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Preface

Complex and diverse types of natural processes that occur on the coastal zone
bring in physical, chemical, and biological changes to the fragile coasdines.
Human activities in the coastal zone add yet another dimension affecting
changes to our coastlines. Considering the growing need for sustainability of the
coast, the Ministry of Environment and Forests (MoEF), Government of India
established the National Centre for Sustainable Coastal Zone Management
(NCSCM) in February 2011 to be a2 world class institution for sustainable
coastal management witha strong research and knowledge base.

MNCSCM, MokEF identified research institutes in each of the Coastal State/UTs
under the “"Anna University Declaration” to enable representative coastal
universities and institutions function in a Consortium mode. NC5CM has an
advanced and multi-disciplinary research agenda, spanning physical, chemical,
biological, social and economic disciplines through field surveys and extensive
remote sensing and GIS applications. NCSCM has for the first ime mapped the
entire coastline of India to assess the shoreline change and to enhance the
country's preparedness to coastal hazards. The MoEF has evolved the concept
of preparing the Integrated Coastal Zone Management (ICZM) Plan for the
Country's coastline for which NC5CM is providing the Guidelines to the
Coastal States! UTs. NCSCM is also undertaking the delineation of Coastal
Sediment Cells and mapping of Ecologically Sensitive Areas, with emphasis on
traditional knowledge.

| wish to thank the Hon'ble Union Minister of Environment and Forest and
Climate Change and the High Power Research Steering Committee for setting
high standards of research goals for NC5CM. | would like to thank Secretary
E&F for the continued support and guidance on the research programmes.The
support provided by the Vice Chancellor, Anna University & Chairman,
Governing Council, the Registrar and all the members of the Governing
Council is greatly acknowledged. The immense support of Mational Project
Director and Shri Tapas Paul, Task Team Leader, World Bank are gratefully
acknowledged. The activities and periodic updates are available atthe NCS5CM

website www.ncscm.res.in




Mational Centre for Susiainable Coastal Management (NCSCM) is
established as an autonomous institution, with an aim 1o become a world-class
institution for coastal and marine area management with adeguate human
resources, facilities and assured long-term funding. it would promote integrated
and sustainable management of coastal and marine areas in India and advice
the Union and State Governments and other associated stakeholder(s) on
policy, and scientific matiers related o Integrated Coastal Zone Management
(ICZM). The Centre is established within the Anna University Campus,
Chennai. Fourteen institutions have formed a consortium with NCSCM, with
Anna University Chennai as the Hub. The Cenire will become a cenfre for
excellence within India on coastal research, management.

MNCSCM would guide and coordinate the implementation of ICZM approaches
leading to enhanced conservation of coastal resources and sustainable
development along the coast of India through applied and futunstic research.
The centre would develop a cenfral repository of information and knowiedge
on ICZM practices in India and elsewhere. The centre will parinar with
national and similar international institutes fo share knowledge in protection,
conservation and management of the coastal areas. Further, NCSCM would
promote technically sound and practical management approaches to ICZM.
The outputs from research at NCSCM would aid in the befter protection,
conservation, rehabilitation, management and policy design of the coast.
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“Promote sustainable

coasis through increased

parinerships, conservation

practices, scientific research .

and knowledge management VlSIOn

for the benefit and wellbeing

of current and future

generations”

-

INCSCM has the following primary gosls

® To become a world class institution for
sustainable coastal management with a
strong research and knowledge base
Create a Consortium of Institutions in
India to strengthen capacity in muiti-
disciplinary research related to coastal
management

Objectives Mission &

A, Strive to become and remain a World- » -
class knowledge institution pertaining . .

to understanding coastal zones and environment for livelihood security,
coastal processes, and pertaining fo

integrated planning and management susfainable development and
of coastal and marine areas hazard risk management by
. Promote integrated and sustainable enhancing:
management of the coastal and Knowl
marine areas in India for the benefit 9 edge
and WE“II.‘rEi[‘Ig of the traditional ® Beseamh and A’duisuw Su:m-l
coastal and island communities -
. Advice the Union and State ® Parinerships and network
Governments and other associated e Coastal Community interface

stakeholder{s) on policy, and
scientific matters related o ICZM



Organization

with the Director, who receives support from both research
divisions and administration. The High Powered Research
Steering Commitiee (HPSC), the Gowverning Council (GC) and
the Managing Committee (MC} review and monitor the research
programmes and facilitate to identify new research thrust areas
for the Institute.

To accomplish the mandate, the research activities are organized
under seven divisions namely:

Geospatial Sciences (GEQ) Division
Integrated Social Sciences & Economics (ISE) Division

Coastal Environmental Impact Assessment (CIA) Division
Conservation of Coastal and Marine Resources (CMR)
Division
Knowledge, Governance & Policy (KGP) Division

# Futuristic Hesearch (FTR) Division

# Integrated Island Management ([IM) Unit of FTR Division
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NPMU Research Programme

NCSCM underiakes advanced CHZ 2011 and Climate Change

of coastal and marine areas in India. t advices
the Union and Siale Governmenis and other associated
stakeholder(s) on policy, and scienfific matiers refated o ICZM.
The Centre is developing parinership with Nafional and similar
inlernalional instifudions to share lmowledge in prolection,
conservalion and management of the coasial areas. Further, the
cenire is promoting technically sound and praciical management
approaches lo IC/M. The Cenire is execiuling three major
National Projects such as i) Delineation of coastal sediment -
cells ii) High resolution erosion mapping along with the Survey
of India as a part of defineating the Hazard Line and iii) Mapping
of Ecologically Sensifive Areas. '

M has undertaken the task of mapping the:







Geospatia| Sciences

The objective of the GEO Division is to provide scientific decision
support system {o promole sustainable use of coastal resources
by employing state-of-art Geographic Information Systems (GIS)
and field surveys. The major groups under GEO division are: (i)
Land Survey (ii) Hydrographic Survey (iti) Cariography (iv) Digital
Photogrammetry, Digital Image Processing and ALTM Laboratory
and (v) GIS Work Centre and Data Warehousing.



Geospatial Sciences

Delineation of sediment cells is envisaged
to identify and demarcate the Indian coast
into various sediment cells on the basis of
the sediment movement along the coast.
Demarcation of sediment cells is based on
key criteria which are explained in detail in
the sections below. These sediment cells
are essential to understand the coastal
sediment budget and siability of the coast.
The outcome of the research study can be
used as a key factor in Integrated Coastal
Zone Management Plan. A detailed report
of the research study is given below.

Delineation of Sediment Cells
for the East & West Coast of India

Delineation of sediment cells is envisaged to identify and
demarcate the Indian coast into various sediment cells on the
basis of the sediment movement along the coast Demarcation
of sediment cells is based on key criteria which are explained in
detail in the sections below. These sediment cells are essential
to understand the coasta! sediment budget and stability of the
coast The outcome of the research study can be used as a key
factor in Integrated Coastal Zone Management Plan. A detailed
report of the research study is given below.

Coastal erosion is one of the critical issues owing fo various
developmental actvities along the coast. Apart from natural
conditions, increased human activites along the coast has
reflected in dynamic shifing of shoreline positions. Hence an
understanding and proper application of short-term (decadal
changes) and long-term (> 30 years) shoreline changes
are identified as critical components for effective shoreline
management. With this ocbjective, High resolution erosion
mapping project is undertaken fo determine the state of the
nafion's coast and to map the extent of erosion/ accretion along
the entire mainland coast of India from 1975— 2010 (35 years)
and fo extrapolate the erosion/ accretion data for the next 100
years. This research study will help in identifying the critically
eroding areas that need coastal protection measures and proper
planning on utilization of the coast. The cutcome of the study is
the honzontal displacement of the coast (Erosion extent) is being
used as one of the two primary factors (Erosion and flood extent
on the coast) to determine the Hazard line for the Indian coast.
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There is increasing pressure on the coastal zone from numerous user groups utilizing various coastal
resources. Consequently, comprehensive planning is required in order o ensure a balanced development
taking into account all demands and restrictions. In India, a number of deveiopmental activities are being
carmned out along the coast (such as construction or expansion of ports and harbours/ power plants/
tourism development’ desalination plants etc.). Coastal structures constructed as part of these activities
have been found to affect sediment transport. The sediment budget and the transport rates, chiefly
govemned by the coastal processes prevalent in the area play wital roles in determining the stability of the
coast. Hence there is a need to understand coastal sediment budgeis and their interrelationship with
coastal management schemes. As the sediment budget and processes vary from one coastal area to
another, there is a need to demarcate coastal areas based on these properties. For this purpose, the
concept of sediment cell is to be adopted and the enfire coast of India needs to be divided into a series
of coastal sediment cells.

A coastal sediment cell can be defined as length of the coastline and associated nearshore areas where
movement of sediments is largely self-contained. Each cell contains a complete cycle of sedimentation
including sources, transport paths and sinks. The sediment cells thus identified are categorized as
primary cell, sub-cell and management units based on certain unique key criteria for each type. The
criteria for delineating the sediment cells are given below. The outcome of the study can be used as a
key factor in Integrated Coastal Zone management plan especially to deal with shoreline changes by
preparing the Shoreline Management Plans.

Delineation of sediment cells forentire mainland of India was done by studying the coastal geomorphology,
coastal land use/ land cover, coastal & marine habitats, coastal processes such as wave/wind/current,
littoral drift pattern, sediment budget and near shore bathymetry, decadal shoreline changes and coastal
structures. Based on the above mentioned criteria, the coastal sediment cells have been classified into
three categories namely, i) Primary Cells i) Sub Cells and i) Management Units.

The major criteria for defineation include coastal geomorphology, source of sediments, stores of
sediments, interface of rocky-sandy-muddy coast for delineating primary cells. Based on the above
criteria; the Indian coast has been delineated into 27 Primary Cells with 10 cells on the West Coast as
shown in Fig. 1 and 17 celis on the East Coast as shown in Fig. 2.

Sub cells divide the Primary Cells into smaller units, which exhibit similar sediment transport
characteristics and are bounded by features around which sediment bypass is small during normal
conditions, although there may be considerable bypass dunng extreme svents. The sediment within a
sub cell may get interrupied by major and minor morphelogical features along the shore, alignment of
the coast, littoral drift nature of the coast, major man-made structures, erosion faccretion rates along the
coast on a decadal scenario and tidal inlets/ river mouths along the coast.

Accordingly, delineation of sub-cells has been based on the following criteria: man-made littoral barriers,
alignment of the coast, fidal inlets/river mouths, erosion faccretion along the coast and littoral drift pattern,
Based on the above criteria, the 10 pnmary ceils in the west coast are further delineated into 21 sub cells
as shown in Fig. B. Similarly the 17 primary cells of the east coast are further delineated into 38 sub cells
as shown in Fig. 7.

On the basis of the criteria such as geomorphology (Fig. b), sediment sources (Fig. §), siores of sediment
(Fig. 7) and interface of rocky-sandy-muddy coast (Fig. 8), 27 Primary Cells (PC) boundaries have been
identified for the Indian mainland. Each PC boundary satisfies the criteria stated above for the sediments
to remain within the sediment cell with minimum or negligible leakage to the adjacent cells even under
extreme coastal hazard conditions. A few examples of PCs delineated based on each criteria are given
inFig.3tohig. 6

Methodology for Delineation of Sub Cells I




Geospatial Sciences
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Fig. 1. Primary Sediment cells along the West Coast of India
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Fig. 2. Primary Sediment cefis along the East Coast of India
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Fig. 4. Primary Cell delineated based on source of sediments
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Flig. 6. Primary cell dalineated based on sandy-muddy Inferface
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Fig. 8. Sediment Sub cells along the West coast of India
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Fig. 9. Sadiment Sub cells along the East coast of India




Geospatial Sciences

The major criteria, namely, man-made littoral barriers (Figs. 10a & b), coastal alignments (Figs. 11a & b),
tidal infets (Fig.12), coastal erosion/accretion (Fig. 13) and littoral drift pattern (Fig. 14) were used for the
delineation of the sub cells.
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Fig. 10 a & b: Delinea tion of Sub cells based on man-made barriers
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Geospatial Sciences

The primary aim of this research study
is to determine the state of the nation’s
coast and to map the exient of erosion/
accretion along the entire mainland coast
of India from 1975 — 2010 (35 years) and
to extrapolate the erosion/ accretion data
for the next 100 years

High Resolution Erosion/
Accretion Mapping for the
Coast of India

India has 7500 km coastline {-5,400 km on the main land) and
about 250 million people are living within 50 km distance from
the shore. India’s mainland coastal streich of 5422 km has
undergone tremendous changes due to varying natural and
human induced coastal activities. Apart from these factors, the
shorelines are constanily oscillating in response to winds, waves,
fides, curments, sediment supply and changes in relative sea
level. These cyclic and non-cyclic processes change the position
of the shoreline over a variety of time scales, from the daily and
seasonal interaction of winds and waves, fo changes in sea level
over thousands of years. Furthermore, shoreline changes are not
constant through time and frequently reverse in sign, 1.e. accretion
o erosion, and vice versa. The changing shoreline due io natural
causes with additional human influences on coastal processes
makes it imperative to determine whether the long or short term
rates of change reflect the cument shoreline dynamics
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This analysis is complicated in areas that exhibit trend reversals (erosion to accretion, and vice versa),
or where human activities, such as reveiment construction, have affected sediment sources and altered

shorefine processes.

The primary aim of this research study is to determine the state of the nation’s coast and to map the
extent of erosion/accretion along the enfire mainland coast of India from 1975 — 2010 (35 years) and to

extrapolate the erosion/ accrefion data for the next 100 years (Fig. 17).

Digitization of Shoreline
& Creation of Baseline

501 Topa Maps (1987 — 88)

Muiti date satellite Imagery

1975 (56m) — Landsat MSS

1980 (30m) - Landsat TM

1907 (5.8m) —IRS 1CHD PAN
2000 (5.8m} — RS 1C PAN

2003 (1 —0.6m}) — OBIKONGS
2005, 2007 (2.5 — 0.6m) — QR

Creation of Transecls € 300m ||
Interval using DSAS MODEL

IKONCS/CARTOSAT 'TI.
2000 (0.6 — 0.45m) WV1{.2/08/
Gaoeyo Computation of Rate of

2010 Aerial Pholographis (5010
Gom
GSD - Basaline

Shoreline Change using LAR

Field surveys — DGPS Data

Categorization of
Shaoreline Change

GCP & HTL Data from SOl

g

Fig. 17. Methodology for High Erosion Line Mapping

Field validation of
Shoreline Change

Quantification of rale
of EroslonfAccretion
(1975 — 2010)

LONG TERM
Shoreline change (1875 — 2010)

SHORT TERM
Shoreline Changes for selectad
hotspots (2000 — 2010)

Predicted Erosion/ accrefion
for nexi 100 years
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High Resolution Erosion !/ Accretion status and 100 years predicted Erosion Line for Dighalo in
West Bengal iz shown below in Figs. 18 through 23.

Bay of Bangal

@]
1T
a
2 P . yr==s 2 . . ]
.u! '._'." -I:_ ..-= : 3 '. | e g -r II:._:. - -_ ._ } -
- ‘ .' % .:;"r. b ) 'r.‘ * | I.I.__:' % e -.:..

High resolation Shoveline change
due ta Evoskin Aceretiom
Kalsikonda (WestRengal)

+

Lame of Froane & Auerotion

| Wenininy o Erebenvan & Faream
Gowwmysil of |pas




Annual Report 2014
O
1T ]
()

oy High vesalutbon Shereline change
tlue b Erosion Aceretiom
Kalnikanida {“‘tﬂﬂolgﬁ}i

P Ll Ermani & Arereinn
" frx

Eay of Bangal

PREd i e
[ escncr
B o o ey
P - - mc.ﬁr’ﬁ:rln—nlﬂ """
[P RA———

Bareamy o Tnyirpnmens § Fooyws
Grrwrrman of tadla

Iligh vesalistion Shareline change
duie 1o Erosbon Aceretisn
Kalaikonda (WestBengal)

[Te] 4

Bay of Bengal

WETly of Edvrmmman & Fowdls
Durwer st af |ndin




Geospatial Sciences

X
18,410
1640
(B LY
12,0

TR

Shoreling Erosion/ Accretion (%)
E

HNigh resolution Shureline change
due to Evoshon/ Accreton
Kalnikondn (WestBongal)

------

Bay of Bengal

z Frat r1m Carrer fe Susininaie

o Cosdblal My e
Mamming ul Envarpmment & Foeees
Grimenrna of lodin

00 s

ALY
Bl
200
o | - . : 4 . y
Lony Mrdmm Hu.]: d'.nrul"l.m'[ Lo thmm Hu,.h $tai:utc
i Accretwm | Accretion | Accreton . Coast  Ercsion . Erosiom  Ereeion Ciast
W) T 15 | 1378 | IE60 B8O LE08 | 380 | B.82

Fig. 22. Shoreline change status for the Dighalo coast - West Bengal






Consenvation of Coastal and Marine Resources

Coastal ESAs contribute to maintaining the integrity
of the coast and the life on the coast and in the sea
as they are the habitats for vast coastal biodiversity
representing different levels in the food chain. They
provide various ecosystem services, which provide

livelihood avenues to millions of coastal community
directly and indirectly. Coastal ecosystems such as
mangroves and coral reefs aid in controlling coastal
erosion and shoreline change and also serve as the
natural defence against the fury of oceans.

Delineation and Mapping of
Ecologically Sensitive Areas
and Critically \Vulnerable
Coastal Areas along the
Coast of India

India has large coastal wetlands which cover an area of over
40,230 km2 along its coastline measuring over 8000 km. The
coast line is jolfted with different sensitive ecosystems like coral
reefs, mangroves, tidal mudflats, estuaries, lagoons, marshes
and vegetated wetlands. The coastal ecologically sensitive
areas are home to a vast biodiversity. For example, coral reefs
constitute less than 1% of the ocean floor but support over 25%
of the marine biodiversity. Coastal ESAs contribute to maintaining
the integrity of the coast and the life on the coast and in the sea
as they are the habitats for vast coastal biodiversity representing
different levels in the food chain. They provide various ecosysiem
services, which provide livelihood avenues to millions of coastal
community direcly and indirectly. Coastal ecosystems such as
mangroves and coral reefs aid in controlling coastal erosion and
shoreline change and also serve as the natural defence against
the fury of oceans.
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The Indian government has classified the areas requiring special consideration into protected areas
(eq. Mational parks, sanctuaries) and conservation areas (eg. biosphere reserve, figer reserve) using
appropriate legal instruments (Wildlife Protection Act, 1972; Environment Protection Act, 1986). The
marine protected areas (MPAs) account for only 5.81% of the total surface area and about 5% of the total
protected areas (PAs) of the country. The Coastal Regulation Zone (CRZ) 2011 notification, issued under
the Environment Protection Act, 1986 provides for delineating the ecologically sensitive areas under
CRHZ | and thus expand the areas under conservation. NCSCM has undertaken the task of mapping the
coastal ecologically sensitive areas (ESA).

A detailed research action plan with the breakup of work packages and framework of tasks for this
NPMU project has been prepared. Seven work packages (WFs) are planned as listed below with specific
tasks under each work package.

Mapping CRZ | Area

Mapping the Boundaries of Protected Areas

Development of criteria and guidelines for delineation of ESAs and CVCAs; Guidelines for IMPs
|dentification of ESAs (highly sensitive and sensitive areas) and CVCAs

Stakeholder consultation and review

Delineation of ESAs (highly sensitive and sensitive areas) and CVCAs

Development of Knowledge System on ESAsS/CVCAs

No o s

A series of expert consultafions were held during 08-21 Oct 2013 in order to develop the criteria for
primary screening of the ESAs listed in CHZ 2011 notification. 55 experts representing 42 insbtutions/
agencies parficipated in the three expert consultations. The criferia developed were deliberated among
the officials of SICOM and Secretary, MoEE, Gol. These consultations helped in firming up the approach
for ESA mapping.

The Gl5-based maps for the ecosystems/habitats listed as CRZ | areas in the CRZ 2011 notification
are pre-requisites to initiate the works. NCSCM has taken necessary steps for acquiring the maps of
mangroves, coral reefs, salt marshes and mudflats preparad by Space Application Centre, Ahmadabad
under the National Wetland Inventory and Assessment project supporied by Ministry of Environment
and Forests.

As per the CHZ 2011 notification, areas or structures of archasological importance and heritage sites
are among those listed under CRZ |. As the coastal archasological sites are regulated according to
the provisions of Ancient Historical Monuments and Archaeclogical Sites and Hemains (Declaration of
Mational Importance) Act, 1951/1958, special focus would be accorded to the underwater archeological
sites for which boundaries are not demarcated. The study would be undertaken in collaboration with the
Central and State archeological departments.

NCSCM has undertaken the task of preparing the maps of coastal dunes and seagrasses as
comprehensive national level maps are not available for these ecosystems (Fig. 1). Similarly, for some
of the habitats listed in the CHZ 2011 notification like turtle and bird nesting sites, it is not possible to
develop maps based on remote sensing technigues and NCSCM will coordinate developing boundary
maps for such habitats by involving state forest departments and expert agencies.

As per the CRZ 2011 notification. marine protected arsas (MPAs) are part of CHZ |. The boundaries of
MPAs would be obtained from the Wild life Institute of India, Dehradun and overlaid on the ecosystem
maps. The outer most boundary of ecosystem and/or the MPA would be delineated on GIS so as to
prepare the CHZ | boundary map.

|
\
I
‘.




Consenvation of Coastal and Marine Resources
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Subsequently, the conservation value of the ecologically sensitive areas located outside the Protected
Arzas will be assessed in order to identify the "highly sensitive areas’ for which management plans would
be prepared. These could eventually be notified with specific regulatory provisions for conservation. The
conservation value of ecosystems would be compared within the bio-geegraphic zones/ coastal sediment
cells as demarcated by NCSCM which are geo-morphological boundaries of sediment movement. Lastly,
ESAs on which the local cormmunity have a significant dependence would be demarcated as Critically
Vulnerable Ceastal Areas (CVCA) and guidelines for Integrated Management Plans will be prepared. The
threshold values for the conservation values and dependence values would be determined in consultation
with the stakeholders so as to accommodate the locafion-specific ecological and social concerns.

MPA

Highly Sensitive ~ Sensitive

Fig. 3. An ustrative ESA map

Itis planned to organize consultations with ecologists and sociologists to develop the framework for the
assessment of conservation and dependence value and also to develop guidelines for the integrated
management plans. The final ESA map prepared under this study would show the boundaries of highly
sensitive areas, sensitive areas and the CVCAs, which would be managed by the community as per the
integrated management plans.




In—house Research Studies

NCSCM undertakes multi-discipinary research for furthering
the technical and scientific knowiedge-base on ICZM approved
by the High Power Research Sieering Commiliee (HPSC) of
the Centre. The research studies cover all facets of the coastal
issues ranging from geo-spatial through biological, emironmental
1o social aspects. The salient oulcome of the research studies
undertaken by diflerent mﬁemdl divisions of the Cenfre are
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Conservation of Coastal and

Marine Resources
The primary mandate of CMR would be io guide the use of the
conflicting sectoral activities, so that the continued viability of all

-aspects of resource usage and ecosystem health can be secured.

The CMR will inrvestigate the interactions between natural coastal
resources and the coastal communities, with a view 1o establish
the level of sustainable uiifization, and thereafier the adopiion of
conservation ideas in the integraied coaslal zone management
plans in the couniry. The major groups under the division are: (i)
the Coastal and Marine Living Resources Group, () the Coastal
and Marine Non-Living Resources Group, (iii) the Coastal Energy
Group, and, (iv) the Marine Prolecied Areas Group.
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Coastal and Marine Biodiversity Integrated Network
(CoMBINe) is being developed as a national repository
for coastal and manne biodiversity comprising of
macro plants (Seagrass, Mangroves, Seaweeds) and
animals (Porifera to Chordata) inhabiting the coastal
regulation zone (I to IV) as defined in CRZ 2011

notification. CoMBINe integrates aninnovative schema
for character-based identification of organisms by re-
engineering conventional taxonomy.

Deve|opment of Coastal and
Marine Biodiversity Integration

Network (CoMVBINe)

The Coastal and Marine Biodiversity Integration Network
(CoMBINe) is a unigue coastal and marine biodiversity web portal
that combines multiple databases and brings on to a platform that
allows searching the huge wealth of information from multiple,
independent, heterogeneous datasets about Indian coastal and
marine flora and fauna, housed in biological repositories. The
database would include all macro plants {seagrass, mangroves,
seaweeds) and animals (Phylum Porifera to Chordata) inhabiting
the coastal regulation zone (| to IV) as defined in CRZ 2011
notification. A national level scoping consultation was conducted
on 28th June, 2013 in which the architecture and roadmap for
CoMBINe were firmed up. The CoMEBINe architecture would
provide for integrafing the biodiversity databases scattered
among several institutes and local bodies with incompafible data
types.

CoMBINe database architecture has been built as perinternational
codes so as io share data between national and international
sites. The primary purpose is to create a common language
for sharing biodiversity data that is complementary and reuses
metadata standards from exsisting domains wherever possible,

CoMBINe has two major components (i) developing and
sustaining a web portal to serve as a national repository for the
coastal biodiversity and (il) developing and operationalizing an
innovative schema for character-based field identification through
re-engineering conventional taxonomy.
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Devebping and sustaining CoMBINe Web pcrrta[

CoMEIMe uses the Darwin Core 2.0 metadata standard. Darwin Core is a standard for sharing data
about bicdiversity, which has a relatively long history of community development and is deployed widely.
Fundamentally, Darwin Core is a set of terms having clearly defined semantics. The terms are organized
inte nine categories (often referred fo as “classes”), six of which cover broad aspects (event, location,
geological context, occurrence, taxon, and identification) of the biodiversity domain. The remaining
categories cover relationships to other resources, measurements and genearic information about records.

CoMEIMe dataset is an exiension of Darwin core and has a special cusiomization to adopt to the Indian

Bicdiversity practices (iaxonomy/specimen centric) and to the global practices of storing information of
ocean species covering all major areas of biodiversity data.

Table 1. Darwin Core Batabase Schema

Dublin Core terms, instituti
Record-L evel Terms collections, na.h.n:. of data Enﬁ

Evidence of species in nature, observers,

- s Behistin ansnisihe insdia, nederences

Eangxaphy locality descriptions, spatial data

Scientific names, vermnacular names, names usage,
taxon concepts, and the reiafionships between them

Simple
Damnwin core(Fat)

Generic Darwin  cone
(Relfaticnal)

System Landscape

CoMEIMe is buiit on Darwin Core 2.0 metadata standard along with Simple Object Access Protocol
(SOAP), which is a request and response message format for communication between data provider,
portal engine, and applications, by linking the metadata and the existing databases already available
in different organizations. The adoption of SOAP enables data sharing between GBIF, OBIS, FishMet,
MaNI5, HerpMNET, PalecPortal and other international databases.

CoMEIMe utilizes Open Cloud configuration. This architecture enables the web servers to uiilize the
Cloud Block Storage for extra disk space. Cloud Load Balancers are also used in multiple levels of the
application, balancing not only web workloads but application workloads as well.

\
I
\
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Application Server Architecture

CoMEINe Application Server Architecture is a comprehensive design of the entire system, including all
its sub-components and external applications interfaces (FHg. 1). The architecture is designed in a way o
access the application through a Web browser or a specialized user agent. The browser creates HTTP
requests for specific UHLs that map o resources on a Web server. The server renders and returns
HTML pages to the client, which the browser would display. CoMBINe is designed keeping in mind the
overall objective of integration, scalability and interoperability within the system, as well as with external
systems.

£

RESTFUL SERVICE

i ; . B COMPBMUNICATION CORE ” Frrsssiissis R

BUSINESS LAYER

CONTROLLER

— E W ket E DOCUMENT & "
=S5 P ;“ IMAGE REPOSITORY
DATASETS  STAGING COMBINE LOG FILES

- Admin - Scientists - End Liser - System

Fig. 1. CoMBiNe Application Server Architecture

The core of a Web application is its server-side legic. The application can contain several distinct layers.
The typical example is a three-layered architecture comprised of presentation, business, and data layers.

The web application architecture with common components grouped by different areas of concem is
illustrated in Fig. 2.

CoMBIMNe was designed with the goal of minimizing the complexity by separating tasks inte different
areas of concem to design a secure, high performance application.
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Web Application
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LAYER

Application Facade ]
Business Business || Business | |
| Workflow . Components | Enitities |

CROS5-CUTTING
Security
Operational Management
Communication

Sources

Fig. 2. Sysiem landscape of CoMBiMe

A complete and comprehensive database is designed with 62 fields covering taxonomy, anatomy, biology,
conservation, molecular, spatial, spectral and others. The DiGIR protocol will allow more precise data
searches because it is designed o reduce information overload and exiract common characteristics
from all data sources in differant formais. As a first siep, information pertaining to organisms inhabiting
the coastal and marine environment are being gathered from existing databases, species records,
publications and other secondary sources and stored in CoMEBINe staging database, which currently
has over 72,000 racords.

CMR
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The salient steps involved in building the CoMBINe data is summarized in Fig. 3. While significant works
have been done on the coastal biodiversity in India, comprehensive national checklist of species is not
readily available. Effort is underway to compile the checklisis for all groups from varous sources.

The “characteriimage based field identification” feature aims at taking the biodiversity information to and
create interest amoeng all the stakeholders, irrespective basic undersianding on taxonomy, through re-
engineering conventional taxonomy, thus bridging the knowledge-divide.

Developing a character—based field identification schema
2

Fig. 3. Steps Involved in bullding CoMBINe

The coastal and marine organisms are grouped into 20+ groups based on broad morphological features
and for each such group, which would include different classes across phyla, key identification characters
and aftributes are being developed. Table 2 summarizes the current status with respect fo different
taxonomic groups. The screen-shots of the users and editor's page in the w eb portal are provided in
Fig. 4 & 5

It is envisaged that the CoMBINe portal, the first Indian biodiversity portal to be built as per International
codes, would emerge as the national repository for coastal and marine biodiversity. Steps have been
taken for developing the mobile portal of CoMBINe so as to integrate people and knowledge in real-time.
Further, CoMBiNe would help in identifying taxonomic and biclogical data gaps so as to steer focused
research on coastal and marine biodiversity.
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Table 2. Status of various tasks under CoMBiNe against targeted {axonomic groups.
Kingdom : PLANTAE

-Iaﬂdnph}fta

434 B34 434 v P 0
Phaeophyta | 191 | 191 v P o
::mumphyta' 218 374 218 v P o
e e ; I f e —
' s 14 v P

a9 v v

- - o :
2 i ; B o5 s
et PR s g e s
a5 ai 0 o 0 0
a3 26 0 9 0 0

q = 3 P 0 0

= 1 1P 0 & 0

- 1 1 P 0 0

|
|
\
\
‘.




Consenvation of Coastal and Marine Resources

Kingdom : ANIMALIA

. - LR o -
O e
5 30 30 28 P o 0
Insecta - : ; 11 iP 0 0
% e i
{ e e radunes : ok
| S j_ljF" i P e : e
: ISV S LI - 0 o
0 0 0 0
= e o D e e S ; :
""" P 0 e o
i o S T : :
: o l:F' ...... e : o
2439 1783 v P o
4 150 P 2 0
£32 808 v IP
- — - . i
S i - = =
..... e i =
....... S i M S
4ci4 S s Sl ST
m IP 0

" " — Completed,

“1P"—In Progress, ™ ¢~ —To be initiated

“Vankataraman_ K. Coastal and Manne bindiversiy of India. Ind. £ Mar, 5ci 24 (1), 57-75 (2005); “*Kaockodikar A. P ef al_bioSeanch:
A glimpsa mio manng biodiversity ol indian coastal waters. ind_ [ Geo-Mar. Sci 42 (6), T45-748 (2013); *Epactes list varified with
WoRMS: Synomyms omitied; Bepeliion and unaccoepted nameas have been delelad; =in Bioseamch, Mangrmoves ond seagrass have
bean incorporated in Magnoblicphyin (Tiowering plamts). The numbear 206 alzo inciedes mangove associated plants.

'Shnnivaasu. S. et al. Bassodiscus hemprchi (Ehrenberg, 1831} (Pylum Mameriza) New disinbutional record from Andaman and
Nicobar islands;, India. Rac. zool. Surv. Indis 111 (Pari-1), +4 {2011}, "Dov Roy. M. K_An annotatod chocklisl of Mangrove and Coral
Beof inhabifing Bmchyuran crabs of india. Rec. Zool. Sury, India 2809, 1 212 (2008); "Ramakrishna & Dey. A Annotafed Checldist
of Indian Marina Molluscs (Cephaiopoda, Bivelvia nnd Scaphopoda), Bec, Zool Surv. India 220 (HN0); ‘Subba Rao, M. V. Indian
saashalls (Part1i-Polyplacophora and Gastropoda, Rec. ZFool. Surv. India 102 (2003); iSins. E. G ot al. [dentity of common spacies
of cophalopods of India. CMFEI Bulletin 37 (1985); "Meonakshi. V. ¥ of al. Marina Biodiversity — Taxonomy and identificafion of
Ascedin. Technical Beport submitied to MoEF (2003}




Annual Report 2014 \

E WAL AT | DCUSETE SRR MRS

it - MER TRy rEpnes

a0 . EREN Gy |0

B T B e T T s
AESUCT .

L T
Arvjewt dew i

[T P———

Fag. 4. Screenshol of Users page of CoMBiNe Porial

(1
=
o
1|Z]|@|S '
bt rrgeeted hui | pecen | Fenesiwasengon e Adblernber b gmml Al lddmerring gl Ad Conefnaisrin . grospinl

iR o Ml i
Prmva W5 00157 Lt sesgin i
Faciwrmmnt | L H| Wil it 0]
W Pt ul v e T T B G 1T Wil e o

PRESENT WORKEING YOUR BOLES

| Wt qerprirn g3 nm e i i reg Ay Maredbar in

T T P e e T 1

sy by Bphmaipne. 00 0 R e | h
TR T TR T TR $24 KEA1E TR M .
mhﬂp Wi e Wi | RE P o | J ioa

i 84 5] b= nin, Bt o e o o [P et Biaiac a0 1B s

PO @

Sy T Eabrgars Chene P Bralamiliyrse . awnl | A

| irhgrdki wmidel

m— By [T =

Fig. 5. Screenshol of Editors” page of CoMBiNa Portal




Consenvation of Coastal and Marine Resources

Commercial scale cultivation of red seaweed,
Kappaphycus sp., has been underway in India since
early 2000. The current study is underiaken in the light of
the reported damage caused by these seaweeds o the

coral reefs in order to assess the impact of the seaweed
culfivation in Palk Bay on the coastal ecosystems in Palk
Bay and Gulf of Mannar and to develop sirategies for
ecologically sustainable farming of selected seaweeds
viz., Kappaphycus alvarezii and Gracilaria edulis.

