


REPORT FROM THE BOARD FOR 2011 
Vision 
Improve the understanding of climate change, its impact on 
the monsoon and ocean circulation and ecosystems in the 
Indian Ocean using in situ observations, satellite data and 
numerical ocean and climate models. The influence of 
climate change on the coastal zone and its impact on 
socio-economy is also a research priority. Dissemination of 
scientific results for the benefit of society and for the 
conservation of ecosystems is also our committed 
responsibility.   

Main scientific research focuses of NERCI are a) Monsoon 
and ocean variability, Climate change, Sea level variations 
b)Marine Ecosystem studies including algal blooms and      
c) Coastal Zone Management and Societal issues. 

Organization 
The Nansen Environmental Research Centre India 
(NERCI) was established in 1999 as a joint venture 
between the Indian and Norwegian partners. NERCI 
conducts basic and applied research 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, Bergen, Norway.  NERCI is a non-profit 
research centre within the Nansen Group of research 
centres, which includes: 

• Nansen Environmental and Remote Sensing Centre 
(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-Bangladesh International Centre for Coastal 
Ocean and Climate Studies, Dhaka, Bangladesh 

• Nansen Scientific Society, Bergen, Norway 
• Terra Orbit AS – a research company, Bergen, 

Norway. 

NERCI capitalizes on the joint scientific expertise of the 
Nansen Group, which has about 200 staff including 75 
Ph.D and Master students. 

Staff 
The Centre has at present a staff of 13, which includes 
three full time scientists, four associate scientists, one 
project scientist, one full time and two part time Ph.D. 
students and two administrative staff. 

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 atmosphere for the 
staff to work.  

An economy and environment committee constituted in 
2010 with the Chairman, Vice chairman and the Executive 
Director as members supports the management of the 
Centre. 

National and International Cooperation 
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 signed in 
January 2008 is in operation. The MoU focuses on 
development of bilateral cooperation in operational satellite 
remote sensing, operational oceanography and ocean 
modeling. Under this programme, a Data assimilation 
Workshop was conducted at INCOIS during May 16-18, 
2011, led by Dr. Laurent Bertino from NERSC, Bergen. 

Under the MoU between Anna University, Chennai, 
Nansen Environmental and Remote Sensing Centre, 
Bergen, and NERCI, Mr. N. Madhavan and Ms. Lakshmi 
Srikantha are continuing doctoral programme at Institute of 
Remote Sensing, Anna University, Chennai, funded by the 
Nansen Scientific Society.  Both have conducted exchange 
visits to NERCI during 2011, receiving external supervision 
from Lasse H. Pettersson and Laurent Bertino, 
respectively. 

 
From left: Prof. Ola M. Johannessen, Prof. N .R. Menon, Prof. P. 
V. Joseph and Dr. Ramachandran Thekkedath, Vice Chancellor of 
CUSAT. 

The Nansen Scientific Society's Fellowship programme in 
Bergen, Norway has funded three doctoral fellowships at 
Faculty of Marine Sciences, Cochin University of Science 
and Technology under the MoU signed between NERSC, 
Bergen, CUSAT and NERCI. We expect the students to be 
selected and start their studies in early 2012. 

MoU signed with TocH Institute of Science & Technology in 
2010 has led to submission of joint project proposals to 
various funding agencies. 

The Nansen Fellowship Program 
One full time and two part time Doctoral students are 
carrying out their studies at or in affiliation NERCI. 

Ms. Smitha. A. is continuing her research on “Synergistic 
application of Scatterometer and OCM satellite Earth 
observation data for the studies of coastal upwelling, 
southwest coast of India”.  

Cover page: House boat tourism in the Vembanad Lake, 
a concern for lake ecosystem, a project by NERCI. 
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Dr. Chv. C. Jayaram working under SAC-ISRO project on 
Oceansat-II has submitted his thesis “Remote Sensing the 
signatures of upwelling in southeastern Arabian Sea” to 
Cochin University of Science and Technology and 
subsequently received his Doctoral degree.  
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Ms. Mary Swapna George undertakes her studies on 
“Validation of the HYCOM model for the Indian Ocean 
region and Mesoscale Ocean studies in the area”. 

These studies are performed respectively at the Cochin 
University of Science and Technology (CUSAT) with 
funding from Space Application Centre – Indian Space 
Research Organization and at Mohn-Sverdrup Centre at 
NERSC and University of Bergen, funded by Trond Mohn 
c/o Frank Mohn AS, Norway.   

Funding 
NERCI is a non-profit research Centre registered under 
Article 25, funded by Nansen Environmental and Remote 
Sensing Center, Norway. It receives funding through 
projects from Indian Space Research Organisation (ISRO), 
United Nation Environmental Programme (UNEP) and 
other similar agencies. 

Prospects for 2012 
NERCI enters 2012 with plans for increasing their national 
and international cooperation, particularly strengthening the 
cooperation within the Nansen Group and other Indo-
European research institutions. The award of the EC FP7 
project INDO-MARECLIM: Indo-European Research 
Facilities for Studies on Marine Ecosystem and Climate in 
India will be essential for strengthening the research 
infrastructure and increasing the research cooperation with 
European scientists. The Research Council of Norway 
project INDIA-CLIM: Decadal to multi-decadal variability in 
the Indian Monsoon Rainfall and teleconnection with 
Atlantic Multidecadal Oscillation (AMO) will be an important 
part of the bilateral Indo-Norwegian cooperation in climate 
research. To meet the new opportunities NERCI has 
moved into new modern office premises during 2012. 
Scientists and Ph.D. candidates from NERCI will also visit 
European research institutions to work on ocean and 
atmospheric modelling, ecosystem modelling and satellite 
Earth observation research with Indian and European 
partners.  

 

Cochin, 12th August 2012  
The  Board of Directors  
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Key Research Areas 
The current focus of research at NERCI are on the 
following: 

1. Monsoon and ocean variability, Climate change and 
Sea level variation 

  (Co-heads - Prof. P. V. Joseph, NERCI and Prof. Ola 
Johannessen, NERCI/NERSC) 

Research Topics: 

• Relation between Atlantic Multi-decadal Oscillation and 
the Indian Summer Monsoon Rainfall 

• The role of Indian Ocean in the intra-seasonal and inter 
annual variability of Indian monsoon rainfall 

• The rapid warming of the equatorial Indian Ocean and 
its impact on the regional climate 

• The cold pool of the Bay of Bengal during the summer 
monsoon season  

• Sea level variations in the Indian Ocean. 

