rainfall in this district is mostly attributed to 1 or 2 
months. In rest of the districts, the rainfall is markedly seasonal. The trend in SI reveals that the 
rainfall distribution in these districts has become asymmetric with changes in rainfall distribution.
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Of the criteria pollutants, Suspended Particulate Matter (SPM) is the recent focus of the world 
community as it penetrates the respiratory systems of human beings and cause many disorders. There 
are mainly two categories of particulate matter that causes health effects: PM10 is the group including 
size smaller than 10 m and PM2.5 are particles smaller than 2.5m. Evidences indicate that children's 
health is more vulnerable to air pollution problems due to the ongoing process of lung growth and 
development, incomplete metabolic systems, immature host defenses and higher rates of infection by 
respiratory pathogens. Furthermore activity patterns specific to children can lead to higher exposure to 
air pollutions and higher doses of pollutants reaching the lungs. In this study we are concentrating on 
PM10. The PM10 can pass through the natural protective mechanism of human respiratory system and 
plays an important role in genesis and augmentation of allergic disorders. The goal of this work is to 
undertake a study on the status of air pollution of Kochi covering a 500 square kilometer grid and the 
impacts of air pollution on health of children under 15 years. Health data from Public Health Centres 
(PHCs) are considered as the starting point for identifying linkage between ambient air quality levels 
and chronic or acute health problems. We focused on the ARI (Acute Respiratory Illness) in children in 
the study area. In order to assess the air pollution status of the study area both primary and secondary 
data of SPM are collected. Secondary data is collected from Kerala State Pollution Control Board and 
primary data is collected from sensitive areas within the study area, using a handy Hi.Volume sampler. 
Both the data are analyzed for inference. There are certain grids which show more incidence of ARI, which 
is evidently related higher concentration of SPM. From the analysis of primary data, high values of 3hr 
average are obtained. Compared to CPCB site, which is located just opposite to the hospital site, the values 
are much higher. In the case of ARI also there is a decreasing trend, which can also be due to the trend of 
less people approaching government hospital. But there are certain pockets which shows more incidence 
of ARI, which is evidently related to pollution problems. The effects may be different for high pollution 
exposure with shorter duration and low pollution exposure with larger duration. 

This article describes a unique field experiment on Severe Thunderstorm Observations and Regional 
Modeling (STORM) jointly undertaken by eight South Asian countries. Several pilot field 
experiments have been conducted so far, and the results are analyzed. The field experiments will 
continue through 2016.The STORM program was originally conceived for understanding the severe 
thunderstorms known as nor'westers that affect West Bengal and the northeastern parts of India during 
the pre-monsoon season. The nor'westers cause loss of human lives and damage to properties worth 
millions of dollars annually. Since the neighboring South Asian countries are also affected by 
thunderstorms, the STORM program is expanded to cover the South Asian countries under the South 
Asian Association for Regional Cooperation (SAARC). It covers all the SAARC countries 
(Afghanistan, Bangladesh, Bhutan, India, Maldives, Nepal, Pakistan, and Sri Lanka) in three phases. 
Some of the science plans (monitoring the life cycle of nor'westers/severe thunderstorms and their 
three-dimensional structure) designed to understand the interrelationship among dynamics, cloud 
microphysics, and electrical properties in the thunderstorm environment are new to severe weather 
research. This paper describes the general setting of the field experiment and discusses preliminary 
results based on the pilot field data. Typical lengths and the intensity of squall lines, the speed of 
movements, and cloud-top temperatures and their heights are discussed based on the pilot field data. 
The SAARC STORM program will complement the Severe Weather Forecast Demonstration Project 
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scientific community and broaden the perspectives of operational meteorologists and researchers.

Asian summer monsoon sets in over India after the Intertropical Convergence Zone moves across the 
equator to the northern hemisphere over the Indian Ocean. Sea surface temperature (SST) anomalies 
on either side of the equator in Indian and Pacific oceans are found related to the date of monsoon 
onset over Kerala (India). Droughts in the June to September monsoon rainfall of India are followed 
by warm SST anomalies over tropical Indian Ocean and cold SST anomalies over west Pacific 
Ocean. These anomalies persist till the following monsoon which gives normal or excess rainfall 
(tropospheric biennial oscillation). Thus, we do not get in India many successive drought years as in 
sub-Saharan Africa, thanks to the ocean. Monsoon rainfall of India has a decadal variability in the 
form of 30-year epochs of frequent (infrequent) drought monsoons occurring alternately. Decadal 
oscillations of monsoon rainfall and the well-known decadal oscillation in SST of the Atlantic Ocean 
(also of the Pacific Ocean) are found to run parallel with about the same period close to 60 years and 
the same phase. In the active–break cycle of the Asian summer monsoon, the ocean and the 
atmosphere are found to interact on the time scale of 30–60 days. Net heat flux at the ocean surface, 
monsoon low-level jetstream (LLJ) and the seasonally persisting shallow mixed layer of the ocean 
north of the LLJ axis play important roles in this interaction. In an El Niño year, the LLJ extends 
eastwards up to the date line creating an area of shallow ocean mixed layer there, which is 
hypothesised to lengthen the active–break (AB) cycle typically from 1 month in a La Niña to 2 
months in an El Niño year. Indian monsoon droughts are known to be associated with El Niños, and 
long break monsoon spells are found to be a major cause of monsoon droughts. In the global warming 
scenario, the observed rapid warming of the equatorial Indian ocean SST has caused the weakening 
of both the monsoon Hadley circulation and the monsoon LLJ which has been related to the observed 
rapid decreasing trend in the seasonal number of monsoon depressions.

Kerala, a maritime state of India is bestowed with abundant rainfall which is about three times the 
national average. This study is conducted to have a better understanding of rainfall variability and 
trend at regional level for this state during the last 100 years. It is found that the rainfall variation in 
northern and southern regions of Kerala is large and the deviation is on different timescales. There is a 
shifting of rainfall mean and variability during the seasons. The trend analysis on rainfall data over 
the last 100 years reveals that there is a significant (99%) decreasing trend in most of the regions of 
Kerala especially in the month of January, July and November. The annual and seasonal trends of 
rainfall in most regions of Kerala are also found to be decreasing significantly. This decreasing trend 
may be related to global anomalies as a result of anthropogenic green house gas (GHG) emissions due 
to increased fossil fuel use, land-use change due to urbanisation and deforestation, proliferation in 
transportation associated atmospheric pollutants. We have also conducted a study of the seasonality 
index (SI) and found that only one district in the northern region (Kasaragod) has seasonality index of 
more than 1 and that the distribution of monthly rainfall in this district is mostly attributed to 1 or 2 
months. In rest of the districts, the rainfall is markedly seasonal. The trend in SI reveals that the 
rainfall distribution in these districts has become asymmetric with changes in rainfall distribution.
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Approaches to Coastal Zone Management: India-EU Workshop on Coastal Zone 
Management and Impact on Society; Alleppey, India, 6–9 October 2014. Eos, 
Transactions American Geophysical Union, 95(49), pp.463-463. 

31. Priyalakshmi, G. and Menon, N.R., 2014. Ecology of interstitial faunal assemblage from 
the beaches along the coast of Kerala, India. International Journal of Oceanography, 
2014.

32. Ratna, S.B., Cherchi, A., Joseph, P.V., Behera, S., Abish, B. and Masina, S., 2014. 
Moisture trend over the Arabian Sea and its influence on the Indian summer monsoon 
rainfall. CMCC Research Paper, (RP0225).

Coastal zones around the world are extremely vulnerable today because of the unprecedented 
pressures of industrial and urban development as well as climate change related devastations, such as 
the growing intensities of cyclonic storms, the rise in sea surface temperature, sea surges, and sea level 
rise. In India, where about 35% of the population lives within 100 kilometers of the coastline, fisheries 
are a major driver and safety net for economic development and coastal livelihoods. Coastal 
ecosystems are closely linked with socio-economic systems, which require carefully planned coastal 
zone management (CZM) actions.

A quantitative and qualitative study of interstitial fauna and environmental variables was carried out on 
five selected sandy beaches of the west coast of India. Species of nine interstitial taxa abound the 
beaches. Nematodes, harpacticoid copepods, turbellarians, and polychaetes constituted the bulk of the 
population. The available energy in the beaches ranged from 0.2245 to 16.08 joules/mg and the grain 
size varied from 0.93 to 2.88φ. Organic matter correlated significantly with coarse sand (Pearson 
correlation r=0.651; p<0.01). Organic carbon, particle size, and dissolved oxygen determined the 
abundance and distribution of interstitial fauna as per multivariate BIOENV analysis. Shannon Wiener 
diversity index was maximum at Cherai (2.027) and minimum at Sakthikulangara (1.144) beach. The 
value of nematode/copepod ratio (N(2A)/C>10) indicated at Sakthikulangara beach validates the 
increased sensitivity of harpacticoids to environmental stress.

Indo-Pacific Ocean has been experiencing a basin wide warming since the 1950s but the large-scale 
summer monsoon rainfall over India is decreasing. At the same time the moisture over the Arabian Sea is 
also decreasing. In this study we intend to investigate how the decrease of moisture over the Arabian Sea is 
related with the Indo-Pacific Ocean warming and how this could affect the variability of the Indian 
summer monsoon rainfall. We performed the analysis for the period 1951-2012 based on the observed 
precipitation, sea surface temperature and atmospheric reanalysis products. The decreasing trend of the 
moisture over the Arabian Sea coincides with an increasing trend of moisture over the western Pacific 
region. This is accompanied by the strengthening (weakening) of the upward motion over the western 
Pacific (Arabian Sea/East Africa) that, consequently, contributes in strengthening the western Pacific-
Indian Ocean Walker circulation. Associated with it, the low-level westerlies are weakening over the 
peninsular India, thus contributing to the reduction of moisture transport towards India. Therefore, 
rainfall has decreased over the Western Ghats and central-east India. In the very last decade of the 
analyzed time-series, moisture over the Arabian Sea started to increase accompanied by strengthening of 
vertical motion. At the same time, the SST over the western Pacific is cooling and causing the reduction of 
convection that in turn weakens the vertical motion compared to the decades before.

33. Sachin Pavithran A.P, N.R. Menon, K.C. Sankaranarayanan, P.Arunachalam, 2014. 
Community Based Coastal Tourism: A Case Study Of Kadalundi Vallikunnu 
Community Reserve, International Journal of  Economic Issues,Vol. 7, No.1,101-12.

34. Shalin S. and K.V.Sani kumar.,2014. Variability of chlorophyll-a off the southwest 
coast of India. International Journal of Remote Sensing, 35 (14), 5420-5433.

Sustainable tourism has taken off in a big way in the state of Kerala because it has many tourist 
destinations known for their natural beauty and exquisite landscape, and it is one of the greenest 
destinations in the whole country. It is widely recognized that the state is a perfect hub for promoting 
tourism thereby increasing the living standards of the people. In view of the unique status of Kerala 
“the Gods own country- in respect of an enviably attractive natural beauty as well as its rich culture 
and tradition, the state is the perfect location for all forms of tourism. In spite of all the achievements 
in the recent years the state is yet to pick up in tourism development in general and sustainable tourism 
in particular. In the above context, it is relevant to look into the problems and prospects of community 
based tourism in Kerala by making a special reference to a typical community based tourist 
destination Kadalundi Vallikkunnu Community Reserve (KVCR). “To analyze the problems and 
prospects of community based tourism with special reference to KVCR, a typical destination in 
Kerala, based on the feedback from local residents, feedback from the officials of tourism and forest 
departments; to identify the significant positive and negative factors affecting local community and 
tourism in general, and hence to offer suitable suggestions for enhanced performance of tourism that 
can foster economic development in the region”.Promotion of tourism in India is an imperative rather 
an option. This is more relevant in a state like Kerala – “the God's own country”, one of the most 
promising states in India for tourism development. While the steps already stated by the Governments 
of India and Kerala appear to be in the right direction, there needs to be focused efforts in the direction 
of tourism. There is the need for ensuring the full participation and participation by the local 
community. This is essential to ensure the long-term prospects of the sector. Furthermore, there is the 
urgent need to limit the number of visitors in each tourism destination so that the natural environment 
can withstand the pressures. Once the various measures as above are implemented in letter and spirit 
the prospects of Community Based Coastal Tourism in India and particularly in Kerala appear to be 
quite bright.

Coastal upwelling off the southwest coast of India during the southwest monsoon is a well-known 
phenomenon that enhances the chlorophyll-a (chl-a) biomass. The present study explores this 
property and examines the variability of surface chl-a using satellite data obtained from the Sea-
viewing Wide Field-of-view Sensor (SeaWiFS) for the period from  September 1997 to December 
2010. Spatial variability showed substantial cross-shore as well as along-shore gradients during the 
southwest monsoon. Temporal variability in chl-a was studied in conjunction with satellite 
observations on sea-surface temperature, sea-surface height anomaly, winds, and currents. The 
results revealed the dominant influence of the West India Coastal Current on chl-a variability during 
the upwelling and downwelling periods. Moreover, noticeable intra- and inter-annual variability was 
observed in the parameter. Therefore, an empirical mode decomposition (EMD) method was used to 
identify the oscillations influencing variability. SeaWiFS chl-a data for the period 2008–2010 were 
omitted from this analysis due to gaps in the record. EMD analysis revealed oscillations ranging from 
seasonal to a five-year periodicity. Quasi-biennial oscillations are identified as the dominant factor 
causing inter-annual variability in chlorophyll in the study area, compared with the El-Niño Southern 
Oscillation and Indian Ocean Dipole. Chl-a was also studied in two smaller grids of size 0.5° × 0.5° 
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the growing intensities of cyclonic storms, the rise in sea surface temperature, sea surges, and sea level 
rise. In India, where about 35% of the population lives within 100 kilometers of the coastline, fisheries 
are a major driver and safety net for economic development and coastal livelihoods. Coastal 
ecosystems are closely linked with socio-economic systems, which require carefully planned coastal 
zone management (CZM) actions.

A quantitative and qualitative study of interstitial fauna and environmental variables was carried out on 
five selected sandy beaches of the west coast of India. Species of nine interstitial taxa abound the 
beaches. Nematodes, harpacticoid copepods, turbellarians, and polychaetes constituted the bulk of the 
population. The available energy in the beaches ranged from 0.2245 to 16.08 joules/mg and the grain 
size varied from 0.93 to 2.88φ. Organic matter correlated significantly with coarse sand (Pearson 
correlation r=0.651; p<0.01). Organic carbon, particle size, and dissolved oxygen determined the 
abundance and distribution of interstitial fauna as per multivariate BIOENV analysis. Shannon Wiener 
diversity index was maximum at Cherai (2.027) and minimum at Sakthikulangara (1.144) beach. The 
value of nematode/copepod ratio (N(2A)/C>10) indicated at Sakthikulangara beach validates the 
increased sensitivity of harpacticoids to environmental stress.

Indo-Pacific Ocean has been experiencing a basin wide warming since the 1950s but the large-scale 
summer monsoon rainfall over India is decreasing. At the same time the moisture over the Arabian Sea is 
also decreasing. In this study we intend to investigate how the decrease of moisture over the Arabian Sea is 
related with the Indo-Pacific Ocean warming and how this could affect the variability of the Indian 
summer monsoon rainfall. We performed the analysis for the period 1951-2012 based on the observed 
precipitation, sea surface temperature and atmospheric reanalysis products. The decreasing trend of the 
moisture over the Arabian Sea coincides with an increasing trend of moisture over the western Pacific 
region. This is accompanied by the strengthening (weakening) of the upward motion over the western 
Pacific (Arabian Sea/East Africa) that, consequently, contributes in strengthening the western Pacific-
Indian Ocean Walker circulation. Associated with it, the low-level westerlies are weakening over the 
peninsular India, thus contributing to the reduction of moisture transport towards India. Therefore, 
rainfall has decreased over the Western Ghats and central-east India. In the very last decade of the 
analyzed time-series, moisture over the Arabian Sea started to increase accompanied by strengthening of 
vertical motion. At the same time, the SST over the western Pacific is cooling and causing the reduction of 
convection that in turn weakens the vertical motion compared to the decades before.
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destinations in the whole country. It is widely recognized that the state is a perfect hub for promoting 
tourism thereby increasing the living standards of the people. In view of the unique status of Kerala 
“the Gods own country- in respect of an enviably attractive natural beauty as well as its rich culture 
and tradition, the state is the perfect location for all forms of tourism. In spite of all the achievements 
in the recent years the state is yet to pick up in tourism development in general and sustainable tourism 
in particular. In the above context, it is relevant to look into the problems and prospects of community 
based tourism in Kerala by making a special reference to a typical community based tourist 
destination Kadalundi Vallikkunnu Community Reserve (KVCR). “To analyze the problems and 
prospects of community based tourism with special reference to KVCR, a typical destination in 
Kerala, based on the feedback from local residents, feedback from the officials of tourism and forest 
departments; to identify the significant positive and negative factors affecting local community and 
tourism in general, and hence to offer suitable suggestions for enhanced performance of tourism that 
can foster economic development in the region”.Promotion of tourism in India is an imperative rather 
an option. This is more relevant in a state like Kerala – “the God's own country”, one of the most 
promising states in India for tourism development. While the steps already stated by the Governments 
of India and Kerala appear to be in the right direction, there needs to be focused efforts in the direction 
of tourism. There is the need for ensuring the full participation and participation by the local 
community. This is essential to ensure the long-term prospects of the sector. Furthermore, there is the 
urgent need to limit the number of visitors in each tourism destination so that the natural environment 
can withstand the pressures. Once the various measures as above are implemented in letter and spirit 
the prospects of Community Based Coastal Tourism in India and particularly in Kerala appear to be 
quite bright.

