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Chapter—1
OVERVIEW

Earth System Science deals with all the five
components of the Earth System, viz., Atmosphere,
Hydrosphere, Cryosphere, Lithosphere and
Biosphere and their complex interactions. The
Ministry of Earth Sciences (MoES) holistically
addresses all the aspects relating the Earth System
Science for providing weather, climate, ocean,
coastal state, hydrological and seismological
services. The services include forecasts and
warnings for various natural disasters like tropical
cyclones, storm surge, floods, heat waves,
thunderstorm and lightning; alerts for Tsunamis and
monitoring of earthquakes etc. In addition, the
ministry also has the mandate of making ocean
survey and exploration for living and non-living
resources and exploration of all the three poles
(Arctic, Antarctic and Himalayas). The services
provided by the ministry are being effectively used
by different agencies and state governments for
saving human lives and minimizing damages due to
natural disasters. Several new application areas
have been identified for providing weather
forecasts like the Renewable Energy sector. Several
major milestones have been accomplished under
the six major programs of the MoES during the last
year, which are illustrated below:

1.1 Atmospheric and Climate Research-Modelling

Observing Systems and Services (ACROSS)

e Accurate and timely prediction of tropical
cyclones Asani and Sitrang combined with
fieldwork by disaster management agencies,
that helped save thousands of precious lives of
countrymen.

e Six Doppler Weather Radars (DWRs) have been
commissioned at chennai, Leh, Aayanagar
(Delhi), Mumbai, Surkanda Devi (Uttarakhand)
& Banihal Top (J&K) taking the total number of
DWRsto 35.

e Integration of Landslide Susceptibility Module
into Flash Flood Guidance System for better
predictability of landslide associated flash
floods in the vulnerable hilly regions of Indian
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Subcontinent has been completed for
Rudraprayag district of Uttarakhand and
Wayanad district of Kerala jointly by GSI, NRSC,
IMD and HRC.

Conventional agromet observatory has been
installed at Agromet Field Unit Port Blair,
Andaman & Nicobar Islands to enhance
weather observations and use in the Agromet
Advisories under GKMS scheme.

Agro-AWSs have been installed at 21 more
stations in the premises of Krishi Vigyan Kendras
(KVKs) to complete installation of a total of 200
Agro-AWSs in the first phase.

Farmers' Awareness Programme (FAPs): FAPs
organized at 713 locations so far by September
2022 by Agromet Field Units (AMFUs) and
District Agromet Unit (DAMUs).

INSAT-3D/3DR calibration campaigns have been
conducted in Great Rann of Kutchh. It was a
Joint Campaign with Space Applications Centre
(ISRO), Ahmadabad.

Latest version of Polar WRF model has been
operationalized to provide day-to-day 72 hours
weather forecast at 3 km resolution for the
Maitri and Bharatiregion in the Antarctica. NWP
products are routinely made available on.

Installation of indigenous RS/RW System on 10
IMD stations has been completed.

05 Pilot Balloon stations out of 63 PB stations
have been upgraded to automatic GPS PB
stations and these PB systems are indigenous
and manufactured/assembled in IMD Delhi.

Installation of indigenous GPS PB system on 18
PB stations out of 20 PB stations has been
completed

IMD has augmented the surface observation
network with AWS and established a network of
806 AWS all over India.

Under 400 AWS Project, 99 AWS have been



installed (71 AWS are installed in Kerala state, 21
AWS installed in NE states and 7 AWS
installed in Andhra Pradesh)in 2022.

IMD has augmented the rainfall observation
network with ARGs in Urban areas and
established a network of 1382 ARGs all over
India.

IMD has augmented 52 ARG network in
Mumbai, Kolkata, Chennai, Pune, Guwahati,
Agartala and Shillongin 2021-2022.

IITM high-resolution global forecast Model
(HGFM) was inaugurated on the 60th
foundation day of ITM on 17th November 2022.

A Dual-polarimetric C-band Doppler Weather
Radar was commissioned in the Atmospheric
research tested facility in Bhopal recently for
detailed precipitation process studies in the
core monsoon zone.

For the first time National Centre for Medium
Range Weather Forecasting (NCMRWF) has
started assimilating satellite observations from
commercial satellite operators, viz SPIRE & Geo-
Optics (GNSS-RO observations) from this year.

For verifying the model forecasts, a new merged
rainfall product - Multi-Ensemble Rainfall
Analysis (MERA) has been developed in
research phase. This product has a spatial
resolution of 4 km, and temporal resolution is of
1 hour and involves satellite rainfall products
from GPM-IMERG, GSMAP, INSAT, and that of
from Indian radar network.

New version of regional Unified Model (RA3)
was implemented at 1.5km and 4km
resolutions. The upgradation incorporated
some new capabilities like improved
microphysics with more interactive cloud-
aerosol processes and the cloud generation
scheme which accounts for improved
entrainment at the top of the boundary layer.
Thelightning parameterization scheme was also
re-tuned to improve the coverage and extreme
weather signals for enhanced lightning forecast
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potential over India.

The Tropical Cyclone (TC) tracker has been
upgraded and implemented on the forecast of
NCMRWF Regional Ensemble Prediction System
(NEPS-R). The TC tracker provides strike
probability forecast and animation of
probabilistic TC movement.

A new version of DAMINI- Mobile App for
Lightning alerts has been released during lITM
Diamond lJubilee Foundation day celebrations
on 17" November 2022. This upgraded version
allows user to receive warning in any one of the
15 languages (ENGLISH, HINDI, ASSAME,
BENGALI, GUJARATI, KASHMIRI, ,KANNADA,
KONKANI, MALAYALAM, MARATHI, ORIYA,
PUNJABI, TAMIL, TELUGU AND URDU).

Field campaign was conducted for
'Demonstration of Fixed wing UAV systems for
atmospheric research purpose’. UAV flights
beyond visual line of sight for profiling
atmospheric boundary layer for the first time in
India, were conducted at different airfields
successfully in coordination with Airport
Authority of India (AAl) and Air Traffic Control
(ATC).

Sodar and Compact weather sensor are
installed at SGU campus under a MoU between

IITM and Sanjay Ghodawat University (SGU),
Kolhapur (Maharashtra).

1.2 Ocean Services, Modelling, Application,
Resources and Technology (O-SMART).

Indian National Centre for Ocean Information
Services (INCOIS) continued to provide its
flagship service of advisories on the Potential
Fishing Zones (PFZ), which were disseminated in
smart map and text form on daily basis, except
during fishing-ban period and during adverse
sea-state conditions.

An Earth System Science Data Portal (ESSDP) of
MOoES (https://incois.gov.in/essdp) hosts about
1050 metadata records of data collected and
maintained under different programs



implemented by MoES over the years and link
them to the respective data centres.

The underwater mining system was deployed
from ORV Sagar Nidhi (Fig. 3. 17 a) and Seabed
locomotion trials of the experimental
undercarriage system of underwater mining
system (Varaha-l and Il) was successfully
undertaken over a distance of 120m on water-
saturated soft soil at 5270 m depth in the
Central Indian Ocean (CIO).

Two gliders were deployed in the Bay of Bengal
to monitor the deep ocean physical and
biogeochemical parameters with special
emphasis to understand the temporal and
spatial variability of the Oxygen Minimum Zone
(OM2Z). Both the gliders, after covering 5000 km
distance, are recovered and collected data was
retrieved.

The Joint OMNI-RAMA Indian Ocean Data Portal
developed by INCOIS jointly with NIOT and
PMEL-NOAA was launched.

An Indian patent has been granted for the
invention titled 'REAL TIME TSUNAMI
MONITORING SYSTEM', patent No. 369964. Six
Indigenous Ocean observation technologies
developed and has been successfully
transferred to M/s L&T for commercialisation.

A water quality buoy deployed by National
Centre for Coastal Research (NCCR) in the
coastal water off Puducherry at 10m depth
(~1.5 km from the coast) was dedicated to the
nation the Chief Minister of Puducherry. This is
an automated water quality buoy fitted with
sensors to monitor the variations in the water
quality and productivity of the coastal waters.
The real time water quality data will be
disseminated through web-based forecasting
system and a mobile app "clean coast" at every
20 minutes interval.

Under the Resource Exploration and
Inventorization System (REIS) programme
taxonomic studies of samples collected on-
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board FORV Sagar Sampada within the Indian
Exclusive Economic Zone (EEZ) yielded six new
species of decapod crustaceans, one new
species of polycheate and two species of deeps
eels.

1.3 Polarand Cryosphere Research (PACER)

The 42™ Indian Scientific Expedition to
Antarctica was successfully launched from
National Centre for Polar and Ocean Research
(NCPOR), Goa.

Glaciological field campaigns have been carried
out for six glaciers during May to October 2022
covering total glacierized area of ~300 km®.

India is developing POLarAERosolNETwork
(POLAERNET) for long-term and continuous
observations of aerosols over the polar
(Arctic,Antarctic and Himalayan) regions

1.4 Seismology and Geoscience Research (SAGE)

The Existing National Seismological Network
has now been strengthened to 152 stations to
improve the operational capability to detect any
earthquake of M:3.0 or above in most parts of
the country

During the period January-December 2022, a
total of 1304 earthquakes were located and
reported (Fig 5.2). Out of these earthquakes, 32
events are of magnitude M:6.0 and above, and
51 events are of magnitude M:5.0 and above.

The seismic microzonation work of four cities,
Bhubaneswar, Chennai, Coimbatore and
Mangalore, is at advanced stage of completion
and work related to eight more cities (Patna,
Meerut, Amritsar, Agra, Varanasi, Lucknow,
Kanpur and Dhanbad) has been started and
various Geophysical & Geotechnical surveys are
in progress.

Under the Scientific Deep Drilling project in the
Koyna Intraplate Seismic Zone, Maharashtra,
the evidence of deep-water percolation in the
Koyna Seismogenic Zone has been established
with several damage zones being delineated
between 2 and 3 km in the Koyna pilot borehole



based on the physical and mechanical
properties of the rock formations.

Under the national network project, Submarine
Ground Water Discharge (SGD), National
Centre for Earth Science Studies (NCESS) has
estimated SGD flux from three coastal
catchments of southwest coastal zone of India
through aquifer modelling technique. There are
nine critical zones with a total shore length of
106.5 km, out of 640km surveyed, in the SW
coastal zone having SGD signatures

NCESS developed a MATLAB-based inversion
program, b-spline polynomial approximation
using the differential evolution algorithm
(SPODEA), to recover the concealed basement
geometry under heterogeneous sedimentary
basins

1.5REACHOUT

During the current financial year, a total number
of 32 research proposals from various
academic/research organizations and
universities have been sanctioned

The International Training Centre for
Operational Oceanography (ITCOocean)
established at INCOIS, Hyderabad a UNESCO
Category 2 Centre, had trained 108 foreign
nationals from Indian Ocean RIM countries till
now. Till December 2022, 10 training courses, 1
webinar and 1 seminar were conducted. A total
of 532 persons (Male: 315, Female: 207) were
trained of which 424 are from India and 108
from other countries.

Following up The Hon'ble Prime Minister's
announcement of India's readiness to
contribute 3 million dollars for restarting the
work of BCWC at the 5" BIMSTEC Summit on 30
March 2022, BCWC at NCMRWF organized its 2™
GB and SAC meetings during 01-03 November
2022 in coordination with Ministry of External
Affairs, Government of India and BIMSTEC
Secretariat, Dhaka. The representatives from all
the BIMSTEC member nations NHMs and
BIMSTEC Secretariat participated in these
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meetings.

An AI/ML virtual training workshop was
organised on 9" and 10" May 2022, for
scientists/students of MoES institutes, by the
Al/ML virtual centre of MoES in collaboration
with the DESK program of MoES.

Under the Development of Skilled Manpower in
Earth System Sciences (DESK) a National
Training Workshop on Fundamentals of Data
Assimilation (NTDA) was conducted from 9" to
21" September, 2022. About 50 participants
attended the training workshop, and 9 resource
persons gave training on both theory and
hands-on practical.

E-resources subscribed under DERCON (Digital
Earth Sciences Consortium) in 2022 were made
available to scientists and employees of MoES
institutes through KRCNET

Coastal clean-up programs are conducted at
regular intervals as a part of the “Clean Seas
Program (Swachha Sagar)” to create awareness
on marine litter. In the context of “Azadi Ka
Amrit Mahotsav”, MoES launched the “Swachh
Sagar, Surakshit Sagar” campaign to clean-up
India beaches all across India and raise
awareness about the importance of a Clean and
Safe Sea.

A total number of 75 beaches covering the
entire Indian coast were identified for creating
awareness among the beach visitors, fishing
communities, other coastal stake holders and
general public on the ill effects of beach litter on
the marine environments (Fig.3.11). About
58,100 volunteers participated and collected a
total of 64,714 kg marine litter from the coastal
areas.

1.6 Deep Ocean Mission

Polymetallic Nodule (PMN) collection and local
pumping trials, by a self-propelled mining
system - Deep Sea Miner, is planned during
early-2023 at the International Seabed
Authority's contracted Area in the Central
Indian Ocean (CIO).



Preliminary design for the development of a
6000m depth-rated manned Submersible
capable of carrying 3 persons with an operating
duration of 12h and emergency endurance of
96h is completed and detailed design is
underway.

A human acclimatization test in a shallow water
sphere was conducted with three personnel for
2 hours at 7 m depth of ATF, NIOT with the
measurement of human health parameters.

For wave climate projections, a wave model
based on WAVEWATCHIII (WWIII) - V6.0.7 for
the Indian Ocean has been configured.

1.7 International Collaborations

MoES regularly partners with international
institutes for scientific collaboration in all fields
related to earth sciences to broaden the scope
of research through trans-national joint
projects and joint developmental work.

A Roadmap on the Blue Economy and Ocean
Governance has been agreed upon between
India and France to promote their bilateral
exchanges. The Preparatory meeting of the Blue
Economy and Ocean governance Dialogue
between India and France was held in Paris at
the Headquarters of the French Ministry of
Foreign Affair on 13 June 2022 which was
attended by Secretary, MoES and the French
Ambassador for Poles and Maritime Affairs.

A Memorandum of Understanding between
Indian National Center for Ocean Information
Services (INCOIS) and Ministry of Fisheries,
Marine Resources and Agriculture of the
Republic of Maldives was signed on 2™ August
2022. Under the Mol, it is proposed to
collaborate through capacity building, data and
technical expertise sharing to develop
integrated potential fishing zone forecasting
capabilities for the Maldives and to establish a
formal mechanism for capacity building
trainings at INCOIS for the official and scientist
of Maldives.

An Indian Delegation was led by Hon'ble

Annual Report 2022 - 23

OVERVIEW

Minister of Earth Sciences (I/C) Dr. Jitendra
Singh, Secretary, MoES and members from
Department of Fisheries, MEA participated in
the 2™ UN Ocean Conference from 27th June to
1st July, 2022 at Lisbon, Portugal. The
overarching theme of the Conference was
“Scaling up ocean action based on science and
innovation for the implementation of Goal 14:
stocktaking, partnerships and solutions”.

India is participating in the Belmont Forum,
Future Earth and JPl Oceans co-branded CRA on
“Transdisciplinary Research for Ocean
Sustainability” proposed by FORMAS, Sweden
and MoES is supporting component of the
project “Coastal Ocean Assessment for
Sustainability and Transformation (COAST
Card)” to be implemented by NIO, Goa under
this CRA. First international meeting and
workshop on COAST Card is scheduled to be
held at Manila, Phillippines from 27 Feb to 3rd
March 2023.

The 14th RIMES Council Meeting, was held in
Bangkok, Thailand from 11 to 12 November
2022. The meeting was presided by Dr.
Ravichandran, Secretary, Ministry of Earth
Sciences, Government of India, and RIMES
Council Chair.

Bimstec Centre for weather and climate (BCWC)
at NCMRWF organized its 2™ GB and SAC
meetings during 01-03 November 2022 in
coordination with Ministry of External Affairs,
Government of India and BIMSTEC Secretariat,
Dhaka.

Under the Cooperation with Natural
Environment Research Council (NERC), UK, the
progress of all Air Pollution and Human Health
(APHH) projects were reviewed during the
Internal Science Meeting held on 19"to 20" May
2022 conducted by the APHH Secretariat.

MOoES is spear heading the ‘Oceanic Track’ under
the Environment, Climate & Sustainability
Gorking Group of the G-20 Forum in partnership

with MoEF&CC.



In additon, MoES Is also organizing a slde evant
gs a8 part of the 'Resesrch & Innovatlon
initiatives gathering of G-20, under the theme
“Selentifle Challenges B Opportunitiss for a
Sustalnable Blue Economy”.

1.8 Scentific Publications

A total number of 491 research papers werg
publishad during 2022 by MoES sclentlsts under
various programs of the Ministry, and the total

OVERVIEW

Impact factor Is 1621.1 {Ag. 1.1). The average
Impact factor of research papers was 3.30.

1.9 Budget Expanditura:

The total outlay for the Ministry for the year 2022-23
was Rs.2653.51 cromes which was reduced to Rs,
2056 A7 crores at the RE stage. The expenditure
profile for the last 15 years s shown In the table
below.

2500 o0
£00
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500
1500 400
— 301
200
500
100
fﬁ “;'?ﬁ: ,@9 -F‘\F “E‘N? "PQ -1?‘\?‘ "FN? *‘E"{? -1':'-“'\’“-? f—"{} -"Pr\tb ’-:9 "IFI'E’ ’Ldl} “.‘:5'?
I Mo, ot Papars mCum ulative lmpac Factor
Yoar nE RF. Actnal Fxpenditine
2007 0% BRTUE 063585 S63.03
HWIR-08 T 231,00 51,65
20002-10 1213.20 113720 [DHO.ST
201011 130525 12810 Loy 7
-1z BTN 12270 RNENE]
2012-13 1672.20 119860 1177.14
Hir3-14 AN 131712 1248, 15
X14-15 | 7223 1336858 |25 535
M115-16 162268 142,95 | 296 RO
MiG-17 Ta72.15 1579.11 1154, Ti
X17-158 |71 48R 1597 6% 1 54775
201%-1%9 L 04 TREQD DO 1745 .63
T -0 190 T 1209,74 | 722,54
2120-21 7000 | 13000 | I 2R5.76 |
2021-22 188713 23449 5] 2194 539
2T 265351 056,47 1336.96%
*az on 3101/2023
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Chapter 2
ATMOSPHERE AND CLIMATE RESEARCH, OBSERVATIONS, SCIENCE
AND SERVICES (ACROSS)

2.1 Introduction

The Ministry of Earth Scences {MoES) provides
Weather, Climate and Hydrological Sarvices to
various users round the clock and round the year.
Both operatlonal and research aspects for these
services are Implememed under the Umbrella
program, ACROSS by the India Meteorological
Department {IMD), Indlan Insttute of Tropical
Meteorology (lITM} and Natlanal Centre for
Medium Range Weather Forecasting (NCMRWF).

During the year, many significant achlevements
have been made in providing weather and dimate
services. Mary major Improvements have been
made In the observing systems and data
assimllation In numerical models. Intense
observational mmpaigns also have beentaken up as
speclal atmospherlc observatlons help us to
understand the physical processes and address the
model defidencies to improve the acourscy of
models. Detalls of significant achlewvements made

underthe program ACROSS are given below:

2.1.1 Atmospheric Ressarch Tastbed [ART)
facility in central India

The ART program is a highly focused observational
and analytical research effort for understanding the
physical processes. It will help compare
observations with model forecasts and simulations
in the intarest of accelerating improvemerrts in both
observational methodology and monsoon
prediction madels. Various types of sophisticated
scientific instrumentation are being augmented at
the ART facllity at Silkheda village inSehore District
of Madhya Pradesh. Apart from the Dual-
polarimetric C-band radar, other observing systems
for clouds and precipitation such as Microwave
radlometric profller, Cellometer, Impact
disdrometer, microe raln radar have also been
deployed and observational campaign was
conducted durlng the monsoon season {Flgure 2.1},
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2.2 Modelling work at NCMRWF

2.2.1 Global
Assimilation
The NCMRWEF Data Assimilation (DA) system makes
continuous efforts to include new observations for
improving the initial conditions and its forecast
quality. In this direction, HRPT data from two
Indian stations, Integrated Precipitable Water (IPW)
over Japan, and for the first time satellite
observations from commercial satellite operators,
viz SPIRE & Geo-Optics (GNSS-RO observations)
have been used in assimilation from this year.

Observations and Data

of impact of satellite data sets than that of
conventional observations

For verifying the model forecasts, a new merged
rainfall product - Multi-Ensemble Rainfall Analysis
(MERA) has been developed in research phase. This
product has a spatial resolution of 4 km, and
temporal resolution is of 1 hour and involves
satellite rainfall products from GPM-IMERG,
GSMAP, INSAT, and that from Indian radar network.
The merged product was initially evaluated using
the 25 km NCMRWF-IMD merged product. The final
testing is being carried out by
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Fig. 2.2. (left) A comparison of the impact of relative contribution of various types of observation on 24 hr forecast
during summer monsoon period of 2022, 2021, 2020 and 2019 corresponding (right) Number of observations

assimilated

The impact of observations is continuously
evaluated through Observations System
Experiments (OSE) and through Forecast Sensitivity
to Observation Impact (FSOI). Figure 2.2 depicts a
comparison of the impact of relative contribution of
various types of observations on 24 hours forecast
during this year and compares it to that of the same
period for last three years. It clearly shows increase
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utilizing the quality-controlled daily rain fall from
rain gauges. The MERA productis currently available
inthe domain as shown in figure 2.3(a). This product
has been developed in collaboration with Australia's
Bureau of Meteorology (BOM) and Australian
National University (ANU). A sample plot showing
the rainfall bands during monsoon on 13" June 2022
are shown in figure 2.3(b)-2.3(d). The figure 2.3b
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shows the daily accumulated blended satellite and
radar product and figure 2.3{c) shows the IMD-
NCMRWEF dally accumulated merged gauge-satellita
product and flgure 2.3(d} Is the IMD gauge gridded
product at 25 km. Figure 4b which is the daily

ar

e e e i

forecasting and dlimate prediction. However more
recently evidence has heen emerging that even on
short tmescales the Interactions between ocean
and atmosphere can be Important and can Improve
the numerical weather prediction. A newly
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Fig 2.3. (2] Indlan domaln showing the division of tlies and
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the radar coverage area and a comparison plot showing {b}
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thee mierged sabellibe and radar rainfall using multi-engemble rmethod (€} IMD-NCMRWF merged rainfall at a resolution
of 25 km (d) IMD gridded gauga data at & resolution of 25 km on 12 June, 2023,

ensemble product shows finer detalls of ralnfall over
the north-eastern states, Gujarat, East coast as well
as west coast region.

222 NCUM Experimantal Coupled global
assimlilation-forecast system for NWP

Coupled atmosphere-Land-Ocean-Sea Ice
modelling systems have long been used for seasonal

Data Assimilation- Data Assimilation —
Atmosphere Land Surface

Soil Moisture analysis:
Mathod: Simplifiad
Extended Kalman

Model: Lnified
Modal; Domain:
CGlabal
Horizontal
Resoluiion: 10
ki

Martical lavals:
70 levels (model
top at B0 km)
Time step: 4
min.

Method: Incremental
A0 Nar
Observations
azsimilated:
Observations
received from GTS
and various aothar
SOouUrces
(MNOAAMNESDIS,
EUMETSAT. ISRO
etc )

Filter

Ohservations
assimilated: ASCAT
sail watnass
observations, Screen
Tamparatura and
Humidity increments.

developed coupled global NWP systam under the
"UM Parinership® 1s being tested at NCMRWF. The
new NWP system with coupled DA at NCMRWF is a
major milestone In the progress of NWP In Indla.
Sallent features of the Coupled NWP system (Table
2.1} and the Initial results {Figure 2.4) are presented
here.

Data Assimilation-
Ocean & Sea lce

Model: NEMO
Rasolution: 4" quasi-
isotropic resolution
Wertical Levels: 75
levels in the vertical.
Time =step: 20-min
(NEMO+CICE)
Assimilation method:
aD-Var FGAT
{NEMOVAR)

In coupled simulations the atmosphere and land components exchange information with
the ocean and sea ice components via the OASIS3 coupler using an hourly coupling
frequency
Science configuration: Global Atmosphere (GAS.0), Global Land {(L.9.0), Global Ccean
6.0 (GO6.0) and Global Sea lce (GSI18.1).

Table 2.1 Detalls of the experdmental coupled NWP systern at NCMRWF
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Daily Rainfall (em/day); 27Jun2022
CNCUM NCUM
- 40N

TOE BOE B'EE TOE E
Rainfall (cm//day); 28JunZD22
NCUM

B 16 ¥. Gl
Rainfall (em/day); 29Junz022
CHCUM NCUM

X TOE BOE B 706 soE
Daily Rainfall (em/day); 30Jun2022
oBS . CNCUM N NCUM

mﬁf"---

A

0.1 1 2 4 a 16 32 &4

FAg. 2.4 Dally accumulated rainfall forecast based on 00 UTC 26 June 2022 Inttial condition {analysis). CNCUM Is the
experimental global coupled NWP system a2t 10 km horlzontal resolution and NCUM Is the operatlonal NCUM NWP
system of 12 km resolution at NCMRWFR.OBS stands for NCMRWFIMD merged rainfall praduct
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2.2.3 Global / Regional Modeling

New version of regional Unified Model (RA3) was
implemented at 1.5km and 4km resolutions. The
upgradation incorporated some new capabilities
like improved microphysics with more interactive
cloud-aerosol processes and the cloud generation
scheme which accounts for improved entrainment
at the top of the boundary layer. The lightning
parameterization scheme was also re-tuned to
improve the coverage and extreme weather signals
for enhanced lightning forecast potential over India.
Testing of the upgraded model was carried out at
4km resolution by running 45 test cases and found
improved rainfall scores compared to the previous
version (RA2). The case study of Vayu cyclone was

due to the new cloud microphysics schemes
changed the heating profile at the mid-troposphere
which was instrumental in driving the cyclone
motion.

2.2.4. Global /Regional Ensemble Prediction
System

The Tropical Cyclone (TC) tracker has been upgraded
and implemented on the forecast of NCMRWF
Regional Ensemble Prediction System (NEPS-R). The
TC tracker provides strike probability forecast and
animation of probabilistic TC movement for named
and unnamed storms. Figure 2.6 shows the
ensemble member tracks (Figure 2.6(a)), strike
probability (Figure 2.6(b)) and the storm following
meteogram from NEPS-R forecast for the TC 'ASANI'

26N
rl
22°N
.1 T ™
18°N y |
12
147N .

107N

'H
\r 6

BEE T2"E T6°E

BOE B4°E 3E8°E

Fig. 2.5 Best track data fram IMD [QBS), IMDAL, and fore casts fram RAZ2 and RAS for TCWayu from the initial conditions

of 00Z, 12 June, 2019.

carried out to evaluate the sensitivity of the
modifications which resulted in more realistic track
of the recurvature, whereas the previous version
generated a false warning of landfall at Gujarat coast
(Fig. 2.5 shows a comparison of the track of the new
version RA3 with old version RA2, observed track
OBS and IMDAA reanalysis). The study found that
the turbulent generation of water and the
secondary ice processes at the mid-troposphere

Annual Report 2022 - 23

based on initial condition of 00UTC 10 May 2022.
The probability of passing the cyclone centre within
120 km from a grid point is depicted in the strike
probability. The storm following meteogram
provides probabilistic TC intensity forecast in terms
of minimum mean sea level pressure and maximum
sustained surface wind (at 10 m height) at TC centre.
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RCTZ0 &g D201 Mernzar TC recta
kreGafd drar A U720 e L0 Moy 205

RITZ-F L= 22000 | neasask 10 ==zzk mreharl ity AkER 1-’_h JEL i B vdaas g idiliegam
for AZAHI Fom 0O UIC Taa 10 My 00532 AT TS PORL R fwr WL

rrrrrrrrrrr

e miml

=1

* ol oLl it

meteogram for TC 'ASANI' bazed en Inltlal condilon of DOUTC 10 May

2.2.5. Atmospheric Maodel Verlfication &
Applications
Impiementation of NCMRWF Extended Range

Drought Menitoring System
Drought Is a complicated phenomenon, and the

least understood of all “wewther and <limate
extrames”, The countries like India whers the
Ivelihaod of 60% of the population depends on
agriculture, drought Is one of the most feared
natural calamites as it Impacts food production, the
economy, and the morale of millions of farmers in

the country. Hence, we have developed a new
drought monhoring system using on a standardized
preclphation Index {5Pl} computed from a multl-
week extended ranga predicHon system {NERP}
bhased on the Unified global coupled modelling
system that has been Implemented for
characterizing the droughts on sub-seasonal time
scales. A sample chart of the multl-scalar SPI
drought over the Indian reglon is glven below. The
drought severity is labeled based on the
clazsification defined by the World Metenralogieal

Organization {WRAO)

NCMAYF Extended Flanl;i‘a Prediction System
L] S Pl Outlook
releassd on Sep 22, 2022
(aiCine Waak
! Vil fiar V2300027 fo 202700079

ulti-Sealar Dirow,

a5 YR

07 R

Ao Y AP

. . " —
82"E T2°E 7B E 84" E GO"E ME"E

iy - . . —
&"E 7EYE TA'E 84°E BOVE 88 E

W For S23-08-20 fo S093-T0-20

(2iThres Waankn
Valid far 20072-08-20 1o HFX-T0-T3

Drought Severity
s Extromely Dx
o Severel );_'Jr i

Mnd-ura'rul-r ry
Mear Normal
Modarataly Wat
- Very Wel
—— Extremaly Vet

(d)Four Waooks

.

€E°E TOE 7A'E BACE DOCE DEYE

Hg. 2.7 Multl-scalar 5P| drought Index computed using the NCMRWTF extended range predicHon systemn. The drought
chart released on 22 Septernber 2022 (and will be updated weakly)
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2.2.6 Improved Skill In the NCMRWF model
Tropkal eycdona forscasts over NIO

A new NCMRWF shudy documents the impraved
skill of NCUM-G in forecasting the North Indian
Ocean {NIO] TCs during 20152019, based on a
collectlon of 1B10 forecasts Inwohdng 22 TC cases.
The study highlights three slgnificant changes In the
madelling system during the recemt five years,
namely (i) increased grid resolution fram 17 to 12
lam, {II} use of hybrid 4D-Var data assimilation [DA),
and {ll1) Increased volume of assimllated data. The
study results Indicate a consistent Improvement In

T m mCURMS B RILM-GYE

EC0

DPE (ki)
400

200

MSWE {kts)

the NCUM-G model forecasts during the pre-
moansoon (Aprik-May, AM) and post-mansoon
{Cetober—December, OND} TC seasons. In addition
to a 44% reduction In the Inltal pesition error, the
study also reports a statistically slgnlflcamt decrease
in the direct position error {DPE) and error in the
Intensity farecast, resulting In a forecast gain of 24
hrs. Comparing NWP models with IMDs officlal track
ermor shows that NCUM-G and ECMWF model
forecasts feature lower DPE than IMD in 2019,
particularty at higher (96, 108, and 120 h) lead
times,

100 7 @ noum.Gve - =0
B ANCUM.GWE
an B Simprovement 40
& i w u s
o o o "] £
B0 % & 5 & 5 "o
;1;- i N = E3E B g.
401 1T 8 e 1 i r20E
TR =
20 E ' B E E L QE E '
D - -+ 1 4 4 -k i 4 4 - ﬂ
Tl LI [ T [ ==
0 24 Ll [ i} 120

Foracast Hour -=- Farecast Haur (UTC)
500
| MDD
B NCUM-G
400 1 @ ECMWF
0 UKMO
& = IMD-GFS
Ll
& 200 -
] I-|:ﬂ ﬂ']'mm
] AR
12 24 36 48 60 72 8

& 86 108 120

Forecast Hour

Ag. 2.8 Reduced ermors In the troplel cyclone forecast positions (top left), Intensity forecasts {top right}. An Intercam-
parkon of NCUM-G foremast posldons emors with other global NWP cemtres (bottom).
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2.2.7 Ocean Data Asgimilation and Forecast
System

NCMRWF produces the ocean analysls and
forecast using the glabal NEMO model. In model,
the S5ea Level Anomaly {SLA) Is computed by
subrtracting the measured Sea Surface Height (SSH)
fram the long term mean {2016-2021}. Tha SLA is
defined by the helght of water over the mean sea
surface In a glven time and reglon. Flgure 2.9 shows

2.3 Global and Reglonal modelling at IMD

2.3.1 Global Forecasting System

Global Forerasting System {GFS T1534L64) model Is
run operatlonally at Indla Meteorologlical
Department {IMD] four times in a day {00, 06, 12 &
1B UTC) tas give deterministie faracast In the short to
medium range upto 10 days. The forecast model has
a resolutlon of approxddmately 12 km In horlzontal
and has 64 levels inthevertical. Theinitial

Sea Level Anomaly(m) 24102022
I 1 1 1 1 1 1 1 1

b e, =

13 —

- 14k —

{LINEMD ANALYSIG. .,
i

T T . j
TRE BIE BSE #0°E 93°E 9E°E THE e BE'E oS ME #8°E

Fig. 2.8 Sea Level Anomaly (5LA) forecast from the NEMO model with respect to the satellite-derived 5LA data for

24 Oct 2022, IMD best track s also overlald.

the SLA from the MEMO analysls and forecast
gpalnst the satelllte-derlved SLA data for
240ct2022, The satellte-derived SLA data is
available from the multimlssion akimeter data. The
cyclone track (IMD best track)} Is also overlald. The
comparatvely small, shori-lived eddias clrculation
is observed inthe ocean similar ta weather patterns
Intha atmosphere.

Annual Report 2022 - 23

conditlons for this GFS model are generated from
the fourdimensional [(4D) ensemble—ariational
data assimllation [DA) system {4DEnsVar) bulld upon
the grid point statistical Interpolation {G551)-based
hybrid Global Data Assimilation Systern {GDAS) run
on High Performance Computing Systems (HPCS) #t
Natlonal Center for Medlum Range Weather
Forecasting {(NCMRWF). The real-time
GFS(T1534L64} model autputs are generated daily
at IMD. This 4DEnsVar data assimilation system has
capablittles to assimllate varlous conventional as

14
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well as satellite observations including radiances 2.3.2 Generation of Multimodel Ensemble
from different polar orbiting and geostationary {(MME) forecast for Indian districts
satellites. The real-time outputs are made available IMD generates location based as well as area

Fig. 2.10 {a) IMD Observed rainfall for 22™ August 2022 and IMD-GFS forecast for (b) 24 hours, {c) 48 hours, (d) 72
hours, (e} 96 hours and {f) 120 hours valid for 22™ August 2022,

to operational weather forecasters and various averagEd forecast from six models also its MME in

users through the national web site of IMD. Figure real time for decision support. The NWP model
2.10 shows the forecast and observed heavy rainfall forecasts available with IMD is of different spatial
event of 22™ August 2022 during south west resolution (Table 2.2).
monsoon 2022,
Table 2.2 Operational Global models
Operation Agency Resolution {km)}
Models

1. GFS IMD 12

2. GEFS IMD 12

3. GFS NCEP 25

4, UM NCMRWF 12

5. GSM JMA 25

B. IFS ECMWF 20

Annual Report 2022 - 23
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Flve days of the area-averaged forecast of minfall,
mimdmum tempersture, minimum  temperaturs,
wind speed, wind direction, relative humidity {at 3
UTC and 12 UTC), and cloud cover from each model
is generated for Indian districts, followed by MME-
mean foreeastz have heen generated. Currently,

D CHrsarved Rainfal (mm) LE-06-2 023

reported at northeast states of Indla on 16th June
2022 is campared qualitatively with the MME
forecast as shown In Fig. 2.11 The extremely heavy
rainfall observed at northeast reglons are well
predicded in MME day 1, day 2 and day 3 forecast.
Simllar to MME distriet rainfall farecast mat-

MO M ML Asinfad immil | orecast (Day 11
AR (B 3he SRS VAR FRC AN LTS G L (M A0

i
i
Elh
L

M = T -1 w us
MO _MME Aginfal [mun) Foresas
Essmd or 13-06-2023 vald far 63 LTC of 150

e

. = _’.-r_fr_ I > : o F‘a $:JF A
[ _..-'#-. '\._.‘.-"_' | R \__'.i-'"-
'I:I" = i 'I:s | L
»ﬁ ¢ e
30 5 o a5 = W 3 D e a3
Flis. 1.11 Mean MME Forecasts

forecast over 734 districts are generated In real
Hime. Ower these spatial domalns, forecast of ralmfall
distribution alsp calculated by estimating the
percentage of grids reporting a rainfall amount
greater than 2.5 mm/day.