2. Marine ecosystem studies including algal blooms  

(Co-heads- Prof. N. R. Menon & Dr. Nandini Menon, N., 
NERCI, Dr. A Samuelsen, NERSC) 

Research Topics: 

• Vulnerability of marine ecosystems to climate changes 
and its relevance to marine food resources  

• The effect of seasonal and inter-annual monsoon 
variations on primary production and higher trophic 
levels of the food in the Indian Ocean 

• Increased incidence of HAB in the Indian EEZ and the 
relevance of physical and chemical oceanographic 
parameters 

• Modelling studies and possible development of early 
warning systems 

3. Coastal zone Management and Societal issues 

(Co-heads- Dr. K. Ajith Joseph, NERCI and Lasse H 
Pettersson, NERCI/NERSC) 

Research Topics: 

• Contemporary challenges in Coastal Zone 
Management in India including the impact on coastal 
society 

• Focus on the problem in fisheries sector and help in 
bringing up guidelines to policy makers in fishing sector 

• The formulation of more meaningful coastal zone 
regulations of regional relevance 

• Utilisation of satellite data for the development of 
decision making tools with linkage to the other research 
areas  

New Joint Research Projects 
INDO-MARECLIM: Indo-European Research Facilities for 
Studies on Marine Ecosystem and Climate in India. 

Coordinator - Prof. N. R. Menon (NERCI), Deputy 
Coordinator - Lasse H. Pettersson (NERSC), Project 
Manager - Ajith Joseph, K. (NERCI), Chairman, Steering 
Committee -  Prof. Ola M. Johannessen (NERSC),  funded 
by EU-FP7 Programme.  http://www.indomareclim-nerci.in  

INDIA-CLIM: Decadal to multi-decadal variability in the 
Indian Monsoon Rainfall and teleconnection with Atlantic 
Multidecadal Oscillation (AMO) 

Project Leader – Prof. Ola M. Johannessen (NERSC)        
Co-Principal Investigator - Prof. P. V. Joseph, funded by 
Norwegian Research Council. 

SCIENCE REPORT FOR 2011 
Estimation of primary production in the Southeastern Arabian 
Sea 
K. Ajith Joseph, Director, NERCI 
A. Smitha, Senior Research Fellow, NERCI 
Lasse H. Pettersson, Leading Scientist, NERSC 

Southeastern Arabian Sea (SEAS), i.e. the coastal areas 
around Kerala, is influenced by strong seasonal variation of 
winds, due to the monsoon seasons. During June-
September alongshore wind stress leads to upwelling 
along the southwest coast that enhances the phytoplankton 
concentration (Luis and Kawamura, 2004). Coastal 
upwelling brings cooler nutrient rich deep water to the 
surface supplying nutrients and thereby increasing the 
primary production. Increased primary productivity 
enhances the fish resources and fisheries along the coast. 
Primary production is the measure of the basic chemical 
energy contained within an ecosystem as a direct result of 
photosynthesis. Primary production of the ocean is 
basically governed by two limiting factors, light and 
nutrients. Remote sensing enables us to monitor the 
variations in biological properties in response to these 
limiting factors on a large spatial scale (Platt and 
Sathyendranath, 1988). 

The primary production in the SEAS was computed during 
the southwest monsoon period (June-September) for the 
year 2010. The study area stretches between 68°E-78°E 
longitude and 5°N-18°N latitude. The method using the 
empirical estimators developed by Platt and 
Sathyendranath (1993) has been used for the estimation of 
water column production. 

The absolute daily, water-column production in the case of 
uniform biomass is defined by the integral over depth and 
time: 

 
where B is the (uniform) biomass as concentration of 
chlorophyll-a (mg Chl m-3), D is the day-length (h), and 
PB(z,t) is the primary production rate normalized to 
biomass (mg C (mg Chl)-1 h-1) as a function of depth z (m) 
and time t (h). 

Given a value for the canonical function f, an estimate for 
PZ,T is obtained using the relationship: 

 
where A = BDPm

B/K is the scale factor with dimensions of 
mg C m-2, Pm

B is the assimilation number, 3.0 ( mg C (mg 
Chl )-1 h-1) and K is the vertical attenuation coefficient for 
irradiance (m-1). 

The dimensionless irradiance at local noon, I
*
m = I0m / Ik, 

where I0m is the maximum (local noon) surface irradiance   
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(W m-2), and Ik = Pm
B/αB is the photo adaptation parameter. 

αB = 0.1 mg C (mg Chl)-1 h-1 (W m-2)-1 is the initial slope of 
P- I curve. 

Empirically-based estimators of daily, water-column 
production is given by, 

f(I*m)=Σ
5

x=1 Ωx(I*m)
x
, where 1.6≤  I*m  ≤ 20 

Monthly mean surface chlorophyll-a concentrations and 
vertical attenuation coefficient at 490 nm (K490) from Sea 
viewing Wide Field of view (SeaWiFS) sensor binned at 9.0 
km spatial resolution from June 2010 to September 2010 
were used for the estimation of primary production. The 
day length (D), and the maximum (local noon) surface 
irradiance (I0m) depending on geographical position and 
time of the year were computed according to Bird’s clear 
sky spectral irradiance model (1984), with adjustments as 
per Sathyendranath and Platt (1988). 15th day of each 
month was taken as the reference day to determine the 
day length for the corresponding month.  

Results 

The primary production during the southwest monsoon of 
2010 in the SEAS has been estimated (Fig. 1). Loss of 
data occurs due to the cloud cover over the region during 
this season. In general, the primary production is less than 
400 mg C m-2 d-1 in the open ocean and increases to 600-
800 mg C m-2 d-1 eastward into the coastal waters of the 
SEAS. During June 2010, the production along the 
southwest coast is within the range 800 to 1000 mg C m-2 
d-1. Below 9°N latitude and to the south of India it reaches 
upto 1500 mg C m-2 d-1. During July 2010, high primary 
production extends westward upto 73°E longitude and 
southward down to 5°N latitude. Production is greater than 
1200 mg C m-2 d-1 near the southern tip of India.  

 

 
Fig. 1 Primary production (mg C m-2 d-1) in the southeastern 
Arabian Sea during June-September 2010. 

High production of about 1200-1600 mg C m-2 d-1 is 
observed during August near the southwest coast of India 
extending to about 100 km into the open ocean. Primary 
production is high all along the southwest coast in 

September and it also extends further south during this 
time.  

The increased marine primary production during the 
summer monsoon season in the SEAS has been reported. 
Near the coastal region this varies within 1200-1500 mg C 
m-2 d-1. This study demonstrates the applicability of satellite 
Earth observation data. Use of daily or weekly EO data 
may improve the resolution of the primary production 
variability, however cloud cover during the monsoon 
season limits the availability of data for primary productivity 
studies. 
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Break Monsoon days of India during July and August (1901-
2009) 
P.V. Joseph, Associate Scientist, NERCI/ Professor 
Emeritus, Dept. of Atmospheric Science, Cochin University 
of Science and Technology  
A. Smitha, Senior Research Fellow, NERCI 
O.M. Johannessen, Nansen Fellow, NERSC 

What is a Break Monsoon? 