Coastal upwelling off the southwest coast of India during the southwest monsoon is a well-known 
phenomenon that enhances the chlorophyll-a (chl-a) biomass. The present study explores this 
property and examines the variability of surface chl-a using satellite data obtained from the Sea-
viewing Wide Field-of-view Sensor (SeaWiFS) for the period from  September 1997 to December 
2010. Spatial variability showed substantial cross-shore as well as along-shore gradients during the 
southwest monsoon. Temporal variability in chl-a was studied in conjunction with satellite 
observations on sea-surface temperature, sea-surface height anomaly, winds, and currents. The 
results revealed the dominant influence of the West India Coastal Current on chl-a variability during 
the upwelling and downwelling periods. Moreover, noticeable intra- and inter-annual variability was 
observed in the parameter. Therefore, an empirical mode decomposition (EMD) method was used to 
identify the oscillations influencing variability. SeaWiFS chl-a data for the period 2008–2010 were 
omitted from this analysis due to gaps in the record. EMD analysis revealed oscillations ranging from 
seasonal to a five-year periodicity. Quasi-biennial oscillations are identified as the dominant factor 
causing inter-annual variability in chlorophyll in the study area, compared with the El-Niño Southern 
Oscillation and Indian Ocean Dipole. Chl-a was also studied in two smaller grids of size 0.5° × 0.5° 
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separated by around 300 km and representing coastal and offshore areas, to understand the nature of 
−3variability in these areas. The annual range of variability was high (0.1–8.0 mg m ) near the coast 

−3consequent on high upwelling intensity, and very low (about 0.1 mg m ) in the offshore grid due to 
the absence of upwelling.

Monthly Ekman mass transport in the southeastern Arabian Sea using scatterometer data from 
Oceansat-II satellite were estimated in the present study. Seasonal variability of Ekman mass 
transport has been analyzed to study the occurrence of coastal upwelling in this region. Prominent 
region of upwelling along the southwest coast of India is between 8º and 14ºN. Strong offshore 
Ekman mass transport of about -2000 kg/m/s was observed during August due to the favorable wind 
conditions. Very weak offshore Ekman transport was observed during the pre-monsoon months when 
the wind is weak and variable. Moderate offshore transport was observed along the southwest coast 
between December 2009 and February 2010.

A study of six decades (1950–2009) of reanalysis data reveals that the subtropical jetstream (STJ) of 
the Southern (Northern) Hemisphere between longitudes 0°E and 180°E has weakened 
(strengthened) during both the boreal winter (January, February) and summer (July, August) seasons. 
The temperature of the upper troposphere of the midlatitudes has a warming trend in the Southern 
Hemisphere and a cooling trend in the Northern Hemisphere. Correspondingly, the north-south 
temperature gradient in the upper troposphere has a decreasing trend in the Southern Hemisphere and 
an increasing trend in the Northern Hemisphere, which affects the strength of the STJ through the 

−1thermal wind relation. We devised a method of isotach analysis in intervals of 0.1 m s  in vertical 
sections of hemispheric mean winds to study the climate change in the STJ core wind speed, and also 
core height and latitude. We found that the upper tropospheric cooling of the Asian mid-latitudes has a 
role in the strengthening of the STJ over Asia, while throughout the rest of the globe the upper 
troposphere has a warming trend that weakens the STJ. Available studies show that the mid-latitude 
cooling of the upper troposphere over Asia is caused by anthropogenic aerosols (particularly sulphate 
aerosols) and the warming over the rest of the global mid-latitude upper troposphere is due to 
increased greenhouse gases in the atmosphere.

Fourteen Artificiel Neural Network (ANN) models were developed to predict 12 month ahead 
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Sciences, 43(1), pp.111-116.

36. Abish, B., Joseph, P.V. and Johannessen, O.M., 2015. Climate change in the subtropical 
jetstream during 1950–2009. Advances in Atmospheric Sciences, 32(1), pp.140-148.

37. Madhavan, N., Thirumalai Vasan, D., Ajith Joseph, K.  and Madhavi K., 2015.  Neural 
network prediction on sardine landings using satellite derived ocean parameters 
Chlorophyll-a (SeaWiFS), SST and PAR, Indian Journal Of Natural Sciences Vol.5 / 
Issue 29/ April 2015 ISSN: 0976 – 0997.5052-5063.

2015

monthly sardine landings was analyzed for Bay of Bengal, Tamil Nadu (Nagapattinam dt) coast, 
India, considering all sardine (14 species) catches with previous 144 months as inputs to the models. 
This Neural Network Models developed with Time Series of ocean colour parameters such as 
Chlorophyll-a (Chl-a), Sea Surface Temperature (SST) and Photosynthetically Active Radiation 
(PAR) as input in Time Series as dependent variable for the target of sardine catch time series in the 
study area as Seasonal (12 lag) and Non-Seasonal models for this study. The output from seasonal 
and Non-Seasonal models were compared and the seasonal model was out performed Non-Seasonal 
models in prediction. The NNM LTS_MER_SAR_SST_S model (R 2 between the predicted and 
observed landings is about 0.9032) performed well when compared to others that the ocean colour 
parameters Chlorophyll-a (Chl-a), Sea Surface Temperature (SST) and Photosynthetically Active 
Radiation can be used in the study area on sardine landing prediction. In general, seasonal ANN 
exhibits good performance in prediction of sardine catch landings when compared to Non-Seasonal 
ANN architecture.

A total of Fourteen Artificial Neural Network (ANN) models were developed to predict 12 month 
ahead monthly Mackerel landings and analyzed for Bay of Bengal, Tamil Nadu (Nagapattinam dt) 
coast, India, considering previous 60 months as inputs to the models. This Neural Network Models, 
developed with Time Series of ocean colour parameters such as Chlorophyll-a (CHL), Sea Surface 
Temperature (SST) and Photosynthetically Active Radiation (PAR) as input in Time Series as 
dependent variable for the target of Mackerel catch time series in the study area, as Seasonal (12 lag) 
and Non-Seasonal models for this study. The output from seasonal and Non-Seasonal models were 
compared and the seasonal models were out performed Non-Seasonal models in prediction. The 
model STS_MO_MAC_CP_S (R 2 between the predicted and observed landings is about 0.8818) 
performed well when compared to other Seasonal, Non-Seasonal Univariate and Multivariate 
Neural Network models. This study demonstrates that the ocean colour parameters Chlorophyll-a, 
Sea Surface Temperature and Photosynthetically Active Radiation can be used in the study area on 
Mackerel landing prediction. In general, seasonal ANN exhibits good performance in prediction of 
Mackerel catch landings when compared to Non-Seasonal ANN architecture

Probiotic potential of gut associated aerobic and facultative anaerobic bacterial flora of indigenous 
freshwater fishes such as Puntius filamentosus and Barilius bakeri, were analysed in this study. Total 
viable count (TVC) of heterotrophic bacteria ranged between 0.64 x 10 7 to 1.31 x 10 7 and 0.59 x 10 
7 to 1.92 x 10 7 per gram in gut of Barilius bakeri and P. filamentosus respectively. While bacteria 
belonging to the genus Corynebacterium dominated the gut of P. filamentosus, Bacillus was found to 
be dominant genus in the gut of B. bakeri. More than 50% of bacterial isolates from both these fishes 
were capable of producing various exoenzymes such as amylase, gelatinase and lipase, with 15% of 
them showing excellent amylolytic and gelatinolytic activity. Selected bacterial isolates were tested 

38. Madhavan, N., Thirumalai Vasan, D., Ajith Joseph, K. and Sravani K., 2015.  
Prediction of Mackerel Landings Using MODIS Chlorophyll-a, Pathfinder SST and 
SeaWiFS PAR, Indian Journal Of Natural Sciences Vol.5 / Issue 29/ April 2015 ISSN: 
0976 – 0997, 4858-4871.

39. Nashad M., Mujeeb Rahiman K.M., Ajin A. M., Mohamed Hatha A. A., 2015.  
Probiotic Potential of Gut Associated Bacteria from Indigenous Fresh Water 
Ornamental Fishes of Kerala, South India. International Journal of Aquaculture, 2015, 
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separated by around 300 km and representing coastal and offshore areas, to understand the nature of 
−3variability in these areas. The annual range of variability was high (0.1–8.0 mg m ) near the coast 

−3consequent on high upwelling intensity, and very low (about 0.1 mg m ) in the offshore grid due to 
the absence of upwelling.

Monthly Ekman mass transport in the southeastern Arabian Sea using scatterometer data from 
Oceansat-II satellite were estimated in the present study. Seasonal variability of Ekman mass 
transport has been analyzed to study the occurrence of coastal upwelling in this region. Prominent 
region of upwelling along the southwest coast of India is between 8º and 14ºN. Strong offshore 
Ekman mass transport of about -2000 kg/m/s was observed during August due to the favorable wind 
conditions. Very weak offshore Ekman transport was observed during the pre-monsoon months when 
the wind is weak and variable. Moderate offshore transport was observed along the southwest coast 
between December 2009 and February 2010.

A study of six decades (1950–2009) of reanalysis data reveals that the subtropical jetstream (STJ) of 
the Southern (Northern) Hemisphere between longitudes 0°E and 180°E has weakened 
(strengthened) during both the boreal winter (January, February) and summer (July, August) seasons. 
The temperature of the upper troposphere of the midlatitudes has a warming trend in the Southern 
Hemisphere and a cooling trend in the Northern Hemisphere. Correspondingly, the north-south 
temperature gradient in the upper troposphere has a decreasing trend in the Southern Hemisphere and 
an increasing trend in the Northern Hemisphere, which affects the strength of the STJ through the 

−1thermal wind relation. We devised a method of isotach analysis in intervals of 0.1 m s  in vertical 
sections of hemispheric mean winds to study the climate change in the STJ core wind speed, and also 
core height and latitude. We found that the upper tropospheric cooling of the Asian mid-latitudes has a 
role in the strengthening of the STJ over Asia, while throughout the rest of the globe the upper 
troposphere has a warming trend that weakens the STJ. Available studies show that the mid-latitude 
cooling of the upper troposphere over Asia is caused by anthropogenic aerosols (particularly sulphate 
aerosols) and the warming over the rest of the global mid-latitude upper troposphere is due to 
increased greenhouse gases in the atmosphere.

Fourteen Artificiel Neural Network (ANN) models were developed to predict 12 month ahead 

35. 12. Smitha, A., Joseph, K.A., Jayaram, C. and Balchand, A.N., 2014. Upwelling in the 
southeastern Arabian Sea as evidenced by Ekman mass transport using wind 
observations from OCEANSAT–II Scatterometer. Indian Journal of Geo-Marine 
Sciences, 43(1), pp.111-116.

36. Abish, B., Joseph, P.V. and Johannessen, O.M., 2015. Climate change in the subtropical 
jetstream during 1950–2009. Advances in Atmospheric Sciences, 32(1), pp.140-148.

37. Madhavan, N., Thirumalai Vasan, D., Ajith Joseph, K.  and Madhavi K., 2015.  Neural 
network prediction on sardine landings using satellite derived ocean parameters 
Chlorophyll-a (SeaWiFS), SST and PAR, Indian Journal Of Natural Sciences Vol.5 / 
Issue 29/ April 2015 ISSN: 0976 – 0997.5052-5063.

2015

monthly sardine landings was analyzed for Bay of Bengal, Tamil Nadu (Nagapattinam dt) coast, 
India, considering all sardine (14 species) catches with previous 144 months as inputs to the models. 
This Neural Network Models developed with Time Series of ocean colour parameters such as 
Chlorophyll-a (Chl-a), Sea Surface Temperature (SST) and Photosynthetically Active Radiation 
(PAR) as input in Time Series as dependent variable for the target of sardine catch time series in the 
study area as Seasonal (12 lag) and Non-Seasonal models for this study. The output from seasonal 
and Non-Seasonal models were compared and the seasonal model was out performed Non-Seasonal 
models in prediction. The NNM LTS_MER_SAR_SST_S model (R 2 between the predicted and 
observed landings is about 0.9032) performed well when compared to others that the ocean colour 
parameters Chlorophyll-a (Chl-a), Sea Surface Temperature (SST) and Photosynthetically Active 
Radiation can be used in the study area on sardine landing prediction. In general, seasonal ANN 
exhibits good performance in prediction of sardine catch landings when compared to Non-Seasonal 
ANN architecture.

A total of Fourteen Artificial Neural Network (ANN) models were developed to predict 12 month 
ahead monthly Mackerel landings and analyzed for Bay of Bengal, Tamil Nadu (Nagapattinam dt) 
coast, India, considering previous 60 months as inputs to the models. This Neural Network Models, 
developed with Time Series of ocean colour parameters such as Chlorophyll-a (CHL), Sea Surface 
Temperature (SST) and Photosynthetically Active Radiation (PAR) as input in Time Series as 
dependent variable for the target of Mackerel catch time series in the study area, as Seasonal (12 lag) 
and Non-Seasonal models for this study. The output from seasonal and Non-Seasonal models were 
compared and the seasonal models were out performed Non-Seasonal models in prediction. The 
model STS_MO_MAC_CP_S (R 2 between the predicted and observed landings is about 0.8818) 
performed well when compared to other Seasonal, Non-Seasonal Univariate and Multivariate 
Neural Network models. This study demonstrates that the ocean colour parameters Chlorophyll-a, 
Sea Surface Temperature and Photosynthetically Active Radiation can be used in the study area on 
Mackerel landing prediction. In general, seasonal ANN exhibits good performance in prediction of 
Mackerel catch landings when compared to Non-Seasonal ANN architecture

Probiotic potential of gut associated aerobic and facultative anaerobic bacterial flora of indigenous 
freshwater fishes such as Puntius filamentosus and Barilius bakeri, were analysed in this study. Total 
viable count (TVC) of heterotrophic bacteria ranged between 0.64 x 10 7 to 1.31 x 10 7 and 0.59 x 10 
7 to 1.92 x 10 7 per gram in gut of Barilius bakeri and P. filamentosus respectively. While bacteria 
belonging to the genus Corynebacterium dominated the gut of P. filamentosus, Bacillus was found to 
be dominant genus in the gut of B. bakeri. More than 50% of bacterial isolates from both these fishes 
were capable of producing various exoenzymes such as amylase, gelatinase and lipase, with 15% of 
them showing excellent amylolytic and gelatinolytic activity. Selected bacterial isolates were tested 

38. Madhavan, N., Thirumalai Vasan, D., Ajith Joseph, K. and Sravani K., 2015.  
Prediction of Mackerel Landings Using MODIS Chlorophyll-a, Pathfinder SST and 
SeaWiFS PAR, Indian Journal Of Natural Sciences Vol.5 / Issue 29/ April 2015 ISSN: 
0976 – 0997, 4858-4871.

39. Nashad M., Mujeeb Rahiman K.M., Ajin A. M., Mohamed Hatha A. A., 2015.  
Probiotic Potential of Gut Associated Bacteria from Indigenous Fresh Water 
Ornamental Fishes of Kerala, South India. International Journal of Aquaculture, 2015, 
Vol.5, No.16, 1-6.
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for antagonistic activity against fish, shrimp and human pathogens, which revealed 15% of isolates 
having antagonistic activity against at least one pathogenic Vibrio species tested. These isolates were 
further tested for their ability to grow under different temperature, pH and salinity conditions in order 
to evaluate their suitability for application under different filed conditions. The result of the present 
study offer scope for further research to evaluate probiotic potential of these gut associated bacteria in 
the larval rearing system and hatchery operations.

The fisheries sector is confronted with and vulnerable to climate change and variability, fluctuations 
in marine fisheries resources as well as the related socioeconomic conditions. The aim of this paper is 
to understand how fluctuating fisheries resources, climate induced hazards and socio-economic 
changes affect fishing communities within Kerala State. The present paper assessed the vulnerability 
of 40 fishing community members in two coastal districts of Kerala using PVA(Participatory 
vulnerability assessment) methodology. The methodology provides prioritisation and ranking of the 
different impacts as perceived by the fishers on various climate change induced hazards. The 
vulnerability scores were worked out for the fisher households. The fisher's perception revealed that 
the traditional fishermen are the most vulnerable when compared to other social groups.