These forecasts are disseminated to the operational
forecasters at RMCs and MCs as a declslon support
while issuing forecast, These forecasts {as digital
values) and figures are alsp avallable at NWP
division's webslte, The district minfall forecast from
differert NWP model and MME are evaluated
against IMD observed rainfall during southwest
monsoon-2022 and superiority In the performance
of MME forecast Is observed. A case study Is
presented in this report to evaluate the
performance of MME forecast qualltatively over
Indlan districts. The extremely heavy rmainfall

Annual Report 2022 - 23

subdivision and location specific city forecasts
based on MME are also generated In real-ime and
avzilable at|MD-NWP website,

2.3.3WRF model

During southwest monsoon season 2022, the WRF
model (ARW)] delivered hourly forecasts for 3 days at
3 kmn harizantal reselution updated four times daily
at 00, 06, 12 and 18 UTC. The data assimilatlon
component, reglonal G5 (Global Statistical
Imerpolation) takes global GFS analysis and all other
conventional quality-cantrolled ohservations as its
Input and generates mesoscale {3 km) analysls. The
maodel produced forecasts over a domaln spanning
about 5°Sto 41" Nin north-south and 49" Eta 102°E
in east-west directions respectively. Flgure 2.12
represents the performance of the model during
maonsoon season In terms of categorical skill scomes

16



ATMOSPHERE AND CLIMATE RESEARCH, OBSERVATIONS, SGIENCE AND SERVICES (AGROSS)

of rainfalls farecast and spatial correlation
coeffident with ohserved rainfall. The upper row of
Fig. 2.12 portrays skill scores {a] crideal sueress
Index and (b) Gllbert skdll scores for differant ralnfall
thresholds whereas lower row exhiblis seasonal

G35
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N o T
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0.18 1

04z
0.0
0.06

003 -

0.00 -

= 356 = 64.5

averaged spatial correlation coefficient for (c) 24
hours, {d) 48 hours and {e) 72 hours rainfall forecasts
with observation,
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T

Fig. 212 (g) Critical Success Index, (b] Glibart 5kl Score & spatial comalation coeffidemt sweraged ocvar whaola
sauthwest monsoon seasan of 20231 for {c) 24 hours forecast, [d] 48 hours forecast and {e] 72 hours forecast of minfall.
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2.3.4 HWRF-Ocean (HYCOM/POM-TC) coupled
model

During pre-mansoon cyclone seasons of 2022, the
movable triple nested HWRF-Ocean (HWRF/POM-
TC} coupled model with horizontal resolutions of 18
km, & krmand 2 km delivered five days forecasts four
times a dayat 00 UTC, 06 UTC, 12 UTC and 1B UTC for
tropical cyclone formed over north Indian Ccean
{NIO). During pre-monscon season of 2022 only one
Severe Cyclonlc Storm ASANI formed over Bay of
Bengal. The data assimilation component of HWRF,
reglonal GSI Data Assimlilatlon, generated

ciSwath Rainfall

Ik0:FWRE Tetzl Rainem
i

centre. The perfformance of the model with 3 days
lead time Is satisfying operational requirements.
Figure 2.13 represents the different product
generated from operational HWRF-HYCOM coupled
model for the Severs Cyclonic Storm {SCS) ASANI
during May 2022.

2.3.5 High Resclution Rapid Refresh {HRRR)
MODEL

The HRRR model is based on Weather Research and
Forecasting {WRF) Model's ARW core and takes the
initial and boundary condition from the IMD-GFS
global modael. Ltilising the WRF Data Assimilation

Swath 10 m Wind

azinum Wind Spesd ks
‘ald 136 U

Eaaaps e b

°E BE BZ"E 83¥"E

TE

T E
Min PressurenPal 960 T6c Mo Wind(aue) 50 0255

HE

IMDAWRF B20hPa Sraamings aned [soiachallis)
Dasod on 20ZE050800 Vakd for SOIR0C0E00 UTC
s e ¥ =T

Fig. 2.13 SCS ASANI Zonal Cross-section of {a) Total wind & {b) Humidity and tamperature, (c) Swaths of Rainfall & 10 m
wind, {d) 10m wind and MSLP of 2 km core domaln and {e) Streamlines and Isotachs of combine domain {18x5x2 km).

mesoscale analysls for Intermediate and Innermost
nests which are then merged to generate analysis
forall three domains. The model parent domain (18
km horizontal resolution} remained stationary
whereas the Intermediate domain {56 km horlzontal
resolution) and the inner most domains {2 km
horizontal resolution] moved to track the storm

Annual Report 2022 - 23

system (WRF-DA), the RADAR data Is assimllated In
HRRR model every 10-15 min over a 1-h period. The
HRRR 1s hourly updated, cloud-resolving,
convection-allowing atmospheric model, with
horizontal resclution of 2km and provides
reflectivity and rainfall forecast for next 12 hours.
The HRRR model Is run In cyclic mode every hour for
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three domains covering entire mainland of India viz.
North-West Domain, East & North-East Domain and
South Peninsular India domain and forecast
products are updated on the NWP website after
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every two hours. The forecast product from HRRR
model is shown in Figure 2.14,

2.3.6 E-WRF Operationalization
Recently during March 2022, IMD NWP division has
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Flg. 2.14 The left column figures show the Reflectivity forecast product for North West, South and East & North-East
India from HRRR model from top to bottom respectively. The right column figures shows the rainfall forecast product
for Morth West, South and East & North-East India from HRRR model from top to bottom respectively
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operationally implemented the model EWRF
Presently three different products (Lightning Flash
Density, Max Reflectivity and Hourly rainfall} from
the Electric-WRF model have been updated in the
IMD NWP intemal website on the experimental
basis for the kind feedback of forecasters. Incase of
E-WRF maodel run, ground-based lightning flash rate
is assimilated in the model, Presently due to the
limitation of the computational resources, we are
running the model at three different times in a day
to cover the entire 24 hours of the day. Early Run is
based on the 00 UTC IMD-GFS initial conditions with
the validity of the forecast belng for 12 hours at
hourly intervals (01 UTC to 12 UTC). The Early run
products will be available on the website around
0600 UTC {1130 15T). Update Run is based on the 00
UTC IMD-GFS initial conditlons, with the valldity of

EWRF(3km):Lightning Flash Density 2022-05-23 02:00:00 UTC
Probable Lightning Location Map Valid till next one hour

1
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EWRF Model{3km):Max Refiectivily (dB2) 2022-05-23_02-00:00 UTC
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the forecast being for 18 hours at hourly intervals
{07 UTCto 00 UTC of next day). Third run is based on
the IMD-GFS 12 UTC initial condition with the
validity of the forecast being for 21 hours at hourly
Intervals {13 UTC to 09 UTC of next day). The Third
run products will be available on the website around
1830 UTC (0000 Night). This Electric WRF model is
based on the proper and explicit cloud
electrification physlcs mechanism through which
the model generates the electric field over the
different grid points of the domain. This
electrification mechanism has separate charging
and discharging schemes based on different
laboratory experiments. In the charging
mechanism, Inductive and no-inductive processes
have been introduced.

Observed Lightning Locations for 23 May 2022
from 2UTC to next one hour

EWRF model (3km): Hourly Rainfail (mm) 2022-05-23_02:00:00 UTC
Hourly Rainfall (mm) Map Valid il mext one holr

W= O M 448,12
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Fig. 2.15 EWRF simulated Lightning Flash Origin Density (top left), Max Reflectivity {bottom left), Rainfall {bottom right)

and observed Lightning (top right) for 23 May 2022
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2.3.7 Extended Range Forecast {ERF)

A coupled model with a sulte of models from CFSv2
coupled model has been developed, implemented
and cperatlonallzed In IMD In 2017 for generating
operational Extended Range Forecast products for
different users. This sulte of models are {[) CFSv2 at
T382 {= 38 km} (i} CFSv2 at T126 (= 100 km) {iii)
GF5bc (blas corrected 55T from CF5v2) at T382 and
{iv] GFSbc at T126. The Mult-model ensemble
{MMIE) of the abowe sulte [s run operationally for 32
day= based on every Wednesday initial condition

better match with observations than week 3 and
weekd,

2.4 Monsoon Mission

2.4.1 Extended Range Prediction

A second generation extended range prediction
system {ERPv2) has been developed with a multl
physlcs muttimodel approach. A competent set of
physics pairs based on convection, revised SAS
{simplifiled Arakawa Schubert scheme)} with
modified shallow-convection, and microphysics
schemes have been selected to formulate a physics-
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Ag. 2.1& Rainfall anomaly In ohservations and forecasts of lead tme weelkd, week 2, week 3 and week 4 valld for the

period 26 August to September 1, 2022,

with 4 ensemble members to give forecast for 4
weeks for days 2-8 (week1; Friday to Thursday], days
09-15 (week2; Friday to Thursday), days 16-22
{week3; Friday to Thursday] and days 23-29 (weekd;
Friday to Thursday). Figure 2.16 shows observed
rainfall anomaly and anomaly in rainfall forecasts of
lead time weekl, week 2, week3d and weekd valid for
the perlod August 26-Septemnber 1, 2022, It can he
seen that forecasts of week 1 and week 2 shows
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based ensemble. The system with only control runs
has shown a great potentlal in the first three week
leads. Therefore, for ERPv2, we have three [nitial
condltion perturbed ensemble members {control +
twao) each for six multlphysics comblnatlons, thus
total 18 ensembles {3 initial condition perturbation
X & physics perturbation). The experimental
forecasts based on this new system, i.e., ERPv2, are
belng generated from May 2022 and are updated
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every Thursday on a real-time basis on the ERPAS
website, https://www.tropmet.res.inferpas/ of
IITM. A thorough analysis on the real-time
performance of ERPv2 in predicting the Indian
summer monsoon rainfall of 2022 monsoon
indicates that the prediction systern has remarkable

the cyclonic storm, "SITRANG" formed over the Bay
of Bengal during 20-24 October 2022. The GEFS
based cyclone tracker could capture these events as
early as from the depression stage. The forecast skill
of rainfall during the monsoon months (JIAS) of
2022 has improved when compared to 2021 in both

[
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Fig. 2.17 Rainfall prediction skill of ERPv2 during the summer monsoon of 2022 over the various homogenous regions
{AU — all India, CEl — central Indla, MZl — Monsoon Zone of Indla, NEI — Northeast Indla, NWI| — Northwest Indla, SPI -
South Peninsular India) over India for Week 1 {W1) to Week 4 {W4).

skill in predicting the Intraseasonal fluctuations
within the season remarkably well upto 3 weeks
over all homogenous regions, though the skill is
comparatively less for northeast India at week 3 lead
{Figure 2.17).

2.4.2 Short range Global Ensemble Forecast
(GEFS})/ Global Forecast System{GFS) for Short
Range Forecast :

The GEFS T1534 based ensemble forecasts have
provided accurate forecast of genesls, ensemble
tracks, strike probability, intensity for the Deep
Depression over the southeast Bay of Bengal during
20-23 March, 2022, for the tropical cyclone "ASANI”
over the Bay of Bengal during 7-12 May, 2022 and
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GEFS and GFS. The categarical skill scores from GFS
have shown improvement especially for longer lead
times. The forecast skill of GEFS is assessed using
various diagnostics such as Relative Operating
Characteristic (ROC) and Reliability diagram. The
skill obteined from ROC and reliability diagram
(Figure 2.18) for Day 3 forecast of lJAS 2022 is
equivalent to the Day 2 forecast of JJAS 2021 thus
increasing or gaining the skill by one day.

2.4.3 Development of IITM high resolution
globalforecast Model (HGFM):

IITM high-resolution global forecast Model (HGFM)
was inaugurated on the 60" foundation day of IITM
cn 17th November 2022. Due to the exponential

22
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risg in the number of smaller-scale weather
extremes, the developmentofa higher resnlution (&
km)] locatlon-specific weather prediction model was
proposed In the MoES ACROSS program. A sclemtific
strategy is adopted by using Triangular Cubie
Octahedral [Teo) grid which Is very scalable and 1s
being run on the Pratyush HP{ system. The model Is
being developed from a baslc version to a full
physics versian at ITM Pune and is completely
Indigenously and with In-house resources. While
the current GF5 {12 km) model helps to generate
black level forecast, this indigenous IITM HGFM will

help to reach farecast to a scale smaller than block
level. This "Make In Indla® Model has been run In
real-time dally since June 2022 on an experimental
basls. After a thorough valldation and performance
evaluation, the model will be handed over for
operational Implemantation te Indla
Meteorologleal Department.

2.5 Centre for Climate Change Research

2.5.1. IITM Earth System Model (ESM)
Since the development of lITM ESM v2, efforts are
balng made to develop the next version of MM

s D

et

o]

FAg. .19 Newly launched webstte hitgs:/fsif tropmet res In/sfihgfm/ for high resclution global foremst Model {HGFM)
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Earth 5ystem Model {ESM)] by Incorporeting an
imteractive land-ice model and a new spectral
dynamical core. In additlon to the development of
the ESM, studies ame belng carried out to understand
climate change using the ESM. For sample, a recent
study was focused on the extreme sea level rse
along the Indian Ocean coastline. Presently,
observatlons show that extreme sea level [ESL) have
become more frequemnt, longer lasting and Intense
along the Indian Ocean coastline [ Fig 2.20a).
Utilizing the likely range {17*-B3™ percentlle as the
spread) of IPCC mean sea level projections with
considerable imter-madel spread, the study shonwed
that the Indlan Ccean reglon will be exposed

annually to the present-day 100-year ESL event by
2100, imespective of the greenhouse-gas emission
pathways, and by 2050 under the moderate-
amisslon-mitigation-policy scenarlo as shown In
(Fig- 2.20b and 2.20¢). The study provides a robust
reglonal estmate of ESL and its progression with
rAsing mean sea level, which are Imporant for
framing climate change adaptation polieles.

2.5.2 Dbservational studias at CCCR

COCR has also been invelved in seversl climate
related observations over the last year. Forexample,
oxygen Isotope (6§'0) varlations of stalagmites
samples collected from larst caves kocated in the

{a) ESL trend {Tide gauge) {b) ESL,. at 2100 {S5P1-2 6)
™ : e
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Fig. 2.20 {a} Annual trend In ESL Intanshy {mm yr, circles) and ESL duratian {hr yr° triangles) from tide geuge data
since 1970. The projected retum perdod of the presemt-day ESL,,, along the Indlan Ocean coastline {b) at 2100 using
S5P1-2.6 arwd & at 2050 based on three shared socio—economic patirways (SSP} used in IPCC Aré.
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remote reglons of Kadapa, Andhra Pradesh were
studied. The analysis shows that the Indian
malnland witnessed saveral prolonged droughts
and flocd events during the last 3200 years {Figure
2.21). This Is the now highest temporal resolution
paleo-record of monsoon available over india.

In addition to the palec monsoon record, soientists
at CCCR have besn Involved In the MetFlux Indla
study, which alms at understanding carbon fluxes
over the Indian subcontinent. As a part of this they
have bean carrying out carbon flux shservations
over several locatlon, which are essential to
understanding the carbon budget durlng differant

vilwey

Halordived §190

b
b

{a) sclentist entering the cave

(k) Inside view al the cave

(o] sralagmite [3180-1720 yraas BF)

d) Stalagmite (1800 y=ars BP o the present)

seasons, and the drivers for carbon exchange. This
project enables identification of the sources and
sinks of greenhouse gases covering differamt
ecosystems. Observations on soll molsture have
also been conducted regularfy across several
stations in India ta contribute o water resource
Information and outiooks for sustalinabla water use.

Sclentists at CCCR alsa partlcipated In the
Multldisclplinary drifting Observatory for the Study
of Arctlc Climate {MOSAIC} expedition, and showed
that lodine is the secand highest eontributsr to the
loss of surface czone In the Arctic, which Is a change
Inthe current paradigm on ozone loss.

Rg. 2.21 5“0 valuas of two stalegmites covering 3200 years fram the prasent. Mora nagative values of 50 represent
higher rainfall and vice versa. Drougitt (floed) events ane marked with brown [cyan] colour. This Is the now higheast

temporal resolution pakeo-record of monsoon avallable over India.
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A new global seawater climatology for climatic trace
gas dimethyl sulphide (DMS) was published. This is
the first time that a global emission inventory has
been created by any group from India.

2.6 Southwest Monsoon 2022

The forecast for the date of monsoon onset over
Kerala was issued on 13" May, 2022 that monsoon
will set in over Kerala on 27" May with a model error
of +4 days. This year, it was forecasted that the onset
of southwest monsoon over Kerala is likely to be
slightly early as compared to normal date of onset.
The actual monsoon onset over Kerala was on 29
May with a model error of £ 4 days.

1" stage Long Range Forecast of Monsoon Season
rainfall was issued on 14 April, 2022, stating that
Southwest monsoon seasonal {June to September)
rainfall over the country as a whole is most likely to
be normal [96 to 104 % of Long Period Average
{LPA)]. Updated Long Range Forecast of Southwest
Monscon Season (June - September), was issued on
31" May, 2022 , stating that Southwest monsoon
seasonal (June to September) rainfall over the
country as a whole is most likely to be normal [96 to
104% of Long Period Average (LPA}]. The silent
features of southwest monsoon rainfall are given
below :

* Observed monsoon seasonal rainfall during June
to September for the country as a whole had
been above normal (105 -110% of Long Period
Average (LPA)). Quantitatively, all India monsoon
seasonal rainfall during 1 lune to 30 September
2022 had been 92.5 cm against the Long Period
Average of 87.0 cm based on data of 1971-2020
{106% of its LPA).

s The Southwest monsoon seasonal {June to
September) rainfall had been above Normal over
South peninsula (122% of LPA) and Central India
{119 % of LPA); normal over Northwest India
{101%) and Below Normal over East and
Northeast India (82%).

s The southwest monsoon seasonal {June to
September) rainfall over the monsoon core zone,
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which consists of most of the rainfed agriculture
regions in the country had been above normal
(120% of LPA).

® QOut of the total 36 meteorological subdivisions,
12 subdivisions constituting 40% of the total area
of the country received excess, 18 subdivisions
(43% of the total area) received normal rainfall
and & subdivisions (17% of the total area)
received deficient season rainfall. These 6 Met
subdivisions which got deficient rainfall are West
Uttar Pradesh, East Uttar Pradesh, Bihar,
Jharkhand, Gangetic West Bengal, and Nagaland,
Manipur, Mizoram & Tripura (NMMT).

e The rainfall over the country as a whole was 92%,
117%, 104% and 108% of LPA during June, July,
August and September respectively.

Dhaerved Hunfnll Efnlegnr"r
Yeor 20ES {IAS)

20T

BIFE

LHPE Huize Mormnd

Fig. 2.22 Observed Rainfall categories (below normal,
normal, and above normal) over India during monsoan
season {June -September]), 2022.

2.7 Tropical Cyclone Monitoring and
Prediction 2022
Salient features of the cyclonic activity over the
North Indian Ocean (NIO) during 2022 are
mentioned below :

26



ATMOSPHERE AND CLIMATE RESEARCH, OBSERVATIONS, SCIENCE AND SERVICES (ACROSS)

Verification of Long Range Forecast of SW Monsoon 2022

Redion Period Forecast (% of LPA) Actual Rainfall
g 147 April 315 May (% of LPA)
Normal (96-104% of | Normal (96-104% of
All India June to September LPA) LPA) 106
99+ 5 of LPA 103+ 4 of LPA
- 0,
Northwest India June to September Normall_(gi)108 Y of 101
Central India June to September (fi%%\éz lc\)lfolr_rgzl) 119
- 0,
Northeast India June to September NormaIL(F?g)mG/o of 82
South Peninsula June to September Above Normal 122
(>106% of LPA)
Monsoon Core Above Normal
Zone June to September (>106% of LPA) 120
- 0,
All India July (issued on 1% July) Normal (L9P4A106A’ of 117
- 0,
All India August (issued on 1% Aug.) Normal (L9P4A106A) of 103
. August to September Normal (94-106% of
All India (issued on 2" Aug.) LPA) 105
. September Above Normal (>91-
All India (issued on 1% Sep.) 109% of LPA) 108
¥ = wER T we, aF e

i Wen fiw S
ST s vereoeoLasmeL pesarven HFCASHENT CAMLIGE, HEW TELHI
o

ALRMVE OH RAKEALL MAF

R e R T 1'—
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Fig. 2.23 Sub-division wise observed rainfall during the
monsoon season of 2022
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Fifteen (15) Cyclonic disturbances (CDs-Depressions
and cyclonic storms put together) developed over
the North Indian Ocean (NIO) which includes 11
over the Bay of Bengal (BoB) and 4 over the Arabian
Sea (AS) during the year 2022 against the normal of
11 CDs per year over the NIO for the period 1961-
2020. Out of these, 3 intensified in to cyclonic
storms (CS) (maximum sustained wind speed
(MSW) = 34 kt) against the normal of 4.8 CS per
year over the NIO for the period 19610-2020. In this
3 two intensified in to severe category storms
(MSW =50kt).

(i) Deep depression over Bay of Bengal during 03-
06 March, 2022

(ii) Deep depression over North Andaman Sea
during 20-23 March, 2022

(iii) Severe cyclonic storm Asani over Bay of Bengal
during 07-12 May, 2022

(iv) Depression over Bay of Bengal during 20-21
May, 2022

(v) Depression over Arabian Sea during 16-18 July,
2022
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{v¥l] Depression over coastal Odisha during 09-10
August, 2022

{vil} Depresslon ower Arablan Sea during 12-13
August, 2022

{viil) Depression ocver Bay of Bengal during 14-16
August, 2022

{ix) Deepdepression over Bay of Bengal during 19-
23 August, 2022

{x} Depression ower South Odisha during 11-12
September, 2022

{d] Cyclonle Storm Slirang over Bay of Bengal
during 22-25 October, 2022

{xdl} Depression over Bay of Bengal during 20-22
November, 2022

i) Severe Cyclonic Storm Mandous over Bay of
Beryl during 06-10 December, 2022

{xiv] Deep Depresslon over Arablan Sea during 14-
17 December, 2022

{xv] Depression over Bay of Bengal durlng 22-25
December, 2022

2.7.1 Sevara Cyelonic Storm ASANI owver the
Bayof Bangal {7*- 12" May, 2022)

& low pressure area formed over South Andaman
Sea and adjoining Southeast Bay of Bengal in the
morming {0830 hrs IST) of 6th May, 2022. itlald as a
well marked low pressure area over Southeast Bay
of Bengal and ad|olning south Andaman 5ea In the
early moming {0530 hours IST) of 7" May. Under
favourable environmental conditions, it

LL L 35K, OO

b, $0KT, 05

10720, SOET. 508

A g L 00.55KT, 505

WiE 1af0n, EKT, O oLF L2, 45K T, 508
11K, 5561, SE5

g

i | R0, 45K, 5
e S STALE, 30T, DD

[ e T2, 25K,

™

Ag. 2.24 Observed track of severe oyclonlc storm "ASANE
over the Bay of Bengal during 7°- 12 May, 2021
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concentrated into a depression over the same
region around noen {1130 hrs 1ST) of the same day,
the 7* May, 2022. It moved northwestwards and
Intensifled Into a deep depression over southwest
Bay of Bengal In the same evening (1730 hrs I15T) of
7* May. Contlnulng to move northwestwards, It
intensified imo the cyclonic storm “ASANI ' in the
early moming {8530 hrs IST) of 8" May and Into a
severe cyclonle storm In the same evening (1730 hrs
I5T} over southeast Bay of Bengal. Contlnuing to
move northwestwards, i reached peak intensity of
55 knerts {(100-110 kmnph gusting to 120 kmph) on 8
early moming {0530 hrs IST}). It maintained s peak
Intensity till 107 noon {1130 hrs I5T), thus for 30 hrs.
From 10" evening, It started gradually moving
north-northwestwards and weakened into a
cyclonic storm owver west central Bay of Benmgal
about 60 km south-zoutheast of Machllipatnam In
the early hours (0230 hrs IST} of 11" May
Thereafter, t started moving nearly northwards
with a very slow speed and wealkened imto a deep
deprassion aver west central Bay of Bengal close ta
Amndhra Pradesh coast In the evening {1730 hrs IST)
of 11" May. It crossed Andhra Pradesh coast near
lathhude 16.3°N and longltude 81.3°E betweaen
Machilipatnam and Narsapur during 1730-1930
hours IST of 11th May, 2022 as a desp deprassion
with maxdmum sustalned wind speed of 55-65 kmph
gusting to 75 kmph. 1t then moved slowly west-
southweastwards and weakened Imto a depression In
the early moming (0530 bhrs IST) and further into a
well marked low pressure area In the morning (DE30
hrs IST) of 12* May over coastal Andhra Pradesh.
The observed track of the system 15 presented In
Figure 2.24,

2.7.2 Cyclonk Storm SITRANG over the BoB
{22™-25" October, 2022)

A low pressure area formed over North Andaman
S5ea and ad]oining areas of south Andaman Sea &
Southeast Bay of Bengal (BoB} In the early moming
{0530 hrs IST/O000 UTC) of 20" Octabie, 2022, K laid
as a well marked low pressure area over north
Amdaman 5ea and adjoining southeast BoB In the
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Fig. 2.25 Observed track of cyclonlc storm 'SITRANG” over the BoB durlng 22™- 25" October, 2022

OBSERVED TRACK& FORECAST TRACKBASED ON 0300UTC OF
22N0 OCTOBER (63 HRS PRIOR TO LANDFALL) INDICATING
ACCURACY IN TRACKAND INTENSITY FORECAST
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evening {1730 hours I5T/1200 UTC) of 21st QOctober.
Under favourable environmental conditions, it
concentrated into a depression over southeast and
adjoining eastcentral BoB close to Andaman Islands
In the forencon {0830 hrs IST/0300 UTC) of 22™
October, 2022. It moved northwestwards and
intensified into a deep depression over westcentral
BoB in the early morning (0530 hrs IST/0000 UTC) of
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23" October. Thereafter, it moved nearly
northwards and Intenskied Into the cyclonle storm
{CS] “SITRANG” in the evening (1730 hrs IST/1200
UTC) of 23" October. It then gradually recurved
north-northeastwards and crossed Bangladesh
coast between Tinkana and Sandwip close to Barisal
{near 22.15"N/90.35°E) in the night of 24" October
during 2130 to 2330 hours IST/ 1600 to 1800 UTC of
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Fig. 2.26 The annual average track, intensity, landfall point and landfall time forecast errors during 2022.

Dayl Day 2

Day 3

Day 4 Day 5

Fig. 2.27 All India southwest Monsoon (June to September) 2022 heavy rainfall skill scores from Day 1 to Day 5

24" October as a cyclonic storm with maximum
sustained wind speed of 80-90 kmph gusting to 100
kmph. Continuing to move north-northeastwards,
it weakened into a deep depression over northeast
Bangladesh in the early hours (0230 hours IST of
25"/2100 UTC of 24"), into a depression over
interior Bangladesh in the early morning (0530
hours IST/ 0000 UTC) of 25" October and into a well
marked low pressure area over northeast
Bangladesh & adjoining Meghalaya in the forenoon
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(0830 hours IST/0300 UTC) of 25th October, 2022.
The observed track of the system is presented in
Figure 2.25.

2.7.3 Performance of Cyclone landfall, track
and intensity forecast during 2022

Annual Performance of cyclone landfall, track
and intensity forecast during 2022

Track forecast performance: Annual average track
forecast errors in 2022 have been 42.3 km, 77.5 km

30



ATMOSPHERE AND CLIMATE RESEARCH, OBSERVATIONS, SCIENCE AND SERVIGES (ACROSS)

Tabls 2.3 5kill Scores for 24 hour Thunderstorm IOP Yerificstion for FDP STORM = 2022 (March to June)

Probability of Critical Equitable
: False Alarm
Month Detection Ratio (FAR) Success Index| Threat Score
{POD) (Csil {ETS)
March 0.73 0.66 0.30 0.25
April .= 03s [ e .48
Mavy 0.91 0.35 0.58 0.27
June 0.92 0.28 0.59 022
FDP STORM-2022 0.89 0.40 0.55 0.35
i L FOP TS QP 2122- ACC : FOP TS.IE‘IF' 22Z- FOO
- ...3‘1_. B -f = e J..'I
R . ;’ 3 .,___._.! ' " % b, H
i ‘ T i . I e -:. i
G, ,.FOF TSGR 2022 FAR T kfw TS 10 2022 T

Fg. .28 The Sub-divislon wise verification scores In plctorial form for 24 hour Thunderstorm 10P Verdfiatlon durlng
FGP STORM-2022
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and 108.0 km, respectlvaly for 12, 24 and 36 hrs
against the long period average (LPA) errors of 51.7,
82.4 and 100.3 km based on data of 2012-2021. The
forecast accuracy since 2003 Indicates an
improvement at the rate of 5.8 km/year (58 kmin 10
years) for 24 hrs lead period. The accuracy in track
prediction registered an overall improvement of 20-
25% upto 120 hours lead period during 2018-22.

Intensity forecast performance: The annual
average absolute error (AE) In Intensity forecast
error has been 3.8 knots, 4.0 knots and 5.0 knots
against the LPA (2012-21) errors of 8.9, 13.0 and
14.9 knots for 24, 48 and 72 hrs lead perlod
respectively. The Intensity forecast accuracy since
2005 Indicates an Improvement at the rate of 0.52
knots/year (5.2 knots In 10 years) for 24 hrs lead
period. The accuracy in Intensity prediction
registered an overall improvement of 20-30% upto
72 hours lead period during 2018-22.

Landfall point forecast performance: The
annual average landfall point forecast errors for
the year 2022 have been 14.8 km, 24.5 km and

I#AR G5 Rsrcadimm) Forscan (siho Doy & PIST valid fac s20REE T nman e
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4.5 km against the LPA {2012-21) errors of 32.5
km, 62.9 km and 103.9 km for 24, 48 and 72 hrs
lead period respectively. The landfall point
forecast accuracy since 2003 indicates an
Impraovement at the rate of 14.4 km/year (144
km In 10 years) for 24 hrs lead period since
2003, The accuracy In landfall point prediction
reglstered an overall Improvement of 40-70%
upto 72 hours lead period during 2018-22.

2.8 Forecast Verification of Extreme Events
2.8.1 Heavy rainfall warning skill of southwest
monsoon 2022

Probabllity of Detectlon {FOD) for heavy rainfall
warning varies between 77% to 53% from Day 1 to
Day 5. Critlcal Success Index (CSI} varies between
58% to 44% from Day 1 to Day 5. False Alarm Rate
(FAR) is between 24% to 16% and Missing Rate (MR)
is between 23% to 47% from Day 1to Day 5.

Probability of Detection (POD) for heat wave
warning varies between 98% to 50% from Day 1 to
Day 5. Critlcal Success Index (CSI} varies between
62% to 34% from Day 1 to Day 5. False Alarm Rate

SLDTE ST AIFFSE MEA T

RN st i Forarzag 1T Py 2 FLE L i s LK TIL 58050 15T
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FLOOD METECROLOGICAL OFFICE. CHENMNAI

HOLIMA-R ) dkmxdhem ) Aainfallimen Forecast (48hr)

Dimy & FCET walla o 06 06 202LL 08:30 5T

1

Fig. 2.9 River Sub-basin-wise average rainfall estimation of deterministic NWF models (WRF, NCUM-R, GFS, NCUM-G)

5AsiaFFGS - South Asia Flash Flood Guidance System -

South Asia Flash Flood

T

Fig. 2.30 Landslide Susceptibllity Mudule of Rudraprayag & Wayanad

{FAR) is between 7% to 6% and Missing Rate (MR} is
between 2% to 50% from Day 1 to Day 5 [Figure
2.27)

2.8.2 Thunderstorm Nowcast

During the year 2022, about 36 stations were added
to the All India Nowcast list. Thus the total number
of stations for the three hourly nowcast has gone
upto 1124in 2022 {till September).

{A) 24 hour Thunderstorm IOP Verification: The
skill scores pertaining to thunderstorms predicted
during FDP period is given in Table 2.3 and sub-
divisionwise verification scores in pletorlal form In
the Figure 2.28.
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2.9 Flood Meteorological Services

Flood Meteorological Offices (FMOs, 15 in all over
India} of India Meteorological Department {IMD)}
provide Meteorological support in the of
Quantitative Precipitation Forecast for 153 sub-
basins to Flood Forecasting Divisions {FFDs) of
Central Water Commission {CWC) to help them
Issue "Flood warnings/Flood alerts®. The
meteorological support is provided in terms of sub
basin wise 'Quantitative Preclpltation Forecast
{QPF])' and 'Probabilistic Quantitative Precipitation
Forecast (PQPF)' in different catepories through
Hydromet Bulletins. Forecast for a lead time of 7-
days (forecast for 5 days and outlook for subsequent
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2 days) are Issued dally during flood season.

Sub basin-wise Quantitative Precipitation Estimate
for Day-1, Day-2, Day-3 using WRF ARW (9km x 9k}
based on 0 UTC, for Day-1 to Day-5 using MME
{0.25% 0.25") based on 00 UTC and Day-1 to Day-7
using GFS{0.12"x0.12") based on 00 UTC run by IMD
are computed and uploaded on IMD website
pparationally. Similarly, new sub-basin-wise
products of the NCUM {0.12"x 0.12°) model based
on 00 UTC data for Dayl to Day 7 were made
operational and uplaaded in the IMD website. Suh-
basin wise probabllistic QPF based on dynamical
model GEFS and NEPS was made operatlonal in the
IMD wehsite. Operational run of dynamical mogel
GFS5, MME, NCUM & WRF for estimation of sub basin
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wise QPF and GEFS & NEF5 based Categorical
Probabllistic GPF which are uploaded In IMD
webisite. Joint Advisories of IMD, CWC and NDRF for
the flood sltuation In the country operatienalisad
during the southwest monsoon season 2022,

1] Landslide Susceptibliity Module:

Integration of Landslide Susceptiblliy Module into
Flash Fleod Guldance System for better
predicwbility of landslide astodated flash flands in
the vulnerable hilly reglons of Indlan Subcontinent
has been completed for Rudraprayag dlistrict of
Uttarakhand and Wayanad district of Kerala jointly
by GSI, NRSC, IMD and HRC.
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A virtual training was conducted on 29" June 2022
on Landslide Susceptibility Module of Rudraprayag
and Wayand and the module was operationalised
successfully.

2.10 Agro-Meteorological Advisory Services
under Gramin Krishi Mausam Seva (GKMS)
Presently, 329 Agromet Units (199 DAMUs along
with the existing 130 AMFUs) prepare medium
range weather forecast based bi-weekly Agromet
Advisory Service {AAS) bulletins at district and block
level. At present these bulletins are issued for 700
districts and ~3000 blocks in the country. For
comprehensive and quicker dissemination of
Agromet Advisories, 16,211 WhatsApp groups have
been formed covering 1,20,507 villages of 3,622
blocks reaching 13,66,103 farmers. In collaboration
with CRIDA, ICAR, Hyderabad, Extended Range
Weather Forecast based AAS bulletin is also issued
on every Friday. Biweekly AAS bulletin is also issued
from North Karnataka Agromet Forecasting &
Research Centre (NKAFC) jointly by University of
Agriculture Sciences (UAS), Dharwad, Karnataka
State Natural Disaster Monitoring Centre
(KSNDMC), Bengaluru and India Meteorological
Department (IMD) covering 13 districts of North
Karnataka on every Tuesday and Friday. Weather
and agromet inputs are also communicated to DD
Kisan Channel, New Delhi and for Krishi Darshan
Programme of DD National channel, New Delhi for
“Crop Specific Weather Based Agromet Advisories”
for the country on every Tuesday and Friday. A
YouTube channel named IMD-GKMS was created
during the year to showcase various activities being
carried out under GKMS scheme. So far, around 379
shortvideos under GKMS have been uploadedinthe
channel.

2.11 Environmental Meteorology Services

IMD conducts monitoring and research related to
atmospheric constituents that are capable of forcing
change in the climate of the Earth, and may cause
depletion of the global ozone layer, and play key
roles in air quality from local to global scales. IMD
also provides specific services to Ministry of
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Environment and Forest & Climate Change and
other Government Agencies in the assessment of air
pollution impacts. IMD contributes in the field of
atmospheric environment to the World
Meteorological Organization (WMO) Global
Atmosphere Watch (GAW) programme. The main
objective of GAW is to provide data and other
information on the chemical composition & related
physical characteristics of the atmosphere and their
trends, required to improve understanding of the
behaviour of the atmosphere and its interactions
with the oceans and the biosphere. IMD has
established following nationwide networks under
this program:

Ozone Monitoring Network, Precipitation and
Particulate Matter Chemistry Monitoring network
and Aerosol Monitoring Network which consists of
following sub-networks: (i) Sun-Sky radiometer
Network, (ii) Black Carbon Aerosol Monitoring
Network, (iii) Multi-wavelength Integrating
Nephelometer Network, and (iv) Chemical
Characterization of Aerosols.

2.12 Air Quality Early Warning System
(AQEWS) and Decision Support System (DSS)
for Delhi

One of the biggest environmental risks that many
large cities across the world confront is air pollution.
This also applies to New Delhi, the capital of India.
Especially in the colder and calmer winter months,
the Delhi's air quality deteriorates to dangerous
proportions. lITM, IMD, and NCAR developed the Air
Quality Early Warning System (AQEWS), which has
been providing early warnings about potential
severe air pollution events occurring in Delhi-NCR
since 2018. We added a Decision Support System
(DSS) to this architecture last year with the ability to
give source attribution data along with a variety of
emission reduction scenarios. The team has
developed a chemical data assimilation system that
integrates satellite aerosol optical depth (AOD)
retrievals at 3 km resolution, surface data from 320
air quality monitoring stations in India and high-
resolution emissions from various anthropogenic
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and natural sources (including dust and stubble
burning). This extensive modelling framework has
resulted in a phenomenal increase in prediction skill
of extreme air quality episodes up to 3-days in
advance at a city-scale to street level. IITM has
further developed a very high-resolution (400
metre) operational modelling system showing an
accuracy of 88% for predicting extreme pollution
events, which is much higher than the estimates
available for a similar system across the globe. The
operational and public dissemination system
(https://ews.tropmet.res.in) was developed under
the Smart Cities Mission (NP15) of the Govt. of India
and the same is being used operationally by IMD,
MoES, CPCB, MoEFCC, and DPCC. This early warning
system provides: (1) near real-time observations of
air quality and visibility over the Delhi region and
details about natural aerosols like dust (from dust
storms), fire information, satellite AOD; (2)
predictions of air pollutants based on the state-of-
the-art atmospheric chemistry transport models;
(3) warning messages, alerts, and bulletins; and (4)
forecast of the contribution of non-local fire

emissions to the air quality in Delhi. . The, statutory
body, Commission for Air Quality Management
(CAQM) in the National Capital Region and the
Adjoining Regions, has used AQEWS and DSS
extensively.

