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From the Director’s Desk

The National Centre for
Earth Science Studies
(NCESS) has made
tremendous progress in
terms of infrastructure
and laboratory facilities
since its take-over by
the Ministry of Earth
Sciences (MoES) from
the Government of Kerala in 2014. Since

then it has witnessed significant growth with
the evolution of major research programs and
collaborations at the national and international
levels, a record investment on infrastructure,
field and lab equipments, and a quality rise
in research publications. New state-of-the-
art geochronology, geochemistry and isotope
facilities like MC-ICPMS, LA-ICPMS, EPMA
were established during this period. With this,
NCESS is poised to be one of the best research
centres in Earth Sciences in the country today.
Additionally, Ion chromatography, Mercury
analyzer, Microwave radiometer profiler, Vertical
microstructure profiler and Radon water level
sensor were also procured. Field facilities like
Critical Zone Observatory (CZO) at Attappadi,
Hydrological monitoring stations in southern
Western Ghats and Video beach monitoring
stations at Varkala are some of the other new
initiatives.

The evolution of the continental crust
(Archean to present) over time has been
studied to characterize lower crustal melting
in the realm of HT/UHT metamorphism
through petrological, phase equilibria modeling,
geochemical studies on Archean cratons,
Southern Granulite Terrain (SGT), Eastern
Ghats Belt (EGB) and Himalayas. The results
have brought out significant contribution in
understanding the evolution of the continental
crust of the Indian subcontinent. Some of the
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geophysical methods like gravity, electrical and
seismology have been successfully employed for
tracing tectonic history and its characteristics
of the elevated passive continental margin of
the Western Ghats. Our scientists have also
successfully participated in the 39" Antarctic
expedition for studying the correlation between
East Antarctica and Eastern Ghats of India,
their connection prior to break-up and model
of the geodynamic evolution.

Landslide incidences are very common in
Kerala and parts of the Western Ghats region,
particularly during the SW monsoon period.
The slides occur mostly due to the mass failures
which have adversely affected hundreds of acres
of land area, leaving numerous homeless and
causing many causalities. Totally 61 affected sites
were identified in Kerala and parts of Karnataka
and an inventory on landslide affected areas was
made on a high-resolution scale.

The first phase of the national network project
— on Submarine Groundwater Discharge -
Mission SGD, which involves 12 institutes and
government agencies in the country, including
the central and state ground water boards, has
made good progress in terms of quality and
quantity of data across coastal aquifers of India.
The working groups involved in the study have
collected the required primary and secondary
information to recognize potential zones of
groundwater discharge as well as sea water
intrusion. Hydrogeological and hydrochemical
studies are in progress which include isotope
studies, remote sensing and infra-red thermal
imaging using drone survey.

As per the request from the Chief Minister,
Government of Kerala the impact of beach
sand mining on the shoreline changes along the
Chavara coast known for placer mineral deposits
was assessed during Feb-Mar 2019. This study

vii
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is of utmost important for sustainable mining
operations by IREL and KMML, public
sector undertakings of Gol and GokK, and
for obtaining mining lease from MoEF & CC,
Government of India.

NCESS is involved in
monitoring through continuous and near real
time Video recording of coastal processes.
The COAST-SNAP is a recent technology
which welcomes local and tourist community
to provide inputs in the form of digital
images from various beach locations through
social media applications. This technology is
being developed at NCESS with important
applications like understanding ocean wave
phenomena, monitoring shoreline changes and
addressing coastal flood hazards.

currently coastal

NCESS is one of the few institutes in the country
authorized to prepare

Zone status reports. The institute is currently

Coastal Regulation

preparing the Coastal Zone Management Plan
(CZMP) for the Government of Kerala as per
the CRZ Notification, 2019.

NCESS has studies
microphysics and precipitation systems of
Peninsular India through network of instruments
and also data obtained from the state-of-the-art
field stations and model simulations. In-depth
studies are being carried out to unfold all these
atmospheric phenomena in the changing climate

continued on cloud

scenarios of the country.

A major initiative by NCESS has been
establishment of Critical Zone Observatories
(CZO) in the country. The Attapadi CZO has
been instrumented with state-of-the art sensors
for monitoring key critical zone parameters
and processes. Similar efforts have also been
initiated at other locations which will help in
understanding, predicting and managing the
environmental processes that control the Earth’s
shallow critical layer.

An important event was the visit of the
Parliamentary Standing Committee on Science
and Technology, Environment, Forests and

viii

Climate Change, comprising 13 Members
of Parliament, and chaired by Shri. Jairam
Ramesh (Hon’ble Member of Rajya Sabha).
The committee reviewed the research activities
of the institute on 26th December 2019 and
had detailed discussions with the Director and
senior scientists of NCESS.

During this year NCESS has organized many
importantmeetings whichinclude Brainstorming
session on coastal flooding, Interaction meeting
of project participants of the National Network
Project — Mission SGD, Mastermind session
on landslide hazard, Training programme on
regional ocean modelling system, etc. Also,
workshops were conducted for promotion of
Hindi as Official language and for Prevention
of sexual harassment of women at workplace.
Several efforts by staff members ensured
a cleaner working environment under the
Swachhata program.

The hard work of scientists and research
scholars of NCESS has resulted in enhanced
standards of publications in standard journals
like Nature Scientific Reports, Atmospheric
Research, Bulletin of Seismological Society of
America, Journal of Hydrology, etc. A patent
was also awarded for working out the method
of determining the API gravity of oil present in
hydrocarbon bearing fluid inclusion.

The Centre is eagerly looking forward to
complete the development
activities like construction of gate complex,
guest house, hostel facility for research scholars,
etc., while being committed to adopt Green
technology. The necessary background work in
this regard has been completed and work is in
progress. NCESS is driven by highly motivated
young minds and I hope that new incumbents
will join shortly to strengthen the R&D activities
with more vigour and enthusiasm.

infrastructure

Since this is my last year as the Director of
NCESS — an Institute which I have tried to
nurture with utmost care and commitment
during the last 3 years — I take this opportunity
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to thank all my colleagues for their sincere and I wish all the very best to NCESS and I am

enthusiastic support. My special thanks to Dr. certain that it will reach greater heights and

Rajeevan, Secretary MoES and all the officials provide significant leadership in Geoscience

for their complete support in all our endeavours.  tresearch at the national and international levels
in the years to come.

Dr. N. Purnachandra Rao
Director, NCESS

Dr. V. Nandakumar, Scientist-G and Group Head, Crustal
Processes, assumed the charge of Director on 22 May
2020. During the tenure that lasted four months, the
process of infrastructure development was continued.
Transparent and effective administrative system was put in
place for management of COVID-19 in NCESS campus.
Priority was given to enhance safety measures for women
staff and lady research scholars of NCESS. Installation
and testing of EPMA completed and started generating
data on silicates and sulphides. LA-ICPMS U-Pb dating of
zircons from different crustal blocks of SGT was initiated
in the Isotope Geochemistry Facility.

Dr. Jyotiranjan S. Ray, Senior Professor, Physical Research
Laboratory, Ahmedabad has been appointed as Director,
NCESS. He took over the charge on 24" September 2020.
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Preface

The Indian subcontinent is a home to varied geological formations and rock types with an age
range of Archean to Recent. The continental landmass provides a great opportunity to study and
understand the various geodynamic and surface processes that are in operation in this unique
lithospheric block of the erstwhile supercontinents Columbia, Rodina and Gondwana that are
amalgamated at different geological episodes in the Earth’s history. The Indian lithosphere is
composed essentially of different crustal blocks formed under high temperature - pressure
conditions that are surrounded by stable cratonic terrains comprising low-grade metamorphic
rocks, igneous intrusions and cover sequences. The geological formations of the subcontinent not
only preserve records of Earth’s evolutionary history but also contain a rich stock of minerals and
hydrocarbon resources. Equipped with the state-of-the-art laboratory facilities and multidisciplinary
approach integrating geological, geophysical and geochemical studies, NCESS is pursuing front-
line research with an aim to unravel the magmatic and metamorphic processes, petrogenesis and
also the geodynamic architecture of the crustal / lithospheric blocks of India.

India has a long coastline as it is surrounded by Arabian Sea in the west, Indian Ocean in the south
and Bay of Bengal in the east. The coastal area is one of the most dynamic regions of the world,
which is subjected to significant spatial and temporal changes within a short span of time. The
zone is known for its outstanding natural beauty and economic resource potential — both living and
non-living, Over the last few decades, these strategically significant areas are under the threat of
human interventions, which in many of the occasions, adversely affected the natural processes in
the coastal areas. A detailed account of the natural and man-made processes / activities and their
responses on its stability, and exchange processes of fresh and marine waters across the shoreline
is of paramount importance in the sustainable development of the country.

Climate change is now becoming a harsh reality to mankind, and hence its study is very essential
as the region is under the threat of natural hazards like landslides, soil piping, cyclones, lightning,
inland and coastal flooding, etc. There is an imminent need to understand the physics and dynamics
of the processes in large and mesoscales using high resolution field level data and model simulations.
As an institute undertaking research in various aspects of earth sciences, NCESS is now all set for
embarking interdisciplinary studies to address the causes and consequences of these hazards in
order to lay down strategies to contain the adversities of the natural hazards to the barest possible
levels.

Access to quality freshwater is the first and foremost priority to human survival. A comprehensive
knowledge on the hydrological and bio-geochemical processes operating in different spatio-
temporal scales is a pre-requisite for better planning, management and conservation of the
limited freshwater resources. At the same time, unscientific human interventions and economic
developments without due regard to the structure and functions of the life sustaining ecosystems
have imposed immense pressure on the Earth’s Critical Zone — the zone extending from tree top
to the aquifer bottom. Therefore, the institute has taken up studies covering Critical Zone (through
establishment of well instrumented CZOs), river hydrology, spring hydrology, bio-geochemistry,
mineral resource extraction and associated environmental issues, etc., to understand the natural and
anthropogenic stressors that threaten the hydro-environmental regime of the country.

The R&D activities of NCESS are implemented through its four scientific groups — Crustal Process
Group, Coastal Process Group, Atmospheric Process Group and Hydrological Process Group.
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1. Crustal Processes

Understanding the complex deep lithospheric processes and its relation to evolution of continental
crust is a fundamental challenge faced by earth scientists. The various research programs pursued
by Crustal Processes Group (CtP) are intended to document the crustal evolution and the
architectural fabric of the Indian Shield by undertaking geological, geophysical, geochemical and
geochronological investigations. Important segments or terranes of the Indian Shield are selected
for the study and their spatial and temporal evolution is documented and also correlated with
similar terranes or continental fragments which were once part of the supercontinent cycles.
Major leap in analytical facilities was made possible by installation of state-of-the-art facilities for
geochemistry, mineral chemistry and geochronology such as MC-ICPMS and EPMA. Another
important research program was the investigation on paleotemperature and hydrocarbon quality
of oils in the off-shore sedimentary basins of India. Societally relevant studies to understand
the causes and mechanisms of landslides in different parts of Western Ghats and assessment of
global environmental changes in Sahyadri (Western Ghats) are some of the other important studies
undertaken by the group.

1.1 Studies on crustal evolution

. and precisions in geochronology. Above all, the
through time

studies on selected crustal sections indicate the
need for validation of concepts by similar studies
elsewhere. The study carried out in Crustal
Processes (CrP) Group under the programme
“Granulite facies metamorphism: Petrology,
geochemistry and isotopic studies to constrain
timing of emplacement of granitoids; UHT
metamorphism, melting and crustal evolution”
is a focused step in this aspect. The targeted area
exposures of exhumed ‘high-grade’ regional Séjifi; HC}F;EZ;:I p(rsocg;%mr?ﬁf; ag:z.ls(tli riou(t}l;e:;l
amphibolite-granulite facies rocks are expected . (EGB), (il Granuh't’es of E. Antarctica
to provide a direct and excellent “window” to (i) Himala’yas and (v) Archacan rocks o ¢
the lower crust, its past and present. Studies on Bundclkhand étaton. The results obtained
these terranes provide us with constraints on g combined field, structural, petrographic,
the probable nature and composition of the geochemical and geochronological observations

1 t cr in th istin i i ) ) .
C?W,e hC gst h the ex Sltl gdconmn§nts and in from various lithologies are expected to offer
cciphering the chemical and tectonic processes i1 clyes to decipher the crustal architecture

responsible for the accretion and stabilization 4 spatial and temporal evolution of

f n r nd hen ntinen . .
of new crust and hence continental g.rowth the area under study and make comparisons
There has been a tremendous accumulation of e -
especially in the once contiguous landmass of

petrolog.ical, structural, geochrono.logical apd SGT, EGB and the E. Antarctica.
geophysical data on the Precambrian terrains

Precambrian high-grade terrains are highly
important geologic areas for understanding
continentallower to middle crustandlithospheric
geodynamics. It is now well established that
much of the upper crust has developed due
to processes that involve the lower continental
crust and the underlying mantle. The regional
granulite-gneiss terrains comprising extensive

over the past few decades. Many significant
attempts were made to characterise the lower
crustal composition to explain the petrogenetic
processes leading to evolution of continental
crust.  Such studies have also contributed
to significant technological advancements
improvingthe reliability ongeothermobarometry
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(i) The Southern Granulite Terrain (SGT),
South India

Southern Granulite Terrain (SGT) of South
India (Fig. 1.1.1), is an assemblage of terranes
with prolonged crustal evolution history ranging
from Early Archaean to Late Neoproterozoic,
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preserving the evidences for polyphase
deformation, multiple tectonothermal and
exhumation histories. SGT occupied a central
position in the Gondwana supercontinent
assembly, and is limited to the north by the
Archaean granite—greenstone terrain of the
Dharwar craton. SGT preserves extensive high
Mg—Al rich granulite facies rock assemblages
which are associated with a wide range of
lithologies. Some of these rocks contain
sapphirine in association with orthopyroxene
+ sillimanite + quartz or with corundum,
indicative of ultrahigh temperature (UHT)
metamorphism. Most of the reports on UHT
metamorphism in southern India are observed
from the central part of SGT along a liner N-S
trending belt referred to as the ‘Kambam UHT
Belt’. This belt runs along the wedge-shaped
Kambam valley and the Suruli Shear Zone
(88Z), which is described as an NNE to NE
trending deep fault bordered by the Cardamom
Hills to the West and the Varushanad Hills to
the Fast in Tamil Nadu (Fig. 1.1.1).

and associated alkaline magmatism is explored.
The results provide a significant improvement
in our understanding of juvenile magmatism
versus crustal melting episodes that occurred in
the SGT in Meso- to Neoproterozoic time (1.2-

0.55 Ga) and the role of the SGT in Rodinia
and Gondwana supercontinent assembly.

Detailed geological and structural mapping has
been carried out along the Kambam Valley with
special reference to lithological, structural as
well as basement cover relation in four transects.
Studies around the area disclose a lithological
framework with basement charnockites and
hornblende/garnet biotite gneisses, closely
associated with HT/UHT metapelites, mafic
granulites and quartzites which are intruded
by syn- to post tectonic alkaline bodies. These
lithological domains are structurally disturbed
with varying degree of deformation imprints
evincing complex tectonic processes responsible
for their formation. The samples collected from
different lithologies were processed at thin

section and sample preparationlaboratory

125

11.5-

in NCESS. Accessory minerals for zn-
sitn trace element and geochronological
studies (Zircon, Monazite, Garnet and
Rutile) were separated out using Wilfley
table-magnetic separator method which
were later manually handpicked under
binocular microscope. The internal
structure of accessories such as zircon,
monazite, rutile, garnet and baddeleyite

10.5

was examined by cathodoluminescence
(CL) and Back Scatter Electron (BSE)

Fig. 1.1.1: Simplified geological sketch of southern India showing
the Southern Granulite terrane (SGT). Study area is shown in the

box

The present work aims to gather petrological
evidences for UHT metamorphism in the
vicinity of the SSZ and constrain the timing
of thermal events. In particular, the spatial and
temporal link between UHT metamorphism

imaging using TESCAN VEGA scanning
7| electron microscope (SEM) facilities at
1 NCESS and NGRI, Hyderabad. (Fig
1.1.2 a-c).

Mineral compositions of  distinct
assemblages  were analysed using
a CAMECA SX-100 EPMA at
the Department of Geology and
Geophysics, Indian  Institute  of
Technology, Kharagpur, India. Major
oxide chemistry of representative minerals
was used to calculate P-T conditions of
mineral assemblages to perform conventional
geothermobarometers. These yield peak UHT
metamorphic conditions for cordierite bearing

MOES NCESS Annual Report 2019-20



metapelites with temperature over 900°C under
lower pressure conditions less than 5 kbar. Ti-in
biotite thermometry of UHT assemblages gives
slightly lower temperature ~750°C for biotite
core and 700°C for rim. Garnet biotite gneisses
(GBG) yield peak metamorphic P-T conditions
around 852°C and 9.5 kbar with consistent Ti-
in biotite temperature around ~630°C. The
metamorphic P-T path for metapelites was
obtained by P-T pseudosection analysis in the
system MnNCKFMASH (MnO - Na,O — CaO
- KO — FeO — MgO — MnO - ALO, - SiO,
- HO - O,) using the Perple_X Version 6.8.9
software. Six metapelite samples were studied
for pseudosection analysis. U-Pb isotope analysis
and trace element characterisation of accessory
phases (zircon, monazite, rutile and garnet)
have been analysed at the Isotope Geochemistry
Facility in NCESS. Out of the 43 samples, zircon
from ten samples, monazite from seven samples
and rutile from four samples were analysed for
U-Pb geochronology and trace element studies.
Paleoproterozoic uppet-intercept age obtained
from metapelites are interpreted as the timing of
metamorphic overprint whereas the concordant
ages are interpreted as zircon crystallization
associated with partial melting during regional
Paleoproterozoic high-grade metamorphism.
The Neoproterozoic concordant ages of
monazites point to the timing of UHT
metamorphism in Madurai Block. U-Pb dating
on rutile in three samples provide concordant
ages clustering around Silurian.

Another study taken up in SGT is regarding
the metamorphic and tectonic evolution of
granulites from Nagercoil block, that comprise
the southernmost crustal block in SGT. This
study aims to understand the different episodes
of deformationsaffectedin this granulitic terrain.

Fig. 1.1.2: Representative CL images of (a) Zircon, (b) BSE image of

Monazite and (c) Rutile from metapelites.
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For this, 7n-situ trace element and geochronology
of accessory minerals- mainly zircon, garnet
and monazite present in charnockites, gneisses,
mafic granulites and intrusive rocks were
carried out. Accessory minerals are recognized
as significant repositories of trace elements
and as such, can have a major influence on the
trace element geochemistry of rocks. Their full
compositional characterization yields clue to
mineral growth and breakdown reactions. Major
element determinations of fifty samples were
carried out using the XRF facility of NCESS
and their trace element analysis were carried out
using the facility at NGRI, Hyderabad. Mineral
chemistry of charnockite and mafic granulite
were analysed using EPMA at II'T Kharagpur.
CL and BSE images of representative zircon
and monazite from samples were carried out at
NCESS and NGRI, Hyderabad. U-Pb zircon
analysis using LA-ICPMS at NCESS yielded
Palacoproterozoic ages clustering around the
upper intercept and Neoproterozoic ages at
lower intercept for charnockites. In case of
mafic granulites, concordant zircon ages point to
pervasive Pan-African thermal event happened
in the area.

(i) Eastern Ghats Belt (EGB), India

Eastern Ghats Granulite belt (EGB) along the
eastern fringes of the peninsular India exposes
multiple deformed, poly-metamorphosed deep
crustal section of a Proterozoic orogenic belt.
Based on isotopic data, this belt is subdivided
into four discrete crustal domains (Domain
1A-1B, Domain 2, Domain 3 and Domain 4).
Sampling has been carried out around Chilka
Lake Granulite complex in Domain 3 and Araku
-Sunkarametta -Ananthagiri - Similiguda-Paderu
- Anakapalle section of Domain
2 of EGB. Chilka Lake Granulite
complex in the northern part of
EGB (Domain 3) comprises high
grade paragneiss and orthogneiss.
Petrography and U-Pb in zircon
geochronology was carried out
on migmatite sample from Chilka
Granulite complex, EGB. The
studied migmatite is characterised by
the presence of Grt-Opx-Bt-Kfs-Pl-
Qtz-Rt-Ilm.
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Fig. 1.1.3: (a) CL images of zircons from EGB Migmatite.
White circle marks the location of the analysed spot,
(b) Concordia plot for Migmatite showing variable age
groups.

The zircons from migmatite range from
subhedral to anhedral grains while some of
them are rounded to sub-rounded. The zircon
size varies from 100 to 450 pm with xenocrystic
core. The grains are colourless ranging from
transparent to cloudy in appearance, and most
of them have a visible (in CL) core-rim zoning
structure. Cores in some of the grains show
brighter CL response as compared to the rims,
while in some grains the rims are brighter.
Zircons from this study show oscillatory, sector
and patchy zoning with or without inherited
cores. In some cases, the oscillatory zoning is cut-
off by re-homogenised or irregular concentric
zoning which are characteristic of metamorphic
zircons (Fig. 1.1.3 a). A total of 44 zircon spots
(30-35um) analysed (core and rims) was from
migmatites. Most of the results are concordant
and show five groups of concordant ages viz.
97317 Ma, 848+t5Ma, 7756Ma, 742120 Ma
and 703£26Ma (Fig. 1.1.3 b). The studied zircon
grains have a wide vatiation in their Th/U ratios
(0.11-1.43).

(iii) Himalaya, India

Field work was conducted around Baijnath
Klippe in Kumaun Himalayas. The Baijnath
Klippe forms a pear-shaped outlier (29.8—
30.4°N, 79.35°-79.8°E, Fig. 1.1.4) in the Inner
Lesser Himalaya. Compositionally, the rocks of
Baijnath Klippe (BK) resemble Almora Group
of rocks and consist dominantly of granite—
granodiorite (mylonitized) and Augen gneiss
of the Saryu Formation that separates Inner
Lesser Himalayan metasediments from the
Almora Group. The northern boundary of BK
is demarcated by the AT (Askot Thrust) which
juxtaposed the granite—granodiorite against the
quartzite. Whereas, the southern boundary is
marked by BjT (Baijnath Thrust) and separates
granite—granodiorite and phyllite, quartzite.
Further south, the rocks of Berinag Formation
are separated from Gangolihat dolomite by
a tectonic contact, i.e., Berinag Thrust (BT).
The Narayanbagarh Thrust (NT) separates the
tectonic contact of phyllite and chlorite schists.
Near Dewal locality as the west-flowing Pindar
River approaches the AT zone, it becomes
diverted to the south for ~3.5 km along the
Kaliganga Fault. Rock samples were collected
for petrographic studies and the observation
is under progress. Structural data has been
acquired to develop the structural map of the
study area. Detailed mapping has been done
from a few structurally crucial sectors to unfold
the structural complexity. Generation of whole
rock chemistry data of basement granites,
schist, phyllites, quartzites from the study area
are under process.
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Fig. 1.1.4: Geological Map of Baijnath Klippe.
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Fig. 1.1.5: (a) Large scale reclined fold in arenaceous
schist present in central part of the klippe, (b) Augen
shaped feldspar in mylonitised foliated granite (yellow
arrows represent the dextral shear sense), (c) Quartz vein
present within layered arenaceous and argillaceous schist
(vellow lines represents the kinking), (d) Microfolds
within the schist

(iv) Bundelkhand Craton, India

Bundelkhand Craton is situated to the north
of the Central Indian Tectonic Zone (CITZ)
covering an area of 26,000 km* and consists
of  Bundelkhand gneissic complex and
Bundelkhand metasedimentary and meta-
volcanic rocks surrounded by abundant
relatively undeformed Bundelkhand granitoids,
that are cut across by Proterozoic quartz reefs.
The gneissic complex is easily distinguishable
from the granitoids based on deformation and
intrusive relationship and forms the basement
along which low-grade (greenschist to lower
amphibolite  facies) metasedimentary and
metavolcanic rocks are exposed. Researchers
have divided migmatised TTGs from the
craton on the basis of geochemistry into low
HREE and enriched TT'Gs which were formed
by low degree partial melting of basalt or
amphibolite while 7z-sitn melting of amphibolite
enclaves formed the enriched varieties. In the
Bundelkhand Granitoid Complex, the dominant
lithological unit of the Bundelkhand craton,
constitutes about 80% of the exposed area.
The granitoids were emplaced into a previously
deformed basement. On the basis of major
and trace element geochemistry, the granitoid
varieties have been classified as high-K calc
alkaline and have been further divided into
Sanukitoid type monzogranites, Sanukitoid type
granodiorites and Closepet type granodiorites
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which belong to low silica high magnesium
(LSHM) group and low-HREE monzogranites,
low-Eu monzogranites and monzogranites
which form part of high silica low magnesium
(HSLM) group. Several geochronological
studies have constrained the formation of the
Bundelkhand Granitoid Complex at ~2.5 Ga.
Geochemical and geochronological signatures
from Paleo-Neoarchean TTGs, undeformed
Neoarchean  granitoids  and  volcano-
sedimentary rocks suggest emplacement in a
subduction environment with subsequent slab
breakoff wherein fluid assisted partial melting
played a major role. The present study aims
to understand the felsic and mafic magma
interaction, the formation of mafic magmatic
enclaves (MMEs) in host anatectic granite based
on petrographic and geochemical investigation
from the Bundelkhand craton, central India.
The host granitoids are massive, essentially
consisting of quartz, K-feldspar, plagioclase,
and biotite, which were emplaced around ca.
2.56 Ga. The investigated magmatic enclaves
are semicircular to elliptical and consist of
amphibole, biotite, plagioclase, K-feldspar and
quartz. The mafic enclaves are characterised
by reabsorbed quartz and feldspar, quartz/
feldspar ocelli surrounded by biotite and
amphibole, and rapakivi type texture. They have
occasional chilled margins, diffusive contacts
with progressive hybridization and xenocrystic
alkali feldspars that were incorporated from
the host granite. Mesocratic, medium to coarse
grained and highly heterogeneous hybrid
zones have similar age (~2.57 Ga) as the host.
Geochemically, the host granite is rich in silica
and shows restricted range in major oxides, while
the MMEs have a broad silica variation ranging
from mafic through intermediate to felsic.

(v) 39th Indian Scientific Expedition to
Antarctica (ISEA)

Dr. Nilanjana Sorcar, Dr. Kumar Batuk Joshi and
Dr. B. Padma Rao from NCESS participated in
39™ Indian Scientific Expedition to Antarctica
from November 2019 to February 2020.

Proposed Obijectives: The Prince Charles
Mountains (PCM) - Prydz Bay region of East
Antarcticaand EGB of Indiaarekey components




of supercontinent reconstructions. The present
proposal represents very crucial and important
initiative to carry out an integrated geological as
well as geophysical investigations in the Princess
Elizabeth Land (PEL) and Eastern Ghats Belt
(EGB) for the better understanding of Indo-
Antarctic correlation. The objectives of the
ongoing project are as follows:

(a) Characterization of magmatic as well as late
Mesoproterozoic-early Neoproterozoic and
Pan-African metamorphic events associated
with partial melting phenomena using an
integrated  petrological, geochemical and
geochronological approach in the PEL, East
Antarctica (EA) regions of East Antarctica and
Eastern Ghats Belt, India.

(b) Determination of lithospheric structure and
heat flow patterns in the studied terranes - the
PEL of East Antarctica and EGB of India.

(c) Decipher the correlation between East
Antarctica and India based on integrated results
of geological and geophysical dataset.

GeologicalStudies: Thecrustof East Antarctica
in the area of the Prince Charles Mountains—
Princess Elizabeth Land is heterogeneous
having early Precambrian protocratonic blocks
(Ruker and Vestfold tectonic provinces) and
a  Mesoproterozoic—Early ~ Neoproterozoic
mobile belt (granulite facies metamorphism
and plastic deformations 1050-950 Ma), which
underwent active tectonothermal processes and
granitic magmatism in some areas in the Late
Neoproterozoic—Cambrian (580-500 Ma). The
major outcrops present in PEL are along the
coast of eastern Prydz Bay (Fig. 1.1.6). This
domain has been divided into three major age
subdomains from east to west with a westward
younging trend. These sub-domains are: the
castern block of Archean-Mesoproterozoic
Vestfold Hills and Rauer Group; Neoproterozoic
middle block comprising Brattstrand Bluffs and
Larsemann Hills along with some small island
groups and nunataks and the western block
of Landing Bluff dominantly made up of Pan
African granites. Geological field work was
carried outin Larsemann hill region surrounding
Bharti station as well as Vestfold hill region of
PEL, East Antarctica. The aim of the field

was to get acquainted with the lithologies
and collecting rock samples for petrological,
geochemical, geochronological investigations
and radioactive measurements and accordingly
sampling was undertaken during the field works.

7 P rozoic

3 Granulite Facles

[Z5=] Late Archacan & Early Proterozoic
Amphiboiite Facies i

Archaean Vesttold Block
EZA Granuite Facies

Early Archaean Napier Complax
E=T Granuiite Facies

Fig. 1.1.6: Simplified geological map showing the Princess
Elizabeth Land (PEL) in the context of the surrounding
terranes.

Field locations covered in the 39" ISEA
summer: Preliminary sampling has been carried
out in the below mentioned terranes:

(a) North Grovnes near Bharati.

(b) Fisher, Solomen, Butler, Jason, Stinear,
Mcleod, Broknes.

(c) Stornes and Vestfold hills.

(d) Reconnaissance survey was carried out
in Rauer group of islands for site selection
of Broadband Seismic Station and other
geophysical measurements.

The Larsemann Hills are a series of ice-free
peninsula and islands along the coast of the
East Antarctic Shield. The overall lithology of
the area is as follows: Dominant lithology of
the area is migmatised garnetiferrous gneiss.
In-situ partial melting of the host rock is
evident by the presence of quartzofeldspathic
leucosomes alternating with melanosomes,
containing the combination of garnet, biotite,
sillimanite, spinel and locally cordierite (Fig,
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Fig. 1.1.7: (a) Grt-Crd bearing migmatite, (b) Folded
leucosome and melanosome, (c) Granite gneiss with
melanosome, (d) Pink granite in sharp contact with
melanosome, (¢) Grt-Crd bearing melanosome (folded
in nature), (f) Mafic dyke, (g) Disseminated dyke, (h)
Porphyritic dyke.

1.1.7 a). Garnet shows variable in grain size in
melanosome; locally huge garnet porphyroblasts
are visible. Mostly the migmatite is interlayered
with minor mafic gneisses, and pegmatites
(some of them are tourmaline bearing) which
are rich in muscovite, biotite and locally garnet
also. In places, cordierite is abundant forming
the thick melanosomes along with garnet and
biotite. Cordierite also occurs as coronas on
garnet. In places, thick quartzofeldspathic
leucosomes are also dotted with small garnets.
Overall, the rock is highly deformed causing
the folding of leucosomes, melanosomes (Fig,
1.1.7 b) and pegmatitic veins. In some of the
islands like Butler and Stenier islands lithology
consists of medium to coarse grained garnet-
bearing granite gneiss with mafic enclaves/
melanosomes (Fig. 1.1.7 ¢). The boundaries
of these enclaves are also rich in garnet. The
host rock is cut by quartz veins as well as garnet
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rich pegmatite veins. Pink colored leucocratic
granites are also identified. Such granites
contain garnets locally and these are oriented
along a particular layer. Such granitic body
(Fig. 1.1.7 d) is lying in sharp contact with the
adjacent garnet-cordierite bearing melanosomes
of the migmatite. Sampling was carried out in
Stornes Peninsula which is dominated by garnet
cordierite bearing migmatites which are intruded
by pegmatites. Migmatites are characterised by
the presence of alternate folded leucosome and
melanosome (Fig. 1.1.7 €). The Vestfold Hill
region is an excellent example of an Archaean
terrain. Vestfold hill predominantly consists
of high-grade orthogneiss and paragneiss
which are intruded by mafic dykes. In Vestfold
hills sampling was carried out from mafic and
felsic granulites as well as mafic dykes (Fig.
1.1.7 t-h) which intrudes the host lithologies.
Mafic dykes exposed in the region range from
fine grained to porphyritic dolerites and cross-
cutting relationship is noted suggesting multiple
episodes of dyke emplacement. Dissemination
of dykes were also noted cross cutting the host
lithologies as well as major dyke swarms.

Geophysical Studies: The knowledge of
the lithospheric structure in east Antarctica is
limited. Thus, it is essential to understand the
detailed lithospheric structure along with the
geological analysis to decipher the correlation
between east Antarctica and EGB, India as we
highlighted in the proposal. In order to achieve
this goal, seismological data is very essential
since seismology is one of most powerful
tools in geophysics to decipher the subsurface
structure beneath the terrain. However, the
establishment of seismological stations in the
region of Antarctica is a challenging task and
for this a detailed reconnaissance survey for the
selection of site is essential, which plays a crucial
role in the data quality. Therefore, as a first phase
of field work, a detailed reconnaissance survey
has been conducted near to the Bharati research
station i.e. ~1 km radius of the station, Stornes,
Vestfold Hills and Rauer group of islands. The
selected locations are listed in Table 1.1.1 and
Fig. 1.1.8, which will be utilized (one location
from each hill/island/peninsula/group) for the
broadband seismological stations.
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Fig. 1.1.8: Location of selected sites for the broadband
seismological stations (red inverted triangles).

Fig. 1.1.9: (clockwise from left) Bharati research station
in Larsemann Hill region of East Antarctica, NCESS
participation at 39th ISEA: Dr. B. Padma Rao, Dr. Kumar
Batuk Joshi and Dr Nilanjana Sorcar.

Table 1.1.1: Location of the selected site for the
broadband seismological stations.

S.No. | Site | Latitude (°) | Longitude (°)
Larsemann Hill
01 ANTO1 -69.408 76.198
02 | ANT 02 -69.408 76.193
03 | ANT 03 -69.407 76.191
04 | ANT 04 -69.406 76.183
05 | ANT 05 -69.407 76.181
06 | ANT 06 -69.407 76.200
07 | ANT 07 -69.407 76.201
08 | ANT 08 -69.408 76.203
Storness Peninsula
09 | ANTSO1 -69.417 76.097
10 | ANTS02 -69.416 76.099
11 | ANTS03 -69.404 76.113
Vestfold Hill
12 | ANTVO1 | -68.639 |  78.086
Rauer Group
13 [ ANTRO1 | -68.809 [  77.850

1.2 Crustal and mantle structures and
geodynamic model for Western Ghats

The western margin of the Indian sub-
continent that hosts one of the world’s largest
escarpments called the Western Ghats (WG)
is a collage of diverse geological formations
with  different  structural and  physical
characteristics. Characterizing upper mantle
seismic anisotropy offers robust insights into
the mantle deformation and its role in the
evolution of such regions. In this study, we
estimated the upper mantle anisotropy using
shear wave splitting analysis of good quality
SK(K)S waveforms recorded at 12 broadband
seismological stations located along and in the
vicinity of the WG. Results indicate that the
fast axis polarization azimuths are primarily in
the NE-SW direction, with delay times varying
from 0.9 to 1.1 s (Fig. 1.2.1). This direction is
parallel to the Absolute Plate Motion (APM) of
the Indian sub-continent, suggesting that shear
at the base of the lithosphere is the dominant
mechanism for anisotropy along the WG. E-W
oriented anisotropy at stations close to the west
coast (Fig. 1.2.1), especially in the northern part
of WG could be due to lithospheric stretching
along the west coast, associated with the rifting
process. Further, the observed coast parallel fast
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Fig. 1.2.1: Composite SK(K)S splitting measurements,
plotted at station locations. Brown colour lines indicate
splitting measurements obtained in the present study
and green coloured lines indicate published splitting
measurements. The length and orientation of the lines
indicate the delay time and fast axis polatization azimuth
respectively. (SGT - Southern Granulite Terrain, WDC
- Western Darwar Craton, DVP - Deccan Volcanic
Province, CG - Closepet Granite, EDC - Eastern Darwar
Craton, CB - Cuddapah Basin).

axis polarization azimuths (N-S, NNW-SSE) with
delay times varying from 0.6 to 1.3 s at stations
away from the coast (Fig. 1.2.1), especially in the
northern and southern parts of WG could be
due to the edge flow associated with transition
from a thinner to thicker lithosphere. Further,
we observe complex anisotropy in terms of
multiple fast axis polarization azimuths varying
from 19.33° to 163.78°, with varying delay times
of 1.08 to 1.3 s, at station close to the coast
in the region of Southern Granulite Terrain
(Fig. 1.2.1). The variable fast axis polarization
azimuths from coast perpendicular to coast
parallel at stations close and away from the
west coast of the Indian sub-continent implies

MOoES NCESS Annual Report 2019-20

different rifting episodes experienced by it.

NCESS Seismological Observatory
(Peechi): A total of 1421 earthquakes (local,
regional and teleseismic) were recorded at Peechi
Observatory during April, 2019 to March, 2020.
Out of these 1421 events, 28 events from Kerala
region, 07 events from nearby states, 59 events
from Andaman-Nicobar region, 46 events from
other parts of India and remaining 1278 events
from other parts of the world. The 28 Kerala
tremors recorded at the Peechi station were
mainly from Thrissur, Ernakulam, Palakkad,
Idukki, Pathanamthitta, offshore of Kollam and
offshore of Alappuzha. The local magnitude
(ML) of these tremors vary from 0.6 to 2.4.

1.3 Deep lithospheric structures
across shear zones, South India

Understanding of shear zones is the key factor
for tracing the tectonic history and fundamental
reconstruction. The Southern  Granulite
Terrain (SGT) expose many crustal-scale shear
systems like Salem - Attur, Moyar - Bhavani in
the northern part and Palghat-Cauvery, shear
zones in the northern part of SGT and the and
Achankovil shear zones. especially the Palghat
Cauvery shear zone is not fully understood
and is highly debatable. Presently, differential
travel time residuals between station pairs using
a common source technique to decipher the
crustal structure along and across the Palghat
Cauvery Shear Zone (PCSZ) was studied. Using
this methodology, the P and S differential travel
time residuals between 23 station pairs across
and along the PCSZ of SGT were calculated.
The obtained differential travel-time residuals
vary from -0.9 s to +0.9 s for P-waves and -0.9
s to +1.0 s for S-waves (Fig. 1.3.1). Interestingly,
the P and S differential travel-time residuals are
varying from (i) +0.1 s to +0.9 s and +0.1 to
+1.0 s respectively along the PCSZ and (ii) -0.1
s to -0.9 s and -0.1 s to -1.0 s respectively in the
non-shear zone regions (Fig. 1.3.1). The positive
residuals along the PCSZ indicate the existence
of low compressional and shear wave velocities
in the crust, this may be due to sheared ductile
materials through the process of mylonitization.
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Fig. 1.3.1: The obtained P (top panel) and S (bottom
panel) differential travel time residuals plotted at the mid-
point of station pairs. (MSZ - Moyar shear zone, MBSZ
- Moyar Bhavani shear zone, BSZ - Bhavani shear zone,
PCSZ - Palghat Cauvery shear zone, KKPT - Karur Kamban
Painavu Trichur and ACSZ - Achankovil suture zone).

3D model of Achankovil Shear Zone and
subsurface characterization from computed
gravity gradient anomalies

Subsurface mass density can be analysed by using
gravity field and the gravity field from any mass
body having a particular density is most easily
understood in terms of its gravity scalar potential
field. Full gravity gradient tensor is a symmetric
tensor, since the order of differentiation of a
scalar quantity is irrelevant and, because gravity
is a central force obeying Laplace equation in
free space, the sum of the diagonal components
is zero for an inertial frame of reference. Thus,
there are only five independent components
and one dependent component of the gravity
gradient tensor. Each independent components
and combinations of these provides significant
subsurface information individually. In present
study, only vertical gradient components and
Total Horizontal Components (THZ) have
been computed which enhances details of
the shallow structures (Fig. 1.3.2) better than
gravity anomaly itself and maps lateral density
variations in the subsurface.

Three major lithologic units can be differentiated
from the vertical gravity gradient (T ) (Fig. 1.3.2
a) in the region: 1) long wavelength linear trend
of positive anomaly in the west can be associated
with the shallow crustal thickness; 2) the
migmatites group of high grade metamorphic
rocks of high density are interpreted to be
the source of prominent positive anomalies
in eastern part of the region; 3) charnockite
and laterite bauxite are interpreted to be the
source of medium to low density response to
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be the source of negative gravity anomalies in
the central part of the region which cannot be
directly interpreted from the gravity anomaly.
Moreover, Western Margin Fault (WMF) in
western part is easily marked with linear trend
of positive anomaly and AKSZ is significantly
bifurcated Madurai Block and Trivandrum
Block with a positive trend of anomalies. A
new set up of faults F1, F2, F3 and F4 are
seen clearly with several folds C1, C2 and C3
in northeast part of the region, where fault
F1 connect AKSZ (Achankovil Shear Zone)
and TF (Tenmalai Fault) and fault F2, I3 and
F4 cut across the basement of Madurai block.
Furthermore, a particular trend can be observed
along Western Ghats Escarpment (WGE) that
crosses the major units of Madurai Block (MB),
Trivandrum Block (TB) and Nagercoil Block
(NB). However, NB and TF are not demarcated
easily from the vertical gradient (T ) (Fig. 1.3.2
a) but can be easily seen in horizontal gradient
(T,) (Fig. 1.3.2 ¢). The most important feature
of charnockite block shown in white shaded
boundary, NB, F4 and TF presents a clear
demarcation in horizontal gradient map (T))
(Fig. 1.3.2 ¢) than any other gradient maps.
However, WME, WGE, F2, F3 and folds like C1,
C2, C3 highlights their presence and confirms
the vertical gradient signature in all horizontal
gradient maps (T,,.T, . HGz)(Fig. 1.3.2 b, ¢, d).

A 3D conceptual evolution model developed
is shown in Fig. 1.3.3 from compiling the
information from joint multi profile modelling
using gravity and magnetic data sets to draw a
better conclusion regarding the evolution and
tectonics of AKSZ and its link with Western
Ghats Escarpments. And it gets support from
the available geological and geophysical data
sets. The jointly developed density-susceptibility
model illustrates the crustal density structure
constrained with seismic Moho, electrical
resistivity  structure and available surface
geological information along five different
profiles taken across the AKSZ.

Modelling results reveal a three-layer crustal
configuration with the depth to Moho varying
from 41 km in the Northeast direction to about
34 km in the Southwest direction. Results show
that AKSZ extending 12-21 km wide from West
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Fig. 1.3.2: Subsurface structural interpretations from
computed gravity gradients: (a) Vertical Gravity Gradient

-(T ,» (b) Horizontal Gravity Gradient - sz(c) Horizontal

Gravity Gradient —(TZ ), and (d) Total Hotizontal
Gradient — HGz White dashed line — AKSZ, Solid

dashed line — Thenmalai Fault (TF), Solid white elliptical
boundary — Nagercoil Block (NB), Solid black straight
line — Western Margin Fault (WMF), solid black curved
line — Western Ghats Escarpments (WGE), A solid white
shaded boundary — Charnockite block, Black dashed line
— different faults F1, F2, F3 and F4 interpreted in the
present study, White dotted curved lines - different folds
C1, C2, and C3 interpreted in the present study.

to East direction and ~120 km long oriented
towards the NW-SE direction. The vertical
extent of AKSZ varies from 17 km in north-
west to approximately 13 km in south-east
direction confirms the upper crustal structure
and provide a friendly support to subsurface
electrical structure where a sharp contrast in
resistivity pattern can be observed below the
AKSZ zone in upper crust with moho depth
of 40 km. Thus, presented model reveals the
geometrical variation of AKSZ from west to
east part of the region where AKSZ shows a
deep and narrow zone of sheared form near to
the Escarpment of Western Ghats and a wide
and shallow structure in the far-east region.
Hence, it can be assumed that eatlier existed
less sheared zone can be called as paleo-tectonic
lineaments would have significantly sheared due
to escarpment event and thus it clearly indicates
the evolution of Western Ghats is a late
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geological event to the AKSZ. In addition to this,
subsurface geological structures are interpreted
first time using different combinations of
gravity gradients and individual components.
Several faults and folds were interpreted with
their lithological units which was not possible
earlier and obtained a successful validation from
well documented structural geological maps.

Achankovil Shear Zone, has been controversial
among the geo-scientific community for the past
few decades. Subsequently, the crustal structure
of the AKSZ has been documented only for
2D modelling using different geophysical
techniques, but no one has given the detailed
architecture of AKSZ and its continuous
boundary. The proposed study describes the
results from integrated geophysical methods
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Fig. 1.3.3: 3D geometrical representation of AKSZ
obtained by compiling all five profiles from NW to SE
direction. The top shaded rectangular pattern shows the
overall picture of AKSZ.
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Fig. 1.3.4: High resolution gravity field data sets in
Achankovil area — 50 days of duration.
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like ground gravity and magnetic data, MT data
and electrical resistivity data across AKSZ to
evaluate the tectono-dynamics of the AKSZ
and the region surrounding it like SGT for
significant correlation. NCESS is planning
to cover area from 8°N to 10°N and 76°E to
79°E at each 2 km interval of data collection. In
the first stage of field survey, gravity survey is
planned over an area of 150 km x 50 km (7500
sq. km) with sampling interval of 1.5 to 2 km
covering a part of Kerala and Tamil Nadu. Total
number of gravity stations will be around 4000
points and maximum number of 40 gravity
stations could be covered in one day. However,
as a partial field of total duration of 50 days
is completed in two phases of first field in the
region as shown in Fig. 1.3.4 with blue and
black dot points showing observation points
completed till now.

1.4 Joint inversion of gravity and
gravity gradient data using global
optimization

Very less attempt has been given to design a
robust algorithm for the generation of physical
and geometrical properties to understand
the complex responses of gravity and gravity
gradients together. Present work is emphasized
to develop a novel approach for joint inversion
of geophysical data sets like gravity and gravity
gradients using Particle Swarm Optimization
(PSO) method with polygonal approximation.
A MATLAB code has been developed and
tested on several synthetic models. It has been
used to invert the source parameter using a
polygonal approximation of random irregular
sources like irregular prism, triangular shapes
and spherical geometry as a synthetic model.
The model parameters are used as vertex points
of a polygon and density. Combined residual
gravity and gravity gradient anomaly with and
without 10% Gaussian noise are tested for
shape and density inversion by minimizing
root mean square error of combined model
for corresponding geometries. Application of
PSO algorithm in case of the synthetic model
demonstrate the accurate estimates of the shapes
with very low standard deviation and data misfit.
Furthermore, data with 10% Gaussian noise,
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the value for RMS error becomes less than 10%,
which shows a good fit with the data. In case of
varying density model, the standard deviation of
parameter estimation from 40 test run is slightly
higher but within the range of maximum 5% of
the mean parameter values. For noisy data for
all parameters, the application of joint inversion
including density provides less than 10% mean
RMS error in all cases, which suggest the
parameters responsible for gravity and gravity
gradient anomaly are well determined. Further
we verify present inversion algorithm in three
real examples from 1. Offshore Louisiana
Salt Dome, USA, 2. Noranda Mining District,
Quebec, Canada, 3. Karrbo, Vastmanland,
Sweden for its robustness and effectiveness.
Here gravity and gravity gradient data is jointly
inverted for location, area and depth estimation
and show well agreement with published results.

1.5 Depth estimation of sedimentary
basin using differential evolution
algorithm

A MATLAB based inversion program
SPODEA (b-Spline Polynomial Approximation
using  Differential Evolution  Algorithm)
introduced in the present study has been used
to simultaneously compute the depth up to
the basement for heterogeneous sedimentary
basins from observed gravity anomalies. The
subsurface interface topography of arbitrary
basins has been used to discretize into a grid
of juxtaposed elementary prisms in order to
estimate the depth using constant density or
density variation with depth. Such discretization
leads to failure of continuity of depth profile and
provides poor misfit in objective functional. It is
the first time that this present inversion program
named SPODEA has been developed based on
segment wise b-spline optimization technique
for estimation of depth using the higher order
multi polygons to get the best misfit with least
parametric information thereby reducing the
computational expenses. Here, SPODEA is
supported with Differential Evolution (DE)
algorithm used for the optimization of b-spline
control point parameters of sedimentary basin
depth profile. The B-spline segment wise depth
optimization method provides a real parametric
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optimization with accurate continuous depth
profile compared to discrete prism optimization
techniques using the gravity anomalies. The
analysis of gravity anomalies from complex
synthetic model of two sedimentary basins
is used for inversion so as to estimate the
depth profile with constant and depth varying
density. Further both the models have been
tested with 10% Gaussian noise to illustrate the
insensitivities of developed code for background
noises. In both the cases of synthetic models,
misfit RMS error is less than 3% without taking
noise into consideration and is below 5% due
to background noise effects. Interpretation of
gravity anomalies over two different sedimentary
basins of (i) Godavari Basin, India and (ii) San
Jacinto Graben, California with depth varying
density contrast yields significant interface
topography as a geological plausible model
shows fair agreement with earlier studies.

Gravity anomaly for Godavar basin
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Fig. 1.5.1: Godavari Basin, India, where blue dotted curve
in upper panel represents the observed Gravity field,
solid red line shows inverted gravity field, and Red solid
line in lower panel represents inverted depth profile and
filled region represents inverted sedimentary basin using
SPoDEA.
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Fig. 1.5.2: San Jacinto Basin, California, USA, where blue
dotted curve in upper panel represents the observed
Gravity field, solid red line shows inverted gravity field,
and Red solid line in lower panel represents inverted depth

profile and filled region represents inverted sedimentary
basin using SPoDEA.

1.6 Study of geomagnetic data
from Ettaiyapuram and Hyderabad
Magnetic Observatories, India over
two solar cycles

The quiet time characteristics of equatorial
electrojet (EE]) and the counter electrojet (CE])
over two decades (1980-2002) were established
using Principal component analysis (PCA)
from Ettaiyapuram and Hyderabad Magnetic
Observatories, India. The seasonal, solar cycle
and day-to-day variation of counter electrojets
and its dependence on electrojet show strong
correlation between the EE] amplitudes, CE]J
occurrences with different phases of sunspot
cycles 21-23. EE] amplitudes were found to
be strong during equinox compared to other
seasons. Analysis of seasonal means shows
evening CEJs are more pronounced compared
to morning and afternoon CE]Js. The diurnal
and semi-diurnal amplitudes of horizontal
component at Ettaiyapuram and Hyderabad
were found to be maximum in the equinoctial
months when compared to the other months,
and were larger in high than in low sunspot years.
The current intensity of diurnal, semi-annual
peaks follow the trend of sunspot activity. The
present study reinforces the previous findings
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on the abnormal field variations detected using
the second principal component, as a proxy for
CEJ and establishes a strong correlation with the
occurrence of CEJs during low sunspot years.

1.7 Palacomagnetism and
geochemistry of different igneous
units

Two important programs were taken up
under this project. One, to understand the
palacomagnetic and geochemical characteristics
of the Proterozoic igneous units to trace
Indian Shield within the supercontinental
reconstructions and to unravel petrogenesis
in terms of nature and development of
subcontinental mantle lithosphere. Second, to
investigate the late Phanerozoic magmatism,
mantle plume evolution and the breakup history
along the passive continental margins of India.

The palacomagnetic, geochemical and rock
magnetic studies that are taken up in earlier years
on the mafic igneous units in the Gwalior and
Bijawar sedimentary basins have been continued
during this year also. Characteristic remanent
magnetization directions were computed from
alternating field demagnetization results using
principal component analysis of both Gwalior
and Bijawar traps igneous unit samples. One
batch of samples has been chosen based on
AF demagnetization results and subjected to
step wise incremental thermal demagnetization
experiment to compute thermal characteristic
remanent magnetization directions. In order
to strengthen palacomagnetic results, magnetic
hysteresis measurement and
susceptibility experiment were conducted on
10 selected samples collected in the earlier
year fieldwork from Gwalior and Bijawar traps.
Hysteresis parameters for both Gwalior and
Bijawar samples indicate that SD/PSD type of
ferrimagnetic mineral (magnetite/maghemite)
is  responsible
Temperature versus susceptibility measurements
for most of the Gwalior samples show a sharp
drop in susceptibility between 565°C and
600°C. One Gwalior sample (GL-7k) shows
a Curie temperature of 580°C which indicate

temperature

for magnetic remanence.
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the dominance of titanium poor magnetite.
Whereas the Bijawar samples are showing lower
susceptibility values on the thermomagnetic
curves, therefore it is difficult to assess the exact
Curie temperature. In addition, 5 samples from
both Gwalior and Bijawar sedimentary basins
were prepared for thin sections and further
analysis and interpretation is in progress.