Impact of |arge scale
cultivation of seaweeds on
coastal environment

Commercial cultivation of Kappaphycus alvarezii, an introduced
seaweed species is commaon in Palk Bay, Tamil Nadu since 2003.
In light of the environmental concems raised on the potential
impact of cultivation of this introduced seaweed species on
the sensitive ecosystems and the dependence of the coastal
community on this sector for their livelihood, this research study
was underiaken with two major objectives viz., (i) to assess
the impact of the seaweed cultivation in Palk Bay for about 10
years on the coastal ecosystems in the region including Guif of
Mannar and (i) to develop strategies for ecologically sustainable
farming of selected seaweeds viz., Kappaphycus alvarezii and
an indigenous species, Gracilaria edulis. The detailed scope and
methoedology of the study including the study sites, parameters
of observation and choice of seaweed species for experimantal
cultivation were firmed up during an expert consultation held on
24" June, 2013 with experts from academia, research institutions
and indusiry.

Impact of seaweed cultivation on Palk Bay reef
ecosysiem

The reef in Palk Bay runs parallel to land (east to west direction)
between longitudes 79° 17" E and 72° 8'E at the latitude 3” 17'N,
starting from Munaikadu and runs east as a wallike formation
up to Thonithurai, where the reef width is more than 300 m. East
of Pamban pass, the reef again starts near Thangachimadam
and ends near Agnitheartham (Rameswaram), The Bay is a very
shallow flat basin with an average depth of 8 m. The reef area and
seagrass beds vis-3-vis the areas of seaweed cuitivation in Palk
Bay are depicted in Fg. 1.
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Kappaphycus culture area
i Seagrass bed
Coral reef region

Flig. 1. Map depicling various ecosystems in Palk Bay vis-a-vis the seaweed cultivalion area

The Seawsed culfivation area in Palk Bay was broadly divided into three regions viz., Munaikadu,
Thonithural and Olaikuda. Detailed field surveys were conducted to assess the spread of Kappaphycus
sp. in the reef area and to defermine its impact on the coral reefs and seagrass beds: water quality
parameters and diversity and abundance of benthic community, Coral reef and seagrass are the important
ecosystems in Palk Bay. A reconnaissance survey was conducted in the entire seaweed cultivation area
in Palk Bay, extending from the coast till the reef crest by manta tow survey, for a total length spanning
38.4 km. Altogether, 34 Line Intercept Transects (50 m) were laid for biophysical monitoring of the reef
health and 31 quadrats (1 m?®) were laid for studying the health of seagrass beds. While species diversity
and extent of coverage were cbserved for both coral and seagrass ecosystems, shoot density and blade
length were specifically recorded for the later. In the current field observation, a total of 38 species
of scleractinian corals wers observed against the 66 reported earlier from the entire Palk Bay. The
percentage of live coral coverage was high (28.33) in Thonithurai region, whereas the corals were more
diverse and healthier in Claikuda, Rameshwaram Island (Fig. 2).

Fig. 2. Coral reef in Olalkuda region of Rameshwaram Island, Palk Bay

The percent cover of dead coral with algae in the transect was significant in both Munaikadu (50.31) and
Thonithural (42_22), which could be attributed to the damage caused to the reefs following the 2010 mass
bleaching of corals and increased sedimentation in Palk Bay. The dead corals were covered by mud due
to heavy sedimentation and turned into habitats for macro algae. The branching corals in Thonithurai
posi-bieaching, died and were reduced to rubbles thus, accounting for about 18%: in the LIT. The percent
-cover of the principle benthic components in the coral reet area of Palk Bay is provided in Fig. 3.
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Fercen! cover
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Flg. 3. Percentage cover of the principle benthic components in the coral reef area of Palk Bay

The percent cover of native seaweeds was less than 3% in Mandapam region (Thonithurai and
Munaikadu), while it was 30% in HRameshwaram lsland (Olaikuda). The massive colonies of Porites sp.
in Mandapam region contributed to the higher percent cover of live corals. Branching and plate corals
belonging to Acropora spp. and sub-massive coral colonies dominated the coral reefs in Olaikuda. The
coral reefs in Olaikuda were found to be extensively covered with Caulerpa spp. (Fig. 4) Invasion of
Kappaphycus over the corals could not be observed in any of the study sites in Palk Bay.

; Pl =
Stocheosoenmiam spp. Halimeda opunta Caulerpa spp.
an reef at Olafkkuda on reef at Munaikadu on reef at Thonithurai

Fig. 4. Coral reef affectied by native seaweeds

A total of nine seagrass species were observed in the study arsa against the 11 reported earlier and
Cymodocea serrulata was the dominant species in the region. The variation between the shoot density
and the blade length of Cymodocea serrufata did not vary significantly (p=0.05) between the study
locations (Fig. 5),

The mean shoot density/m® ranged betwean 253 5046132 and 285 52+60.14 across the regions. The
patiern of shoot density in Olaikuda, where seaweed cultivation is being practised for about 10 years, was
significantly (p<0.05) differant from that in other two regions. At Olaikkuda, the density of seagrass in the
nearshore area was less than that in the lagoon. The blade length was highest in the lagoon (22.96+4.14
cm), followed by near shore area (20.08+2.38 cm) and reef area (18.74+3.45 cm), which could be due
to the higher depth of the lagoon (>2m) in comparison with nearshore and reef area (0.5-2.0m). The
mean blade length was the least in Thonithurai (1720+1.96 cm), which could partly be explained by the
shading effect of the seaweed rafts and photo-acclimatization of seagrass to the reduced light availability
at the disturbed nearshore stations. Some patches of the seagrass beds near the seaweed culture sites
in Munaikadu were covered with filamentous algas (Hg. 6). The hydrodynamic microclimate, caused by
the ssaweed culture, boat operation in the region, waves and currents, etc strongly acted on the plants
resulting in the detenoration of seagrass beds in the nearshore region of Palk Bay. Benthic communities
are integral to the coastal and marine ecosystems. Apart from their role in the food chain as food for
higher groups, benthic communities are recognized as indicators for change in the ecosystem due to
natural or anthropogenic causes,
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Fig. 5. Shoot density and biade length of Cymodocea samiafa in Palk Bay

Earlier studies have reported that cultivation of seaweeds would lead to reduction in the population of
macro-benthos in the farming areas due to increased predation by juvenile fishes and disturbance of the
bottom. In the curment study, distribution and abundance of macro and meio-benthos were investigated
in the seaweed cultured areas and control sites. In Palk Bay, 37 species of polychaetes belonging to 156
families were recorded, with Eunicidas being the maest abundant family and Ciniformia sp., the most
abundant species. The population density of polychaetes in Thenithurai (575 + 204) and Munaikadu
(455 = 234) was found to be significantly (p<0.05) higher than that in Olaikuda (369+45), which could
be attributed to the monoline methed of seaweed cultivation in Olaikuda. Difference in the diversity and
abundance of benthic communities between the farmed and control sites was not significant (p=0.05)
at Munaikadu and Thonithurai. The significant reduction (p<0.05) in macrofaunal assemblage observed
at Olaikuda could be atiributed to the monoline culture practised here, wherein the lines constantly
brush against the bottom sediments. Interestingly, the population of Cirriformia sp was observed to have
recoverad to their normal level, whan the monoline seaweed culture was not undertaken.

In case of molluscs, Cerithium morus, C. corallium and C. scabridum (Potamiididae) were dominant in all
the stations followed by Trochus spp. and juveniles of gastropods and bivalves: Juvenile fishes belonging
to the families Siganidae, Gemidae and Mugilidae were the most dominant foragers on the benthic
communities under culture rafts. The studies on the meicbenthos with specific focus on nematode
assemblage are underway in order to understand the alteration of meio-benthic communities, if any.
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Fig. 6. Seagrass beds in Palk Bay

The hydrographic parameters [salinity, temperature, dissolved oxygen, pH), nutrient parameters (dissolved
inorganic nutrients, ammonia, nitrite, nitrate, phosphate, silicate) and chlorophyll-a were measured
following standard procedures across three seasons (south-west monsoon, north-east monsoon and
spring intermonsocon) from the culture and control sites. The past data were grouped as before culture
{prior to 2003), during culture (2006-2012} and the current period (2013-2014), compared and statistically
analyzed with current observations in order to relate with the impact of seaweed cultivation (Fig. 7&B).
The significant (p<0.05) variation observed in case of physical parameters between current and past
aggregate data could be afiributed to seasonal and local hydrographic setting, as significant variation
{p=0.05) was also observed for each of these parameters in the study area between seasons. As the
seaweed culture is undertaken in near shore area with shallow waters, the bottom fopography, shading
and impediment of water movement by rafts also contribute to the vanations. The significant (p<0.05)
variation in DO level between the culture areas and control areas and also aggregates of past data could
be atiributed to the increased intensity of rafts in the culture area.

Mo significant variation (p=0.05) was obsarved with respect to other chemical parameters between the
current and previous data aggregated to two time periods. However, the variation in the concentration
of nutrients across different seasons were significant (p<0.05). Ammonia and nitrate are assimilated by
seaweeds and seagrasses as nuirients, however, long-term changes are insignificant because the Bay
of Bengal is seasonally enriched with inorganic nutrients from the major rivers draining into it during
monsoon and the transport of nutrients across the coastal waters by the coastal and tidal currents.
The level of phosphate reported from this region varied between 0.08 and 9.88 pmol, which could be
due to samples being taken at different locations in Palk Bay and across seasons. Land runoff and
mixing of soil particle fend o increase phosphates to near shore waters. Owing to the wide variation in
the concentration of chlorophyll pigments in earlier reports, no significant (p=0.05) variation could be
observed between the current level and the earlier pericds. The chlorophyll pigments however, showed
a significantly (p<0.05} higher concentration in the culture areas than in control sites which could be due
to the re-suspension of benthic algae attached to the substratum. The study showed that the variations
in the physico-chemical properties of water could not be directly attributed as an impact of seaweed
farming in Palk bay. Rather, the changes are seasonal and observed fo be within the range for this part
of the coast. The study shows that the coral reefs and seagrass beds in the Palk Bay are subjected
to various natural and anthropogenic pressures. These ecosystems are best managed with location-
specific conservation management plans to be prepared by involving all stakeholders.

Impact of seaweed cultivation on Gulf of Mannar reef ecosystem

In the light of the reports on invasion of Kappaphycus in Gulf of Mannar, detailed underwater surveys
were camied out in 12 islands. Kappaphycus invasion was observed in 3 of the surveyed islands viz.,
Krusadai, Shingle and Mulli (Fig. 8). The reefs in Koswari and Van Islands were extensively covered
by native seaweeds like Halimeda gracifis and Caulerpa faxifolia to an extent of 70-80% in specific
locations Analysis of the data with respect to the disiribution, abundance and status of corals, seagrass,
seaweed and the benthic community and the status of water quality in Gulf of Mannar is underway.
The natural and anthropogenic factors that contributed to the spread of Kappaphycus in Gol are being
studied and strategies for conservation of these sensitive ecosysiems in GoM and Palk Bay are being
evolved.
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Development of eco-friendly seaweed cultivation methods

The second major objective of the research study was to develop location-specific ecologically sustainable
seaweed cultivation methods for Kappaphycus alvarezii, an introduced species and Gracilaria edulis, an
indigenous species. Marine Algal Research Station, Central Salt and Marine Hesearch Institute (CSMCRI),
Mandapam and Fsheries College and Hesearch Institute (FCRI), Thoothukudi have been involved for
establishing the experimental seaweed farms and monitoring the environmenial parameters respectively.
After the reconnaissance survey, three sites wiz.,, Nagapattinam and Thoothukkudi in Tamil Nadu and
Miyani at Gujarat have been identified for establishment of the experimental seawead mariculture units.
The tube net method for Kappaphycus alvarezii and triangular raft method for Gracilaria edulis are under
evaluation against the conventional rectangular raft method of seaweed cultivation. Further, arrangement
of rafts has also been altered with the view to reduce environmental foot prints.

During Aug-Sep, 2013, there was an outbreak of ice-ice disease in Kappaphycus alvarezii cultivated
in the Palk Bay region, which resulted in loss of entire standing crop (18850 rafts). Weekly averaged
Global Leve! 3 Mapped Thermal IR S5T products derived from the MODIS (MODerate Resolution
Imaging Spectroradiometer) sensor onboard Agqua satelite (PODAAC, 2002) were processed using
image processing software. The mean values of the S5T obsarvations taken at 15 points each around
Mandapam and Thoothukkudi were used for plotting and interpretation (Fig. 11}, Weekly average SST
imagery showed consistently higher temperatures (above 28°C) in the Palk Bay and Morth Guif of
Mannar region compared fo the southern Guif of Mannar {around Thoothukkudi). The chservation lead
to the hypothesis that exposure to higher temp {an increase of 2°C) in the seaweed cultivation areas
together with high intensity seaweed farming, would have led fo the outbreak of ice-ice disease in
K. alvarezii, owing to their physiclogical vulnerability to thermal stress. The study conducted at FCRI
indicated that Planococeus sp (20%) dominated the infected seaweed samples followed by Arthrobacfer
sp and Pseudomonas sp.

) CSMCRI has established a seed multiplication farm at Mullimunai in Palk Bay (FHa. 12} region following
the loss of entire Kappaphycus alvarezii biomass to the ice-ice disease outbreak. The baseline
environmental parameters in the experimental farm sites established at Thoothukkudi and Mullimunai
have been determined and are being monitored periodically. The impact of seaweed cultivation on the
coastal environment is belisved to be less when the rafts are laid perpendicular {o the coast than when
laid in parallel orentation. Preliminary studies reveal that K alvarezii cultivated in rafts laid in vertical
orientation had a significantly (p<0.01) higher daily growth rate (5.01%:) and single plant biomass (76.67
+ 16.65g) than their counterparts grown in horizontal orientation (1.87%; 28.54 + 11.12g respectively).

The research on seaweed cultivation so far were aimed at production maximization and the current study
undertaken by NCSCM with CSMCRI and TNFU would help in developing location-specific seaweed
farming methods with least ecological footprints.
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The research on seaweed cultivation so far were aimed at production maximization and the current study
undertaken by NCSCM with CSMCRI and TNFU would help in developing location-specific seaweed
tarming methods with least ecological footprints.
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Know{edge. Covernance and

Policy Division
This division will work as a central repository for the dispersed
information on the Indian coast. Coastal management requires all
the stakeholders 1o be interconnecied at different scales in order
fio share information, knowledge and data io solve problems and
confiicts facing the coastal area and lvelihood of the coastal
communities. The knowledge management system of the centre
would assist those inieresied in coastal governance 1o access the
mast relevan] information of coastal issues. This division would
also provide advisory to the govermment on coasial governance
and poficy issues. The major groups under the division are: (i)
the Informafion Banl, (i) the Commumication and Disseminalion
Group, (jil) the Capaoity Building Group, (iv) the Coastal Law and
Policy Group, and, (v) the Parinership and Networks Groop.
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The coast is of high-importance both
ecologically and economically. The
high diversity of activities has resulted
in extensive alteration of coastlines
worildwide. A balance has to be struck
between various activities to ensure
sustainable coasts. An  effective
approach is the use of integrated coastal
management.

Strategies and Guidelines for
National Implementatiom of
ntegrated Coastal Zone

\/lanagement

Coasts worldwide are high priority area for development stimulated
by globalization and frade reguirements. From being a zone of faw
activities such as navigation and fisheries, space in coastal areas is
under high demand for a variety of activities such as the development
of ports and harbours, industries and settlements, causing increasing
pressure on coasial ecosystems. Since most development-related
activities are sector-specific and highly competifive, there is often
conflict for space and resources. Existing management approaches
however, are primarily secloral addressing specific problems
symptomatically rather than using a holistic perspective.
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Since 1281 when the Coastal Reguiation Zone Netification was issued under the Environment (Frotection)
Act, 1936, only a width of 500 m from the high tide line along the coast is subject to regulation with
respect to activiies in that area based on the zoning principles. In 2006, India introduced the National
Ernvironment Policy (WEP) which suggested that the following actions be taken:

a  Revisit the Coastal Regulafion Zone (CRZ) nofifications to make the approach to coastal environmental
regulation more holistic, and thereby ensure protection to coastal ecological systems, coastal waters,
and the vulnerability of some coastal areas fo extreme natural events and potential sea level rise. The
Integrated Coastal Zone Management (ICZM) plans need to be comprehensive, and prepared on
strong scientific basis by experis with the participation of the local communities both in formulation
and implementation. The ICZM plans should be reviewed at pre-determined intervals to take account
of changes in geomorphology, economic activities, seitlement patterns, and coastal and marine
environmental conditions.

In 2010, the Ministry of Environment and Forests, with assistance from the World Bank, initiated the
Integrated Coastal Zone Management (ICZM) Project that would:

® adopt an integrated management approach, with people’s participation;
® promote livelihood security of the coastal communities, and
® protect the ecosystems while promoting sustainable development.

Integrated management of the coastal and marine areas in general and the ICZM project in particular is
expected to have long-term benefits. Development of economic infrastructure in the coastal zone, along
with protection of ecological and cultural backgrounds and traditional rights is crucial to India’s growth
and development.

In Phase |, development and implementation of State Level approaches to ICZM (in the three States
of Gujarat, Orissa and West Bengal), has been initiated with the objective to develop and empower
state level authorities to adopt appropriate ICZM approaches consistent with nabonal strategies. One
of the major recommendations was to prepare [CZM plan for small coastal stretches as pilot sites (Fig.
1). Preparation of ICZM plan for any area is a process oriented activity. While the overall structure for
the preparation of [CZM plans is well known, there is little by way of a practical guidance document. In
2012-13, the structure of the planning process was finalized after extensive discussion and consultations,
To help in operationalizing this, a national guideline for the development and implementation of ICZM
plans in India titled “Strategies and Guidelines for Mational Implementation of Integrated Coastal Zone
Management (ICZM)" was prepared and was made available to the state project management units in
December 20i3. This document provides information on the guiding principles for ICZM in India, the
legal and regulatory framework, a detailed task and activity list for each of the five phases.

Linder each phase, the following information is provided:

@ The various tasks under each phase ame listed

® Activities under each task are detailed; if necessary, tasks are subdivided into sub-tasks
@ Where required terms of reference for consultants are provided

#® Deliverables at the end of 2ach phase are listed

@ Reports and other documents to be prepared are listed at the end of each phase.

Support o develop and finalise terms of references is being provided to the SPMU currently implementing
the ICZM programme.

9
N
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Capacity building

An interactive display system (fig. 2) has been developed to provide fraining in the process of preparation
of ICZM plans. This system enables the learner to systematically go through the entire planning process
and also has the provision of storing images, graphs, maps and videos to explain the issues in various
locations.

i Case Study of ICZM Plan for Dandi in Collaboration with SPMU, Gujarat

Dandiis a coastal village in the Navsari district of Gujarat, located on the Arabian Sea shore. Itis famous
for Mahatma Gandhi's 1930 salt march when he walked from Sabarmati Ashram near Ahmedabad to
Diandi and picked up grains of salt. This march triggered the Civil Disobedience Movement and was an
important part of the Indian independence movement. The MoEF in collaboration with the SICOM, aided
by the Gujarat Ecology Commission has underiaken the project for the development of a green memaorial
at Dandi. Called The Green Action for National Dandi Heritage Initiative (G.A.N.D.H.I) Project, it aims
at the overall Development and conservation of the environment of Dandi and s surrounding villages,
based on Gandhian principles and teachings on envirenmental conservation and village development.

In 2010, Dandi and the villages of Samapar, Matwad and Onjal covering an area of about 20,000 ha
were declared an “Eco Sensitive Zone” under the Environment Protection Act 1986. This was prompted
not only by the historical importance of Dandi but also because of the fragile coastal ecosystem that has
mudflats, long beaches, sand dunes and wetlands. The area is also being affected by coastal eresion and
pollution. An integrated coastal management plan for the area is o be prepared io promote conservation
of natural resources as well as to regulaie other activities, inter alia, the setting up of indusirial units in
the vicinity and ecotourism (Fig.3-10).

Preparation of a guidance document for CRZ 2011

The Coastal Requlation Zone Nofification was first issued in 1881 under the Environmental (Protection)
Act, 1986 In 2011, a fresh nofification was issued with extensive modifications over the previous (1991)
version. Though there is greater clanty in the 2011 Notification compared with the 1881 Notification,
it was considered essential to prepare a document that would provide illustrations, explanafions and
supplementary information for the various sections of the Mofification.

This guidance document {currently in draft form) explains the coastal regulation zone as defined by
the CRZ 2011 Motification using illustrations and photographs. For example, a bird's eye view of all the
coastal regulation zones is given below(Fg.11).

An important part of the CRZ 2011 is the hazard line which is a composite erosion-flocd line that is to be
demarcated along the Indian coast. The development of this line is illustrated in the figure below which
shows the different Ylines’ that go into the preparation of a composite hazard line (Fig.12).

As a first siep to the planning process, a series of maps of the Dandi area, including the villages of
Matwad, Dandi, Onjal, Aat, Samapar, Sultanpur and Khamblav, have been prepared by the NC5CM to
enable understanding of the cumrent land use, distribution of population, ecologically sensitive areas as
well as vulnerability due to flooding and sea level rise.

The CRZ is further classified into four classes. CRZ | includes ecologically sensitive areas, CRZ 1l
includes coastal areas that are extensively built up, CRZ Il include moest of the rural areas and CRZ
IV includes the water and sea-bed falling within the territonal limits. Activities prohibited in the CRZ are
described along with exceptions and additional information in the form of tables for easy undersianding.
A chapter is devoted fo the process of regulation of activities in the coastal zone while another details
the preparation of coastal zone management plans.
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Fig. 1. Location of ICZM sites — Phase |
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Fig. 2. Interaclive display Board Usad for Training in ICZM
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Fig. 3. Map of the Dandi area showing the villages

Fig. 4. Land use map for Dandi area
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Fg. 7. Sea level rise vuinerability -1
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Fig. 8. Sea level rise vulnerability -2
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Fig. 9. Flood risk vulnerability-1

Fig. 10. Flood risk vulnerabliity -2
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Fig. 11. Coasial Regulation Zones (CRZ 2011): Concepiual representation
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Coastal Ernwirenmental Impact Assessment

The high degree of complexity in coasial zones has
led to emphasis on adoption of integrated coasial zone
management (ICZM) as a governance mechanism by
considering various aspecis of human activities and
their management. Cumulative environmental impact

assessment (CEIA) is anintegral part of ICZM processes,
considering cumulative impacts of development of the
coastal/marine areas. CEIA helps to link the different
scales of environmental assessment, focusing on how
developmental plans are designed and the effects of a
particular plan.

Assessment of Cumulative
Coastal Environmental Impacts

[ACCES]

Majority of the world's population live in coastal zones-
combining terrestrial-aquatic areas and revolving around the
land-sea interface. Such areas face many environmental and
management challenges, due to a combination of environmental
impacts that arise in both open ocean areas and those areas
inherant to coastlines, such as the impacts of land based
activities. The high degree of complexity in coastal zones has led
to emphasis on adoption of integrated coastal zone management
(ICZM) as a govemance mechanism by considering various
aspects of human activities and their management. Cumulative
environmental impact assessment (CEIA) is an integral part of
ICZM processes, considering cumulative impacts of development
of the coastal/marine areas. CEIA helps to link the different scales
of environmental assessment, focusing on how developmental
plans are designed and the effects of a particular plan.
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Current assessments for environmental impacts are usually carried out on micro level (either site-specific
or project specific) for any proposed developmental activity, rather than considering its cumulative effects
along with several other existing activities on the coastal stretch. Thus, current practice has been based
on piecemeal approaches and detailed studies for cumulative impacts have not been camied cut on a
regional’broader level. Environmental degradation due to unsustainable human practices and activities
now seriously endangers the entire production system of the planet.

The planet is facing an unprecedented mass extinction of floral and faunal species, raising sea leval,
rising atmaspheric temperature, coupled with the increasing frequency of flood and storms. This happens
due to the unregulated industrialization and rapid urbanization which is responsible for the ecological
imbalance on the planet. In view of the growing concems on progressive environmental deterioration of
vulnerable coastal and marine ecosystem of India, National Centre for Sustainable Coastal Management
{(NCSCM), Chennai, has indented to monitor the cumulative impact of coastal environment aleng the
Indian coast

Framework for the Cumulative Environmental Impact Assessmen for the
Gulf of Kachchh Gujarat

A Framewaork for the Cumulative Environmental Impact Assessment for the Gulf of Kachchh (GoK) is
being prepared in consultation with national, international environmental experis and stakeholders. The
conceptual Framework of CEIA is described in Fig. 1. For the cumulative impact assessment of GoK, a
historical timeline of the major events since pre-independence era (Fig. 2) has been inventoried. Events
such as establishment of industries, natural disasters, and creation of the Marine Mational Park among
other the historical events that were documented in the timeline. There were three major events that was
classified as the Extraction, Protection a nd Restaration periods in the GoK region.

In addition, the coastal activities viz. ports, industries; agriculture, domestic sewage, saltpans stc. were
also considered. The assessment will help the coastal managers and policy makers to determine the
current status of GoK, and provide a broad perspective fo manage the developments in futurs. It will
address the following key issues in the assessment study:

# Sustainability of the Gulf of Kachchh to the present.
#® Manage and plan for fulure developments from social, economical, and environmental perspectives.

® Most importantly, it will help to develop strategies and response to mitigate the impacts through
state machinery and comprehensive pollution management plan of ICZMP

The framework was generated following the Workshop on Cumulative Environmental Impact Assessment
of Guif of Kachehh, conducted in GEER Foundation, Gandhinagar, Gujarat, on 6™-6" September, 2013,
The Workshop incorporated local expertise — qualitative data (and not quantitative) about the natural
resources and features of the Gulf of Kachchh, the potential pressures affecting them, and the current
conservation efforis along the region.
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CEIA FRAMEWORK

identitying
Key Features

and Values
Oescribeng the Characior
of the region

identifying )
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Results
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Fig. 1. Framework Conceptualization of CEIA
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Coastal Ervironmental Impact Assessman!

Framework conceptualisation

The assessment framework is divided into a 5-step process that will lead to improved management
planning for the GoK region. An overview of each step, followed by recommendations, including actions
and information reguired to fulfil the Cumulative Environmental Impact Assessment.

Kay Features and Values

The environmental characteristics of the region including the social, economic and environmental values
placed upon them (Fig. 3), describing the key features and values of the Gol region.

I
l
# k. - - . -
i} . i
" ! .3
Hutrien! Induced Green algas (Uiva laciuca) smothering on the coral colony (Gonlopora sp.) &t Plrolan
lsland of Gull of Kachchh

Maijor Pressures
Identify and guantify the current and future activities in the region that are, or are likely 1o, impact the
environmental characteristics and values.

Urban sewage and waste
Some urban areas and indusfrial townships continue fo release unirealed sewage and
municipal waste, potentially introducing pathogens and causing eutrophication in the Gulf.

. s Agriculiural runoff
* During monsoon, storm water from farm fields picks up toxic pesticides and excess fertilisers,
and deposits them, ultimately, into the Gulf, resulting in eutrophication and algal bloom events.
Turbidity
Mangrove deforestation and deep-sea dredging for ports and industnal sites deposit sediment
and increase turbidity in the Gulf, which endanger coral and seagrass health.

Salt pan discharge
Increased salinity in seawater and soil from salt pan discharge—threatening coral reefs and
contaminating groundwater and agricultural lands—is a significant pressure in the Guif.

Industrial development
| Oil spills and pipeline leaks, ship ballast water release, chemical plant effiuent discharge,
warm high saline discharge and power plant outfalls are all increasing risks to Gulf corals,
seabirds, mangroves, and fisheries.

State of the Environrment
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Examine and describe the condition of the existing environment, identify vulnerable areas, and determine
the carmrying capacity of the system for current and expanded growth.

Status and trends: A comprehensive state of environment assessment is conducted within the context
of the ecosystem features, and the effects that the pressures may have on those features. Accordingly,
the GoK region is divided into-9 zones, and shown in Fig. 4.
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Fig. 4. Zonation Map of the Guif of Kachchh

Hotspots of vuinerability

Zone 1 —Western MNPS
Zone 1 was characterised as having moderate pressure from agricultural runoff and turbidity.

Zone 2 — Central MNPS
Zone 2 was characterised as having moderate-high pressure from sewage and urban waste, turbidity,
and industrial development, and low-moderate pressure from salt pan discharge.

Zone 3 — Eastern MNPS
Zone 3 was characterised as having moderate pressure from agricultural runoff, turbidity, and salt pan
discharge, and low-moderate pressure from industrial development.

Zone 4 — |slands MNPS
Zone 4 was characternsed as having moderale pressure from industrial development, and low moderate
pressure from sewage and urban waste and turbidity.

Zone 5 — South-eastern Gulf of Kachchh
Zone 5 was characterised as having high-moderate pressure from turbidity, and moderate pressure from
salt pan discharge and industrial development.

Zone 6 — North-eastern Gulf of Kachchh
Zone 6 was characterised as having moderate pressure from sewage and urban waste, and low moderate
pressure for agricultural runoff, turbidity, salt pan discharge, and industrial development.

Zone 7 — Eastern central gulf of Kachchh

Zone 7 was characterised as having high pressure from sewage and urban runoff, moderate pressure
from agricultural runoff, and moderate-high pressure from turbidity, salt pan discharge, and industrial
development.




Zone 8 — Western central gulf of Kachchh
Zone B was characterised as having moderate pressure from agricultural runoff, turbidity, salt pan
discharge and industrial development.

Zone 9 - North-western gulf of Kachchh
Zone 9 was characterised as having low pressure from all activities:

nking Pressures o Impact

Quantify past and existing pressures and determing linkages to known impacts to enable forecasting of
risks associated with future developments.

A methodology to reasonably foresee future
Average site concentration development of the region is a critical
component of the framework. This step
addresses how the assessment framawork
will predict the likelihood and magnitude of
r-.: &7 future impacts (Fig. 5) from new andfor
growing activiies in the Gulf, and the
inevitable uncertainty entailed in doing so.
This will require an understanding of what
- the relaive contribution of new and/or
= growing activiies will have towards the
existing situation in the Gulf; what indicators
and thrasholds will be used fo measure and
o mpacts o prsc! ggeess this; and what specific government
and/or company goals and management
objectives exist or are proposad to address

the activities” cumulafive effects.

HIGH

.
=

Average concentration
&

Lo

LOw = HlGH

Hesults nio A

Consolidate and integrate information obtained from Steps 1 - 4 into a regional management plan that
includes ongoing monitoring and assessment, continuous review, and adaptive planning.

Potential management recommendations for GoK
The types of management activities that may be required to reduce pressures on Gulf natural resources
are described below.




Annual Report 2014

Salt pans
# Improve efficiencies of salt production to produce less bittern

& Recover useful chemicals from bittern

Agricuiture
® Encourage seaweed harvesting and cultivation in high nutrient influx area without
affecting the core ecosystem by local communities

# Encourage organic farming methods to minimize fertiliser and pesticide use

Urban areas
& [mprove wastewater treatment capacity and removal efficiancy

# Improve trash and solid waste collection

Dredging
# Modernize dradging methods.

® Dispose of dredged material without plume generation, e.g., closed conveyance
sysiem.

Industry and ports
® Review industrial policies with regard fo oil spill contingency plan.

® Hequire all ports to create Emergency Managemeant Plans.
# Encourage zero discharge technology.

Fisheries
® Promote alternative livelihoods for local communities during monsoon season,

# [ncrease contiguous marne protected areas.
# Continue research on marine ecology and coral resis.

The present cumulative envireonmental impact assessment for the Guif of Kachchh region is the first of
its kind in India that provides a broad understanding of the key pressures and values of the region. The
current assessment is based primarily on key stakeholder perceptions, and available secondary data
and information. Efforts are on to conduct a detailed CEIA, based on the framework proposed in Fig. 1,
with appropriate primary data and State of coast reporting.




Assessment of Cumulative Environmental Impacts along the southwest

g Al | E -
coast (Goa - Alleppey) of India
As part of the research study, assessment of cumulative environmental impacts along the west coast of
India from Gea to Alleppey (Fig. 6) is camied out in a cruise program. During the cruise, water, sediment
and biolegical samples were collected and analysed from several fransects on board CHV Sagar
Paschimi (Coastal Research Vesseal of Ministry of Earth Sciences) during the first week of May 2014
(Fig. 7). The cruise transects are planned on the basis of sediment cell concept. The spatial vanation of
physico-chemical parameters along the coasial streich are shown in Fg. B

Legend
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CRV Sagar Paschimi Zooplankion sampling

On-board sampling On-board weather tracking

On-board analysis

Flg. 7. Sampling and a
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Multivariate statistical analysis

Multivariate analyses were carried out by using PAST version 2.15 (Hammer 2012). The concentration
of Nitrate is coniributed more towards the Mudbank areas such as Kalarkode and Thottapalli. Dissolved
Silicate concentration was also confributed more towards the other mudbank area of Chellanum
coast followed by Ellatur and Mangalore. Similarly, the contribution of SPM is also more fowards the
mudbank areas such as Thottapalli and Kalarkode and near coastal region of Kerala, Anchangadi. The
DO saturation units are contributed more towards Mangalore followed by the Goan coast. Thera is no
significant variation in salinity between the stations. Bray-Curtis Cluster analysis under paired linkage
shows that four major clusters with 92% similarity. Among them, three clusters from Kerala coast and
one mixed clustar between Kerala and Karnataka coast and two outliers such as Karwar and Goa. This
cluster also provides groups of stations based on the similarity in water quality parameters observed
in this study (Hg. 8). These groups of stations are influenced by the most relevant point sources of
nutrients and urban sewage form a single cluster. Moreover, stations which are in close proximity to the

anthropogenic activities falls in same cluster (Calicut to Cochin) and Alleppey mudbank stations falls in
same cluster.
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Nutrient budgeting of turbid (muddy) coastal waters using the LOICZ
model

NCSCM Chennai for the first time in India has proposed to use the multi-box Muddy L OICZ approach for

nuirient budgeting in the Indian coastal ecosystems such as lakes, lagoons, and estuanes. The Muddy
- LOICZ budget is the modified and updated version of the LOICZ model taking into account the effect of
] “suspended particulate matter” (Kd factor) in budgeting. During the meefing it was proposed to apply the
' multi-box Muddy LOICZ model for nutrient budgeting in the Indian coastal ecosystems. The ecosystems

preposed for nutnent budgeting are both from east and west coast of India, and are shown in Fig. 10.
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Fig. 10. Map indicating coasial ecosystems proposed for MUDDY LOICE nutrient budget Model

Anthropogenic inputs of nutnents fo coastal zones have increased steadily and exceptionally up to three
times in the last few decades (Rabalais et al. 1996; Moffat 1998; Smith et al., 2003). Changes in land
use and land caver pattern results in such major modifications due to the freshwater runoff, sediment
transport, fluxes of carbon and nutrients to coastal ocean (Walsh 1991). The nutrient inputs io the coastal
ocean may enhance primary production and provide an additional sink for atmospheric carbon (Hung
and Kuo 2002). However, the magnitude of the fluxes is such that the transfer of organic matter from land
to ocean via the coastal systems treated as a key link in the global carbon cycles (Richey et al., 19490).

