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Another successful year capped off at the Indian Institute of Geomagnetism (11G), with the staff being equally delighted at the
achievements in research programs conducted during the year. This report proceeds to tell about the breakthroughs created
by our researchers amid difficult times, proving the fact that the staff of iG always display quality even during tough times. The
impact of our research was given some important recognition by several professional institutes, further strengthening the
bonds with these institutes. Following these excellent achievements, IIG also continued to expand and diversify various
research programs.

Even with the rise in global problems faced by our employees, our focus changed from survival back to success. The rise of the
COVID-19 pamdemic did not hinder the determination of I1G staff as they continued to strive for success. Our response to the
guidelines directed by the Government of India to keep our staff and Institute safe has been impeccable as we have and will
continue to thrive amid these unexpected challenges. These extraordinary times called for extraordinary steps and measures
taken by lIG as it stood tall throughout this difficult yet successful year. This report does tell about the achievements and
research done in the previous year but IIG is also looking forward to face these unexpected challenges ahead as a pioneer
research institute.

Looking back, IIG takes immense pleasure to share its research programs done and the response measures created for the
emerging challenges in the fields of the lithospheric, ionospheric and magnetospheric sciences. The research shows the
immense complexities in these areas and also predicts the most important challenges to be faced in the coming years. IIG
instrumentation team worked hard in mitigating problems at all observatories during this pandemic period by giving guidance
remotely to staff members stationed therein. During the cyclone Nisarga in Konkan Maharashtra, all the Instruments in our
prime observatory Alibag were secured to safe place and reinstated within few days after the cyclone had passed by.

Singular Spectrum Analysis (SSA) is applied to the daily and monthly mean hourly values of in-situ observations of solar wind
and interplanetary parameters for the period 1965 — 2006 that covers four complete solar cycles (20, 21, 22 and 23) along with
Horizontal Component (H) of the Earth's magnetic field at Alibag. While Long term changes are associated to the solar
magnetic activity, the short term changes are related to the modulation of solar wind features due to rotation of the Sun.

Under the program Studies on atmospheric and ionosphere coupled system, a unique Equatorial Plasma Bubble (EPB)
observation is presented from Equatorial Atmosphere Radar (EAR) that provides hitherto undisclosed evidence for the
smaller (3-meter) scale irregularities initially developing at higher altitudes and subsequently developing to lower altitudes.
This is likely to have significant impact on the latitudinal development of L-band scintillations. The case of intense and periodic
EPBs observed during April 8-9, 2013 by the 47 MHz EAR at Kototabang, Indonesia has been investigated in view of its
possible connection with the tropical cyclone Victoria. It is found that the secondary gravity waves generated by the dissipation
of primary gravity waves associated with tropical cyclone Victoria could have served as a seeding source on the generation of
periodic EPBs during these two consecutive days. The study about the duration of the evolving/active phase of freshly
generated ESF indicates that the active phase duration of EPBs is larger on disturbed days as compared to the usual post-
sunset generation of EPBs on quiet days, and it is controlled by both solar flux and strength of geomagnetic activity.
Highlighting the development of an empirical model of TEC over the African region using B splines using radio occultation
measurements done by the COSMIC satellites, scientists are of the view that this model can estimate TEC fairly well that
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would be measured by ionosondes over locations which do not have the instrument. Another importance of this study is the
fact that it has shown the potential of using basis spline functions for modelling ionospheric parameters such as TEC over the
entire African region. The magnetic field due to gravity and pressure-gradient currents present in the ionosphere may be
important while studying the ionospheric currents using low-Earth-orbiting (LEO) satellite measurements. Results suggest
that there is no need of correction for gravity and pressure-gradient currents if the satellite orbit is above 700 km, if the satellite
orbitis during night to morning times, and if the satellite traverses during a period of low solar flux.

Under the program Space Weather- Observations and Modelling, the exclusive role of solar wind density changes on the
prompt equatorial electric field disturbances using the long term observations of equatorial electrojet (EEJ) from the Indian
sector has been studied. The underlying physical mechanisms for the prompt equatorial electric field disturbances has been
discussed in light of enhanced high-latitude convection and additional field-aligned currents due to sudden enhancement of
solar wind density. Planar magnetic structures (PMS) are often observed in sheath regions driven by interplanetary coronal
mass ejections (ICMEs) and in corotating interaction regions (CIRs). Statistical studies of plasma properties within planar and
non-planar ICME sheath regions using in situ data from the Advanced Composition Explorer (ACE) spacecraft revealed that
the strength of the southward/northward magnetic field component is almost double in planar sheath regions compared with
non-planar sheath regions and that planar sheaths are more geo effective than non-planar sheaths.