As part of the study on to understand the
Phanerozoic magmatism and break up history
of the western continental margin of India,
palacointensity, detailed rock magnetic and
geochemical investigations on the Deccan
stratigraphic sequence along 1250 m drill hole
(KBH-7) from the Koyna Scientific Deep
Drilling program, has been continued during this
period. Most experimental processes completed
in previous years and during this period the
data have been processed and interpreted.
Thermal Palacointensity  (PI)
were carried out on 76 samples covering the
19 flows down to the basement. The present
PI study of the drill hole adopted a systematic
approach: determined detailed mineral magnetic
properties as a prelude to PI experiments, used
a more accepted thermal PI method (Zero field-
In field), conducted partial thermoremanent
magnetization (pTRM) checks and pTRM tail
checks, assessed for cooling rate and anisotropy

experiments

corrections and followed standard set of strict
reliability and quality criteria to consider results to
compute field strength at the time (c. 65-66 Ma)
of the Deccan flood basalt eruption. Using the
remarkably well constrained Deccan palacopole
(37.8°N, 282.6°E) ~65 Ma palacolatitude for
the Koyna drill hole is estimated as 28.1°S to
calculate the Virtual Dipole Moment (VDM),
which is independent of the latitude. The
estimated mean dipole moment value of Koyna
bore hole samples is 1.460.69 X10* Am* In
view of systematic approach/method. The
obtained result of the Koyna bore hole is the
best dipole moment result from one of the two
largest Phanerozoic flood basalt provinces of
the world and the largest Cretaceous igneous
province. Furthermore, this data is helpful
to understand the relationships between
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geomagnetic behaviour, polarity reversals and
deep mantle processes. Detailed studies in this
angle is in progress.

1.8 Palaeofluids in the petroliferous
basins of western offshore, India

The study on palaeo-fluids in the sediment fill of
western offshore basins (Mumbai & Kerala) is
aimed to understand the hydrocarbon presence
and fluid evolution in the offshore sedimentary
formations. It is an effort to develop and
utilize the potential of petrographic, micro-
thermometric and spectroscopic tools to
study the entrapped fluids that have migrated
through different geologic horizons as fluid
inclusions in the Mumbai and Kerala Offshore
basins. Samples from RV1 well, Mumbai
offshore basin were used to develop the unique
wafer preparation techniques, standardize the
sophisticated laboratory equipment and to
ascertain the utility of the technologies that
are indigenously developed for its deployment
in non-proven and challenging fields like the
Kerala Konkan (KK) basin. KK basin is so
significant that the petroleum system predicts
oil prospectus.

Petrographic and  microthermometric
studies on the fluid inclusions from KK-
basin

One method of verifying temperature up to
which the Kerala Basin had been heated is
by the careful cataloguing of the nature of
fluid
of entrapment etc.) in the carbonate cements
and the authigenic enlargements around the

inclusions (composition, temperature

ubiquitous quartz grains (clastic phase). Carried
out petrographic analysis 93 fluid inclusions
samples (Fig. 1.8.1) within 2980 m to 6190 m
depth and host mineral lithology of this region
under observation is sandstone, siltstone,
limestone and claystone. Among this HCFIs
are mainly seen at 3205-3210 m, 3235-3240 m,
3895-3900 m, 3940-3945 m, 3980-3985 m, 5025-
5030 m depths with sandstone and claystone
lithology (Fig. 1.8.2) and can be confirmed as
carrier beds.
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Fig. 1.8.1: A typical multi-phase fluid inclusion from KK-
basin at 3115-3120 m depth with sandstone claystone
lithology (scale 20pum).

inclusions at a depth of 3980-3985 m with sandstone
lithology (scale 20um).

Extensive petrographicand micro-thermometric
studies of fluid inclusions from the lithologies
within Kerala basin spread over in space and
time can provide essential data on the fluids,
which have moved through various stratigraphic
successions.  Therefore, fluid inclusion
studies provide information of fundamental
importance to the hydrocarbon exploration
and production industry in the Kerala Basin,
which so far is designated as “dry” in terms
of oil findings. Secondly, micro-thermometric
analysis of fluid inclusions provides an estimate
of fluid trapping temperature, composition and
fluid density. Microthermometric analysis was
carried out for a total 41 fluid inclusion samples
at depth of 2980 m to 4580 m (a minimum of
8 measurements for each sample) and observed
a first melting temperature (T, ) is ranging
from -80.2°C to -4.9°C and temperature of
last melt (T, ) ranges from -34.5°C to 0.4°C.
The temperature of homogenization (Th)
shows a minimum of 10.2°C and maximum of
206°C. Among these, almost 12 coeval biphase
aqueous fluid inclusion samples/assemblages
given a Th between 64.8°C and 139°C that falls
within oil window, the temperature at which
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transformation of kerogen to oil happens.
Salinity was calculated for brine inclusions based
on the T | value and it ranges from 0.7 to 31.67
eq. wt% NaCl. Based on the mircothermometric
studies most of the fluid inclusion systems
identified in KK basin are H,O-CO, (Te-
56.6°C) H,0O- NaCl (Te-21.2°C), H,O-KClI (Te-
10.6°C) and H,0-NaCl-KCI (Te-23.5°C) based
on fluid inclusion Th data and most of the
primary fluid inclusions are aqueous carbonic
(H,0-CO,) and secondary fluid inclusions are
mainly comes in the H,O-NaCl and H,O-KCI
systems. Fig. 1.8.3 shows the changes observed
for two biphase fluid inclusions in a secondary
trail from KK-basin, when homogenization
happens during microthermometry and the
temperature of homogenization indicates oil
window. Petroleum system modelling studies
were initiated using Petromod software with the
so far available fluid inclusion data.

——r

Fig. 1.8.3: Phase changes in a biphase fluid inclusion
from KK-basin (at 4565 - 4570 m depth, in a secondary
trail) during microthermometric heating runs (a) room
temperature (b) homogenises when temperature (Th)
reached at 830°C, which falls within oil window (scale 20

pm).
1.9 Assessment of global

environmental changes and impacts
in Sahyadri

Near surface processes are complex with inputs
of solar energy and atmospheric deposition of
gases which interact with the land maintaining
the biogeochemical balance with soil and
water and nourish the ecosystem functions.
But the global changes affect the shallow
crustal environmental geochemical balance
considerably. As a matter of fact, performing
spatially and temporally, coordinated research in
Sahyadri (Western Ghats) in the highly relevant
topics of climate, GHG emissions, land and
land resources, soil and water resources and
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their quality, resource utilization and sustainable
development is the need of the hour and can
generate invaluable datasets and interpretations,
that is very essential for deriving plans for
the environmental sustainability and human
development.

1.9.1 Base data preparation of soil
resources in Periyar basin, southern

Western Ghats

The accelerated increase in temperature
coupled with disparity in rainfall all around
the globe has resulted in loss of soil carbon
which indirectly affects other soil functions
like poorer soil structure, stability, topsoil,
water holding capacity, nutrient availability and
erosion. Preparation of baseline data on the
geochemistry of soils and the controlling factors
is essential for understanding the changes if any,
due to global environmental impacts. Since River
Basin mode is best suited for data capturing
an attempt is made in this line. The present
study aims to understand the geochemical and
textural variations in soils of Periyar River
Basin (PRB) under different seasons (monsoon
and non-monsoon) owing to regional/global
climate change. Results of the major oxides
in the present study were compared with the
‘International Standards for Major Oxides
in Soil’, ‘Composition of charnockites from
Kerala’ and the previous background values of
major oxides from the study area, to assess the
enrichment or depletion of major metal oxides.
The elemental concentrations of ALO, and
Fe, O, major oxides showed a marginal increase
during monsoon period. It was observed from
the literature, soluble or exchangeable Al levels
will increase as a consequence of increasing
acidity and from the results it was confirmed
that the soils of PRB are acidic in nature. In
general, the soil samples of PRB have moderate
(ca. 65%) to high (ca. 80%) SiO, contents with
a mean ca. 75% SiO, probably because of
their high quartz content. The negative linear
relationship illustrated in Harker diagram (Fig,
1.9.1.1) of SiO, with ALO, and Fe O, is due to
most of the silica being sequestered in quartz.
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Fig. 1.9.1.1: Bivariate plots for the oxides of (a) AL,O, and
(b) Fe,O, vs SiO, (all values in percentage).

Pearson’s correlation coefficient matrix was
performed on metal ions to evaluate the possible
sources and controlling factors for metal
enrichment in the study area. A significantly
positive correlation at P<0.05 was found
between the elemental pairs Si-Al, Si-V, Ti-V, Fe-
V, Ca-Na, Ca-Sr, Mg-K, Na-K, Na-Sr, K-S, St-
Ba indicating possible lithogenic origin for these
elements. The presence of Sr in the soils has
a strong bearing on the accumulation of heavy
metals in the study area. The association of Sr
and Ba (due to crystalline association, especially
in feldspar) is well known, which is reflected
in the relatively strong positive correlation
coefficient (0.80).

Results of the contaminant studies revealed, CF
values to be more than 1 at certain locations
indicating moderate to high contamination.
The PLI analysis showed the progressive
deterioration of some locations with certain
metals. The I values for most of the metal ions
considered showed unpolluted to moderately
polluted (Cu, Cr and Zn) soil quality (Fig.
1.9.1.2). The soil textural facies analysis revealed
sandy loam and silt loam facies in the non-
monsoon to sandy loam and sandy clay loam
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in the monsoon indicating the flushing out of
finer fractions during monsoon period.
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Fig. 1.9.1.2: Box plot representing Igeo for studied
samples.

Principal Component Analysis was carried
on the dataset (18 variables) to compare the
compositional patterns between analysed metal
ions and to identify their common origin. Three
principal components (PC) with eigen values
higher than 1 (before and after rotation) were
extracted. The results indicated that PCA leads
to reduction of the initial dimension of the
dataset to three components which explained
75.34% and 65.49% of the total variance of the
data for monsoon and non-monsoon seasons
respectively. In both the seasons Zn is shown to
be originated from anthropogenic sources. The
distribution and transport of Zn was dependent
on the characteristics of the environment and is
unlikely to be leached from the soil owing to its
adsorption on clay and organic matter.

1.9.2 Continuous monitoring of surface
water quality in Periyar basin, southern
Western Ghats

In the present study, surface water samples
were collected from Periyar River (PR) during
monsoon and non/pre monsoon seasons and
are used for estimation of major ion chemistry
(including Na*, K*, Ca*", Mg**, SiO,, CI,, SO %,
NO, and HCO;,). The results of the study have
been used for characterizing and understanding
hydro-geochemical processes of the basin.
Our aim is to frame the general trend in water
chemistry and quality during different seasons
and to prepare the trend in the hydrochemical
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variation before and after an extreme climatic
event. Samples were subjected to various
analyses to elucidate the hydrochemistry. Major
ion chemistry has been validated by using
Normalised Inorganic Charge Balance (NICB)
representing the extent of deviation between
sum of anions charge and sum of cations
charge.
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Fig, 1.9.2.1: Variation of weight ratio of () C (CI+HCO,)
and (b) Na/(Na+Ca) as a function of total dissolved salts
(IDS) in the samples of PRB

Among major cations, Ca** in river water is
mainly controlled by weathering of various
silicate minerals. The major source of Ca®*
in PRB is the weathering of chain silicates
(pyroxenes and amphiboles). Mg** in the
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stream waters is supplied by weathering of
ferromagnesian minerals, including pyroxenes
and amphiboles as well as dark coloured micas
(biotite), which are abundant in host lithology.
Dissolved solutes in river water are controlled
by various mechanisms including, atmospheric
precipitation, evaporation-crystallization,
weathering and  dissolution of drainage
minerals (primary and secondary), dissolution
of soil salts and anthropogenic activities. Gibbs
diagram (Fig. 1.9.2.1) for the PRB waters shows
partial dominance of rock-water interaction for
cations and precipitation dominance for anions,
suggesting solutes (cations) are accumulated
through chemical weathering mechanisms. A
positive linear relationship (Fig. 1.9.2.2) of
HCO, with Ca*" and Mg** can be attributed to
their common source and in general, Ca** and
Mg?*ions are balanced by HCO,

The hill piper diagrams showed that during
non/pre-monsoon season the hydrochemical
facies obtained was Ca-Cl and mixed type. No
individual element was seen in the dominant
phase whereas for anions Cl was the dominant
phase. Dominant sources of Cl in river water
are contribution from cyclic salts, soil salt
dissolution as well as anthropogenic inputs.
From the analytical results also, it was justified
that Ca and Cl concentration was higher during
pre-monsoon season. During the monsoon and
post monsoon season Mg-HCO, and mixed
type was obtained as the hydrochemical facies.
No dominant cations and anions were seen
during monsoon whereas during post monsoon
Mg was obtained as the dominant cation phase
and HCO, was obtained as the dominant anion

-
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Fig. 1.9.2.2: Bivariate plot of Ca* + Mg*" vs HCO, ~of
samples of PR. Analytical data of samples are clustered
along the 1:1 line while a few samples show slight
deviations from the equiline.
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type. A change in the hydro-chemical facies was
noticed during the study period (monsoon and
non/pre-monsoon), which indicates that most
of the major ions are natural in origin.

PCA/FA was performed on the normalized
data to compare the compositional pattern
between hydrochemical attributes and to
identify the factors influencing each parameter.
PCA of the entire dataset revealed three PCs
with eigenvalues >1 that explained 66.88% of
the total variance in the surface water data set.
Based on the correlation matrix performed on
the surface water chemistry, it is observed that
Electrical Conductivity and TDS has a strong
positive correlation towards Total hardness, CI
and SO,. Ca exhibited significant correlation
between Cl'and NO, ions. The results suggest
the continuous/ seasonal monitoring of PRB
is vital to understand and model the controls
of hydrogeochemistry and its relation to the
external forcing,

1.9.3 Variations in groundwater chemistry
of Periyar basin, southern Western Ghats

Over the past decades, the frequency of
great floods and extreme precipitation events
has substantially increased due to global
environmental changes. The impact of climate
change is the cause for the extreme climatic
events like floods in Periyar river basin (PRB).
We have been continuously monitoring the
groundwater potential of PRB as part of the
studies for a long time in order to understand
the trends in water quality behaviour during
different seasons and to arrive a general
behaviour for any type of comparison on the
event of any extreme climatic events. In the
present study, an attempt has been made to
evaluate the variation in groundwater quality and
suitability for drinking and irrigation purposes,
in the low lands and midlands of Periyar River
Basin (PRB) of southern Western Ghats, which
witnessed the worst flooding in 2018 and 2019.

A total of 26 groundwater samples were
analyzed and the obtained analytical results (16
parameters) were compared with the standard
guideline values as recommended by the WHO
(2011) for drinking purposes. Parameters like
pH, turbidity and E. /. exceeds the WHO limit
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for the three periods. Acidic pH during pre-
and post-flood times may be due to excessive
runoff of chemicals and pollutants from
agriculture practices, organic wastes and sewage
from the adjacent area, anthropogenic and
industrial pollutants, which in turn percolates
and contaminate well water. Higher turbidity
in post-flood samples is mostly due to the
presence of organic matter such as decomposed
plant and animal matter and inorganic particles
like silt, clay, which impart turbidity due to
heavy rain and flooding, The higher values of
ammonia recorded in post-flood were attributed
to acidification of water by elevated microbial
degradation of organic debris and concentrated
dissolved solids as a consequence of flooding,
Escherichia Coli colonies detected were more in
pre-flood and post-flood compared to flood
period. These pathogens may be washed into
the groundwater from human, animal wastes,
impropertly treated septic and sewage discharges,
leaching of animal manure, stormwater runoff.

Sodium Absorption Ratio (SAR), Sodium
Percentage (Na%), Residual Sodium Carbonate
(RSC) was assessed for the suitability of
the groundwater for irrigation purposes.
Furthermore, 92% of the groundwater samples
in pre-flood, 96% of samples in flood and 88
% of post-flood samples of the study area were
found suitable for irrigation purposes in terms
of sodium adsorption ratio (Fig. 1.9.3.1) and
Sodium Percentage (Fig. 1.9.3.2). RSC value
shows that all the 26 samples in pre-flood, flood
and 25 samples in post-flood satisfy the safe
limit for irrigation.

Piper trilinear diagram reveals that samples
belong to the Mg-HCO, type in the pre-flood,
Mg-HCO, type and mixed type in both flood
and post-flood period. During pre-flood,
flood and post-flood period, no remarkable
change is observed in hydro-chemical facies
indicating natural origin of major ions. As PRB
comprised of biotite gneiss, hornblende gneiss,
charnockites, laterite and recent alluvium,
the minerals like biotite, hornblende, augite,
dolomite, serpentine, diopside etc. were possible
source of Mg. The Gibbs plotting of chemical
data was mainly around rock dominance area
and partly in precipitation dominance zone. It
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essential tool for rapid transfer of information to
water resources managers and the public. As per
the relative weightage given to each parameter
based on estimated health deterioration and
quantitative abundance, Nitrite, Phosphate,
Electrical Conductivity, TDS and pH are playing
vital role in governing WQI. Spatial variation of
water quality index is shown in Fig, 1.9.3.3.
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Fig. 1.9.3.3: Spatial variation of water quality index

The excess rainfall resulted during flooding has
held groundwater levels of coastal aquifers high
during post-flood. This has led to minimise the
sea water intrusion into adjacent coastal aquifers.
vice-a-versa, the low hydrostatic pressure during
pre-flood has given rise to more sea water
intrusion. These phenomena are reflected in low
and high electrical conductivities during post
and pre-floods respectively. Different industries
like Fertilizers and Chemical Travancore Limited
(FACT), Hindustan Insecticides Limited (HIL),
Indian Rare Farths Limited (IRE), Merchem
Limited, are situated in lower Periyar, which are
down the river course. The untreated release
of wastes from these industries into the soil
can alter the chemical quality of groundwater
through infiltration and percolation. This
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permits highly polluted water to enter into
the fresh water strata through improper
construction of wells, disposal of animal and
municipal wastes, sewage and other industrial
wastes as observed previously by Balakrishnan
(2009). The deterioration of quality of
groundwater at Eloor and other parts of the
lowland coastal region is due to the impact of
these industrial effluent discharges and also due
to the saline water intrusion. This was clearly
visible during Pre-flood than post-flood because
of more dilution effect after looding, The WQI
modelling of study area suggested that coastal
aquifers are highly influenced by sea water
intrusion, topographical change and dumping
of industrial wastes.

1.9.4 Isotopic elevation effect in rainfall
during southwest monsoon along multiple
stations in Western Ghats and adjacent
coastal region, southwest India

On mountainous catchments, the effect of
elevation on the stable isotope ratio of water
termed as ‘altitude effect’ or ‘elevation effect’
can derive important information regarding
orographic precipitation. The orography of
Western Ghats plays pivotal role in invigorating
rainfall over the wind-ward side of the
mountain. However, the isotopic variation due
to the elevation effect has not been addressed
by many. Though, the present study does not
intend to provide a comprehensive record of
the altitude effect in the study area, a general
pattern during the period is evaluated here.
Since, the orographic precipitation depends
on the advection of south-westerly air mass
towards the Indian mainland and the hermetic
effect by the Western Ghats on it, it is essential
to focus on individual events extending up to
the highest elevation station (thus, minimizing
the contribution from local recycled vapor).
Hence, for studying the altitude effects, few
stations from PRB falling along same transect
were considered. There were 18 rainy days when
simultaneous observations were recorded along
all the three PRB stations. All observations
except 2 recorded their maximum 'O depletion
in the highland station. Among these, only
8 observations show a progressive depletion
starting from lowland station following the
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midland and reaching up to the highland
station. Rest of the events that doesn’t show
a progressive depletion signifies the role of
local moisture or the evaporation of falling rain
drops obstructing the Rayleigh rainout process
and producing intermittent 8O enrichments.
The mean 8"0 (-2.2, -2.1, -4.4%o respectively
for lowland, midland and highland) along these
stations as well did not show any linearity while
our recent publication depicts a clear altitude
effect in surface waters along the same study
area. The surface water isotopic composition
in a basin at any location is the accumulated
water from the upper catchments over a period
of time. The 8O value in the surface water
can be modified by the water from the upper
catchments, the catchment area, precipitation
seasonality and the secondary processes
(evaporation and precipitation recycling).
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Fig. 1.9.4.1: Time series variation of d-excess in PRB.

Additionally, these individual events did not
record a progressive increase in d-excess with
respect to increasing altitude as observed
elsewhere. Still, highland station recorded the
maximum d-excess during majority of the events
and the lowland recording minimal d-excess
confirms the evaporation of rain drops below
the cloud-base. Eatlier, it is estimated that the
evapo-transpired moisture from Western Ghats
contributes 25-40% of rainfall over the drier
Tamil Nadu state. The increase in d-excess with
altitude is associated with the increase in relative
humidity. Also, the assumed linear behaviour of
the altitude effect can be cloaked by the local
weather condition. The highland location which
is above the 2000 m elevation mark exhibits
most depleted mean (-4.4%o0) and the maximum
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depletion (ranging up to -8.4%o) in majority of
the individual events. 8O depletion and the
relatively higher d-excess along highland station
suggests that the evaporated uplifted moisture
from the lowlands significantly contribute to
the total precipitation over the highland station
(located in the Kerala and Tamil Nadu boarder)
limiting the scope of quantitative exploration
of elevation effect on the precipitation. More
widespread stations are required in this regard to
obtain a thorough understanding of the isotopic
elevation effect over the Western Ghats region.
Additionally, the altitudinal distribution of
d-excess (Fig. 1.9.4.1) doesn’t show any specific
trend for most of the events but increasing
trend in highland station and deceasing trend
in lowland and midland towards the end of the
season (since end of August). This could be
due to the reduction in Relative Humidity (RH)
owing to the withdrawal phase of the SWM
showing lower d values in the lower altitudes.
The higher rate of recycled precipitation
over Tamil Nadu region during August and
September months justify the higher d-excess in
the highland station towards the end of SWM

S€ason.

1.9.5 Establishing Geo-Environmental
Observatory (GEObs) and global climate
change studies

Monitoring and analysis of indicators of
systemic (trace gas induced) and cumulative
(weather/climate, biogeochemical — changes,
anthropogenic inputs etc.) environmental
changes in mountain regions and the continuous
monitoring of air quality in the Western Ghats
regions is planned by establishing a permanent
Geo-Environmental Observatory (GEObs).
This research observatory will serve as a
primary source of data for several atmospheric
and climate linked geo environmental studies.
An array of field instruments will have to be
set up to monitor weather, climatic parameters
including amount of rainfall, atmospheric
conditions, air quality, greenhouse gas
emissions, soil characteristics and chemistry,
and geochemical fluxes. The space identified
for the establishment of GEObs is the open
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grass land area at Sankhumalai (10° 08” 27.05”
N and 77° 01’ 51.05” E, Altitude 2018 m amsl),
located outside the Eravikulam National Park
area, Rajamalai and inside the Munnar reserve
forest area under the administrative control of
Dept. of Forest and Wildlife, Govt. of Kerala.
The observatory will also contribute the data
for climate change studies in International
and National level and help climate scientists
for modelling studies and to design climate
mitigation and adaptation strategies relating to
climate change and its related realms. The data
generated will be highly beneficial for assessing
the various processes operating in the Western
Ghats, and contribute towards understanding
of physiochemical and biological processes
responsible for the sustenance of the Western
Ghats.

GEODbs as climate reference station — status

Kerala Forest and Wildlife department has
been granted permission to establish GHG
Analyzer and AWSs in different locations of
Western Ghats. NCESS has been trying to get
a permanent location for establishing the Geo-
Environmental Observatory (GEObs) in the
reserve forest areas near Eravikulam National
Park, Munnar. Accordingly, a suitable land has
been identified and surveyed and demarcated the
boundaries with the joined efforts of officials
from Kerala Forest Department and Kannan
Devan Hill Plantations Limited (Fig. 1.9.5.1).
Later a proposal had been submitted to the
Ministry of Environment Forest and Climate
Change (MoEF&CC) for the permanent
diversion of the demarcated forest land for
the establishment of Geo-Environmental
Observatory (GEObs) for NCESS. As per
the first step, clearance certificate for Forest
Rights Act 2006 has been issued by the Dept
of Tribal Affairs, GoK and the Forest Rights
Act Certificate (FRA) has been issued by the
District Collector, Idukki for the demarcated
forest land. The Divisional Forest Officers of
Munnar and Mankulam forest divisions have
inspected the forest land and the inspection
report is awaited, for onward submission to
MoEF&CC for further orders.
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Fig. 1.9.5.2: GEObs initiated in the State Police
Department building at Sankhumalai, Munnar.
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Meanwhile, a temporary building for GEObs
was accorded by the State Police Department
near the above said demarcated land and the
space has already been occupied by NCESS
and thus we have initiated the endeavours of
GEObs in the Western Ghats. An Automatic
Weather Station with temperature, rainfall,
relative humidity, wind direction, wind speed,
solar radiation and soil moisture was installed at
the roof top space in this allotted building (Fig.
1.9.5.2).

In order to monitor the changes in climatic
events in the Western Ghats and to link with
the geo-environmental processes, a permanent
continuous monitoring system is essential
with advanced setup of highly sophisticated
instruments like Green House Gas Analyzer
(Rack mount), Water Isotope Analyser,
Aethelometer, Particulate Matter Analysers,
NOx Analyzer, Self-recording rain gauges cum
Automatic Precipitation Collector for isotopic
investigations, etc. A full-fledged observatory
will be established in near future as the Climate
Reference point of MoES in the Western Ghats
and thus capable to undertake the global change
studies in the coming years.

1.9.6 Analysis of contributory factors for the
environmental fitness of Chalakudy river
basin southern Western Ghats: a GIS based
approach

Chalakudy River is one of the very few rivers
in Kerala which is having relics of riparian
vegetation in substantial level. One third of the
river’s length is occupied by protected areas or
forests that support wildlife. The Sholayar ranges
hold a good percentage of Kerala’s evergreen
forests. Riparian vegetation is dominated by
species such as Syzigium occidentale, Barringtonia
acutangular, efc., these are exclusive to riparian
habitats. About 234 species of medicinal plants
have been identified in this area of which 12 are
threatened. Fish diversity in Chalakudy River is
one of the highest among all rivers of Kerala,
with the highest fish diversity index. Also
recorded 170 species of butterflies and 231
species of birds from the river basin.

The mountainous catchments of the Western
Ghats are the primary contributors of
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Continental Aquatic System and it acts as a
major link between the atmosphere, pedosphere,
biosphere and oceans with in the earth system
dynamics. Not much work has been done in
Chalakudy river basin (1704 sq. km) related to
a holistic frame work of environmental flows
encompassing the seven major components
viz. catchment, forest cover, river channel,
water quality, sediment quality, aquatic biota
and riverine health. Anthropogenic activities,
rapid urbanization, change of land use patterns,
extensive water absorption for various uses
already led to some drastic efforts to the riverine
system and these growing concerns advocates
proper scientific studies of this vital water
resource of Kerala State. The present study is
carried out to assess the quality of surface and
ground water resources in the catchments of
Chalakudy River Basin (CRB).
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Fig. 1.9.6.1: Piper Diagram for the relative concentration
of anions and cations in groundwaters of CRB.

The present analysis was conducted in the
months of May and October, 2019 of respective
The
hydrochemical parameters of Chalakudy river
are studied, and their drinking water potential
is evaluated against WHO (2011) drinking
standards. The piper trilinear diagram is worked
out and it shows that Ca-HCO, type of ion
chemistry predominates in the groundwaters
of the study area (Fig. 1.9.6.1). This water type
indicates that alkaline earth exceeds alkalis and
weak acid dominant chemical properties of
groundwater in the study area.

non-monsoon and monsoon seasons.
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The Water Quality Index (WQI) of the
groundwater around the study area is calculated
for evaluating the influence of natural and
anthropogenic  activities on  groundwater
chemistry and are based on several key
parameters (pH, EC, TDS, HCO, , CI, SO 2,
NO, -, Ca*", Mg*", Na*, K"). Based on the WQI
values (range of 15.56- 67.74), 95% of the
samples falls under ‘excellent’ category and 5%
of samples falls in the ‘good’ category indicating
that the groundwater is fit for drinking purposes.
For category wise comparison, the spatial map
of Water Quality Index is interpolated using
Arc GIS 10.8.

1.10 Landslides: Monitoring and
investigation on triggering factors
along the Western Ghats

Geological, geotechnical and geophysical
studies

In the ongoing project, the study is focused on
the inventory data collection from the landslide
affected areas (field work basis), identification
of vulnerable locations, finding out prominent
reason behind the mass failure incidences of
the specific slopes/ terrains and the appropriate
solutions to reduce the risk factors. Detailed
investigation of the landslide affected areas and
vulnerable zones are highly required to make
the landslide hazard zonation maps at high
resolution scale (1:10000). In 2019 SW monsoon
season, total sixty-one landslide affected sites
were investigated through extensive field works
along various districts of Kerala and also parts
of Karnataka.

Table 1.10.1: Landslide inventories of different districts
(Source: NCESS field data, 2019).

e § S
ElE| 2| 5| ¢
Landslide Type c| S| 2| &g &
S < o SO =
Ml |7 = 3
=
Debris flow 1 4 6 4
Debris slide 2 3 7 3 12
Rock cum debris
. - 1 - - 2
slide
Ground cracks 2 - 5 3 1
Total 5 8 17 | 12 19
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Inventory data was collected from the locations
to compile the complete geological information
of the land/terrain. Soil samples were also
collected from some major landslide locations
as well as the stable adjoining terrains to know
about the weathering details of the parent rocks
in that area. Collected soil samples are under
process for mineralogical and textural analysis to
reveal their clay mineralogy and bulk chemistry
through XRD and XRF techniques. Analytical
results obtained (after treatment) from the both
failed and stable land are compared to check
the probability of the stable locations in future
(based on the high chemical index of alteration,
bulk chemistry, enrichment of clay contents)
with respect to the already failed sites. It will be
useful for protecting those stable areas with risk
reduction plans (implementation of deploying
continuous landslide monitoring system, Early
Warning Systems equipped with creep sensors,
Automated Weather Stations, Rain gauges and
few more advanced technologies in future
scenario).

Parallelly, several new locations in different
districts of Kerala reported ‘soil piping’
phenomenon and few case studies were taken
up. At Flangoor village, Kasargod district, it
was found that length from the outlet of the
pipes to the tunnel body stretched over 300m
crossing public road and number of houses
underneath. The soil piping or tunnels were
found in different length ranging from the
juvenile stage to the major well like openings. In
few locations it was found to be developed due
to excessive mining of laterites (Edayur North,
Pang Nerappil, Kuruva Panchayat, Malappuram
district).

AV T e Ll

Fig. 1.10.1: Field photograph showing the extent of land
subsidence.
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Geophysical survey (through ABEM Terrameter,
Electrical Resistivity Tomography technique) was
carried out for a few specific landslides, ground
crack affected, soil piping locations to find out
the subsurface hydrological, geological features
and conditions, bed rock depth. Soil sampling
was done by NIT Calicut team at locations
in Thrissur, Idukki, Kozhikode, Palakkad
districts to calculate the Factor of Safety using
GEOSLOPE, GEOSTUDIO  software by
incorporating the geotechnical properties of the
soil materials taken from the locations/areas. It
was found less than 2 for few locations which
are marked for detailed investigations. Soil
samples collected from Munnar were analysed
and result obtained found enrichment of clay
minerals such as Kaolinite, Illite, Chlorite,
Montmorillonite etc. in the treated samples with
high CIA value.

Based on the field data, soil sample analysis
(through XRD, XRF techniques), geotechnical
and geophysical investigations, total of twelve
susceptible sites are chosen for the setup of
continuous landslide monitoring system on trial
basis (in collaboration with other Institutes in
future).

Investigations of multi-platform terrain
parameters  on  different  landslide
susceptibility models

Recent landslide events of 2018 and 2019 owing
to the extreme rainfall events in Wayanad lead to
the huge losses in life and property. Susceptibility
maps have always been the primary asset to
assess the regions susceptible for landslides
that helps to work towards further field works,
mitigation and management. However, the
accuracy of the landslide susceptibility maps is
highly dependent on the scale of mapping, the
technique and algorithm used for susceptibility
modelling etc. Initially, susceptibility maps are
of regional scale which identifies the susceptible
regions in a larger perspective constraining
micro-level mitigation plans. The availability of
higher resolution satellite derived information
enables better susceptibility modelling and larger
mapping scale. While high resolution datasets
provide more information on the terrain, the
complexity of the modelling also increases and
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at times using higher resolution datasets can
lead to obscurity as the finer dataset would act
as a noise in the susceptibility modelling, Hence
selection of the appropriate input datasets
and the right methodology is very critical for
assessment of landslide susceptibility mapping
(LSM) at multi- resolution scales. With this
forethought an attempt is made to understand
landslide susceptibility mapping using three
Digital Elevation datasets namely Shuttle Radar
Topography Mission (SRTM) (30m), Advanced
Land Observing Satellite Phased Array type L-
band Synthetic Aperture Radar Radiometrically
terrain  corrected (ALOS-PALSAR RTC)
(12.5m) and ALOS World 3D (AW3D) (5m)
utilizing two bivariate statistical models and two
combinations of hybrid models in the Wayanad
region. A geospatial landslide inventory map
collated from field locations, visual interpretation
from multitemporal Sentinel 2A Multitemporal
Imager (MSI) data at 10m resolution and
historical records from Geological Survey of
India (GSI) was prepared. A total count of 187
landslides split in a ratio of 70:30 was used to
train and test the LSM model. The historical
landslides trained the LSM model whereas the
recent landslides tested it. The primary causative
factors that was used in the study involves the
thematic layers of Digital Elevation derivatives
(Slope, aspect, relative relief, curvature, stream
power index, topographic wetness index,
drainage density), LLand use land cover, Geology,
Geomorphology and Distance to Lineaments.
The most common quantitative bivariate
statistical approaches are the Frequency Ratio
(FR), Weights of Evidence (WoE) whereas
studies indicate that hybridization of statistical
approaches especially combining two methods
can potentially improve the accuracy of
susceptibility mapping. This study makes use
of the FR and WoE methods to estimate the
landslide susceptibility in addition to two hybrid
methods of FR-WoE using maximum and
minimum statistical measures. The computed
12 LSM models are then validated using
the Receiver Operator Characteristic - Area
Under the Curve (ROC-AUC). This curve is a
probability curve where the AUC represents the
degree or measure of separability - by analogy
the landslide and non-landslide regions.
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The Landslide Susceptibility Maps generated
using the multi-platform FElevations datasets
on different susceptibility models indicate the
western and south western margin of Wayanad
to be highly vulnerable for landslides. This is
corroborated by evidences of recent landslide
events assumed as the validation points falling
within these regions. Most of the landslide points
are found to occupy the high and very high
vulnerability zones indicating good efficiency
of the susceptibility models with a prediction
capability at the range from 73% to 76%. The
FR method is found to be the best and the
WoE performs the least. The hybrid models do
improve the LSM but in the current study they
are outperformed by FR in terms of prediction
efficiency. The use of Digital Elevation Datasets
with spatial resolution of 12.5m and 5m provide
better susceptibility maps compared to the 30m
counterpart. However, 12.5m dataset is found
to be consistent in performance irrespective
of the studied LSM models. While in terms of
prediction efficiency the 5m and 12.5m Digital
Elevation datasets are mutually exclusive but the
5m candidate is advantageous of better spatial
resolution capable for micro — level mitigation
planning.

Desertification vulnerability assessment
and mapping in two sites of southern India
using GIS-MEDALUS model

National Centre for Earth Science Studies
(NCESS) signed an MOU with ISRO-
SAC for National Network Project entitled
“Desertification and Land Degradation:
Monitoring, Vulnerability Assessment and
Combating Plans 2018 — 2021 for Kerala and
Tamil Nadu. (SAC-ISRO Funded Project: Ref.
No. EPSA/GHCAG/GSD/WP/3/2017).
The major components of the project include,
(i) mapping of land degradation status for
KL and TN using multispectral images; (ii)
developing methodology / tools for assessment
of desertification and land degradation
vulnerability at 50K scale; (iii) preparing action
plan for combating desertification and land
degradation for selected watersheds at 10
K scale. According to the project work plan
2019-2020, the assessment of desertification
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vulnerability is executed for the two districts
of Kasaragod (KL) and Virudhunagar (TN)
using GIS based MEDALUS model. Based
on the ISRO-SAC published report on Land
Degradation Atlas of India 2015, these two
districts were selected for analysing multiple
geo-environmental criteria for demarcating
the potential zone of desertification and land
degradation (DLD) vulnerability.

Assessment of DLD involves a complex set
of processes that interact with various geo-
environmental parameters including landuse,
rainfall, soil, topography, geomorphology, and
geological settings, vegetative covers, and climatic
factors. The GIS based MEDALUS modelling
is executed for DLD vulnerability by combing
different statistical indices such as Climate Index
(CI), Soil Index (SI), Vegetation Index (VI),
Land Use Index (LUI) and Socio-Economic
Index (SEI). The climatic index is prepared using
Global Aridity Index (Global-Aridity_ ET0) and
Global Reference Evapo-Transpiration (Global-
ETO0) datasets. Vegetation Index is derived
from NDVI products of Landsat ETM+
images in addition to soils, drought resistance,
fire risk, and plant cover datasets. Vegetation
Index is defined as VI = (Erosion protection
* drought resistance * fire risk * plant cover
percentage)'/*. Soil Quality Index is calculated
using the formula of SI = (Soil texture * parent
material * slope)'?, whereas, Slope Index is
estimated using SRTM DEM (30 m) datasets.
Mapping of Landuse/ land cover features
have been extracted for the two districts using
Landsat (30m) ETM+ and OLI images. For
these techniques, the digital image classification
method of the Mahalanobis Distance algorithm
is adopted using 10 training classes with 100
pixels per class. The demographic factor is
added via Socio-Economic Index based on
population, unemployment, and illiteracy data
that are considered to be a serious threat to land
degradation and environmental disturbances in
conjunction with poverty, and hence, the SEI is
estimated using SEI = (Population pressure *
Unemployment * Illiteracy * Poverty)'/*. Finally,
the Desertification Vulnerability Index (DVI)
is calculated using the equation of DVI =
(CI*VI*SI*LUI*SEID) >,
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Table 1.10.2: Quantitative measurement of DVI in
Kasaragod and Virudhunagar districts.

Kasaragod (KL) V1ru?;1§;1agar DVI
DVI -
: vulnerability
rating | Area Y Area Y class
() |7 | ) |
100- Not
112265 61 142 | 167 | 8.33 Affected
]50_ 2817 | 65.42 | 1834 | 91.43 | Low risk
151- Moderate
175 1428 | 33.16 5 0.25 disk
o] NA | NA | NA | NA | High risk

severe erosion and soil salinization. The major
area of the district is about 2817 km? (65.42 %)
has noted as low vulnerability. The area of 61
km? (1.42 %) has identified as not affected areas.
In these areas, the land resources are gradually
undergoing degradation due to the changing of
LULC from natural and anthropogenic activities
that become produces adverse impacts on
human society and surrounding environmental
ecosystems.

The result shows that the Kasaragod district
in Kerala has noticed as 8.3% of the total area
found with no significant vulnerability, but,
the area of 91.4% area under low risk and
0.23% of the area under moderate risk to land
degradation due to human-induced activities. In
the Kasaragod district, no significant area has
found under high vulnerability to desertification,
however, the area of 5 km? has found as a
moderate vulnerability in site-specific locations
of Kodakkad, Timiri, Kilalode, Pullur, Panayal,
Pallikere, Bare due to forest degradation and
LULC changes. The major area of the district
is about 1834 km? (91.43 %) has noted as low
vulnerability. The area of 167 km?* (8.33%) has
identified as not affected areas.

Meanwhile, the Virudhunagar district in Tamil
Nadu shows that 1.4% of the total atea has
free from land degradation vulnerability,
however, area of 65.4% fall under low risk and
33.2% under moderate risk category. In these
districts, it is spatially estimated as the area of
1428 km?® (33.2%) has noted as moderately
vulnerable to land degradation in Vembakottai,
Panaikudi, Narikudi, Sivakasi, Viruthunagar
urban proximity, and Aruppukottai due to
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Fig. 1.10.3: Spatial distribution of DVI in Kasaragod
(KL) and Virudhunagar (TN) districts.
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2. Coastal Processes

Coastal Ocean and Surfzone are considered as one of the most complex regions of the world ocean
which plays an important role in the dynamics of the ocean realm. This region is characterized by
overlapping and interacting surface and bottom boundary layers. The hydrodynamics of this region
can undergo significant spatial and temporal changes within a short period of time. They are driven
by an array of processes which are instigated by various factors like the deep ocean exchange,
complex topography, land-atmosphere interactions or by any other instabilities. These processes
cause rigorous mixing in this region, thereby transforming it into one of the highly energetic areas
of the ocean, where most of the biogeochemical action also takes place in its full potential. The
zone is known for many economic resources - both living (fisheries) and non-living (commercial
mining exploration of metallic and non-metallic ores, hydrocarbon extraction etc.). In addition,
these regions play a major role in the recreational and navigational activities of the rim and island
countries. Rapid increase in population and industrialization in coastal region and the shelf seas
are also becoming the disposal sites of solid and liquid wastes which ultimately affects the marine
ecology. Under these circumstances, the Coastal Processes Group of NCESS is working on
interdisciplinary approaches, mainly physical oceanographical and marine geological aspects with
an aim to support various socio-economical and scientific development of the country.

2.1 Beach-surf zone dynamics at the spatial and temporal variations in waves the

locations with diverse environmental Spectral Wave (SW) modules of the MIKE21
software are used. For this study, the 44 km

coastal stretch extending from Beypore in the
The spatial and temporal changes in coastal south to Koyilandy in the north (Calicut coast
processes with diverse coastal morphological  of North Kerala), located along the SW coast
features and nearshore hydrodynamics are of India, is taken as it represents a typical coastal

being studied with particular emphasis on  sector with diverse environmental settings.
beach-surfzone dynamics. The major objectives

settings

]

include study of oceanic and coastal processes,
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5500 - -5200
Beiow 5600
Undefined Yalue

wave climate. 1ouncea

3000000 2000000 1000000 ]

Numerical Modelling of Current / S—
. . Fig. 2.1.1: Bathymetry generated for the Arabian Sea from
Circulation pattern

ETOPO1 global data.

Numerical model studies are being carried out . bathymetry data (Fig. 2.1.1) for setting up

using the MIKE 21 suite of programs available .. 1 0del has been generated from ETOPOI,
with NCESS. For simulation of the current/

i _ : the larc minute global relief model of Earth’s
circulation pattern over the Arabian Sea, the

_ _ surface. For running the regional model set up
Hydrodynamic (HD) module and for studying  r the Arabian Sea, the ECMWF ERA-Intetim
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reanalysis data with a spatial resolution of 0.5° x
0.5" at 6 hr interval is given as input for the main
driving force. For the present study, the one-year
period from 1% January 2018 to 31* December
2018 has been considered. For simulation
of the circulation pattern, the predicted tide
for the study period is given as forcing at the
southern boundary whereas the remaining three
land-locked boundaries (east, west and north)
are treated as closed boundaries. The simulated
current speed for the Arabian Sea region and
along the southwest coast of India are presented
in Figs. 2.1.2a & b.

Scake 1 AOCANOD0

Fig. 2.1.2: (a) Simulated current speed in the Arabian
Sea, (b) enlarged view of the current speed along the
southwest coast of India.

For setting up of the local model (Fig. 2.1.3)

which represents the nearshore region (i.e. up
to 20 m water depth) of the coastal stretch from
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Beypore to Koyilandy, the fine grid bathymetric
data procured from the Hydrographic Survey
wing has been used. This data is available at
250 m interval up to 10 m water depth and the
spacing is 2 km interval in the depth range of
10-20 m. In addition, the fine grid bathymetric
data pertaining to the various estuaries/rivers
Kadalundi, Chaliyar, Kallai, Chaliyam,
Korapuzhalocated along the study area collected
by NCESS during December, 2019 also has
been used in the model. The estuarine / riverine
bathymetry data has been collected at 200 m
spacing extending up to the maximum tidal

viz.

limit so as to account for the estuarine dynamics
as it can affect the nearshore processes. The
influence of structures such as breakwaters /
groins constructed all along the coastal sector
are also accounted in the model.
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Fig. 2.1.3: Nearshore bathymetry data used for setting
up of local model for the Beypore-Koyilandy coastal
sector including the estuarine part.

The spatial mean in the maximum current speed
is comparatively higher towards the south of
headland in the northern boundary (figure not
shown). Fig. 2.1.4 gives the spatial variation in
the mean current speed. The 3 major inlets in
the coastal sector viz. Kadalundi, Chaliyar, and
Korapuzha show typical circulation pattern
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at mouth of the inlet. Alongshore variation in
mean current speed and direction are shown in
Fig. 2.1.5 a & b. The current speed varies from
offshore boundary with speed maximum in the
surfzone and then decreasing towards the land
boundary (Fig. 2.1.5 a). Also, the speed increases
towards the north of the boundary i.e., towards
Korapuzha inlet. The current direction is south-
southeast at the offshore boundary and changes
to south towards nearshore (Fig. 2.1.5 b).
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Fig. 2.1.4: Simulated spatial average of mean current
speed along the Beypore-Koyilandy coastal sector

0.50 = Heypore [nlet South = Beypore lnket North
i = Korapus 2t Inket South =K oraptizha Inlet Morth
= 045
E 040 -
=
2 035
w030 4
5 025
£ n.20
g I}.;S |
\E 010 4
005 +
noo - - = d ] - : : . x
0 W20 30 & S0 60 o 80 %0 100
Alongshore variation (offshore to onshore)
210 4 ——Beypore Inlet South —Beypore Inlet North
g ———Korapuzha Inlet S5outh  ——Korapuzha Inlet North
-
5
= 180
2
a
P
=
£ 150
3
[¥]
c
m
H
120 T v
o 0 40 B0 20 100
Alongshore variation (offshore to onshore)

Fig. 2.1.5: Alongshore variation of (a) mean current
speed and (b) current direction at north and south of
Beypore and Korapuzha inlet.
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2.2 Influence of southern Indian
Ocean cyclonic swells along the
southwest coast of India

Wind seas and swell waves coexist during pre-
monsoon with relatively calm wind condition
prevailing over the southern Arabian Sea. Wind
and wave data collected off Calicut, Valiyathura,
and Colachel along the Southwest coast of India
during the pre-monsoon period of different
years depicts mixed sea state condition. The
influence of swell waves as well as storms on
the local sea state condition of a coast depends
on two key parameters viz. phase speed of the
swell waves (Cp) and the wind speed at 10 m
(U10) elevation above MSL. In the case of the
SW coast of India, it is observed that during
calm condition, the equilibrium sea state can
be easily disturbed due to local storms or due
to swells propagation from distant areas. Even
though the SW coast was considered as less
prone to cyclonic storms, a steady increase in
the high wave activity particularly during the
non-monsoon period is observed in this region.
This can be attributed to increase in storm
activities over the South Indian Ocean region
which can be invariably linked to climate change
and other related activities. An increase in the
number of cyclones over this region during the
last decade has definitely contributed to changes
in the coastal hydrodynamics along the west
coast of India.

A critical examination of the spatial and temporal
changes in the nearshore wave conditions during
the last decade has revealed that the SW coast
has been experiencing high wave activities even
during the non-monsoon period and thus the
stability of the coast have been badly affected
particularly during the beach building process.
The present work has been taken up in this
context to study the influence of swell waves on
the Thiruvananthapuram coast resulting from
three different cyclonic disturbances — IDAI,
SAVANNAH & JOANANIAH in the southern
Indian Ocean, which occurred within a span of 3
weeks during March 2019. Numerical modelling
is carried out using the Mike 21 SW software
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suite to trace the swell waves coming out of
these cyclonic disturbances and to determine the
regime condition that existed during the events.
The inverse wave age calculation proposed by
Hanley et. al. (2010) is a useful indicator to
assess the degree of coupling between local
wind and wave fields and has been adopted for
the present study.

The SW swells from the southern Indian ocean
can transfer energy/momentum from wave
to wind while its course of travel. The wave
and wind regime exist during the course was
calculated using the equation (1). The inverse
wave age which is chosen as a simple and
effective parameter to characterize the wind
wave regime explains the wave driven wind and
thus distinguishing the sea states within the
limits as shown in equation (3). It is during the
light wind condition, the winds and waves break
the equilibrium sea state, where Cp exceeds U10
indicates the presence of long period swells.

Cp=gTp/21T ....(D)
U=083Cp ....Q2)

where Cp is the phase velocity; U is the wind
speed; Tp is the peak wave period.

(U,,Cosh)/Cp > 0.83 Wind driven wave regime

0 < (U,,Cos0)/Cp < 0.83 Wave driven wind
regime (3)

0.15 < (U, Cosh)/Cp < 0.83 Intermediate,
mixed sea state

Thus, it is quite evident from the wind and wave
observations that during the flooding event, the
sea state was particularly in the wave driven wind
regime. The long period swells which travelled
from far south had considerable energy so as to
impart it to the local weather system and this has
resulted in high wave activity in that region with
a wave runup of 2.55 m at Shanghumugham
beach, Thiruvananthapuram. During the event,
the waves were almost normal to the coast and
the local wind was towards south even though
weak.
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Pre-monsoon study along the Valiyathura
coast

The coast, particularly
Kanyakumari and Kerala being directly exposed
to the swell waves would receive the maximum

southern Indian

impact leading to severe flooding along the
coast. Most often the explanations advocated for
such high wave attack was that the phenomenon
was an artefact of pre-monsoon conditions.
The presence of such southern ocean swells
was never found before during September
month, but the flash flooding event termed as
‘Kallakadal’ having similar characteristics was
reported earlier in May 2005, the year just after
Tsunami that made the coastal community more
panic. Wave parameters and beach characteristics
during pre-monsoon of 2018 are analyzed using
combined observations from model simulations
and beach monitoring, Beach morphology also
plays an important role in understating the
coastal flooding phenomenon. The beach slope
affects the inundation level of such high waves.
Erosion and accretion being the major dynamic
changes occurring in a beach, it is equally
important to understand the seasonal changes
and frequency of such morphological changes.

Model set up

In the present study the Mike 21 model is used
for the study of pre-monsoon wave activity for
the year 2018 (February — May 2018). The field
data observations were taken and compared
with the simulated results. The model was split
into two, via global and regional. The global
model covers up to 50°S extending from 25°E
to 110°E and the regional model was particularly
set up for the Thiruvananthapuram - Varkala
stretch where the flash flooding events are
frequently reported. The wind and wave data
used for the study are the ERA 5 reanalysis data
from ECMWF with 30 km grid resolution. The
model is calibrated and validated with the WRB
buoy data stationed at Valiyathura and Varkala.
The global model is forced with ECMWF wind
data for the pre-monsoon period of 2018. Wave
parameters extracted at 60 m depth along the
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Southwest Kerala coast from the global model
are given as input for running the regional
model. The regional model is calibrated with the
tuning parameters like, bottom friction, wave
breaking parameter, and dissipation rate.

Major obsetvations / findings

The significant wave height runs uniformly
around 1 m and comes within a range of 1-1.5
m. The wave direction is predominantly South
Southwest and having wave period ranging
between 12 s - 18 s. During the beginning of
May the wave period maintained a constant
value of 18 s for almost a week without change
in the Mean wave direction but a slight increase
in wave height. The percentage occurrence of
wave parameters was also calculated and the
results are shown in Fig. 2.2.1. Almost 50% of
waves possess wave height between 0.9 and 1.1
m and 33% waves are having 1.3 m Hs during
the pre-monsoon period. Peak wave period is
found maximum up to 18 s and almost 22% of
the waves comes under this category. The beach
state analysis was also calculated using the model
results. Sediment wave parameter, notably € is
used in literature to identify thresholds between
various beach morphodynamical states ranging
from reflective, through intermediate, to
dissipative.