Therefore, the natural and human derived organic mafier discharged into coastal seas may partially
or fotally be respired, providing a source of carbon dioxide. Thus, due to the intense anthropogenic
disturbance estuaries are ofien considered to be net heterotrophic ecosystems and act as a source of
CO, (Frankignoulle et al., 1998; Mukhopadhyay et al., 2002; Biswas et al., 2004). Whether the coastal
systems act as net carbon sources or as sinks remains debatable, largely because coastal systems vary
substantially in response io the external changs.
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Although, there is difficulty in obtaining carbon and nutrient budgets from the direct cbservations and
syntheses, biogeochemists have employed various models to simulate nutrient and carbon budgets in
coastal ecosystems applying simplified calculations (Kaul and Froelich 1984 Billen et al 1985; Smith et
al., 189%1; Yanag! 1999; McKee et al 2000). Meanwhile, LOICZ (Land-Ocean Interactions in the Coastal
Zone) has developed the Biogeochemical Modeling Guidelines (Gordon et al 1886) to implement the
nutrient and carbon budgets: This model has been widely tested and used for C-N-P budgets in estuarine
and coastal systems (Hall et al., 1996; Smith and Crossland 1899; Smith et al., 1899; Dupraet al., 2000).
Carbon metabolism in a shallow coastal body varies between temperate and tropical regions primarily
due to rapid system response to change of external forcing (Pernetta and Milliman 1985).

Approach
The biogeochemical fluxes and metabolism |
of nutrients and carbon in an estuary may
be deciphered through the wuse of LOICZ
bicgeochemical budget model {Smith et al., 1891;
Gordon et al., 1996). The schematic diagram of the
nutrient budget model is shown here.

system
storage

Recently, this model was improvised for its best Eflnternal sources, sinks)
implication in the muddy ecosystems having high
SPM concentration (> 100 mg ') by Wolanski and
Swaney (2009). Since, most of the Indian estuanes
carry high loads of sediment from the upsiream; MATERIAL BUDGET

they are often considered as highly turbid coastal J

ecosystems. This would be a very new and unigue
study in terms of understanding the contribution of
suspended particulate matter to the coast and the associated biogeochemistry. This biogeochemical
budget model is a steady-state box model from which non-conservative nutrient and carbon budgets
can be constructed from non-conservative distributions of nutrients and water budgets which in turn
are constrained from the salt balance under a steady state assumption. The nen-conservative flux of a
material is estimated from the flux dewiation betwesen inputs and outputs based on the salt and water
balances. Conservation of mass is one of the most fundamental concepts of ecology and geochemistry.
The budget is calculated assuming that the matenals are conserved in a system. The difference of &
[sources —sinks] = ¥ outputs - ¥ inputs

Salt Budget

The =alt balance of a system forms the basis of the nutrient budget
calculation. At steady state, the following box model eguation
describes the salt flux.

Vo5,
"”:E 2= Vil +VopS s Vel Va8 #1783 V3 (S50 = 5,)

V,=(VS,- VS WS, — Em}

Wailer Budget

The water budget in the esiuary can be derived from the balance of
salt transported through the estuary, using salt as a conservative ity
tracer. Under steady-state conditions, the water mass balance can
be estimated by using the equation:

dv aMﬁ:l‘.t = VD+VP+‘IIE+UE+VG+UR

At steady stafe:
Va=AV AV AV AV 4V )
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hutrient Budget

Dissolved nutrient budgets are estimated from water budgets and measured nutrient concentrations in
each box model compartment. The nutrient budgets are derived from dissolved inorganic (i.e. DIN, DIP
and DIC) concentrations. Mon-conservative fiuxes of DIN (ADIM}, DIP {ADIP) and DIC {ADIC) can be
derived from the following equations (Gordon et al 1996).

ADIN = - (3DINoutfiux — SDINinflux)
= -[{1-AKd) ViDINr+Vx{(1-AKd) (DINocn-DIPsys)} + VqDINg]

ADIP = - (IDIPoutflux — IDIPinflux)

= -[{1-AKd) VrDIPr+ Vx{{1-AKd) (DIPocn-DIPsys]} + VgDIPqg]
and

ADIC = - (IDICoutflux — IDICinflux)
= -[{1-AKd) ViDICr+Vx{(1-AKd) (DICocn-DICsys}} + VqDICq]

Where, Kd is partition coefficient due to turbidity in water, according to Welanski and Swaney (2008).
DiNg, DIMNsys, DIMocn and DINr denote the mean DIN concentration in the river, estuary, oceanic water
and the residual-flow boundary respectively. According to Gordon et al 1996, DINr can be determined as
{DINocn+DINsys)/2, and similarly the DIPr and DICr.

Met Ecosystem Melabolism (MEM)
The net ecosystem metabolism (difference between primary production and respiration [p-r]) can be

estimated stoichiometrically from ADIP and C:P ratio of organic matter being produced or consumed in
the estuary. Therefore,

[p-1] = - ADIC = -ADIP*(C:P) particulate

From the above equation, it is noted that DIP alone is used in the calculation of [p-r] because production
or consumption of DOP is regarded as one of the possible sinks or sources for ADIP, according to
Gordon at al 1896. The particulate organic C:P ration in the estuary cannot be determined and hence,
the Redfield ratio (106) shall be adopted for the Stoichiometry calculation.

Mitrification and Dentrification
Mitrogen metabolism in the estuary, expressed as net result of nitrogen fixation and dentrification (Mfix-

Denit) can be denved from the difference between non-conservative nitrogen flux and expected nitrogen
removal through the biological uptake.

[Mfix-Denit] = AN observed — AN expected
= AN observed — AP®{N:P) particulate

In the abowve equation, the Hedfield N:P ratio can also be applied for calculation. This calculation will
demonstrate whether the estuary is a source or sink for the fixed nitrogen.

SPM Paradigm in Nuirient Budget: Kd Factor

The partition coefficient (Kd), is defined as the ratio between the particulate nutrient concentration and
the total nutnent concentration when the system is at equilibrium. The Kd factor varies from region to
region and site-specific. Generally, the generic or default Kd values can result in significant error when
used to predict the impacts of parficulate matter in the budget. Therefore, for the site specific model
calculations, Kd factor is derived for our applications from the measured nutrient concentrations.
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The Kd value for the Chilika Lake computed for both the dry period and wet period are as follows (Fig. 11
& 12). Similarly, the Kd factor will be computed for each of the ecosystems proposed for muddy LOICZ

nutrient budgeting.

The Kd value for the dry period is 180, derived from the graph as shown in Fig. 11, through the best fitting
curve using the formulae as follows.

Kd = SPM/(SPM+180)

and the Kd value for the wet period is 220, derived from graph as shown in Fig. 12, through the best fitting
curve using the formulae as follows. '

Kd = SPM/(SPM+220)
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The Coastal Environmental Health Report

synthesizes the scientific information and converts it
to an image-rich format that is easily accessible fo a
wide audience. Apart from enabling easier means of
communicaling science, report cards also tend to be

means of powerful human motivator: creating peer
pressure (among civic leaders and local community).
These Environmental Health Report Cards have been
used to catalyze improvements in ecosystem health,
guide restoration efforts, and stimulate relevant research.

Coastal Ecosystem Health

Report Card (ECOHEALTH)

The Coastal Envirenmental Health Report Card synthesizes the
scientific information and converts it to an image -rich format
that is easily accessible to a wide audience. Apart from enabling
easier means of communicating science, report cards also tend
to be means of powerful human motivator: creating peer pressure
{among civic leaders and local community). These Environmental
Health Report Cards have been used 1o catalyze improvements
in ecosysiem health, guide resioration efforts, and stimulate
relevant research.

There have been very few aftempts to study different aspects
of coastal ecosystem indices, their status along the Indian
subcontinents. A team of scientists from Maryland University as
well as National Centre for Sustainable Coastal Management
(NCSCM), India are working on the health report card for
coastal ecosystems of India. The details provided in the report
card provide information that can help, guide and focus on
restoration efforis. In this study, efforts are also made to apply
the DPSIR (Driver-Pressure-State-Impact-Response) framework
for the ecosystem health. In view of the growing concerns on
progressive environmental deterioration of vulnerable coastal
ecosystem of India, National Centre for Sustainable Coastal
Management (NCSCM), Chennai, has identified some of the
coastal ecosystems which are in need of immediate restoration
and measures to ensure the sustainable development with
optimum resource exploitations (Fig. 1). Environmental data
collected from time-series and monthly measuremenis will be
used to develop the Ecosystem Health Report Card.
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Report cards are a five step process

Identify values and threats ‘ ﬂ—?ﬂ: =
Choose indicators ‘ ﬁ f E

Identify thresholds

Calculate scores and grades ABCDF

Communicate results

Fg. Z. Report Card - Process

The health status of a coastal ecosystem can be accessed by analyzing various water quality parameters
and its biological diversity. The environmental data (physical, chemical and biological) has utmost
importance for the preparation of the ecosystem health report card. These data can be collected from
both primary and secondary sources.

Coaslal Ecosystem Health Beport Card for the Marine National Park and Sanciuary,
Jamnagar, Gujarat

Marine National Park and Sanctuary (MNPS), Gulf of Kachchh, Gujarat is one of the proposed series
of ecosystems for the preparation of health report card. The Gulf of Kachchh in the state of Gujarat is
characterized with coral reefs and extensive mangroves, and a host of resident and migratory birds,
coupled with large industrial conglomerations. The southern coast of the gulf has been declared as the
Marine Mational Park (MNP) bordered by the Marine Sanctuary.

A science workshop was conducted with the objective of identifying threats, developing indicators,
thresholds and a framework in the form of a graded report card (Fig. 3). The GEC, in partnership
with NCSCM and the Integration & Application Network from the University of Maryland Centre for
Environmeantal Science. convened a science workshop bringing together local, regional stakeholders
and international experts, who together identified 12 indicators of ecosystem health (Fig. 4).
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Acanthastrea hillas Gomiopora minos

Field survey at Khijadiva Bird Sanctuary

Fg. 3. Workshop on coastal ecosysiem health report card for Marine National Park, Jamnagar
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How the report card was prepared

The three day workshop witnessed active participation from the organizations involved, help to develop
the four zones (the islands and the westemn, central, eastern gulf), the ecosystem heaith indicators
(water quality, biodiversity and fisheries) along with their threshold values. The health grade would
be computed from the monitored data and using the developed thresholds for each of the indicator.
Additional indicators may be included in future once the measures for data collection are in place. This
first health report card serves as a baseline that will be used 1o assess if the implemented environment
management plans are in place and working properly in the MNPS.

Measuring Ecosystem Health

Fig. 4. Indices used o derive ecosysiem haalth grade

Measuring ecosystem health of the MNPS is conducted using 12 indicators organized inio three main
indices: Water Quality, Fisheries, and Biodiversity. Together, these indicators represent the features of
the MNPS ecosystem that are valued (e.g., coral reefs, mangroves, seagrass, and birds); and represent
the threats (e.g., pollution, overfishing, and erosion) to these values.

Desirable conditions guide ecosystem change
Desirable conditions of the indices are based on available guidelines, current scientific knowledge, and/
or historical data and trends.

Calculating the ecosystem grade for MNPS-Jamnagar

The Marine Nafional Park and Sanctuary (MNPS) of Jamnagar was divided into four reporting zones,
each of which made a report card grade. The grades were calculated from the water quality, fisheries,
and biodiversity data collected for the year 2011-2012 from MNPS area. The monitoring will allow the
grades to be updated periodically, providing a means to track the environmental changes over ime.
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What do the grades mean?

80—100%. All water quality and biclogical health indicators mest
desired levels. Quality of water in these locations tends fo be very
good, most often leading fo very good habitat conditions for fish and
shellfish.

60-80%. Most water quality and biological health indicators meet
desired levels. Quality of water in these locations tends to be good,
often leading to good habitat conditions for fish and shelifish.

40—60%. There is a mix of good and poor levels of water quality and
biological health indicators. Quality of water in these locations tends
to be fair, leading to fair habitat conditions for fish and sheiifish.

20-40%. Some or few water quality and biclogical health indicators
meet desired levels. Quality of water in these locations tends to be
poor, often leading to poor habitat conditions for fish and shellfish.

0-20%. Very tew or no water quality and biclogical health indicators
meet desired levels. Cuality of water in these locations tends to be
very poor, most often leading to very poor habitat conditions for fish
and shellfish.
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i

Marine National Park and Sanctuary (MNPS), Jamnagar Health Report Carc
For the Marine National Park and Sanctuary, the indices on water quality, fisheries, and biodiversity are
being computed for the ecosystem health grade report card preparation.

Pressures affecting the MNPS ecosystem

The MNPS is subjected to constant pressures from both natural processes and human activities (Fig.
6). The problems highlighted here are pollution, overfishing, and erosion, all of which can result in a
degradation of the marine habitat. By identifying these pressures through efforts like this ecosystem
health report card and subsequent management actions, the likelihood of the MNPS fo sustain itself is
improved.

]
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The detection and prediction of regional environmental
change has become goals for numerous national and
multinational organizations. Sentinel sites are used to
better understand the regional environmental issues by
focusing on the resources and efforis taken to manage at
the local scale. Discrete locations in coastal and marine

environmenis that have the operational capacity for
intensive study and sustained observations to detect the
changes in the ecosystems they represent. Nested sets of
sentinel sites selected to betterunderstand the ecosystem
conditions at specific temporal and spatial scales in
order to address the science and management priorities.

Establishment of Sentinel sites
for Coastal Management

The detection and prediction of regional environmental change
has become goals for numerous national and multinational
organizations. Sentinel sites are used to better understand the
regional environmental issues by focusing on the resources and
efforts taken to manage at the local scale. Discrete locations
in coastal and marine environments that have the operational
the changes in the ecosysiems they represent Nested sets
of sentinel sites selected to better understand the ecosystem
conditions at specific temporal and spatial scales in order to
address the science and management priorities.

in this context, National Centre for Sustainable Coastal
Management (NCSCM), Chennai, has identified the coastal
sites where long-term monitoring program would be carried out

(Fig. 1 & 2) to understand the changes that requiring precise
assessments which is classified as follows:

Climate change

Coastal Process & Shoreline changes
Water quality & Biogeochemical fluxes
Ecology, and Coastal Livelihood
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An overview of the coastal sentinel site program

CHENNA)
(TAMIL HADUY)

Fig. 1. Schematic represeniation of NCSCM ~Seniinel Site™ program indicating major focus areas

Selection of sites as Sentinel Sites is based on unigue coastal signatures in a manner that they would
act as sensors of change. Examples include coastal erosion, protection of natural resources, sea level
rise, and establishing accurate height measurements along coastal locations particularly in places
with dense populations and bustling coastal and maritime activity. The NCSCM Sentinel Site program
capifalizes on these activities in partnership with consortium institutions and local efforts fo help solve
concrete problems that people are facing in coastal areas. This program is designed fo provide the
long-term information and parameters required for an integrated ecosystem approach fo address five
key issues as mentioned above.

Approach

Monitoring for the “Sentinel” site would be camied out through reconnaissance survey for the proposad
coastal ecosystems. In this survey various indicator parameters on chemical, physical, biological
characteristics would be analysed to understand the hydro-ecological status of the ecosystem before
establishing the continuous monitoring station. The approach of the research study is shown in Fig. 3.

Sysiem Design and Implementation

Based on the requirements of monitoring at selected coastal ecosystems along the Indian Coast, a
high-performance marine monitoring data transmission network and real-ime information publishing
system will be designed and implemented, which would be of higher level of enhancement of data
collection and transfer methed (Fig. 4). It will provide automatic data collection, fransmission and storage,
processing and analysis, data products publishing and sharing, along with remote dynamic monitoring of
the observation sites. The information of NCSCM observation system shall mainly include the following.

® Construction of multi-factor automatic acquisition and processing platform.

# The layout of network of GSM/wireless data transmission.

# Foundation of database and platform of data product.

® Construction of service platform for data sharing and standardization information.
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Meil Island, Andaman

MCSCM-Sentingl sites, Neil and Havelock lIsland, Andaman lslands are investigated for the climate
change phenomenon in its coral reef ecosystems. In this connection a survey was conducted during .
the month of February 2014, in two islands and the parameters analysed were meteorological, physico-
chemical, dissolved nutrients, total alkalinity (TA), dissclved inorganic carbon (DIC), dissolved organic
carbon (DOC), chlorophyll a, O, saturation, pCO,, CO, flux, saturation index (0_& O _) and primary
production.

The Meil Island benthic diversity is mostly the occurrence of live corals followed by sandy and rubble
bottom. Porites sp. is dominated the coral communities in this environment. The mean live coral cover
reported in this Island was 46%. Acropora sp., Cyclosersis sp., Favia sp., Favites sp., Fungia sp.,
Galaxea sp., Leptosereis sp., Lobophyllia sp., Motipora sp., Pachysereis sp., Pavona sp., Pectinia sp., -
Pocillopora sp. and Seriatopora sp. are also contributed in the Scleractinian coral cover. The biodiversity
of Neil Islands, Andaman is shown in Fig. 5.
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Mangrove ecosysiam Bio-shield on the coast

-

Seagrass - Sea cucumber, Holothura sp.

L e = & F : ! -.-n. 4
Eianded snake eel, Myrichthys colubrinus Heffopora colony

Fig. 5. Blodiversity of Nell Isiand, Andaman

i The spatial variation of selected parameters in the Nell Island is shown in Fig. 6-9. The reaf waters from Sitapur, Ramnagar, Neil
Kandra, Lakshmanpur and Bharatpur coast of Nail [stand wera analysed and the significant resultz obeerved are as follows.

2. Th o reaf waters are highly under-saturated with carbon dioide (CO, ) as compared to the atmospheric level which varied from
70 o177 patm on a spatial scale. The GO, flux i= mostly negative and vaned from -00.30 to -13.0 mmol m-2 d-1 indicates the
atmospharic CO, sink in the reaf waters of Med Island.

3. Same fime, the dissolved oxygen (O, are highly super saturaled which varied from 102-134%.
4. The supersaturated G, level and under-saturated CO, indicates high level of phytoplankton production in the reef watars of Neil

I=land, and therefore a CO, sink.

& The saluralion index die to caicie (1) = oversaturated (=1) which i vaned from 5.4 to £5. Simifary, the saturation index
due to aragonite (11 ) which varod from 3.6 10 5.0 is alzo supeor saturated (=1) in the reof walors. The higher saturation
indeyx implies the CaCO, prodisction in the resf waters which is a CO, releasing phenomenon 1o the atmosphare. Howewear,
during this absarvation the pCO, level is lower as compared to the atmosphent lovel showing its sink in the reef walers.

5. To understand the pCO, predicaments caused by pholosynthesis and calcification, an index based on the mclar ratio between
organic fo inonganic production (W) is used, as a criterion for the CO, sink-source in the reefl waters of Neil |sland.
6. Frankignoufle of al, 1904, proposad a crifical valse for W factor ag 0.6 {(molar ratio of released CO, to precipitated CaCo,).

When Y=0.6, the organic production i lamer than approximately 006 times nel inorganic producticn. In the present study, the

W valuss vaned from 2.45 to 310 which indicate the dominance of organic production and therefore sink of CO, in the res!

waters off Med Island.

& From this survey i can be deciphiered that the recent prolifcration of coral polyps in the Nedl Island, by which significant
amount of CaCd, are produced in the system and the resuffant CO, refeased i= consumed in &s reef waters for the
orgamic production,
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Calcite saturation index (Q_)
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Havelock kEand Andaman

The Hawvelock Island benthic diversity is mostly the occurrence of live corals with their associated
communities and dead corals with algae (Hg. 10) The South Andaman inciuding the Havelock Island is
dominated by Porites sp. The other coral species recorded in this Island are Acropora spp., Favia pallida,
Montipora sp., Fungia concinna, Goniopora sp., Diploastrea sp., Lobophyllia robusta, Gardineroseries

sp., and Favites abdita. The average coral cover in the benthic environment of this island is 22% 0
{Marimuthu et al., 2013). The other life-form categories observed in this island are sponges, soft corals -
and other organisms such as clams, sea cucumber, sea stars etc. The abiotic forms observed in the =
benthic environment are rubble, rock and sandy bottom.

The reef waters of Hadhanagar, Elephanta, Kalapatar and Govindnagar beach of Havelock |sland were
analysed for the CO, dynamics (Fig. 11 through 14). The CO, dynamics in the reef waters of Havelock
Island varied in a similar manner unlike the Meil Island. The saturation index due to calcite (02 ) and
aragonite (0_) in the reef water of Havelock Island is slightly lower than the Neil Island which indicates
the slower rate of calcification in Havelock Island as compared to the Meil Island. The reason for low
saturation index may also be due to the influence of some other carbon process that shift the reef waters
from calcification towards dissolution, which could be an ocean acidification process (Hg. 1 through
14}, However, the existence of such phenomenon in the reef water of Andaman Islands can only be
established with the regular monitoring of its reef waters.

Lobopimytum sp. Acropora sp.

Flg. 10. Biodiversity of Havelock Island
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Dissoived oxygen saturation (%)

Partial pressure of carbon dioxide (pCO,)
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Aragonite saturation index (C1_)

11 - 14, Spaiial variafion of salocled parameters in the real waler off Havelock Island
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Assessment of Aﬂeppey Mudbank system on coastal livelhood

Among other major thematic areas of NCSCM-5Sentinel site program, Alleppey (Fig. 15) comes under
hydro-ecology and coastal livelihood. The importance of the coastal ecosystems is the formation of
mudbanks due to its unique coastal processes that sustain the coastal livelihood to a large community.
A field survey was conducted along the coast of Alleppey to analyse and interpret the biogeochemistry
of this phenomenon.
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Fig. 15. Location map of Alleppey (Mudbank)
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District Populati
g (Census 2001) : ] 21 55,349
: Population Density 1489 personsfsg.km
. ‘GEOMORFHOLOGY -ﬂnastal plam’md Mid land
. Major physiographic unlls | o 0n s pitries
Maprﬂramm
10 LAND USE {Hectares)
11 Forestarea NI
12 Met area sown 94328
13 ‘Cultivable area A,
14 Climatic Characteristics
At Alieppey the maximum temperature ranges from 28.3 fo
ospheric Tamperaiure | 32.7°C Whereas the minimum temperature ranges from 22.6 fo
L Altiosphee Tmeese: .zﬁmmmmmmmmm
‘and the average annual minimum temperature Is 23.9 °C.
16 Humidity The humidity _ishimer_ :Iunr_:g the monsoon pericd,
Juna to September. Itis arcund B7% at Alappuzha
18 Rivers Manimala River, Pamba River, Achancovil River,
The wind Is predominantly from east and north-eastern
directions during morming hours and during the evening hours
19 ‘Wind mmﬂmmmbmmmm
“The wind speed |s low in Kayamkulam. The wind speed is high
during May (13.6 kmph)
20 Rainfall Approx. 2000mmt
21 Fishermen Popuiation 87,027
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Fishermen Population

per km length 1307

Industries (2611 — Medium & small scale)
Minor pert (2n0s.)

ﬁsh pmnﬂﬁﬁmg 'I:‘E:'I’HI‘E [Mms )
Ice plants (Tnos.)

Major population comprises of agricultural laborers and coir
Socip-economic workers. Though in literacy rate Alleppey district ranks second
conditions when compared o other districts, the employment rate is not
proportionate to the [feracy rate.

The commercial canals connecting the nook and corner of this.
- district are its life line. Canals, rivers and backwaters afford an
25 ‘Water Transport mmmmamﬂmm mmw
mﬂﬂmm&mmmshrmmﬁmmaﬁ
mmmﬂmmm

Alleppey has a flat unbroken sea coast of 82 Km in length which
i 13.9 % of the iolal coastal line of the state. An inferesfing

S Tkt phenomenon of this seacoast during the month of June is the
26 periodic shifting of mudbank popularty known as “Chakara”
within a range of 25 Km in Alappuzha-Purakkad coast due
to hydmlic pressure when the level of backwaler rises during
south-west monsoon.

2

Alieppey is one of the well-developed coastal districts in southern part of Kerala State covering an area
of 1,414sq.km and is the smallest district accounting 3.64% of the area of the State. It is surrounded
by Lakshadweep Sea on the west, Kottayam and Pathanamthitta districts in the east, Kollam district in
the south and Ernakulam district in the north. The Pamba Hiver drains over an area of 804 sq.km of
the district and form a deltaic region skirting the south eastem, southern and south western fringes of
Vembanad Lake. Vembanad Lake, the largest backwater in the State lies on the north eastern part of the
district separating Alleppey from Kottayam district. Ambalappuzha- Purakkad area in the Alleppey district
is famous for mudbanks, which form a rich source of fish. These features appear during south-west
monsecon aided by sea waves causing ejection of lcose sub-terraneans material through churning action.
The mudbanks are few metres away from the high water mark and fall within inter idal zone. Mudbanks
are unique features in Alleppey coast being an area of Research.

General characleristics of Mudbanks

The formation of mudbanks triggers an active fishing season in the coastal environments of Kerala.
The mudbanks generally occur on the alluvial belt of the coast extending from Thrikkunnapuzha to
Cannanore over a distance of 270 km which is more significantly characterised by backwaters of
Kerala. The mudbanks appear most often a week or so after the onset of the southwest monsoon. The
phenomena bring about suspension of sediments in a semicircular region, affording calm and turbid
waters (Fig. 16).
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A seaward extent of b to 6 km and alongshore extent of 4 to & km have been recorded. The banks are
laden with heavy suspension of fine clay (90% of < 6 p) at surface and highly viscous bottom sedimants
of unconsclidated ocoze-like liguid mud. The formation of mudbank plays a major role in moulding the
social and economic set up of the coastal population of the region, by providing a stable fishing ground
during the monsoon season. The mudbanks act as wave dampers and profect portions of the beach from
erosion and help in trapping the sediment which leads to the growth of the adjoining beach (Fig. 17). The
mudbank fishery, locally known as "Chaakara” fishery is a unigue phenomenon along the Kerala coast
during the south-west monsoon period. The fishery of this area during the chaakara season plays a vital
role in the economy of this entire coastal belt. Fluctuations in the magnitude of the fishery has been
noticed over the years. Nearly 1500 dugout cances locally known as “Vanchi” or "Vallam” operate daily in
this area during the peak of the mudbank fishery

Species composition of fish along Alleppey coast

About 50 species, of fish and & species of prawns are recorded from these regions. Fishes of the families
Carcharinidae, Clupeidae, Dussumiendae, Dorosomidae; Engraulidas, Chirocentridas, Tachysundae,
Hemiramphidae, Sphyragnidae, Mugilidae, Polynemidae, Ambassidae, Theraponidae. Sillaginidae,
Lactaridae, Siganidae, Carangidae, Gerridae, Leiognathidae, Pomadasydae, Sciaenidae, Trichiuridas,
Scomberomornidae, Stromateidae, Cynoglossidas, Chirocentridae and Drepanidae were encountered
in the landings. Of the prawn species Penasusindicus, Mefapenaeus dobsoni and Parapenaeopsis
stylifera were the abundant ones. Metapenaeus monocerosand Maffinis were also encountered in
smaller quantifies.

it Ll e = T
e T
Thaottapalli Fishing Harbour View of Mudbank - Alleppay

Fig. 17 Feid survey at Alleppey Mudbanid, “SENTINEL™ site
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Socio-Economic and Infrastructure faciiities in the Alleppey Mudbank

With the onset of the monsoon fishery at the mudbanks, a small fishing village furmns info a big business
centre. Thousands of fishermen and other people assemble here. To meet the fishing requirements
and other human needs an elaborate infrastruciure is needed. Sufficient number of crafts and gears,
preservation and marketing facility and also means of quick transportation of fish are the essential.
Above all every fisherman has fo be guaranteed for a reasonable price for his commaodity, There are very
good transportation faciliies all along the Kerala coast and hence quick movement of the catches by
insulated trucks is possible.

Most of the fishermen who come for fishing are not permanent dwellers of this region, but come from far

off places for fishing with hired crafts and gears. The fisher folk who assembie at the mudbanks belong to

various castes and religions and speak different languages. In spite of such diversity in social behaviour,

worship and way of life, they all live in perfect harmony. A major portion of the income may have to be

given as rent for the boat and net. Fishermen used to get fairly good amounts as advance from either

money lenders or other agents before they start to the mudbank area. Such advance becomes a burden K
on them as they are forced to pay heavy interest or give their fish calch at the rates prescribed by the b
agents.

General Hydrography of Alleppey mudbank

Average water column femperature at shelf waters off Alleppey varies between 28.47°C and 30.82°C
{mean 3016 + 0.80"C) Vertical profile of hydrographical properties along the shelf waters of Alleppey is
shiown in Fg. 18 and 19.
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Vertical temperature profiles at mudbanks - Alleppey, Kerala
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Vertical profile of Temperature shows evidence of Thermocline at water depth of 25 m. Salinity at
the surface waters was slightly lesser than the deeper water and was found to increase with depths.
Dissolved O, vs. temperature plot shows increase in O, concentration in deeper water with decrease in
temperature. This may be due to the presence of O, rich low temperature water. The concentration of DO
in the water column of Alleppey ranged from 6.15mg " to 6.22mg |’ (6.22 + 0.76 mg I'"). The pH values
do not show any significant vanation with respect to the depth.

The observations in general indicate the presence of high nutrients along the Alleppey coast. In the
mudbank region, the release of nutrients form sediment cannot be ruled out. The phosphate concentrations
did not show any spatial variation in the water, but higher concentrations of ammaonia, nitrate and silicate
were observed at selected regions siarting in the near shore regions and extending offshore (Fg. 20).
The nitrate concentrations are higher towards Mararikulam and Thottappalli region upto =7 pmol Hand
decreased towards the offshore region. A slight shift but with a similar trend was observed for ammonium
with the source centred at Punnapura. The elevated nitnite and phosphate levels around Alleppey may be
due to the coastal input through the backwaters, which receives substantial quantity of nutrients through
various anthropogenic sources.
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Fig. 20. Spaiial variation of O, saturation, AOU and Salinity, pH, DIF, and NO,
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The high concentration of Phosphate might be related to the regenerative activity of sediments and
especially its contribution from the mudbank region. It is to be noted, that though Cochin backwaters
discharge substantial amount of phosphorus to the coastal waters of Alleppey, the sedimenis of the
mudbank are also regulating phosphorous to the owverlying waters through adsorption-desorption
process. Observations in general indicated the high presence of nutnents along the Alleppey coastal
waters. The partial pressure of CO, (pCO,) data revealed a significant variation in its saturation level on
spatial scale. The pCO, was higher along the mudbank with an average of 502 + 303 patm. At all the
mudbank stations, the pCQ, levels were supersaturated with a significant spatial gradient towards the
offshore (Fig. 21). The CO, flux was in agreement with the spatial vanation of surface water pCO, and
also the hydrodynamic properties of the mudbank water. On a spatial scale, the CO, airwater flux ranged
between (-6.79 to 86.5 mmol m? d') and several fold high at mudbank, with an average of (25.7 = 30.5
mmel m2d").

Fig. 1. Spatial vanation of pCO_ and CO, sir-water fiux sl the Alleppay Mudbank

Mear-shore waters of the Southwest coast of India {Arabian Sea) have a special environmental
significance due to the occurrence of mudbanks. The present study on Alleppey mudbank indicated a
passible nutrient supply from backwaters to the coastal waters that fuel rich primary production along
Alleppey coast, which in turn support a rich source of fishery. The coexistence of elevated pigment
concentration {chlorophyll a) and ammonia showed a prefersnce of ammonia among the nutrients
for primary production. The elevated nitrite and phosphate levels around Alleppey may be due to the
coastal input through the backwaters, which receives substantial quantity of nutrients through various
anthropogenic sources, Mudbank aided by sea waves cause re-suspension of loose sub-terraneous
material through churning action fo the water column especially during south-west monsoon. This high
suspendead matter results in increased turbidity and with high density water adjacent to the coast, causing
a confined area of calm and least wave action. Understanding the hydro-ecological phenomenon of the
mudbank system is complex requires confinuous monitoring in terms of nutrients, carbon dynamics and
its socio-economic aspects.










LS

FTR & lIM

Futuristic Ressamch

Coastal vegetated ecosystems namely
marshes, mangroves, and seagrass,
termed “blue carbon] are well known
for their effective, high rates of annual
carbon sequestration and the storage of
the sequestered C on longer time scales.
Despite their global area (~ 0.5% ofthe sea
bed) are one to two orders of magnitude
smaller than that of termestrial forests, the
contribution of vegetated coastal habitats
per unit area to long-term C sequestration
is much greater (it has 70% of the ocean’s
carbon storage capacity). Additionally,
these are productive and are of immense
ecological and socioeconomic importance
as well as they act as nutrient regeneration
and shore stabilization agenis.

Blue Carbon Ecosystems:
Oftsetting Caroon Emissions

The global average atmosphenc carbon dioxide concentration
increased to 401 parts per million (ppm) in May 2014 (hitp./
coZnow.orgl), highest level in the past 8 million years. The
Intergovernmental Panel on Climate Change (IPCC) estimates
that by the year 2050, global CO, emissions must be reduced
by B5% from levels seen in 2000 fo prevent a global mean
temperature increase of 2°C. To reduce atmospheric CO,
concentrations a more recent approach has been suggested
that include combined reduction of anthropogenic CO, sources
(mitigation) with supporting CO, uptake and storage through the
conservation of natural ecosystems with high C sequestration
rates and capacity.