The measurements of fine particulate matter
(PM2.5) mass concentration over 39 observational
locations in Delhi, maintained by the Central
Pollution Control Board (CPCB) and the Delhi
Pollution Control Committee (DPCC), show an
identifiable peak (PM2.5 > 500 ug/m3, red line
figure 2.32) during the evening to night hours of the
24th October 2022 (the evening of Laxmi Pooja).
However, the peak concentrations only persisted for
a little time. Immediately on the next day (25th
October 2022), the concentrations were reduced to
around 150-200 ug/m3. On the following days,
while there was a weak build-up of the PM2.5
concentrations, the hourly mean values remained
less than 300 ug/m3. The simulated AQI rose to the
'very poor' category on the Diwali night and reduced
after that to reach the lower end of the same
category. The model also captured a slow build-up

Hm3

B obscervation B WERF-Chem (AD )

Ol 26

Date (Time in 15T)

Oct 27

Fig. 2.32 Hourly mean PM2.5 mass concentration over Delhi for 22nd October 2022 to 30" October 2022. The
observations and WRF-Chem simulated PM2.5 are averaged over the 39 observational stations across Delhi. The curves
show the mean values, while the shading indicates the one-standard deviation range.
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of the AQ| after 26th October 2022. Overall, the
model correctly predicted the category of AQl
during this pollution event; however, the magnitude
of AQl was missed by the model. The Decision
Support System (DSS) developed by the [ITM, MoES,
quantifies the contribution fromlocal and non-local

sources to the pollution load in Delhi. The DSS
simulated local and non-local contribution for the
same period (22nd October 2022 to 30" October
2022) shows a daily mean contribution of around
30-35% from the local sources within Delhi to its
pollution load.

2.13 Winter Fog Experiment (WiFEX)

WIFEX is a first-of-its-kind multi-institutional
initiative dealing with intensive ground-based
measurement campaigns for developing a suitable
fog forecasting capability under the aegis of the
smart cities mission of India. The field experiments
involved extensive suites of in-situ instruments and
gathered simultaneous observations of micro-
meteorological conditions, radiative fluxes,
turbulence, droplet/aerosols microphysics, aerosol
optical properties, fog water-chemistry, and vertical
thermodynamical structure to describe the
environmental stability in which fog develops. An
operational modeling framework, the WRF model,
was set up to provide fog predictions during the
measurement campaign. A new 21 member
Ensemble Probability Forecast System (EPFS; 21
member) has been developed for fog and made
operational for winter 2020-2022. The EFS
framework comprises the WRF model with a 4 km
horizontal resolution, initialized by 21 ICs/BCs. The
advantages of probabilistic fog forecasting have
been demonstrated by comparing control (CNTL)
and ensemble-based fog forecasts. The forecast is
verified using fog observations from the Indira
Gandhi International (IGl) airport during the winter
months of 2020-2021 and 2021-2022. The results
show that with a probability threshold of 50%, the
ensemble forecasts perform better than the CNTL
forecasts. The skill scores of EFS are relatively
promising, with a Hit Rate of 0.95 and a Critical
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Success Index of 0.55; additionally, the False Alarm
Rate and Missing Rate are low, with values of 0.43
and 0.04, respectively. The EFS could correctly
predict more fog events (37 out of 39) compared
with the CNTL forecast (31 out of 39) and shows the
potential skill. Furthermore, EFS has a substantially
reduced errorin predicting fog onset and dissipation
{mean onset and dissipation error of 1 h each)
compared to the CNTL forecasts.

37



Chapter—3
OCEAN SERVICES, MODELLING, APPLICATION, RESOURCE
AND TECHNOLOGY (O-SMART)

The OSMART scheme focusses on oceanographic
research and technology development activitles for
the nation. This schemes primarily address the
objectives for providing forecast and services based
on the continuous observation of our oceans,
development of technologies and exploratory
surveys for sustainable harnessing of our oceanic
resources (both living and non-living) and
promotion of front-ranking research In ocean
sciences. The scheme encompasses seven sub-
schemes namely Ocean Technology, Ocean
Moadelling and Advisory Services (OMAS), Ocean
Observation Network (OON), Ocean Non-Living
Resources, Marine Living Resources and Ecology
(MLRE), Coastal Research and Operation and
Maintenance of Research Vessels. These sub-
schemes are being implemented by
autonomous/attached institutes of the Ministry, viz.
National Institute of Ocean Technology (NIOT),
Chennai; Indian National Center for Ocean
Information Services (INCOIS), Hyderabad; National
Centre for Polar and Ocean Research (NCPOR), Goa,
Center for Marine Living Resources and Ecology
(CMLRE), Kochi; and National Centre for Coastal
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Research (NCCR), Chennai as well as invalving other
national institutes. A fleet of oceanographic and
coastal research vessels of the Ministry provide
required support forthe scheme.

3.1 Ocean Sclences and Services

The activitles related to ocean services stated in the
following sub sections are primarily conducted by
Indian National Center for Ocean Information
Services (INCOIS), Hyderabad.

3.1.1 Tsunaml Early Warning services

Indian Tsunami Early Warning Centre (ITEWC)
monitored 16 earthquakes of magnitude 2 6.5
during the period January 2022 to September 2022
in the Indian & global oceans (Fig. 3.1}. Out of these
16 earthquakes, only 2 earthquakes occurred in the
Indian Ocean region. ITEWC assessed the situation
carefully during each of the earthquakes in the
Indian Ocean and declared no possibility of causing
tsunami.. Being the Tsunami Service Provider (TSP}
for the Indian Ocean, the necessary bulletins were
also provided to 25 Indlan Ocean rim countries and
Inter governmental oceanographic commission |OC.

24" Communications (COMMs) test of the

we 80 E 100' € o E 180°

uow 160" W 0" W 20 W

A E o 160" E Va0° € 180°

Fig. 3.1 Locations of earthquakes with magnitude 2 6.5 Mw occurred in the Indian & global oceans.
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intergovernmental Coordinatlon Group for the
Indian Ocean Tsunami Wamning and Mitigation
System {ICG/ICTWMS) was canducted on 08 June
2022 to validate the TSP's (Tsunaml Service
Providers) disseminatlon process to NTWCs
{National Tsunami Warning Centres), validate the
dissemination processes for tsunaml notHication
messages with natlonal disaster management
contacts, reception of the notification messages by
NTWCs. During the COMMs tast, the scenario of
M5.2 at Morthern Sumatra, Indonesla was
evaluated. ITEWC disseminated notiflcation
messages using amall, fae, GTS, SMS and website o
25 NTWCs and Induding tweo TSPs {Australla &
indonesla) Inthe Indlan Ccean Reglon.

The UNESCO-IOL Tsunaml Ready start-up program
was conducted for the Alappad community at
Amritapurl, Kollam Dist, Kerala on 09 June 2022 In
coordinaion with Amrita Vishwa Vidyepeethem
and Kerala Disaster Management Authority
{(KSDMA). Tsunaml Ewvacuatlon Planning (TEP)
workshop conducted at INCOIS on 13 September
2022 as part of IOC-UNESCO and UNESCAP project
"“Chrengthening Tsunami Early Waming in the

Northwest Indlan Ocean Reglon through Reglenal
Cooperation” for northwest Indlan Ocean Reglon.

3.1.2. Potential Fishing Zones and Tuna
Advisories

The advisorles on Potentlal Ashing Zones (PFZ)
generated using the satelllte-derived Sea Surface
Temperature (55T), chiorophyll concentration,
water clarity and sea lsvel. The advisories were
disseminated In smart map and text form on a dally
basis, except during the fishing-ban period and
adverse sea-state canditians. During the parfad 01
January 2021 to 30 September 2022, multilingual
Potentlal Fishing Zones {PFZ)}) advisorles and
Yellowfin Tuna advisories were provided
respectively for 251 and 108 days out of 273 days
{Flg. 3.2].

3.1.3 Coral Bleaching Alert System

Coral Bleaching Alert System (CBAS) provided 80
advisorles from January to September, 2022, These
acvisories comprise Hot Spots {HS)} and Degree of
Heating Weeks [DHW=) mstimated using SST
anomalles derived from satellite data on a bi-weekly
basls. 8 watch alerts of hotspots were observed (4 at

200 -

Advisories issued from 01 Jan 2022 - 30 Sep 2022

BITF Acdvizories

mMA Advinirics
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Fig.3.2 Number of PFZ and Tuna PFZ advisaries Issued during Jan-Sep, 2022,
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Andaman, 3 at Lakshadweep and 1 at Nicobar.

3.1.4. Algal Bloom Information Services

INCOIS Algal Bloom Information Services (ABIS) uses
MODIS-Aqua retrdeved ocean colour data to provide
near-real time status of algal bloom In the nartharn
Indian Ocean waters in a daily basis. Basad on
historical frequent occurrences four bloom
hotspots (NE Arabian Sea, Kerala Coast, Gulf of
Mannar and Coast of Gopalpur) have been
Identified and are being monitored using ABIS.
During January to September, 2022 ABIS alert were
Issuedfor 26 days.

3.1.5 Ocean State Forecast

Daily operational forecasts has been continuad to
be seamlessly issued covering the parmmeters of
waves, winds, currents, tides, Sea Surface
Temperature (SST), Mixed Layer Depth (MLD},
Depth of 20°C isotherm {D20) for varlous regional
and coastal domalns. Dally ocean state forecast
{OSF) data was Issued to Sri Lanka, Maldives,
Seychelles, Comoros, Mozambique and
Madagascar. Cyclone/dapression conditions was
monitored and joint INCOIS-IMD bulletins were
issued for dissemination the wamings through
multiple modes to the user communities.
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3.1.6. Oll-splll trajectory advisories

Oil-splll trajectory advisory was provided for MV
Princess Vessel In June 2022, Based on the request
from Karnataka State Disaster Management
Authorlty (KSDMA), model simulated oll drift
pattens was Issuad {Fig. 3.3} on regular Intervals
{starting from 21 June 2022 to 04 luly 2022) from
the spill location 12° 45.5'N, 74° 51.1'E of the
wreckad vessel MV Princess which had 220 Tons of
Fuel il on board. Initially, the drift pattern was
towards the East and North. Later, the drift pattemn
was changed to southward. These periodical
advisories were sent to the Indlan Coast Guard,
K5DMA, Paollution Control Boards, Coastal Pollce,
Fishing department, Mangalore Refineries, New
Mangalore Port Authority, etc.

3.1.7 Storm Surge and early Wamning Services
Cne cyclone and three deep depression systems
was monltored and timely storm surge and
Inundation advisories were Issued through Indlan
Meteorological Department [IMD]. A total of 400
High Wave Alerts/Wamings were Issued to caution
the users on the impending high waves on the coast
from January to September, 2022,

Advisory services have been provided to specific
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Fig. 3.3 Mcdel simulated of oll drift patterns of MV Princess vessel and lis valldation.
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users like disaster management authorities,
fishermen, ports and harbours, ships plying in the
seas, offshore industries and the defense
authorities

3.1.8 Data Services

The data centre at INCOIS acquired and archived
real-time data from various ocean observing
systems. The data center also receives and archives
delayed mode data from varlous observing systems
such as XBT/XCTD observations, Met observations
(NODPAC), OMM cruise data, ADCP data, OMNI
hard-disk data, etc. INCOIS established three
Ground stations to meet the in-house operational
advisory services and acquire data from AVHRR
(Metop-A, NOAA-18 & NOAA-19), VIIRS (Soumi-
NPP), MODIS (AQUA & TERRA) & OCM {Oceansat-2)
sensors. Remote sensing data products such as Sea
Surface Temperature, Chlorophyll-a, etc. are
regularly archived by the data centre.

3.1.9 Deployment of autonomous coastal
water quality observatory

“Coastal Observatories” at off Kochl and
Visakhapatnam along the Indian coast was
established in May 2022. Buoy was deployed at
approximately ~30 m water depth and ~6-8 km from
the coast, housing multiple sensors for physical

16th Foundation Day of Ministry of Earth Sciences

(temperature, salinity, depth, surface current) and
water guality (dissolved oxygen, nutrients,
chlorophyll, turbidity, pH, pCO,) parameters. The
buoy based autonomous observatory which was
inaugurated by the Hon'ble Minister for Ministry of
Earth Sciences on the 16™ Foundation Day of MoES
on 27" July 2022 at Prithvl Bhavan, New Delhl will
lead to the initiation of water quality nowcast
service (Fig. 3.4 (a)).

3.1.10. Ocean Modeling and Data Assimilation
A regional coupled ocean-ecosystem model for the
Indian Ocean region has been developed following
the Regional Carbon Cycle Assessment and
Processes Phase 2 (RECCAP-2) Ocean Modeling
Protocol (Fig. 3.5) The model simulated data for a
period from 1580 to 2019 has been submitted to the
MPI-BGC data server.

3.1,11 Ocean Observation Network

To serve the need for operational forecast and
advance the predictive understandings of multi-
scale physical, biogeochemical, and ecosystem
processes and interactions among them, the
following observation platforms have been
deployed:

® An extensive network of 75 Argo floats in the
Indian Ocean is maintained including 48 core

Fig. 3.4 (a) Inauguration of Water Quality Nowcast Service of INCOIS. (b) Coastal autonomous water quality

observatory off Kochi
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Argo floats {CTD sensor only) and 27 BGC floats
{CTD sansor plus blogeochemical sensors).

= jAs g contribution to the Global drifdng buoy
programme 26 drifters were deployed, which

i3 0 25 Eai]
Temp (°C)

depth{m}
3 -
=
a2 (=]

g

20N

measure near-surface atmospheric and
oceanographic parameters In the Indlan Ocean
in collabaration with national agencies.
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2018 (vop panals). Time sarles evalution of the regionally Integratad alr-sea €0, flux for the Indlan QOcean from 1580 to
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are equipped with sea surface temperature and
barometricpressurein the north Indian Ccean

s 17 ADCP moorings {13 slope moorings and four
shelf moorings) along the entire Indlan coast
and 3 ADCP moorings along the equator ane
maintained in collaboration with CSIR -
Matlonal Institute of Oceanography (NIO],.

* Realime data from 36 tlde gauges were
recelved at ITWEC through INSAT and GPRS
modes of communication. The radar Tide gauge
system at Gopalpur pert with GPRS
communication has been accomplished. A
netwark of Tsunami Buoys deployed dose ta the
tsunamigenle source reglons In the Bay of
Bengal and the Arablan Sea,

o Network of 34 Automatlc Weather Stations
(AWS) in ships and offshare platforms to
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the ocean wave characterlstcs along the Indian
coastal waters, and the propagation of southern
ocean swells to the north Indlan Ocean In near-
reaHime.

Regular calibration of the systems [n recommended
Intervals has been performed to ensure the quallty
of data from these networks. The construction of
the recording room for the Installation of
amerngency communication, with co-located SMA,
GPS, and meteorological sensors with real-time
VSAT connectivity, has been completed at 32
statlons.

3.2 Studiesin Marine Living Resources (MLR)
The activitles of thls compeonent are carried out by
Cemter for Marine Living Resources and Ecology
{CMLRE), Kochi.
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3.2.1. Ecosystem Processes and biological
response

Under the ecosystem process studies, intra-annual
variation and dynamics of the oxygen minimum
zones (OMZs) were mapped along the off-shore
regions of eastern Arabian Sea. The Oxygen
Minimum Zones (OMZ) of the Arabian Sea (EAS) is
the thickest and second-most intense OMZ formed
primarily due to poor ventilation and high biological
respiration rates. The OMZ (<20 uM oxygen) in the
EAS varied between 60 and 1350 m and its thickness
decreased from north to south. A significant
seasonal and sub seasonal variability was observed
in the vertical extend of upper OMZ during
upwelling and winter convective mixing processes.
The convective mixing in the north EAS during the
winter monsoon resulted in deepening of upper
OMZ and core OMZ up to 200m depth. However, the
shoaling of OMZ associated with upwelling was
noticed during the summer monsoon which
significantly reduced the dissolved oxygen in the
upper layers Subsequently, the average dissolved
oxygen levels in the upper 100m reached up to ~40
KM inthe central EAS

The influence of physical processes on oscillations in
the nitracline depth has been studied. The upper
boundary of thermocline (26C isotherm), which
oscillates with the seasonal physical forcing was
found positively aligned (Fig. 3.6) with the depth of
nitracline (depth of 23 pM NO,). This implies that
the depth of 260C isothem can be used as proxy to
desire the nitracline depth, which is highly useful for
training the bio geochemical models. Mixed layer
nutrient availability varied with the depth of
nitracline and relatively faster nitrogen exhaustion
than phosphorus during the nutrient enrichment
events viz. upwelling and convective mixing yielded
low N/P ratios. With continued uptake of nutrients
by the plankton the system during oligotrophic
inter-monsoons became nitrogen-limited with
surplus (excess) phosphate (P*), resulting in the
lowest N/P ratios (1.5£0.7) in the mixed layer. The
reduction in P* along with high cyanobacterial
abundance towards the late phase of summer
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monsoon and fall inter-monsoon (high zeaxanthin
concentrations) indicate the dominance of
diazotrophy.

The vertical structure of dynamic stability and
chlorophyll was established from the monthly time
series observations along the Eastern Arabian Sea.
Generally, the northern region of Eastern Arabian
Sea was always unstable or neutrally stable while
the southern region was relatively stable. During
winter, the entire coastal region was unstable to
neutrally stable (N*~0-5 cph) conditions, while in the
offshore highly stable layers from the surface to 100
m depth in the south and unstable waters in the
north up to 100 m was observed. The study also
suggested that dynamic stability (Brunt-Vaisala
frequency) has marked control on the formation of
deep chlorophyll maximum (DCM) layers when the
latter occurs in shallow euphotic zone. The mean
structures of dynamic stability and chlorophyll
profiles during summer and winter showed good
statistical correlation between DCM and Deep
Stability Maxima (Fig. 3.6)

In the, phytoplankton biomass Chlorophyll-a and
primary production were moderate and
comparable during both the north east (NEM) and
south west Monsoon SWM. Due to significant
surface stratification, the south (SEAS) was
oligotrophic during the NEM, but, was productive
during the SWM due to coastal upwelling along the
shelf waters The SWM along the shelf waters in the
EAS favoured the growth of larger micro- and meso-
phytoplankton whereas the NEM in the entire NEAS
favored the growth of nano-phytoplankton.

Role of mesoscale eddies, both propagating and non
propagating in the sustenance of high biological
productivity in North EAS during the winter-spring
transition period has been well understood. In the
non-eddy areas, where convective mixing is active,
diatoms (96.74%) dominated over the
dinoflagellates (3.14%). Extensive blooms of the
dinoflagellate green Noctiluca (N. scintillans)
contribute to the very high cell density in the
periphery of the Cold Core Eddy, where the currents
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Fg.-3.8 Relationship between depths of nitracline and 26C Botherm Ih the eastern Arablan Sea, which Is strongest In

tha gmtified south than the weakly stratified north.

were comparatively weak, and water column was
more stable. Acthve mixing Is assoclated with dlatom
dominance, followed by Noctilum when the mixing
slackens, making use of the avallable nutrlents and
supported by regenerated production Fig. 3.7). The
Moctliuca bloom [mld-March) 15 succeeded by
Trichodesmium [April-May}, in the stratified
nuttent deplated, abundant light amdronment
which propagated southwards.

3.2.2 Blodiversity and Ecology

Under the biodiversity studies, taxonomic
infarmatian of marine (resfassoclated and desp-
sea) erganisms collected on-board FORV Sagar
Sampada within the Indlan EEZ ylelded five new
spedies of decapad crustaceans {Intesius brevipes,
Guyanacaris keralam, Munlda samudrika,
Paramunida travancorica and Munldopsis
bhavasagara), one new specles of flsh
{Himantolophus kolomi} and two new species of
palyelad flatwarms [Psewdocerps bipurpurea,
Pseudoceros galmaea} {Flg 3.8). In additlon to the
above, two decapods, three deep-sea fishes and
one polyclad spedies were documented as new z00-
geagraphical record from tha Indlan EEZ.
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Arpund 120,000 marine spaces octumente reconds
are documented In IndOBIS, which can be accessed
through the OBIS portal {(https://obls.oref).
Similarly, a totsl of 3,311 voucher specimens
categorired under 23 faunal groups representing 8
animal piwla (Annelida — 915, Arthropoda — BBE&,
Chordata = 729, Echinoderrnata — 520, Mollusca —
120, Nematoda — 100, Platyhelminthes — 36 and
Cnidaria — 5) have been deposited at the CMLRE

Ag 3.7 Schematic representation of the dynamics of the
green NocHluca bloom In the North Eastern Arablan Sea.
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repository and the digital data has been
dissaminated thraugh IndOBIS data portal. Seven
desp-sag toxnnomic catologues based on the desp-
ssa specimens coflected through FORV Sopar
Sampoda expeditions were published for outreoch
activiifes {(Fig.3.8).

>

il
L]

stretch of Indian coastline are monitored for the
various physicochemical, hlalogical and
microblologlcal characteristles of seawater and
sedimeants to detect the periodical changes In the
seawater quallty. Two crulses from Wast Bangal to
Goa were undertaken during February 2022 to April

Fig 3.8: Species new to sclance

3.3 COASTAL RESEARCH

The acthvitles related to coastal research In the
Tollowing sectlons are carrfed out by Natlonal
Cemtre for Coastal Research {NCCR), Chennai.

3.3.1 Marine and Coastal Pollution
Under Seawater Quality Monitoring (SWOM)
program, 50 coastal locatlons covering entire

2022 to assess the coastal water quality. Based on
aur ohservatians, the coastal water quality Index
{CWQ) was calculated and It Is observad that most
of the locatlons are In moderate conditlon. The
eDNA {environmental DNA) analysls was carried out
at Tuticarin bay to understand the abundance of
antiblotle and metal resistance bactaria at

Fig. 3.9 Deep-sea taxonomic catalogues

Annual Report 2022 - 23
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nearshore (lkm]) and offshore {Skm] waters {Fig.
3.10 a & b). The dominance of reslstomnes gradually
derreased from near shore to offshore waters. The
dominant metal resistance gene llke Multcopper
Oxldases [(MCD), antlblotlc reslstance gene
Multidrug export protein (AcrF) and serine beta-
lactamase {blaEC] are highly abundant at 1 km
waters. Fermmous lon-efflux transporter (FleF} and
organomercurial transporter {MerC) are
predominant at Tutlcorin Thermal power plant
coolant water discharge reglon.

The hlghresolution observation and predicton
system are conducted through automated buays
equipped with meteorological and water quality
sensors and deployed along the Chennal and
Puduchermrmry coast water at 12 m depth. A numerical

A

L &
oF o

:; s
TSP
s

1

as Marina, Elllot, and Thiruwvanmbyur are baing
disseminated through the “Clean Coast™ moblle
digital application platform as part of the “Clean
Seas Mislon”.

Coastal clean-up programs ere conducted at regular
intervals as a part of the *Clean Seas Program
{Swachha Sagar]® to create awareness on marine
litter. In the context of "Azadl Ka Amrit Mahotsav”,
MokES launched the "Swachh Sagar, Surakshit 5agar”
campalgn to clean-up Indla beaches all across Indla
and ralse awareness about the Importance of a
Clean and Safe 5ea. A total number of 75 beaches
eovering the entre indlan coast were ldentified for
creging ewareness among the beach visltors,
fishing communities, other coastal stake halders
and general publie on the (Il effarts of baach litter an

Fig. 3.10 Heatmap showing the Relative Abundance of [A) Antibiotic Resistance Genes and {B) Metal Resistance Genes

in Tuticorin Coastal YWaters.

model has been daveloped for both Chennal and
Puducherry coastal waters to simulate and predict
the water quality parmmeters viz.,, sea surface
temperature, salinity, dissolved oxygen,
chlorophyll-a, pathogens [fasecal coliform, toisl
califorms, and Enterococci} using insitu data, buoy
data, and forcing boundary condifon from the
global models. At present, the model provide three
davis} forecast of the coastal water guality
parameters. The water quality buoys data along
with forecasted model output of water quallty
parameters for the three recreational beaches such
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the marine arwiranments (Fig3.11). About 58,100
volunteers participated and collected a total of
64,714 kg marine litter from the coastal areas. The
mast of the litter collected during this event were of
single use plastics such as polyethylene bags, water
bottles, and food covers. Intermational fCoastal
Cleanup 2022, with a theme 'Swachh Sagar,
Surakshit Sagar' was organised and one such mega
event was organlsed at Juhu Beach, Maharashirs
{Fig- 3.12) through MOES participation. A mobile
application and digital dashboard named "S5 Sagar”™
was deslgned and developed. Data on marine lHter
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collected durlng the beach cleaning event were
uploaded that allowed identifying the amount of
litter Inthedifferentbeaches along the Indlan coast.

3.3.2 Coastal Procasses and Hazards

As a part of shoreline management study, 3 total of
526 numbers af shoreline change maps has haen
generated using the standard protocol [1:25000
scale] for the entlre Indlan coast. A web-based GIS
applicrtion was developed as 2 digiml version
comprising of all the shoreline change maps for the
indlan coast [1990-2018), which will help varlous
coastal agenciesfstake holders for better
management of the coast The shoreline change
map has been released In two wvolumes
commesponding to the East and West coasts of India.
The sharellne change maps for Lakshadwaep glands
has also been prepared. In additlon, the coastal
geomorphology and structures were mapped along
with their functional and structural perfarmance for
Tamll Nadu, Puducherry, and Kerala coast.

The coastal protection strategy for Chellanam Coast
{Emakulam district, Kerala} has been developed
using numerical models based on long-term

ELE LR o= g

| oo
Fig. 3.11 The awar=ness rally during the ICC 2022
at Mandawvi Beach

Rg. 3.12 The Secretary of Ministry of Earth Sclences
addressing ICC 2022 event at Jubu Beach, Mumbal.
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historlcal shorellne change, topogmephic and
aceancgraphic observations. A detailed project
report was prepared with hybrid selutlons
{seawalls, T groins and beach nourishment] and
submitted to State Imigation Department, ovt. of
Kerala to abate esastal eresion due to high waves
during the monsoon season. An MoU has been
signed with the Kerala Government for preparation.
of shoreline management plan far Kerala tsast and
coastal protectlon measures for 10 hotspot
locatlons. Among them, the plans for Kollamkode,
Varkala, and Shangumugham hotspots are in the

final stage.

Imtegrated Flood Warning systems {l-flows) for
Chennal and Mumbal are presently In operation and
are used to provide impact-based wamnings by IMD.
Fload inundation maps was also prepared from the
actual ralnfall data from a network of automatic rain
gauges. The Inundatlon maps along with detalls of
inundation at ward level farms part of the IMD
bulletin that Is provided to the state government for
thelr mitigatlon operations {Flg 3.13 a & b).

3.3.3. Coastal Habltats and Ecosystems

It kk proposed to develop a modular framewark to
assess the ecosystem siatus of the Southeast eoastal
waters of India Influenced by natural,
anthropogenle, and climate change scenarlos
starting from Kallngapatnam [n Andhra Pradesh to
the Gulf of Mannar, which Includes three critical
habitats viz. Caringa - mangrave ecasystem, Pulicat -
lagoon and Gulf of Mannar — coral ecosystem. For
the assessment of ecosystemn assessment of Pullcat
lagoan a tetal of 54 indicators were quantified in
which 14 pertaining to provislonal serviees, 27 In
regulating and 13 In cubtural services.

Long term reef health monitoring s being carrled
out in the Gulf of Mannar since 2018 to assess the
Ilwe and dead coral caverage, communiy structure
of reef-bullding torals, specles diversity,
amthropogenic Impacts, and emerglng threats to
the eccsystem. The Vedhalai Reef Site, Pillaimadam
Reef Site, Taraval Reef Site, and Munalkadu Reef Site
{Uve reef with full of yvoung coral colonles) wene
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3 Figiad inunadatien Loosmams - 171 Wovaminses 2004

Fg- 313 {a) Hlows-Chennai in operation during Morth East [NE) Monsoon in Chennai (b) Flood conditions in Chennai

during NE Mansoon.

consldered for the study and masslve Scleractinla
corals, sponges, ascidians, burrowing polychactes,
pelyclads, gastropods, apisthobranchs,
Echinadermata and reef fishes were observed
{Flg.3.14 atod).

3.3.4 Integrated Ocean Managamant

As part of the Indo-Norwegian Collaborations
Marine Spatial Plans {M5P} are belng develaped for
two pllot areas namely Puducherry and Chennal. A
number of stakeholder meeting were held and thelr
requirements were incorporated while developing
the knowledge base for MSP for the pilat sies. A

dpp f ke g Arkizegn

framework for imegrated, ecosystem-based marine
spatial planning in Indla would be developed which
can be replicated in other coastal areas

A web GIS bazad decislon support system “Digital
Coast—Indla {D-COIN)" has bean developed housing
all datasets on coastal and marine pollutlon, marine
litter, shoreline changes , coastal hazards,
Beasystemns otr ganerated through various projects
of NCCR ower the years. This long term spatial
database would be an Invaluable tool to the coastal
administrators for effective decision making.

"Tulmimrmispecies uadentilied

Ag. 3.14 [A} Sderactnian coral diversity in Palk Bay (B) Opisthobranchs and Polyclads recorded from Palk Bay [C)
Benthlc Invertebrates In reel monitoring site {D}) Artificlal Reef associated blota 1n Thonlthural Palk.
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3.4 Ocean Technology

The activities related to ocean technology stated in
the following sub sectons are primarily conducted
by National Institute of Ocean Technelogy (NIOT),
Chennai.

3.4.1 Energy and Frash Water

Establishment of the OTEC powered desallnation
plant at Kavaratti is in progress. Bhoomi Pujan
ceremony at site was performed on 31 March 2022
by Shri Praful Patel, Adminlstrator, UT Lakshadweep,
Inthe presence of Director, NIOT and members from
both NIOT and Lakshadweep Administration {Fig.
3.15) A white paper on OTEC for policymakers and
stakeholders was published by Ocean Energy
Systems {OES) Technology Collaboration Program
{TCPYunderinternational Energy Agency{IEA).

Subsequent to MoES-NIOT successful establishment
of Low Temperature Thermal Desalinatlon (LTTD)

plants at Kavaratti (2005), Minlcoy and Agattl
{2011).the task of establishing six more plants with
capacity of 1.5 lakhs per day at Amini, Androth,
Chetlat, Kalpen], Kiltan and Kadamat Islands of UT
Lakshadweep Is In progress. Kalpenl and Aminl
Desalinatlon plant {Fig. 3.16) generated fresh water
inJanuary 2020 and July 2022, respectively.
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3.4.2. COASTAL AND ENVIRONMENTAL
ENGINEERING

The Coastal Inlets Research Programme ([CIRP)
propased, tourism, fishing, etc. Such Studles have
been undertaken for Ennore creek, Cooum River
estuary and Adyar estuary, to keep the inlets
sustainably open to ensure higher dilution improved
water quallty and for navigation. A Workshop wera
conducted at Chennal and Thiruvananthapuram
during the month of September for state coastal
stakeholders to identify hotspots and priority
locations which require sustainable opening.

Based on the request of the Kerala Government,
scientific studies were carried out and constructing
submerged detached breakwaters using geotextile
tubes was racommendad at Poonthura village,
District Thiruvananthapuram to protect large scale
erosion under Sustainable shore protection

ha

FIg. 3.15 Bhooml Pujan ceremony performed by Shri Praful Patel, Administrator, Lakshadweep

scheme. Deslgn, deployment and monltoring of
artificlal reefs for fishery development along the
Pulicat coast has been carried out. Artificial reef
civil structures were designed with wide base for
scour protection and placed at 10m water. A ready
to use wave atlas for north Indlan Ocean Including
islands Is developed using 27 years {1995 to 2021) of
high resolution wind date as model input and
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Fig. 3.16 Amini LTTD Plant

validation from observations. North Indian Ocean
Tide (N.L.O.T) mobile App was developed with
observation data along the Indian Ocean.

3.4.3. OCEAN SCIENCE AND TECHNOLOGY FOR
ISLANDS

Mycosporine like amino acids (shinorine, porphyra
and glycine) with potential cosmetics application
were extracted from cyanophycean algae viz.
Synechococcus marinus, Spirulina major,
Trichodesmium thieubautii, Phormidium sp. Nostoc
sp.,. A maximum yield of 0.7 mg/g mycosporine like
amino acids was recorded in Spirulina major. The
bio-surfactant extracted from the marine bacteria
Brevibacterium sp. was tested for dispersion
efficiency and toxicity as per EPA standards and a
maximum dispersion efficiency of 70% was achieved
in the 1:10 crude oil concentration. Technology for
production of recombinant ectoine (Fig. 3.17 a)
from deep sea bacteria for cosmetic applications
and bioremediation of petroleum hydrocarbon in
marine environment by deep sea microbial
consortia were transferred to industry through
NRDC. The open sea cages were redeployed in the
new location in Olaikuda, Rameswaram with the
technical support of NIOT the Olaikuda fisher men
self help group reinitiated open sea cage culture of.
Organised a national virtual industrial meet iCEN-69
on technology for cage culture of marine fin fish.

3.4.4. MARINE SENSOR SYSTEMS
Development of indigenous Underwater Acoustic
Telephone (UAT) to be used in manned submersible

Annual Report 2022 - 23

at 6000m depth is initiated. UAT which has been
demonstrated using Single Sideband Suppressed
Carrier (SSB) Modulation technique in laboratory
scale in Acoustic Tank Facility {ATF) tank.

Design of sonar to provide high-resolution images
(decimeter level) of the sea bed and objects for
detection of image is undertaken. A low frequency
range (4-12 kHz), 2x5 transducer array was realized
with indigenously developed NIOT-BEL transducers.
The array and other subsystems have been
assembled in a tow body (Fig. 3.17 a) and
experiments have been carried out in Acoustic Test
Facility (ATF). Preliminary sea trials carried out off
Chennai, generated images of sea bed and a known
ship wreck. A networkable digital hydrophone array
has been realized and successfully tested and
demonstrated in the Acoustic Test Facility (ATF) (Fig.
3.17b).

3.4.5. OCEAN ELECTRONICS

Significant achievements in three major areas such
as Development of New Ocean Observation
Technologies, Indigenization of Marine Instruments
and satellite communication payloads
developments using Indian satellites are as follows

e Indigenized the Drifting buoys with INSAT
communication and technology was transferred
toIndianindustries.

e Development of Deep Sea Autonomous
Underwater Profiler (DAUPD - operable up to
5000m) is progressing with indigenized 1000 CC
variable buoyancy engine. Currently two proto
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units integrated and tested for basic
functionality at sea conditions and scheduled
for field deployments.

e Development of Open Sea subsurface Fish Cage
Culture system, auto feederis in progress. A bio-
mass estimation system using Machine
Learning algorithm is developed and trail
productionis initiated.

e |nitiated adapting the Drone Technology for
marine applications and field demonstrated the
functional capability of Drone based ocean data
and sea water sample collections.

3.4.6. OCEAN ACOUSTICS

The Deep-Water Ambient Noise Measurement
System {DANMS) was developed indigenously for
long term noise data acquisition and was
incorporated with the moored buoy and deployed in
the Arabian Sea (AS) in March 2022 (Fig. 3.18 a) and
in the Bay of Bengal (BoB) in September 2022 and
they are operational. The acoustic data from
Ambient Noise Measurement System (ANMS)
deployed as part of CAATEX {Coordinated Arctic
Acoustic Thermometry Experiment), in Central
Arctic Ocean during August 2019 — August 2020has
been retrieved. ANMS incorporated in the IndARC
mooring has also been retrieved. A bottom
mounted vector sensor system has been developed
and deployed for underwater source localization in
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shallow waters. Field trial was successfully
conducted in the harbour region in Chennai for ship
noise localization towards coastal surveillance
applications (Fig. 3.18 b).

3.4.7. SEAFRONT FACILITY

MoU has been signed with CPWD for the proposed
Seafront Facility development works. The planning,
structural design and configuration for Ballast Water

o | [
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=

'y
(TR .

Fig. 3.17 (a) Assembled Prototype i-SASSS A (b) Digital hydrophone array during ATF tests

Treatment Technologies — Test Facility (BWTT-TF)
are completed. The planning, preliminary structural
design and configuration for pipeline trestle with
seawater intake system for BWTT-TF has been
completed.

3.4.8 Shallow water bathymetry:

NIOT is collecting shallow water bathymetry data (0
— 30 m water depths) for the east coast of India.
Currently, 100% of the survey along West Bengal has
been completed successfully, 70% of survey work
has been completed in Tamil Nadu and Andhra
Pradesh, and 10% of work has been completed on
the Odisha coast.

3.4.9 Ocean Observation system network

As part of the maintenance of the moored buoy
network 23 operations (13 deployments, 7 retrivals
and 3 mooring retrivals) have been carried out in 40
ship days during this year.) The moored buoys (BD10
& BD11) in the BoB provided real-time observations
during the cyclone ASANI, May 7-12, 2022 and

o1
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e

Ag- 3.18 {a) Deep Water Amhle Nolse Systen Deployment In Arablan Sea {b)] Fleld trial of Bottomn mounted vector

sengor system

Tropical Cyclone Heat Potential {TCHP) data was
provided to IMD ({Indian Meteorclogical
Department) {Fig. 3.19 a}

Developed an Indigencus Automatic Raln Gauge
and the system [s Installed at NIOT, Chennal campus
and data is being shared with IMD National ARG
network. Established an indigenous Calibration
facliity for Digital compass used in buoy systems at
NIOT. A Prototype unit of Indigenously developed
Tsunaml Bottom Pressure Recorder [EPR} Sapar-
Bhoomi was successfully deployed off Chennai on
17" September 2022. The interfacing satellite
telemetry systems with existing AWS of NCPOR for
Real time data transmisslon was carrled out at
Indlan Himalayan Ressarch Statfon-Himansh (Flg.
3.19 b). Indigenous technology developed like
Robo Coastal Observer, Met Ocean Buay System,
Indian Tsunami Buoy System {and were successfully
transferred to M/s. Larsen & Toubro and M/s.
Narinco Private Ltd., Chennal . Indlan Coastal Ocean
Radar Network operates and maintalins 10 systams
along the coast of India including twa systams in the
Andaman Islands. Velocity data from the HF radar
Network are combined on standard grids, and this
data Is disseminated through Central servers at
NIOT and INCOIS for operational and academ|le use.

