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REPORT FROM THE BOARD
Vision

Improving our understanding of climate change, its
impact on the monsoon and ocean circulation and
ecosystems in the Indian Ocean using satellite data
and ocean models; influence of these on the coastal
zone and the resulting social impact. It is also our
mission to disseminate the scientific information
gathered for the benefit of society and for the
conservation of ecosystems.
Main research foci of NERCI are:
Monsoon and ocean variability, Climate change,
Sea level variations
Marine Ecosystem studies with focus on forcing
mechanisms and algal blooms.
Coastal Zone Management and Societal issues.

Organization

The Nansen Environmental Research Center India
(NERCI) was established in 1999 as a joint venture
between the Indian and Norwegian partners. NERCI
conducts basic and applied research projects in
ocean and atmospheric sciences funded by national
and international agencies, organizations and
industry. Core funding is received from the Nansen
Centre and the Nansen Scientific Society, both in
Bergen, Norway. NERCI is a non-profit research
center within the Nansen Group of research centers,
which includes:
Nansen Environmental and Remote Sensing
Center (NERSC), Bergen, Norway,
Nansen International Environmental and Remote
Sensing Centre, St. Petersburg, Russia.
Nansen-Zhu International Research Centre,
Beijing, China.
Nansen-Tutu Centre for Marine Environmental
Research, Cape Town, South Africa
Nansen Scientific Society, Bergen, Norway
Terra Orbit AS – a research company, Bergen,
Norway.
NERCI capitalize on the joint scientific expertise of
the Nansen Group, which has more than 200 staff
including 75 Ph. D and Master students.

Staff

The Centre has at present a staff of 11, which
includes three full time scientific staff, two consultant
scientists,
two
associate
scientists,
one
administrative, one technical staff member and two
Ph.D. students.
The NERCI Scientific Research Advisory Board
monitors the research activities of NERCI and gives
guidance for R&D activities as well as promotion of
education and interaction with institutes in India and
abroad.

Office and Environment

The office maintains an eco-friendly and conducive
atmosphere for the staff to work.

National and International Cooperation

A Memorandum of Understanding (MoU) between
Indian National Centre for Ocean Information
Services
(INCOIS)
in
Hyderabad,
Nansen
Environmental Remote Sensing Center, University of
Bergen, Norway and NERCI was signed in January
2008. The MoU focuses on development of bilateral
cooperation in operational oceanography and ocean
modeling. As part of the research co-operation, an
Indo-Norwegian workshop on “Operational ocean
modeling of the Indian Ocean” was conducted on
th
th
11 & 12 March 2009 at INCOIS, Hyderabad to
review the state of art in ocean modeling of the
Indian ocean and define bilateral research topics to
improve the Nansen Centre, Bergen TOPAZ
modeling system for validation, research and
operational applications for the Indian Ocean.
Another MoU between Anna University, Chennai,
India, Nansen Environmental and Remote Sensing
Centre, Bergen, and NERCI was implemented in
2007, Ms. Lakshmi Srikantha and Mr. Madhavan
Narayanan, Ph.D. students from Institute of Remote
Sensing, Anna University were trained at MohnSverdrup Centre, NERSC, Bergen in 2009 on
respectively HYCOM modeling applications for the
Indian Ocean and geostatistical analysis of fish
catch, ocean modeling and remote sensing data.
The MoU with Cochin University of Science and
technology (CUSAT) is being renewed as its tenure
was over in 2008, including an invitation for grants
for three Indian Ph.D. students in ocean research.
An Indo-Russian workshop on Regional Climate
Change was organized jointly by Nansen
International Environmental and Remote Sensing
Centre, St. Petersburg, Russia and NERCI at Cochin
on October 8-9, 2009. The goal of the workshop was
to catalyze new initiatives in India and Russia for
collaboration to advance regional climate change
research, assessment, data and information sharing,
training and coordination between scientific
communities of two countries.

Nansen Fellowship Program

Two Doctoral students are carrying out their studies
at NERCI who are:
Ms. Mary Swapna George - Validation of the
HYCOM model for the Indian Ocean region and
mesoscale ocean studies of the area.
Ch.V. Chiranjivi Jayaram - Synergistic application of
Scatterometer and OCM data for the studies of
coastal upwelling, southwest coast of India.

Cover page: NERCI combines ocean measurements and modeling. Superimposed HYCOM simulations of north Indian
Ocean SST shows the „Cold Pool‟ of the Bay of Bengal during the monsoon months.
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These studies are performed respectively at the
Mohn-Sverdrup Centre at NERSC and University of
Bergen, funded by Trond Mohn c/o Frank Mohn AS,
Norway and at Cochin University of Science and
Technology with NERCI funded by Space
Application Centre – Indian Space Research
Organisation.
Through the Indo-Norwegian MoUs bilateral
research
collaboration,
six
Indian
doctoral
fellowships are offered with financial support from
the Nansen Scientific Society and exchange visits
and joint supervision from the Nansen Group.

Ongoing and Future Projects

NERCI expects a substantial expansion in its
research activities in 2010 by way of increased
cooperation, man-power and projects accepted
during this period.
NERCI has ongoing external funded projects from:
Asia
Pacific
Forum
for
Environment
Development (APFED) Program of UNEP
started in the year 2007.
Space
Application
Centre-Indian
Space
Research Organization (SAC-ISRO) under the
Oceansat II Utilization program and
Two different projects under the Announcement
of Opportunity for international partners by SACISRO.

Outreach activities

World Earth Day was marked by NERCI on April,
nd
22 , 2009 at the study area of UNEP-APFED
project. An awareness campaign in the vernacular
termed „Jalajalakam‟, on protection of inland water
bodies was conducted with the cooperation of village
administration.

Financial Situation

NERCI is a non-profit research Indian Center
registered under Article 25 of the Company Act.
NERCI was registered at the Consultancy
Development Centre, of Dept. of Scientific and
Industrial research (DSIR) in 2007. The authorized
share capital of NERCI is INR 20,00,000.
The Nansen Center in Norway supported NERCI in
2009 with a grant equivalent of INR 29,17,581
(48600 Euro). The total project grant received during
the year 2009 is INR 7,00,000 from various projects
and a net balance of INR 5,18,605 is reserved for
the year 2010 to run ongoing projects.