The Indo-Pacific Ocean (i.e. region between 30°E and 150°E) has been experiencing a warming since 
the 1950s. At the same time, the large-scale summer monsoon rainfall over India and the moisture over 
the East Africa/Arabian Sea are both decreasing. In this study, we intend to investigate how the 
decrease of moisture over the East Africa/Arabian Sea is related to the Indo-Pacific Ocean warming 
and how this could affect the variability of the Indian summer monsoon rainfall. We performed the 
analysis for the period 1951–2012 based on observed precipitation, sea surface temperature and 
atmospheric reanalysis products and we verified the robustness of the result by comparing different 
datasets. The decreasing trend of moisture over the East Africa/Arabian Sea coincides with an 
increasing trend of moisture over the western Pacific region. This is accompanied by the 
strengthening (weakening) of the upward motion over the western Pacific (East Africa/Arabian Sea) 
that, consequently, contributes to modulate the western Pacific-Indian Ocean Walker circulation. At 
the same time, the low-level westerlies are weakening over the peninsular India, thus contributing to 
the reduction of moisture transport towards India. Therefore, rainfall has decreased over the Western 
Ghats and central-east India. Contrary to previous decades, since 2003 moisture over the East 
Africa/Arabian Sea started to increase and this is accompanied by the strengthening of convection due 
to increased warming of sea surface temperature over the western Arabian Sea. Despite this moisture 
increase over the Arabian Sea, we found that moisture transport is still weakening over the Indian 
landmass in the very recent decade and this has been contributing to the decreased precipitation over 
the northeast India and southern part of the Western Ghats.

40. Sachin  Pavithran  A. P., Tanya Singh, Eddy Moors and  Menon, N. R., 2015.  
“Vulnerability of the fishery dependent communities to climate change in Kerala” 
Indian Journal of Economics and Business, Vol.14, No.3, page 423-425 ISBN: 0972-
5784.

41. Satyaban B. Ratna, Annalisa Cherchi, P. V. Joseph, Swadhin Behera, Abish B. and 
Simona Masina., 2015. Moisture variability over the Indo-Pacific region and its 
influence on the Indian summer monsoon rainfall.  Climate Dynamics.  46, 949-965.

42. Shalin S., and Sanilkumar K. V., 2015.  Aerosol optical depth variability over the south-
eastern Arabian Sea. InternationalJournal of Remote Sensing,36(9), 2313–2325.

43. Shyam, S.S., Rahman, M.R., Pushkaran, K.N., Nashad, M. and Soma, S., 2015. Fish 
Marketing-A Market Structure Analysis of Kozhikode and Alappuzha districts. Marine 
Fisheries Information Service; Technical and Extension Series, (223-24), pp.18-23.

44. Ajin, A.M., Silvester, R., Alexander, D., Nashad, M. and Abdulla, M.H., 2016. 
Characterization of blooming algae and bloom-associated changes in the water quality 
parameters of traditional pokkali cum prawn fields along the South West coast of India. 
Environmental monitoring and assessment, 188(3), p.145.

Aerosol optical depth (AOD), an index of aerosol concentration, is used to study atmospheric features. 
Accordingly, spatiotemporal variability of AOD in the atmospheric column over the southeastern 
Arabian Sea (SEAS) is investigated utilizing monthly data obtained from both the Sea-viewing Wide 
Field-of-view Sensor (SeaWiFS), from September 1997 to December 2010, and the Moderate 
Resolution Imaging Spectroradiometer (MODIS) on board Aqua, from July 2002 to December 2010. 
A comparison between the data from both sensors showed similar averages (~0.13), but with different 
standard deviations (0.03 and 0.02) over the SEAS. The AOD distribution was found to be dominated 
by an annual cycle controlled by the monsoon climate, with maximum aerosol concentration during 
July/August (~0.2) and minimum during November/December (<0.1). Empirical mode 
decomposition (EMD) analysis revealed the influence of the Quasi-Biennial Oscillation (QBO) and 
El Niño Southern Oscillation (ENSO) in producing inter-annual variability of 2% and 1%, 
respectively. Simulated backwards trajectories of aerosols, using Hybrid Single-Particle Lagrangian 
Integrated Trajectory models, indicated two main remote sources, i.e. sea salt from the Arabian Sea 
and dust particles from the Arabian Peninsula are the key factors contributing to an increase in the 
concentration of aerosols over the study area during the southwest monsoon period, irrespective of the 
opposing phases of QBO.

The analysis of the three major fish markets of Kozhikode district suggests the need for improved 
marketing infrastructure. The major problems and constraints which affects the proper working of the 
markets highlighted indicates the need for governmental interventions in providing infrastructure to 
improve fish trade in the major fish markets of Kozhikode. The market structure analysis of major fish 
markets of Alappuzha indicate that there is significant fish trade which caters to the demand for fish in 
the nearby towns and cities. However lack of appropriate infrastructure and inadequate amenities are 
limiting factors in fish trade in these markets.

In tropical shrimp farms, especially in traditional pokkali shrimp ponds, poor water quality 
management can lead to serious threats like heavy algal blooms and frequent disease outbreaks. An 
investigation regarding the frequent disease outbreaks in selected pokkali shrimp pond adjoining the 
Cochin backwaters has been conducted. Water quality parameters were analyzed during the study 
period. Results indicate a considerable fluctuation in the concentration of dissolved oxygen (DO) in 
the study in the shrimp farm where the algal bloom was observed. Poor water exchange along with 
nutrient loading from adjacent housing areas resulted in heavy algal bloom in the pond which led to 
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for antagonistic activity against fish, shrimp and human pathogens, which revealed 15% of isolates 
having antagonistic activity against at least one pathogenic Vibrio species tested. These isolates were 
further tested for their ability to grow under different temperature, pH and salinity conditions in order 
to evaluate their suitability for application under different filed conditions. The result of the present 
study offer scope for further research to evaluate probiotic potential of these gut associated bacteria in 
the larval rearing system and hatchery operations.

The fisheries sector is confronted with and vulnerable to climate change and variability, fluctuations 
in marine fisheries resources as well as the related socioeconomic conditions. The aim of this paper is 
to understand how fluctuating fisheries resources, climate induced hazards and socio-economic 
changes affect fishing communities within Kerala State. The present paper assessed the vulnerability 
of 40 fishing community members in two coastal districts of Kerala using PVA(Participatory 
vulnerability assessment) methodology. The methodology provides prioritisation and ranking of the 
different impacts as perceived by the fishers on various climate change induced hazards. The 
vulnerability scores were worked out for the fisher households. The fisher's perception revealed that 
the traditional fishermen are the most vulnerable when compared to other social groups.

The Indo-Pacific Ocean (i.e. region between 30°E and 150°E) has been experiencing a warming since 
the 1950s. At the same time, the large-scale summer monsoon rainfall over India and the moisture over 
the East Africa/Arabian Sea are both decreasing. In this study, we intend to investigate how the 
decrease of moisture over the East Africa/Arabian Sea is related to the Indo-Pacific Ocean warming 
and how this could affect the variability of the Indian summer monsoon rainfall. We performed the 
analysis for the period 1951–2012 based on observed precipitation, sea surface temperature and 
atmospheric reanalysis products and we verified the robustness of the result by comparing different 
datasets. The decreasing trend of moisture over the East Africa/Arabian Sea coincides with an 
increasing trend of moisture over the western Pacific region. This is accompanied by the 
strengthening (weakening) of the upward motion over the western Pacific (East Africa/Arabian Sea) 
that, consequently, contributes to modulate the western Pacific-Indian Ocean Walker circulation. At 
the same time, the low-level westerlies are weakening over the peninsular India, thus contributing to 
the reduction of moisture transport towards India. Therefore, rainfall has decreased over the Western 
Ghats and central-east India. Contrary to previous decades, since 2003 moisture over the East 
Africa/Arabian Sea started to increase and this is accompanied by the strengthening of convection due 
to increased warming of sea surface temperature over the western Arabian Sea. Despite this moisture 
increase over the Arabian Sea, we found that moisture transport is still weakening over the Indian 
landmass in the very recent decade and this has been contributing to the decreased precipitation over 
the northeast India and southern part of the Western Ghats.

40. Sachin  Pavithran  A. P., Tanya Singh, Eddy Moors and  Menon, N. R., 2015.  
“Vulnerability of the fishery dependent communities to climate change in Kerala” 
Indian Journal of Economics and Business, Vol.14, No.3, page 423-425 ISBN: 0972-
5784.

41. Satyaban B. Ratna, Annalisa Cherchi, P. V. Joseph, Swadhin Behera, Abish B. and 
Simona Masina., 2015. Moisture variability over the Indo-Pacific region and its 
influence on the Indian summer monsoon rainfall.  Climate Dynamics.  46, 949-965.

42. Shalin S., and Sanilkumar K. V., 2015.  Aerosol optical depth variability over the south-
eastern Arabian Sea. InternationalJournal of Remote Sensing,36(9), 2313–2325.

43. Shyam, S.S., Rahman, M.R., Pushkaran, K.N., Nashad, M. and Soma, S., 2015. Fish 
Marketing-A Market Structure Analysis of Kozhikode and Alappuzha districts. Marine 
Fisheries Information Service; Technical and Extension Series, (223-24), pp.18-23.

44. Ajin, A.M., Silvester, R., Alexander, D., Nashad, M. and Abdulla, M.H., 2016. 
Characterization of blooming algae and bloom-associated changes in the water quality 
parameters of traditional pokkali cum prawn fields along the South West coast of India. 
Environmental monitoring and assessment, 188(3), p.145.

Aerosol optical depth (AOD), an index of aerosol concentration, is used to study atmospheric features. 
Accordingly, spatiotemporal variability of AOD in the atmospheric column over the southeastern 
Arabian Sea (SEAS) is investigated utilizing monthly data obtained from both the Sea-viewing Wide 
Field-of-view Sensor (SeaWiFS), from September 1997 to December 2010, and the Moderate 
Resolution Imaging Spectroradiometer (MODIS) on board Aqua, from July 2002 to December 2010. 
A comparison between the data from both sensors showed similar averages (~0.13), but with different 
standard deviations (0.03 and 0.02) over the SEAS. The AOD distribution was found to be dominated 
by an annual cycle controlled by the monsoon climate, with maximum aerosol concentration during 
July/August (~0.2) and minimum during November/December (<0.1). Empirical mode 
decomposition (EMD) analysis revealed the influence of the Quasi-Biennial Oscillation (QBO) and 
El Niño Southern Oscillation (ENSO) in producing inter-annual variability of 2% and 1%, 
respectively. Simulated backwards trajectories of aerosols, using Hybrid Single-Particle Lagrangian 
Integrated Trajectory models, indicated two main remote sources, i.e. sea salt from the Arabian Sea 
and dust particles from the Arabian Peninsula are the key factors contributing to an increase in the 
concentration of aerosols over the study area during the southwest monsoon period, irrespective of the 
opposing phases of QBO.

The analysis of the three major fish markets of Kozhikode district suggests the need for improved 
marketing infrastructure. The major problems and constraints which affects the proper working of the 
markets highlighted indicates the need for governmental interventions in providing infrastructure to 
improve fish trade in the major fish markets of Kozhikode. The market structure analysis of major fish 
markets of Alappuzha indicate that there is significant fish trade which caters to the demand for fish in 
the nearby towns and cities. However lack of appropriate infrastructure and inadequate amenities are 
limiting factors in fish trade in these markets.

In tropical shrimp farms, especially in traditional pokkali shrimp ponds, poor water quality 
management can lead to serious threats like heavy algal blooms and frequent disease outbreaks. An 
investigation regarding the frequent disease outbreaks in selected pokkali shrimp pond adjoining the 
Cochin backwaters has been conducted. Water quality parameters were analyzed during the study 
period. Results indicate a considerable fluctuation in the concentration of dissolved oxygen (DO) in 
the study in the shrimp farm where the algal bloom was observed. Poor water exchange along with 
nutrient loading from adjacent housing areas resulted in heavy algal bloom in the pond which led to 
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hypoxic conditions in early morning and supersaturation of DO in the afternoon. It also led to 
considerably high alkaline pH. High levels of total ammonia nitrogen (TAN) were recorded in the 
sampling sites. Heavy algal bloom was observed throughout the study period in the selected pond 
especially in the summer. Anabaenopsis elenkinii and Merismopedia elagans which were the 
dominant species from the culture pond caused the bloom. Characterization and percentage 
distribution of bacteria present in the water and those associated with the algal blooms were carried 
out. The algae were found to support greater diversity of bacteria when compared to water. Pathogenic 
species like Aeromonas hydrophila and Vibrio parahaemolyticus were encountered in the study. 
Experimental challenge studies using Artemia as a model showed that the V. parahaemolyticus 
isolates were highly pathogenic. Hence, this study reveals how algal growth supports opportunistic 
pathogens in great diverse in a shrimp pond and causes frequent disease outbreaks under favourable 
conditions.

Prevalence of antibiotic resistance among gut associated bacteria of two indigenous freshwater 
ornamental fishes were analyzed in this study. A total of 56 bacteria was isolated from the gut of 
Aplocheilus lineatus and Etroplus maculatus. Total viable count (TVC) of heterotrophic bacteria 

6 6 4 7ranged between 1.7 x 10  to 6.8 x 10 and 0.2 x 10  to 0.65 x 10 cfu per gram in gut of Etroplus 
maculatus and Aplocheilus lineatus respectively. Predominant genera encountered in the gut of A. 
lineatus were Lactobacillus, Bacillus, Micrococcus, and Aeromonas, while that of E. maculatus was 
dominated by Micrococcus followed by Bacillus, Lactobacillus and Vibrios. The isolates were 
subjected 11 different antibiotics belonging to 7 different classes such as aminoglygocides 
(streptomycin, gentamicin), quinolones (nalidixic acid), fluorquinolones (ciprofloxacin), 
tetracyclines (tetracycline), penicillin (carbenicillin), cephalosporins (cephalothin, cefpodoxime), 
sulphonamides (sulfafurazole, trimethoprim). Antibiotic resistance among the gut associated bacteria 
from A. lineatus was relatively lower when compared to those from the gut of E. maculatus. Multiple 
antibiotic resistance (MAR) indexing of the isolates revealed that nearly 50% of the bacterial isolates 
of E. maculatus were multiple drug resistance, while in A. lineatus it was found to be 38.41%.The 
MAR index of the isolates ranged from 0.09 - 0.36 in A. lineatus; 0.09 - 0.63 in E. maculatus.While 
most isolates from the gut of both the fishes were resistant to Cefpodoxime, none of the isolates were 
resistant to Gentamicin. Though the prevalence of antibiotic resistance among gut of these indigenous 
fishes are relatively lower when compared those from the gut of cultured ones, considerable pollution 
of the natural waters are providing ideal environment for the emergence of drug resistance mutants 
and subsequent colonisation in the gut of fish fauna of these waters.

Nansen Environmental Research Centre, India (NERCI) in Cochin co-ordinated a EU-FP7 seventh 
framework programme under the INCO-LAB (Strengthening European research facilities in third 
countries) scheme during 2012- 2015 with the intention to capitalize and exploit the bilateral Indo- 

45. Asla V, Neethu K.P., Athira V., Nashad M., Mohamed Hatha A.A., 2016. Prevalence of 
Antibiotic Resistance among the Gut Associated Bacteria of Indigenous Freshwater 
Fishes Aplocheilus lineatusand Etroplus maculates. International Journal of 
Aquaculture, Vol.6, No.3, 1-9.

46. Bindu. G. Nandini Menon. N, Ajith J. K., , N. R. Menon, Lasse Pettersson, Shubha 
Sathyendranath, Trevor Platt and  Ola M Johannessen, 2016. INDO-MARECLIM: 
Scientific network involving European and Indian institutions, Ocean Digest,  Vol.3, 
Issue.3, pp. 11-13.

Norwegian cooperation built up by NERCI since 1998 with additional support from other 
collaborators in India and Europe. EU research institutions working on the same area of interest as that of 
NERCI joined as partners and the similar scientific interests helped in building strategic R&D partnerships 
between EU and Indian institutions. Major goal of the project entitled “INDO-European Research Facilities 
for Studies on MARine Ecosystem and CLIMate in India (INDO-MARECLIM)” was to address some of 
the challenges of the Indian Ocean and the Indian sub-continent (such as monsoon variability, sea level rise, 
coastal erosion, changes in primary production, fisheries and biodiversity) under past, current and future 
global change. Research on Indian marine ecosystem helped in formulating a consortium involving leading 
marine institutions in India (Indian National Centre for Ocean and Information Services (INCOIS), Anna 
University, Toc H Institute of Science and Technology) and EU (Nansen Environmental and Remote 
Sensing Center (NERSC), Norway; Plymouth Marine Laboratory (PML), UK; Centro Euromediterraneo 
per i Cambiamenti Climatici (CMCC), Italy; Institut Francais Recherche Pour L´Exploitation de la Mer 
(IFREMER), France; and Stichting Dienst Landbouwkundig Onderzoek (Alterra), The Netherlands 
through a network developed by NERCI. The overriding context for the work carried out under INDO-
MARECLIM was on the marine system encompassing the Indian sub-continent, on which a large 
population relies for its livelihood, which is impacted to an unknown degree by the effects of climate change, 
and in which there are competing interests to reconcile, such as those of fishing and tourism. Indian scenario 
is very complex, with some states like Kerala having literacy and life expectancy comparable with those in 
developed countries although the gross domestic product is very much lower (Amartya Sen, 2005); and 
some maritime states having well advanced oceanographic education and research facilities.