N =Hb/( Ws=Tp) (4
where Hb is the breaker height, Wb is the falling
velocity and Tp is the peak wave period. The
breaker height can be obtained from visual
observation. Such parameters are made useful
as elementary descriptors of beaches, such as
micro tidal swell wave settings.
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Fig. 2.2.1: Percentage occurrence of simulated wave
parameters (pre-monsoon 2018).

MOoES NCESS Annual Report 2019-20

The analyses of observational data revealed
that long period waves with periods over 18 s
originating from the southern ocean are found
throughout the year. However, during the pre-
monsoon season, these swells travel from their
generation zones without much dissipation with
the favorable wind condition prevailing in the
southern Arabian Sea. It has been concluded
from the wind and wave data observations and
numerical simulations that, a wave driven wind
regime exist and the presence of long period
swells in the local wave climate was observed
with period ranging up to 18 s and wave height
of almost 2 m. ERA 5 winds clearly show the
propagation of these cyclonic wind from west
to east between 40°S and 60°S. This initiated
the swell propagation towards the northern
boundary reaching up to the south coast of
Indian subcontinent with significant wave height
up to 3.6 m. Thus, the swells generated from
50 s due to these cyclonic disturbances with a
phase velocity of 21.8 m/s and wind speed of
18 m/s. The propagation time of 3-4 days is
estimated for the swell to reach the Trivandrum
coast across the Indian Ocean. The MIKE 21
simulated wave parameters for the particular
event is shown in Fig. 2.2.2. The results were
compared with the wave patterns observed over
the Indian Ocean with the data available from
ECMWF ERA 5 reanalysis wave data.
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Fig. 2.2.2: Simulated wave parameters for the March 2019
event.
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Thus, it was concluded that during pre-monsoon
2018 the Valiyathura beach is analyzed to be an
intermediate beach (intermediate percentage
of 92755, and Hs ranges between 0.5-2.5
m) with moderate wave activity with fine to
medium beach sand. The process of erosion
and accretion are almost balancing each other
making the beach builds after a high wave
attach and with favorable wind conditions. The
influence of swell waves was observed during
the early May with wave period sustained as 18
seconds for almost 4 days. Compared to the
monsoon and post-monsoon seasons, even
though the significant wave heights are less
there is a distinct increase in the wave periods
during pre-monsoon. The presence of long
period swells in the local wave climate was
observed with period ranging up to 18 s and
wave height of almost 2 m. The waves were
coming from the SW direction clearly indicates
the presence of southern ocean swell waves.
Local wind system influences the sea state, by
breaking the wind wave equilibrium condition.
The AWS data collected from the Valiyathura
coast was compared to the simulated wave
parameters and with the buoy data, thereby
the influence of local wind system was found
in breaking the wind wave equilibrium. As an
increase in flooding frequency changes the
existence of coastal communities, this study can
be contributed to address coastal vulnerability
issues and thus plan accordingly for sustainable
development and disaster mitigation.

2.3 Nearshore
observations from a high energy coast
along the south of southwest coast of
India

The surface wave, current and sea surface
temperature (SST) are being measured from the

hydrodynamic

high energy coast off Valiyathura, Trivandrum
by a Directional Wave Rider Buoy (with
acoustic current meter — DWR4) deployed at
15 m water depth (Lat.: 8° 27.681' N, Long:
76° 55.262"' E) and are used to understand the
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temporal changes. In addition to this an ADCP
is deployed adjacent to the wave rider buoy at
8 m water depth (Lat.: 8° 27.721" N, Long.: 76°
55.335' E) for validating the acoustic current
meter data from the buoy. A radar tide gauge
is also installed at the tip of the Valiyathura
pier at 7 m water depth (Lat.: 8° 27.765' N,
Long.: 76° 55.424' E) to understand the water
level variations. The scheme of the instruments
installed off Valiyathura is as shown in Fig, 2.3.1.
Hence simultaneous observations of all the
major hydrodynamic parameters are achieved
by setting up of this facility at Valiyathura,
Trivandrum.

ADCP - Deployed Pasition - Valivathura

Fig. 2.3.1: Instruments installed /deployed off Valiyathura,
Trivandrum

Validation of current and sea surface
temperature from the directional wave rider
buoy (DWR4) with ADCP

A directional wave rider buoy with acoustic
current meter (DWR4) was deployed off the
Valiathura coast, Thiruvananthapuram in 2018,
at about 15 m water depth by NCESS to study
the temporal variations in the nearshore waves
and the current pattern. In order to validate
the DWR4 current and SST data, an ADCP
was also deployed adjacent to the buoy off
Valiyathura for a short period of one month
(25" Sep. to 24" Oct. 2019). The current rose
plot obtained after processing of the ADCP
data is presented in Fig. 2.3.2. The figure shows
the variation in speed and direction at selected
vertical bins from the bottom to top as the
ADCP is bottom mounted and upward looking
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(Fig. 2.3.2). Current in the lower bins i.e. up to
6.1 m from the bottom shows relatively higher
currents towards south-southeast and weaker
north-west component. For the lower bins, the
currents have more or less same magnitude and
direction. The upper bins (6.86 m to 7.36 m)
from the ADCP shows current flowing towards
south-east with a stronger component towards
the north-west direction.

Validation plots of the current speed, direction
and SST from wave rider buoy DWR4 with
that of the ADCP are shown in Figs. 2.3.3 a,
b & c. The current speed and direction from
DWR4 show reasonably good comparison with
the ADCP current with a correlation coefficient
of 0.5 and 0.3 respectively. Similarly, the SST
measurements from the DWR4 also show
comparatively good correlation (coefficient of
0.55 as given in Table 2.3.1). The validation of
the current and SST recorded by the DWR4
confirms its applicability for direct measurement
of current and SST in the coastal waters.
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Fig. 2.3.3: Validation of (a) current speed, (b) direction
and (c) SST from wave rider buoy DWR4 with ADCP, off
Valiyathura, Trivandrum, for a petiod of one month (25"
Sep. to 24™ Oct. 2019).

Table 2.3.1: Correlation coefficient for current speed,
direction and SST from wave rider buoy DWR4 with
ADCEP, for a petiod of one month (25" Sep. to 24"
Oct. 2019).
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Parameters Correlation Coefficient
Current Speed (m/s) 0.50
Current Direction (deg;) 0.30
SST (deg. C) 0.55

Validation of predicted tide from global
tidal prediction program with radar tide

Fig. 2.3.2: Current rose plots from ADCP for each vertical
bin, deployed off Valiyathura at 8 m water depth.
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gauge and harmonic analysis

Predicted tidal data from Mike21 global tidal
prediction program is compared with the tide
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data from radar tide gauge installed at Valiyathura
Pier. The global tidal model works with the
seventeen-year multi-mission measurement from
Topex/Poseidon, Janson-1 and Janson-2 satellite
altimetry for sea level residual analysis. The
resolution of the model is 0.125 x 0.125 degree
for the ten major constituents (Semi-diurnal:
M2, S2, K2, N2; Diurnal: S1, K1, O1, P1, Q1;
and Shallow water constituent M4) in the tidal
spectra. Fig. 2.3.4 shows the predicted tide from
global tide prediction program and observed tide
from the radar tide gauge data. The scatter plot
shows good agreement of both predicted and
observed data with R value of 0.82.
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Fig. 2.3.4: Tide data from measured radar tide gauge and
predicted tide from global tidal prediction program of
MIKEZ21.
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Fig. 2.3.5: Tidal and residual (non-tidal) components
obtained from harmonic analysis.
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The water level variations along the coasts are
principally due to astronomical tides and non-
tidal viz., atmospheric forcing and hydrological
regime. The coast can be characterized as micro-
tidal or meso-tidal based on tidal range of that
region. Harmonic analysis of the measured
tidal height has been carried out to obtain the
tidal constituents by adopting the IOS method
(Institute of Ocean Sciences, Victoria, British
Columbia) available in the tidal analysis and
prediction tool of the MIKE 21 modelling
system. Harmonic analysis is carried out to obtain
the individual amplitudes and phase of the tidal
constituents. Analysis of the tidal data using the
IOS method provides a detailed description of
the tide at a specific location where the tide is
being monitored continuously. The tidal and
non-tidal (residual) components obtained from
harmonic analysis off Valiyathura are as shown
in Fig, 2.3.5

Table 2.3.2: Major and Minor tidal constituents from the
harmonic analysis

Major Tidal Constituents

Constituents Amplitude | Phase | Form No.
(m) (deg) )
M2 0.19 3.7
S2 0.13 55.9
O1 0.07 48.1 058
K1 0.12 31.4

Minor Tidal Constituents

M3 0.0043 126.2
M4 0.0067 181.2
20 0.0049 180
3MK7 0.0023 41.7
Mo6 0.0034 340.3
2MK5 0.0024 61.9
M8 0.0032 279.5

The solar semi-diurnal component S2 has an
amplitude and phase of 0.13 m and 55.9 deg.
respectively (Table 2.3.2). The principal lunar
semi-diurnal constituent M2, has an amplitude
of 0.19 m and phase of 3.1 deg for the region
south of south-west coast of India whereas
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the lunar diurnal constituents K1 and O1 show
amplitude (phase) of 0.12 m (31.4 deg.) and
0.07 m (48.1 deg) respectively. In addition,
the tide Form number (F), which is expressed
as the ratio of the sums of the amplitudes of
the diurnal constituents (K1 and O1) to that
of the semidiurnal constituents (M2 and S2)
(Pugh, 2004) is also calculated from the major
tidal constituents. A form number between
0.25 and 1.5 is considered as mixed semidiurnal
and it is semidiurnal for F<0.25. The present
observation shows a tidal form number of 0.58
for the region south of southwest coast of
India, which indicates mixed semidiurnal nature.

2.4 Anomalous northwest wave events
off the Valiyathura coast during fair
season

During the fair-weather period from November-
April, the wave climate of the southwest coast
of India is generally dominated by the presence
of southern ocean swells. In addition to this
swell system, waves generated by the winter
Shamal system from the Arabian Peninsula and
Makran events from the South Asian region also
influence the wave climate of the region and this
has been established by the eatlier studies carried
out by NCESS. According to the earlier studies,
the influence of the Shamal/Makran events is
generally weak over the southern tip of India
mainly because of the high decay rate of swells
generated by these systems. However, further
detailed analysis of data from the NCESS Wave
Rider Buoy (WRB) deployed off Valiyathura
(located at about 90km from Kanyakumari, the
southern tip of India), indicated domination of
anomalous west-northwest wave events with
certain periodicity during the middle of January
2020 (Fig. 2.4.1 a). Analysis of the wave data
from another WRB deployed off the Varkala
coast, which is located at about 50 km from
Valiyathura, also confirmed this. It is observed
that the wave characteristics pertaining to
this event is more or less similar to the waves
generated during Shamal/Makran events.
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Fig. 2.4.1: (a) Time series analysis of wave parameters
during January 2020.

The spectral energy analysis of the data before-
during-after the event also carried out (Fig. 2.4.1
b) and found that, during the event the spectral
energy density shows increasing, and spectrum
became broad nature. Before the event one
dimensional spectrum off Valiyathura is narrow
and primary peak occurs at the period range of
12 s and secondary peak was very low. Since
event start to occur the secondary peak start to
grow and slightly shifted to low frequency part
of the spectrum. On 19" January, secondary
peak (7 s) dominates over the primary peak
of the spectrum generated by southern ocean
swells. After that it start to decrease and become
low and finally vanish on 22" January onwards
and earlier sea state acquired.
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Fig. 2.4.1: (b) Spectral analysis of surface wave before,
during and after the event.

As discussed earlier the influence of Shamal/
Makran events do not extend till the southern
tip of India. To understand the generation
mechanism of the event, the spatial pattern
of the wind is examined for which the ERA-
05 wind data during 15" January to 18" January
(Fig. 2.4.2) has been used. From analysis, it is
confirmed that during this period the Makran
events are observed over the Arabian Sea. But
detailed analysis of the wind pattern further
reveals that the direction of Makran wind system
will not have influence on the wave pattern of
the study location. There are indications that
in addition to the Makran events there is the
presence of a north-north-westerly anomalous
wind system over the central eastern Arabian
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Sea. According to the observations, this wind
pattern was quite strong during 16™ - 17®
of January and this in turn confirms that the
occurrence of the anomalous wave pattern off
Valiathura is due to this newly identified wind
system. The time of occurrence, direction and
period of the observed waves clearly indicate
that the anomalous wave pattern is generated
by this wind system. However, further studies
are needed to explain the generation mechanism
of this anomalous wind system. This particular
study, even though in the initial stages, gives
convincing evidence to believe that the wave
pattern of the swell dominated southwest coast
of India can become very complex at times due
to the influence of Shamal/Makran events and
also the anomalous wind variability observed
over the central eastern Arabian Sea.
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Fig. 2.4.2: Spatial wind pattern showing the initiation,
growth and decay of the anomalous event.

2.5Study of surface heatfluxes (air-sea
interactions) over the SW continental
shelf of the Indian Peninsula

The ocean surface heating combined with
wind-driven changes on ocean circulation are
responsible for the regional fluctuations in sea
level and long-term rises in the sea level. The
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exchange of heat, mass, moisture, momentum,
trace gases, and particulates between the sea
and the air are fundamental in understanding
the ocean-atmosphere system and global
climate. Even though the air-sea interaction is
considered as a major component of weather
and climate science, still there are gaps in
fully understanding the underlying processes,
particularly those related to the near-surface
oceanic processes, their interactions/exchanges
with the atmosphere, land and ice systems.
This is mainly because of lack of adequate
site-specific data. Direct observations of the
ocean-atmospheric interactions are seldom
made, as they are complicated and expensive.
Even though coarse resolution global data are
available from numerical model studies and data
assimilation, they are insufficient for micro level
studies carried out at regional level. Because
of these studies related to air-sea interaction
along the coastal stretch are rather scanty. The
land-sea boundary, ocean temperature fronts,
surface wave field, variations in water depth,
and biological activity greatly influence the air-
sea Interaction over the coastal ocean and a
proper understanding of the contribution of
each of these factors is imperative to study the
magnitude and variability of the fluxes over the
coastal region.

Oceanic heat budget is the variation in heat
stored in the upper layers of the ocean which
can be attributed to the local imbalance between
the input and output heats due to interactions
at the air-sea interface. The transfer of heat
through the surface is called the heat flux. The
symbol Q is used to represent the rate of heat
flow (measured in Joules per second per square
metre, i.e. W/m?).

The data used for the present study of heat
budget components is the Objectively Analyzed
air-sea Flux (OAFlux) data from the WHOI
(Woods Hole Oceanographic Institution)
project which is available at a horizontal
resolution of 17X 1° The net heat budget is
given by the equation:

Q Net = Q shortwave - Q long wave - Q E - Q H

where Q | is the net heat flux, Q is the

shortwave
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incoming short-wave radiation flux, Q is
> longwave

the effective outgoing long wave radiation flux,
Q, is the latent heat flux and Q,, is the sensible
heat flux. In the above budget equation,Q_,
contributes significantly to the oceanic heat gain
whereas the other terms contribute towards the
heat loss from tropical oceanic surfaces.

In this context, a study has been undertaken to
evaluate the surface heat flux variations over
the Arabian Sea during the passage of very
severe cyclonic storm Ockhi which has caused
havoc over the SW Indian peninsula. As cyclone
Ockhi is well known for its rapid acceleration
and unusual path we intend to study the air-sea
interactions and upper ocean response during
the cyclone.

Heat fluxes during the cyclone Ockhi

During the pre-monsoon months of April-
May and post-monsoon months of Octobet-
December, intense tropical cyclone formations
are generally observed in the North Indian
Ocean (NIO). The formation of cyclones in
the Arabian Sea (AS) occurs mainly over the
south-eastern AS and the Lakshadweep regions.
The AS being relatively less warm compared to
the Bay of Bengal, inhibits cyclogenesis and its
intensification. Many of the recent studies have
indicated that the warming of NIO particularly
in recent decades can increase the frequency
of extreme storm events over the region. The
upper ocean responses associated with tropical
cyclones are reduction in SST, variations in
heat fluxes, changes in thermocline, surface
mixed layer depth etc. As part of the present
investigation to study the effect of cyclonic
influence over the southeast Arabian Sea, the
conditions during the formation and passage of
the OCKHI cyclone in 2017 has been analysed
as a case study.

The cyclone Ockhi was a very severe cyclonic
storm which had its origin near the south-
western coast of SriLanka. The storm formation
in the Comorin Sea (i.e. towards south of
Kanyakumari and west of Sri Lanka) further
intensified into a deep depression during the
wee hours of 30" November, 2017 and turned
into a cyclonic storm as it travelled along the

39

S9S




coasts of Tamil Nadu and Kerala, subsequently
moving towards the Lakshadweep Islands.
Ockhi further intensified as it crossed the
islands of Lakshadweep on 1** December and
became a Very Severe Cyclonic Storm (VSCS)
over the south-eastern Arabian Sea. Later, on
27 December, 2017 it reached its peak intensity
of over 150 km/h, with an estimated central
pressure of less than 980 hPa. Ockhi continued
to retain its strength until the eartly hours of 3%
December, 2017 till it came under the influence
of a strong subtropical western ridge that was
present to the north of 14° N Latitude and
subsequently started moving towards north-east
gradually weakening. By the early morning of
6" December 2017, the storm further weakened
into a well-marked low-pressure area eventually
making a landfall near the Gujarat’s south coast.

Latent heatflux, po

sitive upwards

Latitude

= an
70 80%E Wattsim®

Longitude

50" 60 90"

Fig. 2.5.1: Wind overlayed spatial distribution of latent
heatflux during 1 December 2017.

In this study, the variations of heat fluxes
over the Arabian Sea during the cyclone are
investigated. In general, the short-wave flux
values decrease during cyclones as the presence
of clouds block the incoming solar radiation.
On 30" November, after the system had been
intensified, it has been found that short wave
radiation decreased from 250 W/m 2 to 30 W/
m? It was observed that the latent heat flux
values which were ranging from 100 to 150 W/
m?* before the genesis of the cyclone increased
to more than 230 W/m? (Fig. 2.5.1) during the
rapid intensification stage. The sensible heat
flux values which initially varied between 15 and
20 W/m?, later increased over the entire South
Arabian Sea as the cyclone Ockhi propagated
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towards northwest. (Fig. 2.5.2). The net surface
heat flux, which is generally positive during the
normal period, showed negative values during
the cyclone. In fact, large negative values were
observed over the centre of the system. The
net flux values decreased from 100 W/m? to
—270 W/m? over the area under the influence
of cyclonic storm as shown in Fig. 2.5.3. The
negative value indicates loss of heat from sea
to air. These drastic changes in latent heat and
shortwave radiation in turn contribute to the
huge variations observed in the net heat flux.
During the passage of the Ockhi cyclone,
nearly 3° C difference between the sea surface
temperature and air temperature at 2 m from
the air-sea interface was observed (i.e.in the
early hours of 1% December 2017). This increase
in air—sea temperature gradient also resulted in
sensible heat loss from the ocean. It is observed
that subsequent to the passage of the cyclone,
it again attained normal values. The present
study, even though in its preliminary phase,
gives a clear indication that cyclones can have
significant influence on the upper ocean mixing
and circulation pattern which is quite evident
from the changes observed in SST, surface heat
fluxes, surface mixed layer during the passage of

cyclone.
205N Sensible heatfiux, positive upwards
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Fig. 2.5.2: Wind overlayed spatial distribution of sensible
heatflux during 1 December 2017.

Further detailed study is needed to examine the
effect of these parametric variations on changes
in the mixed layer and circulation pattern prior
to, during and after the cyclone passage. Detailed
investigation of the rate of change of surface
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heat fluxes associated with various cyclones in
the North Indian Ocean in recent years is also
envisaged.

30°N piEssmasTEeaal il

Lengitude

Fig. 2.5.3: Wind overlayed spatial distribution of net
surface heatflux during 1°* December 2017.

2.6 Coastal monitoring network -
Video Beach Monitoring System
(VBMS), CoastSnap India and
CoastSat

NCESS is currently involved in establishing a
Coastal Monitoring Network for continuous and
near real time monitoring of coastal processes.
This network is based on remote sensing
methods such as the Video Beach Monitoring
System (VBMS), CoastSnap photographs,
Satellite images and CoastSat technologies.
VBMS is a newly introduced system in India
with three stations established and the system
is capable of providing real time data for
understanding the underlying coastal processes
and their spatio-temporal changes which could
be due to natural or anthropogenic activities or
both. The CoastSnap is a recent technology,
which involves local and tourist community to
provide inputs as images from beaches through
social media applications. This technology is
the cheapest method to study the short-term
variations in shoreline at selected beaches
especially the most popular tourist destinations,
which are under pressure due to coastal
erosion. CoastSat is an open source technology
developed to map the shoreline automatically at
high speed from available satellite imagery. This
can be used as a secondary input for the analysis
of entire Indian shoreline variations in a long-
term basis.

In this way, a combination of VBMS, CoastSnap
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and CoastSat will provide vital information on
coastal dynamics. Apart from the contribution
towards scientific knowledge which helps in
understanding the complex coastal processes,
the wealth of data collected, can be used as
primary data for the planning and design of
site-specific coastal management projects. In
addition, response of beaches to ephemeral
events like cyclonic storms, localized coastal
flooding, wind setup, etc., can also be studied to
get an overall picture of the impact of the event.
Based on this, proper planning can be done in
future for data collection during extreme events
as such data are scanty.

Video Beach Monitoring System (VBMS)

This project was initiated in 2016 with the
installation of a pilot camera station at
Valiathura, South Kerala. This was followed by
the installation of the second camera station
at Kozhikode, North Kerala in 2018. This is
a twin camera station, covering 1.6 km along
the beach and scheduled to record at regular
intervals during 6.00 am to 6.00 pm at 4 frames
per second. A local server is arranged at station
to store the video data and the data is being
transferred to NCESS processing station at
monthly intervals. NCESS processing station
is responsible for database management,
generating image products, preprocessing and
analysis of video data. Video image processing
includes preprocessing tasks like camera
calibration, rectification, planview generation
and analysis for computation of beach state
parameters and wave parameters. Once the
videos are transferred, the data is processed
to generate several image products (snapshot,
timex, variance images) and pixel timestacks.
These products are archived for further
processing,

Since the MATLAB based tools which are
currently being used for image rectification
and analysis are time consuming, our team is
developing a new set of python-based toolboxes
for camera calibration, image rectification and
analysis. These toolboxes are being developed
in collaboration with University of Lisbon,
Portugal and the new system will be named
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as “PI-COSMOS” (Portuguese Indian Coastal
Monitoring System). Our team has developed x
and successfully tested the PI-COSMOS ]
tools for camera calibration, rectification and ~ Av82018 ;
planview generation during 2019. N

Beach Width (Meters)

Sep2018 .

'2018/00/01 '2018/09/05 '2018/09/09 '2018/00/13 '2018/09/17 '2018/00/21 '2018/09/26 '2018/09/30
39600 08:00" ' ' 00’ ' ' 8:00'

Oct 2018

35
!.i.l 30
in 25
ol
Ts 20
b Nov 2018
wn 1
- 10
5
w 0
s 2018/11/01 '2018/11/05 '2018/11/09 '2018/11/13 '2018/11/17 '2018/11/21 '2018/11/26 '2018/11/30
g . 06:00' 08:00' 10:00' 12:00' 14:00' 16:00' 06:00' 08:00'
g 35
2B 30
25
w 20
i Dec2018
in 10
o
n
~

'2018/12/01 '2018/12/05 '2018/12/09 '2018/12/13 '2018/12/19 '2018/12/23 '2018/12/27 '2018/12/21
06:00' 08:00' 10:00° 12:00 0:30' 12:30' 4:30° 6:30'

11°16'0"N  11°15'45"N 11°15'30"N  11°15™5"N  11°15'0"N SurfZone Width (Meters)

180
0 0175035 0.7 1.05 14 o]
[ — K 5 120

'2018/12/01 '2018/12/05 '2018/12/09 '2018/12/13 '2018/12/19 '2018/12/23 '2018/12/27 '2018/12/31
06:00 8:00' 10:00' 12:00' 0:30 12:30' 14:30° 16:30°

Fig. 2.6.2: Beach width and Surfzone width measurements
Fig, 2.6.1: (a) Kozhikode camera station (b) Data products ~ during August 2018 to December 2018.
(¢) Rectification using PICOSMOS.
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These new toolboxes are being used for
processing of the Kozhikode video data
to generate planview images and beach
width, surfzone width parameters have been
computed from the data recorded during
August - December 2018. The study area
map, various image products derived using
the data from Kozhikode camera station and
a sample planview image of the Kozhikode
beach generated using the newly developed PI-
COSMOS tools are presented in Figs. 2.6.1 (a),
(b) and (c) respectively. Fig. 2.6.2 gives the plot
of beach width and surfzone width variation
during August 2018 to December 2018.

Fig. 2.6.3: Third VBMS Station at Varkala.

The third VBMS station of NCESS was
installed at Varkala, Thiruvananthapuram,
Kerala in February 2020. It is an advanced
video-based beach monitoring station and is
provided with both optical and thermal cameras
(1 each). The station is fully solar powered and
has the capability for real time data transfer.
The combination of optical and thermal
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cameras facilitates 24-hour monitoring of
coastal areas. The solar power facility adopted
for this advanced VBMS makes it suitable for
installation even in remote areas with limited
power supply resources.

CoastSnap India

NCESS has introduced CoastSnap for the first
time in the Indian coast. The CoastSnap is
essentially a community-based program initiated
in 2017 wherein an average community member
is elevated to a coastal scientist by encouraging
them to use their own smartphones to take
pictures of the coastline. According to Dr.
Mitchell Harley from UNSW’s School of Civil
and Environmental Engineering, who pioneered
the CoastSnap technique, it is a network of
simple camera mounts at beaches that invite the
public to take a photo and upload it to social
media, using a specific hashtag. It works on the
principle of citizen-science approach by which
the daily shoreline data is collected by tapping
into the large volume of social media images
taken at the coast and shared by the citizen
every day. The photographs which are shared
through social media are then used by the
scientific community/researchers to track the
changes in shoreline position on a day to day
basis. Algorithms for processing the images are
available and the performance of these software
for a particular site are tested and validated
before analysing the recorded images.

The database of photographs collected from
various stations (pre-definedlocationsjudiciously
fixed based on factors like vulnerability to
coastal erosion and other extreme events)
can be used for studying both short-term and
long-term changes along the coastline. They
also help in identifying spatial changes as well
as the causative factors responsible for these
changes. In addition, the CoastSnap data can be
integrated with available offshore and nearshore
measurements at selected locations to study
the temporal and spatial changes in coastal
processes and their influence on the local beach
morphology. This simple, reliable and at the
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Fig. 2.6.4: (a) View of the CoastSnap mobile phone
cradle at Adimalathura, (b) Instructions to CoastSnap
users, (c) CoastSnap photo of the Valiathura beach
shared on 9" Match, 2020, (d) CoastSnap photo of the
Shanghumugham beach shated on 26™ February, 2020
and (e) CoastSnap photo of the Varkala cliff pocket
beach shared on 25" February, 2020.

same time cost-effective technique adopted with
citizen participation (community programme)
has the potential to revolutionize the methods
adopted for shoreline monitoring in India. This
technique is particularly useful for close and
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continuous monitoring of coastal areas where
the previous data coverage is relatively sparse.
It is a low-cost technique that can be easily
adopted in developing countries like India with
limited resources.

At present NCESS has established 4 CoastSnap
stations one each at the beaches of Adimalathura
(hillock bounded), Kovalam (tourist destination),
Shanghumugham (tourist and also pilgrimage
centre adjacent to the Thiruvananthapuram
airport) and Varkala cliff (a national geological
heritage site likely to be declared as a world
heritage site by UNESCO). Photographs of
the CoastSnap Cradle for mounting mobile
camera, instructions to users and some of the
CoastSnap shots shared by the people are given
below and the processing of data collected from
these stations is underway.

CoastSat

Tancact pratiors.

Short term shoreline changes- Minicoy Island
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Fig. 2.6.5: CoastSat based short-term shoreline change
analysis of Minicoy island, Lakshadweep, India: (a)
Location map with transects and shorelines, (b) Shoreline
variations during December 2015 to June 2019 at transect
4 and transect 7.
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CoastSat is a newly introduced advanced
toolbox for fast and reliable shoreline change
analysis using multi-dated satellite imageries.
The data analysis tools and methods to evaluate
the geospatial patterns, that makes CoastSat
more powerful for analysing short-term
and long-term coastal variations. NCESS is
currently using the tool to extract, analyse and
to generate time series of shoreline changes at
different locations along the Indian coast and
Lakshadweep islands. The results of CoastSat
based analysis will be useful to understand the
rapidly changing coastal morphology along
various coastal regions of India, and to the
fast and accurate preparations of shoreline
and coastal zone management plans that helps
in reducing the risk and impacts of cyclones
and other hazardous events on coast. Fig, 2.6.5
represents the short-term shoreline change
analysis along Minicoy island using Landsat
imagery. Seven transects are selected for the
analysis of shoreline changes along the island
(Fig. 2.6.5 a) and the results of transect 4 (open
ocean) and transect 7 (lagoon side) are shown in
Fig. 2.6.5 b.

2.7 Alleppey Terrace and its influence
on the shelf and open ocean dynamics
off the SW coast of India - ORV Sagar
Kanya 362 Cruise (07-10-2019 to 05-11-
2019)

Northern Indian Ocean consists of two basins
i.e., the Arabian Sea (AS) and the Bay of Bengal
(BoB) with distinct characteristics. Arabian
Sea witness high productivity as a function
of changing SWM intensity. Presently, during
the post SWM, a low salinity plume originates
from the eastern coast of India (western BoB)
enters into the SE Arabian Sea moving around
Sri Lanka and penetrates northward up to off
Goa as a low salinity tongue. However, on the
basis of geochemical and isotopic investigations
on foraminifera from the eastern Arabian Sea
suggested diminished low salinity tongue in the
eastern Arabian Sea during LGM as a result of
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reduced freshwater influx into the BoB due to
weak SWM and increased winter evaporation in

the Arabian Sea.

Summarizing the above, it can be underscored
that in spite of having extensive SWM
reconstruction from the northern Indian
Ocean, still the oscillations between NEM
and SWM remains less understood. Till date,
most of the studies have provided qualitatively
reconstruction of monsoon and climate
however, to address present day climate change,
quantitative reconstruction of oceanographic
parameters such as SST, SSS etc., is the priority.
The quantification of SST and SSS can be
achieved from the geochemical and isotopic
study of foraminifera separated out from
selected depths from the sedimentary cores.
The quantitative reconstruction will not only be
helpful to understand the present-day climate
but it will also provide a platform to comprehend
the teleconnection between oceanographic
parameters and various ocean-atmospheric
processes. Further, it will be beneficial to track
the extend of BoB low saline water plume in
the Arabian Sea during glacial-interglacial cycles.
Though, the Alleppey Terrace (AT) being a
unique protrusion of SW continental margin, its
evolution and sedimentary processes has not yet
addressed fully. The sedimentary records from
the peripheral region of AT and its sediment
dynamic investigation can provide the sediment
process in the continental shelf to continental
margin.

The major long-term objectives proposed in the
work plan are as follows:

a) Role of Alleppey Terrace (AT) on
hydrography, circulation and heat budget of
Lakshadweep Sea.

b) Role of Alleppey Terrace on internal wave
evolution.

c) What are the mechanisms responsible for
the formation of heavy mineral placer and
silica sand deposits in SW coast of India and its
bearing on the hydrodynamic responses of AT?

45

S9S




d) What happened to the sediments eroded
from the Palghat gap and the Aryankavu pass?

e) To study the role of Alleppey Terrace in the
mudbank formation off Alleppey in the contest
of internal wave evolution.

f) How the AT influence the atmospheric and
oceanic circulation of Lakshadweep Sea and
south eastern Arabian Sea as a whole?

g) Can we decode the paleo-climate signals from
the sedimentary archives in the continental shelf
using multi-proxy methods?

Fig. 2.7.2: Sampling location for core and grab operations
along the transects in the south west coast of India.

Sagar Kanya Cruise programme (SK 362)
started on 07™ October 2019. The first location
for the sediment collection reached on 08"
October 2019 early morning. High resolution
CTD and LISST operations in and around
Alleppey Terrace were carried out along
different transects with multibeam bathymetry
survey between Kanyakumari and South off
Ponnani, Kerala. Due to the stormy weather
and rough sea caused by severe cyclonic storm
MAHA, the operation time was constrained
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and we had to re-schedule different transects.
A total of 261 CTD and 258 LISST operations
were carried out in the entire cruise schedule
with 11 operations in the Bay of Bengal. Total
17 sediment cores and 43 grab samples were
collected from these transects. The core samples
were sub-sampled at every 1 m interval and
tightly closed with end caps and preserved at
deep freezer at 4°C. A portion each of the grab
samples was preserved for foraminifera study
by adding approximately 50 ml Rose Bengal
solution. Analysis of geochemical parameters
(major and trace elements; DIC and DOC)
and isotopes (8"0, &°H, 8"°C, ¥'St/%Sr, eNd
and redox sensitive metal isotopes) will also be
carried out. Modelling will be done by using
MIKE 3D software/ROMS/Isotope based
model.

Fig. 2.7.4: Core sampling using Gravity core.
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Fig. 2.7.5: Subsampling of the collected cores.

To study the nutrient dynamics and
microbiological  characteristics, the
samples were collected by Nansen bottles. The
water temperature, salinity, conductivity and
dissolved oxygen were measured with CTD
probe. The dissolved oxygen is determined by
following Winkler method in the chemical lab.
The pH of the water samples was carried out by
using Eutech probe. Water samples (1 L + 250
ml + 10 ml) were collected in poly propylene

bottles and preserved in deep freezer (4°C).

water

Disdrometer is used to measure the surface
rainfall and rain drop size distributions. MRR
measured the vertical distribution of rainfall
and rain drop size data up to 6 km altitude above
mean sea level. Both disdrometer and MRR
congregated data have been collected at one-
minute interval. Cloud base height and cloud
characteristic along the ship track are recorded
with Ceilometer. It has a vertical measurement
range up to 15 km and data was logged at every
15 s interval. Electric field mill is interminably
operated to record the atmospheric electric field
during thunderstorms. During thunderstorms
the electric filed mill was operated at 20 us
interval. Two temperature-humidity sensors are
installed at different heights for near surface
flux measurements, sensors are fitted towards
sea in the front side of ship. The sensors are
separated by a height of 4.35 m. Portable
weather sensors with GPS is operated to record
latitude, longitude, time, surface atmospheric
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pressure, humidity and
Further, regular
performed for all instruments for perpetual

temperature data.
maintenance works are
operations. Radium concentrations in seawater
reflect groundwater discharge to sea and have
a potential for mapping variations in SGD on a
regional scale. However, this study carried out a
shelf scale analysis of the values of Radium (Ra)
and nutrients in the Bay of Bengal and south-
eastern Arabian Sea. The broader objective is
to estimate submarine groundwater discharge
and associated nutrient inputs into the Sea
using systematic Ra measurements in seawater.
Different analysis and computations are going
on with the collected samples and data.

2.8 Preliminary investigation on the
role of Alleppey Terrace on the SW
shelf sea hydrography of Indian
Peninsula

Fig. 2.8.1: High resolution CTD and LISST
measurements along the transects in the south west
coast of India (Transect names labelled in English
alphabetical order from south to north).

To study the Role of Alleppey Terrace on the
hydrography of the Indian Shelf Sea, a cruise
(SK 362) expedition was conducted during 7"
October 2019 to 6™ November 2019, with a
particular focus on the region in and around
Alleppey Terrace off the south west coast of
India. High resolution (~6 km apart) CTD
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and LISST operations were carried out in the
shelf sea along pre-defined transects and also
multibeam bathymetry survey covering the
shelf region between Kanyakumari and South
off Ponnani, Kerala. As presented in Fig. 2.8.1,
the transects along the SW coast of India are
named from C to AD in English alphabetic
order. The starting transect “A” is at Chennai
and the ending transect “AE” at Mangalore. As
part of the investigation, high resolution CTD
and suspended sediment profiling (262 stations)
were carried out in and around Alleppey Terrace
region at depths ranging from 30 m to 1000 m.
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Fig. 2.8.2: Variation of zn-situ parameters along 30-meter
contout.

Preliminary analysis of the CTD data indicates
that the Alleppey Terrace plays a major role on
the dynamics of eastern Arabian Sea, particularly
the inner shelf region of the Alleppey Terrace.
Plots showing the cross-sectional variation in
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various parameters such as Temperature, Salinity,
Turbidity, Fluorescence, Dissolved Oxygen
(DO) and density along bathymetry contours of
30 meter and 50 meters are presented in Figs.
2.8.2 & 2.8.3 respectively. From the plot it can
be seen that at 30-meter depth contour, there
is a strong variability in the mixed layer depth.
Analysis of the 50-meter contour alongshore
variation of oceanographic parameters reveals
signature of a wave like feature in the Alleppey
Terrace region. This wave like feature is observed
in the Pycnocline where the density gradient is
maximum at the interface between two layers
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of different densities. Preliminary analysis
indicates intrusion of high-density water with
high salinity into the surface at station P which
causes a bloom in the surface fluorescence over
the Alleppey Terrace. This stratified flow over
the Alleppey Terrace causes disturbance and
can lead to the formation of internal waves.
The variation of turbidity (Fig. 2.8.2) shows the
formation of a bottom nepheloid layer which
could be due to the propagation of alongshore
internal waves over the region. This being a
preliminary result, further detailed analysis of
the processes is needed for which time series
measurements are required and this has to be
supported by high-resolution model studies.

2.9 Sedimentary evolution and
depositional history of Alleppey
Terrace, Indian continental margin

The AT is a unique topographic feature located
in the India continental margin. This is a flat
region located between 8.6°N and 9.2°N and
75.5°E and 76°E with an average depth of
around 350m, covering an area of ~3700 km?.
Chain-Kairali escarpment (CKE) demarcates the
western boundary of AT. Quilon escapement
- a long, steep slope, south of AT separates
Trivandrum - Alleppey terrace of different
heights. AT morphological characteristic well
match with the definition of undersea terrace
as stipulated by the International Hydrographic
organization (Earlier AT is also named as
Alleppey platform or Terrace of Quilon). AT
lies approximately the south of Alleppey and
north of Quilon (Fig. 2.9.1).

Based on gravity model and seismic reflection
data Alleppey terrace is considered as a piece
of continental block very close to the mainland
with intervening depression filled with sediment
during rifting. Based on the geophysical data the
Alleppey terrace is associated with a basement
high and had developed during Oligocene-
Miocene period and attain the present geometry
by Miocene. The quantum of sediment influx
has been reducing from the early Tertiary to
recent. Due to the complex circulation pattern
in this region sediment distribution pattern may
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also complex. Sediment dynamics of this region
is not studied in detail.

The present work is an effort to examine the
origin of AT by analyzing the sedimentological,
geochemical and mineralogical characteristics
of sediments. This expected to generate high
resolution data base from sedimentary record,
which gives an idea about historic to recent
distribution pattern, source and environment
of deposition. The result of the study may be
useful to reveal the various processes behind
heavy and glass mineral deposits along south
west coast of Kerala. The data generated is
useful tool for the identification and application
of paleo environmental reconstructions.

TN e

Fig. 2.9.1: Sampling locations in and around Alleppey
Terrace.

The samples were collected from AT and the
shelf regions off Kollam — Ernakulam coastal
stretch on a cruise on board research vessel
ORV Sagar Kanya (SK-362) conducted by
National Centre for Earth Science Studies
(NCESS) during the period of October-
November 2019. The Sediment samples were
collected from the depth of 30m to 500m using
gravity corer and sediment grab (Fig. 2.9.1). A
total of 38 grab sediment samples and 3 core
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samples were collected from this stretch, neatly
labelled and preserved for further analysis. The
grab samples were systematically analyzed for
detailed sediment texture.

Granulometric composition of the sediments
in the innershelf exhibits heterogeneity in
the present constituents of different textural
grades. The average percentage of sand, silt and
clay in the sediment samples are 58.48, 16.80,
24.63 respectively. From Folk and Ward (1970)
classification, the samples fall under the sand
(25%), muddy sand (25%), sandy mud (25%)
followed by clay (15%), clayey sand (5%) and
silty sand (5%) (Fig. 2.9.2). Based on Flemming
classification (2000), the sediments are sand
(30%) > slightly silty sand (15%) > clayey sandy
mud (15%) > slightly silty clay (15%) > clayey
sand (10%) > silty slightly sandy mud (5%) >
clayey slightly sandy mud (5%) > slightly clayey
sand (5%). Sand is the dominant textural facies
in the AT.

- \
SANDY MUD | SANDY CLAY
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Fig. 2.9.2: Textural nomenclature of study area based on
Folk and Ward (1970).
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Fig. 2.9.3: Textural nomenclature of the study area based
on Flemming (2000).
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The mean size of the studied samples varied
from 7.372¢ to 9.883¢ with an average value of
8.12¢. In general, the inner shelf is dominant
with fine silt sediments as evidenced from
the modal range of phi mean size between 6
and 7. The variations in phi mean size reveals
differential energy conditions which leads to the
deposition of sediments in different locations.
These fine silt sediments are very pootly sorted,
whereas the sand zone depicts moderately
well sorted to very poortly sorted nature. Sand-
rich samples are moderately well sorted with
increasing amount of mud, sorting becomes
poorer. The variations in the sorting values are
likely due to the continuous addition of finer/
coarser materials in varying proportions. The
skewness value ranges between -1.745 to -5.404
with an average of -2.36% which indicates that
the sediments are of very coarse skewed. Spatial
variation of skewness values does not indicate
any systematic pattern in the study area. Positive
skewness of sediments indicates the deposition
of the sediments in sheltered low energy,
whereas negative skewed sediments indicate
deposition at high energy environments.

2.10 Investigation on water mass
mixing, redox condition and Indian
monsoon dynamics in the eastern
Arabian Sea using geochemical and
isotopic techniques

Samples for this work were collected onboard
ORV Sagar Kanya from continental shelf
region (50-500 m water depth) of the northern
Indian Ocean covering eastern Arabian Sea
and Bay of Bengal (Fig. 2.10.1) during the
SK-362 expedition, October 07 — November
05, 2019. The sample collection includes rain
water, sea water, limited grab sediments and two
independent core sediments (off Mangalore at
2000 m and 100m water depth). Meteorological
and physical data were obtained from onboard
AWS station and rosette CTD set-up respectively.
Water samples were filtered immediately after
collection using clean techniques and separate
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sample aliquots were preserved for geochemical
and isotopic analysis (redox sensitive metals
and stable isotopes). Cores were sub-sampled
in a clean laboratory at a later stage and these
sediments have been kept for drying for further
analysis. These samples have been collected and
processed in collaboration with Birbal Sahni
Institute of Palaeosciences, Lucknow. This
work explores questions pertaining to 8O -
salinity relation, prevailing redox condition and
the extent of water mixing from the Bay of
Bengal in the continental shelf region of eastern

Arabian Sea during post-monsoon season, and
the Indian monsoon dynamics.

Fig. 2.10.1: Study area map showing water sampling
locations during SK-362 expedition onboard ORV Sagar
Kanya.

2.11 Impact of beach sand mining
on the long-term shoreline changes
along the Chavara coast, SW coast of
India

As per the request from the Chief Minister,
Govt. of Kerala a brief study was carried out
by NCESS to assess the impact of beach sand
mining along the Chavara coast during the last
decade. As part of this study, a reconnaissance
survey was carried out by the CoP team during
January 2019 to identify the critical areas. This
was followed by short-term observations during
February-March, 2019 at selected pre-defined
locations along the Chavara coast, covering
both mining and non-mining sites. The site-
specific field investigation involved collection of
beach profile data, sediment samples and GPS
shoreline data. For this study, the 22 km long
coastal stretch extending from the Neendakara
inlet to the Kayamkulam inlet is taken. This
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stretch of the coast is considered as a sediment
cell as the nearshore sediment transport can be
assumed to be more or less self-contained based
on geo-morphological features. The northern
arm of the breakwater at the Neendakara
inlet and the southern arm of the breakwater
constructed at the Kayamkulam inlet are the
southern and northern boundaries respectively
of this sediment cell.

The data used to study the long-term shoreline
changes along the Neendakara—Kayamkulam
sector have been derived from the SOI
topographic chart, multi-dated satellite images
and also the GPS field survey during the present
study. For demarcation of the shoreline, the
boundary line between the wet and dry sand
interface is taken as the shoreline position for
sandy coasts. For locations which are devoid of
beaches, the landward end of coastal structures
(like the seawall, groins etc.) are taken as the
shoreline.

For the present study, the rate of shoreline
change was computed using Digital Shoreline
Analysis System (DSAS) software developed
by the United States
DSAS calculates the rate of shoreline change
from a temporal series of multiple shoreline

Geological = Survey.

positions and generates orthogonal transects
at user defined interval for computation of the
temporal and spatial changes. Normally the
baseline vector is taken as the shoreline vector
from the oldest imagery available in the data
set. Orthogonal transects are then drawn from
the baseline at pre-defined intervals in such a
way that they cover all the shoreline vectors
considered for the analysis. The methods used
for the computation of shoreline change rate in
the present analysis are End Point Rate (EPR)
and Linear Regression Rate (LLR). The EPR
method computes the rate of shoreline change
by dividing the distance moved by the shoreline
during the period under consideration by the total
time elapsed. The LRR method computes the
rate of change by fitting least-squares regression
lines to all the shoreline points for a particular
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transect. The regression line is drawn so that the
sum of the squared residuals is minimized and
the slope of the line gives the regression rate.
For the present study, an onshore baseline was
created behind the oldest shoreline representing
the Neendakara - Kayamkulam coastal sector.
From this base line, orthogonal transects
(directed towards offshore) were generated at
50 m interval along the coastline.

The computed rates of shoreline change for the
Neendakara - Kayamkulam coastal sector by the
LRR method during the period of 1968-2019,
2000-2019, 2000-2010, 2010-2019 are shown
in Fig. 2.11.1. Table 2.11.1 shows the rate of
shoreline change computed by using DSAS
at selected locations along the Neendakara -
Kayamkulam coast. The transect starting point
(indicated as transect no. 0) is to the immediate
south of the Kayamkulam inlet which is
considered as the northern boundary and the
last point representing the southern boundary
is to the north of the Neendakara inlet (transect
no. 460).
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Fig. 2.11.1: Computed Linear Regression Rate (LRR)
along Neendakara - Kayamkulam coastal sector during
the period 1968-2019, 2000-2019 and 2010-2019.

Table 2.11.1: Rate of shoreline change (LRR) in m/year
during 1968-2019, 2000-2019 and 2010-2019.

The rate of shoreline change using LRR shows
high erosion at the rate of 3.25 m/year at
Azheekkal (south of Kayamkulam inlet) during
the past 5 decades (i.e. from 1968 - 2019). The
corresponding LRR values for Vellanathuruthu
(IREL mining site) anad Ponmana (KMML
miningsite) are 8.94 and 7.37 m/year respectively
during this period which indicates very high
level of erosion. However, the Kovilthottam
mining site has a lower rate of 2.88 m/year
during the same period showing reduced rate
of erosion. During 2000-2019, very high rate
of erosion is observed at the mining sites of
Vellanathuruthu and Ponmana with values of
12.21 m/year and 13.54 m/year respectively.
The Kovilthottam site shows a moderate rate of
shoreline change (2.22 m/year). At Azheekkal
(south of Kayamkulam inlet), accretion at the
rate of 1.98 m/year is observed subsequent to
the construction of the breakwaters. Erosion
rate at Vellanathuruthu during the decadal
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SL. | Locations Linear Regression Rate (LRR) in E
No. m/year at selected locations =
1968 - |2000- [2000- |2010-
2019 2019 2010 2019
1 | Azheekkal 325 [+198 |41 [-134 e e
2 | Vellanathuruth (IREL mining site) -8.94 -1221 |-17.59 [-751
3 |Ponmana (KMML mining site) -1.37 -13.54 |434  |-1849
4 | Kovilthottam (IREL mining site) -2.88 222 411 [32
Note: -ve sign indicates erosion
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Fig.2.11.2: Shoreline data of Ponmanaand Vellanathuruthu
mining sites during 1968, 1990, 2000, 20006, 2010, 2017 &
2019.
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period of 2000-2010 was quite high at 17.59
m/year while it was 4.34 m/year at Ponmana
and 4.11 m/year at Kovilthottam. At the same
time, the northern most location, i.e. Azheekkal
shows a high accretion rate of 4.71 m/year.
This can be attributed to the trapping of littoral
drift sediments due to the construction of the
breakwater at the Kayamkulam inlet. During
the period of 2010-2019, the Ponmana (KMML
mining site) shows very high erosion rate of
18.49 m/year whereas at the Vellanathuruthu
(IREL mining site) site it is 7.51 m/year. At the
Kovilthottam site, the rate of erosion is high
(3.2 m/year). However at Azheekkal (south
of Kayamkulam inlet), a change in trend from
accretion to erosion is observed with a moderate
erosion rate of 1.34 m/year.

The long-term shift in the shoreline position for
nearly 5 decades has been studied by overlaying
the shorelines using ArcGIS software. Fig. 2.11.2
shows the shorelines for different years (1968,
1990, 2000, 20006, 2010 and 2017) overlaid on
the recently surveyed shoreline of 2019 for the
Ponmana and Vellanathuruthu mining sites. The
measured values of shifts at selected locations
along the coast when compared with that of the
computed rates using DSAS show reasonably

good correlation.

The measured shift in shoreline during the
period 1968-2019 shows erosion at the IREL
(Vellanathuruthu) and KMML mining sites
(Ponmana) with a value of 425 m and 382
m respectively (Table 2.11.2). Similarly, for
the period of 2000-2019, the shoreline has
receded by 243 m and 227 m respectively at
the Vellanathuruthu and Ponmana mining sites.
However, the landward shift of the shoreline
during the recent period of 2010-2019 has
reduced at the Vellanathuruthu (69 m) location
compared to the shorelines of the previous
decades. But to the north of the KMML mining
site at Ponmana, a prominent landward advance
of 182 m is observed during the same period.
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Table 2.11.2: Measured shifts in shoreline positions
during 1968-2019, 2000-2019 and 2010-2019.

gl Measured shift in shoreline(m)
’ Locations 1968 2000
No. -
2019 2019 2010 -2019
1 Azheekal -202 +36 24
5 Veﬂanth.uruth (REL| 425 243 69
mining site)
3 | Ponmana (RMML - 50, | 5yg 182
mining site)
4 Kovlltbo.ttam. (REL| 142 57 20
mining site)
Note: -ve sign indicates erosion

2.12 Landform dynamics and its
impact on stability of coastal zone

Microlevel mapping of coastal geomorphology
along the Kozhikode coast, SW India (1:10,000
and cadastral scale) is carried out by creating
high precision Digital Elevation Model using
high resolution World View — III stereo pair
images (Fig. 2.12.1). Micro level landforms can
be easily identified from the DEM generated at
I-meter contour accuracy. For interpretation of
the geomorphology of the coastal landforms,
the previously collected lithological data are
integrated with the identified coastal features.
The analyses of the borehole core samples
collected from five locations, which are currently
in progress, using Particle Size Analyser, SEM
and XRF would provide additional information
on the understanding of landform dynamics.
In addition, the lithological data obtained from
resistivity surveys and core drilling survey will
also be utilized for validating and supporting the
geomorphological landforms identified.

o -

Fig. 2.12.1: Representative Images of World View - 111
stereo pair - Kozhikode area.
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The palacoshoreline of the coastal plain is
demarcated through field assessment and
geomorphological interpretation of landform
features. The paleo shoreline of the coastal
plain is located at distances varying between 200
- 800 m in the Kadalundi area whereas it is up
to 5 km in the Beypur - Nallalam region. The
transition between modern coastal plain and
Tertiary landform is well defined in the Kadalur
- Korapuzha sector and Kallayi - Beypur sector,
with paleo channels and associated features. For
understanding the coastal stability of the area,
the shoreline dilemma of Holocene period is
analysed whereas the recent shoreline trend
investigated to understand the present status of
coastal dynamism and anthropogenic influences.
During the last fifty years, the Kozhikode coast
had maintained coastal stability but became
dynamically active due to human interventions
construction of breakwaters and
Further, the sediment transport
capacity of rivers and waves are reduced mainly

such as
seawalls.

due to developmental activities along the
banks. By assessing the present condition, it is
concluded that the southern coastline of this
region is more affected by coastal erosion than
the northern half (Fig. 2.12.2).
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Fig. 2.12.2: Shoreline analysis 1968 — 2018.