Drastic reductions in the monsoon rainfall in major parts of 
India, particularly in its central and northwest parts, are 
considered to be the most important feature of the 
phenomenon “break monsoon”. Traditionally breaks have 
been identified on the basis of the surface pressure 
distribution and low level wind patterns over the Indian 
region. In this study, we have defined breaks based on 
rainfall following the method of Rajeevan et al (2006). The 
area mean daily rainfall anomaly (normalised with its 
standard deviation) of the part of India (“Break box”) 
bounded by latitudes 21°N and 27°N and longitudes 72°E 
and 85°E, has been derived from the 1°x1° gridded rainfall 
data of Rajeevan et al (2006). These rainfall data has been 
used to study the break days in the peak monsoon months 
of (only) July and August for the years 1901 to 2009. A 
break monsoon day is defined to have standardized 
negative rainfall anomaly of magnitude greater than 1. 
Contrary an Active monsoon day is defined as one in which 
the standardized positive rainfall anomaly has magnitude 
greater than one. Break rainfall criteria was chosen so as 
to ensure a large over-lap with the traditional breaks 
documented by Ramamurthy (1969) and De et al (1998). 
The break days in the months of June and September are 
excluded, since the monsoon in June is setting in over 
India and in September it is withdrawing from India. July 
and August are the typical monsoon dominated months. 

The traditional method for defining breaks is still being 
used by India Meteorological Department (IMD). This 
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method is described by Rao (1976) as follows: “There are 
periods when the monsoon trough is located close to the 
foothills of the Himalayas, which leads to a striking 
decrease of rainfall over most of the country, but increase 
along the Himalayas, parts of northeast India and southern 
peninsula". In Ramamurthy's (1969) comprehensive study 
of breaks during July and August of 1888-1967, a break 
situation was defined as one in which the trough of low 
pressure was not seen on the mean sea level pressure 
chart and easterlies were practically absent over India in 
low levels. Thus the break was defined in terms of surface 
pressure distribution and circulation rather than of rainfall. 
De et al (1998) who extended this study for the period 
1968-1996 used a similar definition for breaks. In the 
recent two decades there have been many studies on 
Indian monsoon breaks, a review of which may be found in 
Gadgil and Joseph (2003), including Webster et al (1998), 
Goswami and Mohan (2000), Krishnan et al (2000), 
Annamalai and Slingo (2001). The criteria used by them 
are mainly Outgoing Long Wave Radiation (OLR), a proxy 
for rainfall or 850 hPa wind flow through peninsular India. 
Joseph and Sijikumar (2004) have shown that 850 hPa 
wind flow through peninsular India is strong during Active 
monsoon and weak during Break monsoon. 

Break monsoon days and monsoon rainfall of India 

Fig. 2 gives the standardized daily rainfall anomaly of the 
Break box for monsoon of 1975 that gave 15.2% excess 
monsoon rainfall in India (June to September) and of 
monsoons 2002 and 2009 that gave deficit monsoon 
rainfall of 19.2% and 21.8% respectively using the 
Rajeevan et al (2006) method – see below. In 1975, Break 
monsoon days were few but there were many Active 
monsoon days during July and August. In contrast during 
2002 and 2009, years of large deficit monsoon rains 
(drought years) Active monsoon days were few, but there 
were many Break monsoon days clustered in long Break 
monsoon spells. 

Histogram of the daily normalised rainfall anomaly of the 
break box (at intervals of 0.2) for the July and August 
months of the whole period 1901-2009 showed that the 
anomaly varied from -2.0 to +3.6 (long tail to positive 
values) and skewed to the negative side with frequency 
maximum for anomaly of -0.4 (Fig. 3). The total number of 
break monsoon days in July and August varied between 0 
and 25 and active monsoon days between 1 and 22, 
respectively. The mean and standard deviation of the 
number of break days in July and August are 10.5 and 6.6 
days, respectively. Similar numbers for active monsoon are 
9.6 and 3.8, respectively. The linear correlation coefficient 
between the Indian Summer Monsoon Rainfall (ISMR) of 
June to September of the period 1901 to 2009 as derived 
by Parthasarathy et al (1994) and the number of break 
(active) days in July and August is 0.63 (0.30). The ISMR 
series, updated each year, is given in the web site of the 
Indian Institute of Tropical Meteorology 
(www.tropmet.res.in).   

 

 
Fig. 2 Normalised daily rainfall anomaly averaged over the Break 
box for July and August of (top) an excess rainfall year 1975, 
(middle) a drought monsoon year 2002 and (bottom) another 
drought monsoon year 2009. The two drought monsoons have 
long break monsoon spells. Broken red lines mark normalized 
rainfall anomaly of ±1. 

 

 
Fig. 3 Frequency distribution of the daily normalised rainfall 
anomaly of the break box (bounded by latitudes 21°N and 27°N 
and longitudes 72°E and 85°E) at intervals of 0.2 for the July and 
August months of the whole period 1901-2009. 

Fig. 4 gives the scatter diagram between ISMR and the 
number of break days of July and August. The high linear 
correlation between them of 0.63 shows the importance of 
the number of Break monsoon days during July and August 
in the occurrence of major rainfall deficiencies (droughts) in 
the Indian monsoon seasonal rainfall. 
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Fig. 4 Scatter diagram showing the Indian Summer Monsoon 
Rainfall (in cm for June to September) on the x-axis and the 
number of break monsoon days of July and August on the y-axis 
for each of the years 1901 to 2009. There is high linear correlation 
between the two data sets. 

El Nino - Monsoon Drought linkage 

It is well known that El Ninos are associated with monsoon 
rainfall deficiency in India and that a large percentage of 
the drought monsoon years are El Nino years. Explanation 
of the physical mechanism of the linkage is not clear. 17 
strong El Ninos during the period 1901 to 2009 (Table 1) 
with the associated CPC index (the normalized SST 
anomaly of June to September of the equatorial Nino 3.4 
region) greater than or equal to 1.5 has been taken as the 
criteria for a strong El Nino, the ISMR and its anomaly and 
the number of Break monsoon days of July and August. 
The correlation between ISMR and the number of Break 
monsoon days (of July and August) of these 17 El Nino 
years is shown in Fig. 5, with a high linear correlation of 
0.89. It is shown that the strong El Nino years 1925, 1940, 
1957, 1994 and 1997, which had small number of Break 
monsoon days in July and August, were not associated 
with large deficiencies in ISMR. It could be inferred that the 
large number of Break monsoon days in July and August is 
the likely cause of droughts in ISMR associated with El 
Nino.  
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Fig.5 Scatter diagram between Indian Summer Monsoon Rainfall 
(June to September) and the number of Break monsoon days of 
July and August for each of the 17 strong El Nino years. The pair 
has a high linear correlation of 0.89. 

Frequency of Break monsoon days – is it related to 
Sunspots? 

Frequency of break monsoon days in July and August 
appears to have a dependence on the Hale cycle of 
sunspots. Bhalme and Mooley (1981) had found a highly 

significant 22-year cycle in the monsoon Flood Area Index 
of India that is related to the double (Hale) sunspot cycle. 
They constructed the Hale cycle by changing the sign of 
the sunspot number for alternate cycles. Fig. 6 (bottom) 
gives the hale cycle thus constructed and Fig. 6 (top) gives 
the number of Break monsoon days in July and August and 
its five year moving average for the period 1901-2009. The 
peaks of the two curves (maxima and minima) are during 
years close to each other (as marked in the figure by lines 
connecting the maxima). The linear correlation coefficient 
between the five year moving average of the breaks of July 
and August and the Hale number for the 4 complete Hale 
cycles from 1917 to 2000 is 0.21, statistically significant at 
the 95% level, applying t-test. 