Indian summer monsoon rainfall had alternating three decade long DRY and WET epochs during the 
150 years 1840 to 1989. The DRY epochs had frequent drought monsoons affecting agriculture, 
power generation and the overall Indian economy. A high percentage of severe cyclones of the Bay of 
Bengal moved northwards in the DRY epochs causing disasters in Bangladesh, Myanmar and in 
Indian states of Orissa and West Bengal. These DRY epochs have been shown to be associated with 
the cold phase of the Atlantic Multidecadal Oscillation in Sea Surface Temperature. Using the 
available tropospheric temperature (re-analysis) data since 1948, the recent DRY epoch 1960-89 
which had ten monsoon drought years was found to have cold upper tropospheric temperature 
anomaly over the central Asia. This cold anomaly region has also experienced a long term cooling 
trendExtrapolating the naturally occurring epochal nature of the ocean-atmosphere system into the 
future, we fear that the epoch 2020-49 is likely to be another DRY epoch and the cooling trend over 
Asian continent is likely to make it even more severe in its impact than 1960-89. The paper also 
presents details of an ocean-atmosphere instability that generates frequent drought monsoons during 
dry epochs that needs urgent research.

Several studies have shown a statistically significant correlation between Atlantic multidecadal 
variability (AMV) and Indian summer monsoon rainfall (ISMR) since 1871 when instrumental data 

47. Joseph, P.V., Bindu, G. and Preethi, B., 2016. Impact of the upper tropospheric cooling 
trend over Central Asia on the Indian summer monsoon rainfall and the Bay of Bengal 
cyclone tracks. Current Science, pp.2105-2113.

48. Sankar, S., Svendsen, L., Gokulapalan, B., Joseph, P.V. and Johannessen, O.M., 2016. 
The relationship between Indian summer monsoon rainfall and Atlantic multidecadal 
variability over the last 500 years. Tellus A: Dynamic Meteorology and Oceanography, 
68(1), p.31717.
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hypoxic conditions in early morning and supersaturation of DO in the afternoon. It also led to 
considerably high alkaline pH. High levels of total ammonia nitrogen (TAN) were recorded in the 
sampling sites. Heavy algal bloom was observed throughout the study period in the selected pond 
especially in the summer. Anabaenopsis elenkinii and Merismopedia elagans which were the 
dominant species from the culture pond caused the bloom. Characterization and percentage 
distribution of bacteria present in the water and those associated with the algal blooms were carried 
out. The algae were found to support greater diversity of bacteria when compared to water. Pathogenic 
species like Aeromonas hydrophila and Vibrio parahaemolyticus were encountered in the study. 
Experimental challenge studies using Artemia as a model showed that the V. parahaemolyticus 
isolates were highly pathogenic. Hence, this study reveals how algal growth supports opportunistic 
pathogens in great diverse in a shrimp pond and causes frequent disease outbreaks under favourable 
conditions.

Prevalence of antibiotic resistance among gut associated bacteria of two indigenous freshwater 
ornamental fishes were analyzed in this study. A total of 56 bacteria was isolated from the gut of 
Aplocheilus lineatus and Etroplus maculatus. Total viable count (TVC) of heterotrophic bacteria 

6 6 4 7ranged between 1.7 x 10  to 6.8 x 10 and 0.2 x 10  to 0.65 x 10 cfu per gram in gut of Etroplus 
maculatus and Aplocheilus lineatus respectively. Predominant genera encountered in the gut of A. 
lineatus were Lactobacillus, Bacillus, Micrococcus, and Aeromonas, while that of E. maculatus was 
dominated by Micrococcus followed by Bacillus, Lactobacillus and Vibrios. The isolates were 
subjected 11 different antibiotics belonging to 7 different classes such as aminoglygocides 
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for Studies on MARine Ecosystem and CLIMate in India (INDO-MARECLIM)” was to address some of 
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is very complex, with some states like Kerala having literacy and life expectancy comparable with those in 
developed countries although the gross domestic product is very much lower (Amartya Sen, 2005); and 
some maritime states having well advanced oceanographic education and research facilities.

Indian summer monsoon rainfall had alternating three decade long DRY and WET epochs during the 
150 years 1840 to 1989. The DRY epochs had frequent drought monsoons affecting agriculture, 
power generation and the overall Indian economy. A high percentage of severe cyclones of the Bay of 
Bengal moved northwards in the DRY epochs causing disasters in Bangladesh, Myanmar and in 
Indian states of Orissa and West Bengal. These DRY epochs have been shown to be associated with 
the cold phase of the Atlantic Multidecadal Oscillation in Sea Surface Temperature. Using the 
available tropospheric temperature (re-analysis) data since 1948, the recent DRY epoch 1960-89 
which had ten monsoon drought years was found to have cold upper tropospheric temperature 
anomaly over the central Asia. This cold anomaly region has also experienced a long term cooling 
trendExtrapolating the naturally occurring epochal nature of the ocean-atmosphere system into the 
future, we fear that the epoch 2020-49 is likely to be another DRY epoch and the cooling trend over 
Asian continent is likely to make it even more severe in its impact than 1960-89. The paper also 
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Several studies have shown a statistically significant correlation between Atlantic multidecadal 
variability (AMV) and Indian summer monsoon rainfall (ISMR) since 1871 when instrumental data 
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are available. In the instrumental records, both ISMR and North Atlantic sea surface temperatures 
(SSTs) have multidecadal variability with a period close to 60 yr, where periods of warm (cold) North 
Atlantic SSTs are accompanied by periods of wetter (dryer) ISMR and lower (higher) frequencies of 
dry years. We have studied both AMV and ISMR for the period from 1481 to present using several 
proxy reconstructions from both regions, as well as an extended instrumental data set for ISMR, to 
investigate multidecadal variability in the ISMR and the teleconnection to AMV. Previous studies 
investigating the relationship between AMV and ISMR in instrumental data have only used the period 
from 1871 onwards, whereas rain gauge data from the year 1844 are studied here, extending the 
instrumental record by 26 yr. We find that the observed link between AMV and ISMR is present in the 
extended instrumental data. We also find that multidecadal variability is present in the ISMR in all 
proxy records; however, all the proxy records for both ISMR and AMV diverge before the 1800s. In 
addition, the observed correlation between AMV and ISMR has weakened in the last decade. 
These results emphasise that it is not appropriate to use single proxy reconstructions to study past 
climates. 

During the summer monsoon season, strong coastal upwelling occurs along the southwest coast of 
India and at the southern tip of India, which cools the surface temperature of the waters around these 
regions. The summer monsoon current carries the upwelled cold waters into the Bay of Bengal and 
forms the 'cold pool of the Bay of Bengal', with its core south of Sri Lanka and over the south-central 
Bay of Bengal. The present study focuses on the intrusion of these cold waters into the south of the Bay 
of Bengal, its interannual variability, and its association with the surface wind during the break phase 
of the summer monsoon, when strong westerly surface winds flow south of 10°N. The authors 
hypothesize that the enhanced cooling in the cold pool region during monsoon spells is associated 
with the strong westerly wind stress there during the break spells of the monsoon. Seven cases of long 
break monsoon spells that occurred during the nine years from 2001 to 2009 are analyzed, and the 
results confirm our hypothesis.

Western Ghats of southern peninsular India with its high mountain forest ecosystem possess a rich 
biodiversity. They influence the Indian monsoon weather patterns and are recognized to be prone to 
frequent landslides. The present work is carried out in parts of Western Ghats, a rainfed region of 
southern peninsular India covering a geographical extent of 2131 Sq. Km. A weight index strategy is 
applied along with remote sensing and GIS for mapping landslide vulnerable zones. The factors such 
as slope, elevation, rainfall density, soil, land use land cover, geology, drainage density, road density 
and lineament density are selected to estimate the proneness of the landslides. Appropriate weights are 
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assigned to these factors, overlayed and finally landslide vulnerable zone map is prepared using 
geographical information system (GIS). The landslide vulnerable zones are classified into five: 
stable zone (0.24%), moderately stable zone (70.8%), moderately unstable zone (28.48%), highly 
unstable zone (0.5%) and critical zone (0%). The results reveal that the predicted zones are in good 
agreement with the past landslide occurrences and hence can help in carrying out the risk assessment 
and better preparedness against the future landslide hazards.

Leptocylindrus spp. are chain-forming diatoms found in estuaries and coastal waters. Although 
commonly encountered in the coastal phytoplankton community, massive blooming of this centric 
diatom is very rare. This is the first report of a bloom of Leptocylindrus sp. in the coastal waters of 
Kerala, South west coast of India. The cell densities varied from1.5 x 105 to 1.8 x105 no. l-1from 
shallower to deeper waters (10m to 30m depth). Unlike the common blooming phytoplankters, 
Leptocylindrus filaments formed closely interwoven tufts to gain the appearance of woolen ball like 
aggregates in the surface waters off Kollam (N 09˚ 56 50 - 09˚ 55 13; E 076˚ 10 43 - 076˚ 03 34) on 
11th November, 2014.contributed 99.9% of the total phytoplankton standing crop consisting of 
species belonging to 18 genera. High concentration of silicate triggered the bloom, and low N:P ratio 
probably acted as a major stress factor forcing the algal cells to flocculate and sink into the water 
column, resulting in dissipation of the bloom. Formation of aggregates and their sinking can be 
viewed as the culmination of the blooming process probably controlled by inherent growth 
characteristics of the diatom (Alldredge and Gotschalk, 1989). Sinking of the clumps of this species 
reduced the turbidity of the blooming area and helped in retaining the Red field ratio. No toxic effects 
were recorded during the bloom.

Phenology relates to the study of timing of periodic events in the life cycle of plants or animals as 
influenced by environmental conditions and climatic forcing. Phenological metrics provide 
information essential to quantify variations in the life cycle of these organisms. The metrics also 
allow us to estimate the speed at which living organisms respond to environmental changes. At the 
surface of the oceans, microscopic plant cells, so-called phytoplankton, grow and sometimes form 
blooms, with concentrations reaching up to 100 million cells per litre and extending over many 
square kilometres. These blooms can have a huge collective impact on ocean colour, because they 
contain chlorophyll and other auxiliary pigments, making them visible from space. Phytoplankton 
populations have a high turnover rate and can respond within hours to days to environmental 
perturbations. This makes them ideal indicators to study the first-level biological response to 
environmental changes. In the Earth's climate system, the El Niño–Southern Oscillation (ENSO) 
dominates large-scale inter-annual variations in environmental conditions. It serves as a natural 
experiment to study and understand how phytoplankton in the ocean (and hence the organisms at 
higher trophic levels) respond to climate variability. Here, the ENSO influence on phytoplankton is 
estimated through variations in chlorophyll concentration, primary production and timings of 
initiation, peak, termination and duration of the growing period. The phenological variabilities are 
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Its Components (pp. 281-297). Springer, Cham.
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are available. In the instrumental records, both ISMR and North Atlantic sea surface temperatures 
(SSTs) have multidecadal variability with a period close to 60 yr, where periods of warm (cold) North 
Atlantic SSTs are accompanied by periods of wetter (dryer) ISMR and lower (higher) frequencies of 
dry years. We have studied both AMV and ISMR for the period from 1481 to present using several 
proxy reconstructions from both regions, as well as an extended instrumental data set for ISMR, to 
investigate multidecadal variability in the ISMR and the teleconnection to AMV. Previous studies 
investigating the relationship between AMV and ISMR in instrumental data have only used the period 
from 1871 onwards, whereas rain gauge data from the year 1844 are studied here, extending the 
instrumental record by 26 yr. We find that the observed link between AMV and ISMR is present in the 
extended instrumental data. We also find that multidecadal variability is present in the ISMR in all 
proxy records; however, all the proxy records for both ISMR and AMV diverge before the 1800s. In 
addition, the observed correlation between AMV and ISMR has weakened in the last decade. 
These results emphasise that it is not appropriate to use single proxy reconstructions to study past 
climates. 

During the summer monsoon season, strong coastal upwelling occurs along the southwest coast of 
India and at the southern tip of India, which cools the surface temperature of the waters around these 
regions. The summer monsoon current carries the upwelled cold waters into the Bay of Bengal and 
forms the 'cold pool of the Bay of Bengal', with its core south of Sri Lanka and over the south-central 
Bay of Bengal. The present study focuses on the intrusion of these cold waters into the south of the Bay 
of Bengal, its interannual variability, and its association with the surface wind during the break phase 
of the summer monsoon, when strong westerly surface winds flow south of 10°N. The authors 
hypothesize that the enhanced cooling in the cold pool region during monsoon spells is associated 
with the strong westerly wind stress there during the break spells of the monsoon. Seven cases of long 
break monsoon spells that occurred during the nine years from 2001 to 2009 are analyzed, and the 
results confirm our hypothesis.

Western Ghats of southern peninsular India with its high mountain forest ecosystem possess a rich 
biodiversity. They influence the Indian monsoon weather patterns and are recognized to be prone to 
frequent landslides. The present work is carried out in parts of Western Ghats, a rainfed region of 
southern peninsular India covering a geographical extent of 2131 Sq. Km. A weight index strategy is 
applied along with remote sensing and GIS for mapping landslide vulnerable zones. The factors such 
as slope, elevation, rainfall density, soil, land use land cover, geology, drainage density, road density 
and lineament density are selected to estimate the proneness of the landslides. Appropriate weights are 
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geographical information system (GIS). The landslide vulnerable zones are classified into five: 
stable zone (0.24%), moderately stable zone (70.8%), moderately unstable zone (28.48%), highly 
unstable zone (0.5%) and critical zone (0%). The results reveal that the predicted zones are in good 
agreement with the past landslide occurrences and hence can help in carrying out the risk assessment 
and better preparedness against the future landslide hazards.

Leptocylindrus spp. are chain-forming diatoms found in estuaries and coastal waters. Although 
commonly encountered in the coastal phytoplankton community, massive blooming of this centric 
diatom is very rare. This is the first report of a bloom of Leptocylindrus sp. in the coastal waters of 
Kerala, South west coast of India. The cell densities varied from1.5 x 105 to 1.8 x105 no. l-1from 
shallower to deeper waters (10m to 30m depth). Unlike the common blooming phytoplankters, 
Leptocylindrus filaments formed closely interwoven tufts to gain the appearance of woolen ball like 
aggregates in the surface waters off Kollam (N 09˚ 56 50 - 09˚ 55 13; E 076˚ 10 43 - 076˚ 03 34) on 
11th November, 2014.contributed 99.9% of the total phytoplankton standing crop consisting of 
species belonging to 18 genera. High concentration of silicate triggered the bloom, and low N:P ratio 
probably acted as a major stress factor forcing the algal cells to flocculate and sink into the water 
column, resulting in dissipation of the bloom. Formation of aggregates and their sinking can be 
viewed as the culmination of the blooming process probably controlled by inherent growth 
characteristics of the diatom (Alldredge and Gotschalk, 1989). Sinking of the clumps of this species 
reduced the turbidity of the blooming area and helped in retaining the Red field ratio. No toxic effects 
were recorded during the bloom.

Phenology relates to the study of timing of periodic events in the life cycle of plants or animals as 
influenced by environmental conditions and climatic forcing. Phenological metrics provide 
information essential to quantify variations in the life cycle of these organisms. The metrics also 
allow us to estimate the speed at which living organisms respond to environmental changes. At the 
surface of the oceans, microscopic plant cells, so-called phytoplankton, grow and sometimes form 
blooms, with concentrations reaching up to 100 million cells per litre and extending over many 
square kilometres. These blooms can have a huge collective impact on ocean colour, because they 
contain chlorophyll and other auxiliary pigments, making them visible from space. Phytoplankton 
populations have a high turnover rate and can respond within hours to days to environmental 
perturbations. This makes them ideal indicators to study the first-level biological response to 
environmental changes. In the Earth's climate system, the El Niño–Southern Oscillation (ENSO) 
dominates large-scale inter-annual variations in environmental conditions. It serves as a natural 
experiment to study and understand how phytoplankton in the ocean (and hence the organisms at 
higher trophic levels) respond to climate variability. Here, the ENSO influence on phytoplankton is 
estimated through variations in chlorophyll concentration, primary production and timings of 
initiation, peak, termination and duration of the growing period. The phenological variabilities are 
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used to characterise phytoplankton responses to changes in some physical variables: sea surface 
temperature, sea surface height and wind. It is reported that in oceanic regions experiencing high 
annual variations in the solar cycle, such as in high latitudes, the influence of ENSO may be readily 
measured using annual mean anomalies of physical variables. In contrast, in oceanic regions where 
ENSO modulates a climate system characterised by a seasonal reversal of the wind forcing, such as 
the monsoon system in the Indian Ocean, phenologybased mean anomalies of physical variables help 
refine evaluation of the mechanisms driving the biological responses and provide a more 
comprehensive understanding of the integrated processes.

The recent Indian Ocean (IO) warming and its relation with the El Niño Southern Oscillation (ENSO) 
is investigated using available ocean and atmospheric reanalyses. By comparing the events before 
and after 1976 (identified as a threshold separating earlier and recent decades with respect to global 
warming trends), our results indicate that the IO had experienced a distinct change in the warming 
pattern. After 1976, during the boreal summer season the cold anomalies in the IO were replaced by 
warm anomalies in both warm (El Niño) and cold (La Niña) ENSO events. Strong sinking by upper 
level winds and the associated anomalous equatorial easterly winds created favourable conditions for 
the IO warming from 90°E towards the western IO. Our study highlights that after 1976, atmospheric 
and oceanic fields changed mostly during La Niña, with both ENSO phases contributing to the 
warming of the IO. Warm anomalies of 0.2?°C are seen over large areas of the IO in the post-1976 La 
Niña composites. Our analysis suggests that the IO warming during La Niña events after 1976 may 
have a relation to the warm anomalies persisting from the preceding strong El Niño events.