Sediment analyses and geochemical evaluation
of core samples are in progress. The top portion
of the core samples collected from Quilandi
consists of medium sand and becomes medium
to coarse to very coarse sand mixed with shell
fragment and then silty clay with sand etc., with
depth. It is observed that lateritic soil and red
clay are present up to 10 m depth and further
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down mica with sandy clay is seen indicating
signatures of regression during the formation.
PSA analysis of Koyilandi bore hole samples
indicates that this coast was formed due to
combined effect of geomorphic action of
Fluvio-marine forces.

in beach
characteristics along a microtidal

2.13 Seasonal variation

coast, southwest coast of India

Coastal dynamics play a vital role in shaping
the beaches, but anthropogenic activities and
episodic events like storms, tsunami etc., can
hamper the natural processes, which in turn alters
the coastal morphology. Hence, it is necessary
to carry out periodic monitoring of the coast,
particularly the beach area and the nearshore
region, so that appropriate remedial measures
can be adopted based on the short-term and
long-term morphological variations observed.
It also helps in identifying the causative factors,
which are responsible for drastic changes, if any.

A case study on seasonal variations in beach
characteristics along the Kozhikode sector of
SW coast of India is presented. The study area
comprises of the 22 km coastal stretch extending
from Beypore port in the south to Puthiyappa
harbour in the north. This coastal stretch can be
considered as typical sediment cell as it is being
bounded between the 1 km long breakwaters
(2 nos.) at the southern boundary (Beypore
inlet) and the Puthiyappa harbour, adjoining
the Elathur headland in the north. Apart from
the breakwaters at the two boundaries, the
sediment cell has hard structures like groins,
seawalls, training walls, etc., that interferes with
the natural coastal process thereby making
it very complex. The waves are playing a
prominent role in the coastal hydrodynamics of
this coast. The waves are predominantly from
the westerly direction (approx. 250-290 deg,)
during the monsoon, whereas northwesterly
waves are observed during the non-monsoon
periods. The significant wave height during the
monsoon period has a maximum value of about
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2.8 m and there is a significant reduction in the
wave height during the non-monsoon periods
(Wave Rider Buoy Data). As part of this study,
representative beach sediment samples were
collected from 14 pre-defined locations (with
varying morphological characteristics) during
the pre-monsoon, monsoon and post-monsoon
season. Details of the sediment analyses carried
out at NCESS and their results are given below.

All the sediment samples were dried in a hot
air oven at 65°C and were reduced to ~100 gm
by coning and quartering. These representative
samples were then washed with distilled water
to remove salt content and further treated with
1:10 parts of HCI to remove carbonate shells.
The samples were then sieved using 11 sieves
(at /2 phi interval size having mesh sizes 2, 1.41,
1, 0.71, 0.5, 0.35, 0.25, 0.177, 0.125, 0.088 and
0.063 mm through Ro-Tap sieve shaker for 20
minutes. The grain size fraction in each sieve was
collected and weighed for further computation
using the Gradistat program to calculate the
statistical parameters such as mean, standard
deviation, skewness and kurtosis based on Folk
and Ward method.

Maonsoon Pre Post:

u VFG
mVCS
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mAMS
wFS
u VFS

God_ L 534

Northern sector (CP 1828 to 1857
VFG — Very Fine Gravel, VCS — Very Coarse Sand (1-2 mm) , C5— Coarse Sand (0.5 - L mm),

WS = Medium Sand {0.25 = 0.5 mm), F5 = Fine Sand [0.125 -0.250 mm), \F5 = Very Fine
Sand (0.125 -0.0623)

Fig. 2.13.1: Textural variation along the southern and
northern sectors of the Kozhikode coast.

Detailed analysis of the beach sediment samples
collected indicates that there
seasonal and spatial variation in the sediment

is a distinct
characteristics. In the southern sector, monsoon
season shows domination of medium sand

(80%) whereas higher percentage of fine sand
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(76.19%) 1s observed during the post-monsoon
(Fig. 2.13.1). The pre-monsoon season has
equal proportion of medium (45.45%) and fine
sand (54.55%). For the northern sector, more
or less similar proportions of medium (45.45%)
and fine (54.55%) sand are observed during
the monsoon season and the same trend is also
observed during the pre-monsoon whereas
fine sand dominates (76.19%) during the post-
monsoon season. Statistical parameters reveal
that in the southern sector, the sediments are
moderately to moderately well sorted (50%),
symmetrical (40%) to fine skewed (50%),
leptokurtic  (60%) to mesokurtic (40%) in
nature during the monsoon season. The post-
monsoon sediments are moderately sorted
(50%), coarse skewed (55%) and mesokurtic
(66.67%). But in the northern sector, during the
monsoon, the sediments are moderately well
sorted (60%) with varied skewness and lepto-
mesokurtic in nature, whereas it is moderately
sorted (40%), coarse skewed (55%) and lepto-
mesokurtic during the post-monsoon. The pre-
monsoon sediments exhibit mixed sorting, and
are symmetrical (73%) and lepto-mesokurtic in
nature.

The bivariate plot of sorting and skewness
(Fig. 2.13.2) is used to understand the different
depositional settings. In the southern region,
the sediments are moderately sorted and fine
skewed during the monsoon, fine skewed
to coarse skewed with well to moderately
sorted type during the post-monsoon and fine
skewed to coarse skewed with moderately well
sorted during the pre-monsoon seasons. In
the northern region, the sediments are near
symmetrical to coarse skewed and moderately
sorted during the monsoon, near symmetrical to
coarse skewed with well sorted during the post-
monsoon and well sorted to moderately sorted
with near symmetrical to coarse skewed during
the pre-monsoon. This clearly indicates changes
in the hydrodynamic conditions towards the
northern sector. Further, the bivariate plots of
mean vs sorting reveals that in the southern
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region, majority of the sediment samples falls in
the category of medium sand with moderately
well sorted to moderately sorted type. During
post-monsoon, the sediments are composed of
medium sand to fine sand with variation in the
sorting regime from well sorted to moderately
sorted type. During pre-monsoon, the sediments
are composed of medium sand with dominance
of well sorted nature. In the northern region,
the sediments are composed of medium to
fine sand with moderately to poorly sorted type
during monsoon season. But during the post-
monsoon, sediments are composed of fine
sand with variation in the sorting grade from
well sorted to moderately sorted type. During
the pre-monsoon, the sediments are of fine
sand with high grade sorting of well sorted to
moderately sorted type with inference that they
are highly sorted.
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Bivariate plots of Sorting vs Skewness
vs Sorting to understand the different
depositional setting.

The depositional process and environment are
deciphered by applying Sahu’s linear discriminate
functions. According to the analysis results,
the sediment deposition is mostly (75-90%)
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by aeolian process for both the sectors during
the monsoon and post-monsoon. However,
the northern sector is an exception as during
the pre-monsoon season, domination of beach
process is observed. The sediment source for
deposition is mostly fluvial.
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Fig. 2.13.3: Net beach volume change along the northern

and southern sector of the Kozhikode coast

In addition to sediment sampling, beach profile
measurements were carried out at all stations
(covering the southern and northern sector)
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from the backshore to beyond the low water level
every month during low tide adopting dumpy
and levelling staff method. For processing, the
measured profile data at each station are first
reduced with reference to low tide level and
the corresponding beach volumes computed.
Based on the computed beach volumes, the
stability status of profile stations i.e. whether
it is eroding/accreting have been assessed. The
result reveals (Fig. 2.13.3) that in the southern
sector the erosion rates are more dominant
with values ranging from 9 to 80 m’/m. For the
northern sector, the accretion rate ranges from
6 to 37 m’/m. The southern part experiences
higher erosion (net beach volume of 200 m*/m)
compared to that of the northern region (net
beach volume 40 m’/m). This may be due to
anthropogenic activities like the construction of
Vellayil harbour towards north.

2.14 Studies on environmental
magnetism and heavy mineral
distributions of the Beypore estuary,
Kerala
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Fig. 2.14.1: Location map of Beypore estuary showing the
sampling locations.

During the period under report the surficial
sediment samples (16) collected from the
Beypore estuary were analysed for magnetic,
geochemical and textural parameters (Fig
2.14.1). Magnetic properties such as Low
field magnetic susceptibility (y), Frequency
dependent susceptibility (y.), Anhysteretic
Remanent Magnetization (x,,,), Isothermal
Remanent Magnetization (IRM) of different
field strength were analyzed wusing the

MOoES NCESS Annual Report 2019-20

Bartington Susceptibility Meter (Model MS2B),
Molspin AF demagnetiser and Magnetometer
at Mangalore University. Inter-parametric ratios
like S-ratio, yARM/ ylf, yARM/SIRM and
SIRM/ylf were calculated to determine the
magnetic mineralogy and grain size. The details
of the magnetic parameters and inter parametric
ratios studied, their units, interpretation and the
instruments used are given in Table 2.14.1. The
heavy metal content of the surficial samples
was analyzed using ICP-MS (Thermo-X series
2) at PRL, Ahmedabad. The textural analysis
was carried out following the method of Carver
(1971). The sand-silt-clay percentages and
statistical parameters were computed based on
gradistat software. The clay fraction obtained
from pipette analysis was also used for X-ray
diffraction analysis for the identification of bulk
clay mineralogy. To assess the pollution status of
the estuary, the Geoaccumulation Index (Igeo),
Enrichment Factor (EF), Contamination Factor
(CF) and Pollution Load Index (PLI) were also
performed.

Based on the above analyses a preliminary
evaluation on environmental magnetism and
geochemical characteristics of a tropical estuary
could be carried out. The physical and chemical
weathering, industrial and domestic discharges
are the primary source of heavy metal
assemblages in the estuary. Increased metal
concentrations in the estuary are related to high
rate of sedimentation. Magnetic enhancement
in the sediments are attributed to the increased
anthropogenic activity and diagenetic changes
occurred during the sedimentary processes. The
heavy metal enrichment at the mouth and within
the estuary could be related to the winnowing
processes of sediment grain size by the local
hydrodynamic ~ conditions (wave-current
regime). From various pollution indices, the
study revealed that metals have contaminated
the sediments. Igeo, EFF and CF values of Ct,
Cu and Ni were moderately contaminated
by these metals (Fig. 2.14.2). The impact of
various environmental processes operating
in the catchment, as well as neighbouring
areas, is reflected in the magnetic minerals and
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heavy metals. Kaolinite, Illite, Gibbsite and
Montimorillonite (M) are the dominant clay

minerals present in the estuary (Fig, 2.14.3).
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factor and (d) Pollution load index of the estuary

sediment.
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Fig. 2.14.3: The distribution of major clay minerals
along the Beypore estuary; M-Montmorillonite,
I-Tllite, G-Gibbsite, K-Kaolinite.

2.15 Chemical composition of
sediments and benthic foraminifera
tests from Beypore estuary, SW
coast of India: Implications on
anthropogenic contamination

Benthic Foraminifera tests are composed of
calcium carbonate. During the making up of
shell/test, some of the trace elements and
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stable isotopes will be incorporated from the
sea water and thus it is widely used as proxies of
paleoclimatology and oceanography. Chemical
constituents in the benthic foraminiferal shell is
a step ahead to identify the capacity of benthic
foraminifera in responding to anthropogenic
metal contamination in coastal water areas.
In the present study, sediment characteristics
and foraminiferal test composition are used
to decipher the zones of pollution. Further,
an attempt is made to examine the effect of
anthropogenic pollution on the proxies of
benthic foraminifera in the Beypore estuary,
southwest coast of India (Fig. 2.15.1). Based on
the abundance, each ten juvenile forms of A.
parkinsoniana and A.tepida tests (Fig. 2.15.2) from
10 stations were analyzed using SEM and EDS
detectors shooting at the aperture to obtain
information of elemental content of the test.

Fig. 2.15.2: SEM photographs of (a) Anmmonia
parkinsoniana (b) A. fepida

Thirteen elements weight percentages (Wt %)
were identified from the spectrum generated
by irradiation of the EDX detector at one
shooting point (aperture) of Ammonia sp. The
main building elements of Awmmonia sp., shell
is oxygen on an average range of 45.36- 51.45
Wt% and calcium on an average range of
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23.88- 39.34 Wt%. The Principal Component
Analysis (PCA) and Cluster analysis revealed
that whenever the element Wt% of Al Si,
and Fe increased there was a corresponding
decrease in Ca Wt%. The trace metals from
the sediments were analyzed and the qualitative
data were compared with the earlier results
of Muralidharan and Ramachandran (2002).
Decadal changes on the distribution of trace
metals and the correlations of elements
between sediments and the foraminiferal shell
(Fig. 2.15.3) can be inferred.
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Fig. 2.15.3: Trace metal concentrations and its decadal
comparison from the sediments of Beypore estuary.
(@) Results from Muralidharan and Ramachandran
(2002), (b) Recent results.

2.16 Studies on textural characteristics
of bed sediments from two dams
constructed across major tributaries
of Bharathapuzha river, southwest
India

Dams and reservoirs have an important role in
regional development as they provide a variety
of uses to mankind. Hydroelectric power
generation, irrigation, flood reduction, hazard
mitigation etc., are some of the uses that could
be cited. Dams and reservoirs not only act as
water-retaining bodies but also act as a trap of
sediments transported from river catchments.
The variations in textural characteristics of
sediments across the dam profile help us
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to understand the changes in depositional
environment. Texture of the reservoir sediment
is depending on many factors, such as climate,
river basin lithology, soils, land use management
etc. These factors influence the efficiency of
chemical and mechanical weathering and erosion
processes within the basin. Thus, understanding
the textural relation of sediment deposition in
a dam gives information about the depositional
history and weathering dynamics which in turn
provides better information on the processes
involved within the sedimentary environment.

The Chulliyar reservoir is situated within the
Muthalamada Panchayat of Palakkad district,
Kerala. It lies between the 10°6" N and 76°46'
E and is one of the major irrigation projects in
Palakkad district, providing water mainly to the
Kollengode Panchayat. Chulliyar river is a major
tributary of the Bharathapuzha river originating
from the Western Ghats. The reservoir has
a catchment area of 29.75 km* with a storage
capacity of 13.7 mm’ and a water-spread area of
165 ha (Fig. 2.16.1). Mangalam dam is located
between 10°31” N and 76°32’ E (which is sited
48 km to the south of Palakkad town) and
constructed across Cherukunnapuzha river - a
tributary of Mangalam River. Maximum height
of the dam is 29.23 m with a gross storage
capacity of 25.49 mm® and catchment area of
48.85 km?* (Fig. 2.16.2).
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Fig. 2.16.1: Location map of Chulliyar dam.
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Fig. 2.16.2: Location map of Mangalam dam.

Presence of weathered lateritic terrain enriched
with red soil and the flood plains influenced the
deposition of higher percentage of sand in NE,
SW and SE zones of Chulliyar dam. Presence
of hillocks in the Chulliyar and Mangalam dams
might be a reason for the accumulation of sand
fractions in dams. Higher percentage of clay
is observed in the deeper parts of both dams
due to prevalence low energy hydrodynamic
regime existing there. Fine sediments are mostly
distributed in places near to the spillway of the
dams.

The variation in particle dispersion is mainly
due to the influence of riverine inputs towards
the dams. An abundance of finer particles
especially silt and clay impart a broad particle
dispersion pattern which in turn attributes to
very poort sorting of sediments in the Chulliyar
and Mangalam dams. Very fine skewed nature
of sediments indicates excessive riverine input
into the dam. Positive skewness of sediments
from both dams indicates deposition of the
sediments in sheltered low energy conditions,
whereas negatively skewed sediments indicate
deposition at high energy environments. In
unidirectional transportation process, if the
sediments are positively skewed and the energy
level is low, the sediments get deposited by the
sheltering effect. The occurrences of a positively
skewed distribution of sediments indicates
surplus of fine size fractions or the depletion of

the coarse-grained fractions. Very platy kurtic
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to leptokurtic nature is due to changing energy
conditions and water levels of the reservoir.
The platykurtic nature of sediments from both
dams exhibit presence of two populations on
subequal amounts.

The textural parameters such as percentages
of sand, silt, and clay are used to characterize
the energy condition of the environment.
The Pejrup (1988) ternary diagram is used for
understanding the hydrodynamic conditions
during deposition. The present study reveals
that majority of the samples collected from
both the dams fall under a calm environment
of deposition. Tanner plot uses the mean size
and sorting value to understand the depositional
energy condition. In the present study, the mean
grain size and sorting of Chulliyar and Mangalam
dam sediment samples are superimposed on
the facies model of Tanner (1991), and this
confirms that the sediments from both dams
are deposited under low energy conditions that
prevails the area (Fig. 2.16.3).
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Fig. 2.16.3: Tanner plot (1991) of the sediment
samples of (a) Chulliyar and (b) Mangalam dams.
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2.17 Understanding of environmental
issues of Munroe Island

Submergence of delta regions and estuarine
islands by subsidence and flooding due to
sea level rise is typical over the global coastal
regions. Though sea level rise is attributed
to climate change, subsidence is caused by
both anthropogenic and natural causes. Over
exploitation of groundwater, hydrocarbons
etc., are some of the anthropogenic reasons
of subsidence whereas earthquakes, landslides,
liquefaction, sediment compaction, erosional
trends of rivers etc., are natural causes of
subsidence.

The present study is an attempt to address the
severity of intermittent flooding events in the
deltaic estuarine deposit artificially augmented
as Munroe Island within the Ashtamudi lake
of Kerala at the southwest part of India.
Situated at the east end of the Ashtamudi
Lake, the picturesque island since long been
reeling under the problem of flooding, which
encompass residential and cultivation expanse.
Multitudes of notions have been attributed to
this phenomenon, like loss of sediment input
from the Kallada River, tidal flooding and
self-weight consolidation of the buildings,
etc.  Speculation
displacements due to neo-tectonic activity.
Foremost perception of flooding with minimal/
scattered field observations attribute the events
to tidal inundation, though the residents always
lived under the fear that the island is sinking
(subsiding) mainly because of the settlements
and structures put up on the land scalped with

m-vogne  also  advocates

carbonaceous clayey substratum. Hence, a
multi-disciplinary research has been underway
to understand the enigma surrounding this
island and its flooding. Previous scientific
literature on this island is sparse except for
certain sensational news reports. A review into
the word of mouth hypotheses fail to provide
any start-point with one theory intriguing on
the other. Hence, a different perspective became
necessary to dig up into the core of the problem.
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Therefore, a comprehensive multidimensional,
interdisciplinary approach is adopted to divulge
the reasons behind the ostensible sinking of the
island, the deformation of the buildings and the
submergence of the island.

[ Munrae Island

Fig. 2.17.1: DInSAR time series Displacement
map for Munroe Island.

The Differential Interferometric technique
(DInSAR) in combination with a time series
analysis (Persistent Scatterers in this study)
enables monitoring surface deformation over
large areas. The DInSAR time series technique
takes advantage of the variation in “phase”
of the Radar pulse backscattered from the
scattering target over time. The satellite radar
measures the phase of the microwave signal
backscattered from the target during consequent
acquisitions and any change in phase is
attributed to the displacement of the target after
the removal of the phase variation induced by
the change in earth topography. In this study,
the line of sight displacement of the permanent
scatterers in the estuarine island were estimated
using the Sentinel 1A SLC datasets acquired
during February 2015 upto January 2020. The
persistent scatterer Interferometry (PS InSAR)
technique is used to process the time series stack
of 123 datasets by constructing differential
interferograms assuming a single master. The
selection of the persistent scatterers depends on
the coherence threshold (0.7) and the amplitude
stability index (0.7) during Atmospheric Phase
screening which accounts for the variation in
the amplitude of the pixel due to atmospheric
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influence. The Line of sight displacement
with respect to the satellite for the resultant
persistent scatterer points is quantified to assess
the magnitude of surface deformation over the
island region.

The selected persistent scatterers show ample
signatures of uneven displacement velocities
categorised under stable and unstable. The
outcome of stable signature within the island
negates the presumption of theisland subsidence
whereas the clayey substratum dumped to build
the island artificially and the silt deposition by
the Kallada river undergo consolidation with
time. The perceptible deformation shown by the
buildings is the surface response of subsidence
due to natural consolidation and compaction
of the clay rich Holocene sedimentary material
filled within the island leading to self-weight
consolidation of the buildings.

In order to validate the outcomes from Time
Series DInSAR techniques, Topographic survey
and continuous ground-based ~monitoring
is being carried out using DGPS method to
capture the land disturbance in the island.
Towards this, 12 carefully selected locations
were Bench Marked (dimensions 1.5 feet x 1.5
feet x 3 feet) and monumented appropriately
in and around Munroe Island defining precise
coordinates and elevation. Out of which one
location is established inside Kollam Port Office
Compound near Asramam Kollam, which is
the reference station (KPO) considered as
stable under the known geological conditions.
To define the 3D coordinates of the reference
station, long-static GPS measurements were
carried out for 72 hours continuously. Post-
processing of the data was carried out against
the International  Terrestrial
Reference Frame (ITRF) station Bangalore
data with precise ephemeris. Out of the 12
BMs, 3 are being occupied for 24x7 monitoring
and 3 GPS multi-frequency antennae systems
were established in each location. Remaining 8

co-terminus

locations are being occupied once in a month
on the short static mode and data is processed
against the reference station KPO.

MOES NCESS Annual Report 2019-20



==DIn3AR Tima Series

—DGPS

====Linear [MnSAR Time Serles) = 0.00254 - 36,534
--=-Lingar {DGPS) | = 1¢-psx+ 04763

@
a
a
a
a
@

@
=3
=
=
=
@

a
=
S
Disglacemant {m)

Dieplacement (mm}
o 3
=
a
o
=
5

iy 4
s &
& O

. 0
2018 22048 BEZ2A0B TI2X20M8 2222010 SR222018 8222018 12320
DATE

Fig, 2.17.2: Satellite DInSAR time series displacement
vs DGPS displacement at Peringalam School.

The DInSAR time series displacement correlates
well with the field measured DGPS survey
displacement. The displacement trend at the
Peringalam Higher Secondary School showed
higher stability and hence it was suggested to
establish a base station at the School premises
by 72 hours continuous DGPS monitoring.
The same has been completed and future
DGPs survey to monitor any deformation
within the island can be done with the help of
the established base station at the Peringalam
school premises.

The lithological characterization of the study
area using resistivity survey indicate deep-seated
bedrock whereas field investigations reveal
exposed sandstone. The high saline nature
of the shallow aquifer dampened the passage
of electric current in Resistivity Survey. The
study was also complimented with Ground
Penetrating Radar (GPR) survey which indicated
the prevalence of a completely saturated soil
beyond 4m from the surface and the presence
of swamping region indicate higher probability
of the existence of cavities formed by the
decay of the organic material which very well
enhances consolidation.

To examine the sub-surface substratum,
sediment cores have been recovered from
three locations, which are being subjected to
granulometric and other compositional assaying;
The results would complement the outcome of

the ERT/GPR Surveys.

The salinity profiles in the Ashtamudi lake and
Kallada river are highly dependent on the river
input indicating that the construction of the
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Thenmala Reservoir had large environmental
forcing in the estuarine region and the
surrounding land. This in turn had affected
the Munroe Island by increasing the number
of saline impact days over a given year leading
to deterioration in vegetation and coconut
productivity.

Seasonal short duration tide and current
measurements were carried out during 2018 to
assess the influence of tides on the submergence
of Munroe Island. The tidal phase takes
three hours to reach the Munroe Island from
the sea with a drop in amplitude up to 50%.
The results indicated anomalous tidal phase
observations in the tide gauges deployed near
the island opposed to that of the linear tidal
phases observed within the Ashtamudi lake and
Neendakara where the lake debouched to the
Sea. This anomalous behavior is hypothetically
interpreted as internal process within the lake. To
understand the process in detail, tidal data need
to be collected continuously at three locations,
which is underway. When the additional tidal
phase comes “in phase” with the already
existing tidal phase, the overall tidal phase peaks
up with increased amplitude leading to flooding
in Munroe Island. This assumption seems more
meaningful because, not all the spring tides flood
the island as observed by the field investigation
team. Categorically, while there was no serious
flooding during the past two years (2017 - 2019),
Munroe Island witnessed severe flooding during
the flood tide period of October 2019 during
which the maximum tide at Kollam is 1.04m and
the resultant flood inundation at Munroe Island
stood at 0.45m above the usual high water level.
The flood situation during a similar flood tide
height of 1.03m at Kollam during 14 November
2019 saw minimum to no flood.

Hence, a detailed study on tidal fluctuations
in Munroe Island with respect to the open
ocean tide is initiated by the installation of
three automatic tide gauges. One instrument
is deployed at the Neendakara mouth where
the Ashtamudi lake meets the sea, the second
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instrument is deployed at the heart of the
Ashtamudi lake and the third one is deployed
within the Munroe Island facing the Ashtamudi
Lake. The instruments collect water level data
24/7 and stream the data live to the server at
NCESS Data Centre. The data collection is
expected to be done for one year which would
provide more insights into the plausible reasons
behind the flooding of Munroe Island due to
tidal forcing,
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Fig. 2.17.3: Tide measurement in the vicinity of
Munroe Island and deployment of permanent tide
stations.

The outcomes of the current study have given
a fair understanding on the reasons behind the
environmental issues of Munroe Island. While
satellite-based study has disputed the sinking of
the island, DInSAR studies reveal perceptible
subsidence at certain locations, also augmented
by GPR survey due to the specific nature of
the sub-surface sediment build-up. Salinity
intrusion is the reason behind the deterioration
of the vegetation in the island, whereas the
submergence of Munroe Island due to tidal
influence is being studied in detail owing to the
out of phase water level fluctuations leading
to flooding. Hence three permanent automatic
tide gauges have been installed with live data
reception in the Sever of NCESS Data Centre.
This would be augmented by the regular DGPS
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survey and the time series Interferometry
studies, which would eventually establish the
flooding amplified by the consolidation of the
clayey substratum.

2.18 Unravelling of Submarine
Groundwater Discharge (SGD) zones
along the Indian subcontinent and its
islands

NCESS coordinates the national network
project ‘Mission SGD’ on behalf of the Ministry
of Earth Sciences with nine working groups
across the country for different geographical
regions. The program envisages to generate
simultaneous and reliable data on quality and
quantity of SGD across coastal aquifers of
India. The first phase of the project (2019-
21) is targeted to quantify SGD and associated
nutrient flux from the pilot project area between
Kothayar Basin (Kanyakumari) and Netravati
Basin (Mangalore) by Working Group - IV
headed by NCESS and from other areas by
remaining working groups. The other Working
Groups have collected primary and secondary
information to recognize potential zones of
SGD in their respective areas and first half
yearly review of progress was held in October
2019.

Identification of SGD along SW coast

In order to identify the prospective zones of
the SGD, during 2018-2019, the groundwater
dynamics in the coastal aquifer and the sea
surface temperature (SST) pertaining to the
SW coast (Kanyakumari to Mangalore) were
examined using archival information and a
number of investigation methods including
isotopic, geophysical and drone surveys. Intense
fieldwork was conducted to gather primary
evidence between Kanyakumari and Alappuzha
in the first phase. The high hydraulic gradient
and SST showed spatial variation in SGD along
the beach face, which subsequently allowed for
the design of a suitable field sampling campaign.

MOES NCESS Annual Report 2019-20



TEOOE TEO'E TIO'0E T80E
I L L

100N

0 25 50Km
—

12°0°0'N
|

MEOON

AN

* tinuous measurement

 Porewater samples

#w  Groundwater samples

©  CBGWB Monitoring Wells
Unsampled locations

*  Town/ Disttict capitals
Phase 1 Study arsa

SOON
I

24
KW
Kanyakumari s

Fig. 2.18.1: Sampling locations and physiographic
features of SW coast of India

From March 2019 to January 2020, the coastal
sea water, well water and the beach sediment
pore-water from Kanyakumari to Mangalore
were collected and analyzed to assess spatial
and temporal variation of SGD (Fig 2.18.1).
The in-situ physico-chemical parameters (water
level, temperature, electrical conductivity (EC),
pH, DO and ORP) were determined from pore
water and adjacent well water for the entire
area to determine the trace of freshwater. The
measurements z-situ were obtained with an
Aquaread AP2000 multiprobe analyzer. The
sampling was performed during low tide time to
nullify the effect of the interaction with saline
water. In the monsoon period, the sampling
was carried out in the absence of rain to reduce
the dilution effect. The pore water, which is the
water present in beach sediments, was collected
from intertidal zone wusing a push point
piezometer to sample from 1 m-1.5 m depth.
Groundwater samples were taken from the near-
shore wells, along with the depth below ground
level. The physico-chemical parameter data sets
were averaged season-wise into pre-monsoon
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(March-May), monsoon (June-September) and
post-monsoon (October-February) to observe
the temporal variation.

Primarily groundwater in coastal wells was
classified into fresh, brackish and saline waters
on the basis of electrical conductivity. The
water samples with an EC value of < 1.5 mS/
cm were considered freshwater. The wells with
electrical conductivity exceeding 1.5 mS/cm
were considered to be the saline water effect.
The wells in general have a lower saline water
presence, except for the pre-monsoon data
set. The districts of Thrissur, Kozhikode
and Kanyakumari in the pilot project area
are considerably affected by the influence of
saltwater.

In the intertidal zone, the groundwater samples
collected from beach pores were classified into
fresh pore water and saline pore water based on
ECvalues. Pore waters with alower EC value than
average sea EC were considered to be influenced
by the dilution of fresh groundwater. In the case
of well water, the EC classification thresholds
remained constant. Since the southwest coast
of India is dynamic in electrical conductivity
due to various factors such as precipitation
and the advection of low salinity water mass
from the Bay of Bengal in winters, EC values
could be significantly reduced. The monsoon
EC threshold was calculated to be 54.4 mS/cm
while the post monsoon EC was 51.03 mS/cm.
The pre monsoon EC was considered by taking
the average of monsoon and post monsoon
EC giving 52.6 mS/cm. Thus, those sampling
locations with a lower electrical conductivity
value than the threshold in coastal well water
and porewater were identified as potential SGD
segments.

Fig. 2.18.2 represents spatial and seasonal
variability of SGD along the SW coastline.
The monsoon observations indicate 180 falls
in low EC locations (98.36 %) out of 183 pore
locations, which clearly indicates that the SW
coast is an ideal location for groundwater to
flow into the ocean through the subsurface.
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Another indication for the subsurface flow is
the average temperature of pore water and well
water (28.12 °C & 28.13 °C resp.) during the
monsoon period. In the post-monsoon season,
89 of the 184 samples falls in low EC category.
In the pre-monsoon, 40% of samples reflectlow
EC, between Kanyakumari and Alappuzha. The
locations with higher EC well water and lower

EC values for pore water indicate recirculated
SGD.
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Fig. 2.18.2: Spatial and seasonal variation of SGD along
the SW coast
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The total length of the examined coastline is 641
km, in which 206 km has not sampled due to sea
walls, rivers, surface water bodies etc. In general,
coastal zone extending 358 km was identified
as potential SGD zone based on physical
parameters, with 367 km during monsoon and
349 km during post-monsoon. The areas where
low EC levels have been maintained throughout
the year are recorded as Perennial SGD zone,
which accounts for 104 km within the project
area (Fig. 2.18.2).
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The confirmation of the SGD locations on the
SW coast was supported by the behaviour of the
Radon (**Rn) activity in groundwater samples.
All the coastal well water showed substantial
*?Rn concentrations, providing clues to the
presence of radon in the pore water samples.
Pore-water locations along the beach, which are
having above 100 Bq/m’ radon were notified as
potential SGD hotspots between Kanyakumari
and Alappuzha.

Quantification of SGD along the SW coast

ot res0vt e ao TT0TE
1 N
= A
L 0 X  toKkm
&
: o
, e
g i - .‘:
Z I .
= 'Y -
, .
b Y
w | -
-
.u
2 \ 5
%
44 .
S ‘f%
: = ¥
o !
Y o
ﬁ mmhﬁll \
b r243.29827 ‘;
M oe ms2ewvm s
. WTe-MN o,
& Mise- MR . .
@ UmMn.xXMTe ."‘ -
) e | .
Camcemarmn O marang Vo ey | ] »-”
- _ | ghe
[T Camctrmares ormrrg 1o oot | \;?

Fig. 2.18.3: Fresh submarine groundwater discharge
values along the SW coast.

SGD flux determination efforts were made using
seepage metet, radium/ radon mass balance and
modelling, Because of the coastal dynamics of
the SW coast, it was very difficult to calculate the
flow of discharge using seepage meter. Thus,
mass balance and modelling techniques were
found to be the most appropriate methods for
calculating the flow on the SW coast. Radium
surveys have been carried out up to four
kilometres offshore and the results are expected
to corroborate in interpreting the linkage with
SGD. Also, the simulation of groundwater flow
is underway to calculate the SGD flux in the
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small catchment area of the study. Consequently,
the fresh SGD was calculated on the basis of an
analytical model and explained in this report.

The coastal catchments discharge groundwater
to the coast as fresh SGD. The fresh SGD to the
sea from the unconfined aquifer was estimated
using a conventional water-budget method for
selected segments of the projectarea. The coastal
catchment recharge from rainfall has been
estimated by using rainfall infiltration factors of
different geology (GEC, 2009). Consequently,
the annual volume of recharge was calculated
which have divided by the respective distance of
the coastline to generate SGD flux.

Fig. 2.18.3 shows the SGD rate along the SW
coast, with a focus on the Thiruvananthapuram
district. The fresh SGD rate was observed
maximum at Alappuzha district with 2070
m?*/year and the lowest at Kasaragod with 72
m?/y. Rainfall infiltration is a key control of the
pattern of direct groundwater discharge in the
coastal catchment. In addition, groundwater
recharge is governed by total precipitation and,
in turn, by the quantity of water received on the
ground. The rainfall toward the northern part
of study increases when compared with the
southern regions of study area. On the other
hand, lithology towards the north imparts a low
rainfall infiltration compared to central and south
of study area. The central portion of Alappuzha
district registers high discharge rate due to high
rainfall and infiltration factor. For example, the
measured average fresh SGD flux per unit length
of the coastline in the Thiruvananthapuram area
is 700 m*/y, with minimum at Adimalathura
having flux rate of 426 and at Kadinamkulam
region with a peak of 1224 m?/y. The coastal
zone in Thiruvananthapuram is bounded by
alluvium and capped by laterite, which can
vary widely in permeability. The geometry
of the coastal recharge areas also affects the
characteristics of direct groundwater discharge
into the ocean. Thus, Thiruvananthapuram has
the most release rate at the Kadinamkulam and
its long coastal catchment area allows more
groundwater discharge per unit length coastline.
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Nutrient flux to the sea

Offshore sampling was carried out from
Thiruvananthapuram to Kozhikode (~400 km)
along the SW coast of India to understand
the groundwater discharge and nutrient flux
to sea. Samples were collected in the sea at
various depths (maximum 30 m) and up to 4
km offshore from the shoreline with an average
1 km interval. Total eight such transects were
measured and sampled in November 2018 with
transects at 50 km interval along the shore line.
The results showed that SGD related DIN, DS,
and DIP fluxes between Thiruvananthapuram
and Kozhikode were in the ranges of 7-57, 2.9-
12.5 and 0.2-1.6 uM m?/d, respectively.

Subsutface characterization of SGD zone

Total 42 electrical resistivity tomography
(ERT) surveys were conducted to decipher
the subsurface lithology and to understand the
relationship between groundwater and seawater
from Kanyakumari to Malappuram. ERT images
obtained in profiles perpendicular to the sea
revealed that the intertidal zone consists mainly
of loose sand, laterite, limestone, sandstone,
clay and sandy clay, saturated with salt or
brackish water or freshwater. Nearly all the
profiles taken near the shoreline were found to
be saturated with water and reflecting very low
resistivity values due to saline water-saturated
materials, except in places, where relatively
high resistivity values were observed due to
freshwater saturation. The interface width is, in
general, wider in the centre of the pilot project
area from Kollam to Malappuram. In this zone,
the thickness of sedimentary pile is greater and
influence of backwaters is higher. The interface
width is shorter towards south of the study area
such as Kanyakumari, Thiruvananthapuram
as well as in the north of Malappuram due to
higher discharge of fresh groundwater as well as
high gradient of water table in coastal aquifers.
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3. Atmospheric Processes

The Atmospheric Processes Group of the National Centre for FEarth Science Studies undertake
front-line research in atmospheric processes of Earth and other celestial bodies to understand the

physics and dynamics of processes in large and meso scales using the data obtained from state-

of-the-art field stations and model simulations. In addition to this orographic influence on climate

and weather systems are also studied. Key areas of investigation include cloud and precipitation

systems, interaction of environments from the scale of individual clouds embedded in the monsoon

systems and thunderstorms through mesoscale convective systems and cyclonic storms.

3.1 Structure of convective systems
and rainfall estimation

Understanding the 3-dimensional structure
of convective systems is crucial in unravelling
the processes associated with deep convection.
Among different means to get information
about the internal structure of such systems,
the most sustainable one is measurement using
a Doppler Weather Radar (DWR) as it gives a
long range (~240 km in case of C-band DWR)
volumetric measurements continuously in time.
Considering this, a study has been undertaken
using the data from a C-band DWR installed
at Space Physics Laboratory (8.52N, 76.89E),
Trivandrum (south western tip of India).
We have identified 12 prominent convective
events having reflectivity greater than 40 dBZ
persistent for at least an hour over a 60 x 60 km
region during pre-monsoon (Mar-May) of 2018,
using the data from this dual polarization radar.
Then, an algorithm proposed by Steiner et. al.
(1995) was applied to identify the convective
and stratiform regions. The algorithm basically
identifies a region as an active convective based
on either of two criteria (a) Intensity and (b)
Peakedness criteria. These criteria are applied
on the horizontal radar reflectivity (Z) field
at an altitude of around 3 km. Applying the
intensity criteria, a region with radar reflectivity
greater than a critical value (Zcrit= 40dBZ used
in this study) is identified as convective region.
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Fig. 3.1.1: Separation of convective and stratiform pixels
based on intensity and peakedness criteria. Top panel
shows the mean reflectivity field between 2.5 to 3.5 km
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(red) and stratiform (blue) pixels.
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On the other hand, using peakedness criteria a
region is identified as convective region if it has
significantly higher reflectivity compared to its
neighbouring region. So, even if a region has
Z less than Zecrit, it can be a convective region
if it satisfies the peakedness criteria. Once all
the convective regions are identified, the rest
is identified as stratiform regions. Fig. 3.1.1
shows one such identification of convective
and stratiform regions. Clearly the identified
convective regions match with pattern in the
reflectivity field. Though the separation of
convective and stratiform rains using drop size
distribution (DSD) is quite often applied in many
developing countries, not much information
exists in Indian region, even though IMD has
set up many radars in the country.

Once the convective and stratiform regions are
separated, we have obtained information (shown
in Fig. 3.1.2) for convective and stratiform
regions. Fig. 3.1.2 (top panels) show the contour
frequency by altitude diagram (CFAD) for the
reflectivity field. CFAD gives an overall picture
on how the distribution of reflectivity varies
with altitude. For convective region (top-left) it
can clearly be seen two cores of reflectivity - one
at lower level (~2.5 km) and another at higher
level (~10 km). For stratiform region such
structure is absent at lower levels and it shows a
peak around 4.5 km altitude. The mean vertical
profile of radar reflectivity for convective pixels
peak near 2.5 km altitude and then gradually
decreases towards higher altitudes.

Contrary to this, the profile in case of stratiform
pixels peak near 4.5 km altitude due to the
presence of bright band near that level over
stratiform pixels. Bright band is a feature of
stratiform rain due to the enhanced reflectivity
from melting ice particles falling from above.
Further, frequency distribution of reflectivity at
3 km altitude shows (bottom-right) peak near 33
dBZ (= 5.86 mm h') for convective pixels and
for stratiform pixels the peak is around 20 dBZ
(= 0.69 mm h').
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Fig. 3.1.2: CFAD for reflectivity are shown for convective
(top-left) and stratiform (top-right). Bottom-left panel
shows the mean vertical profile of reflectivity. Bottom-
right panel shows the frequency distribution of reflectivity
at 3 km altitude for convective and stratiform pixels.

Certain overlap between the two distributions
is also seen. ZR relaton (Z=168 R'Y) has
been used to retrieve rainfall rate from radar
reflectivity. The ZR relation used here, has been
obtained from a previous study over the region
using Micro Rain Radar measurements. Though
there is a higher level of uncertainty in rainfall
retrieval from radar measurements compared to
in-situ measurements, the radar measurement
is worthy as it provides better spatial variability.
We are now trying to use the polarimetric
variables (e.g. PHIDP, RHOHYV, ZDR etc..)
into a fuzzy logic-based algorithm to identify
the different types of hydrometeors within the
atmospheric column during convective activity
in order to find out the causative factors behind
the occurrence of heavy lightning activity over
certain hotspots

3.2 Influence of aerosol optical depth
and local sea surface temperature on
lightning activity

To understand the relationship or co-variation
of Aerosol Optical Depth (AOD) and lightning
detection network data, the wavelet coherence

method was applied. Fig. 3.2.1 shows the results
wherein statistically significant areas (0.01) are
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shaded within it. The X-axis shows daily data
from 1 January to 31 December 2014 and the
Y-axis indicates the time period in days. The
AOD-lightning activity relationship in South
India was statistically significant (0.01) during
monsoon season, and this relationship was
influenced by intra-seasonal variations including
30-60-day oscillations. These findings suggest
that AOD briefly prefigures lightning activity in
monsoon periods. Wet scavenging of aerosols
by thunderstorm-related rainfall can lead to
reduced aerosol concentrations. Further, these

50 100

e

- .
e T [}

350

e
R Y

150 200 250 300

Fig. 3.2.1: Wavelet coherence of total lightning (lightning
detection network) over southern Peninsular India in 2014
with: (a) AOD (b) Local sea surface temperature (white
box marks the major relationship in April to July period).
X axis shows days from 1Ist January to 31% December
2014 and Y axis shows period in days.
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results agree well with those found in an earlier
study of aerosols and thunderstorms in Central
India. The present study also reiterates the fact
that 30-60-day oscillations play a significant role
in the association between AOD and lightning,

The relationship between local Sea Surface
Temperature (SST) and lightning activity
in South India was also examined. Wavelet
coherence analysis was applied to investigate
this potential association, and the results are
shown in Fig. 3.2.1 (b). Statistically significant
areas (0.01 level) are shaded. Local SST was
found to have a coherent and significant
relationship with lightning activity in South
India during the April to July period. However,
no significant connection was observed in other
months. Strong surface wind and ocean surface
dynamics in the monsoon period generate
regional upwelling, as documented by Rao et. al.
(2006). The onset and development of upwelling
were found to reduce the influence of SST on
lightning activity in South India. Thus, local SST
did not have a significant influence on lightning
activity in the second half of the monsoon
and the post-monsoon seasons. Winter season
experiences little lightning activity; thus, no
significant influence of local SST was found on
lightning activity during winter.

3.3 Role of monsoon low level jet and
the variation in thermal structure over
southwest India

The monsoon intra-seasonal oscillation has a
dominant feature that the seasonal and annual
mean rainfall patterns are coherent. But regional
and sub divisional monsoon rainfall over India
shows large variability. The monsoon break
phase over Central India shows enhanced rainfall
over south eastern India, near the foothills of
Himalayas and north eastern parts of India.
The mean variations in the rainfall pattern,
monsoon low level jet and thermal structure
of the lower troposphere in relations to the
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wet and dry spells over Thiruvananthapuram
(8.48°N, 76.95°E) during Indian summer
monsoon season are examined here. Co-
located measurements (Automatic weather
station data at NCESS, Radiosonde at 00
GMT and rainfall from Indian Meteorological
Department (IMD)) and reanalysis products
(Daily gridded data of zonal and meridional
wind, sea level pressure, humidity from NCEP/
NCAR reanalysis and MERRA) are utilized for
the analysis. Thiruvananthapuram is a region
where climatologically border area in which
the drier and wetter zones are present together.
Thus, the identification of wet and dry spells
over the region is important in the present water
deficient scenario. Wet (dry) spells are defined
if the daily standardized rainfall anomaly over
the grid (8.48°N, 76.95°E) is more (less) than
0.5 (-0.5) consecutively for 3 days. Mean wind at
850 hPa is north-westerly with a magnitude of
1240.60 ms™ at 1.7 km. Maximum wind speed
attains in July (16-18 ms™' between 1.5 km to
1.8 km) at the same level. Composite difference
(wet-dry) is computed and indicates that dry
spell days shows more wind speed than the wet
spells below 1 km and the layer above is largely
influenced by the moisture and more wind
speed. Radiosonde and MERRA analysis shows
similar features in layer above 1 km but the near
surface feature like dominating the dry spell
wind is clearer in the radiosonde observations.
The tropical easterly jet at 200 hPa (TEJ) is 33.5
ms-1 and 15 km. The wind speed strengthens in
dry spells between the layer 10 km and 14 km.
The composite of zonal wind in wet spells at
850 hPa shows enhanced advection of moisture
over the southern peninsula and decreased
moisture transport to the central India is noted.

Previous studies examined the variations in
the thermal structure humidity during wet
and dry spells over south-eastern peninsula.
Similar analysis has been carried out here also.
The percentage of occurrence of temperature
(radiosonde) at 100 m, 1-5 km, (CAPE; J/kg),
(CINE; J/kg) and (LCL; hPa) in wet and dry
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spellsis carried out. The mathematical expression
of the CAPE and CINE are evolved from the
parcel theory Williams and Renné (1993). The
temperature at 100 m and at 1 km level shows
coherence peak in wet and dry spells at 25°C and
21°C respectively. The zero-degree isotherm
layer (5 km) also exhibits same temperature in
wet and dry spells. But in between layers (2, 3
and 4 km) show distinct peaks in temperature
in the both spells. The difference is nearly 1°C
- 1.5°C between wet and dry spells. Significant
variation from 2 km and above layers indicates
that movement of the cloud bands associated
with the monsoon circulation predominantly
changes the thermodynamic structure from 2
km and above. The air temperature below 1 km
in wet and dry spells shows coherent peak while
above the layers are identified with shift in the
peak. The relative humidity profile in wet and
dry spells shows that lower layers are more than
80% humid. The mid layers (2-8 km) shows
significant reduction in the moisture in dry days.
The vertical profile of theta-e and mixing ratio
explains that mid layer moisture is enhancement
associated with the monsoon wet spells over the
region.

3.4 Precipitation microphysics from
shallow and deep clouds

Macroscopic ~ features of  clouds and
precipitation microphysics during pre- and
post-monsoon seasons at coastal (20 m above
MSL) and high-altitude (1820 m above MSL)
over the windward side of Western Ghats are
examined using ground-based (ceilometer and
disdrometer) and satellite observations for the
years 2017 and 2018. The number of rain events
at high altitude (High Altitude Cloud Physics
Observatory: HACPO) is found higher but the
total accumulated rainfall is more in coastal site.
Results of the study confirm that, at coastal
site both low and high-level clouds dominate,
whereas in HACPO station is dominated
by middle level clouds. Strong diurnal cycle

for precipitation and cloud was found at
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HACPO in pre-monsoon. Local convective/
stratiform events and large-scale northeast
monsoon circulation in combination with the
cyclonic circulation (depression and cyclones)
are common features to the two locations.
Stratified DSD spectra (based on rain rates) in
post-monsoon shows a high concentration of
middle and large drops in coastal site. The p and
A (13.022and 17.08m™") gamma DSD parameters
at coastal indicates the extension of DSD tail
to larger drops with less concentration of
smaller drops. Classification of stratiform and
convective DSD shows that, nearly 80% of total
precipitation was convective in nature, whereas
in HACPO 54.85% and 45.15%
convective and stratiform respectively. Relative

are from

increase in mass weighted mean diameter
(mean Dm = 2.12 mm) and lower value of
normalized intercept parameter (log10 Nw = 3.65
m’mm”) implies deeper convective nature of
precipitation at coastal site. Higher mean cloud
effective radius (CER) of ice (22.0+9.05 in pre-
monsoon, 23.72%8.81 in post-monsoon) and
liquid (14.69%5.68 in pre-monsoon, 13.67£4.91
in post-monsoon) phase, also suggest more
deeper cloud formation. Whilst over HACPO,
lower specific humidity, less liquid water content
and weak CAPE signifies a dry environment
which limits the vertical growth of orographic
clouds in coherence with DSD variations
having low Dm (1.71 mm) and high Nw (4.04
m’mm™') with low rain liquid water content.
Enhanced collision-coalescence in the deep
convective clouds sustained by strong updraft
results in precipitation with high concentration
of mid and large drops at coastal site, whereas
in HACPO, middle level clouds persistent for
longer time favours the warm rain processes by
shallow convection causing smaller drops at the
surface.

CHM15k ceilometer measurements provide
information about the vertical distribution of
multi-layered CBH along with cloud penetration
depth (up to optical range). Irrespective of the
seasons, the two-year data from ceilometer
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detected single layer, two layer and multi-layered
cloud systems for the two locations. Percentage
values computed are with respect to the number
of cases where cloud was detected, which does
not include the cases specified as sky obscured
by fog or precipitation.

Frequency of vertical distribution of CBH is
presented for both the years during pre-monsoon
(Fig. 3.4.1 a, b upper panel) and post-monsoon
(Fig. 3.4.1 c, d lower panel) as per the records
at the HACPO site. Frequency distribution for
all layers together is computed from the total
count of CBH in each 500 m interval, that
leads to 30 bins up to the maximum detection
range (15000 m) of CHM15k. The distribution
of CBH aggregated for all layers indicates that
during the two years (2017 and 2018) around
30% of the clouds are in low (< 2000 m) as well
as in mid-level (2000-6000 m) and 40% are in
high level in coastal site during pre-monsoon,
whereas in post-monsoon, middle level clouds
dominates (> 44%) favoured by northeast
monsoon circulation.

Frequency of cloud occurrence below 2000 m
is merely 10% in both seasons in HACPO since
the ceilometer detection range starts above 1820
m above mean sea level and mid-level cloud
layers shows 10% higher dominance in post
monsoon. Cloud layers in the coastal region is
found mostly between 500 and 1000 m whereas
in the HACPO peak occurred around 2000 and
2500 m for both seasons. Low and mid cloud
layers are formed under the influence of strong
westerly anomalies in both seasons irrespective
of the locations. Being a coastal site, westetly
carries moist air inland, influencing cloud and
rainfall pattern significantly compared to the
HACPO. However, the terrain forced uplift
in the WGs
both the seasons in spite of weak westerlies
at HACPO. The site-specific orographic

conditions in pre-monsoon and its interaction

favours consistent rainfall for

with large scale circulation in post monsoon
are the prime components in the formation as
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Fig. 3.4.1: Frequency distribution of all layer composite CBH retrieved in (a, ¢) 2017 and (b, d) 2018 during
pre-monsoon (upper panel) and post-monsoon (lower panel) by CHM15k ceilometer installed at HACPO.

well as in modulating the precipitating clouds.
The present work focused on the RSD spectra
and cloud systems during the pre-monsoon and
post-monsoon period over a coastal and high-
altitude site.