Coastal vegetated ecosystems namely marshes, mangroves, and
seagrass, tzrmed “blue carbon] are well known for their effective,
high rates of annual carbon sequestration and the storage of the
sequestered C on longer time scales. Despite their global area (-
0.5% of the s=a bed) are one to two orders of magnitude smaller
than that of terrestrial forests, the coniribution of vegetated
coastal habitats per unit area to long-term C sequestration is
much greater (it has 70% of the ocean’s carbon storage capacity).
Additionally, these are productive and are of immense ecological
and socioeconomic importance as well as they act as nutrient
regenerafion and shore stabilization agents.
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Scientific evaluation of the C sequestration capacity of coastal ecosystems and their potential role
in comparison to terrestrial forest types has not been assessad in great detail in India. Furthermore,
quantification of the greenhouse gas fluxes from the coastal wetlands under varying spatial and
temporal conditions are siill inconsistent in the Indian subcontinent as most of the studies use different
methodologies. The East coast has been well studied and inventorized with respect 1o mangrove
ecosystems, whereas there are very few studies from the west coast, thus making the comparison more
challenging. There is a sirong need o assess the source/sink of GHGs using a universal methodology
to elucidate the actual role of these unigue ecosystems towards the release of GHGs and its impact
on regional/ global climate change. The research on Blue Carbon: Offsetting carbon emission by
conserving coastal vegetative ecosystems along the Indian coast (BECOCE) is being carried out in
all major mangroves and seagrass ecosystems of India following standard protocol. The mandate is to
determine the actual role of these unique ecosystems towards the release of GHGs vs. their carbon
sequestration polential, and thus, consequent impact on global climate change. Assessment of the
impact of anthropogenic stresses (habitat loss, land use change and pellution) and natural variables
(salinity, temperature and carbon dioxide) on the carbon sequestration capacity of these ecosystems is
also an imporiant subject of the study. The research study BECOCE includes the following mandates:

® Assessment of Blue Carbon Sequestration potential in seagrass and mangrove ecosystems

® Estimation of greenhouse gas fluxes from mangrove and seagrass ecosystems and the factors
influencing it

® Correlation with satelfite based measurements of carbon sequestration potential with field
measuraments

® Modelling and prediction of the fate of Carbon sequestration capacity of coastal ecosystems under
changed climatic conditions

Blue carbon ecosystems of India

Seagrass Ecosysiems
Seagrass has been one of the poorly studied ecosystems in India compared to others coastal ecosystems
such as mangrove and seaweeds, though there have been a considerable amount of research has been
carried out in the temperate and tropical ecosystem of other countries. Seagrass habitats in India are
restricted from the lower intertidal zone to the open shores and in the lagoons, mainly mudfiats and
sandy environment (Fig. 1)
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Luxurious beds of seagrass are observed along the Chilika Lagoon, southeast coast (Gulf of Mannar
and Patk Bay) and a number of islands of Lakshadweep (Arabian Sea) and Andaman and Nicobar (Bay
of Bengal). Gulf of Mannar and Palk Bay are associated with densest area cover (30 sqg. km) of seagrass
whereas; It is estimated that the lagoons of the major islands of Lakshadweep have approximately 1.12
sq. km of seagrass meadows. In Andaman and Nicobar |slands, islands such as Teressa, Moncowrie,
Katchal, and Great Nicobar have dense beds covering an area of total 0.8 sg. km. In is reported that
these seagrass beds can be either in patches (large and small) or in stretches (long or broken), The
maximum seagrass cover, abundance, and species richness are usually associated with regions with
high salinity with little vanation throughout the year.

Mangrove Ecosyslems
Indian mangroves are distributed in about 6,740 km? (Fig. 2) which constituted 7% of the total Indian
coastliine. The deltaic mangroves on the east coast represent 57% (2,738 km?®) of the country's total
area of mangroves while the oceanic mangroves (Andaman and Nicobar) account for 20% (383 km?) of
total Indian mangrove. The mangroves of Sundarban and Bhitarkanika mangroves are tide dominated
allochthonous type of mangroves. The tidal range is high with strong bidirectional current as well as the
main river channels are funnel shaped with extensive tidal flais, colonized by mangroves. The Corianga
: mangroves of Andhra Pradesh (Godavari) and Pichavaram- Muthupet mangroves Tamil Nadu (Cauveri)
i are river dominated allochthonous type with characteristics rapid deposition of terrigenous material. The
Gujarat mangroves (Gulf of Kutch and Khambat) are of peculiarly bedrock valley type, drownead by rising
sea level The relatively small delta area could be seen at the head of the valley, Carbonate platform on
low energy coasts type of mangroves are present in Andaman and Nicobar Island and they are slowly
accreting due to the accumulation of marl (calcareous) and peat, coral reef or sand. Fringe mangrove
growth is luxurious in the shallow water area of these islands. Mangroves on the East coast of India has
been well studied and inventorized with respect to GHGs, whereas there have been very few studies

from the West coast and Oceanic mangroves
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Sampling Strategy and Analytical Methodology

In 2013-2014, field campaigns were carried out seasonally in Palk Bay and Chilika Lagoon (seagrass
ecosystems) and Pichavaram and Andaman-Nicobar Island for carbon sequestration sequestration
studies under the in-house project “BECOCE”

In these ecosystems extensive spatial sampling is being carried out to undersiand the biogeochemistry
as well as distributional pattern. In order to understand the role of tidal influx and light limftation, diurnal
(24 hour) sampling campaigns was also carried out at selected locations. Water, air, sediment (surface
and core} and biomass samples were collected from each location. Measurement of greenhouse gases
(CO, and CH,) was carried out by using various standard technigues (Fig. 3), o elucidate their role in
global climate change, if any.

Floating Chamber Eddy Covariance Flux

L | [ ST I .

Sedmment - Air Gas Flux Air Water Flux

Fig. 3. Various technigu=s for gresnhouss gas Nex messuramenis a. Ssdiment -Air Gas Flux, b. Adr -
Walsr Gas Flux, c. Biosphes2 - Atmosphes= Gas Flux

Using pH and TA, pCO, of the water sample at in-sifu temperature was calculated using Dickson and
Millero constants. Dissolved CH, was analyzed by single phase equilibration gas chromatography
{Upstill-Goddard et al. 1996). Nutrients were analyzed by spectrophotometric methods by Grasshoff
et al. (1999). Nitrate (NO,) and Nitrite (NO_) was analyzed by using Cadmium Reduction and Di-azo
methods, respectively. A relative error of accuracy was +2% for dissolved inorganic phospharus (DIP),
+3% for nitrate, and +5.2% for ammeonia. The detection limits were 0.06 pM L7 for DIP. 0.1 pML? for
dissolved inorganic nitrogen (DIN).

Sediment samples were oven dried at 60°C. Each sample of 50 pg weights was taken in a silver capsule
and de-carbonated by HCI fumes. Then the samples were again dried and analyzed through NC Sail
Analyser (Thermo Fnnigan, FlashEA 1112) using L-Aspartic Acid as siandard for calibration. The
precision of the analysis was checked against Soil Reference Material NCS and it was within + 0.5 % of
the accuracy. Computation of Gross Primary Production (GPP), Community Respiration (CR), and Net
Community Production (NCFP) by open water mass balance of O, was carried out as per Odum (1956).
The computations were made by considering a 24 hour cycle starting at 9 AM on a given day. Daily
integrated CR (mmol O, m? d"'were computed as follows:

CR=[%(Q, ), , - (Qu) ) + IF,, 1/ H, x24

Where, (Q_,),.; - (Qg,,), is the change in Q, dunng night time (Q_, ) between two hourly intervals (t),
F., Is the air—sea O, exchange at each ' during night time computed using Ho et al. (2006) gas transfer
parameterization as a function of wind speed and measured u,, (where the efflux of O, from water to
atmosphere comesponds to positive F_, ), and H_ is the night ime duration given by:

H=24-H,

FTR & lIM
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Where, Huwill be computed from an astronomical model (hitp./fwwe.usno.navy milUSNO/astronomical-
applications). Daily integrated GPP (mmol O, m* d”') was computed using the fermula:

GPP=[XQ,,),, - Q)1+ IF,,-CR

Where, (Q_ ), , - (Q,.,), is the change in Q_, during daytime (Q_, ) between two t, F__ is the air—sea
O, exchange at each t during daytime. On some occasions rapid changes of water temperature in
conjunction with high wind speed events could indicate a drastic change of water masses, and metabolic
data for these periods would be discarded (Champenois and Borges, 2012).

Distribution of Seagrass in Chilka lake

Prior to 2000, the Chilika Lake (Hg. 4) just had 20 sq. km of seagrass meadow which has now expanded
to over B6.B4 sq. kmu In the brackish water lagoon, five seagrass species like Halodule uninervis,
Halodule pinifolia, Halophila ovalis, Halophila ovata and Halophifa beccarii have been recorded (Plate
1). Of these, three are found to be new. Before opening up of the new mouth of Chilika in 2000, most
common seagrass recorded was Halophifa ovalis, which is more tolerant of low salinity and low light
than the other species. Afier the new mouth was opened, Halophila strands were found to show profuse
growth and spread to deep-water zones. Halophila sp. was recorded for the first time in the deep waters
in the creeks of the Krushnaprasad Island with the prolific growth during the post-monscon months
forming extensive meadows. The biodiversity pattern of the lagoon followed the ambient water guality
controlled by the distribution of seagrass bed. This study revealed the highest seagrass bicdiversity in
the southern sector. Additionally, it was observed that seagrass meadows of the lake are expanding
in spite of anthropogenic pressure, which is a sign of healthy ecosystems. Thus, the lake contains the
most important and significant actual habitat for in situ conservation of biological diversity, including
rare species of birds and animals. In addition, the lagoon supports about 37 species of reptiles and
amphibians.

[agoon.
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Distribution of Seagrass in Pak Bay

Palk Bay harbors extensive and very healthy seagrass beds throughout the stretch (Fig. 5) from Olaikuda
(south) to Magapaitinam (north). The species diversity is high having 10 species and more. Cymodocea
semulata and Halodule pinifolia were predominant in Adhirampatiinam and adjacent area. Halodule
unimesvis, Halophila ovalis, Halophila stipulacea, Thalassia hemprichii and Syringodium isoetifolium
occured in discrete mono-specific or mixed populations (Plate 2). In Mallipattinam, Haledule pinifolia
forms an extensive bed with patchy distribution of Halophila stipulacea. Enhalus acoroides is restricted
to the shallow and the sheliered zone of Kattumavadi. In Manamelkudi, Mimisaland Kottaipatiinam
south of Mimisal, the calm sea harbors mono-specific and mixed populations of as many as nine
seagrass species. Extensive mono-specific beds of Halophifa ovalis occurred near the Mimisal estuary.

FTR & lIM

Enhalus acoroides

te 2. Malor seagmss speches found st Pailk Eay
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Significant Results

Improving water quality of surrounding waters and adjacent reef

Marine sediments with high organic matter input may results hostile conditions for plant life. High inputs
of organic matter lead to increased bacterial activities, thus increasing the anoxic environment. This often
results in the accumulation of phytotoxic compounds, e.g. sulfide. Seagrass acts as an oxygen pumping
agent through their roots fo the surrounding thus, creating a relatively oxidized rhizosphere. Higher
dissolved oxygen in seagrass bed in the Chilika was observed as compared fo degraded bed, indicating
enhanced photosynthetic rates. The diumal variations in dissolved cxygen level were almost similar
irrespective of species (Fig. s 6a and 6b) at Palk Bay. The maximum dissclved oxygen conceniration was
observed during late afterncon, as high temperature and sunlight restricts productivity. However, the data
are from single season, just after the offset of monsoon, hence the turbidity was high with significant
freshwater input. Hg. 7 represenis the spatial vanation in DIN & DIP concentration in the Seagrass
ecosystem of Palk Bay was given in,
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Fg. 6a: Diumal variations In dissolved cxygen concentrafion in seagrass ecosysiems

Primary productivity and biodiversity of seagrass ecosystem

Seagrass beds consfitute extremely productive ecosystems in shallow coastal waters. Their complexity
in both structure and function is due to the great diversity and abundance of organisms present.
The results of the study highlight the importance of seagrass as ‘bioshields’ reducing or mitigating
impacts of unsustainable fish farms and land use practices on the coastal environment. This ecosystem
service is currently under threat by a multitude of factors, both natural and human-influenced. High
primary productivity by the seagrass indicates higher consumption of micronutrients which in furn keeps
the water cleaner, reducing the probability of phytoplankton blooms in this area (Fig. 8). In addition, high
productivity, reduces the pCO, level in the water by consuming large amounts of dissolved inorganic
carbon. Net ecosystem productivity and water column productivity were measured at different seagrass
beds in Palk Bay, dominated by three major species, namely, 1. Cymodocea serulata, 2 Syningodium
isoetifolium, 3.Enkalus acroides. Seagrass productivity was measured in two different seasons (Wet
and Dry) in the Palk Bay during November, 2013 (wet) and May 2014 (Dry). Cymodocea serrulata, and
Syringodium isoelifolium bed was selecied for the study, due to their dominance in this region.
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The mean water column net primary productivity (7.3+5.83 mmol C m® day') in the wet season
(Movember, 2013), was -12 times less than the net ecosystem primary productivity {84.95+12.23
mmol C m*? day '), which is mostly contributed by seagrass. The net dissolved inorganic nitrogen and
phosphorus consumed by the system, was calculated to be; 10.98 mmol N m? day' and 0.3 mmol P m#
day ', respectively (converted from carbon units using the Redfield O, : C : N : P ratio of 138. 106.16.1).
The mean water column chlorophyll-a concentration was 1.28+031 mg m~. During the dry season (May,
2014), water column respiration exceeded the water column gross productivity, afthough, net ecosystem
productivity was found higher than that of the wet season, largely owing to the active primary productivity
by the benthic seagrass community under enhanced light and temperature conditions. The mean water
column chlorophyll-a concentration {(0.66x0.23 mg m™) was two times lower than that of the wet season,

Subiropical and tropical marginal seas are well known as the net sources of atmospheric CO, and the
waters are characterized by high pCO, values. Russell et al (2013) recently showed a positive growth
response of seagrass (Cymodocea serrulata) under the high pCO, condition. High primary productivity
provides relatively low pCO, in coastal waters, which can cause a higher degree of aragonite/calcite
saturation and could be beneficial for the adjacent coral reef ecosystems (seaward). The present study
ravealed that the seagrass waters in Palk Bay were highly suparsaturated with respect to aragonite and
caicite in association with the high net primary productivity,

Gross primary production (GPP) rates (mean = SE = 172.9 = 1.1 mmol O, m~ d-") tended to be
significantly higher than the corresponding respiration (R) rates (mean + SE=143.6 + 10.1 mmol O, m™~
d-"), indicating that seagrass meadows tend to be autotrophic ecosystems, reflected in a positive mean
net community production (NCP 272 = 5.8 mmol O, m~ d-') (Fig. 9a & b) and a mean P/R ratio above
1 (155 = 0.13). Results from Palk Bay indicate mean NCP in excess of 4551 C ha' yr', well above that
of undisturbed Amazonian forests (1.02 t C ha ' yr-'jthat is considered to be the strongest carbon sinks
on land.

The carbon sequesiration rate observed from the seagrass meadows of Palk Bay is significantly above
the global mean NCP (1.02 t C ha-' yr-') of seagrasses but is under the top 10% of the global seagrass
meadows in terms of their carbon sink. Reliable and accurate estimates of seagrass biomass are
essential for estimating productivity and establishing links between other estuarine components.

High primary productivity provides relatively low pCO, to coastal waters, which can cause a high degree
of aragonite/calcite saturation. This could be beneficial for the adjacent coral reef ecosystems in terms of
coral growth. Subtropical and tropical marginal seas are well known as the net sources of atmospheric
CO, and the waters are characterized by high pCO, values. Recent studies suggest a positive growth
response of seagrass (Cymodocea serrulata) under the high pCO, eonditions. This study indicates
that the seagrass waters in Palk Bay are highly super-saturated with regard to aragonite and calcite,
which are encouraging signs of coral growth and recovery, Fig. 10 represents the inter-comparison of the
metabolic activities between the ecosystems dominated by various seagrass species of Chilika Lagoon
and Palk Bay.

FTR & lIM
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Dissolved CO, and CH, in Chilika seagrass bed (Lagoonal system) and Palk Bay

seagrass bed (Open Ocean)

Seagrass ecosystems are also known to be CO, limited and photosynthefically less active in seawater,

because of their inefficient utiization of bicarbonate (HCO',), which forms the majority of dissolved
inorganic carbon, for photosynthesis. Seagrass actively uses dissolved CO, and thus increasing the
growth rates. The biological capture of CO, by seagrass ecosystem is distinctly observed from the
variation of pCO, concentration between seagrass and non-seagrass beds (Hg. 11).
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Very little data on the CH, saturation of seagrass waters is available worldwide. Efforts have been made
for the first time in this study io quantify the net CH, exchange from Indian seagrass bed. The initial
resulis showed that the CO, concentrations in the seagrass waters were -3 (for Chilika} and 8 times (for
Palk Bay) lower than the non-seagrass waters along the Indian coast, respectively (Fig. 11). Veery less
data are available on CH, saturation from the Bay of Bengal waters. The present study indicates that the
degree of CH, saturation was ~2 times lower in the seagrass waters than the coastal waters of the Bay
of Bengal.

Cymodocea sp. dominated waters in Palk Bay showed the lowest concentration of both CO, and CH,
amaong all other species, during the wet season (rainy season) (Fig. 12).

Diurnal variation of dissolved CO, concentration revealed very active biological activities (photosynthesis
and respiration) and a large difference of CO, concentration between day an night time was recorded in
the most of the seagrass ecosystems (Fig. 13). Diurnal variation of dissolved CH, was not consistent in
most of the seagrass beds, although a minimum and a maximum was recorded during the evening hours
and early morning hours, respectively in the Halophifa dominated bed.
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Dissolved CO2 and CH4 concentrations of mangrove surrounding waters of Andaman

Mangroves, as a typical fropical coastal system, are expected fo have higher rates of metabolism due o
relatively higher temperatures. Further, the high dynamic range of seasonal, diurnal and spaftial vanations
of the trace gas concentrations ultimately influsnces the airsea trace gas fluxes. Therefore, an extensive
survey has been undertaken to better understand a part of C cycling in terms of the diurnal variations of
pCO, and dissolved CH, concentrations in Andaman mangroves surrounding waiers.

Three diumal samplings were carried out in North Andaman (Diglipur), Middle Andaman (Bakultala)
and South Andaman (Wright Myo) regions. The pCO, concentrations revealed that, all the studied sites
were supersaturated with respect to CO, conceniration in the atmosphere (Hg. 14). The oversaturation
of CQO, in all the sites with respect to atmospheric equilibrium, which is the general feature in the waters
surrounding mangrove forests reported by Borges et al (2003). Similarly, dissolved CH, concentrations
showed higher concentrations ranged betwesan 26 and 234 nmol L' with higher average values (184
nmaoi L) found in Wright Myo mangroves. In Wright Myo human interference is comparatively greater than
the othar mangrove regions. Among all the three regions, South Andaman — Diglipur is comparatively
pristing; this is reflected in the pCO, and dissolved CH, concentrations of this area (-2 times lower than
the other sites).
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Potential Carbon Sequestration

Seagrass was divided into above ground biomass (AGB; leaves/sheaths) and below-ground biomass
(BGB; moots/rhizomes). All material retained by the 3-mm mesh (excluding algae, mangrove leaves,
Rhizophorapropagules) was collected. All seagrass and detrital samples were oven-dried (30°C, 24-48
h) and weighed. Samples were not treated with acid because there was little epiphyte contamination.
Dry biomass of individual species revealed the clear dominance of BGB over AGE for most of the
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species except Cymodocea rofundata. Above ground biomass varied between 216 and 4744 g dry
weight m? and below ground biomass between 37.064 and 63.6 g dry weight m*.The ratios (dry wi.) of
below to above ground biomass ranged between 0.92 and 3.27 (Fg. 15). Total carbon content in the dry
seagrass biomass was measured by an elemental analyzer and finally expressed in terms of carbon.
The below ground biomass was found higher than its counterpart in all the species except Cymodocea
rotundata. The below-ground biomass of primary producers with root systems can be buried for centuries -:
to millennia centuries to millennia. This makes the seagrass ecosystemn a potential CO, sink and can be -
effective in mitigating the negative impacts on the ocean ecosystems during ocean acidification events. s
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Fig.16. Dry blomass of individial seagrass species aiong with thair pariitloning in AGB and BGB studisd
in Palk Bay and Chillka Lagoon

Organic carbon in the top 1 m of seagrass soil was measured and it varied from 2 to 0.44 % in Cymodocea
sp. bed, whereas in Syringodium isoetifolium bed, it varied from 0.83 to 0.43%. Other than biomass,
carbon can be present in an ecosystem in different forms (both inorganic and crganic). A large fraction
is present in dissolved condition and the rest remains as particulate form. The amount of carbon present
in the seagrass covered area (85.5 sq. k) at Palk Bay (Average depth -2m) in the form of dissolved
inarganic carbon is calculated to be 4480 Mg C and as dissclved organic is 840 Mg C. Considering the
total area (85.5 sq. km) covered with thick seagrass vegetation (=70%}, live biomass were calculated fo
be 2524 Mg C in Palk Bay. Organic carbon in the top 1 m of seagrass soil was measured and it varied
from 1.54 to 0.32 % in Halophila sp. Bed (Fg. 16), whereas in Halodule sp. bed, it varied from 1.54 to
0.45%.The amount of carbon present in the seagrass covered area (~80 sg. km) at Chilika Lagoon
(Average depth ~1.5 m) in its various forms was calculated from the initial data (Fig. 17). The fraction of
dissolved inorganic carbon is calculated to be 2652 Mg C and as dissolved organic carbon is 771 Mg C.
Considering the total area (85.5 sq. km) covered with thick seagrass vegetation (=70%:) live biomass was
calculated to be 2375 Mg C in Chilika Lagoon

FTR & lIM

Efforts have been made to quantify the carbon standing stock at a single point in time as a measurs of
watershed condition in the seagrass ecosystem in Chilika Lagoon. Two major species of seagrass: 1.
Halophila ovalis, 2. Halodule uninervis were studied for this purpose. Results indicate efficient transport
and starage of sequestered carbon (through photosynthesis) from the above ground to below ground by
the seagrass. Seagrass is also known for slowing down currants near the bottom, which increases the
deposition of small sediment particles and decreases their erosion and re-suspension.
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Fig. 1€ = Variallon of sadimenl organic
carbon with depth af Halophila bed Seagrass roots also play an important part in stabilizing
sediments and limiting disturbance caused by burrowing
deposit-feeders, In spite of receiving lowsr amount of
sediment and fresh water input, the sedimentaticn rate of the southern sector (with high abundance of
seagrass) was found higher than that of the central sector of the Lagoon.

Carbon stored as Mangrove Above ground biomass and below ground biomass

Mangrove biomass were estimated in three locations (i.e. Bakultala, Diglipur and Write Mayo) of Andaman
Island. The dominance of Rhizophora mangroves was observed in all the three locations followed by
Bruguiera sp. and Ceriops sp. For the estimation of mangrove above ground biomass, trunk diameter D
{in cm), total tree height H (in m) and wood specific gravity q (in g/cm?} were measured and the following
non-destructive allomaitric equation given by Chave et al, (2005) was used.

In(AGB)=-1.786+2.47 In{D}+In(p)

For estimating below ground biomass, the following equation was used

BGB=0.199" p "#=D**

The mean height of Andaman mangroves was =10 m and was higher than the mean height of the
esiuarine mangroves of Indian sub-continent. The above ground wet biomass of Andaman mangroves

ranged between 36.71 to 18.25 kg m?, whereas the below ground biomass ranged 10.87 to 1910 kg m?
{Fig. 18). The water content of this mangrove biomass was found to be ~60% of the wet biomass.
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Fig. 18 Allometric approach (Statistical AHometric technigue; Non-gestruciive), for the estimation of {
Mangroves blomass In Andaman Island, Indin. e

Assuming -43% of the dry biomass of the mangrove plant as elemental carbon the range of ABG and
BGB was estimated to be 3.3- 6.3 g carbon m?, and 3.4 -1.9 g carbon m*®, respectively. Rhizophora
mucronata showed the highest AGB to BGB ratio of 1.91, followed by Rhizophora apiculata, Bruguiera
sp. and Ceriops tagal. The mean AGE (44.80 t C ha) value calculated in the present study from the
Rhizophora sp. dominated ecosystem, was well in association with the AGE (48.54 t C ha) reported from
the Sundarban Mangrove forest dominated by Avicennia sp. These results indicate higher efficiency of
mangrove to store photosynthetically fixed carbon in the above ground compared to below ground.

A Hemote Sensing technigue to estimate mangrove Biomass in Pichavaram - Coleroon Estuarnine
Mangrove ecosystemn was undertaken and the results were presented in the Fig. 19. Carbon sequestration
Potential of these mangroves was also estimated by using NOVI Proxy Approach (Fig. 20).

—~1

®m Root Biomass (Kg/m2)
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Biormass (kg/rre)

A maring {10-40%) A marina [>70%) A mucronota & opiculota
{40-70%)
Fig. 19 Eslimal=d Biomass In Pichavaram - Coleroon Estuarine Mangrove species through Remaols

Sensing approach
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Fig.20. Eslimalion of Carbon sequestralion Poleniial of Pichavaram mangroves NIDVI Proxy Approach

Role of seagrass in Shoreline stabilization: Concept of Bioshield

Seagrass beds are also observed to reduce the turbidity of coastal waters by reducing the quantity
of sediment suspended in the water. By slowing down the currents near the bottom, the deposition of
fine sediment particles is increased. The rate of mobilization by waves and current is low in seagrass
dominated sediments thus, reducing the erosion of the coastline. In addition, the burrowing activities of
various deposit feeders are also limited by the seagrass roots this stabilizing the sediments. In Chilika
effect of the seagrass in reducing the suspended particulate matter load was significant (Fig. 21). The
variations were also distinctin Palk Bay, though it warthy to note that these results are from the monsoon
(wet pericd), a stressed period for seagrass.
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Fig. 21 Varation of Suspended particuiate matters In Chifika and Falk Bay (The bar represents the

average spm load of localions with seagrass cover more than 50 % and less than 50%. The error
bar represenis the vardation in the vadues of SPH load st difizrent locaiions)




Annual Report 2014

Seagrass meadows are sensitive integrators of sediment loading from human activities, and alse provide
higher value ecosystem service like sediment stabilization. Direct effect of dampening of waves and
currents by seagrass canopies leads o increased sediment deposition and decreased re-suspension.
Seagrass canopies can directly intercept suspended sediment particles and acts as an efficient filter of
suspended particles. The collision of suspended particles, epiphytic layers and exopolymeric secretion
from epiphytes on the seagrass leaves triggers the filtering and retaining capacity of particles out of the
water column.

The higher ratio of cancpy height to water column height cause some alteration in the vertical water flow
profile and thereby the trapping efficiency. Excess sediment loads to the coastal waters is one among
the important anthropogenic cause of sea grass decline (Short et al. 2001). The suspended sediment
-concentration in Chilika seagrass zone varies from 8.8 - 29.8 mg ', which is lower compared fo the
highly turbid northern and central part of the lagoon. In the Palk Bay seagrass region, the suspended
sediment concentration varies from 472 -69.6 mg 1.

Apart from carbon sequestration, the seagrass act as a major sediment stabilizing agent, though, root
rhizome network and the leaf canopy. It reduces the re-suspension of the sediment by currents and
waves, as a result the sediments vegetated by seagrass are less likely to be mobilized by waves and
currents, thus reducing the coastal erosion (Fig. 22). This was distinctly observed in Palk Bay, where the
waters with seagrass cover <50 % showed relatively higher suspended particulate matter load compared
to the thick seagrass cover (~-B0-100%).

Sedimentation rate is an important tool for clarifying the origin of materal transport, mixing and
deposition in aquatic systems. Ariificial and natural radicisotopes like *“Pb and "Cs can be used as
tracers to provide useful information to identity various processes and fo track the anthropogenic impact
on aquatic systems. Sedimentation rate plays a key role in the rate of accumulation of C and its burial
rate in seagrass sediments, and thereby contribute towards reduction of global warming. Increased
sedimentation was cobserved by Das and Jena (2008) in the Chilika Lagoon (1.8, 1.1 and 085 em yr' in
the northemn, southern and central sectors, respectively) compared to the estimated rate of 0.40, 0.25
and 0.66 cm yr.

The seagrass distribution was dominantly present in the southern sector of the Chilika lake. Similarly,
higher sedimentation rates were also observed in the sediment core taken from the southern sector (0.6-
0.7 cm yr'), compared to the sediment core taken from the ceniral sector (~0.4 cm yr'). In Palk Bay, the
rate of sedimentation was greater during the onsat of the southwest monscon season and the annual
sediment load is 58.8 x 10° m?®, which cause a sea depth reduction of one cm yr'.

FTR & lIM

Thus, there exist a close intricate relationship between societies and nature, and seagrass ecosystem
is no exception. Seagrass ecosystems are observed to play an important role in ecological functions
and ecosystem services such as food web dynamics, seascape interactions and ecological resilience
potential. Imespective of the location, i.e., fropical or temperate, they have shown io stabilize the sea
floar, sequester carbon and create conducive conditions for fisheries and other coastal/ marine habitats.
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A feasibility assessment of potential
ofishore wind energy resources has
been conducted by the National Centre
for Sustainable Coastal Management
[NCSCM], Ministry of Environment
and Forests. In order fo assess

the potential, a Weather Research
Forecasting (WRF) model has been
configured to the coastal regions of
mainiand and islands (Andaman &
Nicobar and Lakshadweep) of the
India from the coast up to the EEZ for
simulation of offshore wind potentials.

POTENTIALS OF OFFSHORE WD ENERCY RESOURCES FOR INEIA,

Oftshore Wind Energy :

Potentials

A feasibility assessment of poiential offshore wind energy
resources has been conducted by the National Centre for
Sustainable Coastal Management [NCSCM], Ministry of
Environment and Forests. In order to assess the potential, a
Weather Ressarch Forecasting (WRF) model has been configured
to the coastal regions of mainland and islands (Andaman &
Micobar and Lakshadweep) of the India from the coast up fo
the EEZ for simulation of offshore wind potentials. The model
simulations have been conducted for all months in the Year 2012
and offshore wind energy potentials at different water depths in
the Indian EEZ were assessed. Diurnal and monthly averaged
wind speeds were extracted for different potential locations from
the model results and wind power density has been estimated.
Further, wind energy blocks have been developad using eight
wind speed classifications. The gross offshore electrical power
and energy was estimated from the eight offshore wind energy
blocks.

FTR & lIM

The wind energy blocks have been developed using eight
different categories of wind speed as classified by India's Central
Electricity Regulatory Commission [CERC). The developed wind
energy blocks are used to estimate the gross elscirical power
and potential energy per hour or month for the period of 2012.
Critical analysis of gross electrical power and potential energy
per hour or month has been carried out for different sediment
cells by considering the concept of sediment cell delineation.
The sediment cell delineation explains changes in the coastal
geomorphological, sediment moment, littoral drift, man-made
littoral barriers, and coastal alignments. The sediment cell
delineation concept is very usaful to establish offshore wind forms
and estimation of available gross electrical power and energy in
the potential areas.
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The  varation in offshore
electrical power and wind energy
at different water depths such
as 0-30 m, 3050 m, 50100
m, 100200 m, and 30200 m
was estimated. The guantity of i
electrical power is observed fo
be 5434 GW on the west coast Anthen Bradast
as compared o 3274 GW on the - TG

- easi coast of India. The model 2 SEA

3 results revealed that the states \
such as Tamil Nadu, Gujarat, HT— Serov
and Andhra Pradesh (South) are :

high potential sites for offshore
wind energy by considering a
sustained wind spead of =75 m/
sec. These thres potential sites —
Gujarat, Tamil Nadu, and South
Andhra Pradesh, were found fo
have wind speeds=75 m/sec
| for 9, 10, and 9 month period
respectively out of 12 months for
the year 2012. South and west
coastal regions of India had high
wind speed distribution and are
reflected in the electric power and energy distribution. The maximum gross electrical power has been
predicted at about 1,510 GW during summer monsoon (southwest) season and it varied between 250
and 800 GW in other seasons along the mainiand coast. The total annual gross offshore electrical power
is about 8,710 GW along mainland coast for the year 2012.

EUTH

18

f-a 18, |

kndia"s EEZ

W INDIAN OCEAN

CRA =R ]

Although potentials exist along the entire country’s coastline, care was taken to consider and exclude
designated Coastal and Marine Protected Areas, Ecologically Sensitive Areas, navigational and
J shipping routes, potential fishing areas and bird migration routes, where offshore installations are not
recommended. Hence of the fotal potential of 8710 GW, about 5442 GW at depths between 30-200m of
potential power could be harnessed from offshore wind energy (FHgs. 1 through 4). Similarly, about 558
GW could be harnessed from the depths of 30-200m from the Andaman and Nicobar Islands.

Electrical Power
= (@30-200m depth) in GW

Bird Migratory Routes

While it is essential to identify strategic locations for offshore wind energy potentials, care has been taken
to identify sensitive offshore locations where bird migration/ conservation interests and wind energy
development may conflict. The availability of data and knowledge (or lack of it) on these environmental
issues needs to be established. India is one of the largest seabird populations in Asia and many locations
hold intemationally important bird populations, In addition some offshore regions along the Indian coast
could probably overlap the migratory routes of various bird species. There was thus a need to identify
suitable locations where bird migration and wind energy development may become an important issue
= for consideration. The bird migratory routes aleng the coast of India are shown in Fg. 5.
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Manne Protected Areas (MFPA)

India initiated action through the State governments to create a network of MPAs under Wildlife
(Protection) Act, 1972, A vast majority of coral reefs and mangroves are part of the MPAs in the country.
By the definition of IUCN in Indian's context, the Protected Areas (PAs) in marine environment in India
are primarily classified into three categories, which are as follows:

Category |: This category of MPA covers mangroves, coral reefs, creeks, algal beds, estuaries, lagoons,
intertidal areas, and seawater.