3.4 Ocean Survey and Mineral resources:

The activities of this component are camried cut by
Natlonal Centre for Polar and Ocean Research
(NCPOR), Goa
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3.5.1 Geoscdientlfic Studles of the Exclusive
EconomicZone (EEZ)

This program generated high-resolution
bathymetric data of the Indlan EEZ with an area
coverage of about 1.7 milllon km®. The coverage of
surveys undertaken so far is shown in Fig.3.20. The
bathymetricchart creation for the Indian EEZin 2°x2"
format Is in progress, as per the Marine map
complliation Index. Geomorphologleal analysls of
the high-resolution multibeam bathymetrie data
from the western coast of India show regional-scale
submarine landslides, approx. 50 km offshore
Quilon, Kerala Water depths range between 150 m
at the continental shelf edge and 2,000 m towards
the opening of the abyssal plaln and the seafloor Is
characterized by slide scars, channel Incislons and a
crack systemn collectively named as the Quilon Slide
Complex {QSC). Multiple slope failures have been
|dentifled along the crack system, and the region can
be categorized as a 'landsllde susceptible zone'.

3.5.2 Hydrothermal Sulphide Exploration
Program

A mission-mode multi-disciplinary program on
hydrothermal sulphide mineralizatlon exploration
studies at mid-ocean ridges, with emphasls on the
South West and Cantral Indlan Ridges Is In progress
as per the ongoing contract with the Intemational
Seabed Authority [ISA) in the allotted area of 10,000
sgq kmintheIndlanOcean..

The malor objective of the program Is to ldentify the
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Fig. 3.19 (a) Time Series of SLP and Wind Speed recoded by BD11 buoy in the Bay of Bengal during the ASANI cyclone,
7-12 May 2022 (b) Interfacing satellite telemetry at HIMANSH Station

most probable locations of polymetallic sulphide
deposits in the proposed exploration area in the
Indian Ocean together with scientificresearch in the
frontier areas of hydrothermal mineralization
including the tectonic environment, host-rock
composition, and development of geological
models for seafloor hydrothermal system. The
integrated multidisciplinary studies carried out so
far leads to the identification of few promising
locations of hydrothermal activity in the contract
area. Some of the significant outcomes of the
program are highlighted below:

o Discovery of new hydrothermal plumes in
eastern SWIR: Systematic water column studies
for helium (*He), methane concentrations and
its carbon isotope studies in deep waters(2000-
5500m), along the ~480 km long stretch of
eastern Southwest Indian Ridge (63.5°-68°E)
show presence of eleven plumes of which eight
are reported for the first time. In addition, the
presence of three plumes and their dispersion
over 160 km along the east-west direction along
the ridge has been identified. Moreover, high
&°He values (up to 180%) in the 67.67°E region
of the Indian Ocean were recorded indicating
magmatic degassing in the ultraslow-spreading
Southwest Indian Ridge.
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e

Fig. 3.20 Total surveyed area so far in the Indian EEZ
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Geochemical characteristics of sulphides
recovered from Cluster A, CIR
Geochemical characterization of polymetallic
sulphide recovered from Cluster 'A'
represented three varieties like massive to
crystalline variety of sulphide [with Fe (35.55%),
S (57.01%) and Cu (1.03%)], altered and
secondary mineralized variety [with Fe (27.32%
to 54%), Cu (22%to 40%)and very low S (0.14%
to 0.64%) and predominantly of Fe contained
type [ CuandSare negligible].

Geochemical characteristic of sediments from
SWIR and CIR Geochemical studies of surface
sediments from CIR shows low metalliferous
index (<40), negative Ce and positive Y anomaly
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suggest the influence of hydrothermal activity
in these sediments. Cluster analysis (Fig. 3.21)
broadly classified the sediments into two
groups a) hydrothermal sediments with low
input of detrital elements like Al, K, and Ti and b)
pelagic sediments with high input of Si, Al, and
Mg and low input of biogenic carbonate. The
studies on the sediment core from the deepest
part of the NTD, SWIR indicate that the
sediments are a mixture of biogenic, local mafic,
ultramafic and hydrothermal components. The
presence of volcanogenic glass shards and
phillipsite throughout the sediment core
confirms the local volcanic activities in the
proximity to this area. The major and trace
element data of the samples reveal that the
sediments of this area were altered by the low-
temperature hydrothermal activities.

Geophysical studies in CIR and SWIR:
Geophysical studies were carried out between
Melville FZ and RTJ {~1160 km) using updated
multibeam bathymetry data, satellite-derived
free-air gravity anomalies, published marine
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magnetic anomalies, shipborne magnetic cruise
tracks, and earthquake event data. Studies
identified volcanic cones and their distribution
analysis shows higher density (~ 3 times) in the
magmatic corridors. Three new Oceanic Core
Complex features are identified in SWIR near
the 64°40’E axis. The active magmatic upwelling
on the 64°40'E axis has been suggested.
Moreover, studies in CIR region between
Gemino Fracture Zone and Rodriguez Triple
junction mapped the morphological features
like Ridge Segments, Neovolcanic zone, volcanic
cones, traces of NTDs, Axial Highs). This study
identified six new OCC and mapped extend of
amagmatic corridors in the CIR study area.

Nature of hydrothermal plume over the axial
volcanic ridge at 63° 55’ In order to identify new
hydrothermal plumes and to narrow down the
source of plumes in the exploration area, a tow-
yo cast was conducted over the axial volcanic
ridge at 63° 55' close to Mt. Jourdanne inactive
site. A prominent plume was observed in this
cast (Figure 3.22). The plume was located at
depths of 2500 — 2700 m with turbidity

Fe%

Mg% 0 10 20 30 40 50 €0 70 80 90 100 A%

Presant shidy

Surface sedimentsGermon of al., 20008)
Background Seciments (Pan et al, 2018)
Metaliferous sedimenms (Pan et al., 2018)
Metaliferous sediments (Agarwal et al,2020)
DHF Sediements (Liao et al., 2019)
WMetalifarous sedimants {Liso et al, 2018)
Background sediments (Liao et al 2018)
Hydroertmal deposits (Chen at al, 2021)

EXX +predt

Fig. 3.21 Al-Mn-Fe and Fe-Mg-Al ternary diagram for BC-10 core and comparison with other studies from the SWIR.
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anomalles 3.035 dMTU. The plumes might have
ariginated fram Tiancheng active fisld, or from
the axlal voleanic ridges In the vielnity.

3.5.3 Polymetallic Nadules (PMN) program
{Survey & Exploration, Environmental Impact
assassmant studies {EIA} and matallurgy):

The part of the activities related to Survey &
Exploration and ELA studies are being carrled out
CSIR- Natlonal Instthute of Oceanography [NID),
GGoa. High resolution bathymetry survey using
Autonomous Underwater Vieshicle {AUV] to collect

being developed at CSIR-Insthbute of Minerals and
Materials Technology {CSIR-IMMT), Bhubaneswar.
primarily for recovering Cu, N1, Co, and Mn from
polymetallic nodules. The hydrometallurglcal
processing route based on the integration of
ammaonlacal-50, process and reductive sulphurle
acld process has been attempted taking Into
conslderation efficient removal of iron from the acld
sulphate solution and possible utilsrtion of the
ammoniacal leach residue for sllicomanganese
producton as well as recycling of ammonium

Depth (m)

63.9°E

EL91'E BIOX'E ERIY'E

. g 0.08

6384'E BIO5'E

Longitrde (degroes}

Ag. 3.22 2D-distibution of turblid kever over tow-ya track close to Mt. Jourdanne Inactive vent site,

miere-bathymetrie data for near seabed mappling Is
undergoing In the relevant zone of the Indlan
contract area for Polymetallic nodules program with
International Seabed Authority (ISA). A cruise was
undertaken at the Indlan Contract Region In the
Central Indlan Basin belng onboard ORY Sindhu
Sadhana for collection of sediment and water
samples as well as deployment of the deep-sea
moming and surface mooring for the measurement
of curments, hydrographlc parameters and sediment
fivxin the proposed mining trail site. The technology
for extractive metallurgy of polymatallie nodules Is
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sulphate. The gaseous reduction roasting of
polymetallic nodules follawed by melting of the
reduced materlal and separation of Cu, NI, Coin the
form of an alloy from the Mn-bearing slag as well as
recovering Mn as the silicomanganese alloy from
Mn-bearing slag has beern also astablished.

3.5 RESEARCH VESSELS

A total number of 50 research crulses were
successfully undertaken by Sagar Nidhi, Sagar
Manjusha, Sagar Tara and Sagar Anveshlka. These
vessels provided enormous support to the activitles
of the Ministry belng a total number 600 days in the
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Sea. Sagar Nidhl, Sagar Manjusha, Sagar Tara has
completed dry dock and afloat repair work. Dr.
Jitendra Singh, Hon'ble Minister of State
{independent Charge) of the Ministry of Earth
Sclences and Minlstry of Sclence & Technology,

visited Sagar Anveshlka at Chennal Port an
12" August 2022 and holsted Trcolour onboard Ship

as part of 'Har Ghar Tiranga, Har Jahaj Timnga' (Fa.
3.23)

Flg. 3.23 Honourable Minlster visiting Sagar Armveshlka at Chennal Port and holsting Indlan flag as part of "Har Ghar

Tiranga, Har Iaha] Tirenga' event.
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Chapter 4
POLAR AND CRYOSPHERE RESEARCH (PACER)

4.1, Scientific Studies in Antarctica

4.1.1. Application of visual stratigraphy from
line scan images to constrain chronology and
melt features of a firn core from coastal
Antarctica

Establishing an accurate chronology is crucial for
interpreting ice-core-based climatic records. Visual
stratigraphy (VS) obtained from line scan images
was studied as a proxy for annual layer counting in
the firnsectionof an ice core (1919-2016 C.E.) from

2 - ara an tan oz isa Y

4.1.2. Spatio-Temporal Investigations of Polar
Lacustrine Systems (STAPLES)

The STAPLES is an ongoing NCPOR's long-term
project focusing on multi-proxy high-resolution
records of paleoclimate variations in the East
Antarctic lacustrine systems to understand thelr
evolution, modern biogeochemistry, temperature,
RSL, ice-sheet dynamics and paleoenvironmental
reconstructions. During the 41-ISEA, a team of four
researchers carried out a field campaign in the
Larsemann Hills to collect sediment cores (aided by

oy VS ) Ay e T e 1y
E 5
s

[epth [m]

e

Fig. 4.1 (a) The ice core slte (green circle) at the summit of the Djupranen Ice Rise In coastal Dronning Maud Land, (b)
The Intermediate Layer Core Scanner (ILCS) set up at the Ice Core Lab of the National Centre for Polar and Ocean
Research, {c) line scan image processing steps from 48.1 to 48.97 m depth,(d) line scan image profile of a core section
melt layer, (e} Comparison of age models using Visual Stratigraphy (VS) record and volcanic events.

the central Dronning Maud Land, East Antarctica
(Figure 4.1). These images were used to obtain melt
history for the site, and it was found that traditional
thickness-based quantification of melt proportion
may result in significant overestimations. The study
revealed that melt layers do not significantly alter
the VS records if masked during pre-processing. The
age-depth model based on the reconstructed VS
profile showed an excellent match with identified
timemarkers within an uncertainty of 2 years.
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sub-bottom profiling of lake sediments), surface
sediments and water samples from 11 lakes along
with coastal surface sediments off Bharati. The team
also carried out Conductivity, Temperature, and
Depth (CTD) measurements in lakes, to estimate
sediment thickness and identify depocenter.
Further, surface sediments were collected from 21
locations from Quilty Bay to understand the surface
productivity changes. The team also collected
samples from Vestfold Hills, Rauer Group of Islands,
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—

HAg. 4.2 Retrleval of two sediment cores from Discussion Lake, Broknes Penlinsula [East Antarctica) using a VibeCoreD4
corer on a UWITEC platform during the 41" Indlan Scientific Expedition ta Antarctica,

Bolingen and Sostrene Islands to initiate preliminary
data collection for future proposed expeditions.

4.2. Operations and Management of Indian
Antarctic Stations

After a downsized programme In the earller year,
the 41"Indian Sclentific Expedition to Antarctica{41-
ISEA} was launched at full scale. A total of 96
persons, including scientists, doctors, engineers,
aperational staff and helicopter crew, were
deployed during the austral summer of 2021-22,
Covid mitlgation pratocols, as per the puldelines of
Councll of Managers of Natlenal Antarctic Programs
{COMNAP} and The Dronning Maud Land Adr
Network [DROMLAN), were implemented for the
induction of expedition members. The expedition
vessel, M/V VasiliyGalownin, having re-supplied
Mattl and Bharatl statlons of fuel, food and
provislons, spares, etc., retumned to Cape Townon 4
April 2022,

The 41-ISEA accomplished the sclentlfic and loglsties
oblectives. Four major scientific projects, including
Geological Exploration of Amery lce Shelf (GeaEAIS),
Spatio-temporal investigations of polar lacustrine
systems (STAPLES), Prydz Bay air-ice—sea exchange
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{PRAISE), and Sea ice and Westerly winds during the
Holocene in coastal Antarctica {SIWHA]) were
undertaken. In addition, work related to 15 other
projects from different Institutes and organlzation
sunder different sclentiflc themes were undertaken
during the summer of 41-ISEA.

The first systematic fleldwork In the Amery lca-shelf
reglon of Antarctica was conducted under the
Geological Exploration of Amery Ice-Shelf {GeEAIS)
initiative. Infrastructure at “Sandhi” basecamp at
the Reinbolt Hills was strengthened with the
augmentation of an additional living module,
Increasad fuel depot and storage of survival ration
and medicines. For Inland penetration In Antarctica
and enhanced scope of scientiflc research around
Bharati, a fuel dump was set up on Gillock Island
{about 227 Km from Bhareti} to support the flying
activities in and around Amery |ce Shelf for a future
approach [Fig. 4.3).

For the 42-Indian Scientific Expedition to Antarctica,
40 scientific projects were recefived In different
scientifie disciplinesand evaluated in the workshop
held during 7-9 June 2022. National Coordination
Committee for Polar Programme (NCPP) has
recommended 28 projects
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HAg. 4.3 Collectlon of snow a::umulatlnnfablatlnﬁ data.and DGPS Survey on Polar Ice Sheet, Prydz Bay Reglon

Antarctica.

4.3 Himalayan Studles

4.3.1, Fleld activities and observations
Glaciological field campaigns have been camried out
for six benchmark glaciers (Sutri Dhaka, Batal, Bara
Shigri, SamudraTapu, Gepang and Kunzam) in
Chandra basin and Lato glacier, Leh during May -
September 2022, covering a total glacierized area of
~300 km® (Fig. 4.4). Various observations such as
stake networking, snow pits measurements for

e =T
9 -

Ag 4.4 (3) Overview of studled glaclers In the Chandra,

snow/lce accumulation-ablatlon and data collection
from Water Level Recorder (WRLs), Automatic
Weather Statlon [AWS), Aethalometer,
Nephelometer, Aerodynamic Particle Sizer (APS) etc
were carried out. Fleld surveys like Global
Navigation Satellite System {GNSS5) and Terrestrial
Laser Scanner (TLS} have been carried out for glacier
mass balance, terminal monitoring and ice velocity.
An Inmarsat verminal has been installed at the

Ty

)

western Himalaya and 'Ihe-ﬁeld_ measurements {May to

September 2022) fleld campalgn, (b Sc) Snow stratigraphy and density measursments using show carer and snow fark
over the Sutri Dhala Glacler,(d) Trekking towards accumulation zone [e) TLS Survey and, f} Installing Inmarsat terminal
for real time data transmisslon from AWS, g} GNSS Survey, hjJAWS data collection, 1) Debris thickness measyurement
and |} Discharge measurements
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Himansh field station, Chandra basin and tested for
real time AWS data transmission from Himansh to
NCPOR.

4.3.2. Energy fluxes, mass balance, and climate
sensitivity of the Sutri Dhaka Glacier in the
wastern Himalaya

Studies showed that net shortwave radiation (S_)
contributed 56% to the total surface energy fluxes,
followed by net longwave radiation({L) {27%),
sensible heat (H_} (8%), latent heat {H,) {5%), and
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falls as snow durlng the winter when the
temperature is well below 0°C.

4.4, Scientific Studies in Arctic

4.4.1. Aerosol optical depth over the Arctie
Aerosols absorb and scatter incoming solar and
outgoing terrestrial radiations and affect regional
and global climate systems by influencing the
earth-atmosphere radlation balance. Monthly
mean mid-visible {at 0.55 mm) aerosol optical depth
(AOD) derived from the MODerate resolutlon

L (., (=] [=]

B b s A A A A A A A A A

ke . o o SO R i B ]
.}-ri‘ i i g o T P of

Ag. 4.5 The monthly mean surface energy fluxes for the (A} ablation zone {below 5,300 m a.s.L.), (B) accumulation zone
{above 5,300 m a.5l), and (C)glacier-wide region of the Sutri Dhaka Glacier. S, is net shortwave radiation, L, is net
longwave radiation, H,, Is turbulent sensible heat flux, H, is turbulen latent heat flux, Q, is ground heat flux andQ_, 1s

avallable meh snergy.

ground heat flux (O} {4%} over Sutri Dhaka glacier.
However, over the ablatdon zone, Inward fluxes
account for most of the total heat flux, resulting in
strong summertime melting (Fig. 4.5). A sensitivity
analysis demonstrates that the mass balance of the
glacier is affected by both air temperature {-0.21m
we. a "C’) and precipltation (0.19 m we. 2"’
{10%)") changes. This study suggests that the mass
balance of the Sutri Dhaka Glacier is less sensitive to
changes [n the partitloning of preciphation Into
snow and rain because the majority of precipitation
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Imaging Spectroradiometer [(MODIS) sensor
onboard the Terra satellite are utilized from 2002 to
2018 over the Arctic region to investigate the spatio-
temporal variatlons of aeroseols. The seasonal mean
AOD during boreal winter [December-lanuary-
February), spring (March-April-May), summer
{June-July-August), and autumn ([September-
Octobaer-November} are shown In Flgure 4.6. ADD
values cannot be retrleved ower most of the
lacations of tha Arctic reglfon during boreal winter
due to the absence of reflected short-wave
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{a) Boreal Winler (Dec-Jan-Feb)

({b) Boreal Spring (Mar-Apr-May)

Agrosal opbcal dapth (0,55 pm)

0.1 015 02 025

| |

D3 035 04 045 05

Flg. 4.5 Spatial varliations of mid-visible {at 055 pm) aenosol optical depth ower the Arctic during boreal {a) winter
[Dec-lan-eb), (b] spring (Mar-Apr-May}, © summer (Jun-Jul-Aug] and {d} Autumn [Sep-Oct-Nov) seasons of years
2002 — 2018, AQD data coukl not be retrieved over the white color reglons,

radiation In the seasan. AGD over the central Arciie
and other icecovered regions can also not be
retrieved by MODIS due to high surface reflectance
values. During the boreal spring and summer, AOD
values are observed to be higher. The higher values
can be owing to anthropogenic activitles and fire
Events over the region.

4.4.2. Naar-inartial waves induce mixing and
redistribution of heat In 2 rapidy warming
Arctic

The Atantic Wirter {AW) advection through the
West Spitsbergen Current 1s one of the primary
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reagsong for the physical and hingeochemical
changes In Kongsfljorden. These changes are
posithvely fed by vertical mixing between the cold
surface Arctic water (AW] and the subsurface AW
Our recent observations demonstrate that the near-
inertial waves (NIW) are a primary contributorte the
prominent wvertical mbdng found In Kongsflorden. In
summer, during storm ewvents, the near{nertlal
curremts induce large shearat the base of the mixed
layer, and downward propagating NI'W Induces
shear In the flord Imterlor leading to an enhanced
vertical mixing {Figure 4.7]. These twa processes
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Fig. 4.7 (a) The eastward (black) and northward (red) wind stress (newton per square metre, N/m2) componentsduring
10-15 September 2014. The thick lines represent wind stress extracted from themodel forcing at the IndARC mooring
location. The thin lines represent the computed wind stress using Ny-Alesund weather station wind near Kongsfjorden.
(b) Time-series of the ROMS model simulated fjord water column temperature (°C) at the mooring location during
10-15 September 2014. The dashed black line represents mixed layer depth. (c) Time-series of the fjord water column
temperature obtained from the mooring. The blank space shows the non-availability of the mooring data. (d) The
eastward component of the near-inertial currents extracted from the model output, (e) vertical shear of the near-
inertial currents, and (f) buoyancy frequency estimated from the model temperature and salinity at the mooring location.

during storms lead to redistribution of the
subsurface AW thereby warming the mixed layer by
~1°C.

4.5. The North Pole Expedition

The Central Arctic Ocean (CAQ) is undergoing
remarkable changes in terms of a large decrease in
the sea-ice extent and thickness. These changes are
impacting marine microbiota with a possible
consequence on carbon export and sequestration.
In the CAOQ, ice-algal aggregates export a large
quantity of algal carbon to the seafloor and promote
vertical microbial connectivity. However, the impact
of increased primary productivity, fueled by a sea-
ice decline, on carbon export to the seafloor is not
that clear. Nevertheless, recent studies indicate
that sea-ice retreats may reduce carbon export and
vertical microbial connectivity in the Fram strait
region. In view of these two scientists from the
Arctic Division participated in the North Pole
Expedition conducted by the Norwegian Polar
Institute using a Research vessel
“KronPrinsHakoon”. NCPOR team members studied
the physical (Figure 4.8) and biological aspects
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deploying a turbulence profiler for studying the ocean

turbulence in the Central Arctic Ocean and
R.V KronPrinsHakoon is seen in the background.
related to sea-ice variabilities, especially, the impact
of sea-ice variabilities on the vertical connectivity
and assembly mechanism of microbial
communities.

4.5.1 Salinity variations among Arctic sea ice
melt-ponds drive bacterial community
composition

Melt-ponds are pools of melted snow and surface
ice that form on sea ice in the warmer months of
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spring and summer, and it is a seasonal pan-Arctic
process. Melt-ponds are habitats for diverse
assemblages of auto- and heterotrophlc organlsms,
including bacteria. Toexpand current understanding
of bacterial commonalites in the melt ponds, the
diversity and distributfon pattern of bacterfal
communites wera shudled, espedally, In response
to the salinity variations associated with the
progression of melting and deepening of melt
ponds, A slgniflcant difference In the bacterial
communlty composition was observed among melt
ponds having differences in the salinity range.
Higher bacterlal diversity was recorded In melt
ponds wlth hlgher salinlty. This higher
heterageneity of the melt-pond microbial
cemmunity could be attributed to the
emvironmental gradlent created by the sallnity
varlatlon anging from 0.3 to 2 7.8 psu.

4.5.2 Lower Arctic s=a lce extent contributed to
a stronger Indian monsoon during a past
periad of global warming

Due ta the increasing CO, kevel and resulting global
warming, the sea lce axtemt [n the Arctlc has
dedlined drastically. it Is cruclal to explore whether
this decline in the sea ice impacts India, precisely its

mensoon strength. One way Is to study a past warm
interval with similar CO, concentration, which may
provide Insights Inte what might be axpected with
continued climate warming. Mid Placenzlan Warm
Period {MPWP) during the late Pliocene was an
Imterval that occurred araund 3 million y=ars ago
with simllar to higher CO, concentrations. To go back
50 far In Hme, NCPOR researchers collected
sediments from the Arabian Sea, which record the
signatures of the monsaon strengths [n thelr layers.
This study was carrled out under the Indo-
Norwegian PACT (Pllocene Arctic Climate
Telemsnnection) project using geachemical and
madel data In sediment collected during the IODP
Expedition 355 from the Arablan 5ea.lt 1sobserved
that various factors influenced the monsoon during
the MPWP, Including CO, concentration, Insolation,
and oceanic clrculation changes along with Arctic
583 |ce extent Lesser sea ice strengthens the
monspon, possibly by changing snergy transport
and atmospheric circulation. Further, it1s found that
the monsoon was overall more vigorous durlng the
warmer MPWP {Figure 4.9). Bat it was regionally
varying with lawer ralnfall over the Gangetle Plains,
eastern, northeastern, and southemmost Indla - a

Comparison between modern and MPWP precipitation

Rainfall trends for the years 1901-2012
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Fig. 4.9 The resemblance between {a) modem malnfall pettern (data span 112 years from 1901 to 2012) and (k)
monsooh rain Intensity difference between the warmer Mid-Placenzlan Warm Perod {MPWP) and the colder Interval
after It [this stuchy).
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pattern similar to the present, as shown In the
figure. Their results imply that in a future with
continued warming and declining sea lce, one may
expect more irense and spatially heterogensous
precipitation,

conditions favoured the formation of a deep ASLA
deeper ASL led to enhanced lce transport away from
the Ross lce Shelf and coastal areas to the east and
the generation of new, thin Ice over the southern
Ross Sea. In [ate 2021 the strong offshore flow

Fig. 4.10 The monthly mean sea level pressure {MSLP) far {3) September 2021 and [b) October 2021. The changs in sea
ice concentration relative to the previous day (shaded background) for [c) the Ross Sea on the 14November 2021 and
{d} the Weddell Sea on the 21December 2021, Day-mean MSLP is overlaid in gray comtours at 5 hPa intervals (950 and
975 hPa levels labelled) as well a5 the day-mean 0°C 2m tempevrature isotherm {red line) and 10 m wind vectors. MSLP,

tempersture and winds data are from ERAS.

4.6, Sauthern Ocean Studies

4.6.1. Antarctic sea kca changes In the
warming world

The Antarctle sea lce extent (SIE) dropped to an all-
time low of 1.92x 16" km’in February 2022. Thedrop
Is because of negative Ice anomalles In all sectors of
the continent, espacially in the Ross and Weddell
Seas. In October/November 2021, the Amundsen
Sea Low [ASL) had a record low depth, which led to
southerly winds of record strength off the continent
{Figure 4.10).

During this period, a combination of a positive
southern annular mode {SAM) and La Nifa
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resulted in an anomalously northern sea ice edge
which was then rapidly eroded by the passage of a
serles of intense polar cyclones, and also favoured
the establishment of a large coastal polynya by early
December, which was assoclated with an unusual
upper ocean warming of up to ~0.6°C. Open water
then allowed the absorption of solar radiation at fts
maximum intensity in December, which aided the
further loss of sea ice through the ice-albedo
feedback. In parallel, westerly winds of record
strength Induced by posltive SAM condttions led to
Ice expart from the northern Weddell Sea, resulting
In negative [ce anomalles In this reglon. Therefore,
the simultaneous low ice extent in the Ross and
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Weddell Seas {contributing 72%) was influential in
egtablishing the all-time low Ice condition for the
emtire Southern Ccean.

4.5.2. Anomalousty high sub-surface dissolved
oxygan [n the Indlan sector of tha Southemn
Ocean

An analysls of data from Blo-Argo floats deployed In
the Southermn Ocean reveals seasonallty In dissolved
oxygen variability. The effect of the cydonic eddy on
the vertlcal distribution of dissolved oxygen was
studied In the Indlan sector of the Southern Ocean

-----
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Ag. I.I.'I. Seazonal mlutlnn of Dlssuhmd Oxygen
fumol/kg), density (kg/m’}, temperature {* C),salinity
{psu) (In upper 600m depth} and chlorophyll {mg/m®
upper 200m depth) from top to bottom panels,
respectively. The bladk line represents MLD. The vertical
Iines represent the observation dates 24 December,
2014 and 12 February 2015, respactivaly,

(8]

(ISSD). The Impact of the coyclonlc eddy was
Investigated, and unusually high dissolved oxygen
levels were discovered below the mixed layer depth
{Figure 4.11}. The results show that cyclonic eddies
play an Important role In sustaining oversaturated
dissohved oxygen and tha high summerbloom In the
Southern Dcean,

4.6.3. Diversity of actinobacteria In the
sadiment and water column In the Indian
sector of the Southem Ocean as revealed by
165 rRNA-based metaganomies analysis
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Actinobacteria are one of the largest bacterlal phvia
with high ecological and industrial significance.
Marine derlved actinabacteria are recognizsd ag an
Important source for diverse bloactive compounds.
Here we presemt the first set of amplicons based
actinobacterial diversity data from the water (2
statlons) and sediment samples {1 statlon) in 1SS0
{Figure 4.12). The taxonomic analysis Identifled a
total number of 27 phyla of which Proteobacteria
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Hg. 4.12 (a} Relsthe abundance of bacterial dhversity at
Phylum leval, and (b) Relative distribution of
Actinobacteria compared to Proteobacteria and
und=sshfied bacteria.

{40.2%), Actinobacterila [13.6%) and Firmlcutes
{8.7%)} were found to be dominant. The comparative
stdy of water and sediment samples revealed
dominance of different actinobacterla In water and
sediments. Streptomycetales was dominant [n the
water samples while Migococtales was dominant
Inthe sediment samples. Five grou ps ware common
In both In sediment and water samples.

4.7 NCPOR hosted Sclentific Committes on
Anmtarcilc Research (SCAR) 2022 Open Scsnca
Conference and Mestings
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The National Cemtre for Polar and Ocean Research were organized online. Hosting of the conference

{NCPOR), undertheaegls ofthe Minlstry of Earth

Sdiences {MoES) , organized the SCAR 2022, it was
the first ime that Indla hosted SCAR Open Sclence
Corference along with the SCAR Business and
Delegates Meetings. In view of the pandemic, the
10"Open Sclence Conference {1%-10" August 2022)
and SCAR Business Meeting (27" -29" July 2022}
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colnclded with the celebratlon of 75 years of Indla's
Independence—Azad Ka Amrit Mahotsaw,

Opening Ceremony of
10" OpenScience Conference of SCAR 2022

MoES-NCPOR, Goa also hosted the X0V SCAR
Delegates Meeting fram 5™ -7* September 2022 In
Goa, India. The meeting was organized in a hybrid
format and delegates from more than 50 countles
attended k In person or online. The mesting was
attended in-person by more than 36 delegates from
19 countries.

XXXVIl SCAR Delegates Meeting

Goa, India, 5-7 September 2022




Chapter-5
SEISMOLOGY AND GEOSCIENCE RESEARCH (SAGE)

5.1 Obsarvational Seismology, Earthquaka
Monitoring and Services

The Natlonal Selsmolagieal Network consisting of
152 selsmological obsarvatories are connected
through VSAT with the operational capability to
detect any earthquake of magnitude 3.0 or above in
mest parts of the country. The Operational Centre is
aqulpped with state-of-the-art facilitles for data
collectlon, processing and dissemination of
earthquake Informatlon to user sgencles through
varlous modes of communications, such as moblle
app {Bhookamp), SMS, Fax, Emall, soclal media
platfarms ke Twitter, FaceBaok, WhatsApp and
published with value-added praducts on officlal
website of NCS {httos://seismo.govin).

The National Seismological Network was successful

30.0

20.0

5.0

50.0

In pperation and the 24x7 operational centre at NCS
HQ, New Delbi continued to maintain mound-the-
dlock meonitoring of seismic activity in and around
the country and quickly disseminated the
earthquake Information immediately after its
occurrence to all concerned agencles, A total of
1204 earthquakes were located [n and around
neighboring reglon of the country {0°-40° N and 60"
100"E) during the period lanuary 2022 to 31
December 2022 as shown In Fig. 5.1. Qut of these,
32 svamts of magnitude M:6.0 and above, 31 events
are of magnitude M:5.0 and above, 554 evemts of
magnitude M:4.0-4.9, 468 events of magnitude
M:3.0-3.9 and remaining events fall within the
category of small earthquakes. The distribution of
magnitude of earthquakes Is shown In Flg. 5.2.

30.0

50

15.0

5.0

B5.0 90.0 95.0 100.0

Flg. 5.1 Location of earthquakes dizsseminated by National Saismological Network of NCS durlng 01° Jan- 31 Dec 2022
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Fig. 5.2 Distribution of earthquakes occurred during 01* Jan -31* Dec 2022 in different magnitudes ranges in India and
in its neighbourhood.
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Earthquakes

Annual

State/UTs
Fig. 5.3a State/UT wise distribution of earthquakes occurred during 01* Jan -31* Dec 2022

Out of 1304; 481 earthquakes occurred within
Indian territory during the period January 2022
to 31" December 2022. During the period 63
earthquakes occurred in Andaman sea, 54 in
Himachal Pradesh, 34 in Ladakh and 35 in
Jammu and Kashmir. State/UT wise distribution
of earthquakes is shown in Figure 5.3a. Most of
these earthquakes were of small to moderate
magnitude range of M <3.0; M: 3.0 -3.9 and M:
4.0 -4.9; except few earthquakes of M >5.0 in
Ladakh and Andaman sea. One earth quake of
M:7.9 has occured in South Pacific Ocean in

Report 2022 - 23

Tongaisland region.

Ladakh Earthquake of M:5.2 occurred at
19:05:23 IST of 16" March 2022 in Northern
Ladakh at 36.01°N and 75.18°E with focal depth
of 110 km. The epicentre is 75 km W of Gilgit, 90
km NNW of Skardu, 220 km NNE of Srinagar and
300 km NW of Leh. This earthquake occurred in
trans-Himalaya zone. The region within 100 km
from this earthquake has experienced four
earthquakes of magnitude M>5.0; (M: 5.0, 5.1,
5.6 and 5.7) during 01* Jan 2010 to 16" Mar
2022 (Figure 5.3b). Andaman Sea Earthquake of
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M:5.2 occurred at 10:15:45 15T of 06™ Aprll 2022
in Andaman Sea at 07.45°N and 24.27°E with
focal depth of 10 k. Th epicemtre is 45 km NE of
Campbell Bay, 500 km SSE of Port Blalr and
about 450 km W5SW of Phuket, Thalland., This
earthquake cccurred in subductlon zone. The
region within 100 km from this earthquake has
experienced one earthguake of magnhude
M:6.1 occurred on 26" Dec 2004 2022; but more
than 20 earthquakes of M>»5.5 oocurred during
last twernty years of perind. Location and
Intensity map of earthquake [s shown In Figure
5.3c. Besldes this event; 34 earthquakes reglon
in the magnitude range of 3.6 - 5.0 cccurred in
the Andaman Sea during 4" to 9 luly 2022

]

= 2
Fig. 53b Map showing the epicentre {cirde) and
expected Intensity map for Ladakh Earthquake of M;5.2
oceurred on 16™ March 2022

S5

Hg. 5.3 Map showing the eplcentre (cirde] and
expected intensity map for Andaman Sea Earthquake of
M:5.2 occurred an 06 Aprll 2022,
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Flg. 5.3d Spatlal distribution of earthquakes octurned in
Andaman sea reglon during the period 01" — 317 luly 2022

Flgure 5.3d shows the spatial distdbutlon of
earthguakes occurred in Andaman sea.

Monthly Seismological Bulletins containing the
phase data and the processed information on
source parameters of all earthquakes located by
the selsmologlcal network are prepared and
published. In addition, the monthly reports of
Earthguakes are also avallable on NCS websie
at the URL https://selsmo.govin/manthly-
reports.

Autolocation software with new modules was
upgraded in Feb 2022 and the development of
customised software far Unifled Dissemination
System (UDS) for dissemination of earthquake
parameters through different medlums ks under
testing for operational use.