Prospects for 2010

NERCI enters 2010 with plans for increasing their
national and international collaborations. Ph.D.
candidates from India will visit NERSC, Bergen to
work on ocean modeling and ocean color research.

A Nansen International winter school is to be held by
NERCI in February 2010 with the theme “Indian
Ocean:
Challenges
in
Meteorology
and
Oceanography”, for the Indian as well as
Norwegian students.
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SCIENCE REPORTFOR 2009
Identification of dominant species in HAB
regions of the Arabian Sea using satellite data A case study
Dr. K. Ajith Joseph, Director, NERCI
Lasse H. Pettersson, Leading Scientist, NERSC
Phytoplankton blooms are natural phenomena occurring
within the pelagic marine ecosystems. Apart from the
ecologically useful blooms, there appear periodical blooms
of toxic marine algae, referred to as Harmful Algal Blooms
(HABs), which cause economic and ecological impacts in
the marine ecosystem.
Detection of algal blooms from space using high resolution
ocean color imagery is an effective tool which is gaining
wide importance in fisheries research and applications.
This study is an example of how satellite data can be
useful in discerning and differentiating dominant HAB
species. In this regard, two instances of Trichodesmium
and Noctiluca blooms in case 1 waters of Arabian Sea are
analyzed using different remotely sensed parameters.
In the Tropical Indian Ocean, the Arabian Sea is the major
basin where Trichodesmium, a major Cyanobacterium
known for its nitrogen fixing ability, is observed frequently
in patches. Trichodesmium usually inhabits environments
where the water column is generally very stable, with the
upper mixed layer often around 100m. These blooms form
in an environment where the density of water column is
low and the water is nutrient depleted and transparent. In
the Arabian Sea, extensive blooms were noticed to occur
regularly during February to April. Noctiluca spp. is a
significant bloom forming, large heterotrophic dinoflagellate. Relatively low temperatures and less
precipitation (saline water) are considered favorable for the
blooming of these species in the marine environment. The
parameters analysed are the visible spectrum remote
sensing reflectance, SST and chlorophyll-a.
Remote Sensing Reflectance
The remote sensing reflectance (Rrs) derived from the
normalized water leaving radiances of SeaWiFS, in the
visible region of the electromagnetic spectrum can be used
to identify the presence of an algae bloom in the ocean.
The spatial and temporal scales of the satellite
measurements are assumed to be uniform over the bloom
region and could provide an apparent signature. Figure 1
shows the Rrs values of the visible channels (412, 443,
490, 510, 555, 670 nm) of SeaWiFS for both
Trichodesmium and Noctiluca blooms at different periods
of observation in the Arabian Sea.
The two different types of algae blooms considered for the
study show distinct optical signatures. The Trichodesmium
dominated bloom has a peak between 450-500nm. Thus
the data measured from the 490nm centered channel
could be best used in detection of Trichodesmium blooms.
Whereas, the Noctiluca dominated bloom signature has a
peak in the “Red” region (670 nm) of the visible spectrum
justifying the name “Red Tide”.

Figure 1 Remote Sensing reflectance (Rrs) in the visible
spectrum during the Trichodesmium spp. (Red Lines) and
Noctiluca spp. (Black Lines) blooms.

Chl-a concentration
The chlorophyll-a concentration derived from the satellite
measurements over a period of time can help in monitoring
the evolution of a bloom. The concentration was observed
to be higher than the surrounding regions. The reason for
the varying intensity of the satellite-measured chlorophyll-a
concentrations could be attributed to the presence of
different species in lower concentrations than the dominant
species of the bloom and also due to the availability of
nutrients in the regions. Hence, one cannot quantify the
HAB intensity based on the chlorophyll-a signature alone
and an alternate method suggested.
The chlorophyll-a concentrations during two different
bloom events are shown in Figure 2. It is observed from
the available records that the HABs occur mostly during
the late winter monsoon months and very rarely do they
occur during the upwelling season, which is the most
productive period in the Arabian Sea.
Figure 3 shows the SST in the bloom regions. By nature,
the Trichodesmium blooms in warmer waters than
Noctiluca. It is observed that the temperatures during the
Trichodesmium blooms were relatively warmer and were
above 28°C. Noctiluca was found to bloom in cooler
waters, typically 26°C.

Figure 2 Chlorophyll-a concentration (mg/m3) during the
Trichodesmium spp. (top panel) and Noctiluca spp. (bottom
panel) blooms.
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Figure 3 Sea Surface Temperature during the Trichodesmium
spp. (top panel) and Noctiluca spp. (bottom panel) blooms.

Conclusions
The spectral remote sensing reflectance in the visible
provides distinct signatures respectively at 490nm for
Trichodesmium and at 670nm for Noctiluca. The
chlorophyll-a concentration serves to monitor the evolution
and spatial extent of the bloom and the SST of the bloom
region showed that Trichodesmium blooms in stratified
warmer waters, whereas Noctiluca prefers cooler waters.
The study has demonstrated synergetic use of ocean
colour and SST remote sensing data for studies of HABs
in the Arabian Sea.

Upwelling indices in the Southeastern
Arabian Sea

(Figure 6) perpendicular to the coast were derived from the
alongshore component of wind speed. The correlation
between the Ekman transport and the SST based
upwelling index was positive during the initial phases of
monsoon and negative during the months of
August/September, indicating the prevalence of cooler
temperatures as wind speeds showed a decline. Factually,
maximum upwelling was observed between 8° to 9°N.
Ekman transport for the past two decades has shown
hitherto unknown features like the intra-regional variability
along the coast on an annual time scale.
The computation of upwelling indices showed an increase
in temperature gradients with time, brought about by the
cooling of coastal waters. The investigation had covered
two decades of observations, which reveal that during the
later decade, especially up to 2004, a consistent
enhancement in the strength of upwelling could be
observed. Additionally, a notable decrease was observed
for the three years (2005-07) and also during the years
(1991-92 & 1997-98) when ENSO (El Niño Southern
Oscillation) and IOD (Indian Ocean Dipole) appeared
together. The Ekman mass transport during 1992 and
1997, which were ENSO years, has showed strong
onshore transport. Offshore transport at 8° and 15°N was
greater during winter monsoon. Wind speed is also
considered as an important factor in determining the
strength of upwelling as evident from our calculations on
the indices for 2005, 2006 and 2007 when the meridional
component of wind speed was less and thereby feeble
upwelling transpired. The concomitant decrease in
chlorophyll supports this observation. Therefore it should
be understood that the nutrients present in the sub-surface
layers were not being transported to the surface owing to
weak Ekman transport. Hence the upwelling indices can
be applied for the studies of inter-annual variability of
coastal upwelling.