Category lI: This category covers the island PAs under the substantial part in intertidal zone and a small
part of terrestrial ecosystems in Andaman and Nicobar and Lakshadweep lslands.

Category lll: This category covers the PAs in coast, terrestrial ecosystems, and intertidal areas partially
influenced by marine environment or island; inland wetlands in coastal zone with opening in sea
or influenced by coastal environment; sandy beach and mudflats (Singh, 2003). These PAs are not
considered as MPAs.

MPAs in India comprise national parks and wildlife sanctuaries, which belong fo categories | and Il. They
cover coastal wetlands, mangroves, coral reefs, and lagoons. The fotal area of 31 MPAs (33 sanctuaries
and national parks) in India is 6, 04,645.2 ha (Source: Ministry of Environment and Forests). The sast
coast and Andaman Islands have a large number of MPAs, whereas the mainland provinces have poor
representation. West Bengal, Orissa, and Andhra Pradesh siates have major shares of MPAs while
areas are yet to be identified in Karnataka, Kerala, and Lakshadwesp Islands for declaring as sanctuary
or national park in the marine environment. The average size of India’s MPA is 20,214 ha, although the
majority of them are less than 10,000 ha in size. There are 31 MPAs (Fig. 6) in the country and only 11
marine parks and sanctuaries have an area of more than 10,000 ha

Major Shipping Routes

Shipping routes could be affecied due to the installation of offshore wind turbines. Wind farm design
parameters are very essential to reduce the risk of rotor blade collision with recreational craft which is a
main cause for concern. The navigation impacts of offshore wind farms are assessed on the following
parameters:

#® The number, size and type of local vesssls

# The number, size and type of national and international vessels

® Annual events that are not covered in a short term monitoring

® Wave height and sea state conditions

# Seasonal vaniations including weather conditions

8

A range of possible incidences

The major ports and harbours are indicated in Fig. ¥ Based on the sediment cell demarcation, the
major ports and harbours are identified in PC-7 8, 10, 13, 16, 20, 22, and 26. The estimation of ofishore
electrical power and potential per year should avoid the effective area of the port and harbour locations
and their navigation routs. This study helps to know the available gross electrical power and potential per
year in the potential sites.

FTR & lIM

Coastal and Marine Ecosystems

Mapping of ecologically sensitive areas and MPAs has been undertaken in this study that would guide
in the establishment of offshore wind energy farms at locations far from such ESAs and MPAs. Fig. s 8
and 9 are given as examples below. In summary, preliminary results are promising and provide sufficient
confidence to conduct further analysis on offshore wind integration, effective offshore wind potential
development, and policy making. The development of wind energy blocks and constructive offshore
wind farms using advanced offshore wind energy technology would ensure that large, cheap, and clean
resource available in India is exploited as quickly and cost-effectively as possible.
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LS

The gross offshore electrical power and
energy is eslimated from the developed
offshorewindenergyblocksalongAndaman
& Nicobar Islands during the year 2012.

Potentials of Offshore

Wind Energy Resource for
Andaman & Nicobar Islands
[POWER]

Wind power generation along the coast has presumed high
importance with demand for large energy requirements coming
from the rapid development of coastal areas. In the Andaman &
Micobar Islands of India, the wind power generation is very much
essential o reduce the power infemruption and expenditure for
fuels in future. It is expected that an important part of the future
expansion of wind energy utilization will come from offshore sites
than enshore due to the high elevated terrains over the A & N
Islands.

FTR & lIM
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The Weather Research Forecasting (WRF) model has been configured to the coastal regions of
Andaman & Nicobar Islands by covering the EEZ for the simulation study of offshore wind potential. The
model simulations have been conducted for the year 2012 and offshare wind energy potentials in the A
& N lslands’ EEZ were assessed. Diurnal and monthly averaged wind speeds are extracted for different
potential locations from the model results and wind power density is estimated. Further, the wind energy
blocks have been developed using wind speed classifications. The gross offshore electncal power and
energy is estimated from the developed offshore wind energy blocks along Andaman & Nicobar Islands
during the year 2012,

Gross offshore electrical power and energy is estimated from the developed offshore wind energy blocks
along Andaman & Nicobar Islands during the year 2012. Model simulations indicated that the following
Islands hawve high potential sites for offshore wind energy by considering wind speed more than 75 m/
sec during 2012
® Curlew Island

Stewart Island
Spike Island
Hat Bay Island
Rutland Island
Viper lsland
Meil Island and
Havelock Island

As of wind speeds recorded during the year 2012, Rutland |siand is estimated to have
maximum wind speed of 8.24 m s and would be ideally suited to locate an onshore
or offshore wind farm.

The maximum gross electrnical power for the entire AN Islands ineluding its EEZ has been estimated fo
be -137 GW during the summer monsoon and varied from 12 to 70 GW in other seasons of year 2012
The annual gross offshore electrical power is about 830 GW. Considering MPAs, ESAs and shipping and
navigation routes, the maximum hamessable electrical power has been estimated to be 598GW at depths
of 30-200m. Any future development in material technology might lead to extraction of more electrical
power at lower wind speeds along the A&N islands. Comparison of wind power potential estimates
between the mainland coast and the Islands is given in Table 22. This study helps the investors and
industries assass the benefits of commercial viability from sustainable offshore wind energy.

i

Teble 22. Comparison ol wind power poieniiais

FTR & lIM

Mainland Coasl for 2012
(by NCSCM)

Wind energy potential & § 442 GW (offshore at & 593 GW{ofishore at 50-m height
50-m height within the within the depth 30—200m))
depih 30-200m)

Preliminary results are promising and provide sufficient confidence to conduct further analysis on wind
integration, effective onshore & offshare wind potential development, for policy making for invesiments.
The development of wind energy blocks and constructive onshore/ offshore wind farms using advanced
wind energy technology would ensure that the large, cheap, and clean resource would be available in
India and exploited as efficiently and cost-effectively as possible.
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. 3. Peyelopment of ofishore wind snergy Blocks along the coasial regions of Andaman & NHicobar
Istands duning July 2012

High Wing Foberstial Zooes of Andamin & NIhar s | | ———

Fg. 4. Islands with high onshore and offshore wind power potential in Andaman & Nicobar islands
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The fundamental principle of the Eco-hydrology
numerical modeling is to make the hindcast, nowcast
and forecast the scenarios for Chilika Lagoon. A few

scientific modeling tools are pre-requisite to estimate
the various impacis on the ecosystem health of Chilika
Lagoon with the inclusion of potential confiicting
varniables to the modelling tools.

] Eco—hydrology Model for
Chilika Lagoon

The Chilika lagoon situated on the east coast of India in Odisha
state (Hg 1) is one of the largest tropical lagoonal systems in
Asia. The lagoon is ~B84.5 km long and the width varies from 18
krt in Morth to 5 km in South. Depth of the lagoon varies between
0.9 and 2.6 m in dry period between 18 and 3.7 m in the wet
season. The maximum area of the lagoon is ~992 km? during wet
season to minimum 815 km?® during dry period. Nearly 52 rivers
and small streams are the main source of fresh water into the
Lagoon. The tributaries of Mahanadi such as Daya, Nuna and
Bhargavi are mainly responsible for the large fresh water and
sediment infiux to the lagoon. The lagoon has two mouths, one is
near Arakhakuda with a 24 km long narrow and curved channel
parallel to the Bay of Bengal and the other is the“new mouth” at
Sipakudaat a distance of 14 km from the main lagoon. Based on
the physico-chemical and biological characteristics, the lagoon is
classified into four different sectors i) northern sector, i) central
sector, i) southern sector and iv) cuter channel. Itis very dynamic
ecosystem with unique assemblage of freshwater, brackish and
saline water.

FTR & lIM

In recent years, Chilika lagoon is undergoing severe ecological
changes due ko heavy influx of sediment along with fresh
water, shifting of the lagoon mouth, eutrophication, biclogical
sedimentation, increased turbidity, overfishing, and loss of
bicdiversity. In order to prevent further environmental degradation
in the lagoon, there is a need for a science-based integraied
management planincluding numerical modeling. The fundamental
principle of the Eco-hydrology numerical modeling is to make the
hindcast, nowcast and forecast the scenarios for Chilika Lagoon.
A few scientific modeling tools are pre-requisiie to estimate the
various impacts on the ecosystem health of Chilika Lagoon with
the inclusion of potential conflicting variables to the modelling
toois.
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Eco-hydrology Mode!

The Eco-hydrology model is very simple and realistic model. This is a 1D model and the equations
are expressed by finite differential methods. It has the facility to divide the domain intoc number of cells.
The cell division concapt is very useful to understand the physical, biochamical processes between
the cells and their interactions. The model axplains the flushing and mixing processes (Fg. 2) through
the parameterization of hydro- and fine sediment dynamics. The ecological sub-mode! incorporates 10
state variables that are important in controlling the ecosystem which explains the dominant physical and
biclogical processes in the Lagoon. &

Model Input Parameters

The following input parameters are required to initiate the eco-hydroiogy model simulations as foliows:
river flow rates (m¥sec), salinity

suspended solids concentration (mg/)

nutrients, phytoplankton, zooplankton, benthic animals

carnivorous/omnivorous fish, detritus, zooplanktivorous fish

daily conversion rates of species i.e, rale of biomass, daily death rates of species

daily production of species, migration parameters, and daily rates of water loss in meter from
evaporation

R

-t

FTR & IIM

Flg. 1. Map of Chillka Lagoon with sampling stafions

Model Calibration

The eco-hydrology model is applied with a perception of understanding the food web transfer structure
in the Chilika Lagoon and a detailed food web transfer structure for the Chilika Lagoon is given in Fig.
3. In order to understand the interactions between the food web components and their variations in the
Lagoon, it has been divided into 20 Cells based on the salinity gradient. In the model configuration, the
fist cell is the river water discharge point and the last cell is high saline point near the ocean mouth. The
cell demarcations and their volume in the Lagoon are given in Fig. 4.
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As the very first step, the model has been configured for Chilika Lagoon and a sensitivity experiment to
assess the reliability of the model in two separate scenarios using different flow rates for both dry and
wet period has been conducted. The model results and its predictions for the two different scenarios are
explained in the following section.

Physical sub-model

il |!il.d."|'| Wil imlged  CVE Map bawi Mhirm camiBllsimi S‘m. W 1_ L
Freshwater., sediment. mdim:nl‘:-
nutrient, plankton nutrient. plankton
] a | e
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— -> -
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Tida mosng - o ——
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Fig. 2. The hydrodynamic mixing model
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Fig. 3. Flow chasr of Focd web transter siructure of Chiliks Lagoon

Scenario 1. Dry Period

The model for dry season is simulated with the river fiow rate of 9.76 m¥'s and variation in the population
of carnivorous fishes was delermined (FHag. 5). The model simulations indicated that the population of
carnivorous fish increased from Cells 3 to 6 onwards with a maximum population in Cell 5. Similarly a
marginal increase in population of carnivorous fish was observed between cells 15 and 18,

ISE . FTR & IIM
" .



Scenario 2. Wet Period

For the wet season, the model was simulated with a river flow rate of 11.72 m¥/s; and the efiect on the
various components of the food web transfer was evaluated. Similar to the dry season, higher population
of carnivorous fish was observed between the cells 3 and € and the maximum population was in Cell 5
(Fig. 5). The model simulated for these two seasons at different flow rates does not vary significantly as
the flow rates considered in the two periods are relatively close. The model needs to be simulated with
the actual field data to predict the actual fish population in the Lagoon.

Fg. 4. Demarcaiion of Model Cells based on the salinity gradient in Chillka Lagoon

-128

&

Carnl s s Flsh“n 'tnr-:l

Fig. 5. Compartson of camivorous (lsh popuiation with respec! to dislance from the rver walsr discharge
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The model is also configured for the future prediction of fish population in the Lagoon with same flow
rates but at different time periods. The model has been simulated for 200 days completing a seasonal
cycle. The predicted abundance of carnivorous fish based on simulation for 57 and 155 days are shown
in Fig. 6.
Abundance of Carnivarous Fish ot bwo different fow nges
140
2 120 -. ——Cfish_0.75 S7dmy
I' \ —(fish 1172 STday
100 Ir | —(fish 975 155dmy
& —={Cfish 1172 155day
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E:' 20
E
: &0
£
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] 20
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i 2 3 4 5 6 7 & 9 10 131 312 13 14 15 16 17 18 19 20
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i 1 =il
Summary

It can be concluded that the model predictions are reliable and useful for fulure prediction of the
ecosystemn health of Chilika Lagoon. More realistic simulations of the model depend on the food web
transfer structure of Chilika Lageon and initial data of individual component in the food web structureto
strengthen future predictions. Results from the model simulations will be corroborated with actual field
measurements in order to oblain the accuracy of the model estimates and to enable future predictions
for the lagoon.













integrated island Managemenl

To protect the coastal environment of the Andaman
& Nicobar (A&N) and Lakshadweep group of Islands,
separate Island Protection Zone (IPZ) Notification,
has been nofified by the Ministry of Environment
and Forests (MoEF) on 6™ January 2011 under the
Environment (Protection) Act, 1986. As per the IPZ

Notification, 2011, Integrated Island Management
Plans (lIMPs) are required to be prepared by UTs
of A&N and Lakshadweep indicating their existing
and proposed developments, conservation and
preservation schemes, dwelling units including
infrastructure projects such as schools, markets,
hospitals public facilities, etc.

Preparation of Integrated Island
Management (IM) Plans for

Andaman and Nicobar Islands:

To protect the coastal environment of the Andaman & Nicobar
(A&N) and Lakshadweep group of lslands, separate Island
Protection Zone (IPZ) Motification, has been nofified by the
Ministry of Environment and Forests (MoEF) on 6% January 2011
under the Environment (Protection) Act, 1986. As per the IPZ
MNotification, 2011, Integrated Island Management Plans (IIMPs)
are required to be prepared by UTs of A&N and Lakshadweep
indicating their existing and proposed developments, conservation
and preservation schemes, dwelling units including infrastructure
projects such as schools, markets, hospitals public facilities, etc.

FTR & lIM

The lIM Plans for A&N Islands are being prepared by the NCSCM
in accordance with the guidelines provided in the IPZ Notification,
2011 with the following objectives:

. To ensure long-term preservation and conservation
of ecology of islands by developing appropriate
management sirategies.

i. To regulate existing developmental activities and suggesl
developmental activities that are compliable to ecology
of islands without compromising environment and also
ensuring susiainable livelihood opportunities to the
islanders.

ii. To suggest measures for reduction of impact of natural
disasters.
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In a meeting held with the Secretary (Environment). ARN Administration on 9% October, 2013 at NCSCM,
it was decided to prepare lIM Plans for the following fifteen inhabited islands in the first phase:

y——

Ross & Smith Island Rutiand Isiand Bampooka Island :
Sirail Island Flat Bay Island Chowra Island -
Aves Island Kamorta [sland :
Curlew Island Kondul island
Nancowrie Island
Teressa Island
Katchal island
Little Nicobar Island
Pliowmillow Island
The preliminary field surveys were undertaken during the year 2013-14 in four islands viz., Smith Island 7
(Morth Andaman), Aves Island (Middle Andaman), Flat Bay Island (South Andaman) and Rutland Island .

(South Andaman) to collect data on elevation, HTL/LTL, Ecclogically Sensitive Areas (ESAs), existing
developments and other land use & land cover features. The draft IIM Plan has been prepared for three
islands of A&N viz., Smith Island, Aves Island and Hat Bay Island, interalia, indicating all the existing
and the proposed developments, conservation and preservation schemes and infrastructure projects. All
the draft plans prepared will be discussed in the stakeholder's meeting for their suggestions/comments.

IIM Plan for Smith Island (North Andaman):

The Smith Island is located on the eastern side of the North Andaman Island and falls under the Diglipur
Tehsil of the District of North & Middle Andaman. According to the Forest Statistics 2009, the fotal
geographical area of the Smith Island is about 2,470 ha. Out of the total geographical area, the fotal
forest area is 1,672 ha (62.93 %) and the non-forest area is 891 ha. (36.07%). The total shore length is
around 38 km.

The island has extensive coverage of mangrove vegetation on the north western side and narrow fringing
reefs on eastern and southwestern sides of the island. The reef flat contains mainly rocks, sand and
dead coral heads. Extensive coral growth starts at a depth of four meters and extends up to 10 meters
with a gradual slope. The western reef is sheltered and dominated by Porites spp. while the eastarn reef
is dominated by Acropora spp. In the draft lIM Plan, a uniform setback distance of 50 m is assigned
around the island as a conservation measure io regulate developmental activities, Further, the draft Plan
specifies the areas for conservation and preservation and proposed developments as given below:

FTR & lIM

Companenis of Smith lsland’s IIM Plan

Caral reefs, Dead coral mixed with algae & seaweeds, Mﬂngi'mfes,i
Sand beaches, Jetty area , Tourism destination

Proposed Preservation Areas | Live coral cover, Seagrass beds and Turtle nesting site.

Proposed location for mobile network tower
Proposed Jetty with road connestivity at Sagar Dweep village
Proposed location for solar power station

Eco-Tourism development area.
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Aves Island (Middle Andaman)

The Aves Island is situated on the eastern side of Mayabundar Tehsil in North & Middle Andaman District

of A&N Islands. The total geographical area of the island is about 20 ha (0.20 km?) with perimeter of 1.87

km. The geographical location of the island lies down between 12°54'4 52" o 12°55'02.02" N Latitude

and 92955'52 517 to 92°%56'13.07" E Longitude. Aves Island has a plain topography in the northern side
whereas the southern side has a hilly area with a maximum efevation of 24m. This island is covered by i
coconut plantation and forest and is known for its sandy beaches atfracting tourism. -

The draft IIM Plan of Aves |sland specifies the areas tor conservation and preservafion and indicates
spatial plans for Eco-tourism development and offshore wind energy. The plan also suggests a uniform
setback distance of 60 m around the island as a conservaion measure o regulate developmental
activifies in the Aves |sland.

Coral Reef of Aves Island: Coral reefs occur all around the island from a depth of 4 meters fo 14

meiers, excapt at the southern end, where the seabed is covered mainly by rocks. On the sastern and

northern sides, Acropora and Porites dominate the coral reefs while on the western side coral reefs e
are dominated by Portes. The reef flat contains mainly rocks, sand and dead coral heads. Mangroves b
vegetation is not found in this island.

The island did not receive much damage during the earthguake occurred on 26™ December 2004 on
the inferface of India and Burma plates. Pre-tsunami records showed live coral cover fo be 62% and a
slight decline o 50%. Earlier Acropora constituted 40% followed by Porites (23 %). After the tsunami,
Acropora constituted B3 % and Portes 16 % of the community. The tsunami generated earthquake was
not violent in this area.

|INTEGRATED ISLAND MANAGEMENT PLAN FOR AVES IBLAND (DRAFT)|
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Flat Bay Island (South Andaman)

The Flat Bay |sland is situated on the western side of Port Blair of Ferrargunj Tehsil in South Andaman
district, between 11738°25.20°N to 11°28°3.11"N Latitude and 92°41'11.92"E to 92°41'20.51"E Longitude,
with total area of around 10 hectare. The topography of the Island is undulating nature with maximum
elevation of 17m. The island is surrounded by mangroves and tidal flat. The draft IIM Plan of Flat Bay
Island specifies the areas for conservation and preservation and suggests a uniform setback distance of

50m around the island as a conservation measure to regulate developmental activities.

|

FOR FLAT BAY ISLAND (PRE - DRAFT)
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Preparation of Sea Level Rise (SLR) Inundation Map for Smith Island
{North Andaman):

Sea level rise associated with coastal fliooding will become a significant issue in the next 100 years
especially as human populations continue to grow and cccupy the coastal zone. In order to demonstrate

the possible impacts of inundation on coastal zone of Smith Island and its Ecologically Sensitive Areas, -
based on various scenarios of sea level rise and flooding (0.5m, m, 2m and 3m sea level rise from HTL) =
due to storm surge, tsunamis and shallow coastal flooding, the Sea Level Rise (SLR) Inundation Map C
has been prepared. GIS, remote-sensing techniques denved data and field surveyed information were

usad to assess the possible impacts of inundation over the island land usefand cover. The topography |

of the Smith Island is hilly and undulating with a maximum elevation of about 100m,

It was estimated that 0.56 percent {14 ha) of the total land area of Smith Island is predicted to be inundated
at 0.5 m SLR and 0.97 percent (24 ha) of the fotal area of the island is predicied to be inundated with
im SLA from HTL. Creeks and low lands adjacent to the shoreline increase the risk of inundation and
the extent of maximum inundation zone goes up to approximately 50 m to 100 m landward while an 1m
of sea level rnise from high fide line, The study also perceives that the southern tip and north 2ast regions
are highly vulnerable to SLR. An enlarged inundation map of southern tip of Smith Island is shown below:

The potential changes in habitat as a result of SLR may threaten turtie population viz., green turtle and
the Olive Ridley, which are dependent on Smith |sland. Alse, the changes in the beach areas, where
tourism activity is happening, would lead to loss in tourism development and associated income. The
setttements are concentrated on the north central part of island in Sagar Dweep revenue village. As per
the Census data 2011, the Smith Island has a population of 600 persons (Male: 328; Female: 272; No of
households being 160). Among the otherislands in Diglipur Tehsil, the Smith Island has more population
next to the Morth Andaman which has the tofal population of 10,625. The population in the island is safe
from the impact of coastal flooding, tsunami, sea level rise, as they are located in the in elevated area.

The fidal waves (tsunami) have been reported in A&N lslands in 1881, 1941 and 2004. The earlier
tsunamis did not cause loss of life and property as there was no significant population in this island and
moreover the population is spread in the elevated area. The coastal forests present in the island protect
the coastlines from tsunami. Due to the earthguake occurred on 26" December 2004 on the interface
of India and Burma plates, the Smith Island of the North Andaman region appears to have been raised
by half a meter, resulting in exposure of the reef flat on the eastern side and mangrove area on north
western side. The tsunami generated out of the earthquake was not violent in this area and water only
rose by around 2.5 meters.

In order to ensure safety to human life, location of setlement areas need to be based on the elevation.
The areas up to 10 m elevation from the coastline have been marked for location of settlements and
other relevant establishments. The SLR Inundation map would help managers to anticipate whers risks
are highest and to prepare the coastal zone management plan for Smith Istand.

FTR & lIM

Preparation of Island Coastal Regulation Zone (ICRZ) Plans for Andaman and
Micobar Islands:

The IPZ Notification, 2011 also prescribes that the UT of A&N is required to prepare its mandatory
Island Coastal Regulation Zone (ICRZ) Plans in accordance with the prescribed guidelines, to regulate
developmental activities in the Island Protection Zone (IPZ).

A&N lslands comprises 572 Islands, Islets and rocky outcrops. However, only 37 islands are inhabited
{10 islands in the South Andaman District, 14 in the North & Middle Andaman District and 13 in the
Nicobar District) {Source: Census data 2011). Total geographical area of A&N Island is 8249 sq. km
{Andaman group: 6408 sq.km; Nicobar group: 1841 sg.km) with a coastline of 1962 km. Among the total
inhabited islands, the following islands require ICRZ Plans:
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1. Baratanqg Istand 1. Havelock 1sland 1 Car Nicocbar Island
2. Long Island 2. Little Andaman Island 2. Great Nicobar Island
3. Middle Andaman |sland 3. Meil Island

4. Morth Andaman Island 4. South Andaman Island
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This unit has been assigned with the task of preparation of ICRZ Plans for the above ten (10) islands with
the following objectives and also scientific assistance will be provided to A&N Administration in preparing
an ICZM plan for a selecied area in the A&N Islands:

i. To ensure long-term preservation and conservation of ecology of islands by developing appropriate
management sirategies.

ii. To ensure livelihood security to the fishing communities, tribals and other local communities living in
the coastal areas.

ii. To promote development in a sustainable manner based on scientific principles, taking into account
the dangers of natural hazards in the coastal areas including sea level rise due to global warming.

During the year 2013-14, preliminary field surveys were undertaken in two islands namely Havelock and
MNeil to collect information on HTL/LTL and ESAs for preparation of ICHZ Plans. Drait ICRZ Plan for MNeil
Island {South Andarman) has been prepared, interafia, indicating HTL/LTL and ESAs. The draft plan will
be discussed in the siakeholder’s meeting for their suggestions/comments.

ICRZ Plan for Neil Island: The Neil Island has a total area of 18.2 square km. The geographical co-
ordinates of the island lies betwean 11%48" to 11°51" N and 93%02" to 93%00° E. The island is located 40 7
kilometers northeast of Port Blair. The island has a forest cover of 6.47 km?. As per the 2011 census, the ;
island has a total population of 2040 which includes 1624 males and 1416 females. The island has one

jetty at Bharathpur, which serves as the entry-exit point of the island.

The draft ICRZ Plan contains information on categories of ICRZ areas, HTL, LTL, 200m & 500m
regulation areas (at 1.5000 scale), as per the guidelines. The Island is biclogically rich in forest, coral
reef, sandy beach and mangroves. The coral reef of the Neil Island is of fringing reet type which ocours
on the eastern and western side of the island, with patch reefs to the north and south. The dominant
species in the reet are Porites lobata, Favia favus and Echinopora lamellosa. Mangroves in Neil Island
are the most sensitive and fragile ecosystem which are vulnerable to the coastal environmental changes
including sea level rise and hydrological variations. The dense mangrove is found on the northern side
of the Island; east to the Bharatpur Jetty. The mangrove patch is nearly 1.5 km in length as well as 200
meters of maximum width. There are sparse mangrove patches near the beach region of the Islands
{Radha Magar, Lakshmanpur and MNeilkendra). The dominant mangrove species found in the Island are
L umnitzera racemosa, Bhizophora apicufata, B. mucronata and Avicennia marina.

Dral ICRZ Man - Part of Nell Iskand
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the ISE are: (i) the Coastal Livelihood and Demography, {ijdhe

Traditional Knowledge, (jii) the Employment and Education, (iv) Tr—_

the Coastal Community, Culture and Heritage, (v) the Regional
Planning, (vi) the Goastal Confiicts Study, and (vii) the Coastal
Ecosystern Economics.
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Economic values of the critically important coastal
ecosystemn services derived from studies in India and
across the South Asian region have been identified
and prioriized based on several ecological, social

and economic factors. Strategies for addressing
the issues related to incorporating the values in
the national green accounting system, valuation
methodologies and role of institutions in the valuation
and impiementation have been evolived.

Assessment of Coastal and
Marine Ecosystem Goods and
Service: Linking Coastal Zone
Management to Ecosystem
Services in India

The research study aims to develop a framework that links the
functioning, provisioning and valuation of services provided
by coastal ecosystems to human population, which involves
prioritising critically important ecosystems, valuing the goods and
services delivered and finally linking the value to social welfare
among and beyond coastal communities.

A comprehensive review of coastal ecosystem services valuation
studies in India and across the South Asian region was made
to identify and prioritize services values of critically important
ecosystems. Descriptive statistical analysis (mean, median,
range, standard deviation values for each of the ecosystems based
on the estimated values) was carried out for the values of each
category of service; namely provisioning, supporting, cultural and
regulating services (Millennium Ecosystem Assessment 2005).
The major ecosystems covered include mangroves, seagrass,
estuaries, sandy beaches and coral reef. These ecosystems,
have been classified as CRZ- areas - Ecologically Sensitive
Areas in the CRZ (2011) Notification.
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Two consultation workshops with subject experts and policy makers wers organisaed to:
# Prioritise key coastal ecosystem services,
# Document success stories in ecological valuation

& Discuss crifical issues of the valuation process which includes appropriate methodologies fo be
adopted, influence of government institutions on values of services, the approaches to transfer
knowledge from the academic to the policy domain and

@ Finally to integrate coastal ecosysiem values to national environmenial accounting.

Flg. 1. Expert Consullation Workshop - Linking Ecosyslem Services

The coastal ecosystems, as identified by the CRZ (2011) notification, were prioritised based on several
ecological, social and economic factors. It was observed that services such as coastal protection, carbon
sequesiration, soil regulation, biodiversity/habitat and fisheries provided by mangroves, sea-grass, salt-
marshes, coral reef and estuaries respectively are among the most important in India and that the terms
of reference for ElAs would need to expand its scope beyond just provisioning services (drinking water,
agriculture, livestock and fisheries) (Table 1).
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Table 1. Prioritising of Ecosysiem and Ecosysiem Services

Modarately important || Less imporiant [ Not Ranked

The expert consuliations recognized the importance of incorporating coastal ecosystems within the
framework of the System of Environmental and Economic Accounting (SEEA) and the need for adopting
changes in the ecosystem valuation methodologies as per the Indian policy context. It was observed
that local and national institutional structures have an influence on the sustainable delivery of coastal
ecosystem services and hence on jts economic values. It was also recognized that the policy design,
appraisal and implementation are reliant on the local and national institutions in place.

As a follow up to the consultations, a report on the valuation methodologies specific to Indian coastal
ecosystems and a draft guide book on the concepts used in the valuation of coastall marine ecosystem
services has been prepared, which would provide a methodical approach to coastal ecosystem valuation,
with case studies from India and other South Asian countries,
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The changes in the utilization of coastal physical
space by the traditional fishing communities and

governance and conservation issues are studied.
Standard protocol and guidelines for mapping of
fishing space have been developed.

Mapping of Fishing Space
Socioeconomic  Impact of
CoastalLand Use/l_and Cover
Changes on Fishers Livelihooa
in India

The project aims at studying the changes in the utilization of
coastal physical space and economic value of land used by the
fraditional communities for their occupation-refated acfivities
in coastal zone and to conserve these spaces by mapping,
demarcating and incorporating them as socially and economically
important areas in the CZMPs.

The fishing space includes arsas such as those used for fish-
drying, boat parking, net mending, rehabilitation cenires etfc.
Mapping the fishing space would help to understand the urban
and rural pressures leading o shrinking of fishing space. Mapping
of fishing spaces in GIS involves geo-rectifying the Landsat and
LISS Il images; enhancement using contrast strefching and
other methods for better identification of featuras: creation of the
spatial framework of land use geodatabase based on the Space
Application Centre (SAC) classifications; detailed interpretation
of land-use/land-cover categories and collection of GPS co-
ordinates and field photographs of the fishing space to ground-
truth the data. Land use/land cover maps with demarcation of
coasial fisher space were then finalised. Cadastral information,
coastal struciures like ports, harbours, Groynes, jetfies etc. and
Coastal Regulation Zones are the other layers incorporated in the
map (Figs. 1-3).
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Mapping of Fisher Space in Colachel Village - Tamil Nadu (20114) -+
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Mapping of Fisher Space in Kanyakumari Village - Tamil Nadu (2014) +
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Mapping of Fishor Space in Agasteeawaram Village - Tamil Madu (2014) +
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Two stakeholder workshops were held in Tamil Nadu and Karnataka to discuss issues relating to coastal
land usefland cover and impacts of coastal erosion on fishing spaces
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Fig. 4. Staksholder Workshopson fishing space !
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The household data collected by M.S. Swaminathan
Research Foundation, Chennai was analysed to
develop a framework for evaluating the altemative
strategies for coastal conservation and management

in the context of ICZM and undersiand the factors that
determine the influx and outfiow of population to and
from coastal villages respectively.

Coastal Profiing
A Socio-Demographic
Analysis

The M.S. Swaminathan BResearch Foundation, Chennai
(MS5RF) had collected comprehensive household data on
fisherwomen in five states (Kerala, Tamil Nadu, Andhra Pradesh,
Gujarat and Cdisha) during 2011-12, with a research grant
from the World Bank. The data was acquired from MSSRF and
analysed.

The study aimed at developing a framework for evaluating the
alternative strategies for coastal conservation and management
by considering the total population, population density and
occupational distribution in the context of ICZM. Villages, in
general, tend to witness a significant migration of their population
to urban centres owing to various socio-economic factors but in
some coastal villages the reverse is often observed. The study
aims at understanding the factors that determine the influx and
outfiow of population to and from coastal villages respectively.
The socio-demographic analysis of coastal population helps in
developing strategies to address the problems of food security,
distributional issues, poverty, education and skills, role of women,
displacement and resettlement issues etc.
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In order to address the multiple demands of protecting coasial resources and the livelihoods of coastal
communities and long term managemeant approaches such as ICZM, the socio-demographic analysis
would be highly useful. The study focused on assessing the socio-economic impact on livelihood
changes among the coastal population by considering the sccial and demoegraphic parameters |ike Total
population, Literacy changes, Sex ratio, atc.

The wvillage boundaries were demarcated with the help of GIS and the names of the villages were
compared with the Mational Census documents. A detailed demographic analysis of 9 coastal states
{Andhra Pradesh, Karnataka, Kerala, Tamil Nadu, Maharashtra, Gujarat, West Bengal and Odisha) was
undertaken by extracting the data from the three decadal National Census data (1980, 2001 and 2011).
The temporal changes in the density and occupational changes also provide the changing sources of
income and livelihood.

The coastal population on an average has grown at a rate of 2% which is much higher than the average
annual population growth rate of 1.5 % during 2001-2011. The 73 coastal districts (out of a total of 593)
have a share of 20% of the national population ving within 50 km from the coastline. The coast also
includes 77 cities and towns, including some of the largest and most dense urban agglometations -
Mumbai, Kolkata, Chennai, Kochi and Visakhapatnam. As per the 2010 Marine Census, it was estimated
that 47 % of ~40 million fishers in India live below the poverty line and most of them are traditional fishers.
Thus any decline in the share of fish produced would lead to loss of income to the coastal community.

The significant increase in coastal population, infrastructure development atiracting sefilements along
the shoreline, rising fishing assets, fishing intensity and tourism development are some of the factors
likely 1o have an impact on coastal ecosystem goods and services, Therefore, it is important for coastal
planners to consider differential impact on different stakeholder groups while preparing the management
plans. The density during the period 2001-2011 in coastal villages up to 1 km from HTL was almost
constant. The population growth in coastal states, coastal districts and the population within one km
from the high tide line (HTL) are shown in Figs. 1-3. The density of population within the district and also
within one km from the coast is depicted in FHg. 5&6.
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Tamil Nadu and Maharashira present a significant difference in the demographic transition during the
last one decade (2001-2011). The total population of coastal districts of Tamil Madu increased from 24
million to 28 million and density increased to 546/km?2 to 640/km2 during the period. Interestingly, the
population and density of Tamil Nadu within 1 km from the coast is one of the highest in the country.
The population density up to 1 km from the HTL increased from 1280/4&km2 to 1642 fkm2 representing
an annual average growth rate of 2.3 percent. On the other hand, Maharashira presents a marginal
decline in the density of population within one km from the coast although the overall coastal district
population density has increased. The density of population in Karmnataka increased marginally for the
coastal districts as a whole although there has been significant increase (53persons/km2) within one km
from the coast. In Odisha the population of the coastal districts and density of population does not show

significant growth.