Mangrove forests are among the most carbon-rich habitats on the planet. The protection of 
mangroves for mitigation of greenhouse gases in the atmosphere as well as for multifaceted 
sustainable growth of ecosystem is of great scientific concern. Mangrove vegetation in Kerala is now 
restricted largely to river mouths and tidal creeks with about 15 species of mangroves and 8 
associated species. Kannur holds the largest mangrove area in Kerala with an area of about 32 Km2. 
Located at 12 15′ North and 75 13′ East, Kunhimangalam, in Kannur district, has luxuriant 
mangroves.  A considerable part of mangroves are undergoing destruction and over exploitation. 
There are organised attempts to acquire all the mangrove areas under private ownership by the real 
estate groups. Although a large scale conversion of the mangroves was prevented by the timely 
intervention of local people and NGOs, long term preservation of this system is under question. The 
urge to establish this mangrove as a protected area is very relevant in this context. The aim of the study 
is to promote restoration of these mangroves through community and government participation. The 
study integrates field inventory data with the satellite images. Analysis involves four major steps, 
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mangroves using remote sensing and geographic information system. The Egyptian 
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namely, (i) Image processing, (ii) derivation of vegetation indices using satellite imagery (iii)  
ground    truthing  through  field stratification    and    collection    of    field    inventory    data    and 
(iv) calculation of carbon stock. The satellite image of 18th January 2015 is used for the study. Using 
ERDAS IMAGINE 9.2, the layers are stacked and given standard False Color Composite (FCC) for 
better vegetation analysis using ArcGIS. The vegetation indices (VIs) can estimate the biomass of 
mangroves from remote sensing images and the most appropriate one is the normalised difference 
vegetation index (NDVI). The NDVI is based on absorption in the red spectrum and very strong 
reflectance in the near infrared spectrum. Ground truthing is done to establish relationship between 
NDVI from Satellite imagery and Above-ground biomass (AGB) from field observations. Reference 
pixels are selected as those for which actual data are known.  A regression equation is developed to 
calculate the AGB for the entire plot from the NDVI values in the imagery. Allometric equations for 
Above-ground biomass (AGB) and below-ground biomass (BGB) developed by Komiyama et al. 
(2005) is used in this study. The overall ratio of BGB to AGB is 0.38. Total biomass is taken as the 
sum of AGB and BGB. Carbon content can be obtained by multiplying the total biomass by a 
conversion factor 0.475. AGB values ranges from 636.832 gm to 32048.5gm per pixel and BGB 
ranges from 241.996 gm to 12178.4 gm per pixel. Total biomass ranges from 878.828 gm to 44226.9 
gm per pixel and carbon content per pixel ranges from 417.443gm to 21007.8 gm. Of the total 70.6% 
is contributed by high class vegetation which is covering 61% of the total area. Medium class 
contributes 16.74% of carbon with coverage of 29.55% area and low class provide 12.66% carbon 
sequestration with 9.44% area coverage. Comparing the area coverage, high and low class vegetation 
type is more effective in contributing carbon sequestration. Low class vegetation area is mainly 
covered with dry grass which has low reflectance and low NDVI, but has high carbon content. 
Rhizhophora mucronata, Excoecaria agallocha and Bruguiera cylindrical are the species that 
contribute more. The estimated total carbon of 12.67 tonnes and presence of eight different 
mangrove species in an area of 12 acres indicates this mangrove forest is in good health.

The chlorophyll-a concentration (chl-a), which is an index of phytoplankton pigment present in the 
oceans, is considered as a key indicator of health of marine ecosystems that could have direct effect 
on the human life. In this study, spatial and temporal variability of chl-a in the Arabian Sea (AS) is 
examined using reconstructed cloud-free ocean colour data for the period 2002–2015. Data 
Interpolating Empirical Orthogonal Function method is used to reconstruct the missing data. 
Subsequently, wavelet analysis is applied on the reconstructed data to assess the temporal variability 
in terms of seasonal, intra-seasonal, and interannual variability of chl-a in the AS. Wavelet analysis 
clearly depicted the low-frequency, stationary modes or approximation levels inferring the monthly, 
seasonal, and annual mean of the signal, while the high-frequency, non-stationary modes indicated 
the local abnormalities. From the analysis of gap-free data, the presence of biennial mode of 
variability in the northern AS chl-a is observed. The analysis further showed the existence of intra-
seasonal oscillations in the northern AS during summer monsoon and single dominant peak during 
winter monsoon. Chl-a appeared to decline slightly during the entire study period across all the 
selected regions of the AS. Also, it is observed that chl-a in the northwestern region is highly dynamic 
than in the other regions of the AS.

55. Jayaram, C., Priyadarshi, N., Pavan Kumar, J., Udaya Bhaskar, T.V.S., Raju, D. and 
Kochuparampil, A.J., 2018. Analysis of gap-free chlorophyll-a data from MODIS in 
Arabian Sea, reconstructed using DINEOF. International journal of remote sensing, 
39(21), pp.7506-7522.
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used to characterise phytoplankton responses to changes in some physical variables: sea surface 
temperature, sea surface height and wind. It is reported that in oceanic regions experiencing high 
annual variations in the solar cycle, such as in high latitudes, the influence of ENSO may be readily 
measured using annual mean anomalies of physical variables. In contrast, in oceanic regions where 
ENSO modulates a climate system characterised by a seasonal reversal of the wind forcing, such as 
the monsoon system in the Indian Ocean, phenologybased mean anomalies of physical variables help 
refine evaluation of the mechanisms driving the biological responses and provide a more 
comprehensive understanding of the integrated processes.

The recent Indian Ocean (IO) warming and its relation with the El Niño Southern Oscillation (ENSO) 
is investigated using available ocean and atmospheric reanalyses. By comparing the events before 
and after 1976 (identified as a threshold separating earlier and recent decades with respect to global 
warming trends), our results indicate that the IO had experienced a distinct change in the warming 
pattern. After 1976, during the boreal summer season the cold anomalies in the IO were replaced by 
warm anomalies in both warm (El Niño) and cold (La Niña) ENSO events. Strong sinking by upper 
level winds and the associated anomalous equatorial easterly winds created favourable conditions for 
the IO warming from 90°E towards the western IO. Our study highlights that after 1976, atmospheric 
and oceanic fields changed mostly during La Niña, with both ENSO phases contributing to the 
warming of the IO. Warm anomalies of 0.2?°C are seen over large areas of the IO in the post-1976 La 
Niña composites. Our analysis suggests that the IO warming during La Niña events after 1976 may 
have a relation to the warm anomalies persisting from the preceding strong El Niño events.

Mangrove forests are among the most carbon-rich habitats on the planet. The protection of 
mangroves for mitigation of greenhouse gases in the atmosphere as well as for multifaceted 
sustainable growth of ecosystem is of great scientific concern. Mangrove vegetation in Kerala is now 
restricted largely to river mouths and tidal creeks with about 15 species of mangroves and 8 
associated species. Kannur holds the largest mangrove area in Kerala with an area of about 32 Km2. 
Located at 12 15′ North and 75 13′ East, Kunhimangalam, in Kannur district, has luxuriant 
mangroves.  A considerable part of mangroves are undergoing destruction and over exploitation. 
There are organised attempts to acquire all the mangrove areas under private ownership by the real 
estate groups. Although a large scale conversion of the mangroves was prevented by the timely 
intervention of local people and NGOs, long term preservation of this system is under question. The 
urge to establish this mangrove as a protected area is very relevant in this context. The aim of the study 
is to promote restoration of these mangroves through community and government participation. The 
study integrates field inventory data with the satellite images. Analysis involves four major steps, 

2018

53. Abish, B., Cherchi, A. and Ratna, S.B., 2018. ENSO and the recent warming of the 
Indian Ocean. International Journal of Climatology, 38(1), pp.203-214.

54. Bindu, G., Rajan, P., Jishnu, E.S. and Joseph, K.A., 2018. Carbon stock assessment of 
mangroves using remote sensing and geographic information system. The Egyptian 
Journal  of  Remote  Sensing and Space Science .   ISSN1110-9823 .   
https://doi.org/10.1016/j.ejrs.2018.04.006

namely, (i) Image processing, (ii) derivation of vegetation indices using satellite imagery (iii)  
ground    truthing  through  field stratification    and    collection    of    field    inventory    data    and 
(iv) calculation of carbon stock. The satellite image of 18th January 2015 is used for the study. Using 
ERDAS IMAGINE 9.2, the layers are stacked and given standard False Color Composite (FCC) for 
better vegetation analysis using ArcGIS. The vegetation indices (VIs) can estimate the biomass of 
mangroves from remote sensing images and the most appropriate one is the normalised difference 
vegetation index (NDVI). The NDVI is based on absorption in the red spectrum and very strong 
reflectance in the near infrared spectrum. Ground truthing is done to establish relationship between 
NDVI from Satellite imagery and Above-ground biomass (AGB) from field observations. Reference 
pixels are selected as those for which actual data are known.  A regression equation is developed to 
calculate the AGB for the entire plot from the NDVI values in the imagery. Allometric equations for 
Above-ground biomass (AGB) and below-ground biomass (BGB) developed by Komiyama et al. 
(2005) is used in this study. The overall ratio of BGB to AGB is 0.38. Total biomass is taken as the 
sum of AGB and BGB. Carbon content can be obtained by multiplying the total biomass by a 
conversion factor 0.475. AGB values ranges from 636.832 gm to 32048.5gm per pixel and BGB 
ranges from 241.996 gm to 12178.4 gm per pixel. Total biomass ranges from 878.828 gm to 44226.9 
gm per pixel and carbon content per pixel ranges from 417.443gm to 21007.8 gm. Of the total 70.6% 
is contributed by high class vegetation which is covering 61% of the total area. Medium class 
contributes 16.74% of carbon with coverage of 29.55% area and low class provide 12.66% carbon 
sequestration with 9.44% area coverage. Comparing the area coverage, high and low class vegetation 
type is more effective in contributing carbon sequestration. Low class vegetation area is mainly 
covered with dry grass which has low reflectance and low NDVI, but has high carbon content. 
Rhizhophora mucronata, Excoecaria agallocha and Bruguiera cylindrical are the species that 
contribute more. The estimated total carbon of 12.67 tonnes and presence of eight different 
mangrove species in an area of 12 acres indicates this mangrove forest is in good health.

The chlorophyll-a concentration (chl-a), which is an index of phytoplankton pigment present in the 
oceans, is considered as a key indicator of health of marine ecosystems that could have direct effect 
on the human life. In this study, spatial and temporal variability of chl-a in the Arabian Sea (AS) is 
examined using reconstructed cloud-free ocean colour data for the period 2002–2015. Data 
Interpolating Empirical Orthogonal Function method is used to reconstruct the missing data. 
Subsequently, wavelet analysis is applied on the reconstructed data to assess the temporal variability 
in terms of seasonal, intra-seasonal, and interannual variability of chl-a in the AS. Wavelet analysis 
clearly depicted the low-frequency, stationary modes or approximation levels inferring the monthly, 
seasonal, and annual mean of the signal, while the high-frequency, non-stationary modes indicated 
the local abnormalities. From the analysis of gap-free data, the presence of biennial mode of 
variability in the northern AS chl-a is observed. The analysis further showed the existence of intra-
seasonal oscillations in the northern AS during summer monsoon and single dominant peak during 
winter monsoon. Chl-a appeared to decline slightly during the entire study period across all the 
selected regions of the AS. Also, it is observed that chl-a in the northwestern region is highly dynamic 
than in the other regions of the AS.

55. Jayaram, C., Priyadarshi, N., Pavan Kumar, J., Udaya Bhaskar, T.V.S., Raju, D. and 
Kochuparampil, A.J., 2018. Analysis of gap-free chlorophyll-a data from MODIS in 
Arabian Sea, reconstructed using DINEOF. International journal of remote sensing, 
39(21), pp.7506-7522.
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56. Ranju, R., Menon, N.N. and Menon, N.R., 2018. Observations on some symbiont bearing 
Foraminifera from the shelf and slope sediments of Eastern Arabian Sea. Journal of the 
Marine Biological Association of India, 60(2), p.54. Doi:10.6024/jmbai.2018.60.2.2054-0x

57. Saleem Shalin, Annette Samuelsen , Anton Korosov , Nandini Menon N, Björn C. 
Backeberg and Lasse H. Pettersson. 2018. Delineation of marine ecosystem zones in the 
northern Arabian Sea using an objective method. Biogeosciences, 15, 1395 - 1414.  
https://doi.org/10.5194/bg-15-1395-2018.

The present study records small and large benthic foraminifera with endosymbionts distributed in the 
shelf sediments of the western continental shelf and continental slope (5-1333 m) of eastern Arabian 
Sea, with reference to climate change and coral reef monitoring. The larger benthic foraminifera (LBF) 
include Alveolinella quoyii, Amphistegina lessonii, Amphistegina gibbosa, Operculina granulosa, 
Heterostegina depressa and Amphisorus hemprichii which have symbiotic associations with diatoms, 
dinoflagellates, green algae, red algae and chrysophytes. The symbionts make these very efficient in 
utilising a wide range of the light spectrum and water depths. The size of species Alveolinella quoyii 
and Amphistegina lessonii recorded from water depths of 30 m to 1333 m showed intraspecific 
variations in size, those collected from deeper waters were larger than those found in shallow waters. It 
is evident that the presence of endosymbionts probably attributed to the intraspecific variations in size. 
The species belonging to these genera have evolved strategies like phenotypic plasticity and local 
adaptation of the concerned photosymbionts which have helped them tolerate thermal variations. The 
finding that the number of tests of LBFs decreased from shelf to slope areas may be indicative of the 
relation between oxidative stress, reduced light levels that affect the growth rate of these species. It is 
confirmed that LBFs have longer lifespan than the smaller forms.

The spatial and temporal variability of marine autotrophic abundance, expressed as chlorophyll 
concentration, is monitored from space and used to delineate the surface signature of marine ecosystem 
zones with distinct optical characteristics. An objective zoning method is presented and applied to 
satellite-derived Chlorophyll a (Chl-a) data from the northern Arabian Sea (50°–75° E and 15°–30° N) 
during the winter months (November – March). Principal Component Analysis (PCA) and Cluster 
Analysis (CA) were used to statistically delineate the Chl-a into zones with similar surface distribution 
patterns and temporal variability. The PCA identifies principal components of variability and the CA 
splits these into zones based on similar characteristics. Based on the temporal variability of Chl-a 
pattern within the study area, the statistical clustering revealed six distinct ecological zones. The 
obtained zones are related to the Longhurst provinces to evaluate how these compared to established 
ecological provinces. The Chl-a variability within each zone was then compared with the variability of 
oceanic and atmospheric properties viz. mixed-layer depth (MLD), wind speed, sea-surface 
temperature (SST), Photosynthetically Active Radiation (PAR), nitrate and Dust Optical Thickness 
(DOT) as an indication of atmospheric input of iron to the ocean. The analysis showed that in all zones, 
peak values of Chl-a coincided with low SST and deep MLD. Rate of decrease in SST and deepening of 
MLD are observed to trigger the intensity of the algae bloom events in the first four zones. Lagged 
crosscorrelation analysis shows that peak Chl-a follows peak MLD and SST minima. The MLD time-
lag is shorter than the SST lag by eight days, indicating that the cool surface conditions might have 
enhanced mixing, leading to increased primary production in the study area. An analysis of monthly 
climatological nitrate values showed increased concentrations associated with the deepening of the 
mixed-layer. The input of iron seems to be important in both the open Ocean and coastal areas of the 
northern and northwestern part of the Northern Arabian Sea, where the seasonal variability of the Chl-a 
pattern closely follows the variability of iron deposition.

58. Sankar, S., Polimene, L., Marin, L., Menon, N.N., Samuelsen, A., Pastres, R. and 
Ciavatta, S., 2018. Sensitivity of the simulated Oxygen Minimum Zone to 
biogeochemical processes at an oligotrophic site in the Arabian Sea. Ecological 
Modelling, 372, pp.12-23.