Ch. V. Chiranjivi Jayaram, Ph.D Student, SAC-ISRO
Project, NERCI-CUSAT

K. Ajith Joseph, Director, NERCI
Prof. A. N. Balchand, Head, Dept. of Physical
Oceanography, CUSAT
The impact of global warming and climate change on the
strength of the coastal upwelling along the southwest
coast of India (Figure 4) was studied for the period 1988 to
2007. In southeastern Arabian Sea, the signatures of
upwelling from the low sea level anomaly are noticeable
from February/March itself, but the associated lowering of
SST and an increase in productivity of surface waters is
actually noticeable only with the onset of southwest
monsoon winds, which often occur by the end of May or
early June. The influence of Kelvin wave from Bay of
Bengal for the generation of upwelling processes in the
southeastern Arabian Sea was studied by Shankar and
Shetye (1997) and Shenoi et al. (1999). Johannessen et
al. (1981) studied the oceanographic influence on the
biomass during the upwelling periods in the Arabian Sea
and found that the upwelling boosts the phytoplankton
production in the area. His studies also found that a
shoreward lifting of isopleths starts in March and continues
through the southwest monsoon, reaching a maximum in
August or September. To decipher the intensity of
upwelling, temperature gradients computed between the
coastal ocean and at 5° distance offshore along the same
latitude (Figure 5) and the Ekman offshore transport

Figure 4 Study region west of the State of Kerala
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Indonesian seas. The Pacific inflow waters are modified
before they enter into the Indian Ocean due to mixing,
upwelling and air-sea exchanges. The ITF is maintaining
the heat and salt budgets of the Indian and Pacific oceans.
Thus, it influences the stratification and the heat content
and thereby influencing the oceanic and atmospheric
circulation. Without the ITF the nature and characteristics
of the Indian Ocean and Pacific Ocean circulation would
have been very different.

Figure 5 Climatology of the coastal and off-shore SST
gradient based upwelling index from WOA and AVHRR
satellite data.

Figure 7 Pathways of ITF (after Wijfells et al., 2008)

Figure 6 Offshore Ekman transport for the study region from
QuikScat measurements.

This study is a part of a paper submitted to the Ocean
Science Journal, Springer.
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The response of Indian Ocean to the
Indonesian Through Flow in an eddypermitting regional ocean model
Dr. Madhusoodanan M.S., Scientist, NERCI, Prof. Ola M.
Johannessen, NERSC and Dr. Laurent Bertino NERSC
The transfer of warm and saline upper waters from the
Pacific to the Indian Ocean through the Indonesian Seas is
referred to as the Indonesian Through Flow (ITF). It is the
only tropical oceanic pathway (Figure 7) in the world
oceans. The complex geography of the region with
multiple narrow constrictions connecting a series of large,
deep basins, leads to a circuitous flow pathway within the

Measuring the total transport of the ITF is difficult due to
the complicated geomorphology in the region with many
passages and because of the large variability of transport
through various passages. Based on a linear inversion
from global hydrographic sections using conservation
principle, Macdonald (1998) obtained an estimated mean
ITF transport of 10±10 Sv, which is consistent with the
mean and uncertainty of various measurements.
Uncertainties in estimating the ITF transport cast a major
difficulty in understanding physical processes associated
with it. Two major issues related to studies of the ITF are
mechanisms controlling the mean and the variability (in
terms of its transport and structure) and its effects on the
ocean circulation system. This ocean modeling study
focuses on the latter issue.
The Ocean Circulation Model
Considering the significance of the ITF in the Indian Ocean
circulation, a sensitivity study with different ITF fluxes in
the HYCOM (Bleck, 2002) model for the Indian Ocean has
been carried out to understand its effects on the ocean
circulation. HYCOM is a primitive equation general
circulation model with vertical coordinates that remain
isopycnic in the open, stratified ocean. The isopycnic
vertical coordinates smoothly transition to z-coordinates in
the weakly stratified upper ocean mixed layer, to terrainfollowing sigma coordinates in shallow water regions. This
hybrid formulation allows for the better representation of
different dynamical regimes such as in the surface mixed
layer; the deep ocean, and the coastal and shelf regions.
The HYCOM model for Indian Ocean was setup on a
conformal mapped grid (Bentsen et al., 1999). The
minimum grid distance in the model domain is 14km,
sufficient to resolve the larger meso-scale features. The
Red Sea and the Persian Gulf are also included, the
northern boundary is closed by land, and western
boundary coincides with the African coast. The model was
initialized using GDEM data (Teague et al., 1990). The
model was then spun up for 8 years using climatological
monthly means of atmospheric data.
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The model forcing fields include climatological cloud cover
from the Comprehensive Ocean-Atmosphere Data set
(COADS), precipitation from Legates and Willmott (1990)
and synoptic atmospheric fields from the European Center
for Medium Range Weather Forecasts (ECMWF). The
bathymetry is interpolated to the model grid using GEBCO
bathymetry. Surface relaxation with 50 days‟ time for
salinity and temperature was used in the experiment. On
the open boundaries in the Pacific and Atlantic oceans we
apply a relaxation of temperature and salinity averaged
climatology from Generalized Digital Elevation Model. The
flux is treated as a negative salinity flux. 30 hybrid layers
were used in this model set up. The ITF is included as a
barotropic flux entering south of Indonesia and exiting the
domain south of Australia along the model boundaries,
which was maintained constant in time.
Three simulation experiments were included in this study;
case 1. : ITF absent
case 2. : ITF volume transport = 10 Sv
case 3. : ITF volume transport = 18 Sv
The model was spin-up for 8 years with climatological
monthly fields (ITF = 10 Sv) and then integrated for 16
years with synoptic forcing (ECMWF/ERA40) in all the
three cases. 13-year climatology fields were analyzed.
Conclusion
The varying inflow of ITF into the Indian Ocean modifies
the South Equatorial Current (SEC) and thus influences
the Mozambique Current (MC) and the East Madagascar
Current (EMC). The model simulated EMC is stronger in
the absence of ITF (case 1) compared to case 2 and 3.
But the MC is intensified with increase in ITF volume
transport. This is evident from the volume transports of
EMC (Figure 8A) and MC (Figure 8B).