Table. 1 The CPC index of strong El Ninos (CPC index is the 
normalized SST anomaly of June to September of the equatorial 
Nino 3.4 region greater than or equal to 1.5 has been taken as the 
criteria for a strong El Nino in this paper), the June to September 
Indian Summer Monsoon Rainfall (ISMR) and its anomaly and the 
number of Break monsoon days of July and August of the period 
1901 to 2009 are given in the table. ISMR is adversely affected 
only in El Nino years with large number of Break monsoon days. 

 
 

 
Fig. 6 The number of Break monsoon days in each July+August 
and its five year moving average for the period 1901 – 2009 are 
given on the top. Bottom figure gives the Hale (double) sunspot 
cycle (as described in the text). Lines are drawn joining the high 
value peaks of both curves showing the control on break days by 
the Hale cycle. 
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Summary and Conclusions 

From the analysis of a long data set (1901 – 2009) of 
Break Monsoon days of July and August in India, the 
following conclusions are made.    

(1) The frequency distribution of the normalised rainfall 
anomaly (at intervals of 0.2) of the Break Box covering 
areas of central and northwest India varied from -2.0 to 
+3.6 (long tail to positive values) and the  distribution 
is skewed to the negative side with frequency 
maximum for anomaly of -0.4. 

(2) The number of Break (Active) monsoon days in July+ 
August varied between 0 and 25 (1 and 22) days, 
respectively. The mean and standard deviation of the 
number of break days in July+August are 10.5 and 6.6 
days. Similar numbers for active monsoon are 9.6 and 
3.8, respectively. The linear correlation coefficient 
between the number of break (active) days in 
July+August with the Indian summer monsoon rainfall 
of June to September is -0.63 (0.03). 

(3) The number of break days of July+August in strong El 
Nino years is having a high and statistically significant 
linear correlation of -0.89 (79% explained varaiance) 
with the Indian summer monsoon rainfall of India of 
June to September, which shows that the well known 
El Nino – monsoon drought relation is through the 
number of break days of July and August (long break 
monsoon spells included). 

(4) The temporal variation of the number of break 
monsoon days of July+August appears to be related to 
the double sunspot (Hale) cycle. 
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Parity and disparity between two houseboat tourism 
scenarios in India - a review  
Nandini Menon. N, Senior scientist, NERCI 
Annette Samuelsen, Researcher, NERSC 

Kerala and Kashmir are the two states in India where 
houseboat tourism has developed. Started as a novel 
venture to lure tourists, the tourism has overgrown the 
carrying capacity of the waterbodies and the surrounding 
environment. Pollution and resource allocation crisis have 
taken its toll in these places leading to considerable 
imbalance in their natural settings. 

Even though the name houseboat is used in Kerala and 
Kashmir, each differs in its construction and operation. The 
houseboats in Kerala (kettuvallom) were traditionally used 
as grain barges, to transport rice harvested from the fertile 
fields of Kuttanad. Boats have thatched roof over wooden 
hulls and ca. 100 feet (30 m) in length.  At some point of 
time the boats were used as living quarters by the royalty. 
Houseboats as a tourism measure started in the 1990s. 
Converted to accommodate tourists, the houseboats are 
virtually floating cottages with areas earmarked for 
sleeping, dining and look out balconies. On the other hand, 
houseboats of Srinagar, Jammu & Kashmir are stationary 
and are more elaborately built. They are usually moored at 
the edges of the Dal and Nageen lakes. Some of the 
houseboats are built in 1900s, and are still being rented out 
to tourists. These houseboats are made of cedar wood and 
have intricately carved wood paneling. The houseboats are 
of different sizes and ranges, some having up to three 
bedrooms apart from a living room, kitchen and a balcony. 
A houseboat in Kashmir is in fact a housing facility, with a 
doonga for the owner and family, and a shikara for 
transportation to and from the land, annexed to the tourist 
boat (Dhar, 1999).    

To assess the influence of any anthropogenic activity on an 
ecosystem, a basic knowledge of the structure and function 
of the system is necessary.  Dal Lake (Lat. 34007’N, 74052′ 
E, 1584 m amsl) is a semi-enclosed, unstable ecosystem 
and is perhaps the only fresh water lake in the world where 
people live in hamlets, houseboats, and cultivate 
vegetables on floating gardens within the lake.  The Dal is 
a glacial lake fed by melting ice through tributary 
waterways and around 300 springs in its bed. More than 
90% of the water enters the lake from its catchment area 
through a perennial feeder channel, the Telbal Nallah. 
Several ephemeral channels enter the lake from 
settlements along with large quantities of domestic wastes. 
The springs rising from the lake bed contribute to the 
remaining 10% water. The lake water drains out into a 
tributary of the River Jhelum through Nallah Amir Khan 
situated in the southwest portion of the lake. Water also 
flows out of the Dal through a weir and lock system at Dal 
gate. The outflow channels are regulated by sluice gates 
and are used for the movement of boats in and out of the 
lake.  These gates prevent inundation of floating gardens 
during floods (Abubakr and Kundangar, 2005). Dal Lake 
had a water spread area of 25 km2 a century ago. Until the 
late 1980s the lake was nearly undisturbed. At present, the 
lake represents a water body of 12 km2 and contains 
polluted water and sludge.  The original average depth of 
water has been reduced from 5.25m to 2.75m.  

http://en.wikipedia.org/wiki/Srinagar
http://en.wikipedia.org/wiki/Jammu_%26_Kashmir
http://en.wikipedia.org/wiki/Dal_Lake
http://en.wikipedia.org/w/index.php?title=Nageen_Lake&action=edit&redlink=1
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The Vembanad-Kol-Wetland system, a Ramsar wetland 
site, is the largest estuarine system on the west coast of 
India (Lat. 9000’- 10040’N, Long. 76000’ – 77030’E). It 
includes backwaters, marshes, lagoons, mangrove forests, 
reclaimed land and a network of natural and manmade 
canal systems. Four outlets – Thottappally, 
Andhakaranazhi, Kochi and Azhikode connect the lake to 
the sea.  The lake is fed by six major rivers from Western 
Ghats (Menon et al., 2000).  

From an ecological stand point, Dal Lake is more 
vulnerable, as variation in the rate of inflow would disturb 
the ecology of the entire system (LWDA, 2001). Vembanad 
Lake, having permanent connections with the sea as well 
as rivers and being regularly flushed by tidal flow, is more 
tolerant to anthropogenic insults. However, the 
‘developmental’ activities have hampered the inflow of 
fresh water leading to accumulation of pollutants and 
wastes thereby degrading the water body. Reclamation 
activities have resulted in the shrinkage of the Vembanad 
Lake from 315 km2 to 120 km2. 