5.1.1 Selsmic Hazard and Rizk Assessment
study

Selsmic Microzonatlon Is a site-speciflc study, which
provides a realistic and reliable representation of
ground maotlon charactaristies. Camprehensive
report on Selsmle Hazard and Risk Microzonation of
four cltles such as Bhubaneswar, Chennal,
Coimbatore and Mangalore are in progress and
expected to be releasad soon. Fleld and soll
Laboratory Geotechnical and Geophysical
Investigations on of other B8-citles (Agra, Amritsar,
Dhanbad, Kanpur, Lucknow, Meenst, Patna and
Varanasl) are In progress since March 2021, Selsmic
microzonation Involves varlous components In i,
viz., Geophysical, Geotechnlzal [In-sltu and
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A Holisbe Mode!
of Seismez Hazard and Resk Microzonation

Survey of India Toposhesls
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Hg. 5.4 Flow chart below Is a holistic model for assessment of selsmic hazard and risk Microzonatlen

Laboratory), Seismological ete. which are explained
step by step in a Flow Chart shown in Figure 5.4

Comprehensive Seismic Microzonation of
targeted/populated cities may be helpful for
construction engineers in refining the building
codes across the country to attain sustainable usage
and long life of buildings in order to save life and
property in case of disastrous earthquakes. An
important Interventlon in the times ahead could
withess as Impravement In the scale of
Microzonation studlies. This would facllltate the
generation of varlous thematlc and Integrated
seismic hazard maps on a higher resolution,

5.1.2 Three-dimensional seismic velocity
structure and seismotectonic beneath the
Sikkim - Darjeeling Himalaya

Efforts have been made to establish the plausible
depth of disposition of the basal décollement
through 3-D selsmic Imaging using local earthquake
tomography and to understand the linkage between
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seismogenesis and collisional tectonics of the
Sikkim-Darjeeling Himalayan region. A total of 2105
events recorded by 42 broadband selsmograph
statlons during 2005-2011 have been analyzed.
Detalled 3-D selsmic Imaging unraveled
heterogeneous velocity structures {Vp and Vs) with
low and high velocities with distinct variations in
Poisson's ratic (B) at different depth ranges. A well-
resolved low-velocity zone is found to persist
consistently at a depth of about 20 km
corresponding to the gentle, north dipping
décollement plane, exhibiting significant velocity
perturbations across this Interface. The geometry
and depth of the décollement surface are found to
vary laterally, and its deepest disposition Is observed
at a depth of ™ 30 km. The shallower low-velocity
zone up to 10 km with higher-6 suggests the
presence of the Quaternary piedmont sediments
with high fluid saturations. In contrast, the higher
velocity perturbation with low 6 at the mid-crustal
layer is indicative of the competent parts of the
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crust, where selsmogenesls Is related to the
ocourence of sarthquakes of varying strengths
beneath the Sikkim - Darjeeling Himalayan ragion.
Our selsmic Imaging corroborates with the past
moderate earthguakes that were confined to the
vicinity of high and low velocity (Vp Vs) and B zones
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No. A-33, sector-62, Nolda has been assigned to
CPWD, As per the plan, the NCS Complex will be
comprised of NCS Bullding, Earth Sclence Museum,
IMD's Reglonal MET Offlce, Tralning Centre and
accommedation for HPC Centre of NCMRWF and
Geochranology facllity af IUAC. The arehitectural
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Fig. 5.5 Vereal coss-secHons of P-wave velocity perturbations with topography along profiles {AB-L} are shown. The
dots Indicate seismicity. At the same time, black dotted lines show the locations of posslble décollement and faults in
cross-sectlons, which ane marked based on an earler study. Stars show earthquakes W, Z 5.0 In the study area. Tha

scale Is shown bottom of the figure.

whilst the strong size earthquakes (M > 6.0}
occurred mostly below the décollement plane
whers high-velochy basement thrust exists along
with Inddian subducting plate {Figure 5.5), This study
dearly expresses the wall-definad disposition of the
décollement zone that controls the nature and
extent of seismogenesis.

513 Constructionof NCSbullding Complex
Work for construction NCS bullding Complex at Plot
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drawings/ design of the NC5 Complex has been
approved by the project menitoring committee
formulated by MoES.

5.2 Establishment of five-station broadband
selsmic network In the vidnity of the Koyna
Pliot Borehola

Geplogical and geophysical datasets acquired down
to depth of 3 km In the Koyna Pliot Borehole KFD1
provide strong evidences for the presence of
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multiple faul-fracture zones In the upper few
kilometers of the Koyna Seismogenic Zone and that
the borehole penetrated one or more faults
potentlally assoclated whh the MME striking
Donkchawad| fault at depth. The fault, which was
assoclated with the 1967 Mé&.3 Koyna earthquake,
extends to depth of up to 10 km and continues to be
active, as observed from the distribution of
hypocenters in the region. Therefore, the KFD1 site
Is consldered sultable for setting up of a Fault Zone
Observatory at depth of 57 km.

To constrain the subsurface disposition of the fault
zonels) and optimize the borehole conflguration
and trajectory, a local network of flve surface
broadband selsmic statlons has been established
recently In the vicinity of the Koyna Pllot Borehole
{Fig. 5.6}, The stations are located within a radius of
5 kam from the borehole KFDL. It is also proposed to
Instrument the borehole KFD1 with an amay of
selsmometers In the near future. The purpose of the
selsmile network Is to test exlsting velochy models In
the Koyna selsmogenic zone and to provide
improved earthquake locations. The network is
operational since lanuary 2022. until Now. 2022
1353 earthquakes with magnhudes ranging from -
0.5 to 3.7 have been recorded. The distribution of
selsmilc events Is also shown In Fig. 5.6. Preliminary
data analysis reveals that the seismicty extends
down to a depth of ~10 km and the locations of
earthquakes follow the trend of the Denichwadi
fault zone. This Implles that Donlchawadl fault is still
acthre and majority of the earthquakes are ocourring
along this fault. Studles carrded out In the Koyna
pliot borehole KFD1 at Gethane, ~5 km to the south
of Kadoli, reveal that the majority of the subsurface
fractures strike along NW-SE to NNE-SS5W direction
and are steeply dipping (40"-75"), conslstent with
the stike azimuth of malor and minor flssures
associated with the Donlchawad| fissure zone.
Improved locations of sefsmic events abtalned using
the enhanced broadband network will help in
delineating the trend of the fault zone and provide
critical constralnts to gulde deep drllling In the
future.
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Fg. 5.6 Selsmiclty map of Koyna reglon using daiz acquired
by the five-station broadband selsmic network surounding
the Koyna Pllot Borehole KRR, The five stations are located
at Govara (GOVA), Tallye (TAL), Atoll {ATOL), Panderpand
[PDPN] end Patharpun] (PATR).

5.2.1 Geochamlical characterization of
basermnent granitoids

The geochemical characteristics of the basement of
the Koyna-Wamna region of western India have been
studied through core samples and cuttings made
avallable from the sclentlfle drilling to the depth of
3014 m. For the bulk rock geochemical analysas, 41
representative samples of basement rack recovered
frawn three borsholes, KFD1, KBHAA and KBH7, were
studied. The major elememnts were analyzed through
¥-Ray Fluorescence facility at Birbal Sahnl Insttute
of Palaeosclences (BSIP), Lucknow using pressed
powder pellets. Two reference standards, 1e., QLD
and DGH were used during the analysls. The
analytical precision (% RSD) and aceuracy (% error)
are within £2% for major elememnts. Trace elements
were measured using Inductively Coupled Plasma
Mass Spectrometry at BSIP. For trace element study,
30 mg of powderad sample was digested using a
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mbcture of HF, HNO3 and HCID4, followdng the
method described by Xiong et al. {2012}, During the
ICPMS analysls, threa referance standards, Le_, G5P-
2, 3H and MBH were used. The precislon and
arcuracy for trace elements are better than 5%
(<20 ppm). The basement rock comprises
dominantly of granite, granitlc gnelss and tonalite
{Fig- 5.7). The major minerals are quartz, plagiodase
and orthoclase, whereas the minor minerals Include
epldote, chlorite and homblende, etc. The bulk rock
geochemistry of the hasement granitoids shows a
range from tholelitlc to calc-alkaline serles of
magma types which malnly belong to adamellite-
granodiorite-tenalite sultes (Fig.5.8). The hasement
rocks are predominantly peraluminous In nature
and have an overall predominance of sodium ower
potassium. Fractionated REE patterns with enriched
llght REE (LREE) and depleted heavy REE {HREE)
along with a small negative Eu-ancmaly are
pobserved In the samples. Overall, the Precambrian
basement rocks are lithologlcally heterogeneous
and apparently genetically related by fractional
erystallization and partally darived from magmas.

5.3 Satting up of facllity for Gaochronology

In the past few decades, the fleld of geosclences has
witnessed a paradigm shift from being an
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Flg. 5.7 TAS Dlagram [after Cox et al. 1979} showing the
distribution for drillcore samples fram Koyna region
{Rectangle-KBH7; THangle-KBH4A; famond- KFD1).
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Flg. 5.8 K.0 versus Na,O diagram {after Harpum, 1963)
showfng the distdbutian for drilleore samples from the
Koyna reglon [Rectangle-KBH7: Trlangle-KBH4A:
Dlamond- KFD1}.

observational sclence to a more rigorous
multidisciplinary sublact with a robust quamti=tive
database. The fisld has seen new develapments in
geochrenology at the micro phase and single—grain
levels,

Geochranology is the study of the age of racks,
fosslls and sediments. it seeks to answer several
perplexing sclentiflc questions. Modern research
has established that isctopic composition (stable
and radlogenic) of geological materlal Is azsential to
understand geological processes In time and space,
that is, for studying geochranology.

High predsion isotopic measurements require
equally sophistleated Instrumentation and
laboratory Imfrastructure. Indla Is In the process of
develaping such fadlities, MoES is setting up 2
geochronology facllity at Inter Unlversity
Accelerator Cantre {IUAC), New Delhl to cater to the
need of geoscientists of the country. The
geochronoclogy facllity has the mandate of
developing an Internatonally-competitve cemtre
for geachronalogy and isotope grochemistry that
will faclittate generation of quallty Isotopic data for
geachronological and isotopic fingerprinting.
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IUAC would enable geoscientists to undertake
cutting-edge research with high-quality data and its
characterization at the highest international level. It
will provide high-end experimental capabilities
which are currently non-existent in the country.
More facilities to complement the existing
infrastructure will be added going forward. IUAC will
have two major machines, namely, an Accelerator
Mass Spectrometry (AMS) and High-Resolution
Secondary lonization Mass Spectrometry (HR-
SIMS). A variety of ancillary equipment capable of
dating geologically youngest and the old
formations/rocks/sediments in the Earth's history
will also be present. IUAC would facilitate an
improved and quantitative understanding of the
evolution of the Indian lithosphere.

Accelerator Mass Spectrometry (AMS) will attempt
to address questions around erosion rates, dating of
seismic events, sediment provenance, quantitative
Earth surface processing studies, etc. Establishment
of AMS dating facility will also provide a means to
explore new isotopes like 32Silicon, 36Chlorine,
41Calcium. AMS dating data has potential
applications in hydrology, glaciology and ocean
circulation studies.

The High-Resolution Secondary lonization Mass
Spectrometry (HR-SIMS) will provide data for dating
of elements such as zircon, and accessory minerals
such as monazite, titanite, sphene and apatite at a
high spatial resolution. HR-SIMS has been recently
established and operational at IUAC, New Delhi and
will aid scientists to decipher complex growth
histories in processes that led to Earth's crust
formation and continental dynamics. It will also help
in conducting elaborate isotopic analyses in deep
earth processes and those related to
cosmochemistry.

5.4 Geological and Geophysical studies:

5.4.1 Indian scientific endeavors in the
International Ocean Discovery Program
(10DP):

The International Ocean Discovery Program (IODP)
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is an international collaborative research endeavor
that explores Earth's history and dynamics using
rock coring through scientific ocean drilling. The
Ministry of Earth Sciences (MoES), is an Associate
Member of the IODP consortium and National
Centre for Polar and Ocean Research (NCPOR), is the
nodal implementing agency for this program. Ever
since our association with IODP in 2009, more than
50 young Indian scientists have been benefited by
their exclusive participation in global I0DP
expeditions. During this year particularly, India
researchers from various national organizations
participated in the five expeditions: |I0ODP-391
(Walvis Ridge Hotspot), IODP-386 (Japan Trench
Paleoseismology), I0DP-392 (Agulhas Plateau
Cretaceous Climate), IODP-390&393 (South Atlantic
Transect 1 and 2) and I0ODP-397 (lberian Margin
Paleoclimate).

5.4.1.1 Deciphering late stage plume
magmatism along Ninety East Ridge (IODP-
362)

The scientific drilling in the Sumatra Seismogenic
region (IODP-362) in 2015 recovered igneous lava
from sites near Ninetyeast Ridge (NER) in the Indian
Ocean (Figure 5.9). Scientists from NCPOR carried
out geochemical and isotopic investigations on
these basaltic samples and found evidences for off-
sequence plume magmatism on the eastern flank of
the NER. The sediments just above and below the
basement basalt constrain minimum and maximum
age bounds of “68 Ma and ~58 Ma for the basement
basalts and sills respectively. Interestingly, the age
of these sills is quite younger than the adjoining
blocks of NER (i.e. 82-78 Ma). Combined
geochemical investigations with petrography, bulk-
rock geochemistry, and Sr-Nd isotope results
confirm that the basement samples comprise ferro-
basalts that contain high Fe,0, (>13 wt%) and CaO
(>11 wt%). Their rare earth elements (REE) patterns
and high field strength elements (Nb, Zr, Th etc.)
composition show typical characteristics of N-
MORB composition. This potentially implies their
seafloor spreading affinity. In contrast, the sills are
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low In Fe,0, content (< 9 wi%) and CaO (<3 wi¥).
They are highly alialine with enriched REE patterns
showing distinct plume signatures. The Sr-Nd
Isotope compare remarkably well with the
Kerguelen plume. Based on the analyses, In
Khogenkumar et 2l [2022) i is proposed that the
fast-moving Indlan plate during Cretaceous-
Palasccene dragged the Kerguelen Plume materal
underneath the NER in the form of a sub-
Iithospheric lateral flow. Maost likely, reacthvation of

407

54.2 Selsmic Imaging of Intraplate oceank
deformation In tha Indlan Ocean Geold Low
{lOGL} reglon:

NCPOR under the aegls of MoES has bean leading an
extensive marine experiment, almed &t crusial and
upper mantle imaging in the |QGL regian. Recenthy,
Pandey et al. {2022) presented detalled
Interpretation of high quellty deep penetrating
multichannel seismic (MCS) and Ocean Bottom
Selsmometer [OBS] data. This study reveals that the

120¢

Flg. 5.9 Bathymetry map showing the reglonal tectonie configuration of the Indlan Ocean with s=quental younging
ape patiem of NER (MN-5) Trom ODP/DSDP drill sites {in solld purple cinces).

deep fractures triggered decompression melting of
the underlying plume material and emplaced as
magmatic sllls and lava flow near the NER around
~58& Ma. These findings suggest that the Impact of
the Kerguslen plume inthe formation af the oesanic
crust was much langer and unique than previously
understood.
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axtensive compresslonal deformation in the reglon
i likely ta have bean Inltdabed around the =arly
Mlocene - significantly earller than previously
belleved. The new crustal and upper mantle images
have also anable selentists to explore variahly thiek
oceanic crust in this reglon for the first ime. The
snapshot of deformation is shown in Fig 5.10.
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West Auctive faultmy

5.5.1 Phasa equllibrium modelling and
drcon-monadta geochronology of HT-UHT
granulltes from Kambam ultrahigh-
temperature belt, South Indla

The Madural bleck, the largest crustal block In the
Precambrian Southemn Granulite Terrmne of South
India, preserves rare assemblages of high- to
uhrahigh-temperature metamorphic rocks. These
rocks bear exclusive evlidence for the high thermal
regime prevalent during their formation and can be
constrained from accessory phases such as zircon,
monazite and gamet. The study presents the P-T-t
evolutionary history of garnet-cordierite-spinel
granulites from different locallties In the Madural
block. Combined petrography, mineral reaction,
gecthermobarometry and pseudosection
modelling of the samples recard HT 1o near-UHT
metamorphic conditlons with clockwise P-T
trajectorles. LA-[MC)-ICPM5 U-Pb/HF [sotople
stucdies an zireons peint to Paleoproterozoic high-
grade metamorphlsm In the area with Juvenlle
magmatic slgnatures. LA-ICPMS/EPMA monazlte
dating constrains the timing of HT to near-UHT
metamorphism at ~580 and ~550 Ma. The heat
source required for the Paleoproterozole high-T
event Is correlated with the synchronous |gneous
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Fig. 5.10 A part of East-West MCS proflle showing differant deformation structuras

emplacements reparted in the region, whereas the
heat sourte responsible for the Meopreterozaie HT
to near-UHT event can be related to the processes
assoclated with crustal thickenlng and synchronous
mafic emplacement, The dockwise P-T trajectories
of these granulites are Imterpreted as the signature
of collislonal orogeny prevalent In the reglon durlng
the final stages of Sondwana assembly.

5.5.2 Detrital zircons in crustal evolution: A
parspectiva from tha indian subcontinant

Detrital zircons are frequently used for custal
evolutionary studles as they sample vast regions of
the continental crust. In the present study, NCESS
utlllse newly complled U-Fb detrital Zircon data
from the Indian subcontinent as well as a
compllation of previousty reported global data
glong with Hf lotopes of modemn and anclent
sediments in order to understand crustal evolution
In the Indlan subcontinent. The detrital zircon U-Ph
age data from the Indlan subcontinent show peaks
{at 2400-2700, 1600-1900, £50-1208, and
450550 Ma) that correlate with the farmatlon of
major known supercontinents. In addion, two
other peaks at 3200-3430 Ma and <100 Ma do not
correspond to periods of supercontinent formation.
The former peak may reprasent uneven geographie
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sample density due to enhanced erosion and
exhumation of Archean sources. The distinctly
younger (<100 Ma) detrital zircon age peak may
represent zircon preservation due to the Himalayan
oregeny. The zircon Hf model ages from the Indlan
subcontinent suggest that the Precambrian crust
was the major source of continental crust with
younger ages. The conspicuous shift to positive g, {t)
at ca. 3600 Ma from detrital zircons of the Indian
subcontinent may underscore a change In
geodynamlc processes, while the highly negative
values post ~3200 Ma may be assoclated with the
crustal reworking. A wavelet analysls of detrhal
zircons from the Indian and global databases reveals
a prominent cyclicity of ~300 Myr and ~ 350 Myr
plausibly representing the supercontinent cycle and
Its half cycle Fig 5.11. An Incongruence in power
between global and Indlan g, {t) could be due to the
local subcontinental geologlc processes during the
Palec-to Mesoarchean.

Ape |l

Ag. 5.11 KDE plat for U-Pb ages {red and present study)
and Hf DM {brown, green and present study) of detrital
zireons from the Indlan subcontinent. The yellow bands
daplct the ages of suparcontinemnt assembhy

5.5.1 Hydracarbon fluld Incluslons and
sourca rock parametars: A comparison from
two drywelks In the Western offshore, Indla

Fluld incluslons represent the direct evidence of
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palecfluids and can provide valuable information on
the evolution of sedimentary basins and oil-bearing
strata. Hydrocarbon fluid inclusion{s) {HCFis) are the
vestiges of oll from the geologlcal formations. The
study delineates the palectemperature {T,) / oll
window, the oll quality of HCFis and Raman peaks
coresponding to hydrocarbon spedes of HCFIs
using fluid inclusion techniques, and source rock
potential of hydrocarbon generation, thermal
maturity, the quantity of organic matter, and the
kerogen types obtained through Rock-Eval pyrolysis
data from two dry wells, RV-1 well of Mumbal
offshore and KKD-1A well of Kerala-Konkan Basin.
The present study compares the fiuid indusion
parameters as well as the source rock geochemical
characteristics of these two dry wells to address the
sclentific problem of the wells going dry. Further,
evaluated whether the results agree with an earller
findIng from a case study of two wells named KK4£-
Al {(Kerala-Konkan basin} and V-1 well where only a
few parameters such as temperature of
homogenization (T,) & APl gravity were utilised, and
the chances of getting il in the nearby areas of
these two wells were reported. Inthe present study,
the fluld Inclusion parameters such as the
palaeotemperature (T}, APl Gravity and Raman
spectra were obtalned from micron slzed fluid
inclusions at differert depths for a quick assessment
of nature of oil inclusions within the two dry wells.
Along with fluld Incluslon parameters, different
source rock parameters obtained from Rock-Eval
Pyrolysis analysls (secondary data} such as 51, 52,
83, T, Hydrogen Index {HI), Oxygen Index (Ol),
Potential Yield {P¥), Production Index {Pl) and Total
Organic Carbon Content {TOC) were also considered
for a detailed source-rock evaluation of two wells
(R¥-1 and KKD-1A) and the results act as the
supporting evidence to address the reason for the
wells gonedry.

Temperature of homogenisation {T,) of hydrocarbon
Fluld Inclusion Assemblages {FlAs} from both the

wells fall In the oll window {60-150 "C] range
Indlcating that there was a conduclve thermal

7
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condition favourable for oil generation in these two
basins. API gravity of oils in RV-1 well of Mumbai
offshore {48-53) was lighter when compared to
those in KKD-1A (18-22) of Kerala-Konkan basin.
Raman spectra of HCFl samples could decipher
important hydrocarbon species from RV-1 well
samples. Raman spectra of KKD-1A well show less
prominent peaks (broad) only. Pyrolysis data shows
that Palaeocene—Early Eocene source rocks of
Panna formation of RV1 well are mature enough to
generate hydrocarbons. On the other hand,
Palaeocene aged source rocks of Kasaragod
formation of KKD-1A well are immature. Source rock
maturity therefore could be considered as crucial in
hydrocarbon generation in these two wells even if
oil-window was achieved. This study reports that, in
RV-1 well, even though it is a dry well in a proven
basin, the oil window, APl gravity of cils and
constituents from HCFls of RV-1 well and the source-
rock maturity opens up a demand for detailed
exploration In nearby areas of RvV-1 in the Mumbal
offshore basin hopeful of finding a high-value
prospect for oil, whereas the fluid inclusion studies
inthe HCFIs of KKD-1A well of Kerala-Konkan basinis
showing only a minimal chance of oll generation
that too of a heavy nature and the source rock
immature characteristics suggesting only minimal
generation of hydrocarbons. Due to the heaviness of
the available oil in the KKD-1A well impedes
migration. The study suggests that there is no
potential for finding ail in the nearby areas of KKD-
1A well of Kerala-Konkan basin,

5.5.2 Joint geomorphological and geophysical
(electrical resistivity) investigation for the
configuration of soil pipe

Scil piping is a complex mechanism of subsurface
soil erosion, which results underground conduits
{cave / tunnel) of varying dimensions. Scil piping
associates with severe consequences, such as land
subsidence and land slide. Therefore, the
investigation of soil pipe is crucial. However, the
study of soil pipe is challenging unless characteristic
surficial evidences of the pipe are available. Based
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on the surficial evidences, soil pipe ¢an be
configured with geophysical techniques which in-
turn aid in designing precursory measures.
Therefore, the present study carried out a combined
geomorphological and geophysical investigation to
configure the soil pipe at Kinancor village,
Kasaragod, Kerala, India. Based on the vital
geomorphological information, resistivity survey
was carried out and configured an underground scil
pipe of diameter — 6.5 to 7 mthat is seated ~3 m
beneath the surface. This hollow pipe is underlain by
the only accessible road of that locality which makes
the road vulnerable for transportation. Therefore, a
bridge like structure is recommended to construct at
the pipe location to stabilize the risk factor. Since the
study area is situated on a fringe-slope, the
geomorphological investigation points out that the
disturbance in natural course of the drainage system
and the accumulation of water In the up-slope area
due to the man-made activities might act as
potential causes for the piping in the area Fig 5.12.
Therefore, it is suggested not to disturb the natural
course of the drainage which may lead to
subsidence of the areainfuture.

5.5.3 Diverging monthly rainfall trends in
south peninsular India and their association
with global climate indices

With the frequent recurrence of hydroclimatic
hazards, such as rainfall-induced floods and
landslides, it is essential to look at the spatio-
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Fig. 5.12 Schematic diagram shows the probable
configuration of the soil pipe beneath the study area.
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temporal evolution of ralnfall trends and
teleconnections of regional meinfall with global
climatic indicas. The present study is carried out in
two climatologlcally contrasting terralns, the humid
regions in the western side of South-Peninsular
India [SPI-W) and semi-arid to arid regions in the
eastern slde of South-Peninsular India {5PI-E).
Trends in the minfall were studied over a long-term
{1901-2020) gridded rainfall data, and change
points were detected using the Pettltt's test. An
expanding-sliding window trend analysis based on
Kendall's Taub was carried out to decode the time
evolutlon of rainfall trends and to differentlate
consistent gradual monotonic trends from step
changes. Two distinct change points were observed
In the rainfall, the first In the 1960s and second In

b )

!
¥ S Chymmber

Southemn Osclllatlon) events after 1990. Increase In
positive 10D events could be associated with the
changes in the regional rainfall during these recent
epochs. The trends In monthly and annual ralnfall
showed high sensitivity to data perinds and data
lengths, highlighting the need to perform such
comprehenslve analysls for the planning of
reserveir operations, waeter management and
agricultural activities Fig 5.13.

5.5.4 Geochemistry pollution status and
contamination assessment of potentlally taxic
metals fromthe sediments of a tropical river of
Kerala, Indla

The contamination of heavy metals within the
sediments of a tropical ver basin of Kerala, India
was studled using pollution Indlces thereby to
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Fig. 5.13 Significant change points of monthly precipitation daty using Pettit's test of 120-year data from 1901-20210).

1580s. 5PHE manifested a strong posltive trend In
the monsoon rainfall after 1990's while SPI-W
demonstrated a weakening in rainfall after 1960's.
The reglonally diverse trends durlng the recent
epachs are evaluated along with 10D {Indian Ocean
Dipole) and it was observed that thereis asipnificant
Increase In co-occurrence of positive ralnfall
anomaly, positive 10D and positive ENSQ (El Nifio
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examine the level of deterloratlon. Sediment
samples were taken from 20 locatlons and the major
imvestigations carried out in the sediment samples
include geochemical analysls for the determination
of major lons and minor {trace) elements by using X-
Ray Fluorescence spectrometer (XRF) and textural
analysls for the classificatlon of sediment samples
into different categorles. To understand the
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pollution loads in the sediments of the study area,
the heavy metal and major element contamination
of the samples were assessed based on Crustal
Enrichment Factor (EFc), geo accumulation index
(lgeo), Contamination Factor (CF), Degree of
contamination (Cdeg) and Pollution Load Index
(PLI). From the analysis, it is seen that the coastal
sediments of KRB were polluted mainly by
Zirconium which exhibits high values in the pre
monsoon season. Among the major elements,
Titanium is the only one which manifests slightly
higher values in the pre monsoon period. Based on
the textural analysis, it is observed that these
sediments predominantly come under sandy loam
and loamy silt classifications during the three
seasons of study. The unplanned urbanization and
industrialization have detrimental effects on the
quality of river sediments in the recent years. The
current work is preferably applied to a river system
and the findings will deliver productive evidence for
analysing the plenary catchment areas of Western
Ghats.

5.5.5 Modelling a multi-stage batch reactor
for the immobilization of Fe(lll) ions using
humic acid and 2-mercaptobenzoxazole
fabricated organo-clay

Iron contamination in water resources has remained
an unsolved issue globally for many years. This study
introduces a novel organo-clay adsorbent material
resulted from the condensation reaction between
humic acid, 2-mercaptobenzoxazole and Na-
montmorillonite. The specific modification to the
clay added the most active functional groups like
—COOH, -NH, and -SH, which imparts enhanced
adsorption capacity for NaMMT-HA-MBO to bind
Fe(lll} ions. The capturing mechanism and the
specific binding sites for the metal ions in the
adsorbent was confirmed by XPS analysis. The
adsorption performance of the material was
evaluated and the theoretical optimization was
carried out by response surface modelling. The
NaMMT-HA-MBO showed a remarkable adsorption
capacity of 77.0 mg/g, which outperformed many of
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the reported adsorbents in the literature. A multi-
stage reactor was designed for calibrating the
performance of the material during factorial
operations. The adsorption of Fe(lll) onto NaMMT-
HA-MBO was spontaneous, complexation reaction
mechanism with a PSO kinetics. The adsorbent
material showcased an excellent regeneration
capacity, ensures the reusability and stability of the
material. Thus, the study unveils a functional
organo-clay, which can be utilized as an effective
adsorbent to remove Fe(lll) ions from spiked and
natural water systems.

5.5.6 Heavy metals in coral reef sediments of
Kavaratti Island, India: An integrated quality
assessment using GIS and pollutionindicators

The present study aims to document the
contamination levels and ecological risks of heavy
metals in the sediments of Kavaratti lagoon, India. A
total of 15 sediment samples were collected for the
analysis of Al, Pb, Cd, Cu, Cr, Mn, Ni and Zn. The
decreasing trend of heavy metals was observed in
the lagoon sediment as Pb >Zn > Al >Mn > Ni>Cr>
Cd > Cu. The Geo-accumulation index (Igeo) results
indicate that Cu, Cr, Mn, Ni and Zn were
uncontaminated, while Cd was strong to extremely
contaminated and Al and Pb were moderately
contaminated. The enrichment factors (EF) of Cd
and Pb range from moderate to extremely high (EF >
1) indicating that they have anthropogenic origin on
Kavaratti Island. The Contamination factor (Cf)
indicated that Cd, Pb and Al belong to a high risk of
contamination (Cf > 6). The pollution load index (PLI)
value near one suggested that a moderate level of
pollution occurs in the study area. The modified
degree of contamination (mCd) shows that Al, Cd
and Pb have an ultra- higher degree of
contamination (mCd < 32). The potential ecological
risk (RI) index confirmed that Pb and Cd have
considerable to the serious thread of ecological risk
(RI > 600). Additionally, multivariate statistical
analysis and pollution indexes showed that the
Kavaratti lagoon is moderate to considerably
polluted by heavy metals. Diesel-based power
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generatlon, activitles related to shipplng, untreated
sewage, fishing and tourism activities are the main
anthropogenic sources of heavy metal pollution on
Kavarattilsland.

5.5.7 lIsotoplc fingerprinting of dual
monsoon moisture sources,
evapotranspiration process and microclimate
manifestation over the tropical rainforest
reglon, western part of the Western Ghats,
Indla

The changes In preclpltation pattem provide an
understanding on the hydroclimatic response to
global warming during the Anthropocene. The
present study investigates sources of precipltation
molsture for the Indlan Monscon and the local
environmental mechanlsms controlling Its
distributlon over the southwest coast of India. This
is achieved by the characterization of stable isotope
ratios of oxygen (6"0) and hvdrogen {6°H) in
rainwater samples collected from a high humid
troplcal setting {Swama-Madisal rver basin) of the
Westarn Ghats, South Indla and another station
further south [Bakrabail, southern edge of
Nethravati river basin). This study contributes to the
detailed Investigation on ralnwater |sotopic
compasltion and microclimate characteristics which
Is lacking In the humlid west coast reglon. The
rainwater isotopic composition of coast was close to
that of the Arabian Sea water and reflected the first

A 5.14 Relationship of oxygen (8“0} and hydrogen (§'H) isotope ratios measured in rainwater samples of {a)
Bakrahall station {monthly bulk) as well as (b} three nbservational statlons [dally seale) In the Swama-Madisal basin.
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condensate of vapours which were originally
formed under fast evaporation at the nearby ocean.
In inland location, the higher d-excess values reflect
continental moisture recycling. Evapotranspiration
has led to higher kinetlc fractionation effect In the
Inland reglon. The Isotopic storm effect durdng
winter mansoon season suggested the raln
distribution from satureted air masses formed
under deep convective effect in the Bay of Bengal.
The overall local meteoric water line {LMWL) In the
Swarna-Madisal basin was found to be 5H ={({7.2 x
5"0) + 7.5}, R* = 0.98. Further south, the LMWL of
Bakrabail was, §°H = {{8.19 x 5“0} + 16.1}, R*=0.98
for annual observetion and displayed minimal
varlabllity for Inter-seasonal slopes (7.73 for
summer monsoon, 8.48 for winter monsoon and
8.36 for pre-monsoon) and Intercepts (15.6 for
summer monscon, 17.8 for wirter monsoon and
15,5 for pre-monsoen) Fig 5.14. In regions of
vegetation dominance and humid climate, the
prevalling local alr mass masked the rain-out effect
of marine alr mass as well as the amount effect
which support microclimatic settings at the local
precipitation sites in southwest India. The time and
space variability of regional moisture circulation in
controlling atmospheric water balance has been
deduced In this study. Thus, the high efflcacy of
stable lsotopes in tracing the manlfestation of
microclimate in the humid tropics has been
demonstrated.
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5.5.8 Influences of summer monsoon
variations on the terrigenous influx,
bioproductivity and early diagenetic changes
in the southwest Bay of Bengal during Late
Quaternary

The sediment core (MGS11/02), collected from the
lower boundary of the Bay of Bengal (BoB) oxygen
minimum zone (890 m) is studied to understand the
influences of summer monsoon variations on the
terrigenous sediment influx and its relation to
bioproductivity and early diagenetic changes in the
southwest BoB during the Late Quaternary. The high
content of terrigenous controlled metals increased,
kaolinite/chlorite increased, and K/Rb decreased
after 19 cal kyr BP, indicating a simultaneous
increase in the terrigenous influx and intensity of
chemical weathering during this period. The
variations in summer monsoon and land influx
observed in the core sediments are also reflected in
the sources of organic matter. High values of §°C
observed at 40 to 19 cal kyr BP suggests higher
influence of marine organic matter and/or presence
of C, terrestrial plant. The negative shift of §°C
between 19 and 6 cal kyr BP could be the result of
the change in terrestrial plant biomass to C,
photosynthesis and increased marine organic
matter. Rock magnetic properties and redox-
sensitive metals distribution suggests the
prevalence of reduced environment during 52 to 19
cal kyr BP and oxic condition during 19 cal kyr BP to
present. The low sedimentation during glacial
period allowed sufficient time for pyritization which
resulted in the low magnetic signals during 52 to 20
cal kyr BP and led to reducing conditions in the
sediment interval. The 6°N values in the core
sediments are suggesting the absence of
denitrification in the water column during last 52 cal
kyr BP. Previous studies suggest that the BoB is a
geochemical ‘'tipping point' because the slight
changes in water column denitrification by
anthropogenic or climatic impact can accelerate
BoB nitrogen contribution to the global nitrogen
budget. This study indicates the absence of water
column denitrification signals during last 52 cal kyr
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BP even though drastic climatic changes happened
inthe BoBin the Late Quaternary.

5.5.9 Analysis of pre-monsoon convective
systems over a tropical coastal region using c-
band polarimetric radar, satellite and
numerical simulation

Analysis of pre-monsoon convective systems over
the southern peninsular India has been performed
using C-band radar and numerical simulation.
Statistics on the radar polarimetric measurements
show that the distribution of differential reflectivity
(Z,) and specific differential phase (K,,) have much
higher spread over convective regions. The
distribution of K,, is almost uniform across the
vertical over the stratiform regions. The mean
profile of Z,, over stratiform regions shows a distinct
local maximum near melting level. Acomprehensive
analysis has been done on an isolated deep
convective system on 13 May 2018. Plan position
indicator (PPI) diagrams and satellite measured
cloud top temperature demonstrate that pre-
monsoon deep convective systems can develop very
rapidly within a very short span of time over the
region. Heavy precipitation near the surface is
reflected in the high value of K, (>5° km™). High
values of Z,, (>3 dB) were measured at lower levels
indicating the oblate shape of bigger raindrops. A
fuzzy logic-based hydrometeor identification
algorithm has been applied with five variables (Z,,
Z,, P Ki and T) to understand the bulk
microphysical properties at different heights within
the storm. The presence of bigger graupel particles
near the melting layer indicates strong updrafts
within the convective core regions. The vertical ice
hydrometeor signifies the existence of a strong
electric field causing them to align vertically.
Numerical simulation with the spectral bin
microphysics (SBM) scheme could produce most of
the features of the storm reasonably well. In
particular, the simulated reflectivity, graupel mixing
ratio and rainfall were in good agreement with the
observed values fig 5.15.

The extreme rainfall events observed at the High-
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Altitude Cloud Physics Observatory (HACPO) in
Rajamallay, Munnar (10° 9" 19.94" N, 77° 1' 6.65" E;
1820 m above MSL) over the southern Western
Ghats (India) during the floods in 2018 and 2019
monsoon periods are investigated. The
observations from Micro Rain Radar (MRR) and
Ceilometer are used to analyse precipitation
microphysics and the vertical distribution of clouds
during the intense rainfall episodes on 14 — 16
August 2018 and on 8" August 2019. The drop size
distribution (DSD) spectra during the 2018 event are
characterized by large number of small to medium-
sized drops resulting in maximum reflectivity of 48
dBZ with mass-weighted mean diameter (D, ) value
of 1.2 mm. At the same time, the 2019 event is
characterized by larger drops and resulted in high
reflectivity of 53 dBZ and D,, value shifted to 1.4 mm.
The consistent increment of D, and o, with slight
variation in N, during the intensive rain hours on 8"
August 2019 shows a mixed-phase microphysical
process that can invigorate the production of
convective rainfall from deep cloud bands (217 K of
cloud top temperature) with enhanced rain water
content (22 gm~). The parameters of scaled
raindrop size distributions corresponding to higher
rain rates (>50 mmhr™') suggest that the
microphysical process that control the variations in
DSD is strongly number controlled during these
extreme rainfall events. The DSDs are evolved from
a consistent, widespread rainfall supported by
anomalous moisture advection from the Arabian
Sea in 2018 monsoon period. The moisture
convergence occurred on the elevated terrains
leads to an intense spell of rainfall in two
consecutive hours and satisfies the occurrence of a
mini-cloud burst (MCB) event on 8" August 2019
causing flash flood in the region Fig 5.16.
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Chapter-6
RESEARCH, EDUCATION, TRAINING AND OUTREACH (REACHOUT)

To fulfil the primary mandate of the Ministry of
providing the nation with best possible services in
providing skillful weather forecast and climate
information, ocean state, earthquakes, tsunamis
and other phenomena related to earth systems, it is
essential to holistically address scientific
understanding of the individual components of the
earth system (atmosphere, hydrosphere,
geosphere, cryosphere and biosphere) as well as
interactions between them and their response to
the natural and human induced changes through
various R&D programs. This requires a large
number of trained manpower, knowledgeable in
atmospheric, oceanic and geosciences that can be
inducted into the country's R&D and operational
organizations. The Research, Education and Training
Outreach (REACHOUT) program which takes care of
the above activities consists of the following five
sub-programs:

I. R&D in Earth System Science (RDESS)

II. Outreach and Awareness

[ll. BIMSTEC Centre for Weather and Climate
(BCWC)

IV. International Training Centre for Operational
Oceanography (ITCOOcean)

V. Program for Development of Skilled
manpower in Earth System Sciences (DESK)

VI. Knowledge Resource Centre Network
(KRCNET)

The following sections deal with the activities
carried out under each of the sub-programs of the
REACHOUT program.