3.5 6-year measurement of surface
ozone, carbon monoxide, methane
and TNMHC over a tropical station
Trivandrum

The present study has examined the variations
of Tropospheric ozone (O,), carbon monoxide
(CO), methane (CH,) and TNMHC the
influence variables on
seasonal and temporal trends during the period
of April 2014 - April 2020 in a tropical station
Trivandrum. Data from real-time air quality
monitoring station were considered. Average

concentration of ozone is 19.12%f 9.11 ppb

of meteorological
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during the period. Diurnal variation of O,
shows that the concentration increases gradually
after sunrise attaining maxima around noon
time, further decreasing towards the evening,
Seasonal variation of O, has been found
maximum during winter (23.6% 12.3) the lowest
recorded during monsoon (13.8%+ 4.4 ppb). The
concentrations of CO show bimodal diurnal
variation. The concentrations of CO show a
sharp peak in the morning and evening hours
and lowest concentrations are observed in the
afternoon hours. The diurnal variations of
CH, is similar to that of CO. It has been found
that CH, shows a gradual build-up in early
morning hours there after shows decreasing
concentration during noon hours after evening
hours shows again an increasing trend. The CO
attains high level during post-monsoon followed
by winter, summer and monsoon season exhibits
almost same variations in concentrations. On a
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seasonal basis, maximum CH, concentration
was observed in post monsoon and minimum
in monsoon. During the monsoon seasons the
intense cloud formation and frequent rainfall
activity over the measurement station, resulting
in the washout of pollutants.

The annual mean concentrations of CO, CH,
and TNMHC are 0.5620.30 ppm 1725.8+184.83
ppb and 63.87%22.2 ppb respectively. CO, CH,
and TNMHC concentrations were highest
Reduction of
concentration during monsoon could be due to

during the winter season.

rainy wash out. The diurnal patterns of all the
gases also showed similar seasonal variation.,

CO, CH, and TNMHC shows peak values
during morning and late evening hours.
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CH4 and (d) TNMHC during 2014-2020.
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4. Hydrological Processes

Wiater is the life sustaining resource that circulates like a conveyor belt through visible and invisible
pathways between the earth surface and the atmosphere. Agricultural productivity, environmental
purity, industrial growth, power generation and several other natural and man-made processes
are dependent on water. Access to freshwater is the first and foremost priority of mankind. A
comprehensive understanding of the hydrological and biogeochemical processes operating in
different spatio-temporal scales is a pre-requisite for better planning, management and conservation
of the pristine water resources. The Hydrological Processes Group has taken up studies covering
Critical Zone, river hydrology, bio-geochemistry of river-estuarine-nearshore ecosystems, natural
springs, paleo-hydrology/paleoclimate etc., of peninsular India to understand the natural and
anthropogenic stressors that are changing the hydro-environmental regime of the region. This is
achieved through extensive fieldwork, establishment of field stations for continuous monitoring

and modelling of geo-environmental variables, sampling and laboratory analysis.

4.1 Critical Zone studies in Peninsular
India

Indiscriminate human activities over the past
few decades have imposed dramatic changes in
the environmental fabric of the life sustaining
systems on the earth. This concern has fostered
worldwide efforts to develop integrated studies
of the “Critical Zone” (CZ), the zone of the
earth extending from the top of the canopy to
the bottom of the groundwater aquifer. The
Critical Zone hosts the continental biosphere
and provides basic human needs such as water,
food, energy and ecosystem services. The
main challenge here is to integrate effectively
multiple disciplines at stake, from geosciences
and biological sciences to social sciences,
working within a wide range of spatial and
temporal scales. Understanding, predicting and
managing the environmental processes that
define the natural capital of Farth’s Critical
Zone is now one of the most important societal
challenges of the 21st century. Critical Zone
studies are conducted based on inputs from
the Critical Zone Observatories (CZOs) that
are distributed in various climatic, geologic and
human contexts. The tropical countries host
only a very limited number of CZOs, even
though it is realized that understanding the
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impact of global changes in the tropics is of
utmost importance for climate feedbacks, food
production, biodiversity, etc. Geographically,
India is located almost in the central part of
the monsoon domain. Among the three major
physiographic zones of India, viz., Peninsula,
Indo-Gangetic alluvium and Extra Peninsula,
the former (i.e. Peninsula) has a unique geo-
environmental setting, The region represents a
diverse geomorphic and hydrogeological settings
and encompasses a complex aquifer system.
The monsoon dependent Peninsular India is
affected by severe drought and crop failures
in the recent years, thereby adversely affecting
the livelihood and economy of the farming
community and/or  agriculture-dependent
population. All these demands for a scientifically
planned intervention to achieve agricultural
sustainability and water management, which in
turn requires a CZO-based multidisciplinary
approach. In this context, the National Centre
for Earth Science Studies (NCESS) has initiated
a program to establish a network of CZOs in the
country under the theme, Tropical Ecosystem
Research obseRvatories in peninsulAr India
(TERRAIn). In the first phase, setting-up of
CZOs under TERRAIn has initiated in Munnar
(Periyar-Chinnar ~ River Basin), Attappadi
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(Bhavani River Basin) and Aduthurai (Cauvery
River Basin) representing tropical humid, sub-
humid — semiarid transition and deltaic lowlands
respectively. Among the three, the Attappadi
CZO is instrumented for monitoring key
Critical Zone variables and processes. A brief
description of the Attappadi CZO is furnished

below.
Attappadi Critical Zone Observatory:

The Attappadi CZO is located in the upper
catchment of Pillur reservoir in the Bhavani
tributary of the Cauvery river (Fig. 4.1.1). It is
a 7th order watershed with an aerial coverage
of 1225 km2. The CZO area lies between E
longitudes 76°25’-76°50” and N latitudes 11°0”-
11°. The basin comprises an undulating terrain
with elevations varies between 330 m and 2620
m above sea level.

Geologically, the basin forms a part of
charnockite massif of Nilgiri plateau in the
north. The area is structurally controlled terrain
which is dissected mainly by the ENE-WSW
trending Bhavani shear zone. The basin area is
underlaid by Precambrian metamorphic rocks
which has undergone polymetamorphism and
structural deformation. The land use pattern
of the area varies from natural vegetation
to agricultural crops. The Attappadi CZO is
characterized by a large agriculture-dependent
population, with tribal population accounting
for a sizeable proportion.

The Palur watershed in the Attappadi CZO
is instrumented with state-of-the-art sensors
for monitoring key Critical Zone variables
and processes. Continuous monitoring of
meteorological variables is being carried out by

setting up three monitoring stations

AT TENrE i AL within the Palur watershed (Area
B . .
Yok i 8.5 km?2). Profile soil moisture,
f}‘ -
. m,:s,’::?_ ﬁ;’; 3 % H groundwater level and canopy
t 3 g Y I 3 :
\i‘ ;':_,("?i}.a & E . £ variables (NDVI, Leaf Area Index
"&,—1 §* . etc.) are being measured at different
W ¥ : &k‘g time  scales.  Physio-chemical
§ £ Z characterization of the soils of the
|t & z Palur watershed is in progress. Soil
T g ' q ¥ i . . .
‘-\:a_?_m' -4 = physical, chemical and hydraulic
. . experiments are progressing in the
1 E| Elevation (m) TS £ Critical Zone Laboratory established
g | i Tl £ atNCESS.
b ] Palr Watershed WP AMAS. Bk
cppiam e s Near real time acquisition and
accurate measurement of CZ
Fig. 4.1.1: The upper catchments of Pillur reservoir (Attappadi CZO)  parameters using Radar and Optical
showing location of Palur watershed, where major instruments are  remote sensing will enable to

deployed for monitoring Critical Zone parameters and processes.
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monitor the Earth surface processes
and fluxes that shape the CZ, at
large spatial scales. The study of CZ
parameters through satellite remote
sensing assures large spatial coverage of even
remote areas with high spatial and temporal
resolution.
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Fig. 4.1.2: Map showing the spatial variation of (a) Surface
soil moisture, (b) Leaf Area Index of the Palur Watershed
of Attappadi CZO during December 2019

The Palur watershed is being monitored
intensively for soil moisture and canopy
variables, all these variables can be obtained
using space-based observations from radar and
optical satellite data. Fig. 4.1.2 shows the spatial
variation of surface soil moisture and leaf area
index obtained using a combination of field
observations and Sentinel-1 & 2 satellite data.
Initial analysis showed good fit between the
field measured and satellite derived soil moisture
based on calibrated water cloud model of the
region. Further, the estimates of NDVI and
LAT from Sentinel-2 data compared well with
the corresponding field observations. Further
monitoring is progressing for improving the
estimation of root zone soil moisture, soil water
fluxes and canopy characteristics at spatial scales
for use in hydrological and climate models.
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Groundwater monitoring in Attappadi CZO:

The Attappadi CZO 1is characterized by a
semi-arid climate with a heterogeneous rainfall
pattern, complex geology and land use. A
total of 88 well samples (both open and bore
well) were collected (Fig. 4.1.3) during the
pre-monsoon and post monsoon seasons and
physico-chemical parameters were estimated in
the laboratory. Seasonal variation of major ions
in the groundwater samples are studied in detail
by comparing their concentrations during pre-
monsoon (PRM) and post-monsoon (POM)
seasons. Majority of chemical parameters were
high during the PRM than POM, which is a
common trend in most parts of the study area.
In post-monsoon season, water percolation can
impart marked changes in the concentration of
ions. In pre-monsoon, subsurface water gets
more time to interact with the weathered crusts
and can enhance the concentration levels of
many of the ions in the subsurface waters.
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Fig. 4.1.3: Map showing the locations of the open well
and bore well samples
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Fig. 4.1.4: Scatter plots for (a) Ca+Mg vs HCO,+S0,, (b)
Ca+Mgvs HCO,, (c) Ca+Mgvs TZ, (d) Na+K vs TZ, (¢)
Na vs Cland (f) Na+K vs CI+SO,

Among the cations, the pattern of dominance
is Ca > Mg > Na > K in (mg/]) and in the
case of anions, the pattern of dominance is
HCO, > CI > SO, in (mg/I). The open well
and borewell waters exhibit wide variability in
ionic concentrations. Most of the major ions
are enriched in bore well waters than open well
samples. Piper diagram was drawn to understand
the major water type in the area and all the
open well samples and most of the borewell
samples during PRM and POM seasons falls in
the Ca-Mg-HCO, water type. Scatter diagrams
of Ca+Mg vs HCO,, CatMg vs HCO,+S0O,,
Na+K vs total cations, Na vs Cl, Ca+Mg vs
total cations, and Na+K vs CI+SO, were drawn
to understand the hydro chemical processes
contributing dissolved salt to groundwaters of
the area (Fig. 4.1.4).

From the bivariate plots, it is observed that
both silicate and carbonate weathering take
place in the study area (Fig. 4.1.5). Mineral
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stability diagram was plotted to understand
the silicate weathering and demarcate the most
stable silicate mineral phase in the groundwater.
Mineral stability diagram points groundwater is
in equilibrium with the clay mineral kaolinite.
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Fig. 4.1.5: Mineral stability diagrams of (a) CaO-ALO, -
Si0, -H,0 (b) MgO-ALO, -SiO, -H,O (c) Na,0-AL O,
-Si0, -H,0 and (d) K,O0 -ALO, -SiO, -H,O system.

Water quality index (WQI) was computed
for both the seasons by assigning weight (wi)
according to its relative importance in the overall
quality of water for drinking purposes. Among
the groundwater samples, percentage of WQI
categories are excellent (25%), good (40%),
and poor (25%) for domestic use. Slight to
moderate “scale formations” wetre observed in
the study area from the field surveys. Langelier
Saturation Index (LLSI) and Ryznar Stability
Index (RSI) were calculated for the samples
to understand the process of scaling. Scaling
generally increases with increasing hardness,
calcium concentration, alkalinity, groundwater
temperature and pH. LSI and RSI of the
samples showed that 63% of pre monsoon and
38% of post monsoon samples can cause scaling
effect. SAR, Permeability Index, RSC and Na %
values are calculated and Wilcox diagram was
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plotted in order to understand the irrigation
water quality. It was observed that majority
of samples are good for irrigation purposes.
Among the contributing factors that determine
the hydrochemical characteristics of well water
samples, both silicate and carbonate weathering
and agricultural activities plays a pivotal role in
the input of ions to the groundwater in the area.

4.2 River hydrology of
Western Ghats

southern

Abetterunderstanding of the trendsin rainfall,its
distribution and characteristics is of paramount
importance, for effective management of
water resources, especially, in regions having
marked spatiotemporal variability in rainfall,
like that of the Western Ghats. The South
Indian peninsular region is a home to many
small river basins which are fed essentially by
precipitation. The Western Ghats play a crucial
role in controlling the hydro climatic regime
of Peninsular India, and the mountainous
catchments are the primary contributors of flow
in the rivers. Monsoon plays a significant role in
the regional climate and its variability, thereby
influencing the socio-economic development
of the region. The onset of monsoon, its
withdrawal and temporal distribution have a
vital role in the water availability, its storage
and management. Therefore, studies on the
changes in the rainfall and its influence on the
hydrological characteristics of the river basins
are very essential for watershed development
and management, and/or mitigation of flood
and droughts.

4.2.1 Hydro-climatological alterations in
Western Ghats

Monsoon in the Western Ghats is contributed
by two seasons of rainfall - southwest monsoon
(June to September) and the northeast
monsoon (October to December) - which is the
phenomenon that controls the regional climate.
Monsoonal rainfall oscillates between active
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spells which are associated with widespread and
intense rains and break spells with little rainfall
activity. The variation in rainfall during monsoon
season has profound impacts on the economy
of South India. During the last century, global
warming has led to accelerated changes in the
hydrological cycle, which in turn has changed
the spatial distribution pattern of precipitation
resulting in extreme flood and drought events
in many parts of the world. Global as well as
regional climate and its variability including
societal impacts have received much concern
among the scientific community. The variability
in climate leads to changes in water resources
due to decline in rainfall and warming climate.
Investigation on the changes in precipitation
characteristics is an important area of research
because of its adverse effect on both natural
environment and human society. The present
study is carried out with an objective to
understand the long-term changes in the hydro-
climatological variables and to attribute the
changes to climatic, land surface changes and
anthropogenic interventions. The present study
brings out trends in the precipitation on spatial
and temporal basis using gridded rainfall data
from 1951 to 2017 (Data Source: IMD), over the
western side (windward side) of the southern
Western Ghats, extending from Netravati
basin to the South. The trend of hydroclimatic
variables was evaluated by using the standard
non-parametric  Mann-Kendall —trend test
(M-K test). Fig. 4.2.1.1 shows the evidence
of decreasing moderate rainfall events and
increasing light rainfall events in the southern
Western Ghats. M-K trend test was applied for
the detection of trend in this fine resolution data
from 1951 to 2017. The nonparametric Mann—
Kendall criterion, originally due to Mann (1945)
and rephrased by Kendall (1975), was chosen to
test randomness against trend. Moderate rainfall
values for South peninsular India is taken as
10.1-72 mm/day, based on inverse of Gamma
cumulative distribution for probability >0.4 to
<0.99.
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Fig. 4.2.1.1: Spatial distribution of the trend in rainfall
classified as (a) Light, (b) Moderate rainfall events.
Significance level of 0.1 is used and the significant grids
are marked with cross symbol.

The definite and contrasting trend between
weak rainfall (ie. < 10.1 mm) and moderate
rainfall (i.e. 10.1 to 72 mm) reveals the
anthropogenic interventions on the natural
hydro climatology of a fragile ecosystem. These
human interventions may be attributed as the
manifestation of both global warming and local
land use changes over the years but definite
separation among them is still uncertain. This
combination of decreasing moderate rainfall
days with increase in the light rainfall days can
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affect the groundwater recharge which can
also indirectly result in low baseflow of the
non-perennial rivers in these regions. It is well
recognized that the trend magnitudes may vary
with different data lengths and initial and ending
years. In order to ascertain the occurrence of
these changes in trend in the rainfall time series,
a yearly trend analysis along with sensitivity to
data period and length of period for detecting
the change point was attempted using the M-K
test at significance level of 0.1. To investigate this
sensitivity, trend tests are performed by varying
the initial and ending year of the data periods.
A total of 595 subperiods are selected with the
minimum length of 15 years within the 1951—
2017 petiod (34 + 33+ 32+ ... +3+2+ 1=
595). Fig, 4.2.1.2 plots the contours of estimated
trends from the M-K test corresponding to the
595 subperiods for each variable.

As seen, both trend magnitude and sign are
extremely sensitive to varying data periods, the
pronounced positive trends are found only for
the subperiods starting from around early 907,
and the trends for the subperiods beginning
earlier than 1990 are all weak. The increasing
trends are the strongest from 1992 to 2017, while
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Fig. 4.2.1.2: Pattern of rainfall trend magnitude estimated from the M-K trend test for rainfall timeseries during (a)
Annual, (b) SW Monsoon, (¢) NE Monsoon, (d) pre-Monsoon seasons.
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a weakly decreasing trend can be found for the
subperiods before 1990. Also, this increasing
value is not visible in the long periods with
starting years 1951, 1952, 1953 etc. This marks
the importance of dissection of time series into
long and short periods along with change in
starting and ending years. The increasing trend
in off-seasonal rainfall as seen in Figs. 4.2.1.2 (c)
and 4.2.1.2 (d) is clearly reflected in the annual
trend as seen in Fig. 4.2.1.2 (a). The study shows
the changing characteristics of the monsoon
rainfall over the windward side of the southern
Western Ghats over the past six decades. Further,
studies are in progress to understand the effect
of changes in precipitation characteristics and
landuse on the hydrological regime of Western
Ghats.

4.2.2 Changes in Kerala’s groundwater and
evapotranspiration

The global hydrological cycleis likely to be altered
due to climate change leading to variation in the
number of extreme rainfall events, discharge,
evapotranspiration and groundwater level.
The potential consequences of anthropogenic
climate change in water resources have been
widely investigated over the last few decades for
the river basins in the western side of southern
Western Ghats that experience heavy rainfall
of about 3000 mm annually. A series of daily
rainfall (0.25° x 0.25° grid data) and runoff data
from IMD (Indian Meteorological Department,
Regional Centre, Thiruvananthapuram) and
CWC (Central Water Commission), having
continuous observational span for the period
1991-2016 have been used for the study. Similarly,
groundwater and evapotranspiration records of
Kerala have been obtained from Central Ground
Water Board, India and MODIS (Moderate
Resolution Imaging Spectroradiometer, 25 km?
grid data) for a 10-year period (Maximum length
of record that are made equally available) from
2001 to 2014. Yearly and Monthly trend analysis
(Mann-Kendall —test and Sen’s Slope estimator)
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at each level was performed based on the time
series anomalies for each of the parameters
for the entire region to identify the variation
as well as the abrupt shift in recorded data.
Although the results may suggest the absence
of significant trends, these are very valuable
to determine the potential explanations on the
changing hydrological responses of the river
systems under study.

The study showed evidences of changes in the
rainfall distribution in the SW monsoon seasons.
In general, a declining trend in the rainfall is
observed during the months of June, July and
August and a relatively increasing trend in the
months of September and October. The same
pattern was observed in the discharges of the
studied rivers. Increase in the number of low
and no flow events is observed in all the rivers
taken up for the present study. Many studies
show that there is an increase in temperature
of about 0.01°C per decade and the increase in
water lost due to evapotranspiration was noticed
in major parts of Kerala during the last decade
(Fig. 4.2.2.1 a) which indicates the combined
effect of increase in temperature and land use

changes. Groundwater level showed a decline in
most parts of Kerala (Fig. 4.2.2.1 b).

The changes in hydrological variables during
the last two decades showed evidences of
acceleration of hydrological cycle, with shortand
quick rainfall events, increase of flood events and
faster loss of water due to evapotranspiration.
These changes may be associated with global
and regional warming signal that effect the
climate change over the region. Since, river
basins in general and those draining western
side of southern Western Ghats in particular,
are highly sensitive to climate variability, it is
essential to undertake scientific planning and
implementation of river basin management
activities to tackle the adversities of floods and
droughts.
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Table 4.2.2.1: Sen slope of Rainfall and Discharge

Sen slope of Rainfall and Discharge

SW Monsoon | NE Monsoon

Rainfall
(mm/year)

-6.76 -0.44

Streamflow | -10.72 -0.65

(mm’/year)
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Fig. 4.2.2.1: (a) Sen slope of Groundwater level, (b)
Sen slope of Evapotranspiration.

82

4.2.3 Changes in the baseflow characteristics
of southern Western Ghats river basins

Changes in flow regimes within the context
of climate change and human activities are
significant to the hydrological community and
receives considerable global attention. Most of
the available literature focus on the changes in
the peak flow and flood frequency of the rivers,
while limited attention has been given to the low
flow regimes and the changes in the baseflow
contribution to the river systems. In the rivers
fed only by rainfall, baseflow is an important
component of the flow, which sustains the
stream flow during periods of no rainfall. This
is particularly important in the case of rivers
draining the Western Ghats, which are fed
essentially by precipitation. It has been observed
that river discharge in the non-monsoon period
has been decreased significantly in last three
decades.
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Fig. 4.2.3.1: Time series of observed rainfall and
computed base flow of the Muvattupuzha river.

Therefore, in order to understand the changes
in the baseflow characteristics of west flowing
rivers in the Western Ghats, as a first step
an attempt has been made to separate the
streamflow hydrograph of selected rivers of
the Western Ghats using analytical method
based on USGS HYSEP Program (Sloto, R.
et. al,, (1996) using local minimum method),
HYSEP provides an automated and consistent
method for baseflow estimation. Rivers and
their streamflow gauge data from Central Water
Commission (INDIA-WRIS) has been collected
and HYDSEP program was used to separate
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the streamflow hydrograph into stormflow and
baseflow. We have selected 10 rivers, 5 in state
of Kerala, 3 in the state of Karnataka and 2 in
the state of Goa, for baseflow trend analysis.
Hydrograph separation was performed at daily
time-steps, then seasonal averaged baseflow is
calculated for non-monsoon months JFMA
(January, February, March and April). 7 rivers
out of 9 are chosen for longest common
time period (based on data availability) for
trend analysis. Men-Kendall trend analysis
was performed on seasonal averaged baseflow
from 1990 to 2011 on 7 selected rivers. Out
of 8 analyzed rivers, Muvattupuzha river (in
Kerala) and Aghanashini (in Karnataka) has
shown significant decreasing trend in seasonal
averaged baseflows. Rain-gauge data is collected
from IMD, to identify the behavior of baseflow
with respect to the rainfall. Here results for the
Muvattupuzha River is shown in the Fig, 4.2.3.1,
it is observed that there is decreasing trend
in the baseflow (seasonal averaged baseflow)
from 1991 to 2011, whereas rainfall at Idukki
rain-gauge station (situated upstream of stream
gauge station) does not show any significant
trend.

4.3 Hydrogeochemistry and nutrient
flux of the rivers of Western Ghats

4.3.1 Netravati River Basin

Netravati river is the lifeline of Dakshina
Kannada district of Karnataka State. The water
quality of the river is getting deteriorated year
after year due to natural and anthropogenic
processes operating in the river and its
catchments. The management and restoration
of the river and its ecosystem become difficult
due to the lack of adequate database on water-
related aspects of the riverine system. Therefore,
a study has been undertaken to characterize the
hydrochemical parameters of various surface
water sources of Netravati river basin. Fig
4.3.1.1 shows the locations of surface (river and
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paddy field samples) and a few groundwater
samples of the Netravati river basin.

A total of 24 river water, 24 groundwater and
18 paddy water samples were collected from
various locations in the Netravati River basin
(Fig. 4.3.1.1). Assessment of the water quality
has been carried out by physico-chemical and
bacteriological analysis. The physico-chemical
parameters estimated include, temperature,
pH, conductivity, dissolved oxygen, BOD,
TDS, alkalinity, chloride, sulphate, hardness,
nitrite, nitrate, ammonia, inorganic nitrogen,
total nitrogen, organic nitrogen, inorganic
phosphorus,  total  phosphorus, organic
phosphorus, silica, major and minor elements.

The average pH values of groundwater, river
water and paddy water are 6.32, 7.74 and 6.32,
respectively for the post-monsoon period
in 2019. The EC values vary from 0.013 to
0.0511 S/m. The EC values for rice cultivated
lands depend strongly on temperature and
moisture contents and ranges from 0.01 to
0.06 S/m. The conductive ions in the samples
come from dissolved salts and inorganic
materials such as alkalis, chlorides, sulfides
and carbonate compounds. The TDS ranges
between 84.11 mg/L and 332.12 mg/L. The
relationship between pH and TDS wvaries
considerably in different parts of the river
catchment. For instance, the middle reaches of
the catchment show an exponential increase in
TDS concentration with increase in pH. This
could be due to anthropogenic contributions
of geochemical signals, particularly from the
agricultural lands.

The salinity of the river water increases as the
stations become closer to the coastal region.
There is a dam at about 6 km inland from the
river mouth. It prevents the salt water intrusion
through the river further inland. Dissolved
Oxygen (DO) is of great importance as it
regulates most of the metabolic processes of
aquatic organisms. In all samples, the average
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value of DO concentration was found to be
higher than 5 mg/L. Nitrite is an essential anion
required in the nitrogen cycle but its over-
enrichment or low concentration could lead
to hazardous results. During the study period,
average values for groundwater (GW), river

water (RW), paddy field water (PW) are 0.24
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Fig. 4.3.1.1: Sampling locations (a) Paddy field water
samples, (b) River and groundwater samples.

mg/L, 0.15 pg/L and 0.20 pg/L, respectively.
The concentration of silicates can be considered
as a measure of weathering. The concentration
levels are as follows: GW, 6.24 mg/L; RW; 6.41
mg/L and PW, 7.28 mg/L. Bicarbonates varies
significantly in the river basin and is found to be
43.10, 20.13 and 40.39 mg/L for GW, RW and
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PW, respectively. The bicarbonates are believed
to be derived partly from the atmosphere and
partly from the oxidation of soil organic matter
and mineral/rock weathering. The organic
carbon could be oxidised to soil carbon dioxide
which subsequently weathers in the various
rock types in the river basin. The values of
nutrients such as phosphate, nitrite, nitrate,
silicate and ammonia were found to be within
limits prescribed by World Health Organization
(WHO), 2011.

hlJJ-‘

M08

123145 6748910l
Stations
Fig. 4.3.1.2: WQI computed for the River water (RW),
Groundwater (GW) and Paddy field water (PW), Netravati
river basin, Karnataka State.

1213 1415 1617

The present study reveals that the water quality
index (WQI) varies from 13.5 to 100.97, 14.97
to 103.94 and 2292 to 253.54, respectively,
in groundwater, river water and paddy water
samples (Fig. 4.3.1.2). The WQI computed
for the samples showed that 80 % samples
are in the excellent category in both river and
groundwater. At the same time, only 38 % of
water samples are excellent in the case of paddy
water samples which are exposed to excessive
additions of fertilizers and The
scatter plot for a few samples with a relatively

chemicals.

high conductivity suggest that there is a strong
influence of anthropogenic chloride in the
catchment, particularly in the sampling stations
at Uppinangadi and Mangalore. This enrichment
could be due to contamination from agricultural
fertilizers and domestic/municipal wastes.

In the study, it is observed that intense
weathering of source rocks is one of the

major sources of solutes to the surface and
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subsurface waters. Dominant cations and
anions for the period are in the order of Ca**
> Na® > Mg** > K' and HCO, > CI >80 >
NO;, respectively. The major cations are derived
primarily from weathering of primary silicate
minerals, secondary soil minerals and leaching
of carbonate fluid inclusions in the charnockite
rocks. In groundwater and surface water, the
sources of chemical elements are weathering
of rock minerals, marine aerosol deposition
and anthropogenic activity. The various cations
and anions composition of samples were
represented in piper trilinear diagram reveals
that approximately 80% river water samples of
Netravati basin show magnesium bicarbonate
type (Fig. 4.3.1.3). Trace element in the samples
are of both natural and anthropogenic origin.
Most of the water samples show trace element
values below detection limits (BDL) and varies
from BDL to 0.01 ppm. The values are obtained
well within the permissible limit recommended
by WHO (2011).

The quality of water for irrigation was assessed
in terms of irrigation quality indicators such as
SAR, MAR, KR, % Na and RSC. In this study,
the assessment of groundwater for irrigation
has been evaluated on the basis of standard
guidelines. The analysis evidently points to the
fact that the groundwater from the Netravati
river basin fits well for irrigation purpose. As
per classifications based on SAR and MAR,
100 % and 99 % of water samples are good
for irrigation. Based on KR, RSC, 98 % and
79 % good for irrigation. As per % Na, only
12.5 % samples are excellent for irrigation.
The sodium in water reacts with the soils and
reduces its permeability which in turn affects
the irrigation. Efficient irrigation methods
should be used to irrigate crops and recharge of
groundwater should be increased by increasing
canal diversions, rainwater harvesting and check
dams.

MOoES NCESS Annual Report 2019-20
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Fig. 4.3.1.3 (b): Piper diagram of groundwater
samples.

Samples collected from Uppinangadi and
Mangalore regions are distinguished from
the rest of the samples because of their high
concentration in certain parameters and they do
not fit the general weathering trend, suggesting
contribution of major elements from another
element-mobilizing process. The water samples
collected from the middle reaches are located
in a suburban region with intense agricultural
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activity. Dakshina Kannada district is the hub
of many industries and the source of water for
these industries are mainly from surface water
and the groundwater in Netravati river basin.
The groundwater composition is altered due
to interactions with mineral matrix. During the
post-monsoonal months, the fertilizers and
pesticides are being applied to the paddy fields
for enhancing the productivity of the crops.
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Fig. 4.3.1.4: Spatial Distribution diagrams of (a) Calcium
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The analysis of the major ion concentrations
(Fig. 4.3.1.4) and physicochemical parameters
on a seasonal basis revealed that there are
three source contributions in common: (1)
weathering/marine aerosol, (2) soil secondary
and (3) agricultural /
anthropogenic activities. The study shows that

mineral

leaching

86

the groundwater is of meteoric in origin and
recharged directly from local precipitation during
the monsoonal season, whereas the mixing of
groundwater with surface water is observed
soon after the cessation of the monsoon. While
the groundwater feeds the surface water during
the lean river flow seasons, river water feeds
the groundwater, especially in the lowlands and
midlands during monsoon season

4.3.2 Cauvery River Basin

Continental weathering and subsequent erosion
are the primary processes which exert a major
control on the evolution of landscape, transport
of material to ocean and geochemical cycling
of element at earth surface. Primary minerals
of earth crust can undergo chemical weathering
(coupled with physical weathering) by the
action of water in presence of CO,, NO,, SO,,
and O, available in atmosphere/soil resulting
in formation of weathered materials (soil,
saprolites, regolith, sap-rock., etc.) depending
on the intensity of weathering. Analogous to
primary minerals present in country rocks,
secondary minerals in weathered materials can
also undergo chemical weathering with higher
rates as the surface area of water-secondary
minerals (in weathered materials) interaction
is higher than the water-primary minerals (in
rock) interaction. Mineral weathering process
atmospheric CO, as dissolved
bicarbonates and the amount of CO,
depend on the weathering rate of minerals.
Silicate weathering has been recognized as the
controlling factor on long-term evolution of
atmospheric CO, and hence on Earth’s climate.

consumes
intake

Silicate weathering rates and associated CO,
consumption rates are to be estimated for global
carbon cycle budget modelling and are generally
computed from the geochemical mass balances
of river systems. Studies on the importance of
secondary soil minerals (in weathered profiles)
in chemical weathering and quantification of
their contribution to dissolved load at river
basin scale are sparsely available.
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Present study focuses on the source-wise solute
load quantification of Cauvery river, (an east
flowing Western Ghats river) emphasizing on (i)
understanding the role of secondary minerals in
chemical weathering (if) quantification of solute
flux by secondary minerals and anthropogenic
sources and (iii) estimation of silicate weathering
rates (SWR) and associated CO, consumption
for chemical weathering. The study uses the
surface water hydrochemical data of Cauvery
tiver which includes Na, K, Ca, Mg, SiO,, Cl,
SO, and HCO,, pH, EC, TDS and discharge.
These data obtained from hydrological
observation stations maintained by Water
Resources Information System of India (India-
WRIS) for the years 2011-15 on monthly basis
has been used for the present study. Multiannual
hydrochemical data of the tropical river Cauvery
is analyzed to understand the dissolved load
sources, solute acquisition processes and their
controlling factors, in addition to estimate the
source wise solute loads, silicate weathering
rates (SWR) and associated CO, consumption
rates (CCR).
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Fig. 4.3.2.1: Estimated values of source wise solute
contributions to the CRB waters from anthropogenic,
silicate weathering, carbonate weathering and atmospheric
sources.

The salient findings of the study are:

(i) The solute sources in Cauvery River Basin
(CRB) is taking place mainly through chemical
weathering, anthropogenic  activities and
atmospheric processes. However, the pre-
dominant solute acquisition processes in CRB
are chemical weathering ie., water-rock/

MOoES NCESS Annual Report 2019-20

soil interaction with marginal influence of
atmospheric processes at upstream followed by
significantly increasing anthropogenic activities
towards downstream. Among the chemical
silicate
mechanism is the major controlling factor for
CRB water chemistry with minor inputs from

weathering  processes, weathering

carbonate weathering,

(i) Using the chemical mass balance forward
model, discharge weighted values (basin scale)
of contributions from each source towards
the total solute load for CRB was estimated
(Fig. 4.3.2.1). From this it is clear that 13 %
of solute reaches from atmospheric input, 32
% from anthropogenic activities, 47 % from
silicate weathering and 8 % from carbonate
weathering. In other words, a total of 55 %
solute load reaches the Cauvery waters from
chemical weathering as a result of water-rock/
soil interaction processes.

(i) Chemical weathering processes occurring
in CRB by using the end-member mixing
analysis (Fig. 4.3.2.2) reveals that weathering of
secondary soil minerals (in weathered profile) is
noteworthy besides primary minerals (country
rock) weathering and the quantified solute flux
contributions from both sources (primary and
secondary minerals) is almost equal towards the
total solute load.

(iv) Computed SWR values for CRB wvaries
markedly along the river with a value of 12.9
tkm™y" at the outlet (Musiti), which is slightly
higher than the previously reported values of 9.5
t.km?y". The silicate weathering associated CO,
consumption rates (CCR) estimated to be 3.3 X
10° mole.km™y" at the outlet (Musiri) which is
comparable with the previously reported range
3.2-3.8 X 10° mole.km™.y.

(v) The estimated SWR values of CRB (12.9
tkm™y"') which is an east flowing Western
Ghats river are several times (~ 4) lower than the
average SWR values of west flowing Western
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Ghats rivers (53 tkm™y'). However, the
silicate weathering associated CO, consumption
rates are comparable for both CRB and west
flowing Western Ghats rivers which are 3.3
x 10> molekm?y! and 3.2-3.8 x 10° mole.
km™.y ' respectively. This contrarybehavior might
be due to difference in degree of weathering
intensity. For CRB, silicate weathering index
values are calculated to be 3.3 (average at the
basin scale). This indicates bisiallitization phase
of incomplete weathering resulted in formation
of secondary minerals (weathered profile) in the
drainage basin with relatively less SiO, and high
cation fluxes to the river waters. Whereas, west
flowing Western Ghats rivers has an average Re
values of 0.14, suggesting the gibbsite phase of
complete weathering within the drainage basin
with relatively high silica and less cation fluxes
to the river waters.
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Fig. 4.3.2.2: End-member mixing diagram for three
different end-members in terms of Ca/Na and Mg/
Na values; primary silicate minerals, secondary silicate
soil (weathered profile) minerals and carbonate minerals
present in CRB.

pCO, estimations and it’s spatio-temporal
variations:

Global inland waterbodies
stream and ocean are capable of large CO,

such as river,
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degassing, generally known as CO, evasion to
the atmosphere. This has significant role in
global and net carbon budget and is due to the
fact that dissolved CO, concentration in river
waters is higher than its equilibrium with respect
to the atmospheric CO,. Thus, the dissolved
CO, pressure or partial pressure (pCO,) of
aqueous CO, in rivers reflects both internal
carbon dynamics and upstream terrestrial
biogeochemical processes and hence can be
used to explain the role of rivers as atmospheric
CO, sink. Therefore, CO, evasion from rivers
to atmosphere is a significant integrant of
global and regional net carbon budget. The
source of CO, in rivers can be various such as:
1) terrestrial sources include weathering, soil
CO, from decomposition of organic matter and
root respiration of plants through baseflow and
interflow, 2) precipitation of carbonates, 3) CO,
emission from respiration and decomposition of
aqueous organism, 4) photosynthesis of aquatic
plants. Hence, rivers having diverse physical and
anthropogenic characteristics reflect seasonal
and spatial heterogeneity in pCO, thereby the
water-air CO, flux. pCO, of a river/stream
can be calculated using the hydrochemical
parameters of rivers such as pH, TDS, EC,
HCO, and temperature as dissolved inorganic
carbon species (DIC) activities are depending
on them. Thus, pCO, can be estimated through
the DIC species calculation in accordance with
the Henry’s Law as follows;

pCO, = [H,CO¥]/ K = [H+][ HCO]/K K

In CRB basin, pCO, have been evaluated
for all three seasons from pH wvalues and
HCO concentration of 1990-2016 years where
HCO, concentration is considered as equal to
alkalinity due to the pH values variation from 6.4
to 8.71. The estimated pCO, values are higher
than the atmospheric pCO, value 10-3.5 for each
sample of all the season proclaim global trends
of waterbodies are commonly out of equilibrium
with the atmosphere. The higher concentration
of CO, is attributed to the groundwater CO,
influx to stream channel and slower rate of re-
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Fig. 4.3.2.3: Piper diagrams showing type-1 (Ca-HCO,),
type-IV (mixed Ca-Mg-Cl), type-V (Ca-Cl) and type-11
(Na-Cl) facies of waters signifying the predominance of
chemical weathering in the basin for the years 1991-2016.
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Fig. 4.3.2.4: pCO, variation diagrams of CRB with respect
to pH and TDS. (a) Diagram showing higher pCO, values
with higher pH values, (b) Diagram showing pCO, values
remain constant as pH increases.
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equilibration (solubility Vs release of CO,) with
the atmosphere. Correlating the pCO, values
with hydrochemical parameters such as and
TDS (Total dissolved solids) can elucidate the
role of weathering and anthropogenic activities
in the river catchment. It is understood that the
pCO, values of water bodies are higher than
atmospheric but the values show some particular
trend relative to the pH and TDS wvalues.
Inotherwords, pCO, valuesincreases with higher
pH values (Fig. 4.3.2.4 a) indicating chemical
weathering source while it remains constant as
TDS increases (Fig. 4.3.2.4 b) indicating other
sources that made the TDS value to increase
such as anthropogenic activities.

4.3.3 Bhavani and Thuthapuzha River
Basins

The climate and climate change of a region
influences the transfer of geochemical signals
from terrestrial environment to the ocean
realm. Although studies have been carried
out world over, investigations in this angle is
scarce in Indian context. Therefore, a study
has been undertaken in two rivers draining the
eastern and western flanks of the ecologically
sensitive mountain ranges of the world — the
Western Ghats. The streams taken up for the
study are: (1) Bhavani river — a tributary of east
flowing Cauvery river and (2) Thuthapuzha
river — tributary of west flowing Bharathapuzha
river. Bhavani river basin experiences semi-arid
climate with rainfall essentially predominated
by SW and NE monsoons. The Thuthapuzha
river experiences a humid climate with
rainfall mainly from the SW monsoon. This
contrasting climatic condition of these river
basins is reflected in the solute transport as
well as the discharge characteristics of the river.
The average discharge of Thuthapuzha river
during the southwest monsoon season was
1226 Million Cubic Meter (MCM) at the gauge
station in Pulamanthole while the discharge of
the Bhavani river was 763 Million Cubic Meter
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(MCM) at Nellithurai gauging station. The mean
discharge during the northeast monsoon season
in the Pulamanthole station was 32.1 % of the
corresponding discharges during the southwest
monsoon season, but for Nellithurai it seems to
be 45%. The average discharge recorded in the
Nellithurai station during north east monsoon
is 324.3 MCM and 432 MCM for Thuthapuzha
at Pulamanthole.

The water chemistry of both Bhavani and
Thuthapuzha river showed noticeable spatial
and seasonal variations at its sampling points.
The Monsoon values of all the major anions
and cations showed less values compared to
Pre and Post monsoon values. The observed
low electrical conductivity of the Thuthapuzha
river compared to Bhavani river indicates that
the high gradient terrain and humid climatic
conditions existing there can significantly
lower the solute contents in stream waters.
Except monsoon season, the mean TDS values
of Bhavani river basin is relatively higher
compared to Thuthapuzha river basin, which
might be due to the differences in basin size,
climate, discharge, lithology and the intensity of
weathering and anthropogenic interferences. But
in the monsoon season, the ion concentration
of Thuthapuzha river is almost greater than or
equal to Upper Bhavani basin. Both Bhavani
and Thuthapuzha river, majority of samples
fall in the Ca-HCO, water type and only a small
fraction of sample fall in the mixed field (Ca-Mg

Cl type).
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Fig. 4.3.3.1: Mixing plots of (a) Na® normalized Ca**
and Mg** and (b) Na* normalized Ca** and HCO,

In contrast to the Nellithurai station of Bhavani
river, the Pulamanthole gauging station of
Thuthapuzha is characterized by almost identical
water discharge, but low dissolved load. The ratio
of the particulate load (PL) to the dissolved load
(DL) accounts for 0.45 for the Upper part of
upper Bhavani basin drainage system and 1.31
for the Thuthapuzha river basin. The low PL/
DL ratio indicating that, apart from evaporation
of river waters under the moderate conditions
existing during most part of the year, chemical
weathering and erosion also have a major role
in determining solute contents in stream waters.
The higher PL/DL ratio of the Thuthapuzha
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samples from silicate weathering
domain to carbonate domain as
we move from monsoon to post
monsoon season (Fig. 4.3.3.1).
Various scatter plots suggest that
both silicate and carbonate weathering have an
influence in controlling the major ion chemistry
of the study area (Fig. 4.3.3.2). In general,
various diagrams suggests a climatic control
over the hydro chemical composition of the

vs (Na"+K%).

river waters.

The mass balance model calculations show
that the silicate weathering rate (SWR) of the
Nellithurai watershed in Bhavani river and
Thuthapuzha water shed in Bharathapuzha is
6.5 t/km?/y and 15.4 t/km?*/y respectively. The
carbon dioxide consumption rate (CCR) for both
Thuthapuzha and Bhvani river at Nellithurai is
estimated to be 1.88 x10° mol.km™y™" and 1.02
x10° mol.km ~?y~' respectively. The vatiables like
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Fig. 4.3.3.2: Inter-relationship existing among various parameters: (a)
HCO, vs (Ca*+Mg™), (b) (HCO,+SO,*) vs (Ca**+Mg™), (c) TZ" vs
(Ca**+Mg™), (d) TZ* vs Na*+K"), (¢) Cl' vs Na*+K*, (f) (Ca**+Mg*")

lithology, runoff and temperature are the major
controlling factors of weathering rates and
carbon dioxide consumption. These variables
are linked to a various complex combination
and thus it is much difficult to isolate the effects
of each single variable on a universal scale.

4.3.4 Environmental monitoring of Cochin
estuary and Varapuzha backwaters, SW
India

The Cochin estuarine system and the Varapuzha
backwaters come under the Vembanad-Kol
wetland (Ramsar wetland) of international
importance. The increased rate of urbanization
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and industrialization in Kochi and its outskirts
lead to deterioration in water quality of the
system. Periyar is the major perennial river that
drains into the Cochin estuary, through the
Varapuzha backwaters. The largest industrial
hub of Kerala is situated at Eloor in the banks of
Periyar. It acts as the major source of pollution
in cochin estuary. In order to address the
pollution level of the aquatic system, we have
carried out a study during the period February
2019 to January 2020. The entire study is carried
out in two Phases. In the Phase 1, sampling has
been carried out in every month during 2019-
2020 which is then categorized as pre-monsoon,
monsoon and post-monsoon seasons. The
surface and bottom water (0-5 to 18 cm) were
collected from 7 stations around the Willington
island channel area (Fig. 4.3.4.1, Stations 1-7).
Sampling of Varapuzha backwaters has been
carried out in the Phase 2 in the month of
January 2020 and collected 13 water samples
and 10 sediment samples. Water samples are
collected in clean polythene bottles. For in-
situ measurements we used Aquaread AP-
2000 portable water quality analyser. The water
samples are analysed following APHA (1989).
For heavy metal analysis, around 1g of the
dried and finely powered sediment sample was
digested using HCIO4 and HNO3 acid mixture
at 1:3 ratio and analysed using Microwave Plasma
Atomic Emission Spectroscopy (MPAES).
Nutrient analyses were conducted Continuous
Flow Analyzer (CFA) instrument.

Salient observations in Cochin estuary
(Phase 1):

The variation ~ (average)  of
physicochemical parameters of the present
study are shown in Figs. 4.3.4.2 - 4.3.4.4.
An increase in temperature is observed in
the month of January 2020. The pH at the
estuary remains almost similar all along the

monthly

year. The dissolved oxygen shows a maximum
value during summer months because of the
maximum availability of insolation. The highest
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value of inorganic phosphate (2.43 umol) was
observed in the month of March at station
5 and minimum value of 1.07 umol/l was
observed at station 4 in the month of June. The
trend of inorganic phosphate generally showed
lower values in surface water than bottom water.
The average concentration of nitrate was higher
in the month of March (15.89 umol/l in S4)
for bottom water at station 4 and lower (3.97
umol/1) during June at station 6. The mean value
of nitrate-nitrogen was low in the surface water
compared to that of the bottom waters. Higher
nutrient consumption in the surface layers could
be due to the increased photosynthetic activity
of the overlying waters. The maximum value of
nitrite- nitrogen is 2.16 umol/1 and is observed
during May in bottom water at station 7. The
minimum value of 0.49 umol/l was noticed
during June in the surface water at station 2.
The average nitrite nitrogen in the present study
was high during March and May for bottom

Fig. 4.3.4.1: Sampling locations in Phase 1 (Yellow)
and Phase 2 (Green) (Source: Google).
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water and minimum during June. The nitrite
is an intermediate product produced during
nitrification and denitrification process and is
very unstable in nature. The lowest value of
ammonia nitrogen is 0.39 pmol/1 was observed
at the surface waters of station 3 during the
month of June. The highest value (1.49 pmol/1)
is noticed for the bottom water of station 6
during May. The average ammonia nitrogen
concentration follows a regular pattern that the
values are found to be higher in bottom waters
than surface water in most of the sampling

period.

The highest concentration of phosphorus (3.01
umol/I) is noticed in May for bottom water at
station 5. The minimum value of 1.49 umol/l
is noticed during June for surface waters of
station 4. Bottom waters showed higher values
of total phosphorous indicating the release of
nutrients from interstitial waters. Higher average
of phosphorus concentration is observed at
stations 5 and 7 throughout the period of study.
The lowest value of 8.29 umol/l1 is noticed for
the surface waters of station 2 during June and
the highest value (23.81 pumol/l) is noticed for
the bottom waters of station 4 during March.
Total Nitrogen content in bottom waters was
generally higher than the surface water. As
the gross production increases, the nutrients
concentration tends to reduce because it gets
consumed by planktons and other microbes.
The highest average values of Petroleum Hydro
Carbon (PHC) were observed at stations 7 and 3
for surface water. The minimum value observed
is 0.37 mg/1 during June at station 1 for bottom
water. The general trend in concentration of
PHC s higher in surface water than bottom water
due to low density of petroleum hydrocarbons
(O1l and Grease). The highest value of turbidity
observed is 57.19 NTU during June in bottom
water at station 7 and minimum value observed
1s 21.91 NTU during April at station 5.

The turbidity was higher in bottom water, which
could be due to dredging activities and by sewage

discharge. Surface productivity was always
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higher than the bottom productivity. The highest
average value reported at stations 7 and 2 for
surface water and minimum value at station 4 for
bottom water. Gross production is minimum in
the month of April 18.26 and 31.29 mgC/m3/
hr for bottom and surface water respectively.
The general trend in the concentration of
nutrient availability is more for bottom water
than surface water indicating the inoculation of
nutrients from bottom sediments to the surface
water. The pattern of distribution of nutrient is
irregular because of the anthropogenic activities
which lead to changes in the distribution of
nutrients like inorganic phosphate, nitrate and
nitrate nitrogen. The concentration of PHC is
higher in surface water than bottom water and
this may be due to the low density of petroleum
hydrocarbons. Gross production is maximum
for surface water than bottom water because of
the least oxidative decomposition tendency for
the surface water compared to that of bottom
layers.
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Fig. 4.3.4.2: Water Temperature ("C), pH, Salinity
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Phosphate (umol/L), Total Phosphorous (umol/L).
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Salient  observations  in
backwaters (Phase 2):

Water samples collected from the study area
have pH wvalues in the range of 6.16 to 8.09.
The acceptable limit according to BIS (2012)
is 0.25 mS/cm. The conductivity values range
from 0.0197 mS/cm to 47.27 mS/cm. Most

Varapuzha
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of the water samples are prone to high salinity
conditions. The analysis of nutrient in the
study area revealed the presence of Phosphate,
Nitrate, Nitrite, Ammonia and Silicate in the
following concentrations, 28.65 to 132.41 pg/L,
50.13 t0 851.97 ug/L, 3.12 to 30.14 ng/L, 4.42 to
894.18 pg/L and 640 to 3440 ug/L respectively.
The results of the trace metal contents revealed
that the water has higher concentrations of
lead, cadmium, zinc, chromium, manganese,
and thorium. Zinc concentration ranges from
1 to 1524 pg/L, lead from 13.21 to 91.74
ug/L, cadmium from 1.12 to 13.25 pg/L and
chromium from 12 to 321 pg/L. The values
are exceeding the prescribed limit by BIS in
several locations, which indicates the level of
contamination of the system.
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Fig. 4.3.4.5: Nutrient levels in the study area under
phase 2 level observation.

Geochemical studies of sediment samples
reveal that the sediments are slightly acidic
to alkaline in nature. Pollution indices such
as contamination factor (CF), contamination
degree (Cdeg), Pollution load index(PLI) and
Geo accumulation index (Igeo), and enrichment
factor (EF) were also computed to assess
the status of pollution due to V, Cr, Ni, Cu,
Zn, Ga, Rb, St, Y, Zn, Ba, La, and Ce. Based
on the enrichment factor and contamination
factor assessments, majority of the sediments
have been polluted by barium, zirconium, and
zinc. Automobile and industrial emissions
are responsible for the observed higher levels
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of Pb in the system. The contamination
degree (Cdeg), Pollution Load Index (PLI)
and Geoaccumulation (Igeo) revealed that the
sediments were minimum to moderately polluted
by heavy metals. The results suggest that the
persistent exposure of pollutants even in low
concentration may result in bioaccumulation,
causing changes in metabolic activities and
alterations in the community structure of river
biota in the region. Hence point source of heavy
metals in water and sediments should be closely
monitored for laying down strategies to contain
environmental pollution of the river/estuatrine
system.
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Fig. 4.3.4.6: Heavy metal concentrations in the study
area under phase 2 level observation

4.4 Natural springs of southern

Western Ghats

Natural spring occurrences have been reported
all over the world. However, the potential of
spring water resources in terms of its quality and
quantity have not been addressed adequately in
most parts of the world. The observation is
true in the case of Western Ghats province of
Peninsular India. In most cases, sustainability
of spring water resources is under threat
because of natural and anthropogenic reasons.
Among the springs in the west coast, a few are
protected, but most of the others are dying
out or showing marked depletion in discharge
due to mismanagement / improper utility of
this pristine freshwater sources. Under these
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circumstances, a systematic study has been
carried out to unfold the quality, quantity and
drinking water potential of two clusters of
springs in the South West coast of India. An
attempt has been made to understand the origin
of springs in the study area. In the first phase,
selected cold water springs in the Varkala-
Kollam (Kerala state) spring cluster and a few
springs from Dakshina Karnataka spring cluster
are chosen for detailed study.