Houseboats in the Dal Lake were operational since the 
days of the Mughal emperors, but gained momentum as a 
residential place in 1900s during the time of British. It was 
by 1956 that the houseboat tourism developed in Dal Lake 
(Dhar, 1999). It was very successful and profitable until the 
inception of militancy in the state in 1989. On the contrary, 
houseboat tourism in Vembanad Lake geared up in early 
1990s and became an indispensable destination for nature 
tourists by 2000.  In spite of the time difference in the 
initiation of the tourism activity, the damage to the 
ecosystems are at par in both the situations.  The common 
impacts of boating activity are fuel emissions from motors, 
suspension of bottom sediments, decreased water 
transparency, shoreline erosion, destruction of fish 
spawning areas and loss of fish and wildlife habitat (PAE, 
2001). Table 2 provides an overview of the environmental 
impacts due to houseboat activity in Vembanad Lake and 
Dal Lake, respectively.   

Table 2: Water quality parameters of Vembanad Lake and Dal 
Lake during the 1970s and from 2008-2010.    

Parameter 

Vembanad Lake 
(Kuttanad region) Dal Lake  

1970s 2008 1970s 2008 

Water 
transparency 
(NTU) 

0.2 5.18  7-21* 

DO (mg l-1) 3.9–5.9## 5.52 10.25 6.8* 
Salinity (psu) 0-22## 0-2.8 0 0 
pH 6.3-6.7## 6.71 7.9 9.3* 
nitrate–nitrogen 
(µg l-1) 87 ● 900●● 105 910* 

Total phosphorus 
(µg l-1) 32● 7000●● 20 851* 

Total dissolved 
solids (mg l-1)  9574.4 30.2 201 

Faecal indicators  
(MPN / 100ml) 121● 1500#  122-317 

141% 
Pathogenic 
bacteria 
Salmonella 
paratyphi 
Vibrio cholera 
V. 
parahaemolyticus 

 
 

120● 
 
 
 

52● 

 
 

42-
57%### 

40-
45%### 
32%### 

  
 

55% 
 

59% 
 

Reduction 
/exclusion of flora 
and fauna 

23 species of fishes 
have become extinct.  
Hemiramphus, the fish 
species have 
dwindled 
considerably.  

Euryale ferox, an 
abundant 
macrophyte and 
Chara spp. (11 
species) are on their 
way out.  

Proliferation or 
invasion of new 
species 

Salvinia, Eicchornia - 
African weeds have 
proliferated in the 
fresh water area of the 
lake. 
 

Azolla sp. – 
dominant 
macrovegetation.  
Limnodrillus and 
Tubifex 
(polychaetes) and 
Chironomus (insect) 
– indicators of 
organic pollution 
dominate the benthic 
fauna. *** 

Solid wastes    16.44 
MT per 
day** 

 
# KPCB (2010)  
## Haridas et al. (1973) 
### Hatha et al. (2007) 
● Menon et al. (2000)  

●● Sujatha et al. (2009)  

 
* Jeelani et al. (2008) 
** Ahmad & Bhat (2008) 
*** Yaqoob & Pandit (2009) 

The number of houseboats plying in the Dal Lake is 
significantly high (1200 houseboats and 2000 shikaras in 
Dal Lake; 494 licensed boats in Vembanad Lake) when 
compared to the statistics of Vembanad Lake. Still the 
present water quality of Dal Lake is similar or even better 
than that of the Vembanad Lake. The reason may be 
attributed to the temporary suspension of tourism activities 
due to insurgency and subsequent turmoil.  The enormity 
of economic damage due to turmoil can be gauged by the 
fact that the loss from tourism revenue was 3.6 billion 
dollars from 1989-2002.  This has resulted in the natural 
cleansing of the system to a certain extent. However, the 
floating gardens, which remained in the lake even during 
the turmoil period and is the major source of income to the 
locals, has resulted in the build-up of nutrients in the lake, 
leading to eutrophic situation.  

Unlike houseboats in Vembanad Lake, houseboats in Dal 
Lake are permanent residences with over 30,000 people 
residing on the lake, and the lack of proper sanitation 
facilities have choked the lake with solid wastes and faecal 
contaminants (Sunita Narain, 2002).  Microbial population 
of Dal Lake includes many pathogenic bacteria like 
Klebsiella pneumonia; P. aeruginosa, Staphylococcus 
aureus etc., which have found their way into the lake 
through municipal waste and untreated faecal matter.  This 
along with eutrophication has led to radical changes in the 
biodiversity of the lake.  Algal blooms, particularly 
euglenoid blooms have become a common phenomenon 
and schizothoracid fishes have been replaced by carpioids.   
Vembanad Lake, with tidal influence, has the ability to 
cleanse itself of all pollutants by flushing them into the sea 
with the tidal flow.  Annual monsoon rainfall also helps in 
cleansing the estuary of wastes. But the construction of 
Thaneermukkom bund, a salinity barrier, has disrupted this 
natural flow pattern.  This has brought about an increase in 
weeds in the channels, has also led to the closure of some 
of the channels.  The complex nature and flow restrictions 
favouring the accumulation of pollutants have transformed 
this estuary into a eutrophic ecosystem.  The widespread 
presence of water hyacinth (Eichhornia crassipes) is a 
good indicator of eutrophication. The Vembanad fish count 
conducted by ATREE (2010) shows a decline in the fish 
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diversity of the lake. Inland channels and canals without 
much tidal influx have become stagnant pools with 
accumulating solid wastes, faecal matter and organic 
wastes.  The major source of these wastes is the 
houseboats which take a detour through these channels to 
familiarise the tourists with the local culture and livelihood 
pattern.  Further, majority of the houseboats are kept 
stationary during the night hours (6 pm to 6 am) in 
relatively stagnant areas on the Vembanad Lake resulting 
in the non-transport of solid waste from the point source to 
the open sea.  At present, there is neither any regulation 
for route allocation for the boats, nor are there any effective 
solid waste collection mechanisms from the boats.  Further, 
the leakage of oil from the motorised boats pollutes the 
waters with petroleum hydrocarbons.  Organic wastes have 
been found to be responsible for the frequent fish kills and 
diseases in the area. Unbridled tourism activity along with 
human interruptions to the natural flow pattern of the water 
have made the situation grave in Vembanad Lake.     

Summary 
Overall assessment of pollutional activities of the Dal Lake 
and Vembanad Lake shows that houseboats become a 
menace only in certain stagnant pockets or locations of the 
lakes and contribute to a small percentage of the total 
pollutional load of the water bodies. However, the damages 
done by tourist activities to the ecosystem have a wider 
aesthetic dimension than other serious pollutional activities.  
Scrutiny of the tourist activities in both Vembanad and Dal 
Lake point to the negligence of local population and 
tourists, and the apathy of authorities to conserve the 
fragile ecosystems. The unhygienic practices are carried 
out in the label ‘ecotourism’. As rightly pointed out by 
George and Varghese (2007), ecotourism destinations are 
created easily, but ecotourists cannot be made the same 
way. A sense of hygiene and culture of conservation have 
to be developed in the people to improve the situation in 
both the cases.   
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Marine biodiversity: Concerns of Coastal zones   
N. R. Menon, Emeritus Professor, CUSAT/  
Chairman, Scientific Research Advisory Board, NERCI 
Nandini Menon. N, Senior scientist, NERCI 
Lasse H.Pettersson, Leading Scientist, NERSC 

Coastal zone includes coastal forests, and marshes as well 
as water sheds, and is productive as any place on earth. In 
the coastal waters the diversity of life occurs at several 
hierarchical levels of biological organisation. The measure 
of species, however, represents only one dimension of 
diversity. It will be interesting to analyse aquatic and 
terrestrial realms from functional and ecological view point 
also. A life style that is totally absent from the land is filter 
feeding, an activity practised by numerous aquatic life 
forms, from sponges to whales. An examination of the 
biological diversity along with the ecological diversity of the 
coastal zones makes certain aspects very clear (Hayden et 
al., 1984).   