6.1 RESEARCH & DEVELOPMENT IN EARTH
AND ATMOSPHERIC SCIENCE (RDESS):

Proposals from various academic/research
organizations and universities in the different fields
of Earth system Science are supported with an
intention that it would help in improving our
understanding of the earth system. Activities which
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are supported include focused research in areas of
national importance; Building indigenous
development, Human resource development
through opening of Centers of excellence, initiation
of academic programmes, establishment of MoES
Chairs; Setting up of specialized labs as national
facilities; National and international collaboration,
National coordinated projects and setting-up of
Earth Science & Technology Cells (ESTCs). During the
current financial year, a total number of 32
proposals have been sanctioned as shown in the
table below:

Number of Atmospheric|Ocean | Geosciences| Seismology | Hydrology
proposals Science Sciences and
funded Cryosphere
during 2022-23

10 7 8 4 3

The progress of some of the completed projects is
described below:

6.1.1 Atmospheric Research including Climate
Change

Three projects have been completed under PAMC-
AS. The achievements under each of them are
described below:

Innovative and efficient algae based system to
reduce carbon dioxide emissions: A possible
remedy to climate change, by IIT, Indore-
Completed

The study concluded that the indigenous microalgae
Scenedesmus sp. proves capable enough to tolerate
high concentration of CO2 (15 %) not only in the
optimized and standard environmental conditions
tailored in the indoor environment but also in the
semi-outdoor environment, where the
environmental factors vary as per weather
conditions. The scaling up the cultivation of
microalgae from 500 mL to 600 L also procured
higher CO2 fixation rate, higher biomass
productivity as well as enriched biochemical profile.
The work can be utilized for further studies on CO2
fixation in high-rate algal ponds or raceway pondsin
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order to develop a strategy that is economically
viable and environmentally sustainable and can be
adopted by industries for direct treatment of
exhaust gases such as CO2 in conjunction with the
production of valuable products. Six papers have
been published and one Ph.D is awarded during the
project.

Characterization of flow structures in rotating
convection with superimposition of vertical and
horizontal heat fluxes, by lIT, Bombay- Completed
A new configuration for rotating convection is
considered that mimics the localized heating of the
earth's equator for better modeling of the baroclinic
waves and secondary structures in the atmosphere.
Such a configuration is shown to overcome the
limitation of the classical differentially heated
rotating annulus by providing heating in both
horizontal (meridional) and vertical directions using
a localized heating strip near the outer bottom
periphery and uniform cooling on the inner wall of
the annulus. A finite volume method-based CFD
toolkit OpenFOAM is used to unravel the flow
dynamics. Numerical simulations are performed for
a Rayleigh number, and Taylor numbers, The results
show the co-existence of the baroclinic wave,
meandering in the annulus, and convective
columnar plume (CCP), present over the heating
strip. The study would be useful in modelling
atmospheric flows. Two papers have been
published and two have been submitted for
publication and two Ph.Ds have been awarded
during the project.

Response of land surface processes on simulation
of Indian Summer Monsoon (ISM), by Amity
University, Rajasthan- Completed

Flawless representation of ISM by a regional climate
model (RegCM) is more important for monsoon and
climate change research communities. Different
land surface processes involving hydrology-heat
budgets and theirimpacts on ISM prediction have to
be studied so as to fine tune the climate model over
the region. Thus, in present study different hydro-
meteorological parameters are analyzed and
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validated with respective reanalysis or observation
data of India Meteorological Department (IMD),
ECMWF Reanalysis Interim (ERA-I), Climatic
Research Unit (CRU), and ECMWEF Reanalysis
version 5 (ERA5). Investigation of lateral and
boundary conditions have been done with
Geophysical Fluid Dynamics Laboratory (GFDL) and
ERA Interim from which the latter showcased an
added value advantage over the former. Two
different land surface parameterizations namely
Biosphere-Atmosphere Transfer scheme (BAT) and
Community Land Model scheme (CLM) have been
tested with horizontal grid spacing. The results
suggest that RegCM coupled with CLM land surface
scheme forced with ERA interim data provide better
simulation over Indian region. Two papers are
published and two are submitted for publication in
journals. One JRF is trained and registered for Ph.D
during the project.

6.1.2 Geosciences

Quantitative reconstruction of the Paleogene
climate of paleo-equatorial region based on Indian
palynological records- Birbal Sahni Institute of
Palaeosciences- Completed

The study explored Indian Tertiary lignites to
reconstruct the evolutionary history of tropical
angiosperms in the context of Plate tectonics and
paleoclimate. The morphological analyses of pollen
fossil records combined with the pollen morphology
and DNA sequences of their living representative
species, under a phylogenetic framework,
unravelled that the tropical rainforests were
established in Africa by mid-Cretaceous. As the
Indian Plate entered the tropical zone, the
megathermal angiosperms dispersed from
northeastern Africa to India via Kohistan-Ladakh
Island Arc during the Maastrichtian-Paleocene. The
isolation of the Indian Plate at the equatorial zone
during early Paleogene led to an independent
evolution of distinct and autochthonous aseasonal
flora in India. The early Eocene climate may have
offered the ideal ecological conditions for the
evolution of perhumid/aseasonal lineages on the
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Indian Plate. The tropical lineages were dispersed to
Southeast Asia after India-Asia collision, where they
diversified giving rise to the rich tropical lowland
rainforests. However, the Neogene aridity across
the Indian subcontinent restricted the aseasonal
flora into the perhumid pockets of Western Ghats
and Sri Lanka. Six papers including one in Science
were published in this project and two students
have completed their thesis under this project.

Age constraints on metamorphic evolution of the
Trans-Himalayas- University of Delhi- Completed

Under this project, metamorphic rocks of the
Pangong Metamorphic Complex (a zone of
Karakoram Metamorphic Complex, TransHimalayas
in SE Ladakh, India), were studied to fix the age of
metamorphism as well as the metamorphic setting
of the region and to provide regional correlationina
broader geodynamic context specifically by
studying and evaluating the time constrained
petrological studies. Five publications have
emanated from this project.

Deciphering the past environment conditions of
freshwater myristica swamps of western Ghats
using diatom assemblages by Agharkar Research
Institute, Pune-Completed

Under this project, diatom-based dataset has been
generated from one of the highly threatened and
lesser-known modern ecosystems of the Western
Ghats and was then correlated it with paleo records.
Out of 127 taxa of diatoms documented, 63 diatom
species are putative novel species and potentially
endemic to the unique environment of Myristica
swamps. Amonograph documenting all these taxa is
under preparation which will serve as baseline data
for taxonomic identification in Southeast Asian
countries, particularly in the Indian subcontinent,
where very few regional datasets are available for
taxonomic guidance. Further, this study also
documented the environmental change over
Holocene (last 4000 yrs) in the Myristica swamps
using diatoms as a proxy to establish the past
environmental conditions of the swamps during the
Holocene. Two research publications have

Annual Report 2022 - 23

emanated from this project, three under review.
One Ph.D student is going to submit her thesis soon.

6.1.3 Hydrology & Cryosphere:

Study of solute transport parameters through
porous medium

This study was aimed to investigate and predict the
mean arrival time and level of contamination in
highly heterogeneous porous medium. A
conceptual triple porosity nonequilibrium model
(TPNE) was developed which accounts for both
physical and chemical non equilibria suitable for
process-based investigation. A graphical user
interface (GUI) was developed which supports
various solute transport models such as advection
dispersion model (ADE), mobile immobile model
(MIM), multi-process non-equilibrium model
(MPNE) and TPNE. Impact of the model parameters
on the breakthrough curves was studied using
global sensitivity analysis (GSA). Various
experiments for stratified medium and highly
heterogeneous medium were planned and
conducted to validate the TPNE model. Soil
moisture and electrical conductivity (SMEC300)
sensors were used in the experiments to monitor
the solute and moisture transport behaviour. These
sensors were calibrated for different texture classes
of soil used. A detailed analysis of the sensitivity of
the sensors towards wide salinity, moisture and
temperature range was conducted. The study was
further used to suggest optimum number of sensors
to be deployed in field to minimise the error in
predicting the contaminant and soil saturation
levels.

Groundwater security of Indus basin (Ladakh) in
present and future climate and land use scenarios.

The study analyzed the spatio-temporal variations
in 60, 6°H and Cl- values in the Upper Indus River
Basin at Ladakh. Their main findings comprise of: (1)
stable water isotopes of source waters are
controlled by topography and meteorology of the
region; (2) microclimate in sub-basins governs the
stable water isotopic composition and {3) snow and
glacier meltwaters dominate groundwater
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recharge, with the meltwaters likely originated at
higher elevations than the basins in which the
groundwaters were collected. Specifically, tracer
based two- and three-component mixing models
suggest that the glacier melt dominantly
contributes to ~44% of average annual groundwater
recharge and snowmelt contributes to a further
~39% of recharge. By contrast, the average annual
contribution of rain to groundwater recharge is less
(~17%). The dependence of groundwater recharge
on meltwaters derived from snowpacks and glaciers
in the Upper Indus River at Ladakh emphasizes that
changes to the pattern, form, timing and amount of
precipitation and further shifts to regional glacier
mass balances may substantially alter the regional
groundwater resources. In summary, the stable
water isotopes is an effective tool to better
understand, estimate and quantify the groundwater
recharge processes, especially in cold-arid
environments. This approach to the measurement
of groundwater recharge in cold arid desert
environments has great potential for hydrological
and water resource management studies in the
Himalayas.

6.1.4: Seismology

Strong motion seismometry in Darjeeling-Sikkim
Himalaya: Comprehensive maintenance for round
the-clock seismic monitoring by the 10 stations
DSSMA and enriching ground motion database for
relooking into seismic source, site and path
characteristics from hazard perspectives for a
conservative damage and loss estimate in SELENA
and HAZUS environment by IIT, Kharagpur. The
Darjeeling-Sikkim Strong Motion Network (DSSMN)
has been operative since 1998. In the present study,
probabilistic seismic hazard analysis (PSHA) has
been carried out to deliver seismic hazard
distribution of the Darjeeling-Sikkim Himalaya in
terms of Peak Ground Acceleration (PGA) and
Pseudo-Spectral Acceleration (PSA) at different time
periods. Site amplification and predominant
frequency at each of the Darjeeling-Sikkim Strong
motion Stations have been computed through
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Horizontal-to-Vertical Spectral Ratio (HVSR) analysis
from 350-recorded events with good signal-to-noise
ratio greater than 3.0. The generic site response
curves for site classes A, B, C, and D as well as 42 next
generation attenuation models of Darjeeling-Sikkim
Himalaya at surface were developed. Data accrued
under different projects related to Darjeeling-
Sikkim Himalaya has helped in publishing more than
15 papers in high impact SCl journals.

Deformation across the Karakoram fault and
Kaurik Chango rift and its implications on the NW
Himalayan tectonic by NGRI, Hyderabad and Snow
Avalanche Studies Establishment (SASE),
Chandigarh. A total of 10 permanent GPS stations (5
in Nubra valley and 5 in Tangste-Pangong region)
were installed to quantify the slip rate across the
Karakoram fault and Kaurik Chango rift and analyse
their role in the deformation of the Himalayan arc.
Additionally, 4 GPS sites were installed in the Spiti
valley. GPS data from Nubra valley and Tangste-
Pangong region were analysed and site velocities
were estimated in the Eurasian reference frame. To
further quantify the deformation, the vectors were
resolved into fault parallel and fault normal
components. Fault normal motion across
Karakoram fault does not show any change while
fault parallel motion show a slip rate of 0 mm/yr, 2.6
mm/yr, 5.6 mm/yr in the Nubra valley, Pangong,
South east of Pangong respectively. The results
obtained so far suggest that the slip on the
Karakoram fault is very low and slip on the northern
Karakoram fault is zero and may increase to the
south, which is supported by new field observations
and new geochronological results from the
Karakoram fault system (KFS). KFS accommodates
part of the India-Tibet motion by right lateral
motion. The shallow locking depth suggests that it is
largely an aseismic fault. In order to further
understand the tectonics of the region around
Karakoram fault and Kaurik Chango rift, lineaments
were mapped using satellite optical and
topographical data. The orientation trend of
lineaments around Karakoram fault is found
towards NE-SW and near Kaurik Chango rift it is NW-
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SE. The overall trend has been seen as NE-SW.

6.1.5: Ocean sciences

A Centralized Repository - Semantic Homogeneity
in Ocean Data Interoperability through Ontology-
Driven Knowledge Representation: by
Adhiyamaan College of Engineering, Tamil Nadu.

In this project, Interoperability is being addressed
through ontologies, which are widely used as a
means for solving the information heterogeneity
problems. The heterogeneities between various
sensor networks are reduced through ontology
mapping with sensor vocabulary. Sensor
Observation Service (SOS) provides a broad range of
interoperable capability for individual sensors,
sensor platforms, and networked constellations of
sensors in real-time, archived or simulated
environments, through Semantic Sensor Ontology
(SSN). This project provides an effective and
efficient technical solution to address voluminous
data, in terms of semantic heterogeneity. This
results in achieving interoperability, semantic
information retrieval and effective visualization
through domain ontologies. Total four publications
have been published and one PhD has been
produced from this project.

Studies on impact and response of ecologically
important bacteria towards environmental
stressors of Bhitarkanika mangrove ecosystem,
Odhisa: by NIT, Rourkela.

Mangrove ecosystem of Bhitarkanika is highly rich in
biological diversity and is a globally significant
habitat for wildlife. The rising pollution associated
with industrialization severely threatens mangrove
ecosystems affecting the productivity, physiological
activities, and the biogeochemical cycle. Studies
were carried to understand the interactive effect of
stressors in a natural ecosystem, a microcosm study
was performed mimicking the stress condition of
the present day (control) and the stress condition of
the year 2100. The result revealed B. stercoris GST-
03 was more tolerable to stress conditions of the
year 2100 than P. balerica DST-02. However, P.
balerica DST-02 forms a dense biofilm in the control
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condition. Three publications and one PhD student
has been produced from this project.

Benthic-pelagic linking: An approach to delineate
economically important macrobenthic population
of Sundarbans Estuarine System: by Presidency
University, Kolkata

Biological entities are a pivotal component of the
estuarine ecosystem and contribute significantly to
fisheries and other ecosystem services. In this
project, Benthic-pelagic linking approach has
improved our understanding about the benthic
biodiversity (both macro and meio) as well as the
zooplankton community structure. Two new species
of polychate worm have been discovered from
Sundarban and named as Sigambra sundarbanensis
and Ancistrosyllis matlaensis. This study will help for
future researcher for building a comprehensive
database. Moreover, policymakers can frame
policies for the protection and conservation of
biodiversity from the fragile ecosystem like
Sundarbans which is under the constant threat of
climate change and pollution. Total five publications
have been published and one PhD has been
produced from this project

6.1.6: Earth System Science and Technology
Cells (ESTC):

Focussed network R&D is continuing under
following ESTCs

|.  ESTC on Marine Biotechnological Studies (MBS),
at Sathyabama Inst. of Science & Technology
(SIST) Chennai comprises the projects -

(a) Studies on the implications of engineered
nanoparticles and bio-nanocomposites in
aquaticanimal health,

(b) Surface modification nanotechnological
approach for antifouling and anticorrosion
applications,

(c) Enhancement of marine microbial by-products
for biomedical applications,

(d) Biofunctionalization nanoparticles for
anticancer applications using marine bio-
sources,
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(e) Isolation and identification of bioactive
compounds from marine sponges for white spot
syndrome virus (WSSV) control

Il. Network project/s under the theme entitled
“Understanding the interaction between
components of the Earth System and Human
Systems at various spatial and temporal scales”
is ongoing at National Institute of Advanced
Studies (NIAS), [ISc. Campus, Bengaluru.

lll. ESTC on Satellite Meteorology (SM) at SRM
Institute of Science & Technology,
Kuttankulathur (Tamil Nadu) comprises
projects entitled (i) Studies of Atmospheric
Boundary layer using space-borne and ground
based techniques, and (ii) Studies on
Tropospheric Warming and Stratospheric
Cooling using GPSRO'.

IV. ESTC on Coastal and Ocean Technology (COT)
with project entitled “Hydrodynamic
performance characteristics of Caisson type
Breakwater” at National Institute of Technology
(NIT) Surathkal, Karnataka was completed
successfully in September 2022,

A total of 12 PG (M.Tech.) dissertations were made
out of experiments and 1 Ph.D. submitted on topic
'Studies on caisson type breakwater — A physical and
numerical approach'. Three research papers, two
book chapters were published and one more is
communicated. One of three papers presented in
international conferences got best award.

Progress of all the aforesaid ESTC network projects
was periodically monitored and reviewed by the
respective Scientific Steering Committee/s (SSC) of
experts constituted by Ministry. Despite, the work
in particular filed work/experiments got delayed
due to Covid pandemic the outcome were found
reasonably satisfactory.

Ministry's institutes, National Centre For Medium
Range Weather Forecasting, Noida (NCMRWF) and
Indian Institute of Tropical Meteorology (lITM)
Pune are associated for projects under ESTC-SM.
Further, National Centre for Coastal Research
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(NCCR) for ESTC-COT project; and Centre For Marine
Living Resources and Ecology (CMRE) Kochi and
National Institute of Ocean Technology (NIOT)
Chennai for ESTC-MBS projects for research
outcome towards applications and mandate of
Institutes.

A total of fourteen number of Ph.D. are ongoing
under the ESTC network projects. A lab of ocean
sciences established by Sathybama Inst of Science &
Technology (SIST) Chennai under ESTC-MBS. Two
MoUs were signed between ETSC-MBS and
industries. Twelve papers were published in
referredjournals.

6.1.7 Human Resource development &

Capacity Building

e The memorandum of Understanding (MoU)
between MoES and IIT Delhi was extended for
five more years for the continuation of support
to the MoOES sponsored M.Tech and PhD
programs in Atmosphere and Ocean Sciences
and Technology in the Centre for Atmospheric
Sciences at |IT Delhi. Five fulltime students of M.
Tech and 5 fulltime students of PhD programs
are supported through this MoU.

e Supported the Indo-Norwegian Fellowship
Program under the MoU signed between
Norwegian Polar Institute (NPI) and National
Center for Polar and Oceanic Research (NCPOR).
One selected student is working at NPI on the
assessment of changing ice-sheet dynamical
features along the margins of Dronning Maud
Land (DML), East Antarctica. The student is
jointly supervised by researchers at NPI, NCPOR
and University of Oslo, Norway.

6.2: AWARENESS AND OUTREACH PROGRAM

The objective of the programme is to propagate and
bring awareness about the activities of the Ministry
among the public, student and user communities.
Thisis ensured through participation in National and
International exhibitions, sponsoring seminars,
symposia, workshop in the area relevant to the
programme of the Ministry. In addition, “Earth Day”
and “Ozone Day” are celebrated with the
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participation of school, college and university
students. Ministry also supports the Natlonal and
Imternational Earth Science Olymplad.

§.2.1Seminars / Conference and Exhibitlons

in order to provide a platform to sclentists,
engineers, technologists, experts, soclal selentists
and user communities o Interact and discuss the
various aspects of Earth System Sclence. During the
year, the Ministry supported and participated in 10
Exhibitions/Science Fairs and 40 Condferences /
seminars/ workshops comprising 8 International
ones.

6.2.2 Earth Day Celabration-2022
About hundreds of students particlpated In
activities on Earth Day (22 April 2022] In physical

mode in Kashmir, Uttar Pradesh, Cdlsha, Punjaband
Assam. An oath to save the mother Earth was
underiaken by mone than fifty thousand students In
virtual mode {through MyGov] on the occaslon of
Earth Day, Photos -1. MoES has supported
Internatlonal Dzone day celebratlons on 16
Sept.2021[n Punjab.

6.2.3 Azadl Ka Amrit Mahotsav
Panchaytl Ra] Diwas

Ministry actlvely conducted publlce awareness
campalgns to showcase advisory/forecasts services
and observatlon on weather, monsoan, climate,
extrame temperatuers on Panchayt! Ra] Diwas (24
Aprll 2022). Honourable PM visited Samaba, In
Jammu and graced the occaslon by addressing
public of Jammu.

Photos ; Earth Day Celebrations 2022
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Gramodaya Mala 2022

Minlistry particlpated and showcased lis
achlevements and publlc services [n Mela during
05"-17" October, 2022 at Chitrakoot, Madhya
Pradesh organised by Deendayal Research Institute.

Panchmahabhoot: Akazh for LHe

MoES participated and showcased public services In
the "Akash For Life” Intemational conference &
Exhibition, jointly organized by six Scientific
Ministries and Depts. of Govt of Indla, during 4-6
Now.2022, In Uttranchal Universtty Dehradun.

December 2-4, 2022. Honourable GovernorOrissa,
Han'ble Minister MoEFCC, Hon,ble MoS MoEF&CC
and Honble M.P. Bhubaneshwar graced the
corrferance and Expuo.

6.2.4 Earth Science Olymplad

Ministry has sponsored the school students [IX to
X} for International Earth Sclence Olymplad {IESD)
and Indlan Natlonal Earth Sclence Olymplad [INESO)
including training of top 25 studerts in order of
merit. Top seven students out of twenty flve were
selected from INESO to compete with studenis In

-

National Conference & Exhibifion o

i j

.

Phota : Panch Mahabhoot 'Akesh Tatva' — Akash For Ufe, 4-7 Now.2022, Dehradun.

Sumangalam panchmahabhoot: Vayu - The Vital
Life Force

Ministry partlcipated and showcased services by
IMD and IITM in conference Serles on "VAYU=- The
vital Life Force' organised at Siksha '0' Anusanchan
University campus, Bhubaneswar, Qdisha during
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IESC-2022 from world over. IESO in 2022 was
conducted online by host country Iltaly {due to
shadow effect of Covid). Seven students of team
Indla finalty took part In online IESG. A few new
competiions such as 'Data Mining Test (DMT)',
'Earth Learning Students Idea [ELSI)", apart from
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Photo : Agure: Sumngian Panch Mahabhoot Wane- The Vital LHe Force’, 2-4 Dec 2022, Bhubaneshiar

comventional competitlons namely "Team Project!,
Team Fled Imvestigatian [TFI)' were also part of the
competition. The students won a total of nine Gold
medals in |ESQ-2022. Secretary, MoES has
fallcdtated the medal winners In the minlsty

Spaceawastha Chief Guest.

This year the Life Time Excellence Award was
awarded to Dr. Harsh K Gupta for hls for his
significant comtribution in the field of Earth System
Sclence, The Natlonal Award for Ocean Sclences was

Photo-2 : Intemational Earth Sclence Olymplad 2022 [Students with Secretary MoES)

6.2.56: MoES Foundation Day

The Ministry of Earth Sdences {MoES) celebrated Its
foundatlon day on 27" July 2022 In hybrid mode at
Prithwl Bhavan, MoES Hy. New Delhl. Dr. litendra
Singh, Honourable Unlon Minister of 5tate
{independent Charge), Ministry of Sciences &
Technology, Earth 5clences, DoPT, DAE and Dept of
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presented to Dr Aninda Mazumdar, Principal
Selentist, CSIR-Natlonal Insthute of Oceanography,
{508. The Natlonal Award for Atmospheric Sclence 8
technalogy was presented ta Dr, K. Mohana Kumar,
Retd. Profassor, Cochin Unhversity of Sclance and
Technology {CUSAT) and Founder-Mrector of the
Acvanced Centre for Atmospheric Research Radar
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[ACARR), CUSAT. The Natonal award for Geosclence
& technology was presented to Dr. Viendm M.
Tiwarl, Director, CSIR-Matlonal Geophyslcal
Research Institute (MGRI), Hyderabad. The National
Award for Polar Science/Ocean Technology was
presented to Mirza Javed Beg, Director, National
Centre for Polar and Ocean Research (NCPOR), Goa.
Dr. Swapna Panlckal, Sclentist at the Indlan Institute
of Troplcal Meteorology, Pune was presented with
Dr. Anng Mani award for woman sdentist. The
Young Researcher Awards were presented to Dr
Anoop Sharad Mahajan, Sclentlst at the Indlan
Institute of Trapical Metearology (IITM), Pune and
Dr. Bhaskar Kundu, Asst. Professor, Natlonal
Institute of Technology, Rourkela.
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1 . IR r o e KT I 1 1
HMOES with the nationsl awardees

6.2.7: Swachh Sagar Surakshit Sagar
Campaign:

India"s coastline of more than 7,500 km reflects our
vast acean resources. Most Importantly, the Indian
Deean 1s the only ocean named after a country, that
Is, Indla. Litter especlally in the form of plastics in the
marine enwiranment are a3 majer concern and
growlng problem. Consldering the dangers of plastic
waste, Indla has Implemented a natlonwlde ban on
gingle-use plasticfrom July 01, 2022.

Seventy five days long Inmter-ministerial campaign
*Swachh Sagar Surakshit Sagar / Clean Coast Safe
Sea” coardinated by Ministry of Earth Sciences
(MoES) culminated on 17* Septamber 2022 the
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Intermnational Coastal Clean up Day. This year's
event also colncided with the celebratlons of Azadl
Ka Amrit Mahotsav In 75th year of the country's
Independence; The coastal clean-up drive was
carrled out at more than 75 beaches across the
country with more than 75 volunteers for every
kilometre of the coastline. Seventeen Minlstries /
departments comprising, Indlan Coast Guard,
Ministry of Sclence 8 Technology, Ministry of
Environment Forest and Climate Change (MoEFCC],
MoYAS, Minlstry of Shipping, Ministry of Tourism,
Ministry of Education, Ministry of Fisheries, Animal
Husbandry and Dairying. ISRO, DAE, Indian Coast
Guard, National Disaster Management Authority
{NDMA), Mational Service Scheme [N5S), Seema
lagran Manch, Paryavaren Sanrekshan Gatividhi
{PSG), along with other social organizations and
educational institutions particlpated in the
campaign.

The campaign started on July 5" 2022 and has 3
strategic underlying goals that target

:""_ ] o
| |

-

transformation and environmental conservation
through behavlior change. The three underlying
goals of the campaign are to 1. Consume
Responsibly 2. Segregate waste at home and 3.
Dispose Responsibly. The campalgn will culminate
with the largest beach cleaning event on Sept 17,
2022 (Internatlonal Coastal Cleanup Day).

It was the first-ofdts-kind and longest running
coastal deanup campalgn In the world with highest
number of people particlpating In . Through this
campalgn, a mass hehavioural change among the
masses Is Intended by ralsing awareness about how
plastic usage [s destroving our marne life. Had
record maximum number of participants in the
coastal clean up actlvity by any country in the world,
sofar.

6.3: BIMSTEC- CENTER FOR WEATHER AND
CLIMATE (BCWC)

Following up The Hon'ble Prime MInister's
announcement of Indla's readiness to contribute 3

Photos : 75 Days 'Swachh Sagar Surakshit Sagar Campalgn' & 75 beaches of about 7500 KM coast line of Indlan Ocean,
culminated on 17 5Sept.2022. Showcasing about campalgn “Swachh Sagar Surakshit Sagar' by MoES with 17 other
Ministries / depts at Inter-state conclave of S&T Ministers by DST, Gandhinagar, 10-11 Sept.2022,

Annual Report 2022 - 23



RESEARCH, EDUCATION, TRAINING AND OUTREAGH (REAGHOUT)

million dollars for restarting the work of BCWC at
the 5" BIMSTEC Summit on 30 March 2022, BCWC at
NCMRWF organized its 2 GB and SAC meetings
during 01-03 November 2022 in coordination with
Ministry of External Affairs, Government of India
and BIMSTEC Secretariat, Dhaka. The
representatives from all the BIMSTEC member
nations NHMs and BIMSTEC Secretariat participated
inthese meetings.

T
SUIENTIST 4 1.

6.4: INTERNATIONAL TRAINING CENTRE FOR
OPERATIONAL OCEANOGRAPHY (ITCOocean):
The International Training Centre for Operational
Oceanography (ITCOOcean) has conducted 10
training programs, one seminar and a webinar. A
total of 532 persons were trained of which 424
{Male: 257, Female: 167) are from India and 108
{Male: 68, Female: 40) are from other countries in

Photo : Second general body & SAC meeting of BIMSTEC

Secretary, MoES and AddlI. Secretary, MEA attended
the inauguration programme on 1* November'22,
and addressed the gathering. The committee
members of GB meeting discussed and finalized the
draft host country agreement in the GB Meeting.
Director General, IMD inaugurated the SAC
meeting. The members of SAC made short
presentations on the outstanding science issues and
discussed the ways of solving those issues through
stronger collaboration and cooperation for
improving operational weather/climate forecasts
for the regions of the member countries. Important
action items in terms of future course of action has
been worked out.
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Indian Ocean RIM. One of the long cherished
objectives of ITCOOcean to conduct short-term
course was fulfilled this year. ITCOOcean started a
short-term course on 10" October 2022 to officers
from School of Naval Oceanology and Meteorology
{SNOM), Cochin (Figure 1) and this course spans for
4 months. Details of the full courses and the trainees
aregivenintable below.
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ITCOOcean activities during Jan 2022- Till date Mgl fertichpaled
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*A total of 22 participants were shortlisted to take part in the training scheduled to be held during 31" Oct — 6" Nov 2022.
#A total of 30 participants will be selected for taking part in the program scheduled to be held during 12 — 16" Dec 2022.

6.5 DEVELOPMENT OF SKILLED MANPOWERIN

EARTH SYSTEM SCIENCES (DESK):

Development of Skilled manpower in Earth system
science was initiated to create a large pool of trained
and dedicated research manpower in the country.
Under the MoES Research Fellow Program (MRFP)

12 JRFs were selected for batch 3, and are
undergoing the course work at [ITM, Pune. The
DESK has conducted exams and started annual
progress review for for MRFP batch | & 1.
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RESEARCH, EDUCATION, TRAINING AND OUTREACH (REACHOUT)

23 peer revlewed research papers have been {KRCNET} ks a dynamic web portal developed by
published/accepted by MRFP research fellows in the MoES which alms to Integrate al| knowledge
2022, and intellectual resources of MoES and its
Few of the training workshops conducted under Tnstitutes oh a single digital platform. Aligned

DESK Include:

with the concept of Digital Indla Initlative of the

Institutes at which MRIP | Number of JRIs Government of Indla, the KRCNET portal |s a
JRTs are recruited to: unique and ane-cf-its-kind digital system to
INCOIS 1 eolleet, collate, catalagus, store, and retrieve
NCCR I nowledge products of MoES and Its Institutes
NCPOR 1 24X7 from around the globe.

NICH 1 E-resources subscribed under DERCON {Digltal
NCMRWE 1 Earth Sciences Consortium) in 2022 were made
CMTRE | available to scentists and employees of MoES
NCESS 1 Insttutes through KRCMET

NCS 0

RBGRI. I

IMD-Fuime 0

s 1

IMD-Maw Delhi 0l

« Natlonal Training Workshop on Fundamentals
of Data Assimilation {NTDA) from 9" to 21°
September, 2022. About 50 participants
attended the tralning workshap, and 9 recource
persons gawve training on both theory and
hands-on practical.

«  Al/ML virtual tralning workshop was organised
on 9" and 10" May 2022, for sclentists/studemts
of MaES institutes, by the AlI/ML virtual centre
of MoES In collaboration with the DESK program
of MoES.

« DESK has started working on Natlonal Tralning
Workshop On: Palecclimate- Archives, Proxdes
and Analysis/ Measurement Technigues [NT-
PALED 2023) from 16" to 21" lanuary, 2023.

Apart from the above, DESK has organized and

conducted about B Virtual lecture serles In the area

of Cloud and Preclphation Phwslcs and Dynamics.

6.6 MOES-KNOWLEDGE RESOURCE CENTRE
NETWORK [KRCNET)

s The Knowledge Resources Centre Network
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Chapter -7
DEEP OCEAN MISSION (DOM)

7.1 Introduction

Deep seafloor and its habitats remain unexplored
and unmapped, yet, as we learn more, we are
beginning to realize that the seafloor associated
with above water column is a dynamic environment
in which even the ecosystems themselves can
change due to external influences. Thus, today
researchers are increasingly using multi variant
platforms such as research vessels and submersibles
of different categories to send specialized
laboratories to observe the deep seafloor in order to
continuously observe these remote areas that are
so important for life on Earth. To understand and
utilize the deep oceans for harvesting the energy,
mineral resources, biodiversity, climate forecasting
etc it is imperative to use due means of technology
since the remoteness of the deep sea demands
heavy reliance to technologies to move forward
with forefront research. Considering the
importance of Ocean sciences for sustainable
development of the country, Ministry has recently
launched Deep Ocean Mission which aimed at
developing technologies to explore deep ocean
resources and their sustainable use, growing the
country's marine and maritime economy, tackle
climate change and pollution. The mission is the
follow up of Sustainable Development Goal 14
(SDG-14) as proposed by United Nations (UN) deals
with “the life below the water” emphasizes the
importance of ocean in modulating and sustaining
the life and environment on the planet Earth.To
cater the need, Deep Ocean Mission (DOM) is
implemented by MoES with following objectives

1) Development of Technologies for Deep Sea
Mining and Manned Submersible, Underwater
Vehicles and Underwater Robotics for
exploring and harnessing ocean resources

2) Development of Ocean Climate Change
Advisory Services

3) Technological innovation for exploration and
conservation of deep sea biodiversity
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4) Deep OceanSurveyand Exploration.
5) Energyand Freshwater from the Ocean
6) Advance Marine Station for Ocean Biology

Deep Ocean Mission has overall cost of Rs. 4077.0
crore for a period of five years to be implemented in
a phase-wise manner. The estimated cost for the
first phase for the three years (2021-2024) would be
Rs.2823.4 crore.

7.2 Development of technologies for deep sea
mining, manned submersible and underwater
robotics

7.2.1Deep Sea Mining

India has two contract areas in Indian Ocean for
exploration of deep sea mineral resources at the
International Seabed Authority's contracted Area in
the Central Indian Ocean (CIQO). To harness these
deep-sea resources, development of mining system
capable of operating in water depth up to 6000m to
mine polymetallic nodules from the deep ocean is
being developed through National Institute of
Ocean Technology. Polymetallic Nodule (PMN)
collection and local pumping trials, by a self-
propelled mining system - Deep Sea Miner, is
planned during early-2023. The Miner would move
on the soft water-saturated sediment soil, collecting
nodules with a pick-up system, crush it to size the
pieces and undertake local pumping, as part of the
proving of the development of the first stage of the
integrated mining system. The sub-systems and
components have been sized and optimized for
weight and power and tested in laboratory
conditions before the planed tests at sea.

In order to assess the impact on the seabed
environment, highly instrumented moorings have
been deployed at the site to collect baseline data
over a year and localized moorings would be
deployed immediately before the testing to capture
the changes during the test. The test objectives are
to assess the system integrity and the functioning of
the developed miner and also to understand the
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changes-mpact caused on the seabed conditiens.
These inputs would be used In improving the seabed
miner and In ensuring minimal emironmental
impact and sustainability in seabed mining.

DEEP QCEAN MISSION (DOM)

spherewas conducted at a depth of 520 min the Bay
of Bengal onboard Sagar Nidhl In Oct 2021,

The first Manned Ocean Mission “Samudraysan®
was launched by Hon'ble Minister for Earth Sclences

7.1 Setf-propelled Miner and integrity tests in a Water Test Tank

7.2.2 Design and Develecpment of Manned
{Human) SubmersTbia

To explore the deep ocean basins, Natlonal Institute
of Ocean Technology has designed 6000 m depth
rated manned submersible capable of carrylng 3
persons with an operating duratien of 12h and
emergency endurance of 96h. Most of the
subsystems are helng reallzed andSystem
Integration Review [SIR) has been completed bythe

w

Matlonal commilttee based on Inputs from three
expert subcommittes to ensureintegration of
complex subsystems. A hydrostatic pressure test of
25mm thick, 2,1m Inner diameter, steel personnel
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Fig. 7.2. Manned ocean misslon launched by Hon'ble Minlster of Earth Sclences

Dr. Jiterdra Singh in the presence of the Secretary
and Director, NICT on 38th Cct 2021 at Chennai.

The shallow water personnel sphere is certified by
DNV for man-rated operatlon up to 500m water
depth and it is equipped with in-house developed
life support systems, power distribution, data
acquisition and telemetry systems for human
acclimatization. Ahuman acclimatization testina

¥

shallow water sphere was conducted on 26th Mar
2022 with three personnel for 2 hours at 7 m depth
at the Acoustic Test Facllity {ATF) with the
measurement of human health parameters.
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Subsystems were optimized and general
arrangement of the vehlcle [s finallzed based on the
binding data, hydrostatics analysis, stability
atsessment, and CFD simulatlans for
ascent/deseent motlons. An acoustic data

telemetry system with an operating frequency of 7-
17kHz, a data ate of 5.0kbps, and an operating
range of 12km was reallzed and Its funetionality was
tested at 30m depth In the open sea at a location In
the Bay of Bengal In Oct 2021 onboard 5agar Nidhl.
Dresign of deep water (6000 m depth) Tranium Alloy
sphers [s completed by VSSC-ISRO.

DEEP OGEAN MISSION {DOM)

recoverad Inthe high seas safely to explore deep sea
mineral resources site at polymetalllc manganese
nodule, hydrothermal sulphides, gas vdretes etc
apart from other searchfenginesring aperations In
deep sea with the defined path. AUV — OMe 6000
was tested up to a depth of 5271 m usingResearch
ship Sagar Nidhi ta PMN site at Central Indian Dcean
during 15th and 16th Dec 2022.The vehicle was
operated In predefined selected block for 2 km X 2
km area with all sclemtific payloads and acqulred
data sets far more than 26 hours from 30 m altitude
at5271 mdeapth.