volume transport of ITF, the density distribution in all the
three cases were analyzed. The density is increased all
over the Indian Ocean basin in the absence of ITF. This is
due to the cutoff of warm and less saline water by the ITF.
In case 3 the density is decreased in the Indian Ocean.
The axis (core) of SEC is shifted southward in the absence
of ITF (Figure 9); the contribution to the MC is small;
making the East Madagascar Current stronger. The SEC
is intensified & its core is further north when ITF volumetransport is stronger; making the MC stronger.
The changes in volume transport of ITF and the
consequent changes in the dynamical field lead to
modifications in the temperature and salinity structure in
the South Indian Ocean.
The negative values in the temperature field along the
west Australian coast are due to the cut-off of warm ITF.
As the ITF brings in relatively warmer and fresher water
into the Indian Ocean, the negative salinity values along
the southwest coast of Australia is not expected. The
warm ITF entering through the Indonesian straits flows
westward across the Indian Ocean and returns to the
Pacific along the Antarctic Circumpolar Current (ACC)
confined to the north of 50ºS. The relatively warm ITF in
the tropical South Indian Ocean enhances the
thermohaline circulation and meridional overturning in the
southern part where the warm & fresh ITF meets the
relatively more saline and colder Antarctic water.
The ITF causes an elevated dynamic topography eastwest in the Indian Ocean. The associated geostrophic
currents flow eastward to the Australian coast in the south
of the topography elevation. This shifts the high saline
water to the coast where it subducts and moves northwestward in the sub-surface layers.

Figure 8A Simulated volume transport of East Madagascar
Current.

Figure 8B Simulated volume transport of Mozambique
Current.

To understand the cause of these dynamical changes in
the South Indian Ocean induced by the difference in

Figure 9 Sea Surface Height Anomaly (m) (SEC is marked)
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Relationship between Coloured
Dissolved Organic Matter and salinity in
Cochin estuary
Dr. Nandini Menon N., Scientist, NERCI
Dissolved organic matter (DOM) is the largest reservoir of
organic carbon in the aquatic environment. Coloured DOM
(CDOM) is operationally defined as the component of total
DOM that absorbs light over a broad range of visible (blue
light) and UV wavelengths and is that part of the particle
continuum within some pre-determined minimal size.
The number and complexity of components that comprise
CDOM in aquatic systems are large and diverse as the
biological, physical, and chemical environment in which it
is produced, transported and transformed. Sources of
CDOM include soil brought in through rivers and
groundwater that derived from plankton and plant material
in coastal waters, anthropogenic compounds in runoff,
sewage discharge and other effluents such as
hydrocarbons and agricultural waste.
CDOM can have different spectral properties depending
on its origin. Both terrestrial and marine derived
CDOMhave
absorbance
spectra
that
decrease
exponentially toward longer wavelengths with no peaks;
this lack of peaks supports the fact that CDOM is a
complex mixture of compounds that have overlapping
absorption spectra. The structural variability of CDOM
produces its optical character and reactivity.
Figure 10 depicts the CDOM absorption co-efficient (a412)
in the selected stations of Cochin estuary during different
seasons. Cochin estuary is a positive tropical estuary
where the major environmental factor is salinity. Salinity
profile of the estuary varies (Table 1) with the fresh water
discharge associated with the south west monsoon (June
to September). During the monsoon season (Figure 10A),
the entire estuary becomes converted into a fresh water
basin and the flushing rate in the estuary is very high.
Study of Coble (2007) demonstrates that CDOM
concentrations are in general positively associated with
flow up to the point in which a “washing out” effect occurs.
Therefore, hydrologic alterations that increase flow, such
as increased rainfall, will increase CDOM concentrations
up to a point. In agreement to this observation, it was
found that except the typical riverine station, the entire
estuary had a high concentration of CDOM (between 5-10
-1
m ). Uniform pattern of CDOM distribution throughout the
estuary with very high values at the riverine end and very
low values at the bar mouth region in the surface waters

indicate that there has been no CDOM addition from other
processes.
Table 1: Salinity profile in the estuary during the 3 different
seasons.

#

Station

1.

Vaduthala

2.

Thevara

3.

Monsoon

Post
monsoon

Pre
monsoon

0

5

12

0

10

27

Oil terminal

0

28

32

4.

Port trust

0

24

28

5.

I buoy

1

29

24

6.

Kannamali

8

30

35

In near shore areas with strong river influence, mixing is
the major factor controlling CDOM distribution, and an
inverse linear relationship between CDOM and salinity is
often observed. While other processes are impacting
CDOM concentrations, physical factors dominate over the
time scale of CDOM lifetimes within coastal waters.
The response of the estuary depends on the ratio of the
flushing time of the estuary to the timescale of the source
variations.
During post monsoon season (Figure 10B), the decrease
in fresh water discharge (Table 1) and the circulation
pattern of the estuary raises the salinity of the estuary to
around 30 ppt, At this salinity, CDOM exhibits a shift
toward the shorter wavelength excitation and emission
maxima (blue-shift) of marine humics, and a similar blue
shift in peak position can also be caused by
photodegradation. The Cochin estuary is a well-mixed
estuary in the dry season and the CDOM pattern shows
the marine influence in the estuary during the post
monsoon season. It is believed that land use changes
have led to alterations in flow that may in turn lead to
increases in CDOM concentrations given sufficient source
material. The high CDOM content at the Thevara (#2)
region, which is a site of anthropogenic and constructive
activities, may be tied to this hypothesis.
CDOM is seasonally and spatially variable. For
comparison in Florida estuaries CDOM co-varies inversely
with salinity. CDOM has been linked to chlorophyll or other
biomass concentrations, particulate material, nutrients,
rainfall and land use.
In the pre-monsoon season (Figure 10C), the CDOM
content in the Cochin estuary lowers further. During this
season, the estuary becomes more thermally stratified due
to increase in surface temperature. This creates optimal
condition for photobleaching (Vodacek et al., 1997).
CDOM photobleaching is characterized by a loss of
chromophores and results in a decrease in the absorption
coefficients and fluorescence.
Rates of photobleaching vary among organic substances
from different sources, with terrestrial humics typically
bleaching much faster than organic substances originating
in marine waters. It is found that the stations in the
shipping channel through, which the rate of fresh water
influx is high has a higher amount of CDOM, than the rest
of the estuarine region.
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10 A

10 C

Figure 10 Spatial distribution of CDOM in Cochin estuary and
nearby coastal waters during (A) the monsoon, (B) post
monsoon and (C) pre-monsoon in 2007-08. The location are
identified in Table 1.