The coastal zone unites the sea with the land. 
Unfortunately it is not a narrow strip of land which shows 
the demarcation between dry and wet, on paleoecological, 
geological and biological grounds. The coastal zones 
include at least the extents of continental plains and 
continental shelves. In the marine ecosystem the diversity 
of small organisms is much less known than the diversity in 
groups of large organisms. This is especially true in the 
case of copepods, which are referred to as the insects of 
the sea. We have very limited knowledge on the 
biodiversity of the smaller copepods, which is the most 
important group of herbivore community capable of 
trapping minute microalgae and bacteria. Thus they form 
cardinal link in the microbial loop and are the main prey for 
ichthyoplankton and large pelagic carnivores. Any 
anthropogenic activity that could lead to environmental 
disturbance could affect this delicately balanced food web 
leading to enormous loss of biomass (Menon, 2012).   

Perhaps the greatest challenge of all lies in determining 
which characteristic species contribute most to their 
ecosystems in terms of productivity and predictability 
(Ketchum, 1972).    

The sandy beaches of the coastal zone harbour diverse 
and abundant assemblage of marine organisms. The fauna 
of the sandy beaches are known to be sensitive indicators 
of environmental disturbances and have great potential to 
be used as key stone animals for deleterious ecological 
consequences of negative anthropogenic influences. The 
shorter generation time of the meiofauna result in a faster 
potential response to man-made ecological disturbances.  
The coast line of Kerala that extend up to 690 km is 
interspersed with fishing harbour, ports, tourist resorts, 
bridges, mangrove forests, river mouth, boat yards, rocky 
shores and sandy beaches.  

A study of the interstitial fauna from five ecologically 
different sandy beaches along the coast of Kerala depicted 
striking faunistic distinctness (Fig. 7). 
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Fig.7 Percent composition (annual mean) of major psamophilous 
faunal taxa in the interstitial microcosm of five important sandy 
beaches of Kerala, South India (Priyalakshmi, 2010).  

The animals were represented by nine major groups.  
Nematodes were the most dominant group.  An analysis of 
the species composition of the various taxonomic groups 
shows that among these, nematodes and harpacticoids 
formed the dominant and co-dominant taxa (Priyalakshmi, 
2010). Two beaches viz, Cherai and Sakthikulangara were 
dominated by nematodes while the beaches of Fort Kochi, 
Arthungal and Veli were dominated by harpacticoids. The 
difference in dominance by these two groups was 
essentially controlled by the granulometric nature of the 
beach sand. Coarser sediments always supported an 
abundant harpacticoid population. Even though abundant 
fauna is related to high organic content of an environment, 
the quality of organic matter plays an important role in 
controlling benthic communities. In sandy beaches with 
high labile organic matter faunal density and biomass have 
been found to be higher. The diversity of interstitial taxa 
present in the Cherai beach indicates a high nutritional 
quality of the organic matter.  

Reduced faunal diversity and density of the 
Sakthikulangara beach highlights the importance of the 
quality of the organic matter than the quantity of it. 
Absence of harpacticoids in the Sakthikulangara beach 
further emphasizes the physical quality of the detritus. The 

intricate interaction of biotic and biogenic factors and the 
complexity of their impact render a clear understanding of 
the effects of these on community rather difficult. 
Communities not only have a functional unity with the 
characteristic trophic structure and patterns of energy flow 
but also have a compositional unity.  Among the five 
beaches surveyed Sakthikulangara beach seems to be 
receiving maximum negative impact from anthropogenic 
activity and human interferences. On the contrary, the 
Cherai beach, with abundant number of species of 
gastrotrichs a very sensitive marine animal group to 
prolonged human induced disturbances is the most pristine 
one. Not only in abundance, in diversity also had Cherai 
beach outreach all other beaches surveyed until now. 
Probably more detailed studies of these two important 
components of the coastal zone could give more 
meaningful information which would help in judicious 
management of these areas and also regions of the coasts 
of India with comparable ecological conditions.   

Summary  

We must therefore conclude that accounting of species 
alone can be highly misleading as a yardstick of diversity. It 
may also mislead us genetically (Patrick, 1983). The 
ultimate challenge lies in detecting the loss of biodiversity 
in coastal and marine systems. Extinction rates in the 
coastal zone and ocean are not known. Loss of biodiversity 
of coastal zones may have repercussions far beyond our 
worst fear. Both research and conservation communities 
should intensify their efforts to understand the relationships 
underlying the ecological processes that result in each 
ecosystem characteristic biodiversity (Ray, 1970).   
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Impact of climate change on the Western Ghats Mountain 
Forest: Challenges in maintaining biodiversity 
K. Shadananan Nair, Senior Research Scientist, NERCI/ 
Research Director, Centre for Earth Research and 
Environment Management, Kochi. 

India is one of the countries highly vulnerable and 
populated, likely to face the impacts of climate change. The 
economy and rural life are closely tied to the climate 
sensitive natural resource base like wetlands and forests. 
Protection of forests that provides 1.7% of GDP is vital for 
poverty alleviation in India.  

Although India is the seventh largest country in the world, it 
holds only 1.8 percent of the world’s forests. The Western 
Ghats or the Sahyadri Hills (Fig. 8), a global biodiversity 
hotspot waiting for UNESCO heritage status comprises of 
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tropical evergreen forest with rare and endangered 
species. It runs 1600 Km (8° to 21°N) parallel to the coast 
of Arabian Sea embracing the states of Gujarat, 
Maharashtra, Goa, Karnataka, Kerala and Tamil Nadu. It 
has a maximum height of 2695 m, an average width of 100 
km and an area of 160,000 km², 30% of which is covered 
by forests. Though this area is only 5% of India’s land, 27% 
(4000) of all species of higher plants in India are found 
here. With tropical and deciduous rainforests, grasslands 
and scrub forests, montane forests, the Ghats is rich in 
biodiversity.  Commercially important trees like 
sandalwood, rosewood and teak, around 1800 species of 
rare medicinal plants, and many amphibians and reptiles 
are endemic to the region.  

 
Fig. 8 The Western Ghats Mountain forest. Map courtesy: NASA 

Heavy rainfall in the region makes Western Ghats a home 
for four tropical and subtropical moist broad leaf forest 
ecoregions viz., northwest moist deciduous forests, 
northwest moist montane rain forests, southwest moist 
deciduous forests and southwest montane rain forests. The 
Silent Valley in the southern state of Kerala is among the 
last tracts of virgin tropical evergreen forests in India. 