Simulation of charged particles trapped along the magnetic field line in the Earth's inner magnetosphere has been studied.
These particles keep performing gyration, bounce and drift motions until they enter the loss cone and get precipitated to the
neutral atmosphere. These simulations demonstrate that the existing theoretical expression sometimes overestimates or
underestimates the magnetic mirror point latitude. Furthermore, the simulations show that the particles with lower equatorial
pitch angles have their mirror points inside the high or mid-latitude ionosphere. A three-dimensional test particle simulation
model is developed in which the relativistic equation of motion is solved numerically using the fourth and sixth-order Runge-
Kutta methods. The study implies that a simulation model with sixth-order Runge-Kutta method can be applied to the time-
vary, non-analytical form of magnetic configuration in future studies to understand the dynamics of charged particles trapped
in Earth’s magnetosphere. A new class of ion-acoustic solitons that can exist below the critical Mach number is reported for the
firsttime in three-component plasma consisting of hot electrons, and two counter-streaming ion beams. This new class of slow
ion-acoustic solitons can exist in the parametric regime where the system is stable to counter-streaming ion beams instability.
The longitudinal structure of the oxygen torus in the inner magnetosphere for a specific event found on 12 September 2017,
using simultaneous observations of the Van Allen Probe B and A rase satellites is investigated. It is found that Probe B
observed a clear enhancement in the average plasma mass. In the afternoon sector, both Probe B and A rase found no clear
enhancements in plasma mass. This suggests that the oxygen torus does not extend over all MLT but is skewed toward the
dawn. A crescent-shaped torus or a pinched torus centered around the dawn may be a general feature of the O+ density
enhancement in the inner magnetosphere. The new finding is that the electromagnetic ion cyclotron (EMIC) wave in the H+
band appeared coincidently with the oxygen torus. The oxygen torus in the inner magnetosphere may play an important role in
excitation of EMIC waves.

Under the Dynamical and Electro-dynamical coupling of Equatorial Atmosphere program, ionospheric response to two
consecutive earthquakes in Canada during October 2018 has been studied using TEC data. It has been observed that an
increase in TEC anomalies of moderate earthquake events occurred on the geomagnetically quiet days. Besides, increasesin
the TEC anomalies have shown wave-like structures in the ionosphere and it may have associated with acoustic waves
generated by earthquakes. The faulting mechanism of the earthquake and the propagation velocity of waves by TEC have
confirmed the presence of acoustic wave activity. Observations of Maxwell’'s current (air-earth current) for a short period
during lightning hours and fair weather days of 2019 at an equatorial station Tirunelveli have been investigated to understand
the behaviour of air-earth current system during severe meteorological disturbances. Unusual lighting activity was noted
during the peak summer and corresponding electric variability in air-earth current amplitude and phase charge in electric field
were measured. During fair weather days, the current density is only a few pico amps. However, a tenfold increase in the
current density was noted during disturbed weather conditions. This indicates that a rise in temperature led to enhanced
convection during mid-day hours, which in turn, contributed to source activity. It is reported for the first time that the rise in
temperature is covariant to source activity. It is found that the wind flow to be moderately south-westerly during the period of
observation.

Under the flagship program Coupled Lithosphere-Atmosphere-lonosphere-Magnetosphere system, anisotropy of magnetic
susceptibility (AMS) of earthquake induced liquefaction dikes display prolate or triaxial AMS ellipsoids and that of depositional
layers display a sedimentary AMS fabric from Dhubri fault region, Assam. Extensive analysis of 59 dip-slip earthquakes is
carried out to study the effect of focal depth on CIP amplitudes. The analysis shows that deep earthquakes generate smaller
Coseismic lonospheric Perturbations (CIP) amplitudes. The sudden ground movement during earthquakes is responsible for
the transfer of seismic energy to the atmosphere. The study shows that CIP amplitudes are not only sensitive to earthquake
magnitude but also to their focal depth. CIP amplitudes appear to scale with the maximum values of vertical surface
displacement rather than their average. Thus, the energy transfer is more efficient during shallow earthquakes.
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In Polar Science program, a series of sub-storms called high-intensity long-duration continuous AE activity events
(HILDCAAs) were studied. To understand the mechanism, global Cosmic Noise Absorption (CNA), auroral images by a
space-based Imager, energetic electron flux data from geostationary satellites and magnetic field measurements covering
almost all latitudinal and local time sectors were studied. These shock-induced super-substorms (SSSs) have extremely high
intensities and long durations. The possible mechanism proposed to explain the anomaly in the present context is viscous
interaction via Kelvin Helmholtz instability. Also adiabatic compression, and field aligned current intensification can lead to
particle injection during impulse induced substorms.