59. Shalin, S., Samuelsen, A., Korosov, A., Menon, N., Backeberg, B.C. and Pettersson, 
L.H., 2018. Delineation of marine ecosystem zones in the northern Arabian Sea during 
winter. Biogeosciences, 15, 1395–1414, 2018

Oxygen minimum zones (OMZs) are large, low-oxygen areas in the global oceans. Although OMZs 
represent a serious threat to ecosystem functioning and services, our capability of modelling the main 
biogeochemical processes driving OMZ dynamic are still limited. Here we performed a full 
sensitivity analysis of a complex ecosystem model to rank the most important biogeochemical 
parameters influencing the simulation of the OMZ at an oligotrophic site in the open Arabian Sea. We 
applied a one-dimensional configuration of the European Regional Seas Ecosystem Model 
(ERSEM) - here advanced by including denitrification - coupled with the General Ocean Turbulence 
Model (GOTM). The coupled model was skilled in simulating the vertical gradients of 
climatological data of oxygen and nutrients. The sensitivity analysis of the model was carried out in 
two steps: i) a preliminary Morris screening analysis of 207 ERSEM parameters, which selected the 
three most influential groups of parameters; and ii) a subsequent Monte Carlo sampling-based 
analysis for ranking the importance of the 38 parameters within the three selected groups. Overall, 
the four most important parameters for the simulation of the minimum oxygen concentration were 
found to be: 1) the cubic half saturation constant for oxygenic control of denitrification; 2) the 
parameter regulating the fraction of ingested matter excreted by heterotrophic nanoflagellates; 3) the 
bacterial efficiency at low oxygen levels; and 4) the specific rate of bacterial release of capsular 
material. Based on these findings, and assuming that the ranking of the model parameters reflects the 
relevance of the process they characterize, we present a conceptual model describing the most 
important biogeochemical processes affecting the OMZ at the study site. Our results suggest that 
including bacteria explicitly in ecosystem models is useful to simulate and predict OMZs, provided 
that efforts are invested in estimating parameters characterizing the microbial loop in marine 
ecosystems.

The spatial and temporal variability of marine autotrophic abundance, expressed as chlorophyll 
concentration, is monitored from space and used to delineate the surface signature of marine 
ecosystem zones with distinct optical characteristics. An objective zoning method is presented and 
applied to satellite-derived Chlorophyll a (Chl a) data from the northern Arabian Sea (50–75°?E and 
15–30°?N) during the winter months (November–March). Principal component analysis (PCA) and 
cluster analysis (CA) were used to statistically delineate the Chl a into zones with similar surface 
distribution patterns and temporal variability. The PCA identifies principal components of variability 
and the CA splits these into zones based on similar characteristics. Based on the temporal variability 
of the Chl a pattern within the study area, the statistical clustering revealed six distinct ecological 
zones. The obtained zones are related to the Longhurst provinces to evaluate how these compared to 
established ecological provinces. The Chl a variability within each zone was then compared with the 
variability of oceanic and atmospheric properties viz. mixed-layer depth (MLD), wind speed, sea-
surface temperature (SST), photosynthetically active radiation (PAR), nitrate and dust optical 
thickness (DOT) as an indication of atmospheric input of iron to the ocean. The analysis showed that 
in all zones, peak values of Chl a coincided with low SST and deep MLD. The rate of decrease in SST 
and the deepening of MLD are observed to trigger the algae bloom events in the first four zones. 
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56. Ranju, R., Menon, N.N. and Menon, N.R., 2018. Observations on some symbiont bearing 
Foraminifera from the shelf and slope sediments of Eastern Arabian Sea. Journal of the 
Marine Biological Association of India, 60(2), p.54. Doi:10.6024/jmbai.2018.60.2.2054-0x
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northern Arabian Sea using an objective method. Biogeosciences, 15, 1395 - 1414.  
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The present study records small and large benthic foraminifera with endosymbionts distributed in the 
shelf sediments of the western continental shelf and continental slope (5-1333 m) of eastern Arabian 
Sea, with reference to climate change and coral reef monitoring. The larger benthic foraminifera (LBF) 
include Alveolinella quoyii, Amphistegina lessonii, Amphistegina gibbosa, Operculina granulosa, 
Heterostegina depressa and Amphisorus hemprichii which have symbiotic associations with diatoms, 
dinoflagellates, green algae, red algae and chrysophytes. The symbionts make these very efficient in 
utilising a wide range of the light spectrum and water depths. The size of species Alveolinella quoyii 
and Amphistegina lessonii recorded from water depths of 30 m to 1333 m showed intraspecific 
variations in size, those collected from deeper waters were larger than those found in shallow waters. It 
is evident that the presence of endosymbionts probably attributed to the intraspecific variations in size. 
The species belonging to these genera have evolved strategies like phenotypic plasticity and local 
adaptation of the concerned photosymbionts which have helped them tolerate thermal variations. The 
finding that the number of tests of LBFs decreased from shelf to slope areas may be indicative of the 
relation between oxidative stress, reduced light levels that affect the growth rate of these species. It is 
confirmed that LBFs have longer lifespan than the smaller forms.

The spatial and temporal variability of marine autotrophic abundance, expressed as chlorophyll 
concentration, is monitored from space and used to delineate the surface signature of marine ecosystem 
zones with distinct optical characteristics. An objective zoning method is presented and applied to 
satellite-derived Chlorophyll a (Chl-a) data from the northern Arabian Sea (50°–75° E and 15°–30° N) 
during the winter months (November – March). Principal Component Analysis (PCA) and Cluster 
Analysis (CA) were used to statistically delineate the Chl-a into zones with similar surface distribution 
patterns and temporal variability. The PCA identifies principal components of variability and the CA 
splits these into zones based on similar characteristics. Based on the temporal variability of Chl-a 
pattern within the study area, the statistical clustering revealed six distinct ecological zones. The 
obtained zones are related to the Longhurst provinces to evaluate how these compared to established 
ecological provinces. The Chl-a variability within each zone was then compared with the variability of 
oceanic and atmospheric properties viz. mixed-layer depth (MLD), wind speed, sea-surface 
temperature (SST), Photosynthetically Active Radiation (PAR), nitrate and Dust Optical Thickness 
(DOT) as an indication of atmospheric input of iron to the ocean. The analysis showed that in all zones, 
peak values of Chl-a coincided with low SST and deep MLD. Rate of decrease in SST and deepening of 
MLD are observed to trigger the intensity of the algae bloom events in the first four zones. Lagged 
crosscorrelation analysis shows that peak Chl-a follows peak MLD and SST minima. The MLD time-
lag is shorter than the SST lag by eight days, indicating that the cool surface conditions might have 
enhanced mixing, leading to increased primary production in the study area. An analysis of monthly 
climatological nitrate values showed increased concentrations associated with the deepening of the 
mixed-layer. The input of iron seems to be important in both the open Ocean and coastal areas of the 
northern and northwestern part of the Northern Arabian Sea, where the seasonal variability of the Chl-a 
pattern closely follows the variability of iron deposition.
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Ciavatta, S., 2018. Sensitivity of the simulated Oxygen Minimum Zone to 
biogeochemical processes at an oligotrophic site in the Arabian Sea. Ecological 
Modelling, 372, pp.12-23.

59. Shalin, S., Samuelsen, A., Korosov, A., Menon, N., Backeberg, B.C. and Pettersson, 
L.H., 2018. Delineation of marine ecosystem zones in the northern Arabian Sea during 
winter. Biogeosciences, 15, 1395–1414, 2018

Oxygen minimum zones (OMZs) are large, low-oxygen areas in the global oceans. Although OMZs 
represent a serious threat to ecosystem functioning and services, our capability of modelling the main 
biogeochemical processes driving OMZ dynamic are still limited. Here we performed a full 
sensitivity analysis of a complex ecosystem model to rank the most important biogeochemical 
parameters influencing the simulation of the OMZ at an oligotrophic site in the open Arabian Sea. We 
applied a one-dimensional configuration of the European Regional Seas Ecosystem Model 
(ERSEM) - here advanced by including denitrification - coupled with the General Ocean Turbulence 
Model (GOTM). The coupled model was skilled in simulating the vertical gradients of 
climatological data of oxygen and nutrients. The sensitivity analysis of the model was carried out in 
two steps: i) a preliminary Morris screening analysis of 207 ERSEM parameters, which selected the 
three most influential groups of parameters; and ii) a subsequent Monte Carlo sampling-based 
analysis for ranking the importance of the 38 parameters within the three selected groups. Overall, 
the four most important parameters for the simulation of the minimum oxygen concentration were 
found to be: 1) the cubic half saturation constant for oxygenic control of denitrification; 2) the 
parameter regulating the fraction of ingested matter excreted by heterotrophic nanoflagellates; 3) the 
bacterial efficiency at low oxygen levels; and 4) the specific rate of bacterial release of capsular 
material. Based on these findings, and assuming that the ranking of the model parameters reflects the 
relevance of the process they characterize, we present a conceptual model describing the most 
important biogeochemical processes affecting the OMZ at the study site. Our results suggest that 
including bacteria explicitly in ecosystem models is useful to simulate and predict OMZs, provided 
that efforts are invested in estimating parameters characterizing the microbial loop in marine 
ecosystems.

The spatial and temporal variability of marine autotrophic abundance, expressed as chlorophyll 
concentration, is monitored from space and used to delineate the surface signature of marine 
ecosystem zones with distinct optical characteristics. An objective zoning method is presented and 
applied to satellite-derived Chlorophyll a (Chl a) data from the northern Arabian Sea (50–75°?E and 
15–30°?N) during the winter months (November–March). Principal component analysis (PCA) and 
cluster analysis (CA) were used to statistically delineate the Chl a into zones with similar surface 
distribution patterns and temporal variability. The PCA identifies principal components of variability 
and the CA splits these into zones based on similar characteristics. Based on the temporal variability 
of the Chl a pattern within the study area, the statistical clustering revealed six distinct ecological 
zones. The obtained zones are related to the Longhurst provinces to evaluate how these compared to 
established ecological provinces. The Chl a variability within each zone was then compared with the 
variability of oceanic and atmospheric properties viz. mixed-layer depth (MLD), wind speed, sea-
surface temperature (SST), photosynthetically active radiation (PAR), nitrate and dust optical 
thickness (DOT) as an indication of atmospheric input of iron to the ocean. The analysis showed that 
in all zones, peak values of Chl a coincided with low SST and deep MLD. The rate of decrease in SST 
and the deepening of MLD are observed to trigger the algae bloom events in the first four zones. 
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Lagged cross-correlation analysis shows that peak Chl a follows peak MLD and SST minima. The 
MLD time lag is shorter than the SST lag by 8 days, indicating that the cool surface conditions might 
have enhanced mixing, leading to increased primary production in the study area. An analysis of 
monthly climatological nitrate values showed increased concentrations associated with the deepening 
of the mixed layer. The input of iron seems to be important in both the open-ocean and coastal areas of 
the northern and north-western parts of the northern Arabian Sea, where the seasonal variability of the 
Chl a pattern closely follows the variability of iron deposition.

Interannual and long-term variability of the low level jetstream (LLJ) of the Asian summer monsoon 
during June to September was studied using reanalysis wind data. In order to study the variability, the 
domain of the LLJ covering the Indian and west Pacific Oceans was divided into six regions (boxes) 
based on their physical characteristics. The long term variability of LLJ and its relation with Indian 
monsoon rainfall and El Nino index were analysed. The low level circulation over Indian Ocean 
becomes weak during the positive phase of El Nino Southern Oscillation leads to warmer sea surface 
temperature over Indian Ocean. The strength of the low level jet over India depends on the convective 
heating of the atmosphere and not on the strength of the south Indian Ocean trade wind (ITz) which 
remains a passive component of the LLJ. The LLJ flow through peninsular India is weaker and the flow 
south of peninsular India is stronger during the recent decades in association with increasing number of 
break monsoon days. The cross equatorial flow over west Pacific Ocean has statistically significant 
increasing trend related to the increasing convection in the west Pacific Ocean.

In this study, the weakening of the Indian summer monsoon circulation is analyzed using the regional 
climate model RegCM 4.5. It is seen that the when sulfate aerosol component is included in the model 
run, the simulated temperature shows a cooling at 925 hPa during the 2000 -2011 period for the JJA 
season. Almost similar pattern is shown when compared with the JRA-55 reanalysis data. At the same 
time, the Indian Ocean warming has caused an increase in the temperature of the surface waters. 
Concurrently, the steep temperature that is essential for the strength of the summer monsoon 
circulation has weakened, resulting in the reduction of the monsoon rainfall over India.

In this study, the weakening of the orographic rainfall for the period 2000-2011 during the Indian 
summer monsoon (JJA) is investigated using the regional climate model RegCM 4.5. Analysis reveals 
that when sulfate aerosol feedback is included in the model run, the simulated temperature shows a 

60. Wilson, S.S., Joseph, P.V., Mohanakumar, K. and Johannessen, O.M., 2018. Interannual 
and long term variability of low level jetstream of the Asian summer monsoon. Tellus A: 
Dynamic Meteorology and Oceanography, 70(1), p.1445380.

61. Abish, B. and Arun, K., 2019, March. Deciphering the weakening of the Indian summer 
monsoon circulation using a regional climate model RegCM 4.5. In 2019 URSI Asia-
Pacific Radio Science Conference (AP-RASC) (pp. 1-4). IEEE.

62.  Abish, B. and Arun, K., 2019. Resolving the weakening of orographic rainfall over India 
using a regional climate model RegCM 4.5. Atmospheric research, 227, pp.125-139. 
DOI:10.1016/j.atmosres.2019.05.003

2019

cooling of the continental upper troposphere by 0.3 °C. At the same time, the sulfate aerosol loading 
in the atmosphere had induced cooling of 0.2 °C of the lower troposphere over the Indian region. 
Consequently, the simulated zonal wind fields show a weakening at the upper and lower 
tropospheric levels, particularly where the semi-permanent systems that drive the monsoon 
circulations are located. It is suggested that the weakening of zonal winds has caused a suppression 
of the orographic rainfall along the west coast of India (Western Ghats), as evident from the 
observations. Concurrently, the simulations indicate a sulfate aerosol induced reduction in 
orographic monsoon rainfall over the southern Western Ghats, whereas their effect is insignificant in 
controlling the orographic rainfall in the northern Western Ghats. Moreover, our analysis indicates a 
decline in rainfall over the Himalayan foothills when the sulfate aerosol feedbacks are included, 
which corroborates well with the observations.

Upwelling is a dominant mechanism in the Arabian Sea that occurs annually during southwest 
monsoon summer season. This results in abundance of phytoplankton and zooplankton in the 
region and has profound influence on the coastal fisheries. During the southwest monsoon, an 
intense low-level wind jet blows diagonally across the Arabian Sea generating coastal upwelling 
along the coasts of Somalia, Oman and the southeastern Arabian Sea. In this study, a synergy of 
different parameters like sea surface winds, chlorophyll (chl-a), sea surface temperature (SST) 
and sea level anomaly (SLA) retrieved from remote sensing were used to make a more detailed 
analysis on upwelling features for the summer seasons of the years 1982–2015. From the 
analysis, it is observed that upwelling in the Arabian Sea is not homogeneous across the basin 
despite being driven by monsoon winds. During the study period, Ekman transport, SLA and 
SST anomaly showed positive trend, whereas chlorophyll showed negative trend of varying 
strengths. Increased Ekman transport has not generated increased productivity indicating the role 
of other governing mechanisms on the availability of nutrients in the region.

Coastal waters of Kerala, which form an integral part of the Malabar upwelling zone off the 
southwest coast of India, constitute an important fishing region for small pelagics. Satellite remote 
sensing data from 1998−2014 were used to test the hypothesis that fluctuations in the landings of 
Sardinella longiceps, the major pelagic fish landed in the area designated as the South Eastern 
Arabian Sea (SEAS), are influenced by seasonal variability in phytoplankton biomass (measured as 
chlorophyll a [chl a] concentration), under the changing strength of physical parameters such as sea 
surface temperature (SST), alongshore wind stress, Ekman mass transport, sea level anomaly (SLA) 
and Kerala rainfall. Multiple linear regression analysis (MLRA) was used to assess the influence of 
physical forcing mechanisms on chl a concentration on monthly and seasonal scales. We found that 
SLA, alongshore wind stress, SST and rainfall were ranked 1 to 4, respectively, and the first 3 factors 
significantly influenced the chl a concentration of SEAS. Pearson's correlation analysis between 

63. Joseph, K.A., Jayaram, C., Nair, A., George, M.S., Balchand, A.N. and Pettersson, 
L.H., 2019. Remote Sensing of Upwelling in the Arabian Sea and Adjacent Near-
Coastal Regions. In Barale V., Gade M. (eds) Remote Sensing of the Asian Seas (pp. 467-
483). Springer, Cham, https://doi.org/10.1007/978-3-319-94067-0_26

64. Menon, N.N., Sankar, S., Smitha, A., George, G., Shalin, S., Sathyendranath, S. and 
Platt, T., 2019. Satellite chlorophyll concentration as an aid to understanding the 
dynamics of Indian oil sardine in the southeastern Arabian Sea. Marine Ecology 
Progress Series, 617, pp.137-147.DOI: https://doi.org/10.3354/meps12806
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Lagged cross-correlation analysis shows that peak Chl a follows peak MLD and SST minima. The 
MLD time lag is shorter than the SST lag by 8 days, indicating that the cool surface conditions might 
have enhanced mixing, leading to increased primary production in the study area. An analysis of 
monthly climatological nitrate values showed increased concentrations associated with the deepening 
of the mixed layer. The input of iron seems to be important in both the open-ocean and coastal areas of 
the northern and north-western parts of the northern Arabian Sea, where the seasonal variability of the 
Chl a pattern closely follows the variability of iron deposition.