At low flows, the concentration of colour does not depend
on source of water while at higher flows, it generally does.
The concentration of colour increases faster if the primary
source of discharge is the watershed.
Conclusion
High CDOM level makes it difficult to estimate chlorophyll
by satellite because both CDOM and Chl-a strongly absorb
the blue light in estuaries. Hence a thorough knowledge of
CDOM, particularly its optical properties and their relations
with other variables, is essential to enhance our capability
to monitor water-quality and to help understand its origin
and fate in this complex environment of importance to the
local population.
References:
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T., and Nelson, R. K. 2007. Seasonal variation of CDOM
and DOC in the Middle Atlantic Bight: terrestrial inputs and
photooxidation. Limnol.Oceanogr., 42(2), 674–686.

Algal blooms in the Indian seas
Prof. N. R. Menon, Emeritus Professor, CUSAT/
Chairman, Scientific Research Advisory Board, NERCI
Planktonic algae can proliferate into enormous quantities
in terms of cell number when congenial conditions mainly
caused by optimum light intensity and nutrients become
available. The number of cells in a liter of seawater when
6
exceeds 10 is conventionally termed as a „bloom‟. It is not
clear whether algal blooms that occur in the tropical waters
are comparable to the spring blooms of the temperate and
boreal regions. The species composition of such blooms
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decides the transfer of energy from the primary to the
secondary trophic levels. For example when the bloom is
caused by exuberant growth of phytoplankton species
which form the food of herbivorous zooplankton and other
components of the secondary trophic system the
secondary productivity gets enhanced considerably in the
pelagic realm. On the other hand monospecific blooms of
harmful species can cause spontaneous death of primary
herbivores.
Harmful algal blooms are quite common and often
sporadic along the west and east coasts of India. The
important species which cause such harmful algal blooms
in the Indian seas are Trichodesmium erythraeum,
Noctiluca scintillans, Alexandrium spp. and Gymnodinium
sp. However, continuous monitoring of algal blooms have
shown that around 11 species of harmful algae bloom in
the Indian seas which could eventually, depending on the
frequency and intensity would be a potential threat to the
pelagic fishery resources of these waters.
Analysis of the important oceanographic conditions of the
bloom area during the growth and sustenance periods of
the algae showed that the major nutrients like nitrate,
nitrite, phosphate and silicate essentially control the
intensity of the blooming conditions. At many sampling
stations in the bloom area high values of these nutrients
were observed at the initiation of the bloom. Lowering of
the nutrient by and large coincided with the crash of the
blooms. Vertical distribution of the nutrients in the Arabian
Sea and the Bay of Bengal where Trichodesmium
erythraeum blooms often occurred did show higher
concentration in the upper 20m water column. However,
often it was difficult to delineate the N:P relation and
occurrence of the blooms. Along the south west coast of
India blooms of Coscinodiscus asterom phalus var
centralis occurred during August–November period. This
period marks the end of upwelling along the coast. Red
tides are often associated with the end of the upwelling
period and the diatom blooms are known to precede
dinoflagellate blooms in such areas.

diversity. Margalef (1978) opines that this represents the
climax phytoplankton community structure, the time frame
of which is controlled by nutrient enrichment and change in
N: P ratios.
Reference:
Margalef, R. 1978. Life-forms of phytoplankton as survival
alternatives in an unstable environment.Oceanol.Acta, 1,
493–509.

Ecological Characteristics associated with Polar
Erect Bryozoans
Prof. N. R. Menon, Emeritus Professor, CUSAT/
Chairman, Scientific Research Advisory Board, NERCI
Bryozoans are a highly evolved group of filter and
suspension feeders, which have the capacity of separating
dissolved organic matter from the surrounding medium by
polymerization of surface active molecules. The basic
colonial morphology of this group is evolved to grow as
encrustations. The quantum of erect species of bryozoans
in the Indian Ocean is rather low; often in any region they
form only around 5% of the total number of species.
Preponderance of erect bryozoans in the polar bryozoan
community was examined employing samples obtained
from an area located at 69°54‟S; 12°49‟E longitude (red
spot in Figure 12) during the third Indian Antarctic
expedition in 1983-84.
The material obtained could be used for a detailed study
very late due to non-availability of expertise in the field.
Eleven species of erect bryozoans were recorded from a
depth of 200m. These species are holstenohaline and
holstenothermal and their life and existence depend on the
stability of the environmental conditions, which are clearly
provided by the Antarctic surface water masses. The
changes in the physical processes of the Antarctic waters
are known to influence the community structure up to 30m
depths only and biological interactions are proved to be
responsible for the community structure of waters beyond
this depth. Stiff competition for space, food and light are
the most important factors that would control the
morphology of the species and the structure of the
community of species occurring in this area.

Figure 11 Coscinodiscus asterom phalus var centralis cells x 40.

Conclusion
The hydrographic condition need not depict any drastic
variations from the normal although often significant N:P
ratios accompanied the bloom. Reduction in nitrate and
increase in phosphate content could be a feature
associated with diatom blooms. It has been observed that
during the bloom period the qualitative abundance of
phytoplankton was low resulting in very low species

Figure 12 The Antarctic study area for plankton and benthic
investigations.