Under the Hazards Evolution and Resources program, scientists have studied the Deccan Volcanic Province (DVP) of
Maharashtra with several objectives. Variations in magnetic susceptibility and chemical weathering indices from Jawale
sediments, Pravara valley, DVP, suggest that chemical weathering was more intense because of increased rainfall in the
bottom of the section and slackened monsoon decreased the chemical weathering in the top of the section. Preliminary
magnetic experimental work is performed for some sediment samples in a 1 m trench near Unhavre spring. Thermomagnetic
results infer the magnetic mineralogy is controlled by magnetite. The preliminary Anisotropy of magnetic susceptibility results
obtained from these sediments is used to understand the magnetic fabrics and their palaeo-current directions. The
reconstructed palaeo-current directions are in NE-SW. Audiomagnetotellurics (AMT) a Magnetotelluric (MT) surveys were
carried out along E —W profiles across Aravali, Tural and Rajawadi geothermal springs to decipher the geoelectric structure
and possible source zone of hot water springs. 2D modeling of AMT data across Aravali, Tural and Rajawadi profiles brings out
a dipping conductor (~ 5-10 Ohm-m) at a shallow depth that may represent a zone of fracturing within the sedimentary basin
through which hot water is brought to the surface. These anomalous structures are associated with the geothermal field. MT
studies revealed a conductive zone associated with a fracture/fault zone sandwiched between two resistive blocks. This zone
extends to greater depths and could be a source for Deccan volcanism. These fracture/fault zones have facilitated magma
spreading both vertically as well as horizontally. Comparison of VLF and ground magnetic data suggests that the magnetic
lows correspond to high conductive anomalies while highs correspond to low conductivity anomalies. The high conductivity
anomalies were interpreted as representing water in fracture zones at shallow depth levels. Integration of data helped to map
the depth and lateral extent of these conductive zones in and around the Rajawadi spring. The Moho depth and crustal
thickness variation over the Comorin Ridge and adjoining regions were computed through three dimensional inversion of
Complete Bouguer Anomalies (CBA) and Mantle Residual Gravity Anomalies (MRGA). The Moho depths thus computed were
compared with those inferred from available seismic reflection and receiver function studies in the region and a reasonably
good agreement is obtained for the Moho depth derived from the inversion of MRGA. Magnetic susceptibility (MS) and NRM
intensity measured on the samples collected from Raksha Shear zone, Chhatarpur, Khajuraho and Mahoba regions of
Bundelkhand Craton suggested two groups of palaeomagnetic ChRM directions corresponding to (i) NW-SE directed dyke
swarms and (ii) E-W trending Mahoba dyke of Bundelkhand Craton. AMS investigations on the specimens revealed the
presence of Prolate and Oblate shaped magnetic grains in equal proportion.

This annual report shows how successful and creative year IIG has faced. The research findings published by the IIG
scientists totals into 77 research papers with a cumulative impact factor of 201.261. A total of 8 Ph.D.s were produced during
the year. Along with 3 invited lectures, IIG researchers presented 10 papers in national and international conferences. Over
the duration of the year, 11G staff members participated in 19 specialized workshops and training courses. Indian Institute of
Geomagnetism was bestowed upon with the opportunity to organize a Hindi Essay writing competition under the aegis of
TOLIC. Admist the highly appreciated event, an IIG staff member bagged a prize in the competition. Under the Science
Outreach Programs, IIG was given the honor to organize the “games and toys” event for the 6th edition of the Indian
International Science Festival 2020, with more than three thousand registered participants across the country.

All the staff members of 11G would like to express their gratitude to the Governing Council of lIG, the Research Advisory and the
Finance Committee for their immense cooperation and their valuable support. It is due to their belief 11G was able to cap off this
successful year.

During the year there was never once a moment with a false note as IIG soared in these challenging times. As | come to an end
of an eventful innings at IIG, | am eternally thankful for the creative breakthroughs made by all my colleagues. | am happy to
announce that the grit shown by the staff has paid off duely. | am very sure that the next person at the wheel would enjoy this
journey as much as | did. It was an honor to work with such amazing group of people.

I wish every colleague of mine at 11G a very happy and prosperous Golden Jubilee year and pray for the well-being of all. Thank
you.

D.S. Ramesh
Director

August 23, 2021
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. Ashwini K. Sinha

. All technical staff of ODA at HQ and
other observatories; All instrumentation
division staff at HQ; All WDC staff and
All computer section staff,

Geeta H. Vichare, Gopi K. Seemala

Chief Coordinator
Members

Institute's magnetic observatories uses indigenously
developed PPMs for absolute observations. To equip the
observatories with PM-7 (0.1nT), 2 units of PPMs were
assembled, tested and calibrated in the laboratory. These
units were compared with Alibag standard PPM and were
installed at Jaipur and Shillong observatories.

IIG instrumentation team helped in mitigating problems at all
observatories during this pandemic period by giving
instructions remotely to staff members stationed therein.
During the cyclone Nisarga in Konkan Maharashtra, all the
Instruments in our prime observatory Alibag were secured to
safe place and reinstated within few days after the cyclone
had passed by.

The glitches of Overhauser PPM at Silchar, Rajkot, and
Nagpur Observatories were solved by online
communication. The DFM electronic consoles of
Vishakhapatnam, Allahabad, and Pondicherry were repaired
and replaced. Four units of data loggers with GPS were
assembled and sent to Nagpur, Vishakhapatnam, and
Shillong observatories as replacement.

IIG hosts the World Data Centre (WDC) for Geomagnetism,
Mumbai as part of the World Data System (WDS)
established by ICSU. Users from all over the globe get
registered and access/download the data from the WDC
website (http://wdc iig.res.in) for their scientific usage. The
process of switching over from MPLS (Multi-Protocol Label
Switching) technology to ILL (Internet Lease Line)
technology for point to point connectivity link between
observatories and HQ with enhanced bandwidth for better
communication facilities to transfer data and video
conference, has been completed.

INTERMAGNET is a global network of observatories,
monitoring the Earth's magnetic field, adopting modem
standards for measuring and recording equipment in order to
facilitate high resolution data exchange in near real time. lIG
is a participating Institute in this programme. Earth's
magnetic field data received from ALIBAG and JAIPUR are
processed and emailed to Kyoto GIN in near real time.

These data can be viewed as Quick-Look plots at the Kyoto
website (http://wdc.kugi.kyoto-u. ac. jp / plot _ realtime
/intermagnet/index.html). The downloaded data “les from
the FTP and web servers till April 2021 is shownit.

ALIBAG Data Downloaded from FTP & Web servers
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Alibag data downloaded from FTP and web servers.

Following development work continued in order to achieve
the target during the year which was critically marred by the
pandemic Covid-19.

1) Linux based data logger was developed at preliminary
level and is being tested on Ubuntu 8.4.5 platform. Data is
being recorded in text format. Work on graphical
presentation and consolidation is in progress.

2) Preliminary study is going on for temperature regulation
using an alternative method that will not induce noise and
maintain stability.

3) As an ongoing process of PPM upgradation, electronics
are being tested forimproved precision and sensitivity.

Impact of solar wind at the Earth’s magnetosphere changes
the ground magnetic field variations at multiple time scales.
To explicate different periodicities, Singular Spectrum
Analysis (SSA) is applied to the daily and monthly mean
hourly values of in-situ observations of solar wind and
interplanetary parameters for the period 1965 — 2006 that
covers four complete solar cycles (20, 21, 22 and 23) along
with Horizontal Component (H) of the Earth's magnetic field
at Alibag. Long term changes such as 22-year (Hale cycle)



and 11-year (Solar cycle) are related to the solar magnetic
activity. However, the short term changes of 25- 27-days are
related to the modulation of solar wind features due to
rotation of the Sun. <hows the time variation plots of
the significant reconstructed components in H-range at
Alibag, which possesses long term periodicities such as 10.5
year, 5.5 year, annual, semi-annual, 40-month, 11-month
efc.
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1970 1980 " 1990 2000
Time variation plots of nine significant reconstructed
components (RCs) of monthly mean ranges of H-field
at Alibag isolated through adaptive filtering by singular
spectrum analysis for all days from 1965 to 2006 for
solar cycles 21-23.

An eighty page report was prepared entitled “Azimuth
Calibration and Gradient Survey for Magnetic Observatories
under Indian Institute of Geomagnetism” and was submitted
to the institute on 28th September 2020.

A“Real Time Data monitoring system”, is being developed at
Pondicherry Observatory. This system helps in monitoring
the status of all the variation instruments running at this
observatory by displaying the plots of the data being
recorded in mobile phone. This systemh¢™ inre " icing the
downtime of instruments and the data loss .

Mobile screen of Real time data monitoring of
Pondicherry Observatory.

S. Gurubaran
Geeta H. Vichare

Rajesh Singh, S. Sripathi,

S. Tulasiram, Bharti Kakad,

G. K. Seemala, Mala S. Bagiya,
A. P. Kakad, S. Sathishkumar,
R.Ghodpage, P.Mahavarkar,

P. T. Patil, V.C. Erram, R. Rawat,
K. Jawahar, C. Selvaraj,
N.Venkatesh, K. Emperumal,

P. Tiwari and S. Banola

The Equatorial Plasma Bubbles (EPBs), once developed,
grow nonlinearly into topside ionosphere and simultaneous
secondary instabilities lead to the development of shorter
scale irregularities. The altitudinal growth and generation of
smaller scale irregularities determines the spatio-temporal
occurrence and the intensity of ionospheric scintillations at
wide spectrum of radio waves and have significant
implications on the GNSS/Satellite Based Augmentation
Systems. As the bubble grows into topside ionosphere, the

significant reduction of ion-neutral collisions and increased
ratio of F- to E-region field-line integrated conductivities give
rise to more rapid development of intermediate-to-shorter
scale irregularities at topside compared lower altitudes. The
greater structuring of EPBs in the topside ionosphere is
found to be one of the important factors explaining the much
stronger L-band scintillations at low-latitudes compared to
equatorial latitudes besides the higher background density
and larger density gradients. This study presents a unique
EPB observation from Equatorial Atmosphere Radar (EAR)
that provides hitherto undisclosed evidence for the smaller
(3-meter) scale irregularities initially developing at higher
altitudes and subsequently developing to lower altitudes
which would have significant impact on the latitudinal
development of L-band scintillation

Unique observational evidence

for the early developmeni

of 3-m scale irregularities

initially at the topside region

. . .+ of an Equatorial Plasma

- R Bubble and subsequently
e at lower altitudes.
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The interesting cases of intense and periodic EPBs observed
during 08 and 09 April 2013 by the 47 MHz Equatorial
Aitmosphere Radar at Kototabang, Indonesia have been
thoroughly investigated in view of its possible connection
with the tropical cyclone Victoria. The periodic EPBs are
separated by about 200-250 km and were found to initiate
before the sunset. The pre-sunset onset and development of
these periodic EPBs were discussed in light of the gravity
waves (GWs) excited in connection with the deep convection
due to the tropical cyclone Victoria. The outgoing long-wave
radiation measurement by very high-resolution radiometer
(VHRR) onboard Indian meteorological satellite Kalpana-1
shows the occurrence of deep convective activity during
these days. The presence of upward propagating gravity
waves from the deep convective region associated with TC
Victoria was confirmed using the GPS radio occultation
observations. The GW signatures at ionospheric altitudes
were also observed from the lonosonde observations over
magnetic equator and medium scale (~300 km) GWs were
observed from the GPS- TEC data near to the magnetic
equator and cyclone center. From the GW parameters
observed from GPS-TEC and GPS-RO, it is surmised that
the secondary GWs generated by the dissipation of primary
GWs associated with TC Victoria could have served as a
seeding source on the generation nf periodic EPBs during
these two consecutive days
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The intense and periodic development of several
equatorial plasma bubbles over Southeast Asian
region in connection with the gravity waves originated
from deep convective region associated with the
trobical cvelone. Vietoria.
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Usual generation of ESF irregularities in the post-sunset
hours on quiet days, and midnight or post-midnight
generation of ESF irregularities on magnetically disturbed
days is well known. However, there is little information about
the duration of the evolving/active phase of these freshly
generated ESF. The duration of active/evolving phase of
FESF refers to the duration for which the perturbation electric
field associated with equatorial plasma bubbles (EPBs)
drifting over Tirunelveli is alive. The active phase of FESF
irregularity has been identified and estimated their duration
for quiet and disturbed days. The study indicates that the
active phase duration of EPBs is larger on disturbed days as
compared to the usual post-sunset generation of EPBs on
quiet days, and it is controlled by both solar flux and strength
of geomagnetic activit,

g Hidars
n=30days

Nt doy

Jercentage of days having active phase durations
(td, in minutes) in three different bins are shown for
low, moderate and high solar flux periods.
These percentages are shown in panels (a-c) for
18-34 LT for quiet (blue) and disturbed (red) days.
Whereas percentages shown in panels (d-f)
corresponds to 18-22 LT for Q-days (blue) and 22-34
LT for D-days (red).

The active phase duration of FESF observed at
Tirunelveli as a function of (@) SYMHmin, (b) Bzmin (c)
Eymax and (d) Kpmax. The Bzmin, SYMHmin, Eymax
and Kpmax are considered as a proxy to measure the
strength of geomagnetic activity for magnetically D-
days on which the generation of FESF is observed.
The probability distribution function of td for two levels
of (e) SYMHmin, (f) Bzmin, (g) Eymax and (h) Kpmaix
are shown.




The storm induced disturbance winds and disturbance
electric fields can cause the generation and evaluation of
post-midnight Equatorial Plasma Bubbles (EPBs) and zonal
drifts reversals even during weak magnetic disturbance. This
study has been conducted using CADI located at dip
equatorial station, Tirunelveli, all-sky imager (ASI)
observations at low latitude station Panhala and GIRI radar
at Gadanki which is situated a few degrees towards east and
south of Panhala on 02-03 February 2017 nigh

During this night, IMF Bz showed its periodic varlatlon
starting from 16:00 UT to 23:00 UT accompanied by
decrease in SYM-H to as low as -35 nT indicating the onset of
weak magnetic storm. The analyzed results suggested that
cause of post-midnight EPBs could be due to manifestation
of fluctuating eastward/westward electric field due to
combined under-shielding/over-shielding Electric Fields and
disturbance dynamo electric fields that led to rise and fall of
the F-layer over dip equator. The westward drift of EPBs at
Panhala and its anti-correlation with vertical drifts has been
confirmed from CADI zonal/vertical drifts . The
study also investigated the role of storm induceu vertical Hall
electric field as a possible cause for westward drifts and its
anti-correlation with vertical drifts.
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The results presented here highlights the important role of
the PRE in pre-conditioning the EIA crest region using 10
years (2010-2019) of vertical TEC data from Ahmedabad
(23.0°N, 72.6°E, dip angle 35.2°) and campaign based Ol
630.0 nm airglow intensity measurements from Mt. Abu
(24.6°N, 72.7°E, dip angle 38.0°). It is shown that plasma
density over the EIA crest region increases in varying
degrees during post-sunset hours (20002100 LT) in

magnetically quiet periods. The post-sunset peak in VTEC
precedes the corresponding peak in airglow intensity. By
comparing post-sunset VTEC enhancements with ionosonde
observations from Tirunelveli, it is shown that PRE of the
zonal electric field causes these enhancements over the EIA
crest region. These observations are supported by TEC
measurements by GAGAN, the Indian SBAS. Comparison of
average VTEC variations with global empirical model drifts
reveals that the post-sunset enhancements in VTEC occurs
~ 1.7 h after the PRE and are significant only during
December solstice and equinoctial months in high solar
activity years similar to seasonal variations in PRE
amplitudes. This time delay (response time of EIA crest) is
almost half compared to the average response time (3—4 h)
associated with the daytime fountain. Based on the
latitudinal gradientin SBAS-TEC, itis proposed that the PRE

drives plasma from 5°N to 10°N magnetic latitudes to the

EIA crest region leading to shorter response time.



The results analyzed here highlight the development of an
empirical model of TEC over the African region using B
splines. For this, the TEC data were obtained from radio
occultation measurements done by the COSMIC satellites.
Data during geomagnetically quiet time for the years
2008—-2011 and 2013—2017 were binned according to local
time, seasons, solar flux level, and geographic longitude and
latitude. B splines were fitted to the binned data to obtain
model coefficients. The model was validated using actual
COSMIC TEC data. The validation exercise revealed that
approximation of observed TEC data by our model produces
a root mean square error (RMSE) of 5 TEC units. Moreover,
the modelled TEC data correlated highly with the observed
TEC data (r = 0.93). The model is able to reproduce well-
known TEC features such as local time, seasonal, solar
activity cycle, and spatial variations over the African region.
Further validation of this model has been done using TEC
measured by ionosonde stations over South Africa at
Hermanus, Grahamstown, and Louisville revealed r values
>0.92 and RMSE <5.5 TECU. These validation results imply
that this model can estimate TEC fairly well that would be
measured by ionosondes over locations which do not have
the instrument. Another element of significance of this study
is the fact that it has shown the potential of using basis spline
functions for modelling ionospheric parameters such as TEC
over the entire African region.

Here, the occurrence characteristics of the EPBs using Ol
630.0 nm ASI night airglow observations over Kolhapur
during the solar cycle-24 are investigated. The important
findings of this study are: 1) increase in the occurrence of
EPBs with respect to the solar activity; 2) suppression of
EPBs on 71 disturbed nights, while enhancement of EPBs on
22 nights under magnetic disturbance; 3) EPBs occurrence
during equinox months is found to be higher than winter
months during ascending phase of solar cycle-24; and, 4)
EPBs are mostly observed in the pre-midnight sector in the
high solar activity (HSA) period, while they are seen in the
post-midnight to dawn sector during the low solar activity
(LSA) period. The results further suggest that non-
occurrence of EPBs during equinox in the year 2018 seems
to be peculiarto Kolhapur which needs further investigations.

To investigate the dynamics of observed EPBs, the multi-
instrument observations from an all-sky imager (ASI),
Canadian Advanced Digital lonosonde (CADI) from
Tirunelveli and ionospheric backscatter echoes data of
Gadanki lonospheric Radar Interferometer (GIRI) radar from
Gadanki over Indian regions have been utilized. The optical
observations from Panhala reveal clear signatures of EPBs
from 1630 UT onwards which were also recorded in the
Range-Time-Intensity maps obtained by GIRI and
corresponding ESF occurrence was also noted in CADI at

Tirunelveli. On this night, two EPBs (EPB1 and EPB2) were
observed with an inter-depletion distance of ~600 km. The
EPB1 drifts eastward and evolves with time as bifurcated
structures while the trailing EPB2 drifts eastward initially and
eventually drifts westward. It is believed this is the evidence
of differential drifts of EPBs imaged through ASI over narrow
longitudinal zone over the Indian region.

The presence of a distinct diurnal pattern in the total number
of gamma ray counts detected by the Nal detector has been
reported. The counts start decreasing after sunrise and show
gradual recovery after sunset. The amplitude of this variation
is quite significant (>10%) at the observation site Tirunelveli.
However, further investigation based on different energy
ranges reveals that the mentioned diurnal pattern is actually
present only in the energies related to the terrestrial
background radioactivity. The study demonstrates that the
pattern is associated with the radioactivity of isotopes of
radon (222Rn and 220Rn) and their daughter radionuclides.
The amplitude of the diurnal variation is found to have
seasonal dependence, with the lowest amplitude during
June-October (~ 2%), and highest in April-May months
(~14%). The observed diumal pattern is attributed to the
generation of the inversion layer. The distribution of
concentration of radon and thoron progenies in an air column
changes with the vertical mixing and atmospheric boundary
layer (ABL), resulting in the diurnal variation of - rays. The
observed lower amplitudes in the months of June-October
may be due to the presence of downward winds restricting
the radon movement to a thin layer, giving smaller
amplitudes of the diurnal variation in total gamma ray flux
resulting in seasonal variation.

The currents due to gravity and plasma pressure-gradients
flow in the Earth's ionosphere, whose contribution in the
ground magnetic field measurements is negligible compared
to that of ionospheric dynamo. However, considering the
magnetic field due to gravity and pressure-gradient currents
present in the ionosphere may be important while studying
the ionospheric currents using low-Earth-orbiting (LEO)
satellite measurements. Above the F region peak where LEO
satellites generally fly, the directions of these two coexisting
currents are opposite and the net magnetic field along the
ambient magnetic field is non significant. In view of the
diamagnetic corrections being applied to the LEO magnetic
field measurements to account for the pressure-gradient
currents, itis imperative to compute the magnetic field effects
of these currents using actual observations of ionospheric
electron densities. The gravity and pressure-gradient
currents has been estimated using altitude profiles of
electron density obtained from the Constellation Observing
System for Meteorology, lonosphere, and Climate



(COSMIC) satellite cluster. The magnetic variations due to
these currents are estimated at different heights, latitudes,
solar fluxes, and local time The study suggests
that there is no need of correction for gravity and pressure-
gradient currents in the magnetic field measurements by the
LEO satellite if the satellite orbit is above 700 km, if the
satellite orbit is during night to moming times, and if the
satellite traverses during a period of low solar flux.
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The four Magnetospheric Multiscale (MMS) spacecraft
observed energetic (E > 50 keV) ion bursts exhibiting an
inverse dispersion in the magnetosheath on 28 December
2015. It was examined if these ions originated from the
magnetosphere. The ion composition ratios, flux levels, and
the spectral slopes of the energetic ion energy spectra
observed in the foreshock and in the magnetosheath
resemble those in the outer magnetosphere but differ
significantly from those seen further upstream from the bow
shock at ACE. The particle gyrocenters lie earthward from
the spacecraft, indicating that the maximum ion fluxes come
from close to the magnetosphere. A 3-D global hybrid
simulation shows that escaping magnetospheric ions can be

- - -
( 1 L al

scattered and transported across the magnetosheath.
Based on ground magnetometer observations, it has been
suggested that the inverse energy dispersion event can be
explained by a magnetic field rotation that connects MMS to
the subsolar magnetosphere, enabling high-energy particles
from deep within the inner magnetosphere gain access to
the magnetopause and magnetosheath.

The series of X and M class flares and associated coronal
mass ejections that occurred on the first days of September
2017 induced significant perturbations on the low-latitude
ionospheric electrodynamics. On 8 September in the Indian
sector, the storm caused a severe modification of the
equatorial electrojet (EEJ) with a consequent variation of the
ionospheric structuring and dynamics. An original method to
isolate and identify EEJ variations from geomagnetic data
has been proposed and the presence of equatorial plasma
bubbles (EPB) have been detected from L-band total
electron content (TEC) data in order to understand their
movement. The EPB (or EPBs) occurring in the south of India
is/are freshly generated just above the magnetic equator,
and is/are likely triggered by the sudden increase of EEJ just
before the local sunset, acting as a pre-reversal
enhancement. The EPB appearing in the North-East Indian
region is associated with a migrating structure, resulting in a
northward movement with a velocity of about 650 m/s,
possibly testifying the passage of a large-scale traveling
ionospheric disturbance. The occurrence of severe post-
sunset scintillations in the northeastem sector suggests a
possible cascade process forming small-scale irregularities
from the migrating EPB.

The role of IMF By on the asymmetry of the ring current
during the main phase of geomagnetic storms is evaluated.
The mean H variations have been calculated using 31
ground magnetic stations over magnetic latitudes of 09-45°
and the magnetic local time (MLT) variations in the H-
component at these stations w.rt. the mean H were
investigated for three cases of geomagnetic storms with
varying southward IMF Bz and IMF By conditions. The
primary role of IMF Bz on the asymmetry of the ring current is
observed from these cases. More importantly, the
investigation brings out for the first time, the additional role of
IMF By influencing the MLT distributic of ri a current
observed at ground magnetic stations Under
southward IMF Bz conditions, it is shown based on
SuperDARN and AMPERE data that IMF By can alter the
MLT distribution of ring current under suitable conditions.
The timescales of IMF By also play very important role in
determining the asymmetry in the ring current. Under steady
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convection state, IMF By can rotate the convection cells
based on its polarity, which in turn can change the MLT
distribution of ring current observed by low latitude ground
stations. This investigation, thus, brings out the important
role of IMF By on the asymmetric MLT distribution of ring
current under southward IMF Bz.
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The MLT variation of AHasy (bottom panels) in
response to the variations of IMF Bz and By (top
panels) during the main phase of the magnetic
storms.

While the Sun is generally more eruptive during its maximum
and declining phases, observational evidence shows certain
cases of powerful solar eruptions during the quiet phase of
the solar activity. Occurring in the weak Solar Cycle 14 just
after its minimum, the extreme space weather event in 1903
October — November was one of these cases. Here, the time
series of geomagnetic activity is constructed based on
contemporary observational records. With the mid-latitude
magnetograms, the 1903 magnetic storm is thought to be
caused by a fast coronal mass ejection (~1500 km/s) and is
regarded as an intense event with an estimated minimum Dst
of ~-513 nT. The reconstructed time series has been
compared with the equatorward extension of auroral oval
(~44.1° in invariant latitude) and the time series of
telegraphic disturbances. This case study shows that
potential threats posed by extreme space weather events
exist even during weak solar cycles or near their minima.

Planar magnetic structures (PMS) are often observed in
sheath regions driven by interplanetary coronal mass
ejections (ICMEs) and in corotating interaction regions
(CIRs). Here, plasma properties are statistically studied
within planar and non-planar ICME sheath regions using in
situ data from the Advanced Composition Explorer (ACE)
spacecraft. The study includes 420 ICME-driven sheaths
from 1998-2017. It is found that 146 (~35%) ICME-driven
sheaths are planar, whereas 274 (~65%) are non-planar.
This study found that the average plasma temperature,
density, speed, plasma beta, thermal pressure and magnetic

ne

pressure are higher in planar sheaths than in non-planar
sheaths. This implies that high compression plays an
essential role in the formation of PMS in sheath regions.
Interestingly, this analysis reveals explicitly that the strength
of the southward/northward magnetic field component is
almost double in planar sheath regions compared with non-
planar sheath regions. This suggests that planar sheaths are
more geoeffective than non-planar sheaths.

Seasonal response of the equator and low latitude
ionosphere to three major storms in 2015 namely St.
Patrick’s Day storm, 22-23 June and 19-20 December has
been studied using ionosondes and GPS receivers. As these
storms fell on three seasons, the study examined the role of
electric fields vis-a-vis meridional winds under these
seasons for the storm-time changes in the composition,
winds and waves and their role in the occurrence of plasma
irregularities and positive and negative ionospheric storms. It
is noticed that the positive (negative) storms occur in
December (June) during the main phase. It is also noticed
that the positive (negative) storms occur at equator (low
latitude) during March in the recovery phase. The h'F at
equator is modified significantly by the orientation and
magnitude of storm-time zonal electric field. While the St.
Patrick's day storm showed abrupt increase of h'F due to
absence of low latitude Es layers and addition of eastward
electric field to the existing post-sunset enhancement of
eastward electric field leading to the generation of severe
plasma irregularities and L-band scintillations at wide
latitudes, they are suppressed during June in the mid-night
sector due to westward electric field. However, during
December, simultaneous increase of h'F in the pre-dawn
sector caused generation of plasma irregularities. The
results suggest that ionosphere over India is significantly
modified by the storm processes in the night sector during
winter due to efficient coupling.

Prompt penetration of convection/overshielding electric
fields to equatorial and low-latitudes during the
southward/northward turnings of interplanetary magnetic
field (IMF Bz) has been widely known. The other types of
penetration electric fields due to sudden changes in the solar
wind dynamic pressure, IMF By