Hydrometeorological conditions in the Western Ghats 
region 
Moist-laden air from the Arabian Sea produces very heavy 
rainfall on the western side of the Ghats (300 to 700 cm), 
whereas the interior agricultural lands on the eastern 
leeward side receive lower rainfall (less than 100 cm). The 
range forms the catchment area for a network of river 
systems that drain almost 40% of India. Numerous rivers 
originate in the Ghats and many of them flow westward to 
join the sea. This excessive surface runoff leading to soil 
erosion and drying up of mountain streams results in water 
shortage during non-monsoon seasons. Some of the rivers 
flow east through the dry interior. Life of the majority of the 
population in the eastern states is related to agriculture that 
depends on this water.  

The states Kerala and Goa that lie entirely on the western 
side of Ghats are rich in rainfall and green cover. Tamil 
Nadu lies entirely on the rain shadow region, but owns 
large area of the forest. In Karnataka and Maharashtra, 
western portion of the Ghats receives heavy rainfall 
whereas, the area lying east of the Ghats receives scanty 
rainfall. Most of the rivers in this region are perennial.  
Tamil Nadu is a deficit State in water resources and has 
almost fully exploited its water potential. 

Water balance studies of the region show that both water 
surplus and deficiency occur seasonally in the entire 
region.  Kerala and Goa are surplus states and in the entire 
west coast, surplus is more than 200 cm (Nair, 1987). Most 
of the areas on eastern side are prone to drought. By the 
By the year 2030, the per capita requirement of water, as 
predicted by models, would increase should the 
temperature rise due to climate change and population 
increase.  Even the water rich State of Kerala will face 
serious water shortages. Monsoons are highly variable in 
nature and extremes in rainfall associated with global 
anomalies can lead to acute water shortages. The 
probability of occurrence of extremes (Sanderson, 1972) 
suggests that very serious water shortages can happen in 
the low rainfall regions. In short, semiarid climate prevailing 
in the interior peninsula may spread to the eastern side of 
the mountain.  

Environmental degradation in the Western Ghats 
region 

The Western Ghats, once covered by dense forests is 
under serious threat from anthropogenic activities and 
climate change. During the pre-independence period, 
thousands of hectares of natural forests were cleared for 
establishment of plantations. There was widespread 
encroachment during 1860 to 1950 which led to large-scale 
biodiversity loss.  After independence, several hydropower 
projects were commissioned in the region, which resulted 
in the submergence of large area of forests. Growth of 
urban centres in and around the Ghats and promotion of 
hill tourism resulted in further encroachment into natural 
forests. The lack of inter-state cooperation and 
enforcement of acts and regulations, poaching and illegal 
planting of prohibited plants continue in the forest area. 
Forests were cleared for power lines, roads, resorts and 
settlements. Mining for rock and sand in the river basins 
and even riverbed altered the hydrological regime of the 
regions. Mining activities destroy the regenerating capacity 
of land and forests. These cause landslides and floods 
during the monsoon periods. Soil erosion reduced the 
water holding capacity of the soil, reducing summer flow in 
rivers and converting some of the perennial rivers to 
seasonal. Close to the mountain, water table of some of 
the rivers went down by nearly 1 metre in a period of ten 
years and around 20% of water bodies such as streams 
and canals were lost in the last 2 decades (Nair, 2009). 
Sedimentation has considerably reduced the carrying 
capacity of major reservoirs.    

Climate change impacts in the Western Ghats region 

Changing patterns of rainfall and temperature, especially 
the extremes in rainfall have large impacts on the forests. 
As a result of the delay in the onset of monsoons and 
increasing seasonality of rainfall, dry season becomes 
long, leading to the extinction of seasonal plants. High 
winds together with low soil moisture and dry vegetation 
fuel wildfires during summer. Fires are often ignited by the 
lightning associated with thunderstorm. Rising temperature 
supports this. Frequency of forest fires are increasing, 
threatening the wild life. There is an increasing tendency in 
the formation of convective clouds. Large cloud drops 
erode the topsoil that is already degraded by human 
activities. Strong downdraft from the convective clouds 
uproots even big trees. Floods, landslides and 
sedimentation in the forest area are challenges to the 
securities in food, water and energy in the region. 
Weakening of the winter monsoon that is the end of the 
rainy season reduces the groundwater availability and soil 
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moisture. As a result of climate change the moist forest 
species are shifting eastward and the species of lower 
altitude are migrating to higher altitude (Joseph, 2011). It is 
estimated that by the year 2085, 68% to 77% of the 
forested grids may experience shift in forest types. A 
considerable area of the mountain forests of Western 
Ghats would change into grasslands.  

Challenges ahead 

The Western Ghats forest faces a number of challenges 
associated with climate change, human activities and 
changing government policies. Attempts to maintain food 
security to the fast rising population may lead to further 
encroachment into the forests. Along with human 
population, livestock population also is rising. India has the 
largest number of cows in the world, though the yield is 
comparatively low. A number of new hydel projects and 
reservoirs are planned in the mountain region to overcome 
shortages in energy and water. Large area of forests may 
be lost due to submergence and clearing for power lines. 
New roads, highway development in the forests, rails, 
constructions for special economic zones, heavy industries 
etc. may cause severe damage to the forests. There is a 
steady increase in the demand for industrial wood 
products. Rural populations in the Indian subcontinent 
depend heavily on forest resources and resource collection 
continues in most protected areas despite prohibition. 
Around 70% of the Indian population still use wood as fuel. 
More dependency on wood for fuel can be expected as 
natural gas becomes expensive and the removal of 
kerosene subsidy. Unpredictable changes in the 
environmental conditions may emanate with the progress 
in the national river linking programme, a grandiose 
scheme to divert the natural course of rivers with the 
objective of reducing the impact of hydrological extremes in 
river basins.  

A major threat is from the possible earthquakes in the 
region. The region lies in zone III of the regional seismic 
zonation map of India. Small tremors are common. 
Seismicity in the region has increased by a factor of 3 in 
three decades, possibly linked to construction of reservoirs. 
A major quake in the region can result in catastrophic 
effects with large loss in forest cover and biodiversity. 
Attempts to establish a series of thermal power projects 
along the coastal belt may alter the micro climate, 
weakening of the ecosystem resilience. This is because the 
mountain ranges are closer to the coastal zone. 

Climate models predict slight increase (0.2°C) in 
temperature and annual rainfall (5-10%) in two decades. 
Increase in precipitation may not compensate for the 
reduction in soil moisture due to increased evaporation. 
New plant diseases may emerge from the shifting climate 
pattern. Increasing frequency and intensity of tropical 
storms in the Bay of Bengal and Arabian Sea affects the 
forest environment. Strong winds and abnormal rains may 
destroy more forests in the years to come. Rising sea level 
as a result of global warming may promote migration of 
coastal population to highlands. Studies indicate nearly 1 
mm/year rise in sea level in Indian coasts. It is estimated 
that 1m rise in sea levels will displace more than four 
million people from the west coast of India (Stanley, 2010).   