Understandably species of drastically different phyletic
status should face less competition for food and space.
Various authors have reported diverse marine life of the
Antarctic at phyletic levels with clear-cut endemism. An
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important aspect of bryozoan anatomy is the input of
enormous quantity of calcium carbonate on a weight-byweight basis contributing to the zooid.

examples that could be used to measure the variability in
growth among Antarctic invertebrates.
Conclusion
The morphological features of invertebrates of the
Antarctic are significantly influenced by the environmental
conditions and food accessibility. The architecture of the
feeding apparatus will decide the physical level at which
the heavy food particles whether organic or inorganic are
consumed. Growth kinetics of bryozoans, on which data is
available from tropical, temperate and polar waters
indicate that growth is slow among invertebrates in
Antarctic waters.

Role of ocean in the variability of summer
monsoon of south Asia
Dr. P. V. Joseph, Professor Emeritus, Department of
Atmospheric Science, CUSAT & Member, Scientific
Research Advisory Board, NERCI.

Figure 13 Erect species of bryozoans from the Antartic
waters. (A) Chondriovelum adeliense Hayward and Thorpe,
portion of a colony showing vicarious avicularia 1040 x 605μ
(B) Cellaria aurorae Livingstone, enlarged view of the zooids
900 x 451 μ (C) Swanomia membranacea Hayward and
Thorpe, cellariform colony with vicarious avicularia 900 x 451
μ (D) Melicerita oblique Thornely, cellariform colony 900 x
451 μ.

Figure 14 Erect species of bryozoans from the Antartic
waters (E) Cellarinella laytoni Rogick , zooids enlarged
showing orificial avicularia 1040 x 605μ (F) Reteporella parva
Hayward , Frontal view showing the details of orificial
avicularia and ovicells 1040 x 605μ (G) Iodictyum anomala sp.
novo. Frontal view enlarged 900 x 451μ (H) Hornera spinigera
Kirkpatrick, form of the colony 900 x 451μ .

The simplicity in structure of bryozoan soft tissue
increases the significance of availability of calcium and
mode of absorption and uptake. The hydrochemical
characteristics of the polar water at greater depths are of a
very congenial condition for calcium carbonate secretion.
Around 30% of polar deposits are of calcium origin. The
enhanced size of bryozoan zooids, the accumulation of
biogenically rich material by high seasonal productivity,
predominance of coccolithophores, a taxa where
calcification is less light dependent points towards the
possibility of bryozoan skeletal formation resorting to
comparable procedures of calcium carbonate secretion. It
is recognized that suspension feeders are cardinal

Summer monsoon rainfall is a precious natural resource
for the countries of south Asia, but it is highly variable in
space and time. Prediction of monsoon rainfall 7 to 10
days in advance (medium range) has great applications in
agricultural operations. Planners particularly in the
government require monthly and seasonal predictions
(long range) and also predictions of inter-annual and
longer-term variability of monsoon. Recent research has
shown that monsoon variability in these time scales is
highly dependent on the ocean below, particularly on Sea
Surface Temperature (SST). We have to understand the
coupling between the atmosphere and the ocean on these
time scales by data analysis, theoretical studies and
ocean-atmosphere coupled modeling. In this study some
aspects of the role of the ocean in the variability of the
monsoon of south Asia as obtained from data analysis is
presented.
Monsoon Onset
40-50 days before the monsoon onset over the southern
tip of India (Kerala) the central Bay of Bengal develops
high SST and to its south a band of convective clouds form
near the equator, which moves north during the following
two weeks. This is named the Pre Monsoon Rain Peak
(PMRP) (it rains over a box 8°N-13°N and 75°E-95°E) Joseph and Pillai (1988). A few pentads later a similar
warming is seen in central Arabian Sea when a cloud band
forms over south Arabian Sea close to the equator and as
it develops and moves north the cross equatorial Low
Level Jetstream (LLJ) forms and intensifies. These
changes herald the monsoon onset over south Asia. LLJ
thus formed at the monsoon onset lasts during the four
monsoon months June to September. The linear
correlation between the dates of PMRP and the monsoon
onset over Kerala is very high and statistically significant.
Summer monsoon onset over south Asia is found to be
related to the time of transition across the equator of the
ITCZ. Over the Indian and west Pacific oceans from south
of equator to its north, which is related to the large scale
SST anomalies in these areas around the equator as
shown by observational and modeling studies – Joseph et
al., (1994), (2006); Ju and Slingo (1995); Soman and
Slingo (1997) and Annamalai et al. (2005).
Active – Break cycle of monsoon
A recent study by Joseph and Sabin (2008) has shown
that in the Active – Break cycle, the ocean interacts with
the atmosphere above in the Indian and west Pacific
oceans. A typical Active-Break cycle of the Asian summer

10

NANSEN ENVIRONMENTAL RESEARCH CENTRE (INDIA)

monsoon is taken as beginning with maximum SST (taken
as pentad 0) over the north Bay of Bengal when the
oceans to its west and east from longitude 40°E to 160°E,
and between latitudes 10°N and 25°N (area A) also has
maximum SST (Figure 15). During this pentad the recently
found “Cold Pool” of the Bay of Bengal (between latitudes
3N and 10N –Area B) has its minimum SST. An area of
convection takes genesis over the Bay of Bengal
immediately after pentad 0 in the zone of large SST
gradient between areas A and B and it pulls the monsoon
LLJ through peninsular India. Convection and the LLJ
westerlies then spread to the western Pacific Ocean during
pentads 1 to 4 taken as the active phase of the monsoon
during which convection and LLJ have grown in a positive
feedback process. The cyclonic vorticity to the north of the
LLJ axis is hypothesized to act as a flywheel maintaining
the convection during the long active phase.
By the end of pentad 4 the SST over area A has cooled
and the convection weakens there, when the LLJ turns
clockwise over the Arabian Sea and flows close to the
equator in the Indian Ocean.
A band of convection develops at pentad 5 between the
equator and latitude 10°S over the Indian Ocean and it is
nourished by the cyclonic vorticity of the LLJ now near the
equator and the moisture supply through it. This is taken
as the break monsoon phase lasting for about 3 to 4
pentads beginning from pentad 5 of a composite activebreak cycle of 40 day duration. With reduced wind and
convection over the area A during the break phase, solar
radiation and light winds make the SST there warm rapidly
and a new active-break cycle begins. SST, convection,