The springs in the Varkala-Kollam cluster are
classified further into four distinct subclusters
(Ashtamudi, Polachira, Nadayara and Varkala).
Among those, the Polachira group of springs
yield the maximum water discharge (296 mlpy)
whereas Ashtamudi group records the lowest
discharge (57 mlpy) in all seasons. The annual
spring water discharge of the Varkala and
Nadayara sub clusters are 130 mlpy and 98 mlpy
respectively. The seasonal analysis reveals that
post monsoon season (908 mlpy) records the
maximum water discharge than monsoon (589
mlpy) and pre monsoon seasons (406 mlpy).
Nutrient flux of the springs shows higher
values in monsoon and post monsoon seasons
than pre monsoon seasons due to its high flow
rate during the said periods. Most of the hydro
chemical parameters exhibit seasonal and spatial
variations. The hydrochemical analysis shows
that all the physico-chemical parameters except
pH (acidic) are well within the permissible limit
of drinking water standards set by WHO and
BIS. The abundance of cations and anions of
spring waters atre in the order of Na* > Ca*" >
K" > Mg*" and CI > HCO, > SO * respectively.
The hydro chemical facies are identified using
the Piper Hill diagram and reveals that cold-
water springs in the Varkala region are Na-
Cl type in all the seasons. From the scatter
diagram, it is revealed that there exists a strong
correlation between chloride and sodium since
the sample plots lies near the equiline. All the
three scatter plots (Na+K vs TZ+, Ca+Mg vs
TZ+ and Na+K vs Cl) designates the intensity
of silicate weathering in the study area. In the
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cold-water springs of Varkala-Kollam region,
majority of the computed values of CAI-I and
CAI- II (Chloro- Alkaline Indices) are positive
which indicates exchange of Na and K from the
spring water with Mg and Ca in the host rocks.

According to Wilcox diagram and permeability
index, all the spring water sources in the area
are suitable for irrigation purpose. Analysis of
weekly water discharge data of Varkala cold
water springs (Thoduway and Papanasam) vis-
a-vis rainfall of the area reveals a shift in peak
rainfall and peak spring discharge (Fig. 4.4.1).
The rainfall contribution is higher in the months
of June, July and August, whereas the discharge
increases thereafter with a distinct peak
discharge in November (Fig. 4.4.1). Thereafter,
the discharge again declined during the months
of January to April. This clearly indicate the
rainfed nature of the springs in the Varkala-
Kollam cluster.

=

= ainlall

mThodewey —=Papisasam | s—Fapasesam ]

&

& 8

Raindnll {mnad

IJi:-u_:,ahEgrLl Lpam
& 8 &

ooE

Fa by Nhat fipe Ay Ren MlY Aug Sop Oce Mo Doe Jan Folbs Mes Apr Sy lesse
B an

Fig. 4.4.1: Weekly discharge rate and rainfall of
selected springs of the Varkala region

Although many studies have been carried out on
the cold-water springs, investigations on thermal
springs are scarce. Therefore, a systematic
hydrogeological and geochemical study has
been carried out in the two thermal springs in
Dakshina Kannada cluster (Karnataka State).
Among the two thermal springs, one is located
in Belthangadi (Bandarutheertha) and Puttur
(Irde Puttur). Along with the thermal springs, a
few cold-water springs, wells, borewells etc., in
the surrounding regions are also studied. Water
samples from thermal springs and adjoining
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collected and

subjected to detailed hydrochemical analyses

non-thermal soutrces were
for major and minor chemical constituents. The
pH values of all cold-water springs are slightly
acidic in nature, whereas, the, thermal springs
are generally alkaline because of high solute
loads in the water samples. The high contrast of
solute loading is well reflected in the electrical
conductivity (EC) of both the thermal springs

than the cold-water springs in the area.
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Fig. 4.4.2: Ternary plot of (a) Na-K-Mg and (b)Cl-
SO,~HCO, (after Giggenbach 1988; 1991).

The Piper-Hill diagram reveals that all cold-
water springs fall in the mixed chemical facies
Ca-HCO, type and Ca-Mg-Cl type whereas
thermal spring water from Bandarutheertha
and Irde Puttur falls in Na-Cl type. Based
on the analytical results it was found that
hydrochemical process was mainly controlled
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by the dissolution of silicate minerals with
slight influence of anthropogenic activity. The
Cl-SO,-HCO, ternary diagram showed that
these thermal springs do not represent steam
heated groundwater (Fig. 4.4.2). Evaluation of
8D and 8O stable isotope data suggested that
the thermal springs were of meteoric origin and
the springs being recharged by precipitation
from an estimated elevation of ~570m above
msl, while the adjacent cold springs and river
water are getting recharged generally at lower
elevation.

Analysis of weekly water discharge of the
Bandaru thermal spring vis-a-vis rainfall data
give almost the same trend as that of the cold-
water springs in the Varkala-Kollam cluster.
The peak rainfall discharge is noticed in the
months of June, July, August and September
whereas the peak spring discharge is noticed
in the months of November and December. It
is also revealed that, the discharge of spring is
ceased for the first time in 2019 March 24 and
started yielding water in 20, June, 2019. In 2020,
the discharge ceased only on 9" April, while
reappeared in 16™ May, 2020 after the rainfall.
This kind of phenomena is also noticed in
Irde Puttur thermal spring as well. Reservoir
temperature was estimated with Na-K-Ca, K2/
Mg, quartz and chalcedony geothermometers.
The results suggest that the reservoir under
consideration is a low enthalpy reservoir with
temperature ranging between 55 and 86°C.
Detailed surveys and borewell sampling carried
out in Irde Puttur unfolded the occurrence of a
‘Subsurface Warm Water Zone’ covering an area
of about 40 hectares around the thermal spring
in Puttur region. If one combines the studies of
the free-falling type thermal spring at Bandara
and the spring pool at Irde-Puttur, it is clear that
these regions host distinct subsurface warm
water pools/zones whose water table fluctuates
seasonally. The lowest level of water table could
be noticed at summer season, especially in the
months of March to May, when the spring pool
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dries out at Irde-Puttur and discharge ceases
out at Bandaru. Next spell of heavy rainfall
in the elevated recharge areas in the Nilgiri
plateau and nearby areas could lift the water
table of the subsurface thermal plumes towards
ground surface, leading to the revival of the
thermal springs. The study of the relationship
of rainfall-discharge characteristics and the
heating mechanisms of the thermal springs are
in progress.
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Fig. 4.4.3: Bandaru, Belthangadi thermal spring
flowrate and rainfall.

4.5 Natural resources and

environmental management of river
basins of southern Western Ghats

Uncontrolled mining and quarrying activities
impose immense stress on the life sustaining
systems. To address the environmental impacts
on river basin environments of the ecologically
sensitive Western Ghats, an investigation has
been carried out in two tiver basins of southern
Western Ghats (India) - the Netravati-Gurpur
and Periyar-Chalakudy river basins as a case study
sites. Both these basins host two important port
cities of south India viz.- Kochi and Mangalore.
The study reveals that about 6.75 x10° ty'of
hard rocks are being extracted in the Netravati-
Gurpur basin through 45 quarries and 10.47
x10° ty! are extracted through 388 quarties in
the Periyar - Chalakudy river basin. The details
of the active and abandoned quarries, labour
force engaged in the quarrying activity atre
summatized in Table 4.5.1.
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Table 4.5.1: Physiography-wise details of hard rock
quarrying in Periyar - Chalakudy and Netravati - Gurpur
river basins, southern Western Ghats.

2
.Y o -
B By | 8o | Neof s | 4
& g = gz quarries i el
= 2 g 5 5 B
2| E& | B % ¥ | 7=
2 2 K= w | 2
- Act. | Abn. &4
Q. Q
t. | Lowdand - - 27 - 0.0438
=
= ALdland 8.402 94 194 1179 1.544
q
O
_g‘:‘ Highland 2.072 43 167 461 0.362
. q g
L)
= Total 10.474 137 388 1640 1.754
_,: Lowdand - s = - .
AT = -
G} Midland 1.710 20 16 632 0.340
A
find
é Highland 5.040 25 3 306 0,390
“ Total 6.750 45 19 1158 1.140

(ty'' = tonnes per year; Act. Q. — Active Quarry; Abn. Q.
- Abandoned Quarry)

Anassessment of the impacts of hard rock quarrying
using the Rapid Impact Assessment Matrix (RIAM)
reveals marginal, short-term positive impacts in
economic-operational components but major
negative impacts in all the other environmental
components. The study indicates that the present
level of quarrying taking place in the basins are
(Sustainability index of -0.25).
Therefore, hard rock quarrying in the area is to be
strictly regulated for bringing down the degradation
of the river environment to the barest minimum
level and to maximize the ecosystem benefits to its
full potential. As a result of indiscriminate hard rock
quarrying, many hillocks in the region are turned to
a cluster of ugly scars, degrading the ecology and
aesthetics of the area to alarming levels. Lowering
of the water table, modification or disappearance of
natural drainages and environmental pollution are
some of the other observations noticed in the area.
The environmental impacts of laterite quarrying

unsustainable
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are comparatively less than that of rock quarrying
as removal of the hard laterite cap rock enhances
water percolation and make the area more irrigable
for agriculture.
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Fig. 4.5.1: Production of building aggregates in different
taluks Netravati - Gurpur river basin. (Source: Department
of Mines & Geology).

A case study on the extent of quarrying vis-a-
vis the demographic parameters like population
and household density revealed a strong positive
correlation in the Netravati — Gurpur basin.
Mangalore and its surrounding areas are highly
urbanized regions in Karnataka state and the
urbanization in such developmental centres has
tremendously increased the demand of building
materials like hard rocks, laterite blocks etc.
The production of building aggregates in the
different taluks of Dakshina Kannada district
shows that Mangalore taluk produces large
quantities of building aggregates as compared to
the other taluks (Fig. 4.5.1). Our surveys showed
that there are only a few quarries in the study area
which follow the security and environmental
regulations. Intensive mining activity in the
basins caused severe environmental degradation
like land subsidence, soil slumping, pollution,
etc. Noise, dust, groundwater and surface water
pollution were noticed in certain parts of the
study area. Many of the adverse effects such as
noise pollution and surface water pollution were
observed to be constrained to smaller regions.
However, changes in groundwater levels and
changes in land use and flow pattern can cause
long term effects on the environment. The study
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stresses the need for environment — friendly
quarrying alternatives with stringent guidelines
to improve the overall environmental quality of
the area on one hand and to meet the pace of

developmental requirements on the other.

Fig. 4.5.2: Selected scenes from the study area. (a) Pit lake developed in
a hard rock quarry in the Periyar — Chalakudy river basin. (b) Labourers
at work (see the encircled portion) on a quatry slope without any
protective measures. (c) Laterite quarrying in the Netravati — Gurpur
river basin. (d) Tunnel erosion discovered at the active quarry of Navur,

Netravati — Gurupur river basin.

4.6 Impact of urbanization and land
surface temperature changes — case
study

Rapid and  unscientific
developments have resulted in large scale
degradation of the environment around major
cities and townships. The problem is acute in
many urban local bodies (ULBs) in tropics having
high population density and are undergoing
rapid developments. Adequate

studies are needed to contain the ill-effects of

urbanization

economic

developments which is a major challenge for the
decision makers at different levels. The present
case study dealt with the spatio-temporal
changes in urban growth and land surface
temperature (LST) responses of a coastal town
in Kerala, SW India (Thiruvananthapuram city),
using multiparametric studies such as NDVI,
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NDBI and NDWI. Landsat imageries of 1988,
2000 and 2019 were used to estimate the extent
of urban growth and LST changes in the study
area. It is observed that the level and the degree
of urbanization is quite high in the area. Most
of the land in the area occupied by
high-end households and corporate
establishments. These developments
have resulted in various types of
environmental degradation  such
as reclamation of wetlands/water
bodies, lowering of groundwater
table,
resources, loss of vegetation cover,
etc. It is noticed that during 1988 -
2019, the wetlands and cultivated
lands near the main water body have
been and
for establishment of commercial
developmental and

other infrastructural facilities. The

contamination of  water

encroached reclaimed

complexes

study revealed a marked decrease in
vegetation cover (125 - 71 km?®) and
barren land (7 - 4 km?®) in the atrea
during 1988 - 2019. The built-up area
showed a marked increase from 10
to 68 km?® This kind of commercial
and non-commercial constructions could result
in the rise of LST of the area. It was noticed
that the average LST has been increased from
26.5°C to 28.1°C during the 1988-2019 period.
The northern sector of the study area has both
urban and rural type of settlements and as a
result, the environmental impacts are also low
compared to the southern sector.

The urban sprawl in the area contributes a
substantial change in the landscape and its
characteristics. The changes in landscape
potentially affected the LST of the region. The
NDVI and LST showed a significant inverse
relation because of the abundance of vegetation
cover and the cooling effect in the region. The
Urban Heat Island (UHI) is mainly distributed
in the S, SW and SE sectors of the study area
because of the higher level of urban sprawl in
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such areas. The results of
the UHI strongly points
to the imminent need
for mitigation strategies
to reduce adversities
of local climate change
in the study area as the
negative impacts of
UHI link with rising
temperature. Enhancing
the net area of urban
vegetation cover in the
form of green belt/
area development in and
around built- up lands
is an important strategy
that can be adopted
for regulating warming
up of an area which
is  undergoing  rapid
urbanization. The dense
building  constructions
without giving adequate
wind passages/corridors
can have a large impact
on urban micro-climate
regime and, at the same
time,  provision  of
spacing among buildings
decreases  the land
surface heating. Urban
planners and builders
should follow all the
regulations of the land
use policies and also must
take into consideration

the geographic
characteristics while
embarking major

development  projects
in the area. The study
stresses  the  urgent
need for strengthening

Fig. 4.6.1: Location map of the study area and the spatial variability of LST, NDVI and
NDBI in the years 1988, 2000 and 2019.

the green cover of the area to transform

developments more environment — friendly.
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4.7  Quaternary geology and
paleoclimate studies

4.7.1 Signatures of late Quaternary land-sea
interactions in SW coast of India

The southern Kerala coast, south of
Achankovil Shear Zone (ASZ) has
been characterized by cliffed coast with
entrenched  estuarine  basins, pocket
beaches, promontories, older and younger
strand plains, etc., that are evolved as a result
of the transgressive-regressive phases to
which the coast has been subjected during
late Quaternary Period. In spite of having
varied geomorphic features, lacuna in
comprehending the evolutionary phases of
the coastal landform features is the primary
impediment that bolstered us to unravel the
Late Quaternary land-sea interactions and
landform changes of the southern Kerala
coast between Thottapally and Vizhinjam.

implementation of site-specific mitigation measures
are required for the conservation and management
of this coast known for its outstanding natural
beauty and strategic beach placer deposits.
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Moreover, the last two centuries are known
to have been witnessing many natural
as well as human induced environmental
perturbations in the area.

The Late Quaternary landform dynamics have been
reconstructed based on the satellite data while the
last century changes were extracted from Digital
Shoreline Analysis System (DSAS). The evidences
based on geomorphic variations suggest that the
present study area hosts two distinct paleo-coastlines
— 1) coincides with the eastern boundary of the older
strand plains (accreted during Late Pleistocene)
and, 2) marks the boundary between older and
younger strand plains (accreted during Harly—Middle
Holocene). Sector-wise analysis reveals that the
northern half of the study area is characterized by
many coast perpendicular estuarine basins with well-
developed Bay Head Deltas in its fluvial end, and
Flood Tide Islands near the estuarine mouth. On
the contrary, the southern half is characterized by
pocket beaches and coast parallel backwater bodies
developed during the regressive phases of the sea.
A high-resolution study of shoreline changes during
the period, 1920-2018 reveals that the younger
strand lines are vulnerable to severe coastal erosion
and shoreline retreat at many places compared
to coastal accretion. Continuous monitoring and
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Fig. 4.7.1.1: Location and geomorphic feature of the study area.
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Fig. 4.7.1.2: Different stages in the evolutionary history
of the coastal lands.
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4.7.2 Hydroclimate variability of the last 3 millennia inferred from lake sediments
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Fig. 4.7.2.1: (a) Litholog of the Shasthamkotta relict lake section along with the calibrated radiocarbon ages,
(b) Downcore variation of detrital and weathering proxies indicating ISM strengthening with a declining
trend during 1900-1120 cal yr BP (green band) while ISM weakening and dry climate prevailed during 870-
630 cal yr BP (brown band). The arrows represent the trend of the geochemical proxy. (c) The A-CN-K
and (d) A-CNK-FM suggests the lake sediment derived from the nearby lateritic terrain which is further
supported by (e) ICV versus CIA plot.
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The drastic migration of the Intertropical
Convergence Zone (ITCZ) over the Indian
subcontinent leads to extensive Indian Summer
monsoon (ISM) over the Indian landmass and
nearby regions. The onset of the ISM is rapid
near southwestern India along the Western
Ghats and prevails over the Indian subcontinent
between June and September. Due to the
large variability of ISM on inter-seasonal to
interdecadal time scales, its long-term variations
have a profound effect on Indian climate and
its socio-economic condition. The limited
extent of instrumental records for ISM thus
reinvigorates the need for reconstructing the
past hydrological conditions from the SW India.
The present study attempts to provide ISM
reconstruction based on geochemical proxies
supported by AMS radiocarbon ages on ~1.5
m relict sediment section of Shasthamkotta
lake in southern Kerala. The consistent values
of TOC/TN>12 indicated the terrestrially
derived organic matter in the marginal lake
region. A gradual decline in ISM has been
inferred during 1900-1120 cal yr BP as indicated
from the detrital proxies (ALO, and TiO,) (Fig.
4.7.2.1) which are in agreement with the global
climate warming of Roman Warm Period and
the Medieval Warm period associated with the
increased solar irradiance

The weakening of ISM can be seen during
870-630 cal yr BP as suggested from reduced
detrital and weathering indicators which is in
line with the possible onset of the global Little
Ice Age. Further, an enormous deposition of
unsorted gravel bed after 630 yr BP underscores
records of a major flood event of 1341 AD
that devastated the ancient port of Muziris and
created natural harbour of Kochi. The sediments
for the studied lake section possibly derived
from the nearby lateritic terrain as suggested by
a geochemical parameter in the ALO, - CaO +
Na,O - KO (A-CN-K), AL O, - CaO + Na O +
K,O - FeO + MgO (A-CNK-FM) (Fig. 4.7.2.1).
Moreover, the Chemical Index of alteration
(CIA) vs Index of compositional variability

MOoES NCESS Annual Report 2019-20

(ICV) demonstrated that the sediments of the
marginal lake are mature and witnessed intense
weathering which further corroborates with the
observation that the sediments were derived
from the nearby lateritic terrain. The present
study has paved an understanding of the ISM
variability and the possible connection with the
global climate of the last three millennia.

4.7.3 Paleoclimate and sea level changes in
the SW coast of India

Knowledge on the past climate changes can
help us to understand similar variations in the
current scenario and forecast future climatic
trends. Indian Summer Monsoon (ISM) is one
of the major climatic phenomena of Indian
subcontinent and Kerala state acts as the
gateway of ISM. In order to reconstruct the
Late Quaternary climate of southern Western
Ghats, sedimentary cores have been retrieved
from three important location such as Kuttoor,
Udayanapuram and Chamravattom and are
studied for climate reconstruction. The Kuttoor
sediment core is approximately 32 m long and
has been subjected to detailed analysis for grain
size, palynology and geochemistry. The lithology
of Kuttoor core comprises mainly of clay and
silty clay. Even though sand dominated layers
can be observed at top of the core, as depth
increases the lithology gradually changes to clay.
Based on granulometric studies, it is revealed
that the sand fraction at the top of the core is
around 60%, whereas it reduces to around 3%
towards bottom of the core. Based on Pejrups
diagram, it is clear that the sediments in the
Kuttoor core has been deposited under calm to
slightly turbulent energy conditions. TOC/TN
ratio of Kuttoor core shows a dramatic increase
after 7565 cal yr BP. TOC/TN ratio spikes
above a value of 12 which shows enhanced
contribution of terrestrial organic matter to the
depositional site. Terrestrial vegetation normally
has relatively high TOC/'TN ratios greater than
12 as C3 vascular plant material has TOC/TN
> 12, whereas C4 grasses show TOC/TN > 30.

103

S9SS3I




Based on palynological observations, Kuttoor
core exhibits a terrestrial environment with
slight marine influence towards the bottom of
the core. The study shows that Kuttoor sediment
core has been deposited in a basinal setting
where calm depositional conditions prevailed
in the beginning which was later changed to
fluvial environment. Based on the lithology and
geographic location of Kuttoor core, the site
might have been once part of Vembanad lagoon,
which now has shrunk to its current state. The
lithology of Chamravattom core is found to be
mainly of silt and clayey silt. Like the Kuttoor
core, the sediments of Chamravattom core
has also been deposited under calm to slightly
turbulent energy conditions. Udayanapuram
core is chiefly composed of sand and silty
sand which has been deposited under turbulent
energy conditions. Detailed analyses are
needed to decode the past ISM variations and
depositional environments of the study area.
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5. External and Consultancy Projects

NCESS carried out few external grant-in-aid projects and a number of consultancy projects during
the year 2019-2020. The externally funded projects were sponsored by Govt. of Kerala and Govt.
of India agencies. The consultancy projects were undertaken mainly for the demarcation of HTL
and LTL for Coastal Regulation Zone.

Coastal Zone Management

Rapidly changing land use have adversely affected the coastal ecosystems, coastal morphology and
livelihood resources of the coastal areas of our country. A significant percentage of the population
live in the coastal area; the demographic pressure and higher economic and other subsistence
activities deteriorate the quality of coastal environment. In order to conserve the coastal ecosystems
of the country, the Government of India issued Coastal Regulation Zone (CRZ) Notification
under the Environment Protection Act (19806) for regulating various activities in the coastal zone.
The CZM Lab at NCESS has been actively involved in the demarcation of High Tide Level (HTL)
and Low Tide Level (LTL) and related coastal morphologies and the preparation of Coastal Zone
Management Plans (CZMPs) and CRZ maps at state and local levels. Currently, the NCESS is the
dominant player in the country in undertaking CRZ projects related to the demarcation of HTL
and LTL for coastal zone management.

During 2018-19, CZMP for the state of Keralaand three districts of Maharashtra were accomplished.
In Kerala, there are 10 coastal districts where CRZ is applicable. The project mainly engaged in the
preparation of CZM Plan Maps in 1:25K and local level CZMP Maps in 1:4 K scale, for application
at the local level with cadastral base and survey plot information. The generated geo-database
to these states has been verified and approved by the National Centre for Sustainable Coastal
Management (NCSCM) and later approved by the Ministry of Environment, Forest and Climate
Change, Government of India. Around 28 consultancy projects were completed during the year
and 19 consultancy works were in progress.
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6. New Facilities

NCESS procured many sophisticated analytical facilities for carrying out front-line research in the
field of earth science studies during the financial year. The instruments procured and their key
characteristics are furnished below.

Sk Name of the Make / Model Application
No. | equipment / facility
Bruker 5.8 - Tiger: Analysis of bulk chemistry of rocks
X-Ray Fluorescence Sequential wavelength . . .
1 (XRF) Facili dispersive X-R and sediments for major, minor and
v _dispersive A-Ray trace elements.
Spectrometer
. Cameca SXFive - Multi-element analysis (major and
Electron Probe Micro TACTICS) with five vertical | trace elements, from B/Be to U) of
2 Analyzer (EPMA) . . . .
L Wavelength Dispersive rock samples for chemical dating
Facility
Spectrometers (WDS) (geochronology).
Agilent 7800 Quadrupole . o .
ICP-MS, Nu-PLASMA-ILL | [ ion;]gm;“?nroién:r“um‘;ng ,
Isot Multi Collector -ICP-MS, Cli fdo;f : isa]tO 2i1 h 2ru:etz;iaz fi n
3 otope | Teledyne CETAC LSX-213 | 2>unaances, isotopic characterization,
Geochemistry Facility . in-situ U-Pb dating and measurement
G2+ Laser Ablation System, £ orecise Hafnium isotone ratios of
HeLEx II Sample Ablation Of precise TatnIail sotope ratios o
various minerals.
Cell
Measure the particle concentration
Laser in-situ ) . . and sizes in rivers, coasts and oceans
4 | Scattering and igg;mla Scientific LISST- 1 1 40 600 m depth with facility for 30
Transmissometry different particle size classes in in-situ
mode.
Vertical . .
5 Microstructure VMP-250 Measure the micro-scale turbulence in
water columns.
Profiler
6 Radar Water Level OTT Radar Water Level Measure water level, long period waves
Sensor Sensor and tidal variation.
Combination of optical and thermal
. Video Beach cameras, equipped with real time
Monitoring System data transfer technology for 24-hour
monitoring of coastal regions.
112
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CoastSnap India

Community-based beach monitoring
program.

Microwave
Radiometer Profiler

RPG-HATPRO-G5

Profiles of temperature and humidity
from surface to 10 km levels and time
series of brightness temperature.

10

Ton Chromatography

Dionex Integrion HPIC
RFIC (Reagent Free Ion
Chromatography) with
Dionex ASDV Auto-

sampler and VWD (Variable

Wavelength Detector)

Metal speciation studies, detecting
anions and cations up to 1 ppb in
fresh water samples and/or aqueous
solutions.

11

Mercury Analyser

PS Analytical 10.025

Millennium with speciation

unit and Auto-sampler.

Analyzing various species of mercury
in water, food, biological, industrial and
petrochemical samples.

12

Critical Zone
Observatory (CZO)
and Hydrological
Monitoring Stations

Generating continuous data of
meteorological and hydrological
variables at different spatiotemporal
scales and monitor key Critical Zone
variables and processes.

The instrumentation includes:

a. Rain gauges installed at Braemore,
Belthangadi and Sakleshpur.

b. Automatic Weather Station, digital
pan evaporimeter with automatic
refilling, rain water collector, rain
gauges and soil moisture sensors at
Attappadi Critical Zone Observatory
(CZO).

c. Spring hydrology monitoring
station with self-recording rain gauge
at Bendarutheertha thermal spring
location.

13

Critical Zone
Laboratory

HYPROP — Soil Hydraulic Property
Estimation setup, PARIO — Particle
Size Analyser, NDVI meter,

Plant Canopy Analyser, mini disk
infiltrometer, soil water samplers,
manual and automatic groundwater
level meter, groundwater sampler,
tensiometer, double ring infiltrometers,
sieve shaker, and hydrometers.
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7. Honours, Awards & Academic Activities

7.1 Honours & Awards

Dr. K. Maya, Scientist-F
Hydrological Processes Group
has been awarded ‘Certificate
of Merit Award - 2019’ by the
Ministry of FEarth Sciences,
Gorvt. of India.

Smt. R. Jaya, Deputy Manager,
Estate  Administration &
Maintenance has been awarded
‘Best Employee Award - 2019’
by the Ministry of Earth
Sciences, Govt. of India.

Shri. P. H. Shinaj, Junior
Executive, Finance &
Accounts has been awarded
‘Best Employee Award - 2019’
by the Ministry of FEarth
Sciences, Govt. of India.

Shri. R. Binukumar, MTS has
been awarded ‘Best Employee
Award - 2019’ by the Ministry
of Earth Sciences, Govt. of
India.

Dr. Upasana S. Banerji,
Research Associate,
Hydrological Processes

Group received the ‘Best
Paper Presentation Award’
in Ocean Geosciences
Session of Ocean Society of
India — Biennial Conference

114

(OSICON - 2019) held during 12-14 December
2019 at Centre for Marine Living Resources and
Ecology (CMLRE), Kochi.

Drt. Poornima Unnikrishnan,
Research Associate, Coastal
Processes Group received
the ‘Best PhD Thesis Award’
for the year 2019 constituted
by the Indian Society of
Hydraulics for the thesis
titled ‘Hydrologic time series
analysis and forecasting using
singular spectrum analysis’.

Dr. Tripti Muguli, DST-
Inspire  Faculty, Coastal
Processes Group received the
International Travel Support
(ITS) Grant (Sanctioned
amount: INR 2,60,652) from
SERB-DST, Government of
India to attend IsoCamp-2019
at University of Utah, Salt
Lake City, USA during 10-21
June 2019

Smt. Revathy Das, has been
awarded PhD degree under
the Faculty of Applied
Sciences, University of Kerala
for her thesis “Integrated
geo-environmental  studies
of the lacustrine wetlands
of Kerala in climate change
paradigms for conservation
and  management”  on
30" April 2019. Dr. A.
Krishnakumar, Scientist -D,
Crustal Processes Group was
her supervising guide.
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7.2 Membership in Committees
outside NCESS

Dr. D. Padmalal

Member, Board of Studies, Kerala University
for Fisheries and Ocean Sciences.

Member, Board of Studies, Department of
Geology, University of Kerala.

Member, Faculty of Environmental Studies,
Cochin University of Science and Technology.

Member, Editorial Board, Journal of Coastal
Sciences.

Member, Expert Committee for the study of
environmental effects of the proposed hard
rock quarry at Chengottumala, Kozhikode.

Expert Member, Interview board for the
selection of MRFP - JRF held during 18-19
August 2019 at II'TM Pune.

Expert Member, Selection board for Assistant
Professor held on 21% August 2019 at Kerala
University for Fisheries and Ocean Studies
(KUFOS), Kochi

Dr. K. K. Ramachandran
Member, Kerala Dam Safety Authority.

Member, Executive Committee of Kerala State
Remote Sensing and Environment Centre.

Member, Shoreline monitoring cell of Vizhinjam
International Sea Port Ltd.

Expert Member, State Wetland Authority of
Kerala (SWAK).

Invited Member, Expert committee on

‘Administrative  Reforms Commission —
Sustainable development governance issues’

constituted by the Government of Kerala.

Member, Internal review committee on
Coastal Zone Management Plan of Kerala &

Sindhudurg, Maharashtra.

MOoES NCESS Annual Report 2019-20

Member, Board of Studies, Kerala University
for Fisheries and Ocean Sciences.

Dr. D. S. Suresh Babu

Member, Geo-Host Support Program Sub-
committee, 36" International Geological
Congress (IGC) 2020.

Reviewer, Journal of Geological Society of
India and Current Science.

Dr. L. Sheela Nair

Member, Board of Studies in Physical
Oceanography, Cochin University of Science
and Technology.

Expert member representing NCESS in
the Shoreline Monitoring Cell, Vizhinjam
International Deep-water Multipurpose Port
Limited.

Chief Guest Editor, Journal of Coastal
Research: Special Issue 89 on ‘Oceanic and
Coastal Processes of the Indian Seas’.

Invitee, Coastal Stakeholder’s meeting held at
NIOT, Chennai on 16" December 2019.

Invitee, 16™ meeting of the Coastal Protection
and Development Advisory Committee
(CPDAC) held at CWC, New Delhi on 16" July
2019.

Invitee, Central Indian Ocean (IOCINDIO)
Leadership Workshop for developing the
‘Regional Framework for Coastal Vulnerability
towards the Safety, Security and Sustainable
Development of Member States in the Indian
Ocean’ held at NIOT, Chennai during 06-07
January 2020.

Dr. A. Krishnakumar

Member, Doctoral Committee for
Environmental Sciences, Faculty of Applied
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Sciences, University of Kerala.

Member, Research Committee of NCESS for
PhD programme of Cochin University of
Science and Technology, Kochi.

Member, Focal Team of the Climate Change Cell
for the implementation of Kerala State Climate
Change Action Plan (SAPCC), Department of
Environment and Climate change, Government
of Kerala.

Dr. K. Anoop Krishnan

Member, Board of Studies, Department of
Chemistry, Fatima Mata National College
(Autonomous), Kollam.

Member, Doctoral Committee for Chemistry,
Faculty of Sciences, University of Kerala.

Member,
Environmental Sciences, Faculty of Applied
Sciences, University of Kerala.

Doctoral Committee for

Member, Research Committee of NCESS for
PhD programme of Cochin University of
Science and Technology, Kochi.

Dr. Tripti Muguli

External expert member in Doctoral Advisory
Committee (DAC), Manipal Academy of Higher
Education (MAHE), Manipal.
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7.3 Visits Abroad

Dr. D. Padmalal, Scientist-G
& Group Head, Hydrological
Processes Group attended
and presented a  paper
entitled “Holocene evolution
of Kuttanad Kole (Ramsar)
wetland in SW India- A
multiproxy approach” in the
20" INQUA Congtess held at
Dublin, Ireland during 25-31
July 2019.

Dr. L. Sheela Nair, Scientist-F
& Group Head, Coastal
Processes Group participated
in the Coastal Imaging
Research Network (CIRN)
Bootcamp &  Workshop
held at LEGOS Lab, CNES,
Toulouse, France during
17-21 June 2019 and visited
the University of Lisbon,
Portugal and COSMOS

beach sites during 22-26 June
2019.

Dr. K. Maya, Scientist-F
Hydrological Processes
Group presented a paper
entitled “Hydro-geochemistry
of the spring water sources
in the southwestern coast
of India” in the 16™ Annual
Meeting of Asia Oceania
Geosciences Society (AOGS
- 2019) held at Singapore
from 28" July to 02" August
2019.

Dr. D. S. Suresh Babu,
Scientist-F, Coastal Processes
Group presented a paper
entitled “Neotectonism and

Submarine Groundwater
Discharge in SW India” in
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the American Geophysical Union (AGU) Fall
meeting held at San Francisco, USA during 09-
13 December 2019.

Shri.  Ramesh  Madipally,
Scientist-C, Coastal Processes
Group participated in the
Coastal Imaging Research
Network (CIRN) Bootcamp
& Workshop held at LEGOS
Lab, CNES, Toulouse, France
during 17-21 June 2019
and visited the University
of Lisbon, Portugal and
COSMOS beach sites during
22-26 June 2019.

Shri. Arka Roy, Scientist-C,
Crustal Processes  Group
presented a paper entitled
“Seasonal, latitudinal and
longitudinal  variability —of
Sq and equatorial currents

along American and Vietnam
sectors” in the 27" TUGG

General Assembly held at
Montreal, Canada during 13-
17 July 2019.

Dr. K. Sreelash, Scientist-C,
Hydrological Processes
Group presented a paper
entitled “Integrated surface
— subsurface hydrological
modelling of humid tropical
river basin” in the 16" Annual
Meeting of Asia Oceania
Geosciences Society (AOGS
- 2019) held at Singapore
from 28" July to 02" August
2019.

MOoES NCESS Annual Report 2019-20

Dr. B. Padma Rao, Scientist-C,
Crustal Processes  Group
participated in the 39" Indian
Scientific ~ Expedition  to

Antarctica from November
2019 to February 2020.

Dr. Nilanjana Sorcar,
Scientist-C, Crustal Processes
Group participated in the 39™
Indian Scientific Expedition
to Antarctica from November
2019 to February 2020.

dispatch

Dr. Kumar

Batuk  Joshi,
Scientist-C, Crustal Processes
Group participated in the 39™
Indian Scientific Expedition

to Antarctica from November
2019 to February 2020.

Dr. Nilanjana

inspection
Factory = Acceptance
of EPMA held at Cameca

Factory  site,

Genevillers,

France in November 2019.

Dr. C. K. Unnikrishnan,
Scientist-B, Atmospheric
Processes Group presented
a poster on “Observational
aspects of a tropical extreme
rainfall event” in the Asia
Oceania Geosciences Society
(AOGS) 16™ Annual Meeting
held at Singapore from 28"
July to 02°¢ August 2019.

Sorcar,
Scientist-C, Crustal Processes
Group attended the pre-

and
Test

117
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Dr. Tripti Muguli, DST-
Inspire  Faculty, Coastal
Processes Group attended
the short-term course on
IsoCamp 2019 - Stable
Isotopes in Biogeochemistry
and  Ecology  held at
University of Utah, Salt Lake

Ms. P Saranya, Senior
Research  Fellow, Crustal
Processes Group presented
a paper entitled “Effect of
drought on reservoirs on
water circulation mechanism
in Periyar basin, southern
Western Ghats: A stable

< City, USA during 10-21 June isotope approach” in the
§ 2019. American Geophysical Union
:, (AGU) Fall meeting held at
‘g‘ Dr. Upasana S. Banerji, San Francisco, USA during
£ Research 09-13 December 2019.
= Hydrological
Group presented a paper in Shri. N. Nishanth, Scientific
the 5" International YES Assistant  Gr. B, Crustal
Coflgres,s.,‘ 2019 .held at Freie Processes Group attended
Universitat, Berlin, Germany the pre-dispatch inspection
during  09-13  September
2019, and Factory Acceptance Test
of EPMA held at Cameca
Factory site, Genevillers,
Ms. B. S. Praseetha, Research France in November 2019.
— Scholar, Coastal Processes

Group presented a paper
entitled “Anthropogenic
influence on sedimentation
during the last 30 years:

Insights from rock magnetic
properties of Beypore estuary
sediments, Kerala, India”
in the 29" Goldschmidt
conference held at Barcelona,
Spain during 18-23 August
2019.
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7.4 Ph.D. Students

NCESS provides opportunities to researchers to carry out Ph.D. under recognized research guides

of the institute. A total of 39 researchers are pursuing research in different universities of India.

s1 University /
N(; Research Scholar Title of Research Guide Registration
. Date
Hydrological Studies of an Urb.an o CUSAT /
1 Aneesh T. D. agglomerate, Ernakulam  district, | Dr. Reji Srinivas
13.12.2013
Kerala
Studies on selected rivers of different e CUSAT /
2 run T ] climatic regimes, southern India. Dr. Reji Srinivas 13.12.2013
Wetland Studies of Akathumuri
. — Anchuthengu - Kadinamkulam e CUSAT /
3 Krishaa R. Prasad estuarine System, southwest coast of Dr. Reji Srinivas 13.12.2013
India.
Studies on  hydrogeological &
biological — aspects of  various
Viswadas V. streams of Karamana river near . Kerala /
4 (Part time) Sree  Parasuramaswamy  Temple, Dr. K. Anoop Krishnan 15.01.2014
Thiruvallam, Thiruvananthapuram
district, Southern India.
Coastal aquifer Vulnerability
5 Salaj S. S. assessment and mapping along the | Dr. D. S. Suresh Babu Bharathidasan /
(Part time) Kozhikode coast — A geospatial | (co-guide) 18.03.2014
approach
Development of Vembanad Kerala /
6 Parvathy K. Nair Management action plan through a | Dr. D. S. Suresh Babu 3 Oe OZaZ 014
geological petspective o
Appraisal of marine ecosystem of
. Kavaratti island in southwest coast . Kerala /
A . K
7 Sibin Antony of Kerala with special reference to Dr. K. Anoop Krishnan 23.05.2014
lagoon system
Surface functionalized natural
polymers for the adsorptive removal Kerala /
8 Vinu V. Dev of metal ions at the solid-liquid | Dr. K. Anoop Krishnan craa
. o . 09.06.2014
interface: Kinetic and thermodynamic
profile
Geochemistry of estuarine and inner CUSAT /
9 Praseetha B. S. shelf sediments Dr. T. N. Prakash 18.12.2014
Characterization and evaluation of
Kunhambu V. the aquifer system of Kuttanad area, Kerala /
10 (Part time) Kerala for Sustainable Groundwater Dr. D.S. Suresh Babu 05.01.2015
Development
Assessment of nutrient flux in urban
drainage systems: Identification of . Kerala /
ha Mah: K
11| Harsha Mahadevan sources, pathways and treatment Dr. K. Anoop Krishnan 01.05.2015
strategies
Moisture  source variation and Kerala /
12 | Saranya P. associated hydrogeochemical changes | Dr. A. Krishnakumar cra
. . . . . 01.06.2015
in Periyar river basin, India
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Impact of Sea Level Rise
(SLR) on central aquifer in Kerala /
13| RemyaR. Thiruvananthapuram district, Kerala, | D D > Suresh Babu | 11 o015
India
Investigation on Submarine
Mintu Elezebath Groundwater Discharge (SGD), over CUSAT /
14 George a segment of northern Kerala, SW Dr. 1.5, Suresh Babu 27.11.2015
India
Landform dynamics and its impact
Raf LK . 1
15 (;; iegrneeiv[ Kk of stability of coastal zone of | Dr. D.S. Suresh Babu I3(Oe§azaz(/) 15
Kozhikode, West coast of India o
16 Saina S Tectonic and metamorphic evolution | Dr. Tomson J. CUSAT /
J ' of Nagercoil block, South India Kallukalam 16.06.2016
Seasonal investigation and evaluation
of water quality parameters of
17 Rathef.:sh Kumar M. Mangalore coast, Karnataka, India: | Dr. K. Anoop Krishnan Kerala /
(Part time) . . . . 05.09.2016
Hydro-chemical, marine biological
and speciation approach
Solute dynamics and modelling in CUSAT /
18 | Vipin T. Raj the river catchments of Southern | Dr. D. Padmalal 07.03.2017
Western Ghats, India o
Seismic structure of crust and upper
19 Sribin C mantle along the Western Ghats: | Dr. Tomson J. CUSAT /
’ Constrain on passive continental | Kallukalam 24.03.2017
margin evolution
UHT metamorphism and fabric
analysis in the rocks of western | Dr. Tomson J. CUSAT /
Amal . . .
20 mal Dev ] Madurai  block: Is  continental | Kallukalam 03.04.2017
amalgamation true in the SGT?
Pesticide dynamics and associated
biogeochemical processes in the CUSAT /
21 | Shiny Raj R. cardamom plantations of Periyar | Dr. K. Anoop Krishnan 30.06.2017
river basin: Focus on speciation o
studies and mitigation strategies
Speciation and transport
Sandh characteristics of nutrients in the Kerala /
22 Sarcllh iar paddy fields of Netravati River basin: | Dr. K. Anoop Krishnan 0; 1%212 017
udhakaran Focus on biogeochemical processes o
and adsorptive removal studies.
Groundwater resource assessment in
. . Dr. D. Padmalal Kerala /
LA 1 h f .
23 | Gayathri ] ls)z Sei;te;inzzjiters eds of Cauvery river Dr. K. Maya (co-guide) 23102017
Seismic structure of mid-to-upper
24 | Silbas mantle beneath the Indian Ocean | Dr. N. Purnachandra CUSAT /
pa . Geoid Low using ambient noise | Rao 03.04.2018
tomography
A comparative study of palacofluids Kerala /
25 Silpa Thankan in the petroliferous basins of western | Dr. V. Nandakumar craia
. 28.05.2018
offshore, India
120
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Reconstruction of Late Quaternary

. .. climate of southern Western Ghats: CUSAT /
26| Jithu Shaji A multi-proxy approach using Dr. . Padmalal 04.06.2018
sedimentary archives
Characteristics of thunderstorms and CUSAT /
27 | Dharmadas Jash associated lightning over the Indian | Dr. E. A. Resmi 01.10.2018
region o
' Character.lzatlon of ac'tlve tecto'mc Dr. N. Purnachandra CUSAT /
28 | Ronia Andrews deformation processes in the Indian
. Rao 25.10.2018
Ocean lithosphere
Hydro  climatological  alterations CUSAT /
29 | Micky Mathew of Western Ghats: Causes and | Dr. D. Padmalal
26.10.2018
consequences
Analysis of contributory factors
. for the environmental fitness of . Kerala /
30 | ResmiR. Chalakudy basin, southern Western Dr. A. Krishnakumar 29.10.2018
Ghats, India
Assessment of global environmental
. change impacts in Sahyadri: A study . Kerala /
31| Aditya S. K. of Petiyar basin, southern Western Dr. A. Krishnakumar 03.12.2018
Ghats, India
) Quantification .and .modelhng of CUSAT /
32 | Prasenjit Das selected contaminants in groundwater | Dr. K. Maya
. . 29.12.2018
- A case study from peninsular India
. Understanding the coastal processes
R h M 1l . . . . A’
33 ames adipally through  high resolution video | Dr. L. Sheela Nair CUSAT /
(Part time) o . . 29.12.2018
monitoring systems in India
. Sedimentary evolution and
Steeraj M. K. .. . e CUSAT /
34 (Part time) deposmongl hlstqry of Aléppey Dr. Reji Stinivas 20.12.2018
terrace Indian continental margin
. Coastal Flooding and related process . CUSAT /
35 | Swathy Krishna P $. along the south west coast of India Dr. L. Sheela Nair 29.12.2018
A petrological and geochronological
study of spinel-bearing metapelites Kerala /
36 | Arun]. John in tracing the metamorphic evolution | Dr. V. Nandakumar 29112019
of the khondalite belt in southern o
Kerala
Petrology, geochemistry and
. geochronology of granulites from Kerala /
37 | Degala Raju Anakapalli, Eastern Ghats Belt Dr. V. Nandakumar 20.05.2019
(EGB), India
Geoenvironmental studies of the Kerala /
38 | Uma Mohan land and water systems in Kallada | Dr. A. Krishnakumar 20.04.2019
basin, southern Western Ghats, India T
Air — sea interactions at the
39 | Sameer V. K. southwestern continental shelf of | Dr. L. Sheela Nait ggj 15 ZA ;;)1/9

India
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8. Library and Publications

8.1 NCESS Library

The library has a collection of around 19000 publications including books, reference books,
periodicals, conference proceedings, technical reports, maps, CD-ROM databases, video cassettes
etc. The NCESS Library has been using Koha, an integrated Library Management software
package with all the modules for the library housekeeping operations. Using Koha OPAC, users
can search the Library online catalogue by Author, Title, Subject and Keywords. This year NCESS
library has procured 44 books encompassing subject areas of Hydrology, Geology, Atmosphere,

Biogeochemistry and Geophysics. Eight international online journals were also additionally
subscribed. To promote Hindi language, we purchased seventeen Hindi books. Implemented
Dspace, digital library software and customization of the same has been done. Newspaper clipping
and CAS started in the library to up-to-date the members on the latest development of Earth Science
field and whenever NCESS is in news. New additions and arrivals are informed through e-mail.
Conducted Library Management committee for getting advice and suggestions for improving the
activities of the library. We conducted physical verification of books and weeding out of obsolete
items constituting separate committees.

8.2 Research Papers
8.2.1 In Journals

Aneesh, T. D., Reji Srinivas, Ajit T. Singh, Resmi, T. R., Archana M. Nair, Redkar, B. L. (2019).
Stable water isotope signatures of dual monsoon precipitation: A case study of Greater Cochin
region, south-west coast of India. Journal of Earth System Science, Vol. 128 (8), Art. 210. https://
doi.org/10.1007/512040-019-1234-2

Anoop Krishnan, K., Harsha Mahadevan, Aswathy, H. S., Suranya, K., Vinu V. Dev, Sibin
Antony (2019). Geochemical aspects of estuarine system in the Cochin Port Trust area: Appraisal
of adsorption properties of Pb(Il), Cd(Il), Zn(II) and Cu(ll) onto the sediment - clay fraction.
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Journal of Applied Geochemistry, Vol. 21 (4), pp. 398-403.

Anoop, T. R., Shanas, P. R., Aboobacker, V. M., Sanil Kumar, V., Sheela Nair, L., Prasad, R.,
Reji Srinivas (2019). On the generation and propagation of Makran swells in the Arabian Sea.
International Journal of Climatology, Vol. 40 (1), pp. 585-593. https://doi.org/10.1002/joc.6192

Anoop, T. R., Unnikrishnan, C. K., Ashok Karumuri, Ramachandran, K. K., Prakash, T. N.
(2019). South Asian subtropical low-level jet: influence on regional hydrology and aerosol optical
depth. Current Science, Vol. 117 (5), pp. 852-858. https://doi.org/10.18520/cs/v117/i5/852-858

Arulbalaji, P. (2019). Analysis of land use/land cover changes using geospatial techniques in
Salem district, Tamil Nadu, South India. SN Applied Sciences, Vol. 1(5), Art. 462. https://doi.
org/10.1007/s42452-019-0485-5

Arulbalaji, P., Padmalal, D. (2020). Sub-watershed prioritization based on drainage morphometric
analysis: A case study of Cauvery river basin in South India. Journal of Geological Society of India,
Vol. 95 (1), pp. 25-35. https://doi.org/10.1007/s12594-020-1383-6

Arulbalaji, P., Sreelash, K., Maya, K., Padmalal, D. (2019). Hydrological assessment of
groundwater potential zones of Cauvery River Basin, India: A geospatial approach. Environmental
Earth Sciences, Vol. 78, Art. 667. https://doi.org/10.1007/s12665-019-8673-6

Arun, T. J., Krishna R. Prasad, Aneesh, T. D., Limisha, A. T., Sreeraj M. K., Reji Srinivas
(2019). Studies on the textural characteristics of sediments from Periyar river basin, Kerala, southern
India. International Journal of Applied Environmental Sciences, Vol. 14 (5), pp. 495-526.

Arun, T. J., Limisha, A. T., Krishna R. Prasad, Aneesh, T. D., Sreeraj M. K., Reji Srinivas
(2019). Studies on the textural characteristics of sediments from Vaigai river basin, Tamil Nadu,

southern India. International Journal of Scientific and Technology Research, Vol. 8 (11), pp. 2671-
2683.

Ashok K. Srivastava, Neelam K. Kandwal, Krishnakumar, A., Anoop Krishnan, K. (2019). Clay
minerals from the Lameta Formation of Pandhari area, districts Amravati, Maharashtra and Betul,

Madhya Pradesh: Its paleoclimatological implications. Journal of Earth System Science, Vol. 129
(1), Art. 37. https://doi.org/10.1007 /s12040-019-1297-0

Ashutosh Mishra, Pandey, A. C., Ramachandran, K. K., Vincent A. Ferrer (2019). Landslide
hazard zonation using frequency ratio model and fuzzy logic: a case study of new Tehri region,
India. Indian Journal of Spatial Science, Vol. 10 (2), pp. 65-72.

Harsha Mahadevan, Anoop Krishnan, K., Renjith R. Pillai, Sandhya Sudhakaran (2020).
Assessment of urban river water quality and developing strategies for phosphate removal from

water and wastewaters: Integrated monitoring and mitigation studies. SN Applied Sciences, Vol. 2
(4), Art. 772. https://doi.org/10.1007 /s42452-020-2571-0

Harsha Mahadevan, Anoop Krishnan, K., Renjith R. Pillai, Sandhya Sudhakaran (2020).
Stirring-ageing technique to develop zirconium-pillared bentonite clay along with its surface
profiling using various spectroscopic techniques. Research on Chemical Intermediates, Vol. 46 (1),
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pp- 639-660. https://doi.org/10.1007 /s11164-019-03982-2

Kaliraj, S., Chandrasekar, N., Ramachandran, K. K. (2019). Coastal habitat vulnerability of
southern India: A multiple parametric approach of GIS based HVI (Habitat Vulnerability Index)
model. Geografia Fisica e Dinamica Quarternaria, Vol. 42 (1), pp. 27-42. https://doi.org/10.4461/
GFDQ.2019.42.3

Krishna R. Prasad, Limisha, A. T., Arun, T. J., Aneesh, T. D., Silpa, B. L., Sreeraj, M. K., Reji
Srinivas (2019). Accumulation trend of heavy metals in the surficial sediments of Muthalapozhi

near shore, south west coast of India. International Journal of Scientific and Engineering Research,
Vol. 10(6), pp. 1706-1718.