Interannual and long-term variability of the low level jetstream (LLJ) of the Asian summer monsoon 
during June to September was studied using reanalysis wind data. In order to study the variability, the 
domain of the LLJ covering the Indian and west Pacific Oceans was divided into six regions (boxes) 
based on their physical characteristics. The long term variability of LLJ and its relation with Indian 
monsoon rainfall and El Nino index were analysed. The low level circulation over Indian Ocean 
becomes weak during the positive phase of El Nino Southern Oscillation leads to warmer sea surface 
temperature over Indian Ocean. The strength of the low level jet over India depends on the convective 
heating of the atmosphere and not on the strength of the south Indian Ocean trade wind (ITz) which 
remains a passive component of the LLJ. The LLJ flow through peninsular India is weaker and the flow 
south of peninsular India is stronger during the recent decades in association with increasing number of 
break monsoon days. The cross equatorial flow over west Pacific Ocean has statistically significant 
increasing trend related to the increasing convection in the west Pacific Ocean.

In this study, the weakening of the Indian summer monsoon circulation is analyzed using the regional 
climate model RegCM 4.5. It is seen that the when sulfate aerosol component is included in the model 
run, the simulated temperature shows a cooling at 925 hPa during the 2000 -2011 period for the JJA 
season. Almost similar pattern is shown when compared with the JRA-55 reanalysis data. At the same 
time, the Indian Ocean warming has caused an increase in the temperature of the surface waters. 
Concurrently, the steep temperature that is essential for the strength of the summer monsoon 
circulation has weakened, resulting in the reduction of the monsoon rainfall over India.

In this study, the weakening of the orographic rainfall for the period 2000-2011 during the Indian 
summer monsoon (JJA) is investigated using the regional climate model RegCM 4.5. Analysis reveals 
that when sulfate aerosol feedback is included in the model run, the simulated temperature shows a 
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cooling of the continental upper troposphere by 0.3 °C. At the same time, the sulfate aerosol loading 
in the atmosphere had induced cooling of 0.2 °C of the lower troposphere over the Indian region. 
Consequently, the simulated zonal wind fields show a weakening at the upper and lower 
tropospheric levels, particularly where the semi-permanent systems that drive the monsoon 
circulations are located. It is suggested that the weakening of zonal winds has caused a suppression 
of the orographic rainfall along the west coast of India (Western Ghats), as evident from the 
observations. Concurrently, the simulations indicate a sulfate aerosol induced reduction in 
orographic monsoon rainfall over the southern Western Ghats, whereas their effect is insignificant in 
controlling the orographic rainfall in the northern Western Ghats. Moreover, our analysis indicates a 
decline in rainfall over the Himalayan foothills when the sulfate aerosol feedbacks are included, 
which corroborates well with the observations.

Upwelling is a dominant mechanism in the Arabian Sea that occurs annually during southwest 
monsoon summer season. This results in abundance of phytoplankton and zooplankton in the 
region and has profound influence on the coastal fisheries. During the southwest monsoon, an 
intense low-level wind jet blows diagonally across the Arabian Sea generating coastal upwelling 
along the coasts of Somalia, Oman and the southeastern Arabian Sea. In this study, a synergy of 
different parameters like sea surface winds, chlorophyll (chl-a), sea surface temperature (SST) 
and sea level anomaly (SLA) retrieved from remote sensing were used to make a more detailed 
analysis on upwelling features for the summer seasons of the years 1982–2015. From the 
analysis, it is observed that upwelling in the Arabian Sea is not homogeneous across the basin 
despite being driven by monsoon winds. During the study period, Ekman transport, SLA and 
SST anomaly showed positive trend, whereas chlorophyll showed negative trend of varying 
strengths. Increased Ekman transport has not generated increased productivity indicating the role 
of other governing mechanisms on the availability of nutrients in the region.

Coastal waters of Kerala, which form an integral part of the Malabar upwelling zone off the 
southwest coast of India, constitute an important fishing region for small pelagics. Satellite remote 
sensing data from 1998−2014 were used to test the hypothesis that fluctuations in the landings of 
Sardinella longiceps, the major pelagic fish landed in the area designated as the South Eastern 
Arabian Sea (SEAS), are influenced by seasonal variability in phytoplankton biomass (measured as 
chlorophyll a [chl a] concentration), under the changing strength of physical parameters such as sea 
surface temperature (SST), alongshore wind stress, Ekman mass transport, sea level anomaly (SLA) 
and Kerala rainfall. Multiple linear regression analysis (MLRA) was used to assess the influence of 
physical forcing mechanisms on chl a concentration on monthly and seasonal scales. We found that 
SLA, alongshore wind stress, SST and rainfall were ranked 1 to 4, respectively, and the first 3 factors 
significantly influenced the chl a concentration of SEAS. Pearson's correlation analysis between 
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monthly chl a and sardine landing (with chl a leading) showed a maximum positive correlation (+ 
0.26) at 2 and 3 mo lags, emphasizing that the influence of chl a on the fishery of S. longiceps is 
seasonal (r = 0.35 for seasonal lead−lag correlation) in the coastal waters of SEAS. Variation in 
phytoplankton biomass, as evidenced by chl a fluctuations, seems to have a decisive role in regulating 
the physiological condition of larvae spawned during the southwest monsoon season, their juveniles 
and finally the adults that are recruited into the fishery in the next season. Using the quantity of 
phytoplankton as a predictive tool will exploit the presumptive trophic link to aid understanding of 
sardine fishery dynamics in upwelling zones.

The South Eastern Arabian Sea (SEAS) is an upwelling-dominated region, where the seasonally-
reversing winds and currents are the major physical forces driving primary production. The region is 
characterized by high primary productivity during the summer monsoon season (June to September), 
when the winds and currents favor upwelling. The coast is notable for the presence of monsoonal 
rivers. During summer monsoon, nutrient-rich riverine water is discharged in great quantity into 
coastal waters. The heavy inflow of turbid, nutrient-rich water into coastal regions during the summer 
monsoon facilitates primary production, augmenting phytoplankton biomass. In the present study, 
we investigated the relative roles of upwelling and precipitation that drive productivity along the 
south-west coast of India. The available remote sensing data sets for chlorophyll-a (Chl-a), 
precipitation, silicate and wind were used for the period 1998 to 2016. The Chl-a anomaly showed 
positive correlation with upwelling index and precipitation except during 2003 and 2012. During 
these years, negative anomalies for Chl-a and precipitation were observed even though the upwelling 
index showed positive anomalies. So the enhancement in Chl-a was nominal during those specific 
years even when the upwelling was very strong. This indicates the role of riverine nutrients from 
heavy precipitation during summer monsoon that contributes significantly to coastal productivity 
apart from upwelling in SEAS.

Marine cage aquaculture is gaining importance in India, due to its contribution as an alternate 
livelihood to coastal communities and also because of its export value. Water quality is the most 
important determinant for sustainable marine cage farming. Nutrient enrichment in coastal waters 
results in increased occurrence of algal blooms. A mariculture practice makes the coastal waters 
eutrophic due to increased input of nitrogen and phosphorous, ultimately leading to bloom. A 
phytoplankton bloom dominated by Trichodesmium species was detected outside mariculture cages 
located in Gulf of Mannar during August, 2015, which possibly interfered with fish gill function. 

3High nutrient and chlorophyll a (Chl-a) (29.97 mg/m ) concentration were observed during peak 
bloom period. Three groups of phytoplankton were identified — diatoms (24 species with, 14 centric 
species and 10 pennate species), dinoflagellates (10 species) and cyanobacteria (one species). Stable 
salinity condition and the depletion in nutrient concentration due to higher primary production might 
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have triggered the bloom of Trichodesmium. In-situ bio-optical measurements were also made to 
understand the spatial and temporal variation and effect of bloom on the optical components. Our 
study is a preliminary step to understanding the in-situ bio-geochemical and bio-optical 
characteristics of coastal waters of Gulf of Mannar and Palk Bay, which could aid in the management 
of cage culture sites.

In this chapter, satellite remote sensing data are analysed to study the physical forcing that favors 
coastal upwelling and the variability in phytoplankton biomass in the South-Eastern Arabian Sea for a 
time period of 14 years. Analysis of monthly binned measurements of Sea Surface Temperature (SST) 
coupled with reanalysis wind data clearly demonstrate the dominating influence of the strong 
southwest monsoon in cooling the SST, breaking down the surface water warm pool, and the 
subsequent development of wind induced upwelling off the southwest coast of India. During 
southwest monsoon (June–September), the depth of the 20 °C isotherm shoals from typically 140 m 
to about 80 m. The development of negative Sea Level Anomaly (SLA) along with cyclonic eddies 
during summer monsoon season prove the occurrence of divergence and upwelling. Ekman mass 
transport computed using the monthly reanalysis wind data show strong negative values during the 
southwest monsoon, which indicate strong upwelling along the coastal regions of southwest India, 
also discernible from the high chlorophyll-a (Chl-a) concentrations ( # 1 mg m −3 ) during southwest 
monsoon season, which decrease to about 0.2–0.5 mg m −3 in non-monsoon months. Increased 
primary production triggers higher catches of Indian oil sardine (Sardinella longiceps Valenciennes), 
and the analysis of fish landing data for the State of Kerala, India show that the sardine catch follows 
Chl-a peaks with a lag of one season with significant positive correlation.

The Asian summer monsoon is characterized by the presence of a low-level westerly jet stream (LLJ) 
in the lower troposphere and a tropical easterly jet stream (TEJ) in the upper troposphere. It is 
interesting to develop an index based on the vertical zonal wind shear and associated rainfall intensity 
over a monsoon region. The conventional method used to estimate wind shear takes the difference in 
wind speed between the zonal winds at 850 and 200?hPa. These two fixed levels do not represent the 
maximum wind speeds at these altitudes and therefore fail to obtain the maximum vertical wind shear. 
In this study, we propose a new index (the Shinu Mohan [SM] index) by defining the vertical zonal 
wind shear between the core heights of the low-level jet stream in the lower troposphere and the TEJ 
in the upper troposphere, which represents the maximum zonal wind shear in a vertical column of the 
atmosphere over the summer monsoon region. The core heights of the LLJ and TEJ vary depending 
on the terrain and the strength of the monsoon circulation. The SM index provides precise vertical 
shear at each grid point and represents better spatial variability under different terrain conditions. 
Vertical shear plays a major role in convection and the production of rainfall over a region. Vertical 
wind shear during extreme monsoon events and the active and break spells of monsoons were 
analysed by using the SM index and conventional indices. It is interesting to note that the newly 
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monthly chl a and sardine landing (with chl a leading) showed a maximum positive correlation (+ 
0.26) at 2 and 3 mo lags, emphasizing that the influence of chl a on the fishery of S. longiceps is 
seasonal (r = 0.35 for seasonal lead−lag correlation) in the coastal waters of SEAS. Variation in 
phytoplankton biomass, as evidenced by chl a fluctuations, seems to have a decisive role in regulating 
the physiological condition of larvae spawned during the southwest monsoon season, their juveniles 
and finally the adults that are recruited into the fishery in the next season. Using the quantity of 
phytoplankton as a predictive tool will exploit the presumptive trophic link to aid understanding of 
sardine fishery dynamics in upwelling zones.

The South Eastern Arabian Sea (SEAS) is an upwelling-dominated region, where the seasonally-
reversing winds and currents are the major physical forces driving primary production. The region is 
characterized by high primary productivity during the summer monsoon season (June to September), 
when the winds and currents favor upwelling. The coast is notable for the presence of monsoonal 
rivers. During summer monsoon, nutrient-rich riverine water is discharged in great quantity into 
coastal waters. The heavy inflow of turbid, nutrient-rich water into coastal regions during the summer 
monsoon facilitates primary production, augmenting phytoplankton biomass. In the present study, 
we investigated the relative roles of upwelling and precipitation that drive productivity along the 
south-west coast of India. The available remote sensing data sets for chlorophyll-a (Chl-a), 
precipitation, silicate and wind were used for the period 1998 to 2016. The Chl-a anomaly showed 
positive correlation with upwelling index and precipitation except during 2003 and 2012. During 
these years, negative anomalies for Chl-a and precipitation were observed even though the upwelling 
index showed positive anomalies. So the enhancement in Chl-a was nominal during those specific 
years even when the upwelling was very strong. This indicates the role of riverine nutrients from 
heavy precipitation during summer monsoon that contributes significantly to coastal productivity 
apart from upwelling in SEAS.

Marine cage aquaculture is gaining importance in India, due to its contribution as an alternate 
livelihood to coastal communities and also because of its export value. Water quality is the most 
important determinant for sustainable marine cage farming. Nutrient enrichment in coastal waters 
results in increased occurrence of algal blooms. A mariculture practice makes the coastal waters 
eutrophic due to increased input of nitrogen and phosphorous, ultimately leading to bloom. A 
phytoplankton bloom dominated by Trichodesmium species was detected outside mariculture cages 
located in Gulf of Mannar during August, 2015, which possibly interfered with fish gill function. 

3High nutrient and chlorophyll a (Chl-a) (29.97 mg/m ) concentration were observed during peak 
bloom period. Three groups of phytoplankton were identified — diatoms (24 species with, 14 centric 
species and 10 pennate species), dinoflagellates (10 species) and cyanobacteria (one species). Stable 
salinity condition and the depletion in nutrient concentration due to higher primary production might 
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and George, G., 2019. Effect of Precipitation on Chlorophyll-a in an Upwelling 
Dominated Region along the West Coast of India. Journal of Coastal Research, 86(sp1), 
pp.218-224.

66. Shaju, S.S., Prasad, S.C., Vishnu, P.S., Samal, A.K., Menon, N., Nashad, M., Mathew, 
K.A., Nazar, A.A. and George, G., 2019. Effect of Mariculture on bio-optical properties 
and water quality of Gulf of Mannar and Palk Bay. Regional Studies in Marine Science, 
29, p.100618. https://doi.org/10.1016/j.rsma.2019.100618

have triggered the bloom of Trichodesmium. In-situ bio-optical measurements were also made to 
understand the spatial and temporal variation and effect of bloom on the optical components. Our 
study is a preliminary step to understanding the in-situ bio-geochemical and bio-optical 
characteristics of coastal waters of Gulf of Mannar and Palk Bay, which could aid in the management 
of cage culture sites.

In this chapter, satellite remote sensing data are analysed to study the physical forcing that favors 
coastal upwelling and the variability in phytoplankton biomass in the South-Eastern Arabian Sea for a 
time period of 14 years. Analysis of monthly binned measurements of Sea Surface Temperature (SST) 
coupled with reanalysis wind data clearly demonstrate the dominating influence of the strong 
southwest monsoon in cooling the SST, breaking down the surface water warm pool, and the 
subsequent development of wind induced upwelling off the southwest coast of India. During 
southwest monsoon (June–September), the depth of the 20 °C isotherm shoals from typically 140 m 
to about 80 m. The development of negative Sea Level Anomaly (SLA) along with cyclonic eddies 
during summer monsoon season prove the occurrence of divergence and upwelling. Ekman mass 
transport computed using the monthly reanalysis wind data show strong negative values during the 
southwest monsoon, which indicate strong upwelling along the coastal regions of southwest India, 
also discernible from the high chlorophyll-a (Chl-a) concentrations ( # 1 mg m −3 ) during southwest 
monsoon season, which decrease to about 0.2–0.5 mg m −3 in non-monsoon months. Increased 
primary production triggers higher catches of Indian oil sardine (Sardinella longiceps Valenciennes), 
and the analysis of fish landing data for the State of Kerala, India show that the sardine catch follows 
Chl-a peaks with a lag of one season with significant positive correlation.

The Asian summer monsoon is characterized by the presence of a low-level westerly jet stream (LLJ) 
in the lower troposphere and a tropical easterly jet stream (TEJ) in the upper troposphere. It is 
interesting to develop an index based on the vertical zonal wind shear and associated rainfall intensity 
over a monsoon region. The conventional method used to estimate wind shear takes the difference in 
wind speed between the zonal winds at 850 and 200?hPa. These two fixed levels do not represent the 
maximum wind speeds at these altitudes and therefore fail to obtain the maximum vertical wind shear. 
In this study, we propose a new index (the Shinu Mohan [SM] index) by defining the vertical zonal 
wind shear between the core heights of the low-level jet stream in the lower troposphere and the TEJ 
in the upper troposphere, which represents the maximum zonal wind shear in a vertical column of the 
atmosphere over the summer monsoon region. The core heights of the LLJ and TEJ vary depending 
on the terrain and the strength of the monsoon circulation. The SM index provides precise vertical 
shear at each grid point and represents better spatial variability under different terrain conditions. 
Vertical shear plays a major role in convection and the production of rainfall over a region. Vertical 
wind shear during extreme monsoon events and the active and break spells of monsoons were 
analysed by using the SM index and conventional indices. It is interesting to note that the newly 
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68. Wilson, S.S. and Mohanakumar, K., 2019. A new circulation index for the detection of 
m o n s o o n  i n t e n s i t y.  I n t e r n a t i o n a l  J o u r n a l  o f  C l i m a t o l o g y .  1 – 9 .  
https://doi.org/10.1002/joc.6312DOI: 10.1002/joc.6312

abstractsabstracts

4544

BOOK OF ABSTRACTS BOOK OF ABSTRACTS



alumniabstracts

defined SM index gives a much better representation of the monsoon intensity compared to 
conventional indices.