LLJ and the net heat flux at the ocean surface have
important roles in this new way of looking at the activebreak cycle as a coupled ocean-atmosphere phenomenon.
The changes to LLJ in the active – break cycle of the
monsoon have been studied by Joseph and Sijikumar
(2004).
Interannual and decadal variability of Monsoon
Indian summer monsoon rainfall has large interannual
variability. Generally a deficient monsoon year is followed
by a normal or excess monsoon year, a sort of biennial
oscillation. This phenomenon is called the Tropospheric
Biennial Oscillation (TBO) in which the summer monsoons
of India and Australia and the SST of the tropical Indian
and west Pacific oceans take part - Meehl (1997) and
Chang and Li (2000). On the decadal time scale there are
30 year epochs of below normal (1901-1930 and 19611990) and above normal (1871-1900 and 1931-1960)
rainfall. In the epochs of below normal rainfall, highly
deficient monsoon years are frequent (monsoon droughts
once in three years on average). In the epochs of above
normal rainfall droughts are once in 10 to 15 years only.
Joseph and Preeti Bhaskar (ongoing study) has found that
in the recent three decades of frequent droughts (1961 to
1990) sub-tropical westerlies and the subtropical westerly
jetstream of the northern hemisphere moved to lower
latitudes in the longitudes of south Asia. In such a situation
the monsoon convective heat source induced a stationary
Rossby wave train in the subtropical westerlies that
resulted in large scale monsoon-ocean interaction
resulting in TBO.

Figure 15 Composite pentads (-2 to +5) of SST anomaly in the monsoon active break cycle (Joseph and Sabin, 2008).

Climate change in Monsoon
In the global warming scenario the Sea Surface
Temperature (SST) of the equatorial Indian Ocean has
warmed much more than the other tropical oceans during
the period 1950 to 2003 (Figure 16 - Joseph and Sabin
(2008). Study of reanalyzed data (NCEP and ERA) has

shown that this rapid warming in SST has weakened the
monsoon Hadley cell.
As a consequence the monsoon current (LLJ) and the
Tropical Easterly Jetstream have shown a weakening
trend. Monsoon Hadley cell on its southern fringe has the
Sub-Tropical Jetstream of the southern hemisphere
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passing through Australia. This jetstream has also shown
a weakening trend. Thus the Indian Ocean warming has
pronounced global teleconnections. The weakening of the
Low Level Jetstream of monsoon is most likely to be the
cause of the decreasing trend in monsoon depression
frequency observed.
(June-Sept SST 1999-2003 minus 1950-1954)

Joseph P.V. and T.P. Sabin (2008): Trends in SST and
reanalysis 850 & 200 hPa wind data of Asian summer
monsoon season during the recent six decades.
Proceedings of 3rd WCRP International Conference on
Reanalysis –Tokyo, Japan.
Ju J. and Slingo J.M. (1995): The Asian summer monsoon
and ENSO, Quarterly Journal of the Royal Meteorological
Society, 122, 1133-1168.
Meehl G.A. (1997): The south Asian monsoon and the
Tropospheric Biennial Oscillation, Journal of Climate, 10,
1921-1943.
Soman M.K. and Slingo J.M. (1997): Sensitivity of Asian
summer monsoon to aspects of sea surface temperature
anomalies in the tropical Pacific ocean, Quarterly Journal
of the Royal Meteorological Society, 123, 309- 336.

ONGOING PROJECTS
Figure 16 Rapid warming of Indian Ocean 1950 to 2003.

Conclusion
Monsoon variability on intra-seasonal (active-break cycle),
inter-annual (TBO), decadal (30 year epochs) and longer
time scale have been shown to be associated with large
scale changes in the ocean. It is therefore necessary to
intensify research in coupled ocean-atmosphere modeling
to understand and predict monsoon variability. With the
Global Observing System (GOOS) initiated about half a
century ago to make measurements on the atmosphere
from surface to 30 km altitude routinely twice a day and
the ARGO programme introduced a few years back to
make measurements of the vertical profile of the oceans
globally from the surface to the depth of two
kilometersonce in ten days we now get data in real time to
understand and predict monsoon variability.
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“Synergistic application of Scatterometer and OCM
data from OCEANSAT – II for the studies of coastal
upwelling in the Southwest coast of India”
Principal Investigator- Dr. K. Ajith Joseph
Co-PI - Prof. A. N. Balchand, CUSAT
The main focus of work is centered around computing the
o
upwelling index along the southwest coast of India from 8
o
to 15 N based on AVHRR SST and ERS-1/2 and
QuikSCAT wind stresses between the years 1981 and
2008.
The prominent region of upwelling along the southwest
o
coast of India has been identified to be between 8 and
o
10 N (Jayaram et al., 2009). Over the past decade, the
along shore component of wind speed which favors
upwelling along the coast has been observed to decrease
in strength, which is more prominent since 2005; this has
attributed to a resultant decline in the strength of upwelling
during the period of study. The intensity of the coastal
upwelling is, of course, influenced by El Niño Southern
Oscillation and Indian Ocean Dipole events. It was
detected that a positive IOD and a strong ENSO would
result in the decrease of upwelling intensity. This could
also be due to the decrease in strength of Kelvin wave
around the south of India coming in from Bay of Bengal.
Interestingly, the reverse is not observed, i.e., the
occurrence of La-Nina and a negative IOD does not
necessarily lead to an intense upwelling. The reasons are
being explored.