Nilanjana Sorcar, Kumar Batuk Joshi, Elson P. Oliveira, Tomson, J. K., Nandakumar, V.
(2020). Characterization of partial melting events in garnet-cordierite gneiss from the Kerala
Khondalite Belt, India. Geoscience Frontiers, Vol. 11 (2), pp. 597-611. https://doi.org/10.1016/j.
2s£.2019.05.013

Nithya Nair, C., Srinivas, Y., Magesh, N. S., Kaliraj, S. (2019). Assessment of groundwater
potential zones in Chittar basin, Southern India using GIS based AHP technique. Remote
Sensing Applications: Society and Environment, Vol. 15. Art. 100248. https://doi.org/10.1016/j.
rsase.2019.100248

Radhakrishna, T., Asanulla, R. M., Venkateshwarlu, M., Soumya, G. S., Prachiti, P. K. (2019).
Mechanism of rift flank uplift and escarpment formation evidenced by Western Ghats, India.
Scientific Reports, Vol. 9 (1), No. 10511. https://doi.org/10.1038/s41598-019-46564-3

Ronia Andrews, Kusala Rajendran, Purnachandra Rao, N. (2020). The 4 December 2015 Mw
7.1 normal-faulting Antarctic plate earthquake and its seismotectonic implications. Bulletin of
Seismological Society of America, Vol. 110 (3), pp. 1090-1100. https://doi.org/10.1785/0120190249

Saranya, P., Krishnakumar, A., Sudhir Kumar, Anoop Krishnan, K. (2019). Isotopic study on the
effect of reservoirs and drought on water cycle dynamics in the tropical Periyar basin draining the
slopes of Western Ghats. Journal of Hydrology, Vol. 581, Art. 124421 https://doi.org/10.1016/j.
jhydrol.2019.124421

Sibin Antony, Vinu V. Dev, Kaliraj, S., Ambili, M. S., Anoop Krishnan, K. (2020). Seasonal
variability of groundwater quality in coastal aquifers of Kavaratti Island, Lakshadweep Archipelago,
India. Groundwater for Sustainable Development, Vol. 11, Art. 100377. https://doi.org/10.1016/j.
2sd.2020.100377

Sreekanth, T. S., Hamza Varikoden, Mohan Kumar, G., Resmi, E. A. (2019). Microphysical
features of rain and rain events during different seasons over a tropical mountain location using an
Optical Disdrometer. Scientific Reports, Vol. 9 (1), No. 19083. https://doi.org/10.1038/s41598-
019-55583-2

Sreelash, K., Merin Mariam Mathew, Nisha, N., Arulbalaji, P., Bindu, A. G., Rajat Kumar
Sharma (2020). Changes in the hydrological characteristics of Cauvery river draining the eastern
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side of southern Western Ghats, India. International Journal of River Basin Management, Vol. 18
(2), pp- 153-166. https://doi.org/10.1080/15715124.2020.1719119

Sumesh, R. K., Resmi, E. A., Unnikrishnan, C. K., Dharmadas Jash, Sreekanth, T. S.,
Resmi Mol, M. C., Rajeevan, K., Nita, S., Ramachandran, K. K. (2019). Microphysical aspects
of tropical rainfall during bright band events at mid and high-altitude regions over southern
Western Ghats, India. Atmospheric Research, Vol. 227, pp. 178-197. https://doi.org/10.1016/j.
atmostes.2019.05.002

Ujjal K. Borah, Prasanta K. Patro (2019). Estimation of the depth of investigation in the
magnetotelluric method from the phase. Geophysics (Society of Exploration Geophysicists), Vol.
84 (6). https://doi.org/10.1190/ge02018-0124.1

Upasana S. Banerji, Arulbalaji, P., Padmalal, D. (2020). Holocene climate variability and
Indian summer monsoon: An overview. The Holocene, Vol. 30 (5), pp. 744-773. https://doi.
org/10.1177/0959683619895577

Upasana S. Banerji (2019). Comments on “Geomorphic evidences of tectonic instability during
the Late Quaternary Period along southern Saurashtra, western India” by Prizomwala (2018).
Arabian Journal of Geosciences, Vol. 12 (11), Art. 362. https://doi.org/10.1007/s12517-019-
4543-5

Vinu V. Dev, Gayathry Baburaj, Sibin Antony, Arun Vijayan, Anoop Krishnan, K. (2020).
Zwitterion-chitosan bed for the simultaneous immobilization of Zn(II), Cd(II), Pb(II) and Cu(1l)
from multi-metal aqueous systems. Journal of Cleaner Production, Vol. 255, Art. 120309. https://
doi.org/10.1016/j.jclepro.2020.120309

8.2.2 In Conference Proceedings

Anoop Kirishnan, K., Gayathri, S., Krishnakumar, A., Sibin Antony, Vinu V. Dev, Arun, V. (2019).
Hydro-geochemical assessment of Netravati river basin: Insights into pollution aspects. Proc. of
the National Symposium on Innovations in Geospatial Technology for Sustainable Development
with special emphasis on NER, organized by Indian Society of Geomatics & Indian Society of
Remote Sensing, held at North Eastern Hill University INEHU), Shillong during 20-22 November
2019, pp. 183-184.

Anoop, T. R, Sreejith, N., Sheela Nair, L., Prasad, R., Sameer V, K., Glejin, J. (2019). Wind and
wave characteristics of southwest coast of India. Proc. of the Sixth Biennial Conference on Indian
Ocean Processes and Resources - A Key to Blue Economy (OSICON-2019), held at Centre for
Marine Living Resources and Ecology (CMLRE), Kochi during 12-14 December 2019.

AnuS. Patil, Sreelash, K., Varija, K., Rajat Sharma (2019). Integrated surface - subsurface hydrological
modelling of a humid tropical river basin. Proc. of the 16™ Annual Meeting of Asia Oceanic
Geosciences Society (AOGS — 2019) in the Hydrological Sciences Session held at Singapore from
28" July to 2™ August 2019.

Arulbalaji, P., Maya, K., Padmalal, D. (2019). Analysis of coastal landform changes using remote
sensing and GIS: A case study of Kollam coast, SW India. Proc. of the Sixth Biennial Conference
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on Indian Ocean Processes and Resources - A Key to Blue Economy (OSICON-2019), held at
Centre for Marine Living Resources and Ecology (CMLRE), Kochi during 12-14 December 2019,
pp- 269-270.

Arun, R., Krishnakumar, A., Anoop Krishnan, K. (2019). Variation in the geochemical nature of
tropical sediments in the south Western Ghats: A study of Periyar river basin, India. Proc. of the
International Seminar on Recent Research and Developments in Material Science (RRDMS-2019),
held at Department of Chemistry, All Saints College, Thiruvananthapuram on 15" November
2019, pp. 10-14.

Arun, T. J., Krishna R. Prasad, Aneesh, T. D., Limisha, A. T., Sreeraj, M. K., Reji, Srinivas (2019). A
comparative study in grain size distribution of two rivers within contrasting climate zone, southern
India. Proc. of the Sixth Biennial Conference on Indian Ocean Processes and Resources - A Key
to Blue Economy (OSICON-2019), held at Centre for Marine Living Resources and Ecology
(CMLRE), Kochi during 12-14 December 2019.

Arun, V., Aiswarya Dinesh, V., Vinu V. Dey, Sibin Antony, Anoop Krishnan, K. (2019). Adsorption
of lead and cadmium ions by lithium pillared bentonite clay: Batch adsorption studies. Proc. of
the International Conference on Advances in Chemical and Material Science, held at Mangalore
University, Mangalore during 17-19 October 2019.

Arun, V., Sibin Antony, Vinu V. Dev, Anoop Krishnan, K. (2019). Environmental quality assessment
of Cochin backwaters around Willington Island, India. Proc. of the Sixth Biennial Conference on
Indian Ocean Processes and Resources - A Key to Blue Economy (OSICON-2019), held at Centre
for Marine Living Resources and Ecology (CMLRE), Kochi during 12-14 December 2019.

Aswathy, N. V., Bency John, Kripa K. Nair, Arun, V., Anoop Krishnan, K. (2019). Bioremediation
of Fe(Ill) from aqueous solution using mercaptobenzoxazole modified sodium montmorillonite.
Proc. of the Indian Analytical Science Congress (IASC-2019), held at Apollo Dimora,
Thiruvananthapuram during 19-21 September 2019.

Basil Wilson, Sibin Antony, Arun, V., Vinu V. Dev, Anoop Krishnan, K. (2019). Hydrochemical
characteristics of lagoon and offshore waters of Kavaratti Atoll, Lakshadweep Archipelago,
India. Proc. of the National Seminar on Green Approaches towards Chemical Synthesis, held at
Department of Chemistry, St. Gregorios College, Kottarakkara, Kerala, India during 7-8 November
2019, pp. 29.

Basil Wilson, Vinu V. Dev, Sibin Antony, Arun, V., Anoop Krishnan, K. (2019). Removal of
orange G from aqueous solution using ragi husk: Batch adsorption studies. Proc. of the 6™
National Conference on Recent trends in Materials Science and Technology, held at IIST - ISRO,
Thiruvananthapuram during 18-20 December 2019, pp. 82-83.

Gayathri, S., Arun, V., Vinu V. Dey, Sibin Antony, Krishnakumar, A., Anoop Krishnan, K. (2020).
Seasonal and spatial variations in groundwater quality of Netravati river basin: Environmental
impact and assessment of irrigation suitability. Proc. of the Indian National Groundwater
Conference INGWC-2020), held at CWRDM, Kozhikode during 18-20 February 2020.

Gayathri, S., Helen P. Pious, Sandhya, S., Arun, V., Krishnakumar, A., Anoop Krishnan, K. (2020).

126 MOoES NCESS Annual Report 2019-20



Hydrogeochemistry of Netravati river along with phosphate adsorption studies using the river bed
clay: Monitoring and mitigation approach. Proc. of the Annual National Conference on Sustainable
Ecosystems, Aquaculture, Fisheries and Fisherfolk (ANCOSEAFF-2019), held at Department of
Aquatic Biology and Fisheries, University of Kerala, Thiruvananthapuram during 9-10 January
2020, pp. 170.

Gayathri, S., Lekshmi, M. G., Aswathy, H. S., Arun, V., Vinu V. Dey, Sibin Antony, Anoop Krishnan,
K. (2019). Assessment of heavy metal pollution in Cochin backwaters along with adsorptive
removal of Zn(Il), Cd(II), Pb(II) and Cu(Il) using sediment-clay fraction. Proc. of the International
Conference on Frontiers in Marine Science Challenges and Prospects (MARICON 2019), held at
School of Marine Sciences, CUSAT, Kerala during 16-20 December 2019.

Glejin, J., Sheela Nair, L., Ramasamy, V., Jossia, J. K. (2019). Variability of infra gravity waves in
the northern Indian ocean. Proc. of the Sixth Biennial Conference on Indian Ocean Processes and
Resources - A Key to Blue Economy (OSICON-2019), held at Centre for Marine Living Resources
and Ecology (CMLRE), Kochi during 12-14 December 2019.

Jeenu Jose, Krishnakumar, A. (2019). A study on the health dependent environmental parameters
of Ashtamudi tropical wetland ecosystem, a Ramsar site in India. Proc. of the International
Conference on Frontiers in Marine Science Challenges and Prospects (MARICON 2019), held at
School of Marine Sciences, CUSAT, Kerala during 16-20 December 2019, pp. 300.

Jeenu Jose, Krishnakumar, A. (2020). Drinking potential of groundwater resources of Periyar
basin, southern Western Ghats, Kerala during pre and post flood times of 2018: A comparative
assessment. Proc. of the Indian National Groundwater Conference (INGWC-2020), held at
CWRDM, Kozhikode during 18-20 February 2020, pp. 87.

Kripa K. Nair, Bency John, Aswathy, N. V., Vinu V. Dev, Anoop Krishnan, K. (2019). Thiol-
functionalized organo-clay mineral preparation, characterisation and Fe(III) ion adsorption from
aqueous solution. Proc. of the Indian Analytical Science Congress (IASC-2019), held at Apollo
Dimora, Thiruvananthapuram during 19-21 September 2019.

Krishnakumar, A., Anoop Krishnan, K., Aditya, S. K. (2019). Impact of climate change on land
resources: Assessment of soil geochemical variation in Periyar basin, southern Western Ghats,
India on the event of August 2018 flooding, Proc. of the National Symposium on Innovations in
Geospatial Technology for Sustainable Development with special emphasis on NER, organized
by Indian Society of Geomatics & Indian Society of Remote Sensing, held at North Eastern Hill
University (NEHU), Shillong during 20-22 November 2019, pp. 180-182.

Krishnakumar, A., Revathy Das (2019). Grain size variations and organic matter distribution in the
surficial sediments of Ashtamudi estuary, Kerala, India: A study in Anthropocene perspectives.
Proc. of the International Conference on Frontiers in Marine Science Challenges and Prospects
(MARICON 2019), held at School of Marine Sciences, CUSAT, Kerala during 16-20 December
2019, pp. 294.

Maya, K. (2019). Hydro-geochemistry of the spring water sources in the southwestern coast of
India. Proc. of the 16™ Annual Meeting of Asia Oceanic Geosciences Society (AOGS —2019) held
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at Singapore from 28" July to 2™ August 2019.

Merin Mariam Mathew, Micky Mathew, Sreelash, K. (2019). Detection of acceleration in hydrological
cycle: Evidences from the river basins draining southern Western Ghats, India. Proc. of the Water
Future Conference, held at IISc Bangalore during 24-27 September 2019.

Merin Mariam Mathew, Sreelash, K., Micky Mathew (2019). Acceleration of hydrological cycle:
Evidences from the river basins draining the southern Western Ghats, India. Proc. of the 16
Annual Meeting of Asia Oceanic Geosciences Society (AOGS —2019) in the Hydrological Sciences
Session held at Singapore from 28" July to 2™ August 2019.

Padmalal, D. (2019). Holocene evolution of Kuttanad Kole (Ramsar) wetlands in SW India. Proc.
of the 20™ INQUA conference held at Dublin, Ireland during 25-31 July 2019.

Padmalal, D. (2019). Water resources of Kerala — Environmental issues and management strategies.
Souvenir of the Seminar organised by the Institution of Engineers (India) — Kerala State Centre at
Thiruvananthapuram during 19-20 September 2019, pp. 90-91.

Padmalal, D., Maya, K. (2020). Impact of human interferences in the river catchments of southern
Western Ghats - Lurking environmental issues and management strategies. Proc. of the International
Conference on Rivers for Future (RFF-2020), organized by Department of Aquatic Biology and
Fisheries, University of Kerala, Thiruvananthapuram during 5-7 February 2020, pp. 17.

Praseetha, B. S., Prakash. T. N., Bhushan, R. (2019). Anthropogenic influence on sedimentation
during the past 30 years: Insights from rock magnetic properties of Beypore estuary sediments,
Kerala, India. Proc. of the 29" Goldschmidt Conference held at Barcelona, Spain, during 18-23
August 2019.

Princy, J. R., Ramesh Madipally, Jyothi Joseph, Sheela Nair, L., Prakash, T. N. (2019). Satellite
(Sentinel 2) based analysis of coastal erosion due to cyclone Ockhi along Thiruvananthapuram
coast of southwest coast of India. Proc. of AACORE IP - 2019 held at National Centre for Coastal
Research (NCCR), Chennai during 17-19 December 2019.

Rafeeque, M. K., Akhil, T., Mintu E. George, Suresh Babu, D. S. (2019). Shoreline change from
Holocene to present and trend analysis. Proc. Of the 31* IGI Conference and National Seminar on
Applications of Geospatial Technology in Geomorphology and Environment organized by Indian
Institute of Geomorphology held at University of North Bengal during 12-14 November 2019.

Ramachandran, K. K., Vincent A. Ferrer (2019). Understanding slope failures in Western Ghats:
perceptions and investigations using advanced geospatial techniques. Proc. of the International
Conference on Frontiers in Marine Science Challenges and Prospects (MARICON 2019), held at
School of Marine Sciences, CUSAT, Kerala during 16-20 December 2019.

Ramesh Madipally, Sheela Nair, L., Prakash, T. N. (2019). High-resolution observations of short
term coastal morpho dynamics using Video Beach Monitoring System at Kozhikode beach, India.
Proc. of the Sixth Biennial Conference on Indian Ocean Processes and Resources - A Key to Blue
Economy (OSICON-2019), held at Centre for Marine Living Resources and Ecology (CMLRE),
Kochi during 12-14 December 2019.
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Ratheesh Kumar, M., Anoop Krishnan, K. (2019). Chemistry of seasonal bioluminescent glows
of Noctiluca sp. in Mangalore coast, Karnataka, India. Proc. of the International Seminar on
Recent Research and Developments in Material Science (RRDMS-2019), held at Department of
Chemistry, All Saints College, Thiruvananthapuram on 15" November 2019.

Ratheesh Kumar, M., Anoop Krishnan, K. (2019). Seasonal shift of phytoplankton community
in a two-tier hydrographic system, Netravati - Gurupura estuary, Karnataka, India. Proc. of the
International Conference on Frontiers in Marine Science Challenges and Prospects (MARICON
2019), held at School of Marine Sciences, CUSAT, Kerala during 16-20 December 2019.

Ratheesh Kumar, M., Anoop Krishnan, K. (2019). Species diversity and distribution patterns of
phytoplankton along Netravati - Gurupura estuary. Proc. of the Sixth Biennial Conference on
Indian Ocean Processes and Resources - A Key to Blue Economy (OSICON-2019), held at Centre
for Marine Living Resources and Ecology (CMLRE), Kochi during 12-14 December 2019.

Resmi, R., Krishnakumar, A. (2020). Spatial assessment of groundwater potential in Chalakudy
river basin, southern Western Ghats, India. Proc. of the Indian National Groundwater Conference
(INGWC-2020), held at CWRDM, Kozhikode during 18-20 February 2020, pp. 316.

Resmi, R., Krishnakumar, A., Uma Mohan (2019). Groundwater quality assessment using water
quality index in Chalakudy river basin, southern Western Ghats, India. Proc. of the International
Seminar on Recent Research and Developments in Material Science (RRDMS-2019), held at
Department of Chemistry, All Saints College, Thiruvananthapuram on 15" November 2019, pp.
47-53.

Revathy Das, Krishnakumar, A. (2019). Heavy metal contamination in the surface water samples
of a tropical freshwater lake in southern Kerala, India. Proc. of the International Seminar on
Recent Research and Developments in Material Science (RRDMS-2019), held at Department of
Chemistry, All Saints College, Thiruvananthapuram on 15" November 2019, pp. 14-18.

Revathi Das, Krishnakumar, A., Anoop Krishnan, K. (2020). Implications of methane emissions
in biogeochemical budgeting: A study from a eutrophic tropical lake of South India. Proc. of the
EGU General Assembly 2020, Austria.

Sameer, V. K., Anoop, T. R., Sheela Nair, L., Glejin, ., Swathy, K. (2019). Influence of regional wind
systems on the Arabian Sea. Proc. of the Sixth Biennial Conference on Indian Ocean Processes and
Resources - A Key to Blue Economy (OSICON-2019), held at Centre for Marine Living Resources
and Ecology (CMLRE), Kochi during 12-14 December 2019.

Sandhya Sudhakaran, Elezabeth V. Abraham, Amrutha, P. R., Anoop Krishnan, K. (2020).
Revamping of iron by chitosan-montmorillonite nanocomposite for phosphate adsorption. Proc.
of the Indian National Groundwater Conference (INGWC-2020), held at CWRDM, Kozhikode,
during 18-20 February 2020.

Saranya, P, Krishnakumar, A., Sudhir Kumar, Anoop Krishnan, K. (2020). Effect of drought and
reservoirs on water circulation mechanism in Periyar basin, southern Western Ghats: A stable
isotope approach. Proc. of the AGU Fall Meeting 2019, held at San Francisco, USA during 9-13
December 2019.
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Shiekha E. John, Maya, K., Padmalal, D., (2020). Hydrological implications of mining and quarrying
for minor minerals -A case from southern Western Ghats. Proc. of the National Conference on
Strategy for Water Sustainability for Human and Developmental Needs, organized by Green
Institute for Research and Development (GIRD), New Delhi and Department of Environmental
Engineering, Delhi Technological University, New Delhi on 19" February 2020, pp. 47.

Sibin Antony, Vinu V. Deyv, Unnikrishnan, K., Anoop Krishnan, K. (2020). Groundwater quality
in coastal aquifers in Kavaratti Island of Lakshadweep Archipelago, India. Proc. of the National
Seminar on New Frontiers in Material and Environmental Sciences (NFMES-2020), held at Sacred
Heart College, Thevara, Ernakulam during 28-29 January 2020, pp. 134.

Silpa Mathew;, Sreelesh, R., Liji, T. M., Maya, K. (2019). Tracing source contributions of major ions
in river waters - an example from southern Kerala. Proc. of the Indian Analytical Science Congtress
(IASC-2019), held at Apollo Dimora, Thiruvananthapuram during 19-21 September 2019, pp. 48-
49.

Sreebha Sreedharan, Padmalal, D. (2020). River sand mining - Call for an ethical approach. Proc.
of the International Conference on Rivers for Future (RFF-2020), organized by Department of
Aquatic Biology and Fisheries, University of Kerala, Thiruvananthapuram during 5-7 February
2020, pp. 122.

Sreelash, K., Merin Mathew, Padmalal, D. (2020). Changes in the characteristics of surface-
subsurface water interactions in humid and semi-arid tropics. Proc. of the Indian National
Groundwater Conference (INGWC-2020), held at CWRDM, Kozhikode, during 18-20 February
2020, pp.163-1064.

Sreenivasulu, G, Jayaraju, N., Praseetha, B. S., Tiju I. Varghese, Prakash, T. N., Sheela Nair, L. (2019).
Benthic foraminifera as a bio proxy for heavy metal pollution in the Tupilipalem coast, Andhra
Pradesh, southeast coast of India. Proc. of the XXVII Indian Colloquium on Micropaleontology
and Stratigraphy (ICMS - 2019) held at Banaras Hindu University (BHU), Varanasi during 4-6
November 2019.

Sreenivasulu, G., Praseetha, B. S., Tiju I. Varghese, Prakash, T. N., Sheela Nair, L. (2019). Benthic
foraminifera as biological indicators for marine pollution monitoring: A study on the Beypore
estuary, southwest coast of India. Proc. of the Sixth Biennial Conference on Indian Ocean
Processes and Resources - A Key to Blue Economy (OSICON-2019), held at Centre for Marine
Living Resources and Ecology (CMLRE), Kochi during 12-14 December 2019.

Swathy Krishna, P. S., Sheela Nair, L. (2019). Determination of inverse wave age along the SW coast
of India by southern Indian Ocean cyclone induced swell waves. Proc. of AACORE IP — 2019,
held at National Centre for Coastal Research (NCCR), Chennai during 17-19 December 2019.

Swathy Krishna, P. S., Sheela Nair, L. (2019). Numerical simulation of 2004 Lakshadweep cyclone
using MIKE 21. Proc. of the Sixth Biennial Conference on Indian Ocean Processes and Resources
- A Key to Blue Economy (OSICON-2019), held at Centre for Marine Living Resources and
Ecology (CMLRE), Kochi during 12-14 December 2019.

Uma Mohan, Krishnakumar, A. (2019). Surface water chemistry and its irrigation suitability: A
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study of Kallada and Pallikkal rivers, southern Western Ghats. Proc. of the International Seminar
on Recent Research and Developments in Material Science (RRDMS-2019), held at Department of
Chemistry, All Saints College, Thiruvananthapuram on 15" November 2019, pp. 18-25.

Uma Mohan, Krishnakumar, A. (2020). Characterization and quality assessment of groundwater
resources of Kallada and Pallikkal river basins, southern Western Ghats, India. Proc. of the Indian
National Groundwater Conference (INGWC-2020), held at CWRDM, Kozhikode during 18-20
February 2020, pp. 319.

Upasana S. Banerji, Ravi Bhushan, Padmalal, D. (2019). Hydro-climate variability during the last two
millennia and its impacts of forcing factors: A study from western India. Proc. of the Sixth Biennial
Conference on Indian Ocean Processes and Resources - A Key to Blue Economy (OSICON-2019),
held at Centre for Marine Living Resources and Ecology (CMLRE), Kochi during 12-14 December
2019.

Upasana S. Banerji., Ravi Bhushan, Pandey, S. (2019). Evidence of land-sea interaction during
mid-late Holocene from sedimentary records, western India. Proc. of the Young Earth Scientist
Network German Chapter 2019.

Upendra, B., Vinu V. Dev, Anoop Kirishnan, K. (2020). Mechanisms controlling the chemical
weathering flux and CO, consumption rate of Cauvery river, South India: Role of secondary soil
minerals (in weathered profiles) versus primary minerals and anthropogenic sources. Proc. of the
EGU General Assembly 2020, Austria.

Upendra, B., Vinu V. Dev, Arun, V., Anoop Krishnan, K. (2019). Analysis of volatile anthropogenic
trace compounds (ATCs) in natural waters using LC-MS/MS: A case study of acephate and
fenvalerate. Proc. of the Indian Analytical Science Congress (IASC-2019), held at Apollo Dimora,
Thiruvananthapuram during 19-21 September 2019.

Vinu V. Dev, Anoop Krishnan, K. (2020). Glycidyl methacrylic acid grafted chitosan for the removal
of metal ions from aqueous systems. Proc. of the International Workshop — cum -Conference on
Smart Materials and their Applications in Recent Technologies (SMART 2020), held at Department
of Chemistry, Periyar University, Tamil Nadu in association with Royal Society of Chemistry during
4-5 March 2020.

8.3 Patent Awarded

A patent was granted for an invention entitled ‘Method of detecting API gravity of oil present
in hydrocarbon bearing fluid inclusions’ to Dr. V. Nandakumar and Dr. ]. L. Jayanthi. Intellectual
Property India, Patent No. 315456 dated 03/07/2019. Official Journal of the Patent Office, Issue
No. 27/2019, Part - 111, pp. 28965.
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9. Distinguished Visitors

9.1 Visit of Parliamentary Standing Committee

The Parliamentary Standing Committee on Science and Technology, Environment, Forests and
Climate Change, comprising of 13 Members of Parliament, chaired by Shri. Jairam Ramesh
(Member of Rajya Sabha) visited Thiruvananthapuram and reviewed the research activities of
National Centre for Earth Science Studies on 26" December 2019. The committee had detailed
discussions with the Director and senior scientists of NCESS. Dr. N. Purnachandra Rao, Director,
NCESS made a presentation on NCESS activities, achievements and scientific programmes. Dr. B.
K. Bansal, Programme Head - NCESS, MoES; Senior Scientists of NCESS and Senior Manager
attended the meeting,

9.2 Visit of Researchers from Abroad

Prof. Rui Taborda, Associate Professor, Department of Geology, University of Lisbon, Portugal
delivered lectures in the 4-day training programme on ‘Application of video-based beach monitoring
system’ organized by Coastal Processes Group held at National Centre for Earth Science Studies
during 26-30 April 2019. He also delivered a talk on “The future of beaches: Insights from the
study of coastal processes” in the Earth Science Forum on 30™ April 2019.

Mrt. Mark Britton, Global Sales Executive, DHI-Australia visited National Centre for Earth
Science Studies and gave a presentation on “The capabilities and new features of MIKE software
for hydrological and coastal applications, with main focus on flood modeling with MIKE-FLOOD”
on 13" May 2019.

Dr. Ulrich Kesten, International Product Manager, SYMPATEC, Germany visited National
Centre for Earth Science Studies and delivered a presentation on “Particle Size Analyser. New
Technology and Application” on 17" September 2019.

Dr. Cecile Gomez, Laboratory for the Study of Interactions between Soil — Agrosystem -
Hydrosystem (LISAH), France delivered a talk on “Soil characterization by vis-NIR-SWIR
spectroscopy”” at National Centre for Earth Science Studies as part of Farth Science Forum on
25™ February 2020.

Dr. Laurent Ruiz, Research Engineer, National Research Institute for Agriculture, Food and
Environment (INRAE), France delivered a talk on “Critical zone science for water resources
management” at National Centre for Earth Science Studies as part of Earth Science Forum on 25"
February 2020.

Dr. Cynthia Bluteau, Researcher, UQAR Canada, on behalf of Rockland Scientific — Canada,
delivered a talk on “Using turbulence observations to assess nutrient transport pathways in a large
estuary” as a part of the ongoing workshop / training programme on ‘Vertical micro-structure
profiler’ organised by Coastal Processes Group, NCESS during 9-13 March 2020.
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10. Conference, Seminar & Workshop

10.1 Training Programme on Beach Monitoring

A four-day training programme on “Application of video-image based beach monitoring system”
was organized by Coastal Processes at NCESS during 26-30 April 2019. The classes were taken by
Prof. Rui Taborda (Associate Professor, Department of Geology, University of Lisbon, Portugal)
followed by interactive sessions.

10.2 Mission SGD: National Network Project — Regional Workshops for
Project Participants

In May, 2019 two regional workshops were organized as part of the national network project
“Unravelling Submarine Groundwater Discharge (SGD) zones along the Indian subcontinent and
its islands (Mission-SGD)” for the project participants. The first workshop was jointly organized by
National Institute of Oceanography, Goa and National Centre for Earth Science Studies on 16™
May 2019 at Goa. The second workshop was jointly organized by Department of Geology, Anna
University, Chennai and National Centre for Earth Science Studies on 27" May 2019 at Chennai.

10.3 Satellite Seminar on Western Ghats and Dam Management

National Centre for Earth Science Studies along with Swadeshi Science Movement, Kerala (A unit
of Vijnanabharati, New Delhi) organized a one-day Satellite Seminar on “Western Ghats and Dam
Management” on 21* November 2019 as a part of “Swasraya Bharat 2019 - The Kerala Science Fest”.
The invited talks were given by Dr. N. H. Ravindranath (Professor, IISc Bangalore) on “Climate
change and environment”; Dr. Vikram Gupta (Scientist, WIHG Dehradun) on “Landslides - The
Indian scenario”; Dr. N. Purnachandra Rao (Director, NCESS) on “Reservoir induced seismicity”;
and Dr. T. G. Antony Balan (Chief Engineer (Retired), CWC) on “Dam management”. The invited
talks were followed by a panel discussion on “Western Ghats and Dam Management” with Dr. C.P.
Rajendran (Professor, INCASR, Bangalore) as the moderator. In order to encourage and motivate
the student community, a poster presentation contest for college students was also organized as
part of the programme.

10.4 Workshop and hands-on training programme on instrumentation

Coastal Processes Group, NCESS organized a workshop and hands-on training programme on
“Vertical micro-structure profiler’ during 9-13 March 2020. The training programme was conducted
by Rockland Scientific, Canada. Another workshop and hands-on training programme on ‘Laser -
sitn Scattering and Transmissometry (LISST)” was also organized during this period. During 10-12
February 2020, a training programme on MIKE3 and LITPACK (Littoral Processes and Coastline
Kinetics) numerical modelling was conducted by Danish Hydraulic Institute (DHI) at NCESS.

10.5 Hindi Workshop at National Centre for Earth Science Studies

In a mission to promote Hindi language and to encourage its use in official works, a Hindi Workshop
was organized on 26™ June 2019 at NCESS. The classes and the practical session were handled by
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Conference, Semi

Dr. N. Purnachandra Rao, Director & Chairman of DOLIC, National Centre for Earth Science

Studies.

A quarterly Hindi workshop was organized on 17" December 2019 at NCESS. Dr. P. R. Harindra
Sharma, Hindi Officer, Doordarshan Kendra, Thiruvananthapuram delivered a lecture on
“Mandatory use of Hindi in official work in central government offices”.

10.6 Invited Lectures / Chairing of
Technical Sessions

Dr. N. Purnachandra Rao

Delivered the ‘Sarabhai Memorial ILecture
2019’ on the occasion of ‘Birth Centenary
Celebration of Vikram Sarabhai’ organized
by the Space Engineers Association (SEA) at
Kerala State Science and Technology Museum,
Thiruvananthapuram on 19" August 2019.

Inaugurated and delivered a talk in the ‘6™ Asia
— Pacific Coastal Aquifer Management Meeting
(APCAMM)’ organized by Anna University,
Chennai, Tamil Nadu during 11-14 December
2019.

Inaugurated and delivered a talk on the occasion
of ‘National Science Day and the Silver Jubilee
Celebrations’ of Department of Environmental
Sciences, University of Kerala on 28" February
2020.

Dr. D. Padmalal

Delivered an invited talk on “Water resources of
Kerala — Environmental issues and management
strategies” in the
Institution of Engineers (India) — Kerala State
Centre, Thiruvananthapuram on 20" September
2019.

seminar organized by

Delivered an invited talk on “Impact of human
interferences in river catchments of southern
Western Ghats — Linking environmental issues
and management strategies” in the International
Conference on ‘Rivers for Future’ organized by
University of Kerala on 6™ February 2020.

Delivered an invited talk on “Wetlands of
Kerala” on the occasion of ‘National Science
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Day and the Silver Jubilee Celebrations’ of
Department of Environmental Sciences,
University of Kerala on 28" February 2020.

Chaired a session in the ‘Ocean Society of India
Biennial Conference (OSICON 2019)” held at
CMLRE, Kochi during 12-14 December 2019.

Dr. V. Nandakumar

Delivered a talk in the ‘International Conference
on Landslides Risk Reduction and Resilience’
organized by National Institute of Disaster
Management at The Ashok Hotel, New Delhi
on 28" November 2019.

Dr. K. K. Ramachandran

Delivered a talk in the ‘Aquabe Conference’ in
November 2019.

Chaired a session ‘Ocean Geosciences’ of the
‘Ocean Society of India Biennial Conference
(OSICON 2019)” held at CMLRE, Kochi during
12-14 December 2019.

Chaired a session and delivered a talk in the
‘International Conference on Frontiers in
Marine Science — Challenges and Prospects
(MARICON 2019)” held at CUSAT, Kochi on
19" December 2019.

Dr. D. S. Suresh Babu

Delivered a talk on “Rainwater harvesting” in an
interactive programme titled ‘Samoohyapattom’
(in Malayalam language) telecasted in DD
Malayalam television channel on 5™ August
2019.

Drt. L. Sheela Nair

Delivered an invited lecture on “Coastal Erosion:
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Problems and Protection Measures in Kerala” as
part of the training program for technical staff
of the Irrigation Department, Government of
Kerala held at IMG, Thiruvananthapuram on
30™ May 2019.

Delivered an invited talk on “Coastal Erosion” in
the Workshop on ‘Coastal Erosion - Alternative
Measures’ held at School of Marine Sciences,

Cochin University of Science and Technology
on 20™ September 2019.

Delivered an invited talk on “Data Requirement,
Availability and Data Gaps for Coastal Design”
at the Sixth Biennial Conference of the Ocean
Society of India (OSICON-19) held at Centre
for Marine Resources and Ecology (CMLRE),
Kochi during 12-14 December 2019.

Delivered an invited talk on “Coastal Erosion
and Protective Measures” at the Jawaharlal
College of Engineering and Technology.
Lakkidi, Palakkad as part of the Faculty
Development Program on ‘Coastal protective
measures and its importance in Kerala’ during
06-10 January 2020.

Dr. K. Anoop Krishnan

Delivered a talk on “Significance of water - air
pollution in river basin concept” in connection
with the World Environment Day Celebration
- 2019 at Department of Chemistry, Mahatma
Gandhi College, Thiruvananthapuram on 28"
June 2019.

Delivered a talk on “Chemistry of Ozone”
in connection with the ‘World Ozone
Day Celebrations - 2019 at School of
Earth System Sciences, Department of
Environmental Sciences, University of Kerala,
Thiruvananthapuram on 19" September 2019.

Delivered a talk on “Techniques and applications
of CHNS analyser” in the 2-day workshop
on ‘CHNS Analyser and Simultaneous

Thermal Analyser (TGA-DTA-DSC)’ held
at Central Laboratory for Instrumentation
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and Facilitation (CLIF), University of Kerala,
Thiruvananthapuram on 17" December 2019.

Delivered a talk on “Biological Implications of
Ocean Acidification” in the ‘Annual National
Conference on  Sustainable
Aquaculture,  Fisheries and  Fisherfolk
(ANCOSEAFF-2019)" at Department of
Aquatic Biology and Fisheries, University of
Kerala, Thiruvananthapuram on 9" January
2020.

Ecosystems,

Delivered a motivational talk on “Importance
of Education” in the ‘Sasthrarangam’ (in
Malayalam language) Educational Programme
of Department of Education, Govt. of
Kerala, Upper Primary School, Kariavattom,
Thiruvananthapuram on 14" January 2020.

Delivered an invited talk on “Ocean
Acidification: A threat to Marine Ecosystems”
in the ‘National Seminar on Climate change,
Biodiversity
development: Challenges and prospects in
21° century’ held at Postgraduate Department
of Zoology & Research Centre, MG College,
Thiruvananthapuram on 25" January 2020.

conservation and Sustainable

Delivered a talk on “Initiatives of NCESS in view
of flood events in Kerala (2018 and 2019)” in
the panel discussion on ‘Social, Environmental
and Technical Aspects of Rebuilding Kerala in
the light of Disaster Management organized
as part of ‘MEDHA-2020" held at Cochin
University of Science and Technology on 4"
February 2020.

Dr. A. Krishnakumar

Delivered a talk in the ‘National Seminar on
Climate change, Biodiversity
and Sustainable development: Challenges and

conservation

prospects in 21% century’ held at Postgraduate
Department of Zoology & Research Centre,
MG College, Thiruvananthapuram on 25"
January 2020.

Delivered a talk in ‘MEDHA-2020’, a knowledge
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Conference, Se

dissemination national programme organized
by CUSAT Union during 4-6 February 2020.

Dr. E. A. Resmi

Delivered an invited talk on “Atmospheric
Science: Observational Aspects in ‘Padartha
2020’ Annual Seminar Series organized by
Department of Physics, St. Xavier’s College,
Thumba, Thiruvananthapuram in connection

with National Science Day celebrations on 27*
February 2020.

Dr. Upasana Banerji

Chaired the Session No. 1.6 ‘Quaternary climate:
sedimentation and landform evolution’ of the
5% International YES Congress 2019 during
9-13 September 2019 held at Berlin, Germany.

10.7 Papers presented in Conference / Seminar / Symposium

Name

Conference/Seminar/
Symposium

Title of the paper / poster

Nilanjana Sorcar

National Workshop for Evaluation of
Research Projects for Planning The 39t
Indian Scientific Expedition to Antarctica
at NCPOR, Goa during 13-17 May 2019.

Constraining geodynamic evolution of
Princess Elizabeth Land (PEL), East
Antarctica and Eastern Ghats Belt,
India using geological and geophysical
approaches.

Shruti Anna Samuel

34 National Geo-research Scholars Meet

at Wadia Institute of Himalayan Geology,
Dehradun during 04-10 June 2019.

Satellite rainfall thresholds for initiation
of landslide in Wayanad, Kerala: A
conceptual framework.

Arka Roy

27" TUGG General Assembly at
Montreal, Canada during 13-17 July 2019.

Seasonal, latitudinal and longitudinal
variability of Sq and equatorial currents
along American and Vietnam sectofs.

Padmalal D.

20® INQUA Congtess at Dublin, Ireland
during 25-31 July 2019.

Holocene evolution of Kuttanad Kole
(Ramsar) wetland in SW India- A
multiproxy approach.

Maya K.

16™ Annual Meeting of Asia Oceania
Geosciences Society (AOGS - 2019) at
Singapore from 28® July to 02*¢ August
2019.

Hydro-geochemistry of the spring water
sources in the southwestern coast of
India.

Sreelash K.

16™ Annual Meeting of Asia Oceania
Geosciences Society (AOGS - 2019) at
Singapore from 28® July to 02*¢ August
2019.

Integrated  surface —  subsurface
hydrological ~modelling of humid
tropical river basin.

Unnikrishnan C. K.

16™ Annual Meeting of Asia Oceania
Geosciences Society (AOGS - 2019) at
Singapore from 28" July to 02*¢ August
2019.

Observational aspects of a tropical
extreme rainfall event.
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Praseetha B. S.

29" Goldschmidt 2019 Conference at
Barcelona, Spain during 18-23 August
2019.

Anthropogenic influence on
sedimentation during the last 30 years:
Insights from rock magnetic properties
of Beypore estuary sediments, Kerala,
India.

Aditya S. K.

Water Future Conference — 2019 at
Bengaluru during 24-27 September 2019.

Tropical freshwater lakes of Kerala state,
India: Hydrogeochemistry and drinking
water potential in  Anthropocene
perspectives.

Sreelash K.

FIGA conference at NGRI, Hyderabad
during 15-16 October 2019.

Kerala Flood - 2018: Hydro-
climatological changes and modelling.

Krishnakumar A.

National Symposium on Innovations in
Geospatial Technology for Sustainable
Development at NEH  University,
Meghalaya during 20-22 November 2019.

Impact of climate change on land
resources:  Assessment  of soil
geochemical variation in Periyar basin,
southern Western Ghats, India on the
event of August 2018 flooding.

Alka Gond

International Conference on ILandslides
Risk Reduction and Resilience at New
Delhi on 28" November 2019.

Landslide analysis through geological
and geotechnical approaches: Idukki
district, Kerala, India.

Saranya P.

American Geophysical Union (AGU) Fall
meeting at San Francisco, USA during 09-
13 December 2019.

Effect of drought on reservoirs on
water circulation mechanism in Periyar
basin, southern Western Ghats: A stable
isotope approach.

Suresh Babu D. S.

American Geophysical Union (AGU) Fall
meeting at San Francisco, USA during 09-
13 December 2019.

Neotectonism and Submarine
Groundwater Discharge in SW India.

6™ Asia Pacific Coastal Aquifer
Management Meeting (APCAMM 2019)

Identification of submarine groundwater

during 12-14 December 2019.

Rajaveni . P at Anna University, Chennai during 11-14 il Schf ;ge dal(;ng the tSOuthC?.St coisht Zf
December 2019, amil Nadu by remote sensing method.
OSICON Conference at CMLRE, Kochi | Wind and wave characteristics of
Anoop T. R.

southwest coast of India.

Upasana S. Banerji

OSICON Conference at CMLRE, Kochi
during 12-14 December 2019.

Hydro-climate variability during the last
two millennia and its impacts of forcing
factors: A study from western India.

Ramachandran K. K.

International Conference on Frontiers
in Marine Science — Challenges and
Prospects (MARICON 2019) at CUSAT,
Cochin, during 16-20 December 2019.

Understanding slope failures in Western
Ghats: Perceptions and investigations
using advanced geospatial techniques.

Nilanjana Sorcar

International Conference on Antarctic
Research  (ICAR-2020) at  Bharati,
Antarctica on 17% January 2020.

Constraining  geodynamic  evolution
of Princess Elizabeth ILand (PEL),
East Antarctica using geological and
geophysical approaches.

Merin Mariam Mathew

Indian National Groundwater Conference
(INGWC-2020) at CWRDM, Kozhikode
during 18-20 February 2020.

Changes in the characteristics of
surface-subsurface water interactions in
humid and semi-arid tropics.
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11. Extension Activities

11.1 Curtain Raiser Programme of India International Science Festival 2019

National Centre for Earth Science Studies (NCESS) organized a “Curtain Raiser Programme”
on 25" October 2019 in connection with India International Science Festival (IISF-2019), held
at Kolkata during 05-08 November 2019. Ministry of Science and Technology and Ministry
of Earth Sciences in association with Vijnana Bharati, has created a unique platform of India
International Science Festival intended to inspire curiosity and make learning more rewarding,
Accordingly, NCESS arranged lab visits for the school / college students to motivate them and to
have a glimpse of the research and technology development being undertaken in the area of earth
sciences. Students from different schools and colleges in Thiruvananthapuram actively participated
in this program. As a part of this, NCESS also organized a special invited talk on “Integrated River
Basin Management” by Prof. K.P. Sudheer, Principal Secretary S&T Department and Executive
Vice President KSCSTE.

11.2 International Day of Yoga 2019

National Centre for Earth Science Studies organized a Yoga training session on 21* June 2019 for
all employees as part of the celebration of International Day of Yoga 2019. The Yoga training
session was carried out by Ms. Kavitha, Senior Faculty, The Art of Living, Thiruvananthapuram
and introduced the basic concepts and practices of yoga to the participants.

11.3 Swachhata Pakhwada / Swachhata Action Plan

NCESS has embarked upon a Swachhata Action Plan (SAP) during 1-15 July 2019 comprising
several initiatives for cleanliness, health and hygiene within and outside the campus. A grand event
of Swachhata Pakhwada was organized in NCESS campus on 15" July 2019 comprised of a day-
long cleaning campaign involving upkeep and cleaning of the office space, laboratories, canteen,
security premises, parking area, pathways etc. and weeding out of unwanted items and old records.
Dr. N. Purnachandra Rao, Director, NCESS addressed the gathering and handed over cleaning
materials to the staff members. Also, Director inaugurated the first phase of the renovation of
toilets within NCESS campus.

As part of the Swachhata Action Plan, NCESS has adopted the neighbourhood Government
Upper Primary School, Cheruvikkal, Thiruvananthapuram. During the reporting year, the toilets
which were in very bad shape were modernized, new toilets were constructed and also sanitary and

cleaning items were provided. The newly built toilet facility was inaugurated by Dr. N. Purnachandra
Rao, Director, NCESS on 15" July 2019.

On behalf of the Swachhata Hi Seva campaign, the staff of NCESS joined hands for the cleaning of
the Akkulam — Pulayanarkotta road in-front of the institute and its premises on 24™ October 2019.
11.4 Hindi Fortnight Celebrations

Hindi fortnight during the year 2019-2020 was organized during 16-27 September 2019. The
programme was inaugurated by Shri. Naveen Kumar Shah, Director ICC), MoES on 16" September
2019. As partof the programme various competitions viz. administrative and geological terminology
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dictation, noting-drafting, Hindi elocution, Hindi song, calligraphy, quiz, etc. were conducted. The
valedictory function was held on 27" September 2019. Shri. Tecka Ram Meena IAS, Addl. Chief
Secretary & Chief Electoral Officer of Kerala was the Chief Guest of the function. The prizes for
the winners of the competitions were distributed by the Chief Guest on this occasion.

11.5 Vigilance Awareness Week

As per the circular from Central Vigilance Commission, the Vigilance Awareness week was
observed from 28" October to 02™ November 2019 with the theme ‘Integrity — A way of Life’.
NCESS employees took the integrity pledge to mark the solidarity with the vision of corruption-
free India. As per the Vigilance Activity Plan of NCESS for the year 2019-2020, a workshop was
organized at NCESS on 30™ October 2019. Shri. Rishiraj Singh IPS, Director General of Prisons
and Correctional Services, Kerala delivered the inaugural lecture on the year’s theme: Integrity — A
way of life. After the lecture, Shri Rishiraj Singh IPS released the pamphlets prepared by NCESS
on Vigilance Awareness.

11.6 World Hindi Day

The World Hindi Day 2020 was celebrated on 10™ January 2020 at National Centre for Earth
Science Studies. Shri. S. Sanjeev IBES, Deputy Director General, Doordarshan Kendra,
Thiruvananthapuram was the chief guest of the programme.

11.7 CoastSnap India

National Centre for Earth Science Studies introduced the programme CoastSnap India Community
Beach Monitoring Network by setting up camera mounts in three beaches of Thiruvananthapuram
district (Valiyathura, Shanghumugham and Adimalathura) in February 2020. This facility involves
public to take photos of the beach and share it to NCESS through social media. The camera
mounts ensure that all photos are taken in the same angle and thus help researchers monitor coastal
erosion. NCESS is planning to utilize the network to study the 78 kilometre coast from Pozhiyoor
to Varkala Edava in Thiruvananthapuram district.

11.8 Participation in Science Expositions

National Centre for Earth Science Studies actively participated in the ‘India International Science
Festival’ held at Kolkata during 05-08 November 2019. NCESS set up a pavilion at the ‘Mega
Science, Technology & Industry Expo’ of IISF for students and researchers from various parts of
India. NCESS was also a part of Ministry of Earth Sciences’ pavilion at the ‘India International
Trade Fair (IITF)’ organized by India Trade Promotion Organization during 14-27 November
2019 at Pragati Maidan, New Delhi. Scientists from NCESS also participated in ‘Swasraya Bharat
2019 - The Kerala Science Fest” held at Kochi during 23-26 November 2019. NCESS pavilion at
the ‘National Science and Technology Innovation Expo’ there gathered attention of students and
researchers.

11.9 Earth Science Forum

The Earth Science Forum (ESF) of NCESS organized 12 talks on different themes of Earth Science
by eminent scientists and researchers from India and abroad. Dr. P. S. Sunil, Associate Professor,
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Department of Marine Geology & Geophysics, Cochin University of Science and Technology
delivered the first talk of this period on the topic “Application of Global Navigation Satellite
System (GNSS) to study the coupling of lithosphere, hydrosphere and ionosphere associated to
an earthquake” on 5" April 2019. Further, on 26™ April, a talk on “Effect of climate change on
Western Ghats” was given by Dr. Muthukumar Muthuchamy, Professor & Head, Department
of Environmental Science, Central University of Kerala. Prof. Rui Taborda, Associate Professor,
Department of Geology, University of Lisbon, Portugal delivered a talk on ““The future of beaches:
Insights from the study of coastal processes” on 30" April. In June 2019, a talk and hands-on
session on DERCON (MoES Digital Earth Consortium) and J-Gate was arranged to provide user
education sessions on the available e-resources subscribed through MoES Consortium, to create
awareness about online access of journals and effective usage of the system. In July 2019, Dr. Baby
Simon, Scientist-G (Retired), Atmospheric and Oceanic Sciences Group, SAC, ISRO delivered
a talk on “Satellite meteorology: Problems and prospects” and Dr. Pankajakshan, Scientist-in-
charge, NIO-Regional Centre, Kochi on the topic “Surface layer temperature inversion in the Bay
of Bengal”. Prof. Abhijit Mukherjee, Associate Professor, Dept. of Geology & Geophysics, IIT
Kharagpur delivered a talk on “Groundwater security of India” on 26™ August 2019. On 22
November 2019, Prof. Gopalan Srinivasan delivered a talk on “Significance of W distribution and
Hf-W systematics in understanding planetary differentiation and core formation”. In December
2019, Dr. Sneha Mukherjee delivered a talk on “Chronostratigraphy, nature and structural control
of Uranium mineralization from Precambrian basement granitoid - Srisailam formation contact
around Chitrial area, Telangana” and Dr. Alice Thomas delivered a talk on “Groundwater flow and
Transport Parameter Estimation using Meshfree based simulation techniques and Evolutionary
Algorithms”. On 25" February 2020, Dr. Laurent Ruiz, Research Engineer, INRAE, France and
Dr. Cecile Gomez, Researcher, IRD- LLISAH, France delivered talks on “Critical Zone Science
for Water Resources Management” and “Soil Characterization by Vis-NIR-SWIR Spectroscopy”
respectively.

11.10 Technical Visits to NCESS

Students from various schools, colleges and university departments visited NCESS during
the reporting year. On 06™ September 2019, a group of 60 B.Tech. students (Electronics &
Communication) from Amrita College of Engineering & Technology, Nagercoil, Tamil Nadu
visited our institute. A group of 19 M.Sc. Geology students from Department of Geology, Institute
of Earth Sciences, Bundelkhand University, Uttar Pradesh visited NCESS on 24" September 2019.
As part of ‘Samagra Siksha Abhiyan’, the education programme of Government of Kerala, a visit
of 60 students from various higher secondary schools in Thiruvananthapuram was organized by
Mar Ivanios College on 17" January 2020.

A group of 30 school children from Government Lower Primary School, Vattiyoorkavu,
Thiruvananthapuram visited NCESS on 03" February 2020 as part of the Government of Kerala
project on “Flood events in Kerala which ravaged the land in the last two years”. Dr. D. Padmalal,
Scientist G & Group Head and Dr. K. Maya, Scientist F & Deputy Group Head, Hydrological
Processes took interactive classes for the students on the topic “Flood and the measures to reduce
its devastating effects including environmental conservation”.

A team of 22 M.Sc. Physics students from Baburaoji Gholap College, Pune visited NCESS on
19™ February 2020 as part of their study tour program. OM 27" February 2020, a group of 28
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undergraduate students from Christ College, Irinjalakuda visited our institute as part of the ‘Walk
with a Scholar’ (WWS) programme of Government of Kerala.

The students visited various labs of NCESS including XRD, SEM-EDX, XRE, CZO Lab, Central
Chemical Laboratory, facilities for atmospheric research, etc. Interactive sessions with the scientists
of NCESS about the ongoing research activities of the institute and future perspectives and
opportunities for young researchers were also organized during these technical visits.

11.11 Preventive measures against COVID-19 - An NCESS initiative by Central
Chemical Laboratory

The shortage of sanitizer in the market to contain the spread of COVID-19 is one of the major
challenges faced by various sections of the society. To overcome this crisis, National Centre for
Earth Science Studies prepared our own sanitizer, strictly based on the WHO guidelines to contain
the spread of COVID-19, which is now a pandemic and global issue. The Central Chemical Lab,
Hydrological Processes Group prepared the sanitizer with the help of research scholars and project
staff, and distributed to the whole community in NCESS and outside the campus as a part of
“Break the Chain” campaign to prevent the novel corona virus threat.