The population density within one km shows an increase by 11 percent during 2001-2011. The substantial
increase in the population density within one km of the coast over the last decade represents the increased
risks to life and property in the event of any coastal disasters. The population density within one km of
the shoreline in from Tamil Nadu has increased from 1280 to 1642 persons/km2. The rehabilitation and
reseftlement cost in the event of coastal erosion and other hazards would be enormous.

The data will be used for assessing the vulnerability of coastal population and as a measurement tool for
analysing the average number of population that will be affected by any type of natural calamities like sea
erosion, Tsunami, etc. This information would be an additional layer in the process of mobilising data for
the ICZM process. As a nexi step, the census data will be extracted up to seven km from the shoreline to
demarcate the area likely fo be affectad.
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Inventorisation and database creation on
microbial diversity a\ong Indian coast

Focal Point
Dr. Maitree Bhattacharya,
Department of Biochemistry, University of Calcutta, Kolkata

Coordinating Division at NCSCM:
Coastal and Marine Besources Conservation Division

Biodiversity is at present recelving increasing attention due to need of conservaion and sustainable
utilization. Investigations of Indian biodiversity records illustrate research gaps in coastal and marine
biodiversity and its particularly true in case of microbial diversity. Indian coastal waters are extremely
diverse due to geomorphologic and climatic variations along the coastline. Microbes form an important
-constituent of the marine ecosystem owing to their ecological roles in addition to the bio-prospective
potential. The studies on their diversity carried out by various academic and research institutions are
not available in public domain. The present study aims at inventorizing the microbial diversity on Indian
-coast and construct a detailed strategy for bridging the gaps. This study will form a knowledgebase to
offer broad spectrum information about the coastal microbes which will provide insights into the microbial
diversity, their temporal and spatial vanation, and even changing profile.

Specific objectives
® To construct an inventary of the microbial diversity along the Indian coastline
® To identify lacunae in the existing knowledgebase

# To generate new database as a strategic measures to bridge this gap

The scope of the study would cover the entire Indian coast line including Islands represented by various
ecosystems viz., mangroves, coral reefs, seagrasses, tidal mud flats, sea beaches and intertidal areas.
In the first phase, the inveniorization of existing biodiversity data would be undariaken. Secondary data
would be collected from public domain using Pubmed, Scopus, J-Gate, while the microbial biodiversity
data from unpublished sources like theses, dissertafions, lab-reports and monographs would be retrieved
by visiting the respective institutions. The strategies to bridge the lacunas in the knowledgebase will be
prepared with detailed research approach and sampling plan.

During the subsequent phases, field and lab works would be undertaken for the ICZM areas viz., West
Bengal, Orissa and Gujarat and for the rest of the coastal India including Islands. The microbial database
created under this research study will be integrated with the CoMBINe database of NCSCM.
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Coastal Profile: A Socio Economic Assessment
of Coastal Resource Based Livelihood Activities

for the Coast of Odisha

Focal Point
Prof. L. K. Vaswani, Direcior, KIIT School of Rural Management
KT University, Bhubaneswar — 751024

Coordinating Division at NCSCM:
Integrated Social Sciences and Economics Division

The study broadly intends to make a socio-economic assessment of livelihood activities which are
significantly influenced by degradation of ecosystems, and in turn ecosystems services, and to identify
unsustainable livelihood practices. The study focused on two coastal stretches - Gopalpur-Chilika and
Paradip-Dhamra — known for their ecological wealth and economic activity.

Specific objectives
®& To delineate socioeconomic profile of coastal communities

& To examine local communities perceptions on how changes in the biodiversity, ecosystems, and

ecosystem services due to natural and anthropogenic causes have constrained their options for
livefihoods

® To identity the vulnerabilities and adaptation options and strategies exsrcised by communities with
changes in coastal ecosystem services
¢ To identify/segregate sustainable and unsustainable livelihood practices

® To understand the role of policies and welfare schemes in supporting sustainable livelihood
practices and suggest actions to mitigate unsustainable practices

® To examine the linkages between livelihood security, infrastructure and development schemes

The research study was sanctioned in April 2014. An inception mesting with representatives of KIIT
(Bhubaneswar) was organised and the work-packages and time-lines were discussed and the road map
was finalized.
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Assessment of Coastal and Marine Ecosystemn
Goods and Service: Linking Coastal Zone
Management to Ecosystem Services in Indlia -
Consortium Component

Focal Point
1. Dr. K. Kavi Kumar, Professor (Ervironmental Economics), Madras School of Economics, Chennai

2. Dr. Pranab Mukhopadhyay, Goa University, Taleigao Plateau, Goa 403208

Coordinating Division al NCSCM:
Integrated Social Sciences and Economics Division

Madras School of Economics (MSE) and Goa University are the two consortium partners of NCSCM
tasked with underiaking valuation studies of different coastal ecosystems across the country. The terms
of reference to carry out the valuation studies across selected coastal ecosystems have been prepared
and provided to both MSE and Goa University. The funds allocated for the two consortium partners have
been approved and duly released to ensure appropriate work-packages are initiated as soon as possible.
During the first Inception meeting it was agreed to that the

1. First deliverable would be macro-level estimates of services provided by coastal ecosystems
identified in the CHZ notification. The values would be estimated using the meta-analysis approach
and the report would be finalised by early February 2015.

2. Two ecosystems were chosan —Turtle Nesting Sites (Goa University) and Estuaries (Madras
School of Economics) — for an in-depth valuation exercise owing to their ecological and social
importance and the lack of valuation information globally.

3. Two stakeholder workshops and SWOT analyses are being planned identify imporiant services
provided by the two chosen ecosystems. ISE Division would assume lead role in coordinating the
collection of both primary and secondary data including physical accounts of coastal resources,
fisheries stock, household-consumption expenditure and tourism related data.

03
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Appraisal of occupational hazards.
PP P

entrepreneurial capacity and decision making role

& . B
of women in coastal communities of India

Focal Point
Dr.J.D. Sophia, Principal Scientist, M 5 Swaminathan Research Foundation, Ill Cross Hoad, Taramani
Institutional Area Taramani, Chennai — 600 113

Dr. V. Selvam, Senior Director, M 5 Swaminathan Research Foundation, |l Cross Road, Taramani
Institutional Area Taramani, Chennai — 600 113

Coordinating Division at NCSCM:

Integrated Social Sciences and Economics Division

MS5RF conducted comprehensive field studies five states namely Gujarat and Kerala in the west coast
and Tamil Madu, Andhra Pradesh and Odisha in east coast with the help of identified NGOs in each state.
The sample villages and respondents were drawn by devising multi-stage sampling technigue combining
different sampling methods.

The primary data collected by MS5SRF during 2011 was procured by NCSCM during February 2014
as suggested by Worid Bank and data analysis was done by ISE Division by keeping the following
objectives:

® The contribution of fishing and related coastal ecosystem services to the family income.

& To quantify the direct economic benefits received and denved from ecosystems

® [Decision making role of women in various paid and non-paid activities.

® Occupational health risks faced by women in their income generating and household activities

In addition to develop state-wise status report of the households and profiling fisherwomen based on
various development parameters, the study also attempied to compare social status between the states.
However, analysis of the data for Gujarat could not be undertaken due to the non-availability of coding
sheets.

Methodology

The coded data files were used for analysis and comparative study across four coastal states of India
viz. Kerala, Tamil Nadu, Andhra Pradesh and Odisha. Purposively, women representatives from the
households were selected as respondents. The average household income of respondents of each staie
was divided into quartiles and named as an income group in following ways:

Poor: Less than 1st Quartile

Subsistence: Less than 2nd Quartile and Greater than 1st Quartile.
Well ofi: Less than 3rd Quartile and Graater than 2nd Cluartile.
Rich; Less than 4th Quartile and Greater than 3rd Quartile.




Annual Report 2014

The classification of households based on the respective state average income has been done since
the conditions of poverty vary across the ccastal states. The key parameters used in the analysis
are household income, education, age at marriage, debt status, debt purpose, debt source, saving
status, gender wise preference for saving instifution, insurance status/ coverage, state govt. insurance
entitlement, assets ownership, sanitation availability and its use, health status, access to different health
services, reasons for not using govt. health facilities, avg. household income w.rt. different fishing areas,
avyg. daily income from fishing and non-fishing sector, status of fisherman, status of fisher women in
decision making, participatory role of women in fishing activities.

Analysis of data reveals that the sociceconomic status of the households as measured by some of
the above parameters are that intensity and relative propertion of poverty is relatively high in Odisha
comparad to coastal villages of Tamil Madu and Kerala, especially in education, health services, age
at marriage, sanitation facilities and insurance, apart from their household income. A Brief summary of
results from analysis of all the coastal villages of TN, Kerala, Andhra Pradesh and Odisha is given below:

Table 1. Average manthly household income of respondents in difierenl Income group across the stales

Sample Size 137 943 2002 1477 5559
Average

Household 8005 7969 3026 4910 5978
Income (Rs.)

1st Quartile (Rs.) 4500 3900 2000 3000 2500
2nd Quartile (Rs.) 7100 6500 3000 4200 4000
3rd Quartile (Rs.) 10800 11000 4000 6000 5200
Coefficient of 0.58 0.66 0.42 0.6 0.75
Variation

The results indicate that 60 percent of all respondents are illiterate. Of the total respondents, 55 percent
have married before attaining the age of 18 yrs. The analysis shows that 70 percent of all respondents’
family are in debt. Loans are procured more by the female members of a family compared to male
members as the former are considered more likely to return the debt amount on time. Three-quarters of
the respondents have savings and Self Help Groups (SHG) is a preferred savings institution compared
to any other. Of the people who save, 50 percent have their savings registerad under their name. It was
observed that 31 percent of respondents reported o having some form of insurance coverage. The
resulis also indicate that just over 35 percent of all respondents reporied to having sanitation facilities but
of the respondents that possess sanitation, 80 percent of them are not using it due to lack of maintenance
and scarcity of water. As per the standard body-mass index, a quarter of all respondents are found to be
underweight. But for the coastal villages in Odisha, half of all respondents are found to be underweight.
Long distances and the lack of effective treatments in Government healthcare are among the most cited
reasons for not visiting Government healthcare centres. Among the women respondents who answered
to the question on the cccupation of their men, it was reported that 43 percent are dependent on deep
sea fishing, 37 percent in traditional and 20 percent in motorised fishing capable of reaching fishing
grounds up to 20-30 nautical miles. The data indicatas that 50 percent of all respondents have reported
that their decisions are limited to only non-productive work whereas decisions regarding productive work
are taken by other members (i.e. male) of the family. It was observed that 40 percent of respondents
reported that other members in family play an important participatory role in fishing activiies whether it
is a preparatory task, post harvesting or it is marketing of fish catch.
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International
Research

Programs

BEL MONT FORUM

National Canire for Susiainable Coastal Management (NCSCM),
under a Memomandum of Understanding (Mol) with the
BELMONT FORUM has underiaken two research sthudies
1 DELTAS and 2. THUCG, focusing on the reslience and coasial
vulnerabiiity of the Deltas and Urban Coasts.
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DELTAS: Cata\yzing action towards sustafnability
of deltaic systems with an integrated modeling
framework for risk assessment

Delias are economic and environmental hotspots, food baskets for many nations, and home to a large
portion of the world population. They sustain rich, bio-diverse ecosystems and related services. Most
deltas are also international and regional fransportation hubs that support intense economic activity. Yet,
deltas are deteriorating at an alarming rate due io climate impacts (e.g., sea level rise and flooding),
human-induced catchment changes (e.g., water and sediment flow reduction}, and local exploitation
{e.g., sand, groundwater, and hydrocarbon extraction). The international science community recognizes
the need to develop a solid knowledge base for protecting these vulnerable coastal systems, and this
BF initiative leads the way by coordinating and enhancing innovative international work towards the
development of a science-based framework for deita sustainability.

The project will develop a versatile modelling framework that may be applied from local to national
levels to evaluate the unique functioning, critical stressors, and vulnerability of the world's deltas. The
framework will ingest social, economic, physical and ecosystem data into an open-access repository and
will allow planners to model and deliver optimized, viable solutions for their region. In areas for which
detailed data are sparse, an infrastructure for critical data gathering will be developed and modelling
and prediction tools will be customized. The framework will initially be applied to three case-studies for
which local and regional parinerships are already in place, including the Ganges-Brahmapuira-Meghna
{GEM), Mekong, and Amazon deltas.

Why Deitas for a Belmont Forum Initiative?

Hiver deltas around the world are economic and environmental hot spots ocoupying approximately 1% of
the Earth's land area but housing more than 500 million people, rich in biodiversity, and high in economic
productivity. Yet, deltaic systems are among the world's most delicate and vulnerable socio-ecological
systemns, residing at the boundary between land and water, and subject to upstream human control, local
rescurce exploration, and climatic impacts (e.g., IPCC, 2007, Fig.. 1). As important areas for agriculture
and fisheries production, deltas play a major role in national, regional and global resource chains. For
example, as "rice bowls" to the world, deterioration of the mega delias of Asia poses serious threats 1o
food security for the more than half of the world's population that refies on rice as a staple food (Hoanh et
al., 2010). These human dimensions and ecological implications of deteriorating or disappearing deltas
cannot be overstated. There is an urgent need to rally the international community for a focused effort
foward a holistic physical-sociceconomic understanding of deltas as vulnerable systems undergoing
change. Such understanding is a basic requiremant for their long-term management, protection, and
restoration. Becognizing this need, the Belmont Forum has identified coastal vulnerability as a focused
priority, with an overarching goal “to deliver knowledge needed for action to mitigate and adapt to
detrimental emvironmental change and extreme hazardous events” (cf. IC5U, 20H0).




IPCC Fourth Assessment; Megadeltas and Risk of Displacement
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Fig. 1. Maga deltas around the world were Ideniified in the 4ih IPCC report 2s one of the most vulnemable
emvironmenis threatened by climate and human-induced changes.

Research Pian of Deltas

The overall goal of the BFFDELTAS project is to unify our scientific understanding of deltas as coupled
socio-ecological systems and fo develop a science-based integrative modeling framework that can
be usad to assess delta vulnerability and guide sustainable management and policy decisions at the
regional and local scales. The main premise of the proposed work is that although each delta is unique,
integrative frameworks that capture the socio-ecological working of these systems can be developed
and encapsulated in decision support tools which can be adopted locally, in collaboration with regional
experts and stakeholders, for sustainable delta management.

The specific objectives (and components) of the proposed research (see Fg. 2) are:

Objective 1. Advance sustainability science for delias (Delta-SRES) by developing a theoretical
framework for assessing delia vulnerability and the possibility for transitions to undesired biophysical or
socio-economic states under various scenarios of change.

Objective 2. Co-develop, in clese collaboration between scientists and stakeholders, an open-access,
science-based, integrative modeling framework called the Delta Risk Assessment and Decision Support
Tool (Delta-RADS). which can operate ata regional leve! and provide a quanftitative basis for investigating
and comparing scenarios and trade-offs for decision making.

Objective 3. Consolidate and make readily available relevant data on bic-physical, social, and economic
parameters (Delta-DAT), which can be used by the community at large fo assess coritical parameters,
compute vulnerability metrics, and provide input data to the Deltas-RADS modeling framework.
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Objective 4. Develop Global Defta Vulnerability Indices (Delta-GDVI) that capture the current and
projected physical-social-economic status of deltas around the world ("delta vulnerability profiles™),
which will serve to identify and support the critical needs and prienties for research, funding, and action.

Objective 5. Work with regional teams and stakeholders to put the products of Objectives #1-4 into
action (Delta-ACT) by demonstrating the implementation of the developed framework to three major
deltas with diverse physical-social environments: the Ganges-Brahmaputra-Meghna (GEM), Mekong,
and Amazon deltas.

—
w + Process undersEnding
E = Coupled socic-scologic system
0 * Feedbacks
@D | 5 - Thesnolos
= i H] s a
E E ] Scenano development g
Gl B O
2|5 £
il e ™ 5
- 3 @ - Integeated model = T g
5 é develgpment - e = = o
= 3 + Scenano besting ;_- |= T -_|: l l :
- : H - E
' 2
= Datastorage =
» Vizuakeation / ‘E-
- Spatial (GIS) s
=
=]
z
=
5
w

=
Deka-aCT

Global Defta

Vuinerabilty | 4E
s

Anappeie \¥ + Exiznd io oher deltes

Dalta-GOV|

Fig. 2. Key components of the BF-DELTAS project, whereby deitas are treated as fully coupled socio-
ecological systems and sclentist-stakeholder feedback is emphasized at all levels. The bidirectional
amows indicate the Interconnectivity of tasks toward achieving the goal of the project.

Significant Results
The most important activities under the research study pertaining to the Ganga-Brahmaputra-Meghna
Delta are as follows:

SARTM Topographic data: The SHTM data from the Gangetic delta has been collected and elevation
map is preparsd. The maps need to be validated at field with RTK GPS/Total station datasets. The
vulnerable areas along the deita will be classified based on the topographic datasets.
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Demography and socio-economic: The census data on socio-economic and demographic variables
for 3 decades e.qg. for the year 1991, 2001, and 2011 is collected and compiled for the coastal villages
of deltaic region from Farakka Barrage to downstream Hooghly estuary. The collected data shall be
incorporated in the Geoespatial data platform.

Climatic variability: Climatic variability on temperature and precipitation for 100 years from year 1900
ta 2001 is collected and analysed to know the climate change effects in the 11 dist of Gangetic delta. For
example, the analysed data for Kolkata district is given below.
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Mapping ecosystem dynamics: The time senes multilayer satellite imagery are being processed for
the land use/land cover (LW/LC) map of Gangetic delta. The mangrove decline, land loss due to erosion,
coastline change, urban development, etc shall be determined by analysing the time senes LL/LC map
of 30 years from 1990, 2003, and 2013.

Data assimilation on ecosystem dynamics: The bio-physical, ecological, geomorphology, and climate
data from the Gangetic delta region shall be compiled in a IT- enabled GIS modelling system.

FAST-TRACK PAPERS (FTPs)
As a part of the research study, the following contributions are made for the preparation of Fast Track
Papers by the BF-DELTA group.

FTP 1.Recent trendsin the GB, Mekong,and Amazon deltas: climatic, ecological, geomorphological,
and economic trends.

Contribution: Climatic variability and deltaic ecology in Ganges.

FTP 2. Who are the delta people in the GB. M, and A deltas?: demographic and socioc-economic
trends.

Contribution: Demographic and occupational changes in Ganges defta.

FTP 3. Modelling approaches in deltas: hydro-eco-geomorphologic aspects and links to
ecosystem services and human dimension.

Contribution: Nutrient conservation dynamics in Ganges delta using LOICZ and NANI model.




TRUC: Transformation and Resilience on Urban

Coasts (TRUC)

Transformation opens new opportunities for living with risk where existing systems are generative of
vulnerability and hazard or where preventing systems failure is impossibie, it also recognises the cultural
specificity of resilience and transformation where change or stability may benefit some actors more
than others, now and in the future. The relationship between resilience and transformation is arguably
most acute on highly urbanized coasts where interactions between concentrated human activity and
environmental dynamics are at their most intensive and transformations can be observed. THUC is
focussed on this relationship in five coastal megacities: Kolkata, Lagos, London, New York and Tokyo.

TRUC will build an original integrated, participatory framework in collaboration with stakeholders to
first characterise and then identify interactions between bio-physical, land-use and decision making
processes. The aim is to reveal the pathways and trade-offs through which systems interactions
consirain or open opportunities for resilience or transformation how these outcomes themselves interact
and influence sustainable development; offering scope for considerable theoretical, methodological
and practical advancement. THUC combines models developed by consortium members: an integrated
urban energy and water balance model (SUEWS), a global anthropogenic heat flux model (LUCY) and
a scenario modelling methodology developed by UNU. Work will be at the city level and drill down to the
city region/community level. NCSCM research study will be focused on the megacity Kolkata.

Research Plan of the BF-TRUC

TRUC will develop and test an integrated, participatory framework combining three existing analytical
tools. It aims fo assess the interaction of biophysical, land-use and adaptive management systems in
highly urbanized coasts at risk from natural hazards (flood and temperature). Urbanized coasts lie within
50m elevation and 100km distance of mean high water (UNEP 2005). The TRUC approach will be applied
to Tokyo, New York, London, Kolkata (and Lagos, in the

German partner application), totalling 110million people

at risk.

The major chjectives of the of the BF-TRUC research
study are:

& Conceptualise resilience, transition and
transformation for urban sustainability and security.

® [Develop and test an integrated approach for
biophysical and social vulnerability assessment.

® Provide space for stakeholders, researchers and
students o reflect on urban development and risk
management priorities and approaches.

‘Black City'

Spatial transformation of Kolkata
White City'

& Comparing colonial distribution of spaces
& Former White town - large buildings, open spaces

— tourist spots — gets special aftention from

government
® Former Native town (Black town) — larger part of

KMC — high population density —mixed land use

pattern — high slum population

+ Narrow lanes, inadequate space, traffic congestion, fire outbreaks etfc
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Housing History of Kolkata City
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Kolkata i= India’s 3rd largest megacity and 8th largest Urban Agglomeration.

L

Urban Development Trends and Drivers for Population growth

& Headqguarters of British Indian government;
® Refugee influx 1940s, 1970s during pariition, liberation of Bangladesh; Kolkata

¢ Urban Area is important as it received 54,509 persons from other countries, most likely
Bangladesh (Migration data, Census 2001)

& Only important city in east India.
Oldest major port; only riverine port — serves a vast hinterland
® [ndustnes — relatively low- jute manufacturing, light and heavy engineering, leather, textiles eic.
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Slum Distribution in Kolkata
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Governance for Disaster Management % %

West Bengal Disaster Management -
Department
# WE State Disaster Management Policy

and Framework, Department of Disaster o 1
Management e ]
# Disaster Management Plan: West Bengal “w '
(2009-10) = &
-

#® Police Commissioner and Team

# The Fire Brigade (renamed as Emergency
Services) with its network of fire stations QU oo .

® Strong media influence; multiple radio (FM) W . N 4
channels

& Many educational institutions (Jadavpur University, Calcutta University, WB Institute of Juridical
Sciences, Indian Institute of Management; Also HQ of Zoological Survey if India, Indian Statistical
Institute)

# The role of science in decision-making/framing —
+ Jadavpur University —Disaster Management Plan for West Bengal; Climate Change Adaptation

framework for Kolkata UAA







Workshop /
Conferences / Short
Courses (2013 - 2014)

31-12

Ecosystems — Governance and Services

MARCH - APRIL 2014

This Inde- Dutch training program was conducted
to build a nexus between Ecosystem Services and
principles of governance. A batch of 15 masters
students from the University of Amsterdam and
Anna University parficipated in the program.

Venue: NCSCM, Chennai
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A Hoadmap towards Coastal Sustainability

AFRIL 2013

This workshop was amed to highlight the
importance of Integrated Coasial Management
process with sustainability as its central theme.
This workshop was attended by policy makers,
Ministry officials and officials of the stale project
monitoring units.

Venue: SCOPE Building, Mew Delhi

27 =

Short Course on [CZM

MAY - JUNE 2013

The goal of this course was to provide a
comprehensive overview on Integraied Coastal
Zone Management. The NCSCM provided
technical support in organizing capacity building
program for coastal managers.

Venue: College of Fishernes, Mangalors

2 =0

Coastal Ecosystem Health

SEFTEMBER 2013

This workshop focussed on the issues melated
to Marine National Park (MNPs) and Sanctuary,
Gulf of Kachchh, Gujarat summarizing the coastal
ecosystem well-being.

Venue: Jamnagar, Gujarat

9=0

Cumulative Environmental Impact Assessment for
Gulf of Kachchh, Gujarat

SEFTEMBER 2013

This workshop on  Environmental Impact
Assessmemt helped in  evaluaiing and
understanding socic-economic, culturai and

human-health impacts specifically to the Kachchh
region.

Venue: Gandhinagar, Gujarat

L=13

Small- Scale Fisheries Governance: Development
of Wellbeing and Sustainability

DECEMBER 2013

This international conference brought together
the fishing community, issues of Govemance
(accountability & access), wellbeing and
sustainability,. NCSCM sponsored the session on
sustainability and NCSCM scientists took part in
the presentations and sessions.

Venue: CESS, Hyderabad



Expert &
Stakeholder

Consultations
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Impact of large scale cultivation
of Seawesds on coastal
environments

JUNE 2013

The experl consulltation was
organizedas partof the seaweed
research and it focussed on the
cultivated species around Falk
Bay and its impact on coastal
environment.
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CoMEINe — Coastal and
Marine Biodiversity Integration
Network

JUNE 2013

The scope of this meseting
was io outline the conceptual
framework, methodology, to
build a Mational Architecturs
and Roadmap for CoMBINe.

8 OCTOBER 2013

ESAs Mapping —|

This  expert  consultation
meeting was part of the on-going
national level research study on
defineating ESAs and CVCAs.
The discussions focussed on
using mapping techniques to
defineate Sand Dunes, Bock
cliffts,  Archaeological and
Heritage sites.

‘|O — ‘H OCTOBER 2013

ESA Mapping I

As part of the on-going national
studies, consultation meeting
was held seeking expert
suggestions on the methods to
be adopted for defineating coral
reefs, mangroves, sea grass,
seawseds and fittoral forests.

2]

ESA Mapping — lll

As part of the series of expert
consultations on mapping and
delineating of coastal/marine

OCTOBER 2013

ESAs the second expert
consultaion  meeting was
organized with focus on physical

features of coastal ecosystems
such as mudfiats, salt marshes
and fagoons. Biological species
like Horseshoe crab habitats
bird and turtle nesting grounds.

22

Status of Erosion Line Mapping

OCTOBER 2013

The review of work completed
and in progress on erosion line
mapping was the task of this
consultation meeting

19

Finalization on Delineation of
Sub celis

DECEMBER 2013

The purpose of this meeting
was to finalise the delineation
of sub cells in the mapping
process.

JANLIARY 2014

23

Linking Coastal Zone

Management To Ecosystem
Services
An exper consultation

workshop was omganized o
identify the research areas,
methodological framework and
prioritising ecosystem services
for guantification by evaluating
coastall marine ecosystem
servicas.

20

Delineation of sediment cells along
the West and East coasts of india

APRIL 2014

A technical review commities
meeting was organized to review
the progress of delin eation of
sediment cells along the West
and East coasts of india.
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Wellfish Study

This meeting was conducted
to encourage and facilitate
community participation and
feedback towards the Wellfish
Study.

Venue: Rameshwaram, Tamil Madu

ractions:

"i'_'f FEBRUARY 2014

Mapping of Fishing Spaces

The stakeholder
workshop  was  organized
to plan the acfiviies on
mapping of fishing spaces with
stakeholders.

consultation

Venue: Nagsrcoil, TamilNadu

]7 MARCH 2014
Mapping of Fishing Spaces

This Consuitation workshop
was part of the siate wise
stakeholder meetings to plan
the mapping of fishing spaces
with stakeholders.

Venue: Suratkal, Kamataka



Recognitions

The NCSCM scientists worked as research supervisors for the students of institute for Ocean
Management (Department of Civil Engineering) Anna University (2013-14);

M. Tech Coastal Management

Application of Geospatial Technologies for

C. Viswanath assessing nolsa pollution due to multiple soumces in
a fast developing landscape
Effect of Brine Dispersion on coastal regions using
M. Vani Dispersion Model: A case study on Tamil Nadu

Coast

M. Rubila Jasmine

Effect of seasonal winds on wave charactenstics
along the east coast of India using SWAN mods! -

Cumulative Impact Assessment of air poliution in

Prof. Dr. . Ramesh, Director

68

ST i Morth Chiennai by using GIS and inferaction Matrix
Application of Geo-Spatial Technologies for
C. Viswanath assessing nolsa pollution due to multiple soumces in
a fast developing landscape
Change detection analysis of Viedaranyam coastal )
2 j Or. Ramachandra Bhatta and
. MNagalakshmi welland and impact on Mangrove dependent Dr, Kakolee Sanerjee
community
G.R. Gururala Assessment of ecological and economic impacts of
T natural collection of Alginophyies in Gulf of Mannar
Assessment of Ecological and economic impacts of | Dr. P.Knshnan
A. Ponmozhi large scale cullivation of Carragenophyies in Palk
bay
|.A. Rajaprivadharshni Oil Spill Trajectory Forecast with the aid of GNOME
S Bavathi Mapping onshore flooded areas and identification of | Dr. S. Rajakuman
- fiood prone areas using DEM in Odisha Coast
Hemote sensing and GIS technigus to dzfineziz
5. Vasudevan coastal aguaculture sites from Muttukadu to | Dr.K.J. Sarunjith
Puducherry, Tamil Nadu
Map;mg of mangroves and assessing Carbon
M.H. AtheesYasin Sequestration Potential in Pichavaram mangroves | Dr. Gejo Anna
using Aemote Sensing
Sl Spatlal Dynamics and Prediction of changs in a : g
b Gl coastal area using Remole Sensing and GIS NG Sty DV Sty
K. Baiamurigsn Hmr_lerﬂ:.ﬂl Simulafion of ship stability for Beam Sea
Environment
; : : = Mr. U. Saravanan
K_Kasiam Assessing the impact of industrialisation at Gulf of
) Kachchh — A Modefling Approach
0. Mano Estimation of carbon footprint on road project NH- Dr. Kakoiee Banerge
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Ph. D students Guided by Prof. B. Ramesh: completed in 2013-2014

Ms. Jennifer Immaculate Divya :;ﬂt'-'i:ﬂﬂ&.uf mﬂlsm on mangrove and coral reef primary productivity

Mr. A. Paneer Selvam Metal Speciation and its Bioaccumulation study in Vembanad Lake
Ms. 5. Laxmi Priya A Biomarker approach for agsessing toxicity in marine organisms
Mr. Sand Tt Disaster Risk Reduction — Mitigation and preparedness in coastal region of

state of Tamil Nadu

Mr. G. Hariharan Bio-accumufation of pesticides and radionuclides in manne organisms

Participa‘tion of Scientists in Events

(a) Training Undergone - (i) International

E R N e

C. R.Sreergj Taxonomy  training  program 14 - 25 Oct
“Basics of taxonomy: describing, Sf:lm of Tamm}rrw 2043
ilustrafing and communicating lﬂESTj at Swven Loven
biodiversity™ Centre for Marine Sciences,
Kristineberg, Sweden

(a) Training Undergone — (ii) National

e = =

Training on ArcSDE10.1 software ESEl “_’m B 20 11-43 Apr2013
5. Rajakumarn Chennai
K. O. Badarees .
; Training on “introduction to ENVI 5 | ESRI India Pvt Ltd.,
G. Gejo Anna i o i Chermial 17-18 Jun 20413
G. Mary Divya Suganya I P
A-Mursgeancan Training on *Introduction to ArcGIS | ESRI India Pvt Lid.,
B. Deepika BSar 104 S 20 - 21 Jun 2013
R. Madhumitha : :
K. J. Sarunjith Janak Positioning and
Training on ATK GPS = 17-18 Jul 2013
nd Surveying System




A.Muruganandam

Oracle india

S Sathishi . Oracle 12C launch Ltd, Chennai 2 Aug 2013
5. Aajakumari
K. 0. Badarses
G. Gejo Anna
G. Mary Divya Suganya, | Training on Fobotic Total Station | * m‘“']m”“i"ﬁ"'e_m““" A0
R. Muruganandam and Handheld GNSS ATK GPS. iy S, =i
B. Deepika
R Madhumitha
K. J. Sarunjith
5. Rajakumari
K_O.Badarees
G Gejo Anna
G. Mary Divyva Suganya ) Intergraph Geospatial
R Muriganandam Training on Erdas Appola Server Lid. Hyderabad 12-13 Aug 213
B. Deepika
A. Madhumitha
K_ J. Sarunjith
Debasis Tudu Training in Ecosystem modelling ICMAM 19 - 23 Aug 2013
Administrative siaff
college of India (ASCH)
Margi Purchit ) & sponsored by
Manik Mahapatra ga"“"gl : ZF'““-'E'“"E- o *“:'g’ated Saciety of Integrated | 02 - 08 Sep 2013
Priva Rajiv : g Coastal Management
{SICOM), MoEF,
Mew Delhi
G. Mary Divya Suganya : College of Fisheries,
B. Decpika Refresher course on ICZM Minilon 28 - 31 Oct 2013
_ X ) LICOR, Indian
Dipnarayan Ganguly Eddy Covariance training i 4 .
; > Institulz of Science 20 -22 Nov 2013
Kakolee Bane at IS¢ Bangalore
oo - (1iSc), Bangalore
Mational Academy of
Agricuftural Research
F Naren : Management
Priya Rajeev Dekies Analysis Lsing GRS And Tamil Nadu ZS0Nov 209
\eterinary and Animal
Sciences University
E‘H Ahhl i o SCUBA - Open Water Temple Adventures 04 - OB Dec 2013
=] Diving, PADI certification Pondicherry

A. Sankar
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-

Name Training Organized by
Debasis Tudu
U & i [E)CUEA - Dpenl; Waterm Tenwle:ﬂvenﬂms 23-26 Jan 2014
G. Hariharan iving, PADI certifical Podicherry
Training on Coniract MSME — Development -
K.G_Ananda Kumar Labour Regulation Act Inatitut 28 Jul 2013
K.G. Ananda Kumar Trainingon TDS & Princeton Academy, 9E Oct 2013
Alok Ranjan Samal Remuneration Planning Chennai
Training on Right to Information Integrated Training .
K.G. Ananda Kumar Act & Gitizen C & Policy Res I 16-18 Jan 2014
y Training on World Bank Mafional Institute of o
Ajok Feanian Seral Procurement Procedure Financial Management byt
28-June-2014 il
Alok Ranjan Samatl Training on Tax Requlation NIIT imperia & KPMG | Oct 2014 (twice:
a week)
2 T Mational Academy
K.G. Ananda Kumar ITEERMG Ol ERCpRTY of Human Resource | 11-14 June 2014
Rules & Procedures
Development