“Water quality monitoring and low cost
purification strategies for inland waterways of
low-lying areas”
Principal Investigator- Dr. K. Ajith Joseph,
Partner institute: Centre for Earth Research and
Environment Management, Kochi, India
Area of study covered the Meenachil River canals of upper
Kuttanad, ArpookaraPanchayat, Kerala, India. The study
identified the hot spot regions in terms of water quality of
the area. Hot spots are characterized with water highly
polluted from domestic and sewage wastes. The study
also conducted water quality improvement measures on
an experimental basis in the area. The project was
completed in December 2009.
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ANNOUNCEMENT OF OPPORTUNITY
PROJECTS BY SAC (ISRO)

Indo-Russian workshop on Regional Climate change

“Algae Bloom monitoring and forecasting for the
Norwegian waters using Oceansat-II data”
PI- Lasse H. Pettersson, NERSC.
Co-PI - Dr. K. Ajith Joseph
The proposed work is in compliment to the ongoingHAB
monitoring and forecasting for the Norwegian waters by
NERSC over the last few years (http://HAB.nersc.no),
which is highly beneficial to the Norwegian aquaculture
and fishery industries. The methodology includes access
to IRS-Oceansat II ocean colour level 2 data products for
the study region by data downloading, processing,
integration, analysis and assessment visualisation.
“Arctic monitoring and forecasting using Oceansat II
Scatterometer data.”
PI- Dr. Laurent Bertino. Co-PI- Prof. Stein Sandven,
Lasse H. Pettersson and Dr. K. Ajith Joseph
The proposed work is an enhancement of the TOPAZ
monitoring and forecasting system for the Arctic Ocean.
Scatterometer data from Oceansat-2 will be used to device
sea-ice parameters (concentrations and type) and
assimilated into the TOPAZ coupled ice-ocean system, in
combination with or in replacement of pre-existing SSM/I
and ASMR data.

WORKSHOPS

The Indo-Norwegian initiative on climate change
science research-Key challenges and
Opportunities

rd

One day workshop was organized on 3 February 2009 at
New Delhi by The Energy Resource Institute (TERI) in
association with NERSC, Bergen and Bjerkness Centre for
Climate research, supported by Norwegian embassy,
India. Scientists from NERCI and NERSC delivered talks
on the relevant topic.
Indo-Norwegian workshop on Operational ocean
modeling and studies of the Indian Ocean
Two day workshop was organized by INCOIS, NERSC &
th
NERCI from March 11- 13 2009 at INCOIS, Hyderabad.
Scientific lectures were given by scientists from NERSC,
NERCI and INCOIS. This was followed by a group
discussion among the scientists of the three institutions to
take steps for strengthening the co-operation and joint
research activities.

An Indo-Russian workshop on Regional Climate Change
was organised in Cochin from October 8-9, 2009 under the
DST-RFBRprogramme. The workshop envisaged to
catalyze new initiatives in India and Russia for
collaboration to augment regional climate change
research, assessment, data synthesis and information
sharing, training and coordination between the scientific
communities of the two countries in the context of global
warming and associated climatic extremities. The
delegation from Russia included scientists from Nansen
International Environmental and Remote Sensing Centre
(NIERSC), Voeikov Main Geophysical Observatory, St.
Petersburg; and Professors from Russian Academy of
Science and Arctic and Antarctic Research Institute.
The workshop was inaugurated by Prof. J. Srinivasan,
Chairman, Divechacentre for climate change research,
IISC, Bangalore.
About 55 Indian, 6 Russian and two Norwegian delegates
attended the workshop.
Nansen Scientific Society of Bergen, Norway and Indian
National Science Academy also gave financial support for
the workshop.

PUBLICATIONS IN 2009
N. Nandini Menon and N. R. Menon (2009) - Tissue
pathological studies on the marine clam
Sunettascripta (Linne') exposed to petroleum
hydrocarbons. Icfai J. Env. Sci., Vol. III (3), 46-57.
Wang B., Ding Q. and Joseph P.V. (2009) - Objective
definition of the Indian summer monsoon onset,
Journal of Climate, DOI: 0.1175/2008JCL12675.1
K.S. Nair (2009) - Impact of climate change and human
interference on the hydrology of small basins of
Kerala, IAHS Red Book Series, IAHS Publ. 33X,
2009.
K.S. Nair (2009) - Inde Les mégapoles en première ligne,
Courrier de la Planète n°89|90, pp80-85, 2009 (in
French).
K.S. Nair (2009) - Historical developments in transboundary water disputes for the forthcoming
UNESCO/IWHA book series.
Louis, S and N. R. Menon (2009) – Biflustraperambulatan
sp. (Cheilostomata; Bryozoa) alien species from
Cochin harbour, Kerala, India. Zootaxa, 2066, 5968.
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Conference proceeding papers
Ch. V. Chiranjivi Jayaram, and Ajith Joseph, K. (2009) Differential response of productivity trends in the
Arabian Sea as observed from satellite data –
Presented at Indo-Norwegian workshop on
operational ocean modelling at INCOIS, March
2009.
Ch. V. Chiranjivi Jayaram, Ajith Joseph, K and A.N.
Balchand.(2009). Modulation of upwelling in the
south eastern Arabian sea during extreme
climatic events: A remote sensing based study. –
Proceedings of INDORUSCC09 workshop,
October 2009.
Ch. V. Chiranjivi Jayaram, Ajith Joseph, K and A.N.
Balchand (2009) - Decreasing trend of
chlorophyll-a concentration in the southeastern
Arabian Sea – Observed from satellite data –
Proceedings of National Conference of Ocean
Society of India March, 2009.
Anil Kumar P. R, Nandini Menon, Abdul Jaleel K U, Eldos
P Mani, Nousher Khan, V.N. Sanjeevan and
Rosamma Philip (2009) - Distribution of
Meiobenthos in and around the Indian ocean
sector of Southern Ocean. Presented at the
International symposium on, Marine Ecosystems,
challenges and opportunities (MECOS ’09)

organized by Marine Biological Association of
India, Feb. 9-12, 2009.
Pradeep, K. P., Nandini Menon, N. and Shassi, S (2009) Diversity, distribution and composition of
holoplankton of the continental slope waters
along the north-west coast of India. Presented at
the International symposium on, Marine
Ecosystems, challenges and opportunities
(MECOS ’09) organized by Marine Biological
Association of India, Feb. 9-12, 2009.

Papers submitted
Chiranjivi Jayaram, NeethuChacko, K. Ajith Joseph and
A.N. Balchand (2009) - Interannual variability of
upwelling indices in the Southeastern Arabian
Sea – A Satellite based study. Ocean Science
Journal, Springer (under review)
Madhusoodanan, M.S. and Thomson, B. Decadal
variability of the Arctic Ocean Thermal
structure.Ocean Dynamics (under revision).
Nandini Menon, N. - Correlation between coloured
dissolved organic matter (C DOM) and
phytoplankton productivity. J. Mar. Biol. Ass. India
(under review).

NERCI staff and the Director Board members
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Participants of the Indo-Russian workshop on Regional Climate Change at Cochin from October 8-9, 2009.
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