Recommendations 

A comprehensive, updatable policy for forests in view of 
the increasing anthropogenic activities and changing 
climate; as well as a mechanism for its effective 
implementation is suggested here. Management practices 

and policies to reduce vulnerability of ecosystems are to be 
identified. Current observation methods and data network 
are to be improved. There should be improved coordination 
of various departments like finance, law, health, energy, 
transport, forest, science and technology etc. Measures for 
forest protection can be made more effective with the 
involvement of local community in projects. People should 
be made aware of the environmental issues and on the 
rights and duties of a citizen and on the utilization of 
available constitutional facilities. As mining cannot be 
totally banned, sustainability should be ensured. Formation 
of a Western Ghats Environment Protection Authority with 
a single independent regulatory and monitoring body for 
the entire Western Ghats can ensure more biosphere 
reserves in the region.  

Sustainable utilization of forest products may boost the 
current economic development and help alleviating poverty 
of the tribals in the Western Ghats region. There are large 
areas of restorable degraded forests and afforestable 
wastelands. Community forest projects with the 
cooperation of local population could improve livelihood 
conditions of the poor.  

Potential high impact of climate change on the 
performance of climate sensitive sectors such as forests 
necessitates suitable adaptation options as part of a 
comprehensive climate change policy.  
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ONGOING AND FUTURE PROJECTS 
NERCI has the following ongoing external funded projects 
and the future projects from Directorate of Environment 
and Climate Change, Govt. of Kerala,  International joint 
projects like EU-FP7 Programme and Norwegian Research 
Council Programme are listed below: 

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, NERCI 
Co-PI – Prof. A. N. Balchand, CUSAT 

The main focus of work is computing the upwelling index 
along the southwest coast of India from 8o to 15oN based 
on AVHRR SST and Oceansat-II scatterometer, ERS-1/2 
and QuikSCAT wind stresses for the years from 1981 to till 
date, Funded by Space Application Centre (SAC-ISRO). 
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Application of Altimetry (AltiKa) and Ocean Color (Oceansat II) in the 
studies of meso-scale features of the South-eastern Arabian Sea 
Principal Investigator – Prof. A. N. Balchand, CUSAT  
Co-PI – Dr. K. Ajith Joseph, NERCI 

The main objective of this study is to understand upwelling 
dynamics and its effect on sea level variability.  The 
dissipation of algae blooms in the South-eastern Arabian 
Sea in relation to mesoscale features of Southwest coast of 
India. Funded by Space Application Centre (SAC-ISRO). 

‘Regional climate change issues and adaptation measures for low lying 
regions in the context of future sea level rise’  
Principal Investigator -  Dr. K. Ajith Joseph, NERCI 
Co-PI- Dr. K. Shadananan Nair, NERCI-CEREM 

The main objective is to study the regional climate change 
issues and adaptation measures to future sea level 
changes of a region which is lying below the mean sea 
level to address: drinking water problems and salt water 
intrusion, land use pattern and identification of proper 
agriculture practices and disaster preparedness. Funded 
by UNEP-APFED programme. 

Effect of house boats on Vembanad lake  ecosystem – an EIA study 
Principal investigator - Dr. Nandini Menon. N,  
Co-investigators - Prof. N. R. Menon and Dr. Ajith Joseph 

The proposal is a scientific attempt to proclaim the 
significant role of houseboats, viewed and projected as 
integral part of Kerala in contaminating the ecosystem. The 
study area of the proposed project includes the part of 
Vembanad lake between Punnamada to Thanneermukkom 
bund, along which majority of the houseboats ply, 
Submitted to Directorate of Environment & Climate 
Change, Trivandrum.   

INDO-MARECLIM: Indo-European Research Facilities for Studies on Marine 
Ecosystem and Climate in India 
Coordinator - Prof. N. R. Menon (NERCI), Deputy 
Coordinator - Lasse H. Pettersson (NERSC), Project 
Manager - Ajith Joseph, K. (NERCI), Chairman, Steering 
Committee -  Prof. Ola M. Johannessen (NERSC) 

INDO-MARECLIM aims at analyzing and understanding 
some of the challenges of the Indian Ocean and the Indian 
subcontinent under past, current and future global change 
processes, by addressing three related and complementary 
scientific fields of research.  Funded by EU-FP7 
Programme. http://www.indomareclim-nerci.in 

INDIA-CLIM: Decadal to multi-decadal variability in the Indian Monsoon 
Rainfall and teleconnection with Atlantic Multidecadal Oscillation (AMO)  

Project Leader – Prof. Ola M. Johannessen (NERSC), Co-
principal Investigator - Prof. P. V. Joseph. 

INDIA-CLIM aims at analysing the Decadal to multi-
decadal variability in the Indian Monsoon Rainfall and 
teleconnection with Atlantic Multidecadal Oscillation (AMO) 
funded by Norwegian Research Council and in kind 
contribution from NERSC.  

 

Panel discussion on UNEP-APFED project implementation at 
NERCI. 
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2011. The influence of Madden-Julian Oscillation in the 
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Monospecific bloom of noxious raphidophyte Chattonella 
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Conference Proceedings Papers 
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relation to Indian Monsoon, IUGG 2011 General Assembly, 
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Active - Break cycle of Asian Summer Monsoon, Invited 
talk at Nansen Centers 25 year Colloquium, Bergen 
Norway, 18 November 2011. 
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organised by Centre for Atmospheric and Oceanic 
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Sciences and Divecha Centre for Climate Change, Indian 
Institute of Science, Bangalore. 

Smitha, A., Ajith Joseph, K., Chiranjivi Jayaram, and A. 
N. Balchand, 2011, Upwelling in the Southeastern Arabian 
Sea as evidenced by Ekman mass transport using wind 
observations from Oceansat- II Scatterometer, 
Proceedings of OSICON, p. 45. Awarded Best paper. 

Nair, K. S., 2011, Climate change impact on rivers in the 
dry zones of India, 14th International River Symposium, 
Brisbane, Australia, 26 to 29 September 2011. 

Nair, K. S., 2011, Maintaining Biodiversity through 
Sustainable Forests Management under a Changing 
Climate in the Western Ghats Mountain, International 
conference 'Forest Biodiversity in a Changing Climate: 
Understanding Conservation Strategies and Policies, 
Freiburg, Germany, 22nd-23rd September 2011. 

Nair, K. S., 2011, Role of the Western Ghats Mountains in 
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Future, 28th August - 1st September 2011, Salzburg, 
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the Coastal Zones of India, The 2nd International 
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‘Smallwat11 on Wastewater in Small Communities. 
Towards the Water Framework Directive (WFD) and the 
Millennium Development Goals (MDG)’, Seville, Spain 25th-
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Technical Reports/Special Reports 

Ajith Joseph. K., and K. S. Nair, 2011, Summary project 
report on water quality monitoring and low cost purification 
strategies for inland waterways of low lying areas, NERCI 
special report. 1(1), August 2011, p.25. 
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