Flig. 7.3. Pressure test, Human accdimatkation test with the shallow water sphere and CAD model of

Manned Submersible

723 Deep water Autonomous Underwater
Vahide—OMa 6000

Decp water Autonomous Underwater Viehicle AUY
{Oe=an Mineral Explorer — 5000 {OMa 6000)|fitted
with necessary sclentific payloads for deep ocean
sclentific research was successfully launched and

7.3 Development of Ocean Climate Change
Advisory Services

Future projections of essential climatz variables an
decadal to longer time scales for fadlitating dimate
change advisories on wvarlous marine climate
Indicators that directly Impact the coastal

A

Fig. 7.4 AJY - Ome 6008 launching Wew from the ship Sagar Nidhl at Central indian Ocean Basin and seafloor

Image at 5271 m depth with polymetalliic manganese nodule distributon
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infrastructure, scosystem, economy, and policy
dedisions in coastal zone management actvities, are
belng developed based on synthesls of observations
and numerical models as indicated InFig 4 5.

DEEP OCEAN MISSION (DOM)

Model version 5 (MOMS) with the LETKF data
assimilation system. The development af the LETKF
data assimllatlon system on the MOMS global
madel 1s In the final stage. Forthe regional madel,

| Deep Ocean Observations |
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Climate Change Assossment Report for Indian Coast

Fig. 7.5. Cnmpunanu of Ocean Climate Change lesorr Senvices (OCCAS) of INCOIS.

7.3.1. Development of Ocean Models

A suite of ocean models is being developed for
downscaling of sea level, wave, storm surge and
blogaochemical projections of the Indlan Ceean.
The modelling framework for ocean general
circulztion consists of an eddy-permitting global
model and a nested very high-resolution reglonal
moadel. The global model s based on Madular Ocean

Model

Temperature

Salinity

45"E TS"E

105°E

Modular Ocean Model version 6 {MOMB) is being
configured. MOMS is the most advanced and
complex numerical ccean model developed t1ll data
tosimulate ocean clreulation from the regional scale
tothe planetary scale.Cansidering the complexity of
the MOMS model, compared to its predecessors, a
bottom-up approach starting with a simpler

configurationto gradually enhance the complexdity
Observation

45"E TG"E 105°E

Fig. 7.6. Comparfson of annual climatological sea surface tamperature and sea surface sallnity from MOME {left)
and World Ocean Atlas 2013 [right).
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has been adopted. The model has Initlally tested
with a very enarse {0.25" X 0.25") spatial resslution
with 75 hybrid vertical layers. The Initlal model
simulated climatological surface temperature and
salinlty compared well with the Weorld Ocean Atlas
2013,

For wave climate prolections, a wave model based
on WAYEWATCHII (WWIIL) - VB.0.7 fow the Indian
Ocean Is conflgured. The same configuration s used
for carrylng out afew sensitivity experiments.

Significant wave
&0 height (m)

=l %y

k11

Fad
=

(5-10) (=101 (0-5]

BEST: msT3 7 514

Swell wave height {m)

DEEP OGEAN MISSION (DOM)

weather conditions. All wave simulations have
significant ervors in low wind speeds (=g, In pre-
monsoon season} compared to medium (e.g., post-
monsoan) and strong (e.g., monsoon season) winds
which k Independent of the error In the forecast
wind. Overall, the 5T4 scheme reproduces the wave
characteristics in all seasans and different
conditbons of ). Hence 5T4 scheme has been
selected In the WAYEWATCHIII setup for |10 climate
prediction.

Sea wave height (m)

; JJ Monle lioma! J“J‘ |4“ |J T AT l.

(5-10) (=10} ".15 {5-10) (=10

ST4-Exp I ST4-Exp I ST4-Exp3EESTE - S16-Ean]

Wind speed manpge (m's)

Fig. 7.7. Model error statistics [soatber irded for significant wave height, swell wave height and wind sea height for
different wind ranges (low, medium, high)

Significant wave
0
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Fig. 7.8. Model error statistcs (scatter Index) for signHicant wave height, swell wave helght and wind sea hefght
during differant seasons in NIO

Inltially, the performance of different source term
packages of WAVEWATCHIN (WWIII, V-6.07) wave
model are assessed for varlous wave conditlons In
the Indian Ccean {10). Eight simulations of Wil
are carried out for the year 2017, four using default
source term packages [5T2, 5T3, T4, and $T6) and
ancgther four by tuning the wind-weve interaction
parameter [B] In the 5T4 and 5T6 schemes. The
simulated wave outputs are compared with In-situ
and altimeter wave flelds over a wide range of
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Far storm surge climate projectiong, histosical
oyclone tracks over the past five decades were
studled for generating projected synthetic tracks
over the next hundred years. These tracks will be
used to develop a comprehensive analysis of the
storm surges In Indla. The Impact of cdlimate change
on cydone path and Intensity Is also consldered
while generating synthetic tracks. The Advanced
Clreulation (ADCIRE} model s used to compute
storm surge helghts and assoclated coastal
Inundation for historieal and future eyelone tracks.
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The current study uses historical and synthetic
tracks to comprehensively analyze storm surge
heights and associated coastal flooding along the
ECI.

=
TE TSE 2E BSE BrE

DEEP OCEAN MISSION (DOM)

yield. The identified strain was found to be alkali-
tolerant and the EPS produced showed
bacteriostatic and emulsifying activity. Bio
flocculant producing bacteria was isolated from

O5'E

Fig. 7.9. (a) Generated synthetic tracks for the future 100 years along the east coast of India. (b) State wise respective
land fall time intensities. (TN-Tamil Nadu; AP-Andhra Pradesh; OD-Odisha; WB-West Bengal)

7.4 Technological innovation for exploration and
conservation of deep sea biodiversity

Towards deep sea microbial biotechnology, water
and sediment samples collected from three
potential sea mount locations in Arabian Sea were
profiledfor microbial diversity and isolation of

Lo K
Sampling location

microbes with bioactive potential. The average
number of colony forming units (CFU)/ml obtained
on ZMA and R2A from water sample was
5.22x103/mland 5.7x102/ml, and sediment sample
was 7.05x103/g and 5.0x102/g, respectively.

Out of a total of 22 EPS producing bacterial strains
identified,bacterial strains with significant EPS yield
were characterized and sequence revealed Bacillus
amyloliquefaciens NIOTSM16 with highest EPS
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Microbes from Sea Mount

seamount samples and identified as Bacillus
licheniformis based on 16srRNA gene sequencing IR
spectrum of the bio flocculant displayed the
presence of EPS characteristic functions groups, like
hydroxyl (~3600 cm-1), amide (~1534cm-1) and
carboxyl groups (~¥1534 and ~1644 cm-1).

Metagenomic DNA-sediment

DNA library was constructed using fosmid cloning
vector on metagenomic DNA extracted from
sediment samples collected and transformed into
competent E. coli EP1300. A web application (Marine
Microbial Information Portal — MMIP) is developed
to curate microbial sequence and tested in NIOT
web server for development of microbial genomic
repository.
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7.5 Energy and Fresinwater from the Ocean

A detailed engineering design for high capacity
offshore platform mounted OTEC powered
deszalinatlon plant has been Initdated and extensive
measurements of ocean currents, temperature and
depth at regular Intervals from surface to 1000m
depth for demonstratlon of critlcal offshore
component, sub-sensors sensors, buoy and
mooring systems have been procured and tested for
deployment.

DEEP OCEAN MISSION (DOM)

occurrence of hydrothermal vents and/or mineral
deposhts. Systematic geological sampling carred out
in the area recovered sulphide mineral samples
from three sites In the Central Indlan Ridge {CIR) and
South-West Indlan Ridge {SWIR). Evidence for
hydrothermal plumes {physical and chemical
indicators In the water column) was observed at
mukliple locatlons In CIR and SWIR. In addiion,
analysis of multibeam bathymetry revealed oceanic
core compleses (OCC), often assorlated with active

S0d =L esipta
—s— Pelynazr veeighs

ol gl

EPS ethanol predipltated

7.6 Deep Ocean Survey and Bxploration

7.6.1. Exploration of Hydrathermal daposits

indla entered Into a contract with the International
Seabed Authority (ISA) in the year 2016 to explore
multl-metal hydrothermal sulphides within a
100,000 kam® area st the mid-oceanlc ridges of the
Indian Ocean {Fig.7.12). Detailed reconnaissance
surveys and data analysis have been completedto
Identlfy the most promlising locatlons for the
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hydrothermal venting. Most of these observations
are within the rift valley or assoclated with Intra-rift
highs.

To precisely locate and sample the mineral deposits
in these promising shes, high-resolution near-
seabed geophwsical surveys are now planned.
Autenomous Underwater Vehlcles [AUVs) and
Remotely Operated Vehicles [ROV) will be used for

T S = T
-
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e W & LT

--------

Ag. 7.1%. Map of the Indlan exploration areas {red boxes) In the Indlan Cocean, wherehigh-resolution near
seabed surveys and sampling are planned.
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DEEP OCEAN MISSION (DOM)

based geophysical data acquisition includes
multibeam bathymetry, side-scan sonar, sub-
bottom profiler, electric self-potential, magnetic,
and seafloor imagery. ROV will be used to collect
mineral/rock samples, sediments, and biological
samples from vent fields and mineral-rich zones and
record high-resolution videos of observed vent
fields/mineralization zones. Such focused surveys
will help conclusively delineate the location and
extent of hydrothermal vent fields and
mineralization zones.

Further, sampling of sulphide minerals in large
volume are required to determine the type and
grade of mineral ore. Therefore, a containerized TV-
grab system is being acquired along with a Seafloor
Observation System (SFOS) to aid in detailed video
mapping of the mineralization zone and to collect
large volumes of sulphide minerals. Environmental
data collection and monitoring at observed
hydrothermal vent fields are critical in
understanding the existing ecosystem in these
unigue environments and also assessing the
possible impacts of exploration activities.
Therefore, oceanographic and biological data are
collected routinely from potential vent sites at CIR
and SWIR. A clean CTD system is being acquired to
aid with this effort, which can collect deep-water
samples from hydrothermal fields and keep them
safe from contamination. Along with video mapping
of the seafloor using SFOS, a clean CTD system will
significantly improve the environmental monitoring
capabilities.

7.4.2. Acquisition of a newresearch vessel

A new muti-disciplinary oceanographic research
vessel is being acquired for undertaking deep
exploration with state of art of equipment and
facilities. The concept, functional design and
technical specifications have been completed and
process of identification of bidders is in progress.
The new research vessel will serve as platform
undertaking oceanographic research in deep ocean
inline with other countries.
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Chapter-8
INTERNATIONAL COOPERATION

Ministry of Earth Sclences has a mandate to provide
a rellable weather, cdimate and other hazard related
forecast for service to sodety. In this effort, MoES
regularly partners with national and international
Instiutes to help broaden the scope of trans-
natlonal research through linking researchers with
differemnt skllisets and expertise In varlous countrias.
This imolves joint projects on understanding
processes, joint observational campalgns, Joint
developmental work Including decislon support
systemns. The Intermational collaborations not only
hedp in delivery of high-end research for sociatal
benefits but also ensure optimum usage of
Infrastructure, data and manpower resources.

8.1 MoES NOAA MOU

8.1,1 MoES-NOAA OMNI-RAMA. Data Portal
The Joint OMNIRAMA Indian Dcean Data Portal
developed by INCOIS jJointly with NIOT and PMEL-
NOAA |s well malntained and updated with the data
fram the OMNI and RAMA Buoys
https:/fincols.gov in/portalfdatalnfo/buoys.sp}.
The Joint Daia Portal was launched during the
slgning Ceremony of the RAMA-OMNI Indian Ocean

—
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— . —
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Photo : 2* Project Steering Committes Meeting of the Indo-Narway Integrated Ocean Management and Research

Inatves
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Moored Buoy Array Implementing Arrangement
between NOAA and MoES In August 2021, The
OMNI-RAMA portal showtases the large inventory
of metearologieal and aceanographic data sets with
direct access for data display and dellvery, and
supporting metadata [nformatlon such as
deployment, sensor specification, calibration,
sampling strategy, data processing, guality eontrol
ete. The pertalfaclitates the users with visuallzation
of measured as well as estimated parmmeters along
with provisions for data downloading in various
formats. Approximately 1900 users have visited the
daia portal since Aug 2021, The Data Portal Is meant
to Improve access to high-quallty moored time
series data and is amticipated to stimulate broader
utflizatlon for selentific research and applications.

8.2 Collasboration with Norwegian Ministry of
Climate and Enmvironmant:

Under the Memorandum of Understanding {MolJ)
signed between Indla and Norway In lanuary 2019,
a letter of Intent {Lol) was signed on 1B Feb 2020
between MoES and Norweglan Minkstry of Climate
and Emvionment and Morwegian Ministry of
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Forzign Affairs on “Imtegrated Ocean Management
& Research Inltlative® for a period of five years.

Under the LOA, the Norweglan Envirenment Agency
[NEA) through the Norweglan Ministry of Forelgn
Affalrs {MFA) and MoES have developed a draft
framework for the Integrated Gcean Inklathve with a
focus on Marine Spatial Planning [MSP). Twopilot
areas namely Puducherry (a welldevelopedUrban
arca in the mainland) and Lakshadweep {an
arnlogleally sensitive island ecosystem) have besn
taken up for development of Marine Spatial Plans In
the first phasewith National Centre for Coastal
Resaarch {NCCR) as the lead from the Indlan side.

The Znd Project Steering Committee {P5C) meeting
ofthe India-Morway Integrated Ocean Management
and Research Initiativewas held on 18" May 2022 In
hybrid mode to review the work undertaken In the
last one year and plan the future course of actions
related to Integrated Ocean Management. PSC also
suggested to explore new collaborative areas
betwaen Norweglan and Indlan [nstitutes.

A3 declded In the PSC an Inter-ministeral Indlan
delegation from MoES and NCCR visited Norway
from 05°-10" September 2022 to discuss on

_—"'._.-—"

Photo : Signing of Mol bamm MoES and Ministry of Metural Resources and Environment, Yietnam
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"Marine Spatial Planning’ aspects and understand
the best practices with Norweaglan experts.

8.3 Collaborathon with Vietnam

A Memorandum of Understanding {MU) between
MpES and Minlstry of Natural Resources and
Environment { MONRE], the Government of Soclallst
Republic of Vietnam was signed for scientific and
technical cooperation In Marlne Sclence and Marine
Ecology on 17* December 2021. Under the
Mol,MoES and MONRE are mandated to conduet
cooperative research In the flelds of (I} Coastal
Ergsion and vulnerability (i1 Coastal Management
{IN) Monitoring and Mapping of Marine Ecology and
Lritlcal Habltats () Ocean observetion system (v)
Marine Pollutiar and Microplastie, and {v1) Capaelty
Bullding. Sclentists and technical experts from
Vietnam Administretion of sea and Island VASI,
¥letnam and NCCR, India have participated In online
workshops to ldentfy potentlal areas of research
and formulatien of working graups.

8.4 Indo-UK collaboration

Marine Litter researmch collaborstion has been
initlated between UK and Indla under the
Commonwaealth Litter Programme [CLIP) with NCCR
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(India) and CEFAS (UK) as delivery partners. This has
now come under the umbrella of Ocean Country
Partnership Programme (OCPP) of Blue Planet Fund
on UK side. Under this, scientists have been working
together to develop strong scientific databases for
supporting policy decisions around marine litter
through:

e Joint studies on Marine Pollution under CLIP, to
measure sea water quality parameters due to
plastic and marine litter pollution, which can
better protect humans and marine
biodiversity.

e In 2021, the group conducted 3 research
cruises off the Chennai coast and collected 300
water and sediment samples together;
publishing 3 joint research papers on their
findings.

e Datasets from phase 1 (CLIP) were used to
support Draft action plan for plastic pollution
for Puducherry, India.

e Phase 2 (Clip) under OCPP conducted sampling
in Chilka Lagoon (Odisha) in September 2022,
along with project around use of remote
sensing to map marine litter hotspots, to
identify sources of litter which are reaching the
marine environment, with the aim to support
better decision making around tackling marine
pollution and conserving biodiversity and
mapping socio economic impacts of pollution

e  Collaborating on scientific endeavours to share
knowledge, techniques and improving
understanding of marine plastic pollution

8.4.1Knowledge exchange platform:

The UK Science and Innovation Network and India's
Ministry of Earth Sciences have initiated an expert
knowledge exchange initiative on marine
ecosystems. The first seminar was delivered by
NEKTON and the University of Oxford on General
Ocean Survey and Sampling Iterative Protocol
(GOSSIP).

OCTOPUS (The Ocean Tool for Public Understanding
and Science) has been identified as the next topic to
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support and promote collaborative marine research
and improved ocean governance.

As afollow-up of these virtual meetings, the Marine
Biodiversity exploration collaboration has received
a boost in 2022- with engagement between CMLRE
and NEKTON.

Three scientists from CMLRE participated in the
Knowledge Exchange trilateral deep sea expedition
and associated research programme with,
Government of Maldives and UK's NEKTON
to collect data, document and map deep sea
biological resources to inform international
protocols such as 30by30. This will help inform both
countries' contribution to the Convention on
Biological Diversity and Sustainable Developmental
Goals. The expedition has also discovered a new,
unnamed, specie. The scientists were able to
explore biodiversity upto the depth of 1000 m in the
twilight zone of the Indian Ocean.

8.5 Collaboration with France

A Roadmap on the Blue Economy and Ocean
Governance has been agreed upon between India
and France to promote their bilateral exchanges.
The Preparatory meeting of the Blue Economy and
Ocean Governance Dialogue between India and
France was held in Paris at the Headquarters of the
French Ministry of Foreign Affair on 13 June 2022
which was attended by Secretary, MoES and the
French Ambassador for Poles and Maritime Affairs.
It was decided that India would participate as the
'Guest of Honor' country inthe Sea Tech week being
organized by France in September 2022 at Brest.
Identification of points of contacts on both sides and
specific agencies for implementation of the
collaborative projects under the framework was
also discussed during the meeting.

The French Embassy in India has also proposed
thepositioning of an International Technical Expert
(ITE) to MoES to provide expertise and knowledge
sharing of the French marine and maritime
ecosystem and to facilitate various activities related
to Indo-French collaboration. The same is being
progressed with NIOT and MEA.
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8.6 Indo-Japan collaborations (MoES-JAMSTEC)
Memorandum of Cooperation (MoC) between the
Ministry Of Earth Sciences (MoES) of the Republic of
India and the Japan Agency for Marine-Earth
Science and Technology (JAMSTEC) on Mutual
Collaboration in Marine and Earth Science and
Technology was signed in November 2016. New
areas of collaborations under this MOC which have
been identified between JAMSTEC and Indian
Institutes are as follows:

1. Modeling of climate variability and its
application incl. ocean biogeochemistry (IITM and
INCOIS India)

(A) Intercomparison of SINTEX-F (JAMSTEC)
and MMCFS (lITM, MoES) model results
for understanding monsoon IS0
predictability and model biases

(B) Ocean downscaling of climate model
projections in the Indian coastal regions to
assess the coastal impact of the sea level
rise under global warming

2. Marine Plastics (NCCR, India)

(A) Understanding spatial and temporal
distribution of Marine Litter using Satellite
and Drone-based Remote Sensing, Al/ML
and numerical modelling

(B} Microplastic contamination in water and
sediments of the Arctic Ocean: Abundance,
Distribution, Type and Polymer Profile of
Microplastics

3. Glacial Hydrology (NCPOR, India) Discharge from
Glacierized Catchments in the Western Himalaya
(DIGHA)

8.7 Collaboration with Maldives

A Memorandum of Understanding between Indian
National Center for Ocean Information Services
(INCOIS) and Ministry of Fisheries, Marine
Resources and Agriculture of the Republic of
Maldives was signed on 2™ August 2022. Under the
MoU, it is proposed to collaborate through capacity
building, data and technical expertise sharing to
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develop integrated potential fishing zone
forecasting capabilities for the Maldives and to
establish a formal mechanism for capacity building
trainings at INCOIS for the official and scientist of
Maldives.

8.8 2™United Nations Ocean Conference, Lisbon,
Portugal

An Indian Delegation led by Hon'ble Minister of
Earth Sciences (I/C) Dr. Jitendra Singh, Secretary,
MoES and members from Department of Fisheries,
MEA participated in the 2™ UN Ocean Conference
from 27th June to 1st July, 2022 at Lisbon, Portugal.
The overarching theme of the Conference was
“Scaling up ocean action based on science and
innovation for the implementation of Goal 14:
stocktaking, partnerships and solutions”. A total of
116 Member States delegations including India
made their National statements during the
conference. In addition 42 other International
agencies/ Organizations and Associated Institutes
involved in the stock taking of Sustainable
Development Goal-14 targets participated in the
session. A number of bilateral meetings with
Ministers from Morocco, Tajikistan, Norway and UN
agency like International Seabed Authority was held
during the Conference. The Indian delegation also
participated in a number of side events associated
with conservation of marine resources and
biodiversity

8.9 Cooperation with European Union: Horizon
2020

Joint calls were floated under the established co-
funding mechanism with the European Union for
funding Indian counterpart of successful projects
selected through European Research & Innovation
Framework Program 'Horizon 2020' related to
Climate Change and Polar Research. Two research
projects namely, 'Our common future ocean in the
Earth system — quantifying coupled cycles of carbon,
oxygen, and nutrients for determining and achieving
safe operating spaces with respect to tipping points
(COMFORT)' and 'CRiceS -Climate relevant
interactions and feedbacks: the key role of sea ice
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and snow In the polar and global dimate system’ are
belng funded by MoES.

B.10 Cooperation with Switzeriand

A letter of Intent was signed between the MoES and
the Swiss Natianal Sdence Foundatian (SN5F) and a
Joint call for research proposals, with thematlc focus
on *Mountaln nesearch, with a focus on glaclers or
dimata research®, was floated on 1st September,
2021, Uinder this Call, four projects were selected for
funding by recommendations of a |oint evaluation
panel and the Indlan and Swiss components are
bring funded respectivaly.

B.11 Contract with International Seabed Authority
{15A} on mploration of Polymetaliic Nodules {PMN)
The activities related to PMN program are carrled
out under four components llke survey and
exploration, ElA study, mining technology
development and technology development for
extractive mellurgy by Implementing Institute
NICT In collaboration with two CSIR Institutes [NIO,
Goa and IMMT, Bhubaneswar]. In the Indian
contract area High resolutlon bathymetry survey
using Autonomous Underwater Vehicle (AUV] to
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Photo : Hon'ble hlnet Minister for Earth Sdences {IfC) delivering his speech at 2* UN Ocean Conference at
Lishon, Portugal.

collect micro-battwmetric data for nesr seabed
mapping Is In progress. A crulse was undertaken at
the Indlan Contract Reglon In the Central Indlan
Basin onbpard ORY SindhuSadhana for collection of
sedimemnt and water samples as well as deployment
of the deep-sea and surface moorings. A self-
propelied mining systemy has been developed
having components like nodule collector pick-up &
comnveyor, orushing and slumy pumplng system.
Component level testing has been completed,
Integration of systems and onshore tests
undertaken satisfactority. =~ The bngoing PMN
exploration contract has been granted extension by
|SA for another 5 years (2022-27). An online tralning
program for a duration of 7 weeks was condueted
for ISA nominated candidates as a part of the
cantractual agreement for PMN program at NIOT,
Chennal In collaboration with other Implementng
Instikutes en the subject 'Deep sea mineral survey
and exploration'. Annual report for PMN as per
abligation of the contracthas been submitted to [SA.
All meatings for state partles organtzed by ISA are
attended.
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8.12 Contact with International Seabed Authority
for exploration of Polymetallic Sulphides
Exploration activities in the contract area with ISA,
for the exploration of sulphides in parts of Central
and South West Indian ridges were conducted and
continued. Detailed analysis, interpretation and
integration of data and samples acquired from the
contract area provided further convincing evidence
of hydrothermal activity in the region. A
comprehensive exercise carried out in integration of
all the scientific and exploration results could
provide a good platform for undertaking detailed
planning for the next phase of advanced exploration
surveys in the region. Specifications for advanced
near-bottom surveys using AUV and ROV have been
designed accordingly. Following the ISA guidelines,
the development of various baseline parameters,
including biological, geological, chemical and
physical parameters of the water column and
seabed sediments/rocks, have also been developed.
India submitted Annual Reports to the ISA indicating
the progress of work, as per the work plan
submitted.

8.13 Intergovernmental Oceanographic
Commission (I0C) of UNESCO related activities

(i) India participated in the 55"session of the 10C
Assembly held in Paris, France during June 13-23,
2022 and took the floor to provide its interventions
on the report of the Executive Secretary of 10C,
report of the open-ended intersessional working
group on the status of IOCINDIO, Report of the UN
Decade of Ocean Science for Sustainable
Development, Warning and mitigation system for
ocean hazards, presentation of the |0C State of the
Ocean Report (StOR), Ocean observations in areas
under National Jurisdiction, etc. and briefed India's
progress and support to I0C activities as well as to
the UN Ocean Decade activities. India also
submitted its comments on State of the Ocean
Report (StOR) as part of the Second consultation on
the pilot edition of the StOR report that is being
proposed to bring out periodically by I0C.

(i) India participated in the meetings of Open-
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ended Intersessional Working Group (OEIWG) on
the status of the I0C regional committee for the
Central Indian Ocean (IOCINDIO) held virtually and
discussed on the existing programmes, projects and
activities in the I0OCINDIO region. India supported
the proposition of elevating IOCINDIO as a sub-
commission of I0C.

(iii) UN Decade of Ocean Science for Sustainable
Development (UN Ocean Decade):The proposal
submitted by India for the establishment of Regional
Decade Coordination Centre (DCC) for the Indian
Ocean Region (IOR-DCC) at INCOIS, Hyderabad
against UN Ocean Decade first 'Call for Decade
Action' (CFDA 01) has been endorsed in October
2022.Formal signing of the MoA is under process
and mapping of Decade actions have been initiated.
India continued its active role in meetings of Decade
Collaborative Centres and Decade Coordination
Unit and provided India's activities and contribution
tothe Ocean Decade.

India participated in the meetings of the Scientific
Committee for the UN Ocean Decade Tsunami
Programme (ODTP-SC) held during January 18-20,
2022 at Paris, France and discussed on the way
forward towards development of the draft 10-Year
Research, Development and Implementation Plan
for the Ocean Decade Tsunami Programme. India
took the Chair role for this ODTP-SC.

(iv) Second International Indian Ocean Expedition
(I10E)-2:India successfully organized the
International Indian Ocean Science Conference
(110SC)-2022 through “Virtual Platform” during
March 14-18, 2022. The major goal of the
conference was to assess the progress and scientific
knowledge gained during the second phase of
International Indian Ocean Expedition (IIOE) that
was launched during December 2015. The
conference was inaugurated by Dr Jitendra Singh
Minister of State (Independent Charge) of the
Ministry of Earth Sciences. The conference was
withessed by 400+ registered participants,
representing 20 countries. There was total 179 oral
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Australia: 6
China: 7
France: 7

Germany: B

India: 322

Country Wise No. of Abstracts for 105C-2022 Conference

and 9B poster presentatfions on Indlan Ocean
Research across 14 themes.As deplcted In the chart
below the conference, though held In virtual mods,
received extraordinary response from multiple
countries Panel discussions were held on various
sclentific themes Including the UN Ocean Decade
for Sustainable Development and a dedicated
session for early careers, which were well
appreciated by the oeean selence fratemity.

{¥) Indlan Ocean Global Ocean Observing System
{l0G00S5) successfully organised the 17th annual
meeting of IOGOOS and Its allled progremmes such
a5 Indian Orean Regional Panel {IORP), Sustained
Indlan Dcean Blogenchemical and Ecologleal
Research (SIBER}, IndO0S Resource Forum {IRF},
intematlonal Indlan Ocean BExpedition (IIOE}-2
during March 21-25, 2022, During IQGO0DS 17
meeting, Director, INCOIS has bean alected as Chalr
of IDGO0S for a perlod of two years.

{M) Indla as a Tsunaml Service Provider {TSP} under
the framework of Indlan Ocean Tsunam! Waming
and Mitigation System (ICG/IOTWS) of the
Intergevarmmental Oceanographle Commission of
UNESCO, continued providing tsunaml services to
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the Indian Ocean Region together with TSPs
Australla & Indonesla. T5P-Indla Is providing
services to Australia, Bangladesh, Comaros, France
{La Ré&unlon), Indla, Indonesla, Iran, Kenya,
Madagascar, Malaysfa, Maldlves, Maurltlus,
Mozamblque, Myanmar, Oman, Paklstan,
Seyrhelles, Singepore, Sowth Africa, SA Lanka,
Tanzanla, Thalland, TimorLesta, UAE and Yemen.
{vil}] India participated In the ICG/IOTWMS
24"Communication Test conducted on lune OR,
2022 to valldate tsunaml Information dissemination
process. India partcipated in COMMs test and
Issusd tast bulleting to 25 Indian Oeean rim
countries as a Tsunaml Service Provider. Tested the
dissemination modes of emall, fax, GTS, M5 as well
aswebsite during the tests.

{vili) Indla, as part of the IOC-UNESCO and UNESCAP
project on “Strengthening Tsunami Early Waming in
the Northwest Indlan Ocean Region through
Reglonal Cooperation™ has conducted the Tsunaml
Evacuation Planning (TEP} hybrid workshop on
September 13, 2022 for North west Indian Desan
Region
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8.14 Coaperation with Baimont Farum Countries:
MaES is a member of the Belmont forum which is a
group of the world"s major and emerging funders of
global environmental change research and
international science councils. MoES signed anMaU
in February 2013 to support Indian Scierttists for
Intemational collaborathve research through joint
calls In socletally relevant global environmental
change challenges. India is participating in the
Belmort Forum, Future Earth and JPI Oceans co-
branded CRA on "Transdisciplinary Research for
Ocean Sustalnablllty” propesed by FORMAS,
Sweden and MoES is supporting component of the
project “Coastal Ocean Assessment for
Sustalnablitty and Transfermation (COAST Card)” to
be Implemented by NID, Goa under this CRA. First
international meeting and workshop on COAST Card
is scheduled to be held at Manila, Phillippines from
27 Feh to 3rd March 2023,

8.15 Cooperation with Reglonal Integrated Multl-
Hazard Early Warning System for Africa and Ash
{RIMES)

Tha 14th RIMES Council Meeting, was hald in
Bangkok, Thalland from 11 to 12 November 2022,
The meeting was presided by Dr.Ravichandran,
Secretary, Minlstry of Earth Sclences, Government
of India, and RIMES Council Chair. The 14" Council
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Meeting brought together 77 participants from 29
Member and Collaborsting countries and several
development partners. Executlve Secretary
UNESCAP ,Secretary General WMO and Minster of
State Gowernment Maldives participated and
delivered inaugural addresses.

The WMO-RIMES loint Strategy and Action Plan
{1SAP) and the renewed and expanded Mol signed
In 2022 reflects deepening and broadening
institutional partnership between RIMES and WMO.
Built around the centrality of NMHSs, the ISAP aims
to contribute to the WMO Global Framework for
Climate Services through operational programs with
the close engagement of the WMO Regional Office
for Africa and the WMO Regional Office for Asia and
Southwest Paclflc. The establishment and
operationalization of the Indla Meteoroclogleal
Department (IMD) and RIMES Unit (IRU) within IMD
was initiated , to implement an impact-based
forecasting program. The IMD-RIMES Unlt {IRU) and
the Bangladesh Natlonal Center for Climate
Application {BANCCA) are country-owned
institutional mechanisms for transforming
meteorological forecast data Into Impact outlooks
and serve as Innovative practices for replication In
other RIMES Member Countries,

In addition to strengthening the onguoing

Photo : General Body & SAC mesting of BIMSTEC
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collaboration and engagement between member
countries, development partners and research
institutions, the Council meeting has been
productive in furthering the objective of RIMES in
support of its member countriesrequest
theirrespective National Designated Authorities
(NDAs) to prioritize NMHS' GCF proposal over any
other overlapping proposals, by drawing
experiences from Timor Leste, Maldives and Sudan
and provide periodic updates to RIMES Program
Unit to enable it to report to the Council In the
Member States meeting segment held on 12 th
November,2022 India's support to RIMES and its
leadership role in shaping RIMES policies and
program to benefit member countries and
communities was appreciated.

8.16 BIMSTEC- CENTER FOR WEATHER AND
CLIMATE (BCWC)

Following up The Hon'ble Prime Minister's
announcement of India's readiness to contribute 3
million dollars for restarting the work of BCWC at
the 5" BIMSTEC Summit on 30 March 2022, BCWC at
NCMRWF organized its 2™ GB and SAC meetings
during 01-03 November 2022 in coordination with
Ministry of External Affairs, Government of India
and BIMSTEC Secretariat, Dhaka. The
representatives from all the BIMSTEC member
nations NHMs and BIMSTEC Secretariat participated
inthese meetings.

Secretary, MoES and Addl. Secretary, MEA attended
the inauguration programme on 1" November'22,
and addressed the gathering. The committee
members of GB meeting discussed and finalized the
draft host country agreement in the GB Meeting.
Director General, IMD inaugurated the SAC
meeting. The members of SAC made short
presentations on the outstanding science issues and
discussed the ways of solving those issues through
stronger collaboration and cooperation for
improving operational weather/climate forecasts
for the regions of the member countries. Important
action items in terms of future course of action has
been worked out.
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8.1.7 The International Ocean Discovery Program
(IODP) is an international collaborative research
endeavor that explores Earth's history and dynamics
using rock coring through scientific ocean drilling.
The Ministry of Earth Sciences (MoES), is an
Associate Member of the IODP consortium and
National Centre for Polar and Ocean Research
(NCPOR), is the nodal implementing agency for this
program. Ever since our association with IODP in
2009, more than 50 young Indian scientists have ben
benefited by their exclusive participation in global
10DP expeditions. During this year particularly, India
researchers from various national organizations
participated in the five expeditions: IODP-391
(Walvis Ridge Hotspot), I0DP-386 (Japan Trench
Paleoseismology), |0DP-392 (Agulhas Plateau
Cretaceous Climate), IODP-390&393 (South Atlantic
Transect 1 and 2) and I0DP-397 (lberian Margin
Paleoclimate).

8.18 Cooperation with Natural Environment
Research Council (NERC): Implementation
Agreement (IA) on “Atmospheric Pollution and
Human Health in an Indian Megacity”:

The APHH-India collaborative programme
“Atmospheric Pollution and Human Health in an
Indian Megacity” includes 5 well-coordinated and
cross-cutting research projects, involving 4 agencies
from UK and India, with 4 years duration and with
the main focus on the megacity New Delhi. The
duration of the projects was extended by 1 year as
some of the collaborative activities under the work
packages could not be completed due to the Covid-
19 pandemic restrictions in 2020 and 2021. The
progress of all APHH projects were reviewed during
the Internal Science Meeting held on 19"to 20" May
2022 conducted by the APHH Secretariat. The
extended lockdown and slow down due to COVID-
19 in the UK impacted the deliverables of the
projects due to its inter-dependent nature and
further extension till 31% December 2022 have been
accorded to some of the APHH projects. During
2017-22, APHH Secretariat has organized six science
meetings and 3 observational field campaigns in
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Delhi (November 2017-February 2018, May-June
2018 and November 2018- January 2019). The
APHH published several peer-reviewed papers in
reputed journals including 1 in Nature Geoscience.
APHH scientifically contributed in strengthening the
SAFAR framework of MoES by developing new
parameterization of secondary aerosol mechanism
and linking air quality with climate change in CMIP6
models. Results of the Delhi flux campaigns are
processed to incorporate in SAFAR emission
inventories of Delhi for value addition. APHH led to
capacity building in the area and mutual benefits to
both the collaborating nations, delivered skilful
products with significant potential for sustainable
societal needs. The final outcome will yield an
integrated framework of air quality to further
strengthen application-oriented work for the
benefit to society and planning mitigation
strategies. On completion of the projects from both
the Indian and UK sides, an MySQL data base will be
developed by the Indian secretariat of APHH at IITM
based on the already developed data repository
framework.

8.19 International Monsoons Project Office (IMPO)
International Monsoons Project Office (IMPO),
hosted by IITM, is India's contribution to WMO's
monsoon research coordination activities under
WCRPand WWRP(World Climate Research
Programme and World Weather Research
Programme), with kind support and guidance from
the Ministry of Earth Sciences (MoES), Government
of India. IMPO functions as a global hub of monsoon
research coordination, covering all monsoon
regions(Asian-Australian, American and African
monsoons regions) of the world and spanning
weather to climate change time scales. One of the
core responsibilities of the IMPO is to support the
activities of the CLIVAR/GEWEX Monsoons Panel
{MP). IMPO also supports cross-panel linkages
within the working structure of the WCRP and its
core projects as well as WWRP substructures, on
monsoon-related matters. Some of the activities
carried outbyIMPQare:
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e |IMPO Coordinated with Monsoons panel (MP)
Co-Chairs for preparation of Annual Report
(2021) of the MP and its submission for
consideration by GEWEX SSG (Scientific Steering
Group) and CLIVAR SSG meetings.

e |[MPO Coordinated with Monsoons Panel (MP)
Co-Chairs for organizing 3 online meetings
(teleconferences) of MP in 2022and prepared
Minutes of the Meetings.

e |MPO Supported membership revision
proposals (as per required norms) and
submitted it to both ICPO and IGPO for further
action to seek the approval of the SSGs of
GEWEX and CLIVAR. Both S5Gs have endorsed
the membership changes, and IMPO has
completed the formalities of inviting the new
members and thanking the departing members.
The full list of the current membership is
available at the following web-link:
https://impo.tropmet.res.in/wcrp-
monsoon.html.