(b) Workshop/Seminars/Meetings (ouiside NCSCM)

Workshop / seminars /

mestng

A. Ramesh

ARamachandran

Ramachandra

P. Krishnan

Workshop-cum-Training
Program on Integrated
Cpastal Zone Management
Planning and Shoreline:
Management of Odisha

Resource
Person

SPMU, Cdisha

26 Apr 2013




Workshop / seminars /

Mame meeting Organized by Dale
Fesource
F:Ramesh - n
B Krishnan
R. Sridhar
K.R. Abhilash
C.H.Sreergj
\. Sachithanandam
gi i FE:]‘; Presenier | )as UNESCO,
maur; Earth Observatory of
T. Mageswarn IGCP 588 conference ShpoiC somang. || =08
Mari Technological May, 2013
R Sankar i University, Singapore
b and NCSCM
Purvaja
Ramachandran
B. Nagarajan
5. Rajakumari X
V. Deepak Samuel Kk
Gurmeet Singh
Kakolee Banerfes
A Paneer Selvam
= Resource
i3 H Person
Karnataka Veterinary,
Purvaa = Animal & Fisheries
Ramachandran ?;;mim' : FﬂShDﬂlm on Spiences University ggl_ﬂm R
Ramachandra Partici and College of
Bhaita L Fisheries and NCSCM
B Krishnan
Kakolee Banerjes
= Lecture on "Spatial Mapping = College of Fisheries,
Fuleopia of Coastal Resources” Faricpanm Mangalore A My 7013
Indo-German Biodiversity
Frogramme on Conservation 05 - 06 Jun
P Krishnan and Sustainable Management Presenter | GIZ and MoEF 2013
of Existing and Poleniial Coastal
and Marine Protected Areas
= " " Workshop on weafam . _
Bhatta measures for marine fisher Participant Public Affairs Centre, 17 Jun 3013
s P folk in Tamil Nadu-Design fish MARC, ANSA
Lodi ‘and Implementation issues
V. Deepak Samiel | International Workshop on Participant Gujarat Ecology if{;;a
Marai Purohit Mangrove Conservation PAM | commission
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Workshop / seminars /
meeding Organized by Cate
A. Bamesh
i s Hesource
Ramachandran - . Parern
St Guarat Ecoogeal
Ajay Kumar Ray 3 Commission (GEC), 02 -03 Sep
ATl Card for Marine Mational
A.5. Rabin Marine National Park, | 2043
. Park and Sanctuary (MNPs),
S.¥ogeshwari . Jamnagar - Gujarat
Debasis Tudd Guif of Kachchh, Gujarat
Um:manan Fiahizypand
Kakolee Banearjee
V.P. Sathiva Bama
A. Ramesh
Purvaja =
R anean Smmwurks?mpmﬁ_ Sl ool
5 Framework for Cumulative . £ E-8
Ajay Kumar Ray = Resource | Commission (GEC),
z Emvironmental Impact ; September
A.5. Robin Person GEER Foundation
S Yogeshwri Assessment for the Gulf of Gandhiriagar 2013
Tebiadin Tk Kachchh, Gandhinagar, Gujarat
U.Saravanan
Y- Deupek Samne) || Faelcbenon i ilage :fimm 26 September
S Yogeshwari feedback workshop: Wellfish Pariicipant :
v Ratee Project. A s Morthumbria 23
ALt i and NGSCM
GIZ Consuitative Workshop on 05- 08 Sep
F Krishnan Conservation and Management | Parficipant | GIZ, New Delhi 5043
of existing and potential MPAs
Andhra Pradesh
) Mational Seminar on *“CRZ e State Remote
T. Mageshwaran Mapping 1 SR C o Parficipant Sansi Aplication 08 Oct 2013
Centre ([APSRAC)
g e Resource
e Refrashe Parson
P Krishnan il College of Fisheries, | 28~ 29
Integrated Coastal Zone
G Mary Divya Management (ICZM) Mangalore Oct 23
Suganya Parficipant
B. Despika
Dept. of Biotechnology,
invitad Talk —Candidate ifmm
V. Deepak Samuel | species for Marine and pemn’ 'E&““"’“’E Fm'”mmc'“r:ﬁnm 13 Nov 2013
st L fishes in collaboration
with MSME
- ; I Seventh E.nenmal {}GME-EEI'I}E Rosouree Tezpur University, 05 — 08
Bhatta of The Indian Society for n Assam Dee 2013
Ecological Economics '




Workshop / seminars /

Mame meeting Organized by Dale
International Conference
ghﬁmm:ma “Small-Scale Fisheries panctist | CESS; TBT!and 1y Do 515
B LS Governance: Development " | ISAM, Hyderabad
: for Welibeing Sustainability™
Training Programme on
{ 5 specias conservation plan Resource. | The Wildlife Warden, i
Y. i fhes of Dugong & Sea turtle: Person Ramanathapuram e lec 20t
‘conservation programime
e Workshon an Resource | Zoological Survey 05 Jar
P. Krishnan Iniegraied Coastal Zone < of India, Digha. -
Management (ICZM) I 24
Chair Queen Mary's college, | 23 .Jan
MeElei Sanol | B LRI SO Person | ZSI SRCand MBAC | 2014
education and research”
Consultation en Development | Central island
P Krishnan of Augmented PFZ : Iem"nm Agricultural Research :;1 423 i
Advisaries for |slands Instifute, Port Blair
Mational Conference
‘on Advances in marine :
P Krishnan biosciences and technology F' ok “nm &1”5”;"“5‘“’“ 14 Mar 2014
— Current status, prospects
‘and challenges”
Institute for Ocean
P Krishnan :?mmm Dqu e Aesource | Management (IOM), 31 Mar-12
z P 55_3 1 Person Anna University Apr 2014
at NCSCM
International consuliative
o 5 workshop titled Across Hesource cEL 09 -10 May
4 8 s landscapes: Conserving coasial | Person g LA 25 2014

and marine biodiversity”
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201 and 2014
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Swaney, OLP, Hong, B., Paneer Selvam, A., Howarth, R.W., Ramesh, R. and Purvaja Ramachandran
{2014) Net Anthropogenic Nitrogen Inputs and Mitrogen Fluxes from Indian Watersheds: A
Preliminary Assessment: Journal of Marine Systems (Under Review).

Viswanatha, B.5., Bhaita, B. and Shankar, K.M. (2014). An Economic Assessment of Fish and Prawn
Health Management in Andhra Pradesh. Agricultural Economics Research Review Vol. 27 (1):
83-90.

von Glasow, B., Jickells, T., Baklanov, A., Gregory R., Carmichael, Church, T., Gallardo, L., Hughes, C.,
Kanakidou, M., Liss, P, Mee, L, Raine, R., Purvaja, R, Ramesh, B., Sundseth, K., Tsunogai, U.,
Uematsu and M., Zhu, T. (2012) Megacities and large urban agglomerations in the Coastal Zone:
Interactions between atmosphere; land and marine ecosystems. AMBIO Volume 42, Issue 1, pp
13-28.




Papers in Seminars / Symposia / Conference

Bhatta, R., Priva, R. (2013). Research report on Social Well Being and Marine Conservation Trade-coffs
- Insights from the Guif of Mannar Biosphere Reserve India in the international conference on
“Small-Scale Fsheries Governance: Development for Wellbeing and Sustainability? Centre for
Economic and Social Studies (CESS), Hyderabad, 10-13 December 2013.

Karthiga D., Kakolee, B., Sathiyabama V. P, Mary Divya S., Purvaja, R., and Ramesh R. .(2013). A
Msathodology to Develop a Report Card to Assess the Ecosystem Health Status: A Case Study of
Chilika Lagoon, Cdisha. In: Programme & Abstracts — The fourth IGCP 588. Preparing for coastal
change. Chennai, India. 24-28 May 2013.

Krishnan, P, Anand, A., Grinson-George, Gautham-Bharathi, M.P, Kaliyamoorthy, M. and Dam Roy,
5., (2013). Sea Surface Height (55H)-based Potential FHishing Zones: An approach for round-the-
year dissemination of advisories in Andaman. In: Programme & Absiracts — The fourth IGCP 588.
Preparing for coastal change. Chennal, India. 24-28 May 2013.

Krishnan, P, Grnnson-George, Vikas, M., Tius-immanue!, Goutham-Bharathi, M.P, Anand, A., Vinod
Kumar, K. and Senthil-Kumar, 5. (2013). Tropical storm off Myanmar coast swesps reals in Ritchie's
Archipelago, Andaman. In: Programme & Abstracts — The fourth |GCP 588. Preparing for coastal
change. Chennai, India. 24-28 May 2013.

Mageswaran, T., Arumugam, T., Ham Mohan, V. (2013). Tsunami vulnerability database to Chennal coast
using Mumerical modeling and GIS (Poster presented at the workshop on “The Fourth IGCP 588.
Preparing for coastal change” held at Chennai on 24-28 May 2013.

Priva. R.. Hajakumari, 5., Bhaita, H., (2013). An Assessment Of Accessibility And Gowvernance Of
Coastal Space By The Traditional Fishers, Seventh Biennial Corderence of The Indian Society for
Ecological Ecenomics (INSEE), Tezpur University, Assam.

Ram Mohan, V., Adhira R.S., Sri Ganesh, Chendamil Selvan, T., Kankara R.5., Mageswaran, T. (2013).
Vulnerability assessment of the southeast coast of India to Sea level nise. (Poster presented at
the workshop on “The Fourth 1GCF 588. Preparing for coasial change” held at Chennai on 24-28
May 2013.

Robin, R.5., Abhilash, K.R., Ganguly, D., Palra, 5., Subramanian, B.R. (2013) Intergrated approach for
assessment of ecosystem health of a tropical brackish water lagoon: Chilika, India. In: Programme
& Abstracts — The fourth IGCP 588. Preparing for coastal change. Chennai, India. 24-28 May
2013

Sachithanandam, V., Mahapatra, M., Mageswaran, T., Sridhar, H., Ramesh, R. (2013). Integrated
Coastal Zone Management on Indian Islands; Strategy and Approaches. (Poster presented at the
workshop on “The Fourth IGCP 588. Preparing for coastal change™ held at Chennai on 24-28 May
2013

Sreeraj, C. H.. Raghunathan, C. (2013). Issues In assessing the impact of marine biodiversity on
the catastrophic events: case study on opisthobranchs in Andaman and Nicobar Istands. In:
Programme & Abstracts — The fourth |GCP 588. Preparing for coastal change. Chennai, India.
24-28 May 2013.

Sreeraj, C.H., Deepak Samuel, V., Sankar, R., Abhilash, K.R., Knshnan, P (2014). Two new regional
distributional records of sea slugs (Opisthobranchia, Gasiropoda) from Palk Bay, Tamilnadu. In:
Bock of Abstracts — Zoology for future Teaching and Hesearch, Queen Marys College, Chennal,
India. 23-24 January 2014.
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Books

Raghunathan, C., Raghuraman, R., Sreeraj C.R., Yogesh Kumar, J.5., Mondal, T., Venkataraman, K.
(2014). Pictorial Guide to Protected Marne Animals of India. 1-214. {Published by the Director,
Zool. Surv. India, Kolkata)

Rajan, PT., Sreergj, CH. (2013) Ornamental fishes of Andaman and Nicobar Islands. ENVIS Centre,
Zoological Survey of India, 48 pp.

Venkataraman, K., Raghunathan, C., Raghuraman, R.., Svaperuman, C., Sreeraj, C.H., Immanuel, T.,
Yogesh Kumar, J.5. (2013). Scleractinia of Andaman and Micobar Islands. Zoological Survey of
India, Kolkata. 304 pp.

Chapters in Books

Ahana Lakshmi, Purvaja, R. and Ramesh, R. 2014. Hecovering from the 2004 Indian Ocean Tsunami:
Lessons for Climate Change Responsein B.C. Glavovic, G.P. Smith (Eds.), Adapting to
Climate Change, Environmental Hazards, DOl 10.1 007/978-84-017 -8631-7_12, © Springer
Science+Business Media Dordrecht 2014

Ramesh, R., Ahana Lakshmi. Annie George and H. Purvaja. 2014. Climate Change and the Coast:
Building Resilient Communities Case Study: India. Chapter 7 in 'Climate Change and the Coastal
Zone, edited by B. Glavovic, R. Kay, P M. Kelly and A. Travers: Spon Press/Taylor & Francis (in
press).

Krishnan, P, Grinson-George, Titus-immanuel, Bitopan-Malakar and Anand, A. 2013, Studies on the
recovery of bleached corals in Andaman: Fishes as Indicators of Reel Health. In: K. Venkataraman
et al. (eds.), Ecology and conservation of tropical marine faunal communities, Springer-Verlag
Berlin Heidelberg. DOI: 10.1007/978-3-642-38200-025.

Raghunathan, C., Sreeraj, C.H., Raghuraman, R., Venkataraman, K. (2013). Coral Resf Ecosystem of
Andaman and Micobar Islands: a Hot Spot for Indian Marnine Biodiversity. In: Coastal Ecosystems
of India - Special Publication. K. Kathiresan and 5. Ajmal Khan (Eds.), ENVIS Fublication Series,
1. 168 pp. ENVIS, CAS in Marine Biology, Faculty of Marine Sciences, Annamalail University. pp&7-
4.

Rajan, P T. and Sresraj, C.H. (2M3) Fish fauna of Andaman and Nicobar lslands: A review. In:
Venkataraman, K.; Raghunathan, C.; Sivaperuman, C. (Eds.)Ecology and conservation of Tropical
marine communities, 481 pp. Springer, pp231-244.

Sreeraj, C.H., C. Sivaperuman and C. Raghunathan. (2013) Species diversity and abundance of
opisthobranch molluscs (Gastropoda: Opisthobranchia) in the coral reef enwironments of
Andaman and Nicobar Islands, India. In: Venkataraman, K.; Raghunathan, C.; Sivaperuman, C.
{Eds.) Ecology and conservation of Tropical marine communities, 481 pp. Springer, pp81-106.

Policy Brief

H. Hamesh, A. Lakshmi, H. Purvaja. 5.0. Costanzo, H_H. Kelsey, J. Hawkay, A. Datta and W.C. Dennison
(2014). Eutrophication and Ocean Acidification — A Policy Brief. A joint publication of GPNM,
NCSCM and IAN/JUMCES
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Research Coordination Office (RCO)

Members:

1. Dr. Bamachandra Bhaita Program Coordinator
Scientist G & Division Chair - ISE Division

2. Dr. Purvaja Ramachandran Research Coordinator
Scientist G & Division Chair - 15E Division

3. Dr.D. Asir Hamesh Scientist (ic) for Consortium Research
Scientist E, NCSCM

4. Dr. P. Krishnan Scientist (i/c) for In-house Research
Scientisi E, NCSCM

5. Dr. B. Sridhar Member Secrefary
Scieniist E, NCSCM
Programme Advisory Commitiee

1. Dr.M.Baba Chairman
Former Director, CESS, Trivandram

2. Dr.B.R. Subramanian Member
Former Director, ICMAM PD, Chennal

3. Dr. D. Chandramohan Member
Former Deputy Director, NIO, Goa

Concept Appraisal Committee (CAC)

Purpose: To appraise the concept and design of the consultant for the NCSCM building, facilities and laboratories

1. Prof. Hanee Vedamuthu Chairperson

Dean, School of Architecture and Planning
Anna University, Chennai

2. Prof. A.R. Santhakumar Member

Structural Enginesr
Former Emeritus Professor, [IT Chennal

3. Prof. Suresh Kuppusamy Member

Former Dean, School of Architecture and Planning
Anna University, Chennai




Technical Specification Evaluation Committee (TSEC)
Purpose: To evaluate the technical specifications of various equipments procured by NCSCM.

Members:

1. Dr. B. R. Subramanian Chairman
Formmer Advisor, MoES

2. Dr. Purvaja Ramachandran Member
Scientist G, NGSCM

3. Maj. Gen. Dr. B. Nagarajan Member

Former Additional Surveyor General,
Survey of India

4. Dr.5.Srinivasalu Member

Professar, Institute for Ocean Management
Anra University, Chennai

5. Dr. R. Murugesan Member
Scientific Officer, SAIE IIT Madras

6. Dr. K. Shivkumar Member

Head, MPG Group
Atomic Minerals Division, Hyderabad

7. Dr. V. Kannan Member
Former Head, Environmental Survey Laboratory
BARC, Kalpakkam, Tamil Madu

8. Dr. V. Ravichandran Member

Professor and Head, Department of Nucfear Physics
University of Madras, Chennai

9. Dr.V. Banga Rao Member
Scientist — E, ICMAM Project Directorale

Ministry of Earth Sciences, Chennal
10.Dr. Thamban Meloth Member

Scientist-E & Program Director, Cryospheric Science Division
Mational Centre for Antarctic and Ocean Research, Ministry of Earth Sciences, Goa

i1. Dr. P Chandramochan Member
Managing Director
INDOMER Hydraulics Chennai

12.0r. D. Chandramohan Member
Former Deputy Director

National Institute of Oceanography, Goa

13.Dr. Rebin R.5 Member Secretary
Scientist C, NCSCM
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Committee to review Consortiurn Research Proposa|s

Purpose: To coordinate with Consoriium Fesearch Instiutes and o review and recommend suitable course of
action on the pmoposals submitted by consortium institutions.

Members:

1. Dr. D. Chandramohan Chairman
Senior Scientific Consuftant, NCSCM

2. Dr.B. R. Subramanian Member
Senior Scientific Consuftant, NCSCM

3. Dr.V Kannan Member
Scientifiic Consultant, NCSCM

4. Dr. Purvaja Ramachandran Member
Scientist G & Division Chair, NCSCM

5. Dr. Ramachandra Bhatta Member
Scientist G & Division Chair, NCSCEM

6. Dr. P. Krishnan Member Secratary
Scientisi E, NCSCM

Research Publications Review Committee
Purpose: To review the research pubfications made from NCSCW befare being published/presenied.

Members:

1. Dr. D. Chandramohan Chairman
Senior Scientific Consuftant, NCSCM

2. Dr. B.R. Subramanian Member
Senior Scientific Consuftant, NCSCM

3. Dr. Bamachandra Bhatta Member Secrefary
Scientist G- & Division Chair, NCSCM

Technical Review Committee on Mineral Mapping of Indian Coasts

1. Dr. PS. Parihar, Chairman

Director, Atomic Minerals Directorate for
Exploration and Research, Hyderabad

2. Dr. A Senthil Vel Member
Additional Project Director, SICOM




3. Mr. Maran Member
DCirector (Marine Wing), GSI

4. Dr. T.N. Prakash Expert Member
Scientist F, NCESS, Thiruvananthapuram

5. Mr. M. Dharmaraj Member
Senlor Scientific Consuftant, NCSCM

6. Dr. P. Krishnan Member Secratary
CMR Division, NCSCM

Technical Review Committee for Sediment Cel Mapping

1. Dr. M. Baba Chairman
Former Director, CESS, Trivandrum

2. Dr. A. Senthil Viel Member
Additional Project Director, SICOM

3. Dr. Purvaja Ramachandran Member
Scientist G & Division Chalr, NGSCM

4. 5h. M. Dharmaraj Member Secretary
Senior Scientific Consultant, NCSCM

Technical Review Committee for Mapping of ESAs

1. Dr. R. Ramesh Chairman
Director. NCSCM
2. Dr. Purvaja Ramachandran Member

Scientist G & Division Chair NCSCM

3. Dr. Ramachandra Bhatta Member
Scientist G & Division Chair, NCSCM

4. Dr. B. B. Subramanian Member
Senior Scientific Consuftant. NCSCM

5. Dr. D. Chandramochan Member
Senior Scientific Consultant, NCSCM

6. Sh. M. Dharmaraj Member
Senior Scientific Consultant, NCSCM

7 Dr. P. Krishnan Member Secretary
CMRA Division, NGSCM
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NCSCM Team

Scientists

1 Dr Ramesh R
irector

i Dr. Purvaja Ramachandran
Scientist G & Division Chair

Q Dr. Ramachandra Bhatta
Scientist G & Division Chair
l DrRajakurnan S
Scientist E
Dr Krishnan Pandian
Scientist E

l Dr. Ajay Kumar Ray
Scientist E

Dr Asir Ramesh D

Scientist E

Dr Sridhar R

Scientist E

Dr Gej’g Ama G

Scientist D

Dr Deepjk Samuel V

Scientist D

“' Dr Badarees K O
& scentisiD

| Dr Gurmest -Singh
Scientist C

Dr Robin RS

Scientist C

Dr. Dipnarayan GangLﬂy

Scientist

Mr. Abhilash KR

Scientist C

Mr. Mu‘ugarandam R
Scientist ©

Dr Debasis Tudu
Scientist G

Ms ‘r’ogeshwari S
Scientist ©

Dr: Sachithanandam \V
Scientist C

Mr. Sreergf C R

Scientist C

D W D O D W WD W

Ms Mary Diviya Suganya G

] Scientist C
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Mr Saravanan UI"ﬂﬂPﬁ’[h:ﬁ
Scientist B

DX Samnjith K.J

Scientisi B

Dr Paneer Selvam A
Scientist B

Ms. Madhurmitha R
Sclentist B

Dr. Kakolee Barerjee

Scientist B

Dr Shesdev Pairo

Scientist B

Dr Sankar R

Scientist B

Mr. Mageswaran i
Scientist B

Ms. Priya P
Scientist B

Ms. Margi Purohit
Scientist B

Ms. Deepii(a B

Scientisi B

Nr. Manik Mahapatra
Scientist B

Administration Staff

M Ananda Kumar KG
ManagerAdmin/HR)

Mr Alok Ranjan Samal
Manager{Finance/Accounts)

Ms Nithya S
System Adminisirator

s Mary Frermila L
Stenographear

M Rajesh U
Office Assistant cum Driver

,
(-}
°]
) |

Technical Staff

M Satheshkurnar S

Applications Engineer

Mes Ramya Sivagnanam

Junicr Application Engineer

ir Madhava Rao Chermupati
.

Junior Software Engineer

Ms hosy Siit Als

Data Entry Operator [

1 1 I j
Ms Jsvasn Priva M

[ata Entry Opearator [D]

Bl lesmes Hag=a |
i 5500 NOjar

Fleld Assistant
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Dffice :044-2621 5936
K. RAMANAN, EC.A., Offcs 0442621 5938
Chartered Accountant :

Mobile : 98401 49291
AH - 48, Shanthi Colony
Anna Nagar, Chennai - 600 040,
E-mail : krishnamurthy_ramanan@yaheoo.com

Ta Dt: 28.03.2017
The Director

Mational Centre for Sustainable Coastal Management

Anna University Campus

Guindy

Chennai-600025

Dear Sir,
Sub: Statutory Audit for FY:2014-15- Management Letter
In connection with our audit of the financial statements of the NCSCM Project for the Year ended 31* March
2015, we have familiarized ourselves with Project documents, the internal guidelines & circulars applicable
during the period under audit. We also reviewed the business of the Project and evaluated the accounting
systems and related internal controls of the Project in order to plan and perform our audit,
This letter to Project Management includes observations noted during the course of our audit examination in
the following areas:
s Opportunities for strengthening financlal management records, systems and controls, together with
recommendations for Improvement :-
i) Advance to Staff:
Detailed reconciliation needs to be done to show staff wise TA advances & others. Credit balance in staff
a/c should be nullified in books by transferring to appropriate debit balances. The mansgement has to
complete this before next audit.
il Advan KT University:
The management has promized to finalize the reports sent by KIT after scrutinizing the expensea
staternent sent by them. This advance is to be sguared off as early as possible since it is overdue as on
date.
iii} Staff Advance [Contingency):
Certain staff accounts (3 in number) are to be reconciled and taken Into account before 31.03.2017.
Fixed Assets Register:
Events after the Balance Sheet date: We understand that one of the asset Wave Rider Buoy costing
around Rs.53.46 lakhs was lost during field research in the FY:2016-17. A FIR with police has been filed
and an Insurance claim has been lodged.
Fixed Asset Register I3 being maintained properly and entries are upto date. However we suggest
maintaining an Asset movement Register since certain equipments are taken for field wvisits. Asset
identification marks/numbers are not recorded in certain cases. Location of the asset should be written
I Fixed Asset Register.,
Status of maintenance of Project books and records : Maintained upto date.
Accuracy of Project financial statements : Satisfactory
Compliance with prescribed procurement procedures : Satisfactory
Status of prior audit recommendations : Mo recommendation made.
The matters contained in this Management Letter are intended solely for the information of The Project
Management, for such timely consideration and action as Project Management may deem appropriate, Thay
have all been considerad by us in formulating the audit opinion expressed on the project financial statements
in our audit report dated 28.03.2017 and they do not alter the opinion expressed in that audit report.
We wish to take this opportunity to thank Project Management for the courtesies and cooperation exlended
to our auditors

i

5 & 8 ®

Yours Faithfully

L. ' '\LMW’;’;_
) CAK.RAMAMNAN .
. || M.Na. 019177
| For K.Ramanan & Co
Chartered
Accountants
FRM Mo, 029265



F RAMANAN, F.CA., Office : 044-2621 5936

Chartered Accountant hﬂﬂiil . g;:;:isi; 33;'54
AH - 48, Shanthi Colony, : :
Anna Nagar, Chennai - 600 040. kramanan1849@gmail.com

E-mall : krskrmmurthy ramansn@yahos.com

INDEPENDENT AUDITOR'S REPORT

To
The Proeject Director,
National Centre for Sustainable Coastal Management

Chennai

Report on the Financial Statements
We have audited the financial statements of National Centre for Sustainable Coastal

Management(NCSCM), which comprise the Balance Sheet as at 31 March 2015, the Income &
Expenditure Accounts and Receipts & Payments Accounts for the year then ended. and a
summary of significant accounting policies, notes to accounts and other explanatory information.

Management’s Responsibility for the Financial Statements
Management is responsible for the preparation of these financial statements that give a lrue
nd fair view of the financial position, financial performance and cash flows of the Society in
accordance with the Accounting Standards applicable and issued by the Institute of
Chartered Accountants of India. The Society has prepared and maintained accounts in
accordance with the Financial Manual adopted by the society, This responsibility includes the
design, implementation and maintenance of internal financial control relevant to the preparation
and presentation of the financial statements that give a true and fair view and are free from
material misstatement, whether due to fraud or error.

Auditor’s Responsibility

Our responsibility is to express an opinion on these financial statements based on our audit. We
conducted our audit in accordance with the Standards on Auditing issued by the Institute of
Chartered Accountants. Those Standards require that we comply with ethical requirements and
plan and perform the audit to obtain reasonable assurance about whether the financial
statements are free from material mis-statement.

An audit involves performing procedures to obtain audit evidence about the amounts and
disclosures in the financial statements. The procedures selected depend on the auditor’s
judgment, including the assessment of the risks of material misstatement of the financial
statements, whether due to fraud or error, In making those risk assessments, the auditor considers
internal control relevant to the Society’s preparation and fair presentation of the financial

-
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statements in order to design audit procedures that are appropriate in the circumstances, An
audit also includes evaluating the appropriateness of accounting policies used and the
reasonableness of the accounting estimates made by management, as well as evaluating the
overal| presentation of the financial statements.

We believe that the audit evidence we have obtained is sufficient and appropriate to
provide a basis for our audit opinion.

Opinion

In our opinion and to the best of our information and according to the explanations given to

us. the financial statements read along with the Notes to accounts give the information

required by the Act in the manner so required and give a true and fair view in conformity with

the accounting principles generally accepted in India:

a) in the case of the Balance Sheet, of the state of affairs of the Company as at March 31, 2015;

b) in the case of the Income & Expenditure Account the excess of income over expenditure and
in the case of Receipts & Payments Account, of the cash flows for the year ended on that
date.

For K.Ramanan & Co.
Chartered Accountants
[FRN: D2926N)

W N oumansr

(CA.K.RAMANAN)
Place: Chennai _ PROPRIETOR
Date : 28/03/2017 M.NO. 018177



NATIONAL CENTRE FOR SUSTAINABLE COASTAL MANAGEMENT
Annexure to the Balance Sheet as on March 31*,2015

ACCOUNTING POLICIES & NOTES TO ACCOUNTS
A Significant Accounting Palicies :

1. Basis of Accounting :
a) The Society follows the cash basis system of accounting in the preparation of accounts.
b) The accounts are prepared under the historical cost convention and on the basis of going
CONcern concept,
2. Fixed Assets & Depreciation :
a) Fixed assets are stated at their original cost of acquisition inclusive of inward freight, duties
& expenditure incurred in the acquisition, construction/installation including part of salaries
and wages paid to own staff,
b} The assets transferred as grant in aid are written off as revenue expenses.
c) The depreciation is not charged on the fixed assets by the society.
3. Current Assets And Loans & Advances:
In the opinion of the management, current assets, loans and advances as shown in the
Balance Sheet have a value of realization in the ordinary course of business at least equal to
the amount at which they are stated.

B MNotes to Accounts :

1. Events after the date of Balance Sheet:-

We understand that ane of the asset Wave Rider Buoy costing around Rs.53.46 lakhs was lost
during field research in the FY: 2016-17. A FIR with police has been filed and an insurance claim
has been lodged.

2. Fixed Asset register is being maintained properly and entries are upto date. However we suggest
maintaining an Asset movement Register since certain equipments are taken for field visits. Asset
identification marks/numbers are not recorded in certain cases. Location of the asset should be
written in Fixed Asset Register.