A comprehensive study of the cross-sectional structure of the cross-equatorial low-level jet stream 
(LLJ) at various locations over the Asian summer monsoon region has been carried out for the period 
1979–2014 using a reanalysis dataset. Structural transformation of the LLJ along its path over the 
south Indian Ocean (SIO), cross-equatorial region, Arabian Sea, Indian land region and Bay of Bengal 
(BoB), has been investigated by taking the vertical cross section of the jet stream perpendicular to the 
direction of its flow. During the passage of the LLJ over the monsoon area, the core of the LLJ is lower 
over the oceanic region, whereas the core height increases over land. The LLJ has its maximum wind 
speed at a lower height (925 hPa) over the Indian Ocean region, whereas the core height raises to 
around 850 hPa over the Indian sub-continent. The strength of the monsoon LLJ is found to be varying 
in different temporal scales. The LLJ is much stronger in the active monsoon spells than in break 
periods, except in the SIO sector and BoB. During monsoon breaks, the LLJ axis shifts poleward over 
the Arabian Sea, and the intensity of wind over the SIO and BoB increases. The strength of the LLJ is 
greater during wet monsoon years than in dry monsoon years, except in the BoB zone. The changes 
noted in the monsoon LLJ during dry monsoon years is possibly due to the increased number of break 
days observed in the recent decades.

69. Wilson, S.S., Mohanakumar, K. and Roose, S., 2019. A Study on the Structural 
Transformation of the Monsoon Low-Level Jet Stream on Its Passage over the South 
Asian Region. Pure and Applied Geophysics, 176(8), pp.3681-3695.
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defined SM index gives a much better representation of the monsoon intensity compared to 
conventional indices.

A comprehensive study of the cross-sectional structure of the cross-equatorial low-level jet stream 
(LLJ) at various locations over the Asian summer monsoon region has been carried out for the period 
1979–2014 using a reanalysis dataset. Structural transformation of the LLJ along its path over the 
south Indian Ocean (SIO), cross-equatorial region, Arabian Sea, Indian land region and Bay of Bengal 
(BoB), has been investigated by taking the vertical cross section of the jet stream perpendicular to the 
direction of its flow. During the passage of the LLJ over the monsoon area, the core of the LLJ is lower 
over the oceanic region, whereas the core height increases over land. The LLJ has its maximum wind 
speed at a lower height (925 hPa) over the Indian Ocean region, whereas the core height raises to 
around 850 hPa over the Indian sub-continent. The strength of the monsoon LLJ is found to be varying 
in different temporal scales. The LLJ is much stronger in the active monsoon spells than in break 
periods, except in the SIO sector and BoB. During monsoon breaks, the LLJ axis shifts poleward over 
the Arabian Sea, and the intensity of wind over the SIO and BoB increases. The strength of the LLJ is 
greater during wet monsoon years than in dry monsoon years, except in the BoB zone. The changes 
noted in the monsoon LLJ during dry monsoon years is possibly due to the increased number of break 
days observed in the recent decades.
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“Congratulations to the entire Research and Administrative staff at NERCI on 
ththis joyous occasion marking the 20 - anniversary of NERCI. Looking back, I 

was the very first Postdoc Researcher joined NERCI, even before I defended my 
dissertation formally.  I also got two opportunities to work with scientists from 
NERSC, Bergen with a Nansen Student Fellowship, while still pursuing my 
Ph.D. Those short-study trips were very helpful for my future career as I had 
been introduced to Satellite Altimetry and HYCOM as two efficient tools for 
advanced research. I worked with Remote sensing group and later with 
Modeling group at NERSC and I continued with that research when I joined the 
research team at NERCI.  The impressive research accomplishments and 
scientific collaborations with various R& D Organizations that the NERCI has 
engaged with over this short 20-year span is not a small feat. I take this 
opportunity to congratulate the entire research team for the  wonderful 
accomplishments and hoping that more collaborative studies and partnership 
will evolve as you are heading into the next decade”. 

Wishing NERCI all the success.
Felix Jose
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“I joined NERCI in early 2006 as a research trainee, soon after the completion 
of my masters in physical oceanography. I had minimal experience in research 
and project works before joining NERCI.  NERCI provided me with a platform 
to participate in project proposal writings, working with idealised ocean 
models, read plenty of literature on Indian Ocean.  The institute introduced me 
to the field of operational ocean forecasting and various ocean data 
assimilation methods. Those skill development trainings and experience 
equipped me to fare well in further studies overseas and eventually settle in 
Australia as an operational oceanographer at the Australian Bureau of 
Meteorology. I am forever grateful to NERCI and its staff for guiding me in the 
right path towards a successful career in oceanography.”
   
Prasanth Divakaran
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Prof. Madhusoodanan M.S.
Director, Amity Institute of Global Warming and Ecological Studies
Amity University, Noida, India.

“I was associated with NERCI for three years as a postdoctoral fellow and as a 
scientist for another three years (2008-2010). In 2008, I was awarded the 
prestigious POGO-SCOR international visiting fellowship and had joined 
NERSC, Bergen and worked there during the tenure of the fellowship. Later on, I 
got the opportunity to interact with scientists in NERSC which provided me the 
much needed exposure to the contemporary research methods in climate 
science. The training I got from NERCI and NERSC helped me a lot in my career 
advancement.
I look forward and hope that the proposed MoU to be signed between Amity, 
NERCI and NERSC would pave the way for further collaborative research in 
climate science.”

Prof. Madhusoodanan, M.S.

Dr. Ch. V. Chiranjivi Jayaram
Scientist, RRSC-East, NRSC / ISRO, Kolkatta.
Email: 
          

“I had a delightful and memorable life at NERCI as a doctoral fellow from 2008 to 
2010. NERCI being my first office atmosphere, I did not know what to expect in my 
early days, but the work environment was quite friendly and it taught me the etiquette 
of a workplace. As my PhD project was a collaborative research project between 
NERCI and CUSAT (Cochin University of Science and Technology), it helped me 
gain valuable experience in networking and building collaborations with multiple 
institutions in my career. I received great encouragement and support during my 
research work at NERCI for participating in various national / international 
conferences and also international travel grants to attend PICES summer school at 
Seoul National University, South Korea. I got the opportunity to interact with the 
scientists of international repute from NERSC and other institutes in the Nansen 
Group that enhanced my knowledge in the field of satellite oceanography. The 
free thinking and vibrant atmosphere at the Nansen Centre are a joy to reckon 
with.
This experience has taught me more than just the research aspects. My tenure at 
NERCI has provided me a better understanding of my skills and helped me to develop 
an outlook towards research as a passion and not just a career choice. More 
importantly, I have come to learn and recognize the value of team work and how 
people can come together to get things done. This has definitely helped me in refining 
my professional behaviour when I moved to ESSO-INCOIS, Hyderabad and later to 
the regional centre of NRSC / ISRO. I have been continuously interacting with 
NERCI and glad to see the growth of the institution and the recognition it has received 
in the niche areas of marine sciences. I would like to continue my fruitful research 
collaboration with NERCI in the advanced areas of satellite oceanography”

Jayaram

chvchiranjivi@hotmail.com
jayaram_cv@nrsc.gov.in
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Dr. A. Jayakumar
Scientist, NCMRWF Ministry of Earth Science, India

“I got scientist post at NERCI immediately after submitting PhD. at IITM, Pune 
in January, 2011.  In a way, my post-doctoral career started from there, though I 
served less than 6 months time at this centre. The research on the ' Role of 
ocean–atmosphere interaction on predictability of the monsoon intra-seasonal 
oscillations, mentored by Dr. P.V. Joseph was an interesting piece of work carried 
out there.  We had planned for modeling this hypothesis on NANSEN HYCOM 
model too. 
NERCI has progressed exponentially over time.  Pleasant working atmosphere 
over there is highly suited for the growth of scientific collaboration and 
ultimately that benefits the career of young scientists working there. 
I believe that work at this center has highly influenced my current career growth 
also, hence I extend my 'best wishes' for all the future endeavors of NERCI  on the 
occasion of its 20th anniversary. 

jkumar@ncmrwf.gov.in

Jayakumar.

Dr. Roshin P. Raj
Researcher 
Ocean and Sea Ice Remote Sensing
Nansen Environmental and Remote Sensing Center, Bergen, Norway
E-mail: Roshin.Raj@nersc.no

“I worked at NERCI as a Research trainee for 4 months after the completion of my 
Master thesis in 2006. The few months training I got from NERCI were immensely 
helpful in building up my career as a CSIR Research fellow at the National 
Institute of Oceanography, Goa, India. Later I did my PhD at the Geophysical 
Institute in Bergen, Norway and completed my Postdoc research at NERSC. As a 
researcher at NERSC, I look forward to the new initiatives between NERSC, 
NERCI and NANSI for enhancing the ongoing collaboration.”

Roshin P. Raj

BOOK OF ABSTRACTS BOOK OF ABSTRACTS

51



Prof. Madhusoodanan M.S.
Director, Amity Institute of Global Warming and Ecological Studies
Amity University, Noida, India.

“I was associated with NERCI for three years as a postdoctoral fellow and as a 
scientist for another three years (2008-2010). In 2008, I was awarded the 
prestigious POGO-SCOR international visiting fellowship and had joined 
NERSC, Bergen and worked there during the tenure of the fellowship. Later on, I 
got the opportunity to interact with scientists in NERSC which provided me the 
much needed exposure to the contemporary research methods in climate 
science. The training I got from NERCI and NERSC helped me a lot in my career 
advancement.
I look forward and hope that the proposed MoU to be signed between Amity, 
NERCI and NERSC would pave the way for further collaborative research in 
climate science.”

Prof. Madhusoodanan, M.S.

Dr. Ch. V. Chiranjivi Jayaram
Scientist, RRSC-East, NRSC / ISRO, Kolkatta.
Email: 
          

“I had a delightful and memorable life at NERCI as a doctoral fellow from 2008 to 
2010. NERCI being my first office atmosphere, I did not know what to expect in my 
early days, but the work environment was quite friendly and it taught me the etiquette 
of a workplace. As my PhD project was a collaborative research project between 
NERCI and CUSAT (Cochin University of Science and Technology), it helped me 
gain valuable experience in networking and building collaborations with multiple 
institutions in my career. I received great encouragement and support during my 
research work at NERCI for participating in various national / international 
conferences and also international travel grants to attend PICES summer school at 
Seoul National University, South Korea. I got the opportunity to interact with the 
scientists of international repute from NERSC and other institutes in the Nansen 
Group that enhanced my knowledge in the field of satellite oceanography. The 
free thinking and vibrant atmosphere at the Nansen Centre are a joy to reckon 
with.
This experience has taught me more than just the research aspects. My tenure at 
NERCI has provided me a better understanding of my skills and helped me to develop 
an outlook towards research as a passion and not just a career choice. More 
importantly, I have come to learn and recognize the value of team work and how 
people can come together to get things done. This has definitely helped me in refining 
my professional behaviour when I moved to ESSO-INCOIS, Hyderabad and later to 
the regional centre of NRSC / ISRO. I have been continuously interacting with 
NERCI and glad to see the growth of the institution and the recognition it has received 
in the niche areas of marine sciences. I would like to continue my fruitful research 
collaboration with NERCI in the advanced areas of satellite oceanography”

Jayaram

chvchiranjivi@hotmail.com
jayaram_cv@nrsc.gov.in

alumnialumni

50

Dr. A. Jayakumar
Scientist, NCMRWF Ministry of Earth Science, India

“I got scientist post at NERCI immediately after submitting PhD. at IITM, Pune 
in January, 2011.  In a way, my post-doctoral career started from there, though I 
served less than 6 months time at this centre. The research on the ' Role of 
ocean–atmosphere interaction on predictability of the monsoon intra-seasonal 
oscillations, mentored by Dr. P.V. Joseph was an interesting piece of work carried 
out there.  We had planned for modeling this hypothesis on NANSEN HYCOM 
model too. 
NERCI has progressed exponentially over time.  Pleasant working atmosphere 
over there is highly suited for the growth of scientific collaboration and 
ultimately that benefits the career of young scientists working there. 
I believe that work at this center has highly influenced my current career growth 
also, hence I extend my 'best wishes' for all the future endeavors of NERCI  on the 
occasion of its 20th anniversary. 

jkumar@ncmrwf.gov.in

Jayakumar.

Dr. Roshin P. Raj
Researcher 
Ocean and Sea Ice Remote Sensing
Nansen Environmental and Remote Sensing Center, Bergen, Norway
E-mail: Roshin.Raj@nersc.no

“I worked at NERCI as a Research trainee for 4 months after the completion of my 
Master thesis in 2006. The few months training I got from NERCI were immensely 
helpful in building up my career as a CSIR Research fellow at the National 
Institute of Oceanography, Goa, India. Later I did my PhD at the Geophysical 
Institute in Bergen, Norway and completed my Postdoc research at NERSC. As a 
researcher at NERSC, I look forward to the new initiatives between NERSC, 
NERCI and NANSI for enhancing the ongoing collaboration.”

Roshin P. Raj

BOOK OF ABSTRACTS BOOK OF ABSTRACTS

51



Sachin Pavithran AP 

Dr. Cheriyeri Poyil Abdulla

(Assistant Professor)
Department of Business Economics
Holy cross Institute of Management & Technology
(Affiliated to University of Calicut)
Kozhikode,
 Kerala.

“It is indeed a great pleasure to congratulate the research community and staff of 
Nansen Environmental Research Centre India (NERCI) on this auspicious 20th 
anniversary. Since its inception, NERCI grew significantly in its size and stature 
and built adequate infrastructure and recruited qualified researchers. Moulding 
each researcher as expert and professional in various fields like Marine Biology, 
Meteorology, Oceanography and Socio-economics, NERCI have had an 
amazingly marvelous journey of numerous achievements and victories, forming 
the pearls in our garland of success. During my research tenure as an EU-
INDOMARECLIM Fellow (2012-2015), I had the great opportunity to connect 
with researchers from other reputed institutions across the globe and the training 
received from NERCI helped me a lot in career advancement.”

Faculty Member, Department of Marine Physics, 
King Abdulaziz University, 
 Jeddah.Saudi Arabia
Emai: 
           

“I take great pleasure in congratulating the research community and staff of 
Nansen Environmental Research Centre India (NERCI) on this auspicious 20th-
anniversary. NERCI has been one of the prominent organizations handling 
multi-disciplinary oceanographic research with national and international 
collaborations over several years. I would like to thank the research scientists 
and administrative staff for their continuous efforts, foresight, and courage in 
establishing and leading the institute into a successful one. I worked at NERCI-
Kochi during 2013-2014, availing Nansen Scientific Society fellowship and I 
never had a bitter experience. The help and support, humble cooperation and 
easy access to the experts from different oceanographic disciplines all under one 
roof is how I define NERCI. On this very special occasion, I would like to wish 
NERCI continued success in future endeavors.”

Abdulla C.P.

Sachin 

acp@stu.kau.edu.sa
abducps@gmail.com

Shinu Sheela Wison

Nashad M

Senior Research Fellow, Kerala University of Fisheries and Ocean Studies
Kochi, India.

I was a PhD student under Nansen Scientific Society fellowship during the 
period 2013-2019. I did my PhD under the guidance of Prof. K. Mohankumar 
(CUSAT), Prof. P. V. Joseph (NERCI) and Prof. Ola. M. Johannessen (Nansen 
Scientific Society). I learnt the first lessons of research from here. NERCI is one 
of my favourite workspaces, where I got a good atmosphere to do research. My 
colleagues in NERCI are very friendly, always approachable and willing to 
help me at any time. I got an opportunity to visit NERSC and University of 
Bergen twice during my studies. I consider this as a great privilege to work with 
the colleagues over there. I am contented that I had a supportive staff where I 
got chance to attend various seminars and workshops.  I submitted my PhD 
thesis in May 2019. As an output of my PhD, I have 4 publications in 
International Journals and couple of research articles communicated. Many 
thanks to Dr. Ajith Joseph, Prof. K. Mohankumar, Prof. P. V. Joseph, Prof. Ola. 
M. Johannessen, Lasse Pettersson, Bente Johannessen and all colleagues in 
NERCI and NERSC.
I wish and pray that NERCI get more projects in the future. I wish NERCI many 
more achievements in the field of scientific research.”

Shinu Sheela Wilson

Sr. Scientific Assistant
Fishery Survey of India
PORT BLAIR
Email: nashadfsi@gmail.com

“I am lucky to have been a part of Nansen Environmental Research Centre 
India (NERCI), as a prestigious Nansen Ph.D student under Nansen Scientific 
Society fellowship programme during the period 2013- 2016 under the 
guidance of Prof. N. R. Menon, Dr.  N.  Nandini Menon and Lasse. H. 
Pettersson. I have found that NERCI always keeps an international benchmark 
in research and provides opportunity to students for working with legendary 
figures in the field of marine biology, oceanography and remote sensing. Such 
interactions helped me to understand my weakness and overcome the hurdles to 
achieve greater heights.  I got well trained in management and execution of 
oceanographic data collection, also got opportunity to handle advanced 
instrument like radiometer to collect sea truth and ocean colour data. This 
experience helped me to secure Senior Scientific Assistant position in Fishery 
Survey of India (FSI), Ministry of Fisheries, Animal Husbandry and Dairying, 
Govt. of India. My best wishes to NERCI to achieve more colourful goals in the 
field of marine science”

Nashad.

“
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