IMPO has impressed upon the Co-Chairs of the
Monsoons Panel on making strong linkages with
GEWEX in their activities and has offered support to
put in place sustained communications with GEWEX
governance to seek more explicit involvement of
relevant GEWEX expertise.
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Chapter-9
PUBLICATIONS, PATENTS, AWARDS AND HONOURS

8.1 Publications In peer reviewed jourmals:
A total number of 491 research papers were published In 2022 by MoES Instiutes under Hs varlous
programs, ard the details of which are given below.

ACROSS | OSMART | PACER | SAGE TOTAL
Total no. of Publications 276 111 46 5% 4t
Cumulative lmpact Factor | 939.628 324.499 144.117 | 212.857 | 1621.101

Tablel: MoES Publications

The number of research papers published and the total Impact factor (1621.101) are comparatively much
higher as compared to the prevlous years. The average Impact factor of research papers was 3.301.
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Fig. 8.1 Number of research papers and cumulative Impact factor year wise
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PUBLICATIONS, PATENTS, AWARDS AND HONOURS

9.2 Patents Granted
5.No. Inventors Title of the patent Awarded Country
reference
Venkatesan (3, Mulli intereonncoted 379234 Indi
Sanson, compartment device wrh | Dr.12,10.2021
Raju Abraham, heat cxchaneers for the
Purnima Jalihal production of drinking
water ron low
remperature fhaid streams
2 Purnima Jalihal, Multi-func tional Ax2115 India
Ashwani Vishwanath | lnterfiee System for De22.11.2021
connecting floating
structures
& Tata Sudhakar. Shije | Awtemated Tsunami Test | 385371 India
Lacharis, Thamarar T, | Rag Dr, 30.12.2021
Gowthaman V|
Adrremand  MoA
4. M. Ashokan A computer implenented | 394789 India
(1, Latha, System for transmitting | Dt 13.4.2022
Ci.Raguraman, High frequency Ocean
A Thmmayukkarasu ambient nowe m Real
tine (SHOR)
5 Mary Leema Pracess for the No.39008Y Lndia
Thilagam, production of Lutein Dr. 23.2.2032
Mapesh Peter,
Kumar T.5,
Thirupathi K., Dharani
(3, Kirubagaran R,
Atnanand M.A
o ShijoZacharia An amti-bicfouling 400373 India
DhilshaRajapan gystem and a method Di.29.6.2022
Shibu Jacob thereof
Ammamand WA
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PUBLICATIONS, PATENTS, AWARDS AND HONOURS

Patents Filed
5. No. e Title Filed All:f:llcalnun Country

L. | . Venkatesan, Pumioe Eco-Friendly Oucan TEMME- Indis
Talhal, 5.Srinkvasa Rao. | Thernal Tnergy 35804202 [ -CTT
S”m_’f‘-m P"w_l_{im""j-* Conmversinn Svstem for D 20/07:202 1
.'j'fl?hl'lc':l ’:"im_.usm, Production ol Potublk:
Irisihg shi, : : ;
A Karthikeyan Woaler el Eleeirical

Ernergy

2. | L. Anburajan L, Recombinamt Letoie: A 2021410563 India
Muocre B, major conpatizle sohte TEMPT | /645482
"\-’i_n.ij.hkumi,u' NV, e halophilic baclers 210 HE.
E{::;ifﬂ:__:” R, Bacilluy elausti (AL 07122021

3. | RVenkatesan, Intclipent Ram Gauge and | 202141056904 Indis
K.Ramesh, Method Thereot (TEMIPE-
M'_"&?“' M uthiah 17635452021 -
K. Thmmurugan CITE)

107,12, 121

4. | Mutturvell', Variable Buovancy engine | 202241003710 India
Sarojani Mawrva, for submersible platform (TEMP.T-
Tata Sudhalkay | 343 7/2022-CTIT)

1e220 2022

3. | Rovenkatesan Arifizial mielligence 202241005052 Inelia
M Al Muthrah bascd auomarmons dala 130 3107, 2022
B. Kesavakunr Acquisiion system and
K. Thimmurugsan method Br deep occan and
(1. Vengatesan subsea environme nis
C. Muthukurasr

. | R.Venkatesan Stmarlt aumonomens syatem 2022410050353 Inclia
bl Al Muthiah fior reul-mme monitoring (TEMIYE-
B Kiesavakunr and duts aequisition #or L5069 2022-C HE)
Ci.Vengatesan marne applications and dated 31.01.2022
K Ramesh method thereal

7. K. Venkatesan Swyarom and method for 20224 | (22549 India

M Arul Muthuah
B. K esavilanmar
k. . Thimmmurugan
(1. Vengatesan
R.Stilharan

(shing wosse] brised st
niebaaork o occan
ahservations

(IEM PE-
1/24933:2022-
CIIE)
Dated|7.4.2022
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PUBLICATIONS, PATENTS, AWARDS AND HONOURS

Transfer of Technologles [ToT) to Indusirias

LAY Title of the technalopy Tneliann Tnelustries Year af
ransfer
l. Recombinant Retoine trom deep-sea s Antmas Lifesciences on Jarw 2022
Bacteria for skinecare and cosmetic Tecombinant Feteine Technolo gy
applications (RTIY
2 Bioremedntion of petrodewn Invidrocacaon | Mes Odl Spill Combat LLP, Indi Amgnst 2022
aril ol spill moeeme enyronment by
deep ses nierobial comsortia
9.3 Awards and Honours

The awardzs and honours received by the MoES
institutes/Offficlals from other crganizations are
listed below.

Dr. Mrutyunjay Mohapatra, 043, IMD was conferred
upon “Shrikshetra Samman - 2022" for bringing
paradigm shit In Cyclone Waming Services and for
his laudable contributlon to soclety by voluntary
service organization- Shree Shrikshetres Sopochana,
Puri during the 20 Folk Fair and 13" Krishi Fair-2022
atPurl, Odisha.

Cyclone Wamning Services of IMD earned 'place
among 100 Innovatlons'  that transformed Indla In
@ book named "INDIAN INNOVATION® authored by
ShriD.C, Sharma,

Dr. Mrutyunjay Mohapatm, DG, IMD has been
nominated as Expert Member of Board of
Governors of IlIT Vadodara In August, 2022 under
the category "Eminent person out of research
laboratories”,

The Hon'ble Governor of Odisha and Chancellor of
the FM University, Dr. Ganeshl Lal conferred Vyasa
Gourab Samman upon DOr. Mrutyunjay Mohapatra,
DG, IMD for his contribution to the fleld of Sclence
{Meteoralogy] that has led to paradigm shift in
cyclone warning sarviees in Indla and enahbled
minimising death toll to double digit.

Dr. T. Srinlvasa Kumar, Director, INCOIS has heen
elected as 'Chalr' of IDG0O0S for a perlod of two
yearsduring 17" annual meeting of IOGOOS.

Dr. T. Srinlvasa Kumar, Director, INCDIS has been
elected asthe "Chair’ of the Scentific Committee of
the UN Orean Decade Tsunaml Programme.
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Dr. Kunal Chakraborty, Scientlst-E, has been selected
as 2 'Regular Assodate' of the Abdus Salam
Iinternational Centre for Theoretical Physles (ICTF),
Haly for six years from 2023 untll 2028. The
Associateship Scheme, one of ICTP's oldest
programmes, prowides support for active scientists
from developing countries to maintain long-term,
formal coniact with the Centre.

INCOIS slgned an Mol with theindlan Navyon Sth
May 2022, tc provide tralning services by
conducting oreanographic courses to the School of
Naval Oceanology and Meteorolagy (SNOM).

MM was awarded with Rajbhasha Implamentation
Ratna Samman In the conference and workshop
organlzed by Parlvartan Rajbhasha Akademl, New
Delhi from 1010 12 March 2022 in Goa.

Membership of Dr. R. Krishnan, Director, [ITM In the
Joint Scientific Committes (ISC) for the World
Cimate Research programme has been extended
for two years from 1 January 2023 to 31 December
2024,

Dr. SuryachandraRao, $c-5G, IITM has taken charge of
a Co-Chair of CLIWAR/G EWEX Monsaons Panel (MP}
of WCRP this year, In additlon to his role In Working
Group on Aslan-Australlan Monsoons (WG-AAM) of
MP.

Dr. 5.0. Pawar, 5¢-G, has been bestowed with
Honorary Doctorate Degree by Sanjay Ghodawat
Unhversity, Atgre, Knlhapur.

Dr. TharaPrabhalkaran, Sc-G, MM has been elected
as a Member of Expert Committee to raview 4™
Tranche FTT-FTC Projects [2022-2024) under
Ecology, Emvironment, Earth, Ocean Sciences and
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Water (E30W) Theme, Council of Scientific and
Industrial Research (CSIR), Ministry of Science and
Technology. And also eected as a member of Air
Pollution Measurement Consortium (APMU) of
Technical Air Resource Unit (TARU), DST initiative for
Technical Air Resource Unit for Scientific Analysis.

Dr. G. Pandithurai, Sc-F, IITM has been elected as a
member of the executive committee of Indian
Aerosol Science and Technology Association (IASTA)
forthe periodJanuary 2023 to December 2025.

Dr. J. Sanjay, Sc-F, IITM has represented Ministry of
Earth Sciences (MoES) as a WMO Observer in the
UNFCCC meeting session COP 27, Sharm el-Sheikh,
Egypt, 14-18 November 2022,

Dr. Suresh Tiwari, Sc-F, IITM has been nomitaed as
Member of Expert Appraisal Committee (EAC) for
evaluation of projects relating to NCM sector in the
Ministry of Environment, Forest and Climate Change
for.

Dr.SuvarnaFadnavis, Sc-F, IITM is selected as an
Editor of the Journal of Atmospheric Chemistry and
Physics (ACP).

Dr. P. Mukhopadhyay, Sc-F, IITM has been elected as
Fellow of Indian Academy of Sciences during 2022
(effective from 2023).

Dr.Padmakumari, Sc-F, IITM has been elected as a
Member of the executive committee of Indian
Aerosol Science and Technology Association (IASTA)
for the period January 2023 to December 2025,

Mr. S. Mahapatra, Sc-F, ITM selected as an “Adjunct
Asst. Professor” of the Department of Atmospheric
& Space Sciences (DASS), SavitribalPhule Pune
University (SPPU).

Dr. Sachin Ghude, Sc-F, ITM has been elected as a
Co-Chair by Integrated land ecosystem atmosphere
process studies (iLEPAS) from 2022 onwards. Before,
he was serving as Co-Chair, he served iLEAPS as
Member, Scientific Steering Committee.

Dr. Sachin Ghude has been Member, Expert Group
constituted by Commission for Air Quality
Management (CAQM) to examine the suggestions
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before finalization of the policy to curb air pollution
in Delhi-NCR. Also nominated as Member for
operationalization of Revised Graded Response
Action Plan (GRAP), Commission for Air Quality
Management (CAQM).

Dr. Sachin Ghude, Sc-F appointed as a LEAD Expert
Team Urban Services (ET-US) Working Group on
WMO - Regional Association Il.

Dr. MilindMujumdar, Sc-F, IITM has served as a
Member of Board of Studies, Department of
Atmospheric Science, Central University of
Rajasthan (CURAJ).

Dr. M.C.R. Kalapureddy, Sc-F, IITM has been
nominated as Member of the National Committee
on Atmospheric & Space Research Facility (ASRF),
Chandipur, Odisha for technical Review and
realization on wind profiler and invitee for other
instruments.

Dr. (Smt.) Swapna P, Sc-E, lITM has been selected as
a Member of Sea Level Rise Working Group, WCRP
Safe Landing Climates (SLC) Lighthouse Activity.

Dr. (Smt.) Swapna P has been a member to Working
Group on Coupled Modeling (WGCM), World
Climate Research Program (WCRP) is extended till
end of 2022.

Dr. (Smt.) Swapna P has been nomitaed as Member
of the “Strategic Ensemble Design team for WCRP
CMIP7”,

Dr. Roxy Mathew Koll, has been selected a member
to the Global Climate Observing System (GCOS)
Working Group 2 for the identification of critical
sectors and areas of concern regarding global
climate observations.

Dr. Roxy Mathew Koll, Scientific Organizing
Committee Member of the WCRP Open Science
Conference (OSC 2023). The theme of OSC 2023 is -
advancing climate science for a sustainable future.

Dr. Roxy Mathew Koll, has been awarded the
American Geophysical Union's (AGU) 2022
Devendralal Medal on 14 December 2022, for his
outstanding research in Earth and Space Sciences.
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He was also awarded the Lifetime Membership of
the AGU.

Dr. Yogesh Kumar Tiwari, Sc-E, IITM has been
nominated by Ministry of Environment, Forests and
Climate Change as an Expert Member at the United
Nations Framework Convention on Climate Change
(UNFCC)

Dr.Atul Kumar Srivastava, Sc-E, IITM has been invited
as a Guest Editor, Special Issue of the MDPI Journal
“Remote Sensing” on “Optical Remote Sensing of
the Atmosphere and Oceans”.

Ms.AditiModi, Sc-D, IITM has been appointed as
Secretary of the International Indian Ocean
Expedition 2- Early Career Scientist Network (I10E-2
ECSN) during the 110SC-2022.

Dr. Malay Ganai, Sc-D, IITM has been selected for
DST SERB International Research Experience (SIRE)
fellowship under which he will be visiting NCEP, USA
for 6 months starting from August 2022,

Dr.Pramit Kumar Deb Burman, Sc-D, IITM has been
awarded the third prize in the NGP-DST Geo-
Innovation Challenge: Geospatial Science and
Technology in Meteorology and Ocean Science by
the National Geospatial Programme (NGP),
Department of Science and Technology (DST) at the
Sathyabama Institute of Science and Technology,
Chennaiduring 20-22 April 2022.

PoojaPawar was awarded "Certificate of
Achievement" by the South Asia Nitrogen Hub and
Maldives National University for an exceptional
work and presenting a poster entitled "Chloride
(HCI/CI-) dominates inorganic aerosol formation
from ammonia in the Indo-Gangetic Plain during
winter: modelling and comparison with
observations" on 12 December 2022.

PoojaPawar Project Scientist, ITM was appointed as
member of Early career scientist networkin iLEAPS.

SreyashiDebnath, Project Scientist has been
appointed as member of iLEAPS South Asian and
Middle East Early Career Scientists Network
(SAMEECSN).
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Chapter-10
ADMINISTRATIVE SUPPORT

10.1. CITIZEN'S CHARTER
Vislon

To excel as knowledge and technology enterprise In the earth system science realm towards soclo-economic

benefit of the soclety.

Mission

To prowide services for weather, climate, ocean and coastal state, hydrology, seismology, and natural hazards;
to explare and harness marine living and non-living resources in a sustainable way and to explore the three

pales [Arctic, Amtarcticand Himalavas).

Qur Commitments
S.No. Senicas/Transaction Success Indicators
1 VWeather Forecasts and wamings Timely release of weather forecast and
waming to General Fublic and Meteorological
support  for Pilgimage, tourism, mountain
expedition, sports atc.
2 Prowviding Agro — Meteorclogical | To prowde Agro-metecorclogical adwvisories at
advizories at district lenel district level to the farmers
3 Meteorological support  for  Civil | Meteorclogical support for  Civil  Asiation
Asation purpose RpUrpose
4 Rainfall Monitoring Rainfall Monitoring
Ocean Forecast Timely release of
(a) Fishing advisory
(b} Tuna Fishing
5 Ocean State Forecast
{i) General Public
{ii) Fishing Community
{iii) Industries
{iv) Defense/Secunty/ Researchers
3] Early waming of natural hazards Timely release of (a) Tsunamis Bulletin
Earthquake Bulletin {after)
Cyclone Warning Bulletin
7 Processing of proposals of holding | Approval of Seminars [ Symposia proposals
of Seminars/Symposia
(3] Frocessing of extra-mural | Timely processing of proposals from scientists
proposals in the field of Earh |/ scientific institutions
Sciences
9 FPayment to vendors Timely payment to wvendors on submission of
hills.
10 Processing of requests for filling of | Timely processing of proposals recenved from
scientific positions received from | various centres
various centres
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11

Grevance redressal

Timely redressal of grievance
(a) Acknowledgement

(b) Final response

12

Release of

funds to

the

respensibility Centers  under the
control of MoES

Timely processing of proposals received

13

Disposal

of applications/appeals
under RTI Act 2005

Timely disposal of application/appeals

10.2 implemerntation of tha 15 Point Programmea on Minority Welfara
The proper Implemestation 15 polnt pragramme on minority welfars ineluding inter-alia, ansuring adeguate
reprezentation of minority community while making recrultment for filling up of vacaneles In Group A, B, C

Incduding MTS has been ensurad,
10.3 BUDGET AND ACCOUNTS
o | 2020-21 Actuals 202122 Budget Estimates 2021-22 Actuals
EevanueJCapItaI| Total | Revenue | Gapltd| Total | Revenue | Eapltd| Total
REVENUE SECTION
g | 403-Oceanograpfic | ,asce | pog | 43056 | 65882 | o000 | esse2 no0 | 71378
Fesearch 71378
3425- Other Scientific i
d | el 4565 | 000 | 4565 | T2A0 | oo0 | 728D - 0o0 | BT
3451- Secratariat . ’ . . e
3 E i AR s 4.5 (.00 496 dz.00 0.0 4200 5yt LoD | 55828
4 | 3955 Melearology weaes | pgn | 70409 | 96e87 | OCO | 9BAET | gsgqn| UO0 | et
Total [Revenue) 121826 | 000 |1218.26 | 173869 | 0.00 | 173889 | npg,qe | 0.00 | 200436
CAPITAL SECTION
5403- Captal Cutlay on
1| Ceeanographic poc | 585 | 585 | oo | temo | 1so0 | o0 | 718 | 745
Research
g | odoo-Captal Quiiayon | pop | 385 | 62.85 | 0.00 | 14800 | 14800 | 000 | 8230 | 230
Metearology
Total {Capital) 0.00 870 | 6870 0.00 163.00 | 163.00 0.00 Bg5d | D954
Grand Total 121626 | 8970 [ 1287.96 | 173860 | 16300 | 190169 | 209436 | 9954 | 213440
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10.4 Raport of the Comptroller and Auditor General of India

ADMINISTRATIVE SUPPORT

Report of the Comptraller and Awditor General of India
The number of Action Taken Notes (ATM's) pending for Ministry of Earth 5ciences taken from various CEBAG reports are piven in the
following table:-
S:e. No of Favds i repcﬂs. N Cetalls of the C&AGPAC reports an which ATNs are
Year ATMNs have been submitted to i iding
Wnnitoeing Cell after vetting by Audit
Ma. af
Ma. of ATNS Mao. of ATMNS sent Mo, of ATH: which ATMs
nat sent by but retumed with have baen finally with
the Ministry observations and vetted by Audit but Audit
even for the audit is awaiting hawe not been
first time their resubmission submitted by the
by £her W niskry Ministry to PAL
Dne (Fara He, 8.1 al Reporl No, 22 of
1 2013 | 2013 "leregular Introduction of Pensicn | Ml SIL MIL NIL
Lehemes anc Diversion of Funds").
Iwi (Fara Mo, 5.1 of Repgort Mo, 2F of
2014 an Mational Daa Buoy Project”
2 2014 | and Mara Mo, 5.2 of Reaort Ma. 27 of | Wl 1L N L MIL
2014 on "lrre gular Paymentaf Gratuity
MIAOT, Chennai®).
Iw (Fara Mo, 6.1 of Report Na, 30 of
2015- "Unfruittul Expenditure cue ta
nan-functional wabsite and Para Mo,
3 215 | B2 of Report Mo, 30 of 2005- ) NIZ SIL NIL MIL
"Installation and upkeep of
meteorological  obzervatories by
Rzgional Meteorological..").
Dne (Fara No. 6.1 of Repot Ma. 12 of
20186- "Mon-Eszablizhment of
* S dzsalination plants and wastzful Al AL WL AL
prpenditure ).
Twe (Fara No. 7.0 of Report Ma. 17 of
2017 on "Mon-revovervu [Toel chages
due [4+] improper cantract
= 3017 managemant’ and Parma h.l.n. 7.2 of NI AL NIL HIL
Roport Mo, 1F ol 2017 "lrcgular
Implementabar af premetion
stheme).
One {Para Mo, 8.2
DOne (Fara Ned.1 of Reporl No. 02 of of Reporl N2 2ol
4] 2018 | 2018 on "Mvoidable expendilure wward | M 2018 an "lrregufar | MIL MIL
renlafl bonded warghous2"), protection of pay
MICT, Chenai™).
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Staff Strangth

;:';glh of Minkstry of Earth Sclences Including Hs Subordinate, Attached and Autonomous Institutes.
Groups | MoES+CMLRE | NCMRWF | IMD NIOT | NCPOR | INCOIS | IITM | NCESS | Total
aof =NCCR
Posts
(13 {21 (31 {4} (5) 6l {71 (8" (9 {10}
Group 151 s} 524 93 124 44 172 70 1244
Zrﬂup 102 17 3787 | 59 42 27 79 25 4153
;rﬂup 4 14 2705 | 43 29 oo 68 5B 2991
'(Ij:}ta- 327 a7 J016 | 195 195 71 319 157 8388

MOES = MINISTRY OF EARTH SCIENCES

NCMRWF =  NATIONAL CENTRE FOR MEDIUM RANGE WEATHER FORECASTING

CMLRE =  CENTRE FOR MARINE LIVING RESOURCES AND ECOLOGY

NCCR = NATIONAL CENTRE FOR COASTAL RESEARCH

iMD =  INDIA METEOROLOGICAL DEPARTMENT

NIOT =  NATIONAL INSTITUTE OF OCEAN TECHNOLOGY

NCPOR = NATIONAL CENTRE FOR POLAR AND OCEAN RESEARCH

INCOIS = |NDIAN NATIONAL CENTRE FOR CCEAN INFORMATION SERVICES

nm =  |NDIAN INSTITUTE OF TROPICAL METEDROLOGY

MNCESS = NATIONAL CENTRE FOR EARTH SCIENCES STUDIES

Detailed breakup of Sanctioned Strength of Ministry {Proper} Incuding NCS + Koyana Project, CMLRE

and NCCR.

Ministry fAttached Scientific,/ Technical Non-Technical Posts Grand Total
Offices Posts

Miniskry {Proper) 6643+15=84% 1714+15=185"" 270
including MNCS +

Kovana Proiect

CMLEE 2747 FH# 12 46

MCCE 18 3] 26

Tota 136 206 342

*6& [Sclentlsts Incduding Koyana Project) + 3 (DOM) + 15 {Technlcal staff at Koyana Project)
** 15 Nos. Of Sanctioned strength of personal establishment of HMoES.

o 7- DOM

Annual Report 2022 - 23

126



ADMINISTRATIVE SUPPORT

Represemtation of persons with disabilities in government services.

E Dircck Recruitment Fromotion
Mo, of Wacancices Nu, al &ppoinbmenls made Mo, ul Vacanics Mo, ul Appoinbmicnls mady
Fasarnied Resepryed
WH rH HH | Taral | unidentified WH H HF WwH OH HH | Total | Ualdentifiad WwWH | OH HH
Fnats Posrs
H 4 ) [} s H E] 11 11 12 13 T4 1h 16 1.4 TH
HIL | WIL | MIL | MIL kL MIL | MIL WIL |[RIL | MIL [ MIL @ MIL MIL MIL | WIL | WIL
{11 Ml M Ml L | nll M M Ml Ml M M Ml L] mil Ml
NIL 2 | HIL Z ML MIL [ MIL WIL | MIL [ MIL | MIL | MIL NIL MIL [ WIL | MIL
Represantation of SC/ST/OBC in government services in respect of Ministry {Praper).
up Representation of Mumber of @apaintment mada daring bae calendar year 2022
SCsMS 5 0B
(4= un O1.01,2023 Bv Direcl Recruilimenl By Prumulion Oy D=z Lalion
Total Mo, | SCs | 5T= | ©QBCs | Total | &Cs | 575 | OBCs | Taksl | SC= | 5Ts | GBCe | Total | 5Cs | E75 | OBCE
of
crmuloyeses
3 4 5 & 7 i o 10 11 12 13 14 15 14 17 15
P& a3 £ 3 7 [T [ [u] [ 2 a [0 1 2 0 0 1
pBE 38 3 1 3 [T [0 8] [ 0 1] ¥ [i] [ ] 1] [i]
pC 43 13 3 i0 E] C [x] [i] 1] [ [ [x] i]
ding
=

10.6 PROGRESSIVE USE OF HINDI OFFICEAL
LANGUAGE ACT AND RULES

The Hindl Sectlon of this Ministry Is working under
the supervizion of loint Secretary and to assist him
there Is one loint Director {OL), one Assistant
Director{OL], two Senlor Translation officer and one
Junlor Translation officer along with 3 Data Entry
Operators. Offical Language Section Is responsibla
for the entire translation wark and Implementation
af Officlal Language Pollcy of the Government of
Indla In the Ministry and Its attached and
subardinate nffices and thelr fleld organizations.
The important activitles undertaken during the year
are as undar: -

1. During the year, appropriate actlon was taken
to ensure Implememntation of the provisions of
the Cffidal Language Act and the rules framed
thereunder.

For ensuring compliance with the provizions of
the Officlal Language Act, 1963 and the rules
framed thereunder, checkpoints have been set
up in the Ministry. Effective steps waers taken
forthe adherence to these checkpolnts.
important activities and achlevements of the
Officlal Language Sectlon of the Ministry of Earth
Sclences:-

Annual Report 2022 - 23

1. During the year 2020-21, a serles of webinars
were organized by senlor sclentists on the
tapic “Science for All® to popularize siiencein a
simple language for the public at large andto
highlight the working of tha Minlstry.

On the Insistenceof the Hon' ble Viea Pregidant
of India, the Ministry of Earth Sciences formed
a platform by contactlng the sclentlfic
Minkstriez/Dapartments of the Government af
Indla. Probablythe Ministry of Earth Sclences
was the first minlstry takdng an Inldative
towards the developmentpramotion and
protection of mother tongues.|t's objectve 1s
to respect all the languages Included In the Bth
Schedule of the Canstitution. For this, a 7 Point
Charter was prepared with the approval of the
Hon'ble Minlster for the Earth Sclanoes. Ag a
part of this charter "Bharat Bhamtl Bhasha
Mahotsavy 2022: A curtaln ralser”™ was
organized on 22.02.2022 which was presided
owver by His Excellency the then Vice President
ShA Venkalah Naldu || through his digital
presence.

A mega webinar InHindhwas organized on 22
Aprll 20220n the occaslon of International
Earth Day whh a viewto develop sclemific

3.
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temper Inschool children. About 16,000
children from Kendriva Vidyalayas,
government sehools of Delhl Govt, MCD, and
NDMC participated In the event online. The
program has got over 40,000 views on the
YouTubechannel todate.

The 31st meeting of Jolnt Hindl Salahkar Samitd
of Ministry of Earth Sciences and Minlstry of
Science and Technalogy under the
chalrmanship of Hon'ble Minister, Minlstry of
Earth Sclences was successfully organized by
our Ministry on 06.June 2022 .

A Scheme of DriginalBook Writing In Hindl on
Earth 5clence related toplcsstands
implememted in the Ministry since 1989,
Under this, the hooks recelved for the year
2021-22 were evaluated. Dr. D.D. Ojha, and Dr.
Kripakama (both former sclentlsts) Joimiy got
the first prize of Rs 1,00,000/- for their baok
Wt W ulwite, Shd Radheyshyam
Bharttya, grabbed the second prize of Rs.
60,000/~ for his writing, <ot waiaReT
-l sty T, and Dr ML Parhar
endad with a eonsalation prize of Rs 20,000/-
for his works, "WwT Ry TR,

A scheme of the Original Neting and Drafting in
Hindl spproved by the Deptt of Officlal
Language Is Implemented In the Minlstry of
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Earth Sclences. Entrles were recelved under
the scheme, and 5 staff were selected for the
cach awards forthe year2021-22

In the officas and Institutlons underthe control
of the MoES, where there is no Hindi staff,
senior sclentistshave been entrusted with the
additional responsibliity asModal Officer for
the Official Languageto promote and monitor
the use of official language in official wark. This
Iz a unique experiment of our ministry. Reports
ane sought from thelr Haads of Departmenton
the contributions made bythese nodal officers
towards implamentation of the official
language policy In respective offices. Based on
the scrutiny of the appralsals,the best
performing officers are are selected for award
of Certificate of Merits.For the year 2021-22,
three scentlstsnamely Dr. Milind Mujumdar,
Sclentlst-F, ITM, Pune, Dr. 5anjay O'Mell Shaw,
ScientistF, AMC, Guwahati, and Dr. Akhilesh
Misra, Selentist-D, NCMRWF, NOIDA wera
ghven thishonour,

In May 2022, the Department of Official
Language, MHA, selected 5 Rajbhasha
Officersfrom all the Ministries/Depts of the
Government of India for Rajbhasha Samman
for the year 2022 for their extmordinary
contribution In the promotion of Hindl. This Is
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being the highest honor of the Government of
India In the fleld of offlcfal language. Mr. Manoj
Abusaria Joint Directorin our minlstry wasone
amongthese 5 officers who received the honor
A speclal drive was launched by the
Department of CHficlal Language to popularize
the Memary based Translation Taal
'Kanthastha' developed In collaboration with
C-DAL, Pune, In which Mr. Manol

Abusaria laint Director got the first prizein the
"Vetter'category, while Mrs. Vimla Dahlya, Asst,
Directar was awarded the first prize in the
Translator' category.

. The Ministry of Earth Scienceswas awarded
the Second RajbhashakirtlAward for the year
2021-22 by the Department of COfficlal

-
it
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11. The perlod from 14 September to 29
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Language, Ministry of Home Affalrs, under the
categary of the Ministries/Departments with
less than 300 staff. Mrs Indira Murthy, the then
Joint Secretary recelved the award for the
MoES fram Shri Ajay Mishra, MOS, MHA and
Shrl Harlvansh Marayan Singh, Deputy
Chalrman, Ralya $abha ata glorlous ceremony
organized in Surat {Gujarat) on the accasion of
Hind] Divas-20232.

September 2022 was organized as Hindi
Pakhwada In the Ministry. During this, many
competitions llke Hindl Essay, Hindl Noting
Drafting, Official Language Quiz, Hindi Poem
Recitatlon, Shrutelekhan, General Hindl
Knowledge etc. were organized for all
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categorles of personnel. During this period, for
the first time an online competition was also
organized for scienmtists,

12. Offidal language [nspecHons of about 20
offices of IMD Including the Institutes under
the Ministry were carrled out by the Second
Sub-Committee of the Commitiee of
Parllament on Officlal Language during the last
one yearThe latest additfon to the talky was the
Meteorological Centre, Ralpur; and the RMC,
Kolkata where a delegation of officers from the
MoES and the IMD led by Shrl D. Senthil
Pandiyan, lofnt Secretary, MoES was presant.

13. Three offices under the MoES also got regional
Rajbhasha prizesfrom the Dept of Offidal
Language a5 the best performing offices in
respecthve regions during the reported year. In
Northemn region, MCMRWFE, NOIDA got the first
prize under the of the central governmemnt
offices with 11 to 50 siaffstrength. In the
central and west region, NCPOR, GOA captured
the second prize under the central govt offices
with more than 50 d=ff strength, while the
Meteomlogical Centre, Panaji, Goa grabbed
the second prize under the central govt offices
with less than 50 staff strength.

Thus,In the year 2022-23, the MoES witnessed a
serles of events happening In the domain of Cfficial
Language Implementation. The rigorous Inspaction
tours of the Committee of Parllament on Officlal
Language followed by the spirited and focused
attantion pald coupled with the highest priorty
accorded to this domain by the top-level officers of
the minlstry boosted up the spirtt of the staff and
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was thelr collective effortz that made all these
pessible.

10.7 Capaclty Bullding and Human Resources
Davelopmant

During the year officers/staff of this Ministry {from
Headquarters} sent far different
tralning/workshop/fseminar programme to update
thelr imowledge and sklll.

10.8 implementation of the judgementsforders of
the CAT

All the judgements/orders of the Hon'ble CAT orany
other couris have bean Implementead or contested
In preper forum within the stipulated period time.

10.9 Vigllance Activities and Achlevements

Dr.Kamaljit Ray, Sclentlst 'G' Is the Chlef Vigllance
Officer {CV0D) of the Minlstry w.ef 01.01.2020.
Senior level Officers have been nominated as
Vigllance Officars [WVOs) In attached/subordinate
offices and autoenomous bodies of the Ministry with
the approval of CVO, A preventive as well as punltive
vigilance monftoring is rigorously pursued through
the Chief Vigilance Officer {CVO] and Vigilance
Dfflcers {VOs) of varlous Institutes & Departments
under MoES. Dr. 5.K. Sarkar, IAS (retd.] & Sh.
RakeshGoyal, IRSE (retd.) were appointed as
Independent External Monitors by the Ministry with
the approval of Central Viglianee Commission (CWC)
for monitoring the contracts exceeding Rs. 5 crores,
In accordance with the guldellnes of LV, Vigllance
Avmreness Week was observed fram 315t October,
2022 to Bth Movember 2022 with the theme
"Corruptlon free Indla for a developed Nation

(Fem YT ARG SRR ARW). During the
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Vigllance Awareness Week, one workshop on
preventhve vigllance measures and one sesslon of
Vigilance Officers of
AutonomeousfSubordinate/attached officers under
MoES along with senlor officers of MoES wene
organized. A qulz competition was also conducted
for the officers/officials of this Ministry and prizes
were awarded to the winners.

Annual Report 2022 - 23

ADMINISTRATIVE SUPPORT

10.10 Parliament Section which caters to the
correspondence with Parllament Secretariat replied
Lok Sabha (90 questions) and Rajya Sabha (68
questions}during the year 2022.

10.11 Significamt Audlt Points Primbed In
sudh Reporis of 2022

Mo audit point has appeared in the Audit Report of
2022,
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ACKNOWLEDGEMENTS

During the year, many scientists and academicians
from India and abroad have contributed as external
experts in the various committees in the ongoing
activities and programmes of MoES. The Ministry
extends its gratitude to all those who have provided
their enormous support in both administrative and
scientific matters. The Ministry is further immensely
grateful and expresses its gratitude to the
Parliamentary Standing Committee on Environment
and Forests, Science and Technology and also the
Parliamentary Committee on Rajbhasha for their
constant support, guidance and encouragement.

Various committees constituted by the Ministry
which participated in the on-going activities and
programmes are described below. We gratefully
acknowledge their valuable contributions:

1. Deep Ocean Mission National Steering
Committee (NSC), Chaired by Hon'ble Cabinet
Minister (Independent Charge) MoES, Dr.
Jitendra Singh ji.

2. Deep Ocean Council (DOC) Chaired by Prof. K.
VijayRaghavan, Principal Scientific Adviser to
the Govt. of India.

3. Deep Ocean Mission Project Appraisal &
Monitoring Committee (PAMC)-DOM- Chaired
by Dr. Shailesh Nayak, Director NIAS,
Bangalore.

4. Program Advisory and Monitoring Committee
(PAMC) on Atmospheric Sciences chaired by
Prof. G.S Bhat, |ISc, Bengaluru.

5. PAMCon Ocean Science and Resources chaired
by Dr. S. S. C. Shenoi, Former Director, INCOIS,
Hyderabad.

6. PAMCon Hydrology and Cryosphere chaired by
Dr. R. R. Navalgund, Vikram Sarabhai
Distinguished Professor, ISRO, Bengaluru.

7. PAMC on Geosciences, chaired by Prof. Ashok
Singhvi, PRL, Ahmedabad.

8. PAMCon Seismicity and Earthquake Precursors
chaired by Dr. M. Ravi Kumar, DG, Institute of
Seismological Research, Gandhinagar

9. Technology Research Board for Earth System
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19,

20.

21.

22,

Science Technology, chaired by Dr P.S. Goel,
Nati

Scientific Steering Committee for Earth Science
& Technology Cell (ESTC) on Marine Ecology
and Biology chaired by Prof Dileep Deobagkar,
FormerVC Goa University, Goa.

Scientific Steering Committee for Earth Science
& Technology Cell (ESTC) on Satellite
Meteorology, chaired by AVM (Dr) Ajit Tyagi,
Former DG, IMD.

Scientific Steering Committee for Earth Science
& Technology Cell (ESTC) on Coastal Ocean
Technology, chaired by Prof. V. Sundar, IT
Madras

Scientific Steering Committee for Inter-
disciplinary Projects of Earth Sciences (IDES),
chaired by DrK. J. Ramesh, Former DG, IMD

Research Advisory Committee of [ITM chaired
by Dr. L.S. Rathore, Former DG, IMD

Research Advisory Committee of NCMRWF
chaired by Prof. ). Srinivasan, lI1Sc, Bengaluru

Research Advisory Committee of INCOIS
chaired by Dr. Satish Shetye, Former Director,
NIO, Goa

Scientific Advisory Council of NIOT chaired by
Dr PS. Goel, National Institute of Advanced
Studies, Bengaluru.

Research Advisory Committee of NCCR chaired
by Dr. Shailesh Nayak, Director, NIAS.

Research Advisory Committee of CMLRE
chaired by Prof. T. Balasubramanian, Vice
Chancellor, Chettinad Academy of Research
and Science, Chennai.

Research Advisory Council of NCPOR, chaired
by Dr. Shailesh Nayak, Director, NIAS.

Research Advisory Council of NCESS chaired by
Dr. S.K. Tandon Professor Emeritus, University
of Delhi

Scientific Review and Monitoring Committee,
Monsoon Mission chaired by Prof Ravi
Nanjundiah
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