3. Being a Society it is not mandatory to give previous year's figures in the Balance Sheet.

For National Centre for Sustainable Coastal Management

‘.
e T

Director o * D.et.tu. .
Mationz| Centre for Suslainable Coaslal Management
SR ST
For K.Ramar@nr&iGa00 025, India

Chartered Accountants

L - N oo

(CA.K.Ramanan)
Proprietor

Place: Chennai
Date : 28.02.2017



NATIONAL CENTER FOR SUSTAINABLE COSATAL MANAGEMENT

r HATIONAL CENTER FOR SUSTAINABLE COASTAL MANAGEMENT
ANMNA UNIVERSITY CARMPLUS
GLNDY, GHENNALGOODES.
Consoli ipts and Paymants A nded on Mar i
{in Rs.)
RECEIPTS AMOUNT PAYMENTS AMOUNT
Opaning Balance Current Liabilities
Bank Astounts #0408 555,96 Oid Securiy 20,473, 000.00
Car Advence 18, 20200
Current Liabilitios GiC 1,805100
Bid Becurily T 11,000.00 GFEF B, 0020
Car hdvance 16,600,00 | GFF Aavanca 146,200 90
GIC 144000 | SEU 1,580,00
EPF 5,000,000 MNPS TE,530.00
GFF Advance 10880000 | PF 30497300
5L 144000 | Professonal Tax 2157000
NPMLU - Fund Rectived 32,50,00,000.00 Relentan Manay-Renaatvs 1,70,850.00
WPMU - Inferast on FD 40,88, 048,00 | TDS Payable - Olhers 39,34 250,00
NPMU-Z8 Intarast 38,858.00 TOS PAYABLE - BTAFF A7 ,93.800,00
NP 703800 WATTDS 100040, 00
PF 3,60,075.00 Provisions B2 74,327 00
Profsssional Tax 1,51 20300 | NCRRECOVERIES 1.56,276-00
Retenton Manay-Ronsatus S1,E232600 | Pedformance Susrantas 103,464 0
TOS Payatia - Othors a7, 74174 89 Paid to MCECM by ESA 382.00
TDE FAYABLE - STAFF 46,65.405.00 | DELTAS - TDS others 255,00
VAT TDS 22295500 | TRUC - TOS olhers 255.00
Provimions BE B2 32900
NCR RECOVERIES 17.85,023,00 |Fixed Asgets
Pedormance Suaranise 8,87 519.00 INVESTMENT COSET 1,78,08.038,00
Racaived from NCECRE by ESA 1.70,358.00 Physical 23,97 E4 7TE BE
NP 352,17 824,00 Projec] Managamant T7.17.805.00
DELTA « TDE olbars 236,00 | Facliies & Equigmeris - DELTA 1.39,578.00
TRUC - TOS alhers E56.00 |  Faclilies & Equipments - TRUD 137,558 00
DELTA- inlarest on Granis in Akl 40, 204 03
MOES - OELTA T, 50,000.00 (investments
MOES - TRUC 16,80,000:00 FIXED DEPCSEIT - UBI SHORT TERM 3,60,475.00
Fixed Agsels Current Sssais
Prysical 20,47 500,00 |  Deposils (Asset) 34,26,56,006.00
Bundry Dattors 10,000,00
Inwestmeants Advarcas 632,63 816,00
FHRED CEFQEIT - UB! SHORT TERM 1.5000,00000 | Conlirgency Advanca 303.200.00
TA Advance 7,57 95000
Current Assets PR Travel X5 Pl Lid, 1,06, 708.00
Deposils [Asset) 29 T3 03,07 00
Aevares 5,04, 64,338 0 [indirect Expentes
Coalingarcy Advance 1EOIER00 | Capacity Buldng & Frojects 43 BD.009 47
Té Advance E20.211.05 | CommunizaBan 2418 511,00
Cpermtional Cosl 8,10.61. Bd 58
Indireq: Incomes Sadimenlal Coll Project 42 58 08T DB
Mison|laneows Income 1292200 | Lnilisstion of Fund: DELTA 07,12 00
Liilisatian of Fund: TRUGC 548, 756:00
Indiroct Expenses
Capacsty Buiiding & Projects 1,200.00 |Closing Balance
Dparational Cost 2,70,894.00 |  Sank Ascounis 0,05,315.00
Closing Balance
Bank Accounls 33,20, 33088
Total 78,5%,27,057 .68 Total 79,69,27 057 .63

For National Centre for Sustainabie Coastal Managament
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}1,‘_ | v P___ﬂ s

As perthe Audit Report of even date attached

For ¥.Ramanan & Co
Chartered Accountants

> Diredtor —
M.?li'gm pitre fer Sustainable Coastal Management
Ministry of Environman, Forest and Cligate Changa - ‘
Gagaiseennal India, Anna Universit
Date : 28/08 A5l - 800 025, Indi

L. \oumansz.

[CA. K.Ramanan)
.M. 019177)
. b FRIN: 029265




NATIONAL CENTRE FOR SUSTAINABLE COASTAL MANAGEMENT
MINISTRY OF ENVIRONMENT, FOREST & CLIMATE CHANGE

Consolidated Income and Expenditure Account for the year ended 31" Ma reh, 2015

{in Bs.|
Particulars Amount Amount Particutars Amount Amount

Indirect Expanses indirect Incomas
1.NCECM 11, BE,68,890 33 |1 NCSCM AT AT B4,263.18

Capacily Bulding & Projects B2 70 44547 Miscellanecus Income 54,00

Commurication 21,18,511.00 Granis in Aid AT ATB4.30218

Hazard & ESA Mapping 3.06,00,081,00

Operatlonai Cost 7,668,112, ThH5.88

Sadimenial Cell Project 42 58,087.00
2 TRUC & DELTA L.TRUC & DELTA 4 68, 26300

Uliksation of Fund Delta BT, 712,00 4,89,156.00 | Grants in Ald DELTA 22729100

Uiksation of Fund Trss 1.0, 444,00 Grant in Aid TRUC 2,38.972.00
3 ESA & CVCA MAPPING 3. ESA & CVCA MAPPING

Operatonal Cost 111,22 045.50 Grants in Aid 1,88,39,658.50
Excess of income over expenditure 26,28,90,089

Tolal 39,40,70,184.68 Total 33,40,70,184.66

For Nationa! Centra for Sustainable Coastal Management

i

:L«. B G
ke Direcior. —

EFlaﬁunal Cenire for Susiainable Coaslal Manageient
I

ﬁ;lsatrrg,r of Enviconmeant, Forest =nd Chimgata Thenge
Hicgﬁimﬁml of Indiz, Anna L_-u et .c.%/)«

Bt s za.ns.m:u?he nnai - 600 G285, India

As pir thie Audit Raport of wven date attached
For K.Ramanan&Co
Chartered Accountants

W N awersZ

[CA K RAMANAN]
(M.NO 019177
Fiip: 029265



NATIONAL CENTRE FOR SUSTAINABLE COASTAL MANAGEMENT
MINISTRY OF ENVIRONMENT, FOREST & CLIMATE CHANGE

GOVERMMENT OF INDIA
ANNA UNIVERSITY CAMPUS
CHENNAI-600025
Consolidated Balance Sheet as on 31% March 2015
| In Rs.}
Liabitities 5ch. No. Amount Assets Sch. No. Amount
ca - Eixed Assets::
Corpus Fund 1 37,92, 87 406,85 Invastment Cast - 4,72.51,054.00
Physical - 32,38,61,405.85
rr I - Project Management (ESA) - 77,17 609.00
Prowvisions 2 2,88,917.00 Equipment (DELTA) - 1,38 575.00
MCR Recoverles - 9.88,762.00 Equipment (TRUC) - 1,37.528.00
Perfomance Guarantee = 8,55,645.00
Bid Security - 28,75,000.00 Investment:-
MNPMU - Fund Received 3 8.54,26,701.28 Flesi balance LIBI 1,76,03,375.00
NP5 - 1,190.00 Current a/c LB 7 18,68,976.12
Professional Tax 4 4,048.00
Betention Mongy - 58,01,573.00 Currgnt Assets:-
TDS - Payable others s 3,23.570.89 Deposits . 3,18,81,937.00
TOS - Payable staff - 2,69,751.00 Sundry Debtors & 1,06,708.00
WICT - 3,74,327.00 Advances 5,58,18,746.00
Interest on Grant{T&D) - 4839400 Th &dvances 1,05,195.05
MOES- DELTA - 25,02,705.00
MOES- TRUC . 14,41,028.00
TOTAL 49,04,89,113.02 TOTAL 49,04,89,113.02

For National Centre for Sustalnable Coastal Management

Ag per the Audit Report of even date attached

For K.Ramanan & Co

Chartered Accountants
4 i _
% | e
* Diraclyr g . L\‘ 'i'|| 0 .
Mwkeas Centre for Susiainable Coastal Mansgemeni " ==

Minisiry of Envirenmenl, Foresl and Chimpte Changa

LH af India, Anna Universsy
;iijggﬂﬁ grnal - 600 325, Inda

[CA. K.Ramanan)
(M. No. 019177}
FRN: 029265




NATIONAL CENTRE FOR SUSTAINABLE COASTAL MANAGEMENT

MINISTRY OF ENVIRONMENT, FOREST & CLIMATE CHANGE

GOVERNMENT OF INDIA
ANNA UNIVERSITY CAMPUS

CHENNAI-600025

Schedules forming part of the accounts for the Year ended 31* March, 2015

Schedule-1 : Corpus Fund

Particulars Amount
MNCSCM 37,12,92,780.85
ESA B CVCA 77,17,6058.00
TRUCK & DELTA 2,77,107.00
TOTAL 37,92,87,496.85
Schedule-2 : Provisions
Par@lars ﬁmaunt_
NCSCM 2,33,240.00
ESA & CVCA 55,677.00
TRUCK & DELTA -
- TOTAL 2,88,917.00

Schedule-3 : NPMU Fund Received

_ Particulars

Amount

NCSCM
ESA & CVCA
TRUCK & DELTA

7.80.,48.835.78
1,63,77.865.50

TOTAL

9,54,26,701.28

Schedule-4 ; Professional Tax

Particulars Amount
MCSCM 3,94E.00
ESA & CWCA B
TRUCK & DELTA 100.00
TOTAL 4,048.00
\I " 'l" . -
Birecioe

Malional Cenire for Sustainable Coastal Manansmaen

Ministry of Environment, Fasest and Clim noge
Govarnment of India, Anna Umivei ! 5
Chennal - 800 025, India o



Schedule-5 : Advances

Particulars | Advances TA Advances
NCSCM 5,60,58,887.00 -
ESA & CVCA 37.,59,859.00 71,883.05
TRUC & DELTA - 23,312.00
TOTAL 5,98,18,746.00 1,05,195.05
Schedule-6 : Debtors
Particulars Amount
TRUC & DELTA ( MPM TRAVEL XS PVT. LTD.) 1,06,708.00
TOTAL 1,06,708.00
Schedule-7 : Bank Accounts
Particulars Flexi Balance: UBI | Current A/c Advance
MNCSCIM 3,80,375.00 24.27.576.67
ESA & CVCA 1,34,10,000.00 -6,10,811.55
TRUC & DELTA 38,10,000.00 52,211.00
TOTAL 1,76,00,375.00 18,68,976.12
l‘I\.' e, T
i " Directv >
atianal Centra for Sustainable Cozelq! faramam
Ministry of Environszeni, Forent 203 e - o o

Gaveriimen! of WS, Anna Uaivarsii pus

Chenaal - 600 025, India



MATIONAL CENTER FOR SUSTAINABLE COSATAL MANAGEMENT

Receipts and Payments Account for the year ended on I'-lg[gbjj'_l.jyli

ANNA UNIVERSITY CAMPLIS

{lnRs.)
RECEIPTS AMOUNT PAYMENTS AMOUNT
Opening Baignce Current Liahilities
Bank Accounis 2690355506 | Bid Sesutly 28,43,000.00
Car Advence 18,200,008
Current Liabilities GIC 1.600.00
Bid Sscunty 18,11 000,00 GPFF 5.000.00
Car Advance 15,80:0.00 GPF Advance 1.48.200.00
GIG 1.440,00 GaL 1.580.00
GFF 5.000.00 NP5 T8,530.00
GPF Advance 1,36.800.00 FF 381,973 00
G5l 144000 |  Professlonal Tax 21517000
NPMU - Fund Received 32500000000 | Refention Money-Rensatus 1.70:850.00
WP - Interest an FO 40,98,045.00 | TDS Payable - Gihers 3931366 00
NPWU -SB Intsrest 39,966.00 | TODS PAYABLE - STAFF 47 13,905 00
HRS 7103500 | VAT TDS 1.12,841.00
PF 3,80.075.00 FProvislons 30,85, 246 00
Professional Tax 1,51,103.00 NCR Rocovaries 78827800
Retention Mongy-Fenasius §1,62,326.00 | Perforrmance Guaranioe 1.03.454 0C
TBS Payable - Sthers a7 7417483
TDS PAYABLE - STAFF 45,565,496 00 | Fixed Assats
VAT TDS 22383600 Invastment Cosd 1,79.88.0%32 00
Prowigsans 432167100 | Prysical 23,97 54,775,865
MER Recoveries 17,65,033.00
Perfarmancs Guaranlae E57,519.00 | Investmants
FIXED DEPOSIT - UBI SHORT TERM 3,60,375.00
Fixed Assets
Physical ZBAT.503.00 | Current Assets
Depasils (Assat) 22,45, 75,008.00
Investmants Sundry Dabtors 10,000.00
FIXEC DEPOSIT - UBI SHORT TERM 1,50,00,00000 | Advances 547,85 116,00

Current Assoets Indirect Expensas
Diapoaits (Aazal) 29399507100 | Capaciy Building & Projacts 42 80,00%.47
Advances 5029833800 | Communicafion 21,18,511.00
COperational Gost 7.58,24, 159,86
Indirgct Incomes Sadimantal Call Project 42, 58,087,.00
Miscellansous income 1,20,221.00
Closing Balance
Indirect Expenses Bank Accounts 51.43,106.00
Capacity Bullding & Projects 1,200.00
Operalional Cost 3 54,804 00
Closing Balance
Bank Accounis 27,15,528.533
Total 74,58,42,267.18 Total 74,98,42 267.18

For National Centre for Sustainable Cosstal Management Az per thie Audit Report of even date attachad

For K.Ramanan & Co

Chartered Accountants
Diractor k-.__ . \_ - .--ﬁ-'\-f\h"'- L‘ X ”_'.-"'"
£ IrEDLDr — [CA. K.Ramanan)
MallaceThenodbr Syslainable Taselal Man anement (M. No. 013177}
fd”l“*'t?u!!?ﬂi-ﬂ!'hen b Eoites &5 Mieate O FFRN: 029265

Sovernmenl of In“as Apn: I, iR -
Chenngi- 800 228 kndig



NATIOMAL CENTRE FOR SUSTAINABLE COASTAL MANAGEMENT

MINISTRY OF ENVIRONMENT FOREST &CLIMATE CHANGE
GOVERNMENT OF INDIA
ANNA UNIVERSITY CAMPUS
CHENNAI-600025
Income and Expenditure Statement for the year ended 31" March. 2015
(In Rs.)
Particulars Amount Amount Particulars Amount Amount

Indirect Expenses 11,98,68,880.33 | Indlrect Incomas 37.47,64,283.18

Capacity Building & Projecis 82.70.445.47 Miscellaneous Income 61.00

Commuricatson 21.16.511.00 Grant in &id A7 4764202 18

Hazard & ESA Mapping 3.06,00,081,00

Operational Cost 7.68,12,755.88

Sadimental Cell Project 42,58,097.00
Excess of income over expanditura 25488537285

Total 37,47,64,263.18 Total 37,47 .64, 263,18

Az per the Audit Report of even date attached
For Mational Centre for Sustalnable Coastal Management For K.Ramanan&Co
Chartered Accountants

ey

. \.:. T— \ LL W

PR “Dirscioy

Natlenal Cantre for Sustaing!a Cozsizl Mensgemari (AR M ANAR
BRterEhentalyirsament, Fores) and Clirara (o i (M-NO 019177)
DAt 020N 1 ia, dann Univapot &}’” FRN: 028265

Chennel « 660 025 Indig



NATIOMAL CENTRE FOR SUSTAINABLE COASTAL MANAGEMENT

WIS F ENVIRD NT, FD MATE C
RN Fl
B RSITY
E = 25
Balance Sheet as on 31" Margh, 2015
{ In Rs.)
[ Liabilitles Sch. No. Amount Assets Sch. No, Amount
ita 2- Fined Assets:-
Carpss Fund - 37,12,92,780.85 Investment Cost 3 4.72,51,054.00
Physical 4 32,28,61,405.65
Current Liahilities:
Provisions 1 2,33,240.00 rvestment-
MCR Recoveries - 9,83,762.00 Fixed Deposit - UBI - 3,30,375.00
Perfomance Guarantae Fi 8,55,645.00
Bid Security =, Z28,75,000.00 rr 2
MNPRIL = Fund Received 7,590,48,835.78 Deposits 5 3,18,81,937.00
MNPS - i,190,00 Sundry Debtors . A6,000.00
Professional Tax - 3,548.00 Advances B §,62,56,275.00
Eetention Maney - 58,01,573.00 Bank Accounts 7 24,27, 576.67
TOS - Payahble others - 4,23,570.85
TOS - Payahie st=ff = 1,69,751.00
VAT TDS 3,74,327.00
TOTAL 4E,20,58,623.52 TOTAL 46,20,68,623.52

For Mational Centre for Sustainable Coastal Management

[
WA,
!

“Direciar

-

Director
Naticnal Tanlrs

ki T e (A St
"“"Pliu':‘chmnaa- inenl, Foras:
Grnsrnps =) &l lodis fnes
Dite L 2803, 30153 e
Arennal - 530 023, Inoda

& for Susiaimable Ceastsl Marzgamen

L}

As per the Audit Report of Even date Attached

For K.Ramanan & Co
Chartered Accountants

(CA. K.Ramanan)
M. Mo, D18177]

FRMN: 029265



NATIONAL CENTER FOR SUSTAINABLE COSATAL MANAGEMENT

MINISTRY OF ENVIRONMENT, FOREST & CLIMATE CHANGE

ERNMENT OF INDIA
ANMA UNIVERSITY CAMPUS
GUINDY
CHENMNAI-600025
Schedules forming part of the aceounts for the Year ended 31* March, 2015
Schedule-1 : SIQNS
Particulars | Amount
EMPLOYEE PROVIDENT FUND 73,910.00
LABOUR CE3S -28,773.00
LIQUIDITY DAMAGES 1,88,103.00
TOTAL 2_,.33,240.{10
dule-2 : PERFORMANCE ARANTEE
Particulars Amount
ABP EMGIMERING LEAFE AREA INDEX METER 34,.250.00
AMKETTEE AMNALYTICS 09,300.00
CREATIONS 34.,557.00
ELECTRONIK LAB 10,000, 00
GLOBAL TECHNOLOGIES CHENMAI 24762500
MICRO SCIENCE 1,32,000.00
MICRO SCIENCE -DC 1,45,187.00
SHASHANTI VENTURES PVTLTD 40 BE0.00
SWAN ENVIRONMENT PVWT LTD 41,832.00
UNIVERSAL TECHNOLOGIES 38,774.00
VEDAMAYA SOFTWARE 63,550.00
TOTAL 8,55,645.00
Schedule-3 : Investment Cost
Particulars Amount
COMPUTERS & SYSTEMS 3,30.48,302.00
EQUIPMENTS & FACILITIES 33,71,405.00
CIVIL WORKS 92,78,065.00
FURMNITURE & FITTINGS 6.45,558.00
VEHICLE 8,08.706.00
TDT}!LL 4,72,51,054.00

Ministry of En 1. Forest and Clf ga
Govaernmant of India, Anna Lineorsi I§
Chennai - 600 5235, India



Schedule-4 : Physical

Particulars

Amount

CONSTRUCTION OF NEW BUILDING & FACILITIES
E00DS & EQUIPMENTS {SCIENTIFIC)

©,75,86,129.00
2145 10,752 85

OFFICEE [T EQUIPMENTS 1,17.64 524 00
TOTAL 32,38,61,405.85
Schedule-5 : Deposits

Particulars Amount
LE MARGIN 3,01,61,937.00
FLEX!I BALANCE 17,20,000.00
TOTAL 3,18,81,937.00

Schedule-g ; Advances

Particulars Amount
ADVANCE TO CONTRACTOR 71,43,589.00
ADVANCE TO OTHER INSTITUTIONS 69,29,583.00
ADVANCE TO PARTHER INSTITUTIONS 54,45,029.00
COMNTINGENCY ADVANCE 3,93,883.00
TA ADVANCE 5,13,028.00
ADVANCE FOR ESA 1,97 388.00
ADVANCE TO STAFF OTHERS -73,583.00
ADVANCE TO STAFF: TA 4,534.00
ADVANCE TO MASC, HYDERABAD 3,45,82,684.00
GAYATR| AUTD SERVICE 25,349.00
TRUC PROJECT 73,663.00
™ SUNDARAM MOTORS 17,118.00
TOTAL 5,62,56,275.00

Schedule-7 : Bank Accounts

Particulars Amount
LBI CURRENT A/C -27,15,528.33
UBI SEDIMENT CELL SAVING A/C 51,43,105.00
TOTAL 24,27,576.67

Lo R Ot

-
(#1Eg =t ol
tomat Cantra for Sustainabla Tos

ront, Forast Chglige




ESA & CVCA MAPPING
NATIONAL CENTER FOR SUSTAINABLE COASTAL MANAGEMENT

NT, FOREST LI A HAM

A L [ AMP
GUINDY
CHENNAI - 600025
Receipts and Payments Account for the year ended a ) b
{inRs.}
RECEIPTS AMOUNT PAYMENTS AMOUNT
Currant Liabilities Current Linbilitias
NCSOM 1.70.396.00 | NCSCM 302,00
Prowisione 2E0,653.00 | Provisions 2,04 861,00
KPKMLU 3824752400
Flxed Assets
Currant Assels Froject Mansgpament TT.17.508.00
Deposids 43, 70,000,040
Advance bo Instihies 1,70.000,00 |Gurrent Assuls
Contirgency Advences 1,80,185.00 [ Deposits * 7T 80,000.00
TA Advanca 6.30,211.85 | Advanca o nstiulas 94 88 800,00
Conlingency Advances 2,38,300,00
Incliract Expansos TA Advance 757 53000
Operafionsf Cost 16,000.00
Iniirect Exponsas
Closing Balanca Cperationsl Cost 5,57 70450
Bank Accolnis 6,10.811.55
Total 4,16,25,786.50 Total 4,16,25,786.50

As per the Audit Report of even date attached
For K.Ramanan & Co
Chartered Accountants

For Mational Centre for Sustalnable Coastal Management

" Diredtor — f e T

Nationabiegale for Susizinabie Cozstal Managamant
"’113'_91".'" of Enviranment, Foresd and Climatn Change (CA. K.Ramanan)
COVHEEE R klia, Acna Universindt npus (M. No. 019177}
Date : BEHAMAAE00 025, Indis FRN: 029265



TIONAL C

ESASCVCA MAPPING

OR SUSTAINABLE COSATAL MANAGEMENT

MINISTRY OF ENVIRONMENT, FOREST 8 CLIMATE CHANGE

ANNA [\ | i
GUINDY
CHENMNAI-B800025

S

Income and Expenditure Statement for the year ended 31* March, 2015

{in Rs.)
Particulars Amount | Amount Particulars Amount Amount
Indirect Expenses 1,11,22,049.50 | Indirect Incomes 1,88,39,658.50
OPERATIONAL COST 1,11,22,045.50 GRANTS IN AID | 1,88 39 558,50
Excess of income over expenditure ¥7.17.609.00
| Total 1,88,39,658.50 Total 1,88,39,658.50

For National Centre for Sustainable Coastal Management

[
L] % i
4 Ly y e iy, P

g

Director

Direck
Mational Centrafzr Sustajrable Coatlal Management
‘HrEeeroREREaent, Foresl 2od Chimato Change
.,nrﬂ ey €y il .l!'-'l"iJI-".-" il _,_,.-
EH{E : &B'éi’.‘ -}If- 600 025, India

As per the Audit Report of even date attached
For K.Ramanan&Co
Chartered Accountants

L. Nownares

(CA K RAMANAN)
(M.NO 019177)
FRMN: 029265




SA & CVCA MAPPIN

F LE COASTAL L]
RONMENT, TE
GOVERNMENT OF INDIA
NIVERSITY MPLUS
CHENMAI-600025
Balance Sheet a " March, 2015
{In Rs.}
Liabilitles Sch, No. Amaunt Assets Sch, No. Amount |
Ca 1 ount:- Fix -
Carpus Fund 77,17,609.00 Project Managemant 2 71760500
Curren =
Provisions 1 55,677.00 Current Assets:-
MEMU - 1,63,77,865.50 Depasits @ Flexi Balance - 1,34,10,0040.00
MNCSCM - 197,338.00 Advances to Institutes 3 37,59, 859.00
TA Advance - 46,583.05%
Contingency Advance - 25,300.00
Bank Accounts - -6,10,811.55
TOTAL 2,43,48,539.50 TOTAL 2,43,48 530,50
For National Centre for Sustainable Coastal Managament As per the Audit Report of even date attached
Far K.Ramanan & Co
Chartered Accountants
‘-1.. I\Tn (et R oA h, W
Diracior —
fationa Centre for Sustainable Coasta Maaapanen
Winistry of Envlronment. Forest 41 J aange (CA. K.Ramanan]
acescheanak |ndia, Anna Unbe o fus . [M.No, 019177}
Date : 28.05:20880 ) - 600 023, India FRM: 029365



ESA & CVCA MAPPING

NATIONAL CENTRE FOR SUSTAINABLE COASTAL MA

EMIENT

MINISTRY OF ENVIRONMEMNT, FOREST & CLIMATE CHAMNGE

GOVERNMENT OF INDIA
ANNA UNIVERSITY CAMPUS
CHENMAI-600025

Schedules forming part of the accounts for the Year ended 31% March, 2015

Schedule-1 : Provisions
Particulars Amount
TD5 OTHERS 17,674.00
TDS SALARY 2,678.00
LABOUR CESS 14,634.00
PROFESSIONAL TAX 20,691.00
TOTAL 55,677.00
Schedule-2 : Project Management
Particulars Amaount
3G DOMNGLE 13000.00
AR CONDITIONERS 252000.00
CIVIL WORKS 1463378.00
DESKTOP COMPUTER 9220964.00
OTHER FACILITIES & EQUIPMENTS 151580.00
SCANNER & PRINTER 13067 .00
SOFTWARES INCLUDING CUSTOMISATION E741680.00
TABLETS 21568960.00
UNDER WATER CAMERA A2000.00
WORK STATION COMPUTER 2025600.00
TOTAL 77,17,609.00
Schedule-3 : Advance to Institutes
Particulars Amount
CEE AHEMADABAD E70200.00
CMFRI KOCHI 3878B4.00
KMFSU-BIDAR -121018.00
WEUAFS KOLKATA 344850.00
Wil DEHRADUN 48760000
Z51 753196.00
ANAMALAI UNIVERSITY 705000.00
[CAR LINIT CIARI PORT BLAIR 453066.00
REGISTRAR 15 BANGALURE 73072.00
TOTAL 37,59,859.00

!
e

s
1

. D¥xector
onal lf_.‘_m_ma. for Suslainable Cosstal Managermznl
‘mnment, Forest and Climate Change

i : bt ”"‘=”"-"r5rllll Ainpus .
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TRUC & DELTA

MATICNAL CEN I c
MINISTEY OF ENVIRONMENT, FOREST £ CLIMATE CHAMGE
ANNA UNIVERSITY CAMPUS
GUINDY
MAl - BO0025
Recelpts Account for th r ende rch 31%, 2015
{inRs.}
RECEIPTS AMOUNT PAYMENTS AMOUNT
Currant Liabiiities Currant Liabilitios
DELTA-PROFESSONAL TAX 100,00 DELTAS-TOS OTHERS 25500
DELTAS-TDS OTHERS 25500 | TRUC-TDE CTHERS 255,00
[NTEREST ON GRANTSE IN AID 48,384.00
MOES-DELTAS 27,30,000.00 |Fleed Assols
MOEE-TRUG 16,80.000.00 | FACILITIEEREQUIPMENTE-DELTA 1,32 5TR.00
TRUC-TDS OTHERS 28500 | TRUC-FACILITIESEECLIPMENTS 137 526,00
Curient Assets
Kakoles Hanarjee- Cont Ady 65,000,000
Mpen Travel X5 Pt Lia .08, T0B.00
Indirect Expenses
UTILIBATION OF FUMND DELTA BT 71200
UTILISATION DF FURND TRUC 58,756.00
Clasing Balance
Bank Accounds 36,62,211.00
Total 44,59,004.00 Tatal 44.59,004.00

For National Centre for Sustainable Constal Management

\ \; s '!.__.-f.,-_l.q."d'

As per the Audit Report of even date attached

For K.Ramanan & Co
Chartered Agcountants

{CA. K. Ramanan)

DireCiar
NatiorBrHRTe for Sustainable Coastal Managament

Ministry of Environment, Farest and Clmase Change
G'}n ; '?EFFE'%,;.#ME Univeraiy ] IM-Nf-Gml??:I
ate s 29/03(2007 ¢ 025, India FRN: 029265



TRUC&DELTA
NATIONAL CENTER FOR SUSTAINABLE COSATAL MANAGEMENT

MINIST F | & CLIMATE CHANGE
A UNWERSITY CAMPUS

CHEMWMNAI-600025

Income and Expenditure Statement for the year ended 31™ March, 2015
{InRs.)
Particulars Amount Amaunt Partlculars Amaunt Amount
Indirect Expenses 1,79,166.00 | Indirect Incomes 4,58,283.00
UTILISATION OF FUND DELTA ar.712.00 GRANTS N AID DELTA 2.27.291.00
LUTILISATION OF FUND TRUC 1.01,444.00 GRANTS N AID TRUC 2,38,872.00
Excess of income over expenditure 2,77,107.00
Total 4,66,263.00 Total 4,56,263.00

As per the Audit Report of even date attached
For National Centre for Sustainable Coastal Management For K.Ramanan&Co

Chartered Accountants

Director tJr'rEf.m F
Nationo! Cotfra fn '
it

S G : L\n'e""*'““‘"“""
P

r Sustainabls Coastal Wanagemant J [CA K RAMANAN)

SERChefngl TEnl Forest a0 Dlimate b an {M.ND 019177)
SQURIAmans r r 2 .F.Ir.ggl
pate :Eﬁ'.ﬂt‘ B4z Anna Uniiecsily s FRN029265
ennal - 600 024, |ndia



TRUC & DELTA
NMATIONAL CENTRE FOR SUSTAINABLE COASTAL MANAGEMENT

MINISTRY OF ENVIRONMENT, FOREST & CLIMATE CHANGE

GOVERNMENT OF INDIA
ANNA UNIVERSITY CAMPLIS
CHENNAI-00025
Balance Sheet as on 31" March 2015
{Im Rs.}
Liabilities Sch.No AMOUNT Assats SchMo | amount |
Cotpus Fund 1 377407.00 FACILITIESEEQUIPMENTS-DELTA 2 4,30 67900 |
TRUC-FACILITIESEEQUIPMENTS 3 1,37 528.00
Current Lizhilities:- Cu M
DELTA - Prafessional Tex = 100.00 Banik Accounls 4 3662211 .00
Infarast on Grants in Ald - AB, 304,00 Kakcles Banarjes- Conl Adv B200
MOES.DELTAS - 26,02, 708,00 Mprn Travel Xs Pt L 1,66, 702 00
MOES-TRUC = 14,41,028.00
HCECKM - 10,000 .00
Total 42,79,338.00 Total 42,79,338.00

For Mational Centre for Sustainable Coastal Management

I"L"--., 1!-. [+ P e .
Dlrectar Ciract
Wsfional Cealen for Sestainable Coastal Management
Minispficat Ehannal <", o2l and Climgto Changa
binddia, Anaa Univaroby IS

Ghﬁﬁ'!’ﬂ@i}?mf',

nnal -3 G25; India

&5 per the Audit Report of even date attached

For K.Ramanan & Co
Chartered Accountants

{CA. K.Ramanan)

[M.Na. 019177)
FRN: 029265



MNATIONAL CE

TRUC & DELTA

R SLSTAINABLE COASTAL MA
MINISTRY OF ENVIRONMENT, FOREST & CLIMATE CHANGE

GOVERNMENT OF INDIA

NT

ANNA UNIVERSITY CAMPUS
CHENNAI-600025
Schedules forming part of the accounts for the Year ended 31% March, 2018

hedule-1 : Corpus Fund

Particulars . Amount
CORPUS DELTA 1,39,579.00
CORPUS TRUC 1,37,528.00
TOTAL 2,77,107.00
Schedule-2 :D Eguipments
Partculers Amount
DELTA PRINTERS 1,27.679.00
DELTA CHAIR 11,900.00
TOTAL 1,39,579.00
Schedule-3 : TRUC Equipments
Partculers Amount
TRUC ALMIRAHA 20,500.00
TRUC DESKTOPS 56,722.00
TRUC PRINTERS 60, 306.00
TOTAL 1,37,528.00
Schedule-4 : Bank Accounts
Partculers Amount
FLEX| ACCOUNT 38,10,000.00
LUNION BANK OF INDIA 52,211.00
TOTAL 38,62,211.00

i LM

Diratt

National Canlre for Suslainable Cozetal Manzgemanl
Ministry of Eryitciment, Forest and Climate Change

Government of [ndia, Anna Linve
Cheanal - 620 025, Intia



FORM NO. 108
| Fee rute 17B)
Andit report under section 12400} of the Tncome-tax Act, 1961, in the case of charitable or religious trusts or institulions

We heve exemined the balance sheet of NATIONAL CENTRE FOR SUSTAINABLE COASTAL MANAGEMENT | AABAN
22894 [name and AN of the trust or institution] as at 340372015 and the Profit and [oss account for the yeer ended on that date
which are in agreement with the books of aceount maintained by the said st or insttution.
We have obtained all the mformation and expianations which to the best of sur knowledge and belief were necessary for the
purpozes of the audit. In our opinion, proper books of sccount have been kepl by the head office and the branches of the
abovenamead inglitution visited by us so far a5 appenrs from gur examination of the books, and proper Returns adeguate for (he
purposes of audit have been received from branches not visited by us |, subjzct to the commenty given below:
In pur cpinion and to the best of our information, and sccording to information given (e us . the said sccounts give g troe and
Failr view-

(i} in the case of ibe balaoce sheet, of the state of affnirs of the above named mstitution as at 3032018 and

(1) i the case of the profit and loss account, of the profit or less of its accounting vear ending on 3103/2018
The pregeribed particulars are annexed hereto,

Place CHENNAI L\ % W

Dtz 29052007
Mame K RAMANAN
Membership Number 0177
FRM (Firm Registration Number) (129265
Address AR-46, SHANTHLCOLONY, A
40,
ANNEXURE

Statement of particulars
L. APPLICATION OF INCOME FOR CHARITABLE OR RELIGIOUS PURPOSES

1. [ Amount of income of the previcos vear applied to AudiTig 24
charitable or religious purposes in India during that year (
| 1)
2, | Whether the institution has exercised the option onder MNu

ciause (2} of the Explanation to section [1(1] 7 I so, the
details of the amount of income deemed (o have been
applied to chariteble or religious purposes i Indin durdng
the previous year ( )

Ampunt of income accumulated or set apart for apphication) Yes

b chanteble or religious purposes, to the extent it does not il
exceed 5 per gent of the income devived from property
held under trust wholly for such purposcs, ( T)

ul

4. | Amouni of income eligible for sxemption undsr section M
L1{ 1 3e) (Give detadls)
5 | Amouni of income, in addition to the amount refermed o i

in item 3 above, scoumdated o set upart for specified
plirposes undes section 112} [ ©)
G, | Whether the amount of incoma mentioned in item 5 above | Not Applicable
haz been invested or deposited in the menner laid down in
section |IEZXb) Y I so, the detnils thereot,
7. | Whether any part of the income in respect of which an Mot Applicable
option was exercised under clausz (2) of the Explaration to
section § 101} in any earlier year is deemed 10 be income of
the previous vear under section LI(1B) 7 If 5o, the details
thereaf { T}
| & | Whether, during the previous year, any pur of income accumulated or sel apart For specified purposes under section
11023 Jy_aﬂiﬂier Year-
()| has been applied Tor purposes other than cheritable or | No
| religions purposes or has ceased 1o be scoumulated or
f set apart for application thereto, of
| |(by| has czased to remain invested in any secority refemed | No
[ o g2cton 1H kN or deposited tn any account
refemred (o b section §H2W500) or section 1 1{2¥h)
{iii), o1
fed| has not been wilised for purposes for which it was Ny
accumulated vr set apart during the period for which




it was to be accurnulated or et apan, of in the year
immadiately following the expiry thereof? If so. the
details thereof

N OR USE OF INCOME DR FROFERTY S0
Whether any part of 1he income or property of the institutivn was lent, or continues to be | No
Tent, in the previous year b any persco referred to in section 13(3) (hereingfter referred
tir i Lhis Anmexwie a5 such person)? If so, give details of the amaunt, raie of intercst
charged and the natere of security, if sny. o
Whether any part of the Income or property of the institution was made, or contineed o | Mo
be made, available tor the use of any such person during the previows year? If 5o, give
details of the property nd the amount of rent ur compensalion charged, if any.

1L APFI ERRED TO IN SECTION 13(3]

=3
)
i

3. | Whether nnm}'mem was made to gny such person during the ;:::ﬂf.{ﬁs ;Iear by wayof | Yes
salary, allowance or otherwise? If so, give details

Dty Armount( T

DR R RAMESH - ZTHZAM)
DR, R PUREVAJA 1911544
4. | Whether the services of the institutivn wers mude available to any such person during Ny

the previous year? If so, give details thereof logether with remunezarion or compensatinn
received, if any —_

Whether any share, sacurity or other property was purchased by or on behalf of the Mo
imstitution during the previows yesr from any such person? I so. pive desils therec!
mpather with the consideration paid

&, | Whether any share, securily or uther propeety was sold by or on behalf of the institution | No
during e previous vear to any such person? I so, give details thereof together with the
consideration received I
7 | Whether any income o property of the institution was diveried during the previous yvear | Mo
in favour of any such person? 1F so. give details thereof fogether with the amount of I
income or value of property so diverted |
& | Whether the income or property of the mstitution was wsed or apphed during e | Mo

previous year for the benefit of any such person in any other manned? I 50, give detalls |

=N

lIL INVESTMENTS HELD AT ANY TIME DURING THE PREVIOUS YEAR(S) IN CONCERNS
IN WHICH PERSONS REFERRED TO IN SECTION 133 HAVE A SUBSTANTIAL INTEREST

5, [Mamc and address of | Where the concern 15 af Nominal valoe ol the | Income from the Whether the sniount
Molhe cancerm eompany, number and | investment(¥) investmenti®) incal. 4 exceeded 5
class of shares held per cent of the capital

of the voncern during
the previous year-say.

| YesiMo
- Total | I
Place CHENNAI W
Date 29/03/2017 . =
Name RAMANA
Membership Number nn7y
FRI (Firmn Registration Numbee) B2U26S
Address AH-46, SHANTHI COLONY, A
NNA NAGAR, CHENNAL-690
40
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