Procedure adopted: 1.5 L ethyl alcohol is mixed with 30 g of aloe vera gel (obtained naturally
from aloe vera plant), and then add 26 ml of glycerin, 5 drops of essential oil (lavender / clove
oil) together with 75 ml hydrogen peroxide. Mix well using mechanical stirrer and store in HDPE
bottles for distribution.

Fig. 11.11.1: Preparation and distribution of sanitizer made by Central Chemical Laboratory, NCESS.
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12. Staff Details

12.1 Director’s Office Shri. Dharmadas Jash Scientist-C

. Dr. S. Kaliraj Scientist-C
Dr. N, Purnachandra Rao Director Dr. C. K. Unnikrishnan Scientist-B
Dr.D. S .Suresh Babu Saenu§t—F & Head, DTC Smt. Nita Sukumar Scientific Asst. Gr. B
Smt. Jinitha Madhavan Coordinator Gr. I1I Shri. P. B, Vibin Scientific Asst. Gr. B
Shi. 8. R. Unn.lkrlshnan Scientific Asst. Gr. A Smt. M. Lincy Sudhakaran Scientific Asst. Gr. A
Smt. T. Remani MTS
Shri. R. Binu Kumar MTS

12.5 Hydrological Processes (HyP)
12.2 Crustal Processes (CrP)

Dr. D. Padmalal Scientist-G & Head

Dr. V. Nandakumar Scientist-G & Head Dr. K. Maya Scientist-F
Smt. Sreekumari Kesavan Scientist-E Dr. K. Anoop Krishnan Scientist-D

(till December 2019) Shri. Badimela Upendra Scientist-C
Dr. Tomson J. Kallukalam Scientist-D Shri. Rajat Kumar Sharma Scientist-C
Dr. A. Krishnakumar Scientist-D Dr. K. Sreelash Scientist-C
Dr. Chandra Prakash Dubey Scientist-C Shri. Prasenjit Das Scientist-C
Dr. B. Padma Rao Scientist-C Smt. T. M. Liji Scientific Asst. Gr. B
Dr. Nilanjana Sorcar Scientist-C Ms. P. V. Vinitha Scientific Asst. Gr. A
Dr. Kumar Batuk Joshi Scientist-C
Shri. Arka Roy Scientist-C 12.6 Library
Shri. Thatikonda Suresh Kumar Scientist-B o
Ms. Alka Gond Scientist-B Dr. D. S. Suresh Babu Sc%ent{stF & Head
Shri. N. Nishanth Scientific Asst. Gr. B Smt- K- Reshma Scientific Asst. Gr. B
Shri. S. Shivapriya Scientific Asst. Gr. A
Smt. G. Lakshmi Scientific Asst. Gr. A 12.7 Administration
Shri. Krishna Jha Scientific Asst. Gr. A
Shri. K. Eldhose Technician Gr. B Shri. D. P. Maret Senior Manager

Shri. M. Madhu Madh Deputy M
12.3 Coastal Processes (CoP) N achn Machavan chuty ®anaser

Smt. R. Jaya Deputy Manager
Dr. T. N. Prakash Scientist-G & Head Smt. G. Lavanya Deputy Manager
(till July 2019) Smt. Indu Janardanan Scientific Asst. Gr. B
Dr. L. Sheela Nair Scientist-F & Head Shri. P. Rajesh Executive
(since August 2019) Smt. P. C. Rasi Executive
Dr. D. S. Suresh Babu Scientist-F Smt. Femi R. Srinivasan Executive
Dr. Reji Stinivas Scientist-D Smt. Smitha Vijayan Executive
Shri. Ramesh Madipally Scientist-C Smt. D. Shimla Junior Executive
Shri. S. S. Salaj Scientific Asst. Gr. B Shri. P. H. Shinaj Junior Executive
Shri. M. K. Rafeeque Scientific Asst. Gr. B Smt. K. S. Anju Junior Executive
Shri. M. K. Sreeraj Scientific Asst. Gr. B Smt. V. Sajitha Kumary Junior Executive
Shri. Shibu Sasi Scientific Asst. Gr. A Smt. Seeja Vijayan Junior Executive
Shri. N. Sreejith Scientific Asst. Gr. A Shri. M. K. Adarsh Technician Gr. A
. Shri P. Rajendra Babu MTS
12.4 Atmospheric Processes (AtP) Shri. P. Sascendran Nair MTS
Dr. K. K. Ramachandran Scientist-F & Head Shri. P. 8. Anoop MTS
Dr. E. A. Resmi Scientist-D Smt. P.S. Divya MTS
Shri. K. Sudheer Kumar MTS
Shri. M. R. Murukan MTS
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12.8 Retirements

Dr. T. N. Prakash Smt. Sreekumari Kesavan
Scientist-G & Head Scientist-FE
Coastal Processes Crustal Processes
Superannuated on Superannuated on
31 July 2019 31" December 2019
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13. Balance Sheet

MOoES-NCESS
National Centre for Earth Science Studies
(Ministry of Earth Sciences, Government of India)
Akkulam, Thiruvananthapuram

Audit for the year
2019 - 2020

JVR & Associates
Chartered Accountants

INDEX
! 5l. No. _ Description Page h!:
i _1 _-_Utilisa;m Certificate - 1-6
2 Auditn;part 7-8
3 Balance Sheet g
4 Income and Expenditure _ 10
B 5 R_eceipts and Payments Account _ 11-13
6 Schedules forming part of Balance sheet - 14-17
7 Schedules forming part of Income and Expenditure Account 18-26
8 Notes forming part of Accounts 27-32
= |
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IVE R Assaciotes, Chartered Accauntants
@ 2nd Floor, TC 15/182, Chennankara Buildings
Above SBI Althera Branch, Vellayambalom
Thiruvenanthapuram - 695010

Ph: 0471- 4061392, 4061393
ASSOCIATES e-moil : jprivmEigmail.com  www jvr-cos.com

GFR12-A
[See Rule 238 (1}]

UTILIZATION CERTIFICATE FOR THE YEAR 2019-20
IN REPECT OF RECURRING/NON RECURRING
GRANTS-IN-AID SALARIES AND GENERAL

1. Mame of the Scheme : National Centre for Earth Science Studies(Autonomaous Bodies)
2. Whether recurring or non recurring grants : Both
3. Grants position at the beginning of the Financial year :

{i) Cash in Hand/Bank “Rs. 2,01,61,293.25
(i Unadjusted advances : Rs.[1,06,73,255.75)
(it Total : Rs. 94,88,037.50

Details of grants received, expenditure incurred and closing balances: (Actual)
[Amount in Rupees)

|_ -L;ngu_én{.galanceg interest/Other In:ete‘;.r_ [ ‘Grant recetved during the year Total Availante Expenditure Closing Balance
of Grant Receipts Deposite Funds Incurred
Recewad earniec thereon | dbackte
(Flgureasat Sl | | theGowt
Na. 3]} ' -
1 2 3 4 5 & 7
. Sancti | Date Amaunt (1#2+3+4) (5-6)
on
= » Mo, |
94,88, 037.50 6206600 | 000 # # 14,04,00,000.00 | 14,99,56,104,50- | 14,72,54,153.00: | 27,01,950.50
[
L I | M |

# MOES/P.O{NCESS)/3/2015-PT dated 17.05.2018 - Rs.1,89,00,000.00
MoES/B.O(NCESS)/3/2015-PT dated 21.05.2018 - Rs. 1,17,00,000.00
MoES/P.O(NCESS)/3/2015-PT dated 11.09.2019 - Rs. 5,44,00,000.00
MoES/P.O(NCESS|/3/2015-PT dated 24,12.2018 - Rs. 2,98,00,000.00
MoES/P.O(NCESS)/3/2015-PT dated 13.02.2020 — Rs. 2,56,00,000.00

*interest earned as on 31,03.2020 refunded to MoES

Component wise utilization of grants
Grantin aid General | Grant in aid Salary L Total

[

Rs. 3,74,55,988.00 Rs 10,97,98,165.00 Rs. 14,72,54,153.00

Grants position at the end of the financial year

a. Cashin Hand/ Bank : Rs: 1,69,00,458.25
b. Unadjusted advances :Rs.(1,41,98,507.80)
¢ Taotal :Rs.  27,01.950.50

Excellence .... Integrity.... Independence..... 1

MNo. 39/2790 A, Wilmont Park Business Centre, Pallimukku, Kochi- 682016, Phone: 0484 - 6598252, e-mail : jw@airtelmail.in
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ASSOCIATES

Certified that | have satisfied myself that the conditions on which grants were sanctionsd have besn duly
fulfilled/are being fulfilled and that | have exercised Tollowing checks to see that the maney has been actually
utilized for the purpose for which it was sanctioned:

(I} The main accounts and other subsidiary accounts and registers {including assets registers) are maintained as
prescribed in the relevant Act/Rules/Standing instructions {mention the Act/Rules) and have been duly audited by

designated auditors. The figures depicted above tally with the audited figures mentioned in financial
statements/accounts.

(i} There existinternal controls for safeguarding public funds/assets, watching outcomes and achievements of

physical targets against the financial inputs, ensuring guality in asset creation etc. & the periodic evaluation of
Internal controls is exercised to ensure their effectiveness.

[lii} To the best of our knowledge and belief, no transactions have been entered thatare In vielation of relevant
Act/Rules/standing instructions and scheme guidelines.

{iv) The responsibilities among the key functianaries for execution of the scheme have been assigned in clear terms
and are not general in nature.

vl The benefits were extended to the intended beneficiaries and only such areas/districts were coverad where the
scheme was intended to operate.

Ivi} Theexpenditure on various components of the scheme was in the proportions authorized as per the scheme
guidelines and terms and conditions of the grants-in-aid.

{wil} It has been ensured that the physical and financial performance under Natignal Centre For Earth Sclence Studies
has been according to the requirements, as prescribed in the guidelines issued by Govt, of India and the

performance/targets achieved statement for the year te which the utilization of the fund resulted in outcomes
given in the financial statements duly enclosed.

(wiil) Thee utilization of the fund resulted in outcomes given in the financial statements duly enclosed,

(kx] Details of various schemes executed by the agency through grants-in-aid received from the same Ministry or from
other Ministries is enclpsed.

Trivandrum
14.09.2020 For JVR & Associates
—=._Chartered Accountants
S\ FRN 0111215

Manageg (F&A) Senior Manager

Director{ifc) UBRAMONIA IYER S, FCA
Partner
M.No.203675

UDIN : 20203675AAAACKS486
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VR & Assecigles, Chaortared Accountants

e 2nd Floor, TC 15/182, Chennankara Buildings
Above SBl Altharo Bronch, Velloyambalam
Thiruvenanthapuram - 625.0'1 0

Ph: D471- 4061392, 4061393

ASSOCIATES g-mail + vivm@gmail.com  wwwijvr-cos.com

GFR12-A
[See Rule 238 (1)]

UTILIZATION CERTIFICATE FOR THE YEAR 2019-20
IN REPECT OF RECURRING/NON RECURRING
GRANTS-IN-AID CREATION OF CAPITAL ASSETS

1. Mame of the Scheme : National Centre for Earth Science Studies{Autonomous Bodies)
2. Whether récurring or non recurring grants ; Both
3. Granls position at the beginning of the Financial year :

il Cash in Hand/Bank - Nil
i} Unadjusted advances : Rs 4,3865,958.00
(i) Total : Rs. 4,38,66,958.00

Details of grants received, expenditure incurred and closing balances: {Actual)
{Amountin Rupees)

Unspent Balances | interest eamned | Interest Grant received during the year Tatal Available Expenditure Closing Balance
of Grant therean Deposite Fierds Incurred
Recened 4 haick to
[Fegure as at S the Govt |
Mo, 3iiit) '
1 2 3 4 5 6 7
i J Sancti | Date Amount {14242+4) {5:6)
| an
|_ MNo.
| 4326605800 0.00 0,00 # # 4,00,00,000.00 | 8,38,66958.00 | 18,02,454.00 | 8:20,64,504.00
| |
L . |

# MokES/P.O(NCESS)/3/2015-PT dated 21.05.2019 — Rs. 4,00,00,000.00

*Interest-earned as on 31.03:2020 refunded to MoES

Grants position at the end of the financial year

a. CashinHand/ Bank :Rs 3,82,47,932.00
b. Unadjusted advances :Rs 4,38,16,572.00
¢ Total *Rs.8,20,64,504.00

Excellence .... Integrity.... Independence..... N 3

No. 3%/2790 A, Wilmont Park Business Centre, Pallimukku, Kochi- 682016, Phone: 0484 - 6598252, e-mail : jvr@airtelmail.in
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Certified that | have satisfied myself that the conditions on which grants were sanctioned have been duly
tulfilled/are being fulfilled and that | have exercised following checks to see that the money has been actually
utilized for the purpose for which it was sanctioned:

(i} The main accounts and other subsidiary accounts and registers (including assets registers) are maintained as

(i)

(i}

liv)

]

i}

preseribed in the relevant Act/Rules/Standing instructions {mention the Act/Rules) and have been duly audited by

designated  auditors. The figures depicted above tally with the audited figures mentioned in financial
statements/accounts,

There exist internal controls for safeguarding public funds/assets, watching outcomes and achievements of
physical targets against the financial inputs, ensuring quality in asset creation etc. & the periodic evaluation of
internal controls is exercised to ensure their effectiveness.

To the best of our knowledge and belief, no transactions have been entered that are In violation of relevant
Act/Rules/standing instructions and scheme guidelines.

The responsibilities among the key functionaries for execution of the scheme have been assigned in clear terms
and are not general in nature,

The benefits were extended 1o the intended beneficiaries and only such areas/districts were covered where the
scheme was intended to operate.

The expendifure on various components of the scheme was in the proportions authorized as per the scheme
guidelines and terms and conditions of the grants-in-aid.

{wii} It has been ensured that the physical and financial performance under National Centre For Earth Science Studies

has been according to the requirements, as prescribed in the guidelines issued by Govt, of India and the
performance/targets achieved statement for the year to which the utilization of the fund resulted in outcomes
given in the financial statements duly enclosed.

{viil|The utilization of the fund resulted in cutcomes given in the financial statements duly enclosed,

{ix)

148

Details of various schemes executed by the agency through grants-in-aid received fraom the same Ministry or from
gther Ministries is enclosed.

Trivandrum

14.08.2020 For JVR & Associates

artered Accountants
FRN 0111215

Director(ifc) MASUBH‘.AMDNIA IYER S, FCA
Partner
: M.N0.203675
—— UDIN : 20203675AAAACI1638
I ] g ! il
I. g 'l. “Teasny
v\ / A,
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WE & Associates, Chartered Accountants
@ 2nd Floor, TC 15/182, Chennankora Buildings
Above 5Bl Althara Branch, Velloyambalom
Thiruvananthapuram - 695010

Ph: 0471- 4061392, 4061393
ASSOCIATES e-mail : jvivmi@gmail.eom  www.jvr-cos.com

GFR1Z2-A
[See Rule 238 (1)]

UTILIZATION CERTIFICATE FOR THE YEAR 2019-20
IN REPECT OF RECURRING/NON RECURRING
GRANTS-IN-AID SEISMOLOGY AND GEODYNAMICS (SAGE)/R&D PROGRAMMES

1. Name of the Scheme : Seismology And Geosciences (SAGE)
2.  Whether recurring or mon recurring grants | Both
3. Grants position at the beginning of the Finandial year :

i) Cash in Hand/Bank ‘Rs. 0.42

(i) Fund Diversion : Rs. (1,28,97,749.00)
i) Unadjusted advances ;Rs 17,35,43,115.64
{ivy  Total : Rs. Rs, 16,06,45,371.06

Details of grants received, expenditure incurred and closing balances: (Actual)

(Amount in Rupees)

Unspent Bafancesof |  Intérest Interest Grant received during the year Tatal Available Expenditure Clasing Balanse
Grant earned Ceposited Funds incurred
Recelved thereon | back'tothe
{Figure asat 51 No, | Gow
E Hiufy 1 i - .
1 2 i 4 5 6 — 3
= | sanctio | Date Amount [243+44) (5-6)
| | mio.
3 - _
1 3
| 16:06,45371.06 0.00 0.00 | # | # 23,65,00,000.00 | 39,71,45371.06 | 36,37,15,656.42 | 3,34,29.714.64
N | | .

# MoES/P.O{NCESS)/3/2015 dated 23,08.2019 - Rs.15,00,00,000.00
MoESJ’P.B[MCESS}H:’!ﬂiE dated 27.02.2020 - Rs. E.ES.DU_,Q_DD.DD

*Interest earned as on 31.03.2020 refunded to MaES

Component wise utilization of grants

Grants position at the end of the financial year

Non -Recurring Recurring | Total
Rs. 23,23,&,549-0_3 Rs. 8,08,51,107.42 | Rs. 16,37,15,656.42

a. CashinHand/Bank  :Rs. 0.88
b.  Fund Diversion : Rs.{2,89,89,543.00)
£.  Unadjusted advances : Rs. 6,24,19,256.76
d. Total ' Rs. 3,34,29,714.64
Excellence ... Integrity.... Independence..... £

Ne. 39/2790 A, Wilmont Park Business Centre, Pallimukku, Kochi- 682016, Phone: 0484 - 6598252, e-mail : prr@aitelmail.in
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Certified that | have satisfied myself that the conditions on which grants were sanctioned have been duly
fulfilled/are being fulfilled and that 1 have exercised following checks to see that the money has been actually
utilized for the purpose for which it was sanctioned:

(i} The main accounts and other subsidiary aceounts and repisters (including assets registers) are maintained as
preseribed in the relevant Act/Rules/Standing instructions (mention the ActRules) and have been duly audited by
designatesd  auditors. The figures depicted above tally with the audited figures mentioned in financial
statements/accounts.

{ii) There exist internal controls for safeguarding public funds/assets, watching outcomes and achievements of physical
targets against the financial inputs, ensuring quality in asset creation ete, & the periodic evaluation of internal
controls is exercised to ensure their effectiveness.

(iii) To the best 0f our knowledge and belief, no transactions have been entered that are in violation of relevant
Act/Rules/standing instructions and scheme guidelines,

(iv) The responsibilitics among the key functionaries for execution of the scheme have been assigned in clear terms and
are not general in nature.

(v} The benefits were exiended to the intended beneficiaries and only such areas/districts were covered where the
scheme was intended to operate.

{vi} The expenditure on various components of the scherne was in the proportions authorized as per the scheme
guidelines and terms and conditions of the grants-in-aid.

{vii)lt has been ensured that the physical and financial performance under National Centre For Earth Science Studies
has ‘been agcording to the requirements, as preseribed in the guidelines issued by Gowt. of India and the
performancetargets achieved statement for the vear to which the utilization of the fund resulted in outcomes given
in the financial statements duly enclosed.

{viii}The utilization of the fund resulted in outcomes given in the financial statements duly enclosed.

{ix) Details of various schemes executed by the agency through grants-in-aid received from the same Ministry or from
other Ministries 15 enclosed.

Trivandr
14.09.2020 For IVR & Associates
Chartered Accountants

FRN 0111215

e~
RAMASUBRAMONIA IYER S, FCA

Partner

M.No.203675
UDIN : 20203675AAAACL1B57
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VR & Msﬂ-tiu'.us, Charlerad Accountants
4 2nd Floor, TC 15/182, Chennankara Buildings
Above SBl Althara Branch, Vellayambalam
Thiruvananthepurem - 495010

Ph: 0471- 4061392, 4061393
ASSOCIATES e-mail ; jvrivm@gmail.com  www,jvr-cos.com

INDEPENDENT AUDITORS’ REPORT

The Director
National Centre for Earth Science,
Thiruvananthapuram, 695011

REPORT ON THE FINANCIAL STATEMENTS

We have audited the accompanying financial statements of National Centre for Earth Science,
Thiruvananthapuram, 695011 which comprise the Balance Sheer as ar 31% March 2020, and the
Income and Expenditure Account for the year ended, and a summary of significant accounting
policies and other explanatory information,

QUALIFIED OPINION

In-our opinion and to the best of our information and according to the explanations given to us. except
for the matters described in the Basis for the qualified opinion above the aforesaid financial
sttements give the information required by is 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 Society as at 31*' March
2020;

(b) In the case of Income & Expenditure Account, of the Excess of expenditure over income
of the Society for the vear ended on that date,

BASIS FOR QUALIFIED OPINION

The nodal agencies for execution & supervision of various civil works in the society are
Central Public works Department (CPWD), Bharat Sanchar Nigam Limited (BSNL) &
Agency for New and Renewable Energy Research and Technology (ANERT). The society
gives advances to these agencies for exécution and supervision ef work. The advances are
capitalized on the basis of advices received from these agencies.

The closing balance of advance given to these parties as on 31/03/2020 are Rs 2.41,69.820 ,
s 1,03,04,280 and Rs 23,02,847 respectively as disclosed under Advance to suppliers under
Current assets in the Balance Sheet,

The Central Public works Department (CPWD) has given a balance confirmation statement
for the year ending 31/03/2020 which shows a difference of Rs 67.56,056 from the balance
appearing as advance in the books of the Society which is less than the value recorded in the
books of the Society. Similarly no statement of account has been received from Bharat
Sanchar Nigam Limited (BSNL) & Ageney for New and Renewable Energy Research a
Technology (ANERT). In these circumstances it is not possible to ascertain the amoy '
capitalized and transferred from advances to fixed assets and hence the curregfl
overstated and fixed asset is understaied to this extent.

Excellence .... Integrity.... Independence....,

Mo. 39/2790 A, Wilmont Park Business Cenire, Pallimukku, Kochi- 682016, Phone: 0484 - 6598252, a-mui\\: ™ felmail.in
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MANAGEMENT'S RESPONSIBILITY FOR THE FINANCIAL STATEMENTS J i !

ASSOCIATES

The Society’s Management is responsible for the preparation of these financial statements that give a
true and fair view of the finaneial position and financial performance of the Society in accordance
with the Accounting Standards notified and in accordance with the accounting principles generally
accepted in India, This responsibility includes the design, implementation and maintenance of internal
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,

AUDITORS' RESPONSIBILITY

Our responsibility 1s 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 of India. 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 misstatement.

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 statements in order to design audit procedures that
are appropriate in the circumstances, but not for the purpose of expressing an opinion on the
eftectiveness of the

Society’s internal control. 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 overall presentation of the financial statements.

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

For IVRL Associates
Chartered Accountants
F 0111218

S Ramasubramonid Tyer S, FCA
Place : Trivandrum i (Partner)
Date :14/09/2020 M.No. 203675
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NATIONAL CENTRE FOR EARTH SCIENCE STUDIES

Ministry of Earth Science, Government of India

Balance Sheet as.on 31s March, 2

Particulurs Sch Ne, 201920 2018-19
Rs, Rs,

Liahiiti
Capital Reserve 1 46,62,43.75%.50 14,92 B5.953.95
CGizneral Reserve 2 (3,10,25.482.00) {2,55.33,371.000
Unzpent Balange GOJ - MoES 3 B L96 1659 14 21, ML 366. 56
Linspent Balance of Projects 4 16,64, 10.056.90 15.83.80.024.34
Corpus Fund 5 17.19,94,366.71 15.002,10,904.71
Current Liabilities: fi 239.50,411.75 1,75.42,704.75

Total 91,57,71,282.00 76.38,75,583.31
Fisgd Assels T A6,62,43,759:50 24,92 85.953.95
Current Assets. Loans & Advances % 44,95 2T 532.5() £1,45.89,620.36

Tutal 91.87,71,282.00 T6,38,75,583.31
MNotes torming part of Accounts 3]

Trivandrum
14,08 2030

Manage A)
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NATIONAL CENTRE FOR EARTH SCIENCE Fi'l'f!:mES
Ministry of Earth Science, Government of Tndia

Income & Expenditure for the year ended 3151 Mareh, 2020

Muanuge Al Senivr Minager

154

Particulars Sch Mo, h14-20 20 18-19
Rs. Rs,
Income
Clperittion amd Muntenance Cirant
Cerant Hedsived 4,04 00, Dy, 0y 4 13:70,02.837.00 10,74, 11,400, (H)
Legs: Uapital Expenditure 3397, 1300
lorest from Bank - 2,60, 386 (K
ERler fngome 10 68, (e 00 760,050,000
Depreciation Wnitten Back T 16,34, 765. 46 4,68 10,505 60
Totul - A 20.87,05,668.46 15.52,48, 34 1.60
Expenditure
StalT Sulary & Benelits 11 10,57 98, 163500 Q.22 10.654.00
Chher Institutional Expenses
Total of Chheér Insttutional Fxpens 37455 088 4) 12
Less: Capital Expenditure 33,97, 163.00 30,58 825,00 333,57 48050
| Jepreciation 7.16,34, 765 46 4,68, 10,505 60
Total-B 21,5491, 755 46 17.43.78.680.10
Excess of Expenditure over loeame {A-B) (67, 86087 () (1,91 30,338 50)
Fxeess of Income over expenditure of Pres, Year 04.88.037.50 2.86,18.376.00
Total 27.01.950.50 FERAIT.S0
| Motes forming part of Accounts I
Wide Report of Even Date
Irivandrurm WR & Associates
i4.08.2020 red Accountants

{BRAMONIA IYER S, FCA
Partner

M.No.203675
LN 202036 T5AAAACM3433
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Sehedulbe | - Capital Reserve:

HATRINAL CENTRE FOR EARTH SSENDE STUDIES
Finiginy of Earn Soaneis. Doveifumest of iR

Schediiles Soing par of Bamacs Sl s o 31 al March 2000

Particulars Sch.Mo | Asar JLO320620 | As e 30032009
R s,
Fpenng Halunee 4G K5 G51.05 19 64,01,080.35
Add, Adslition to Capital r’ssm_r.:_ 28801522860 5 TE2 A 20 D0
Add Trangles from External Projects STET0LG0 9255000
| Depraciation The 4 TS5 46 B68.10,505 60
Less Losson Bale M'Fixng Assgis P48 DO -
Chesing balance 46,6243, 755,50 2492 85953.05
schedule 2 - Generval Reserve
Particulars Sch.No | Asar3L032020 | Asar 3032019
B, Hs.
Flan fund freom GO
Uipening Balanco 596720500 59.67,205.00
Add Reczipts for RE&ED from operatwons and mantenance fund
Less: Plan Revenue Expenditure for the yeir
Lesn M Copital Expenditure for the vear
Add Interest Received and other income
Add PreviousYeur Adpstments
| Cloming Halince 540,67, 205, L0 67, 205,00
Oipening Balance [FAS20.576000 (301520576000
Add Eeceipts during the year
Less: Mon Plan Revenue Expenditure for the vear 54,70,111.00
Clesing, Bidanee
Tutal liﬂﬂsm.wll (3,15, 20,576,040
(3, 11623, 482000 (2,85,53 37101
Schedule 3 Unspent Balanee GO - MoES
Purticulars Sch.Moj Asal 31032020 | As et 31032009
o s : Ha, Rs,
il for salaries and geacral
Oipering Balance SRR IIT S0 286, 18376 00
A Giram Received during the year ] 14,40, 0300, O3, Oy 1113, 00000600
Less: Revenue Expenditure 11&12 1428 560 500 (0 12,75,68,174 50
Less: Capital Expenditure 1 & 12 3397 ka3 00 38 88 600 00
Add Incomie from Intensst & Other Ingome i 58 066 () 140,26 4536 00
Cligiing Linapent Halance of Cirant 27.01,950,50 M&ﬂﬂ-‘?’.ﬁﬂ
Lerant in
Chpening Balapce 4. 38,66 05800 3,00,680,114.00
Addd! Cromnt Recervad during the v 4 000000 0 2,000, 00,000 00
Liss: Revenue Expintitre S0, 386,00 -
Less: Capital Expenditure ) 15 175206800 THS3,156.00
Add: [ncome from Interest & Onher Income -
Clostg Uinspant Balance af Cirant §,20,64,504.00 438,066,958, )
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MATIDNAL CENTRE FOR ERRTH BCIENCE STUDIES

sy ol Enr Sosnces, Goveerreant of [nds”

Sehediles lorming pad o Bakincn Sheet oa ot 3et March 2000

seismiclogicul and Geasclence (SAGE)
[Hesenrch & UDevelopment Progeamme)

Ulpening Balunge 16645371 Da 3,31, 36.843.:00
Add Grans Recowd duriig the vear 2365.00,000000 | 30.98,00.000.00
I3 Revenue Expenditure 13 S08.41,.107 42 9949743 94
Lpss l'i‘.:pluﬂ Expenditurns 14 2E IR 64 54400 E.ﬁﬁ,_ﬂ,ﬁbd.m
Add’ tneome from Interest & Other Income 582692400
Add. Incame frim saleof assaty .
Closing Unspent Balance of Grant 3342071464 |1 LAk
Closing Unspent Bafunce 118196, 060,04 | 21,40,00,366.5
Sehedule 4 - Unspent Balance of Projects
Gk _
Particuilirs Seh Mo | Asat 31032020 | Asar 31.05.2019
Ha, Rs.
Research Projeits A 13093522 14 355434914
DHvisionai Core Reseurch Frojects # 1,16,70,473.80 1.96,77,304.70
Service Component Projects A 47.00,547,5) 10,57 681 50
Consultunes Projects H 136945 513,46 [ 13,40,59.689.00
Total 1664, 10,056.00 | 15,53, 80,024.34
Sehedule 5 - Corpus Fund
Particulars SchiNo [ Asat 30.03.2020 | Axar31.03,2009
Hs. s
Chgsening Balinge 1502, 10,504 71 12,79 86 166.71
Add: Tnterest Reseived Fixed Depasi Bk 50,253 00 |, ol 08, 485 00
Add! Ingome from Consultancy Projecrs 24, 70,600, 00
Add: Overhend Charges 37,54 6 TF 00 T000,705.00
Adid: Crher Receipis 352853400 17,34, 048.00
Clasing Unspent 1T1900366.7) | 15,02,10,004.71
Schedule & - Current Liabilities
Particulars Schuo)  Asar 3032020 | Asai 31032010
R Rs,
Common Fupd 3566800 35,668.00
EMD 56,54 47275 A2 4240275
Ligense Fee Payahle - 2835000
Tax Beduciod at Source Fayible Contruciors 148 3300 1,59, 349,00
Tiin Disdacted at Source Payable Siff 382,000:00 SA1500.00
Seaurity Daposit 54756200 4 30.670.00
EPF Sadf 7.34,525.00 & 2770, 00
Subserption e NCESS Ree- Club - 157500
Cortperattive Revavery - 8,000, ()
NI St 22431300 1,996,559 (K)
G Centrzl - 1,00, 120,00
GSLIS - 531000
KFC 12.694:00 3
LI - 63,330,000
NEESE Co-Uperalive SoTeity = 752000
sundry creditors fod expenses 52,58 639,00 .
Sundry crreditors for supglics 3,37 42500 ) -
ST pavabic ) 74,53 461,00 5, 24,246 00
WS TDS 32076800 650,229 00
| Total 2,39,30.411.75 1,75.42,704,75
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NATIONAL CENTRE FOR EARTH BLIENCE STUDIES
Manasiry of Earth Sciences. Government of indaz

Scheduies forming pan of Balance Shee! as 31 31st March 2020,

Seliedule 8 - Current Assets, Logns & Advances

Particulars As al ILO32020 | Asat 3032019
Hs. Rs.
A Current Asscis
1. Stock - in - hand TE1A%4 00 102257200
2.0 ash & Bank Balence
SBI - Consultangy Projects - BALA3 23946
AR - Expermiyl Projects 276,92 82344
SE1- NCESS 5§51.45391.13
SB1 - Corpus Fund 35T
Teensury Aoty (GO 11,000 O
LB MOESS E-TAaX I.ﬁﬂ,!’sjﬂ-.m
Term Peposiis 13,26, 30093 7.0
Imprest Balances 15 L5004
31,9892, 565,74 27.94.23,798.72
Tutal A (1+2) 32.00.84.063.74 28.04.46.370.72
B Loans, Advances & Other Assets
I e posits
[epoait with EPF L AG3T5A00 58048600
IFepodit with KSEB 6:24.610,00 563 0RG.O0
Diepusit with T & Varphese and Son £, 000.00 B,000.00
[eposit with BSNL 3,000,00 3.000.00
Lreposit with drinking water 30000 30000
Cylinder deposit | R0, 00 -
Cantion depeosi 3.000.00 3, 00000
L Advances & other amount recoverable
in cush orin kind or for value to be recovered
[our Advance 627970400 | 0,55 039 00
Uther Advance 348,242 %0 16.37.233.00
Robling Contingent Advance, 225 (00,00 2,50 000,00
Murcgin Morey vn LC MCESS 2. 80.63.357.00 6,64 81.432.00
Subvarnce w staft - Extemal/Consuliancy Projects 568, 159.00 £1,129.00
Advange 10 Suppliers - NCESS 5.95 6, 66K 14 13.30,23.990.64
Lewve Salary Receivahle 3885400 18 854,00
Safary Receivable f,A40,079,.00 6.40,079.00
Aceriued Interest- CORFL T5,52.052.00
TDS Receivable - External Projects 2,24,1594.00 1, 7641500
TOS Recevable - Consultancy Projects 3,63 60400 1,31, 500,00
TS Recervable - NUESS 4625000 .
Ciraeis o CHber lnsiiules 1.51,58,429.20 208 48, 000,00
GiTatyity Recievable KSCTSE 25.98,600 00 29,98, 60000
(ST Recevable A RO0LOD 126000, ()
Prepaid expenses 2.54.352.00 37748800
Serviee Tax Interest Kecervable 10.163.00 10, 163,00
Service Tax Reggivabie 1. 8487000 |84, 87004
Total B {1+2) 11.88,43,458.T6 33414325864
Total (A-E) 44.95,27.522 50 51.45,89,620.36
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NATIONAL CENTRE FOR EARTH SCIENGE STUDIES
Ministry of Earth Scences, Government of indig

Schedules farming part of income and Expenditure Account far the year ended 318t March 2029,

Schedule ¥ - Grant Received

Particulars Asat 31032020 Asoat 31032019
Rs, s
Grant in aid salaries and general (OPMA)
Add: Grum Received Curing the Year 144, 0, 100300, E00) 11 13.00,000.00
Tatal 14,04, 100 0. 00 F1 13,040, 000,00

Sehedule 10 - Interest & Ciher Ingome

Particulars As ot 31,03.2020 As at 30032009
Rs. s,
Miscelloneous Receipis 67, 556.00 211G
Sale of Usuliyas 230,00 4.66.001.00
Sale of Tender Forms . 2ATR.00
Application Fee (Right o intormiation Act) 280,00 46000
Interest on Fixed deposits . 16,647.00
Interest From Hank - 2.43.739.00
okl 68, 06600 10,26, 43600

Schedule 11 - Seaff Salary & Benefins

Particulirs As at 31,03.2020 As gt 31.03.2019
Rs. s,

Salary Director 33,87.600.60 30,33, 708,00
Sataries Others 736,100,224 00 7.2030,879.00

Salary Ciber Instetutes 223 75873.00 -
Contebution w EPF 4175 5¥5.00 IR02,188.00
Contribution (o EPS 3,92 500,00 423 750,00
EPF Adminisiritive Charges 190, 339.00 1,89 848 00
Contribution (o EPF [F 2722500 3082500
Contribution to NPS 250 66200 19,14,794.00
Children Education Allowange 864 000,00 74932300
Leave Salary & Pensicn Contribution 5.70,176.00 £,60.954.00
Leave Travel Concession 3.13.683.00 14,79.276.00
Incentives bo Stail kLT 1,32.500.00
LIC Gl Scheme for Sul 68784100 67 ABBR0 1)
Medical Expenses Remmbursement 15540 000 1,68 6RO
Previous Year Sakary 41702600 8,45 089, ()
Totul TL97,98,1 65,00 1.33.43,919.00
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HATIONAL CENTRE FOR EARTH SEHENIEE_ STUDIES
Winisiry of Earih Scences, Govemment of india:

Henedutes forming part of Income and Expenditure Actoant for the vear ended 31t March 2020

Schedule 12 - Cibier Institutional Expenses

Partculars Axat 30.063.2020 Asat 31032019
Rs. Kz,

Computer Systemn & Avcessories THOST. 00 6,24 046 00)
Flectrigal /P8 Installanons 26,028,00 5.300.00
Aar Ulodstioners 34,7000
Canteen Eguipment - 1,72, 309:00
fabrary Books & Journals 1B 59 0.0 16521200
Mmor sofiwire 11,349,734 060 -
Furniture 151,334 00 3,5'#,39‘5!.0@
i Equipmenis A3 30400 16.62,337.00
Adverhisemen| 19,78, 11500 4,95 09300
Audit Feg 141604000 B2, 60 00
Bunk charpes - 17.474.50
Consultant tiee 0,82 00060 TAGZI5.00
Consumahles B0 56200 6,31 54500
Contingency 54,14.532.00 B2.94.752.00
Electricity Charges 43,4051 100 15, 1665500
Huspitahity Exponses 174220100 426521500
L#gal Charges 315.910:00 2,75.300.00
Sows Papers & Perodicals - L2497 (M)
Parlimestary Committee Expenses T4 (e, (v
Parol | Dhess & Ol 2,81.543.00 1,69.594.00
Pogisee & Communication 4 B ik 0 6,09.875.04)
Pranting & Stuttonery 738442 00 T.03.807.00
Pragr Penod Expenses 16,61 578.00 45, 245.00
Hemuneratron o Project Stafl’ R0, 18500 4,30.240.00
Repairs & Mamtenanie - Others 12,75:226.00 |j;33',95¢.m
Repairs & Mainterance = Building 2B, 1A TA3 00 23,09 87 5.00
Hepairs & Maintenance < Vehicle 65 44000 T4 %2300
Research Council Expenses 61.557.00 36000
Seminar/Conference 145,00 (0,000 33.96,357.00
Sitbing Fee/Homor-Yisiting Expenses 1 86, K60.00 3.07.140.00
Swachh Bharath- CGardening 1,68 052.00 1.2 1.940.00
Swachh Bharath- Howse keeping 6,06, 770,00 6:B6 A6 00
Swachh Bharath Pakhwads g2.230.00 T.86,698.00
Taxes & Insuranee Yehicles 2225200 22.306.00
Travelling Fxpoenses B 19.531.00 11,26,454.00
Travellmg Expenses tor Visimg Experts 15,17, 46700 TA1,127.00
Vihicle Hire Charges 16.66,827.00 1050, 94000
Witer Charpes 1,07,5%5.00 79, 15200

Tartal 3,74,55, 95800 3.92.46,080.50
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NATIONAL CENTRE FOR EARTH SCIEMCE STUMHES
Minmstrg of Earth Sciences, Government of India

Sehedules foemming part of Intome and Expenditure Account for the year ended 315t March 2000

Sehedule 13 - Research & Development Revenue Expenses

Particulars Asar 31.03.2020 Az at 31.03.2019
s, s,

Aubvernsement charges for R&D 222 309 .00 4.80,379.00
Rank charges 12817298 208 200,00
Boat ire charges fr, 46, 851,00 30148600
Chemicals! consumables 16032, 548 64 1,50, 18,470 00
Chemuicals! consumables to other instituies 5,97 K55 00
Cust O Power/Electricnty - Labs 2RI 0 2147 687.00
Contingensy 12,29.536.00 17.72,360.00
Contingency other imstitulcs 321 81780
Consultants charges 5,00, 50000 2963900 00
Eommunication /postage charges TR 1000 2,705, 70600
Faguiprsieuts sepair charges) AMU 23, 1320900 35,10, 122,00
Feld expenses 11.41,555.00 41,33.849.00
Freld expensés 10 othier matitutes L6,39.622 00
Hire charpes af vehicles 45 8490200 53,36, 108,00
Insurance tabs & equipments 167, 700,00 A0, 583.00
Mgmbership ¢ Registrotion 3,940 bt Do 3 B02E5.00
Crver hewd chuarges to other institutes B.55 447 00
Primting & publication cost 304 588,00 10,598,553 .44
Printing & stabionery TA, 662 00 1.37.371.00
Prior period expenses 25 39.016.00 BOA24.00
Repajrs and mantenance 14,27 645 00 22.07.936.00
Remuneration b project-stafT 2815455400 253 09 527,00
Remuneration o other imstitute 21.74.789.00
Hecogmition Fee! Dot Committes b RE TR 300 000,00
Fent 1,86, 7054
Satellite imugenes - 21324 573,00
Seninar symphsiom & wirkshiop 14, 7349200 1,20, 484,00
Sitting fee Visiting Experts a6 T48.0H 198, 000.00
Fravelling Expense for visiting experts 6, 70,312.00 17.58.229.04)
Travelling expense A1 AT 650 00 1L03.83.130.50

Total 8085110742 49,9497, 431.94

schedule 14 - Research & Development Capital Expenses

Particulars

As at 3L03.I020

As at 31.03.2019

Compuier System & Acorssories
Electnical /LIPS Installatons
Major Software

Hs.

|00, 15, 751,00
91567300
122,18.270.00

Hs.

53,18,325.00
19,57.471.00
2.37.46.279.00

Furniure 11,33, 147.00 A 50.933 00
Ciffice cquipment 240, TR0, 00 2.63.502.00
Laboratory quipnent 25,73 42632:00 “5,06,21,325.00
Ajrconditioners 11,81, 628.00 662 829.00
Survey pnd Mappine Eguipment 27 66800

Total 28,2864 549,00 8621 (6400
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MATIONAL CENTRE FOR EARTH SCIENCE STUDIES
Misisstry of Earth Scisnces, Gavernment of India

Sehedules forming pa of income and Expenditure Account for the yéar ended 31st March 2020

Schedule 15 -Creation of capital assets (Major 'i#'nrks}

Particulary Az at 31.03.2020 As at 31032019
Rs. Rs.

(a} Revenue Expenditure:
Minor Civil Works {Repairs & Mamtenance) 50, 38600

(b Capital Expenditure;
Magor Civil Works 17.52,065.00 70,93, 156,00
Total 1802, 454,00 T3, 156,00

o

11218
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Schedule 16
Notes on Financial Statements for the Financial year ended 31st March 2020
Organizational Information

National Centre for Earth Science Studies is a Society taken over by the Ministry of Earth
Sciences, Government of India on st of January 2014 for perusing and promoting basic and
applied advanced research in the frontier areas of Earth Sciences. The Centre has been registered
under Travancore Cochin Literary, Scientific and Charitable Societies Registration Act, 1955 as
an autonomous institution under the Ministry of Earth Sciences, Government of India.

Accounting Policies

The Society had followed mercantile system of accounting till the conclusion of financial year
2013-14. Financial year 2014-15 onwards, Society has changed the accounting system to cash
basis. During the financial year 2019-20 the Society has fully converted to mercantile system of
accounting

Assets
The society has a satisfaciary title to all assets and there are no liens or encumbrances on the
asset acquired out of grants.

Fixed Assets

aj All the Fixed assets of Centre for Earth Science Studies (CESS)ason 31.12.2013 have
been taken over by National Centre for Earth Science Studies (NCESS) other than the
land owned by the Government of Kerala. As per G.O (Ms) No.468/2013/RD dated
24/10/2013, the Government of Kerala has accorded sanction in principle for leasing out
an extent of 13.95 acres of land possessed by Centre for Earth Science Studies (CESS) to
the Ministry of Earth Sciences, GOI for 99 years @ of Rel/- per acre per year for the
operation of the Society,

b) The additions of fixed assets during the period are stated at cost. Fixed assets of the
Centre are acquired out of grants received. Assets acquired for the sponsored projects
(Grant in Aid) are capitalized on completion of the project/receipt of permission from the
concerned Government Department. Funds utilized for acquiring fixed assets from Grants
received are transferred to Capital reserve.

¢) Depreciation is charged to the fixed assets on Written Down Value basis as per the rates
prescribed under the Income Tax Rules. Depreciation has also been charged on fixed
assets on written down value method for assets transferred from the externally funded
projects on closure of the projects or on receipt of permission from concerned

Government Departments/ Ministry. Depreciation on assets acquired out of grants has
been written back from capital reserve.
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Current Assels
Cash and bank balances represent the balances with the Society, grant in aid projects and
consultancy projects accounts. Closing stock of chemicals, glassware, consumables and
stationery items are at cost as certified by the management. Cash equivalents like term
deposits and bank balances are as per the confirmations provided.

Loans and advances
Confirmations have been obtained regarding the advances given to staff and suppliers.
Advances to suppliers outstanding as on 31.03.2020 is Rs. 5.95,66,668/-

Interest acerued
The amount of interest acerued but not actually received has been obtained from the bank

Contingent Liabilities
The contingent liabilities are certain liabilities that may arise in the future on account of
litigation against the Society. The effect of these cannot be quantified. The following are
the legal cases pending in various courts:

51 | Writ Petition/ Case | Case Particulars Present Status  (as | Likely
No | Number on |™ October 2019) | financial
' Obligation
1 ATA No : 698 (07) | Petition filed by | Appeal Filed through | Rs. 3.67 Crores
2013 before the EPF | former employees | Adv.Ajith S Nair and | (Approx.)
Appellate Tribunal, | of CESS secking | AdvNidoshRathore | Self-contained
New Delhi payment of | is appearing before | note with
Employers share | the Tribunal, relevant
of PF Contribution details sent to
to the EPF on the | Stay granted by EPF | MoES already
pay revision | Appellate Tribunal,
, arrears New Delhi
2 | WP © No: 15845 of Pay scale of Hon'ble High Court | Petitioner filed
2015 filed by Scientist Btill | dismissed the | Writ Appeal
P.Girija before the | date of retirement | petition vide | No.269 of
before the | in30.09.2006 | Judgement dated 24" | 2019
Honourable  High September 2019. requesting to
Court of Kerala quash the
direction dated
24.09.2019
3 WP o No: | Pension Case Judgement awaited | Not known at
1370421 6 filed present
K.V.Thomasé&
others |
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4 Appeal filed on 10- | Demand to remit | Case is  pending | Against the
08-2015 before the | service tax against | before Customs | Order-in-
Appellate  Tribunal, | fund received CExcise and Service Appeal,
Bangalore towards grant-in- | Tax Appellate | NCESS had
aid during period | Tribunal, Bangalore | filed Appeals
from 2002-05 and (A Nos.
2010-11 ST/21752 &
21754/2015-
DB) before the
Customs,
Excise and
Service Tax
Appellate
Tribumnal,
Bangalore. The
Registry of the
Tribunal had
raised a defect
notice. The
defect notice
was to deposit
10% of the
disputed tax as
mandatory pre-
deposit as per
amended
Section 35F of
the Central
Excise Act,
1944, The
Appeals were
posted for
hearing on the
defect before
the Hon’ble
Tribunal on
18.02.2016.
After noting
the submission.
the Hon'ble
Tribunal has
directed
NCESS to
deposit 10% of
the di 3
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within 4 weeks
and report
compliance on
11.04.2016.
Against A.No.
21752, NCESS
had deposited

| Rs.3,70,740/-
on 30.03.2016
and against A.
No. 21754
deposited to
Rs. 35.224/- on
28.03.2016.
Outcome of
the case is
awaited

5 WP © No: 32888 of | Consider placing | Counter  Affidavit | Not Known
2017 filed by Rajesh | the petitioners in furnished.
P and others before | PB 2 i.e. 9300-
the Honourable High | 34800 with GP
Court of Kerala 4200/- and for
other reliefs.

6 WP © No: 23371 of | Consider placing | Counter  Affidavit | Not Known
2018 filed by Anju | the petitioners in | furnished
K § and others | PB 2 i.e. 9300-
before the | 34800 with GP
Honourable  High | 4200/- and for
Court of Kerala other reliefs.

7 WP © No: 8515 of | Requesting Counter  Affidavit | ---—
2019 filed by Dr. C | unlimited gratuity | forwarded to ASG
N Mohanan and | as per KSCSTE office for vetting
others  before  the | rules
Honourable  High
Court of Kerala

8 WP © No: 8960 of | Requesting Counter  Affidavit | Decision
2019 filed by | unlimited gratuity | filed awaited
Shri.John Mathai | as per KSCSTE
and others before the | rules
Honourable  High
Court of Kerala

i WPC 218172019 | To stay the Counter
filed by M/s | tetender process filed
Summer Cabs before | and to award the
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the Honourable High | vehicle contract to
Court of Kerala. M/s Summer Cabs =
10 | WPC14049/2019 Extention of Hon'ble High Court | Petitioners
filed by | contract dismissed the | filed Writ
smt, Sreelekshmu engagement petition vide | Appeal
and others before | beyond Judgement dated 26™ | No.2259 of
Hon’ble high court | 30.06.2019 and August 2019, 2019
regularization in requesting to
the services of quash the
NCESS. | direction dated
26" August
| 2019

Capital Work in Progress

The Society has been awarding various civil works for execution through the Central
Public works Department (CPWD), Bharat Sanchar Nigam Limited (BSNL) & Agency
for New and Renewable Energy Research and Technology (ANERT) respectively. As per
the statement obtained from Central Public Works Department (CPWD) there is a
difference of Rs 67,356,056 observed in the books of accounts for which no confirmation
has been obtained. As regards the other agencies namely Bharat Sanchar Nigam Ltd
(BSNL) & Agency for New and Renewable Energy Research and Technology (ANERT),
no statement from them has been produced and hence the current status of the advance
paid to them viz-a-viz the status of the works executed is not known and any transfer to
assets, has not been made.

Capital Reserve
The amount received from the Ministry of Earth Sciences and other institutions utilized
for acquiring Fixed Asset is credited to the Capital Reserve and the depreciation charged
in the Income & Expenditure statement is written back by debiting the Capital Reserve.
The Capital reserve as on the date of taking over is carried forward after deducting the
value of the land not taken over.

General Reserve
The negative figure of Rs.3.10 crore was due to the non — receipt of non - plan grants
from The Kerala State Council for Science, Technology and E nvironment
(KSCTSE) and overspent during the erstwhile CESS period.

Corpus fund
In order to maintain corpus fund, approval from the Administrative Ministry is required.
However no such approval has been obtained from MoES. Since receipts accrued to
NCESS is utilized as main source of receipts for Corpus fund, obtaining approval from
MGES is mandatury The unspent balances of C Gnsultanc} projects that ',w <lige
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Research Program Funds
The balance of the grant for the research programs remaining unspent is stated as
Rescarch Program fund under Unspent Balance GOI - MoES, During the year, the
society has received Rs,2365 lakhs funds towards Research Program Grant from the

Ministry of Earth Sciences (MoES). Unspent balance as on 31st March, 2020 is
Rs.334.29 lakhs,

Linspent Balance of Projects
The unspent balances of the grant received for the conduct of sponsored R&D projects
sanctioned by the Ministries/Departments of Government of India /Government of
Kerala, Consolidated service projects/ Consultancy projects from various agencies are
carried forward as Unspent balance of Projects. During the year the Society received an

amount Rs.319.53 lakhs and unspent balance as at the end of the period amounts
Rs. 166410 lakhs,

Operation and Maintenance Fund
Unspent balance of Grant received from the Ministry of Earth Sciences (MoES) for
operation and maintenance expenditure and other income of NCESS is stated as the
balance of Operation and Maintenance Fund. The excess of income over expenditure or
deficit of income over expenditure in the Statement of Income and Expenditure is

credited or debited in the account. Unspent balance as on 31st March, 2020 is Rs.27.01
lakhs,

Projects
The Committees consisting the heads of respective projects and other technical personnel
are monitoring the status of the various projects. including the financial budgets etc., and
noting the minutes of the output of such mecting. The various assets of the projects,
purchased by NCESS are located at such projects. Income and Expense of the External/

Consultancy projects are accounted on cash basis. The unspent amount on the completion
of consultancy projects is transferred to NCESS.

Retirement Benefits

LLeave encashment is accounted for on Cash basis. No provision for leave encashment is
made in the accounts,

Interest received
The society parks fund in Short term deposit with bank and also in Savings Bank
accounts of SBI. The Interest received in the said accounts is refunded to MoES. Initerest

earned on corpus fund is added to the corpus fund itself and not included in the Income of
the Society,

Bd acco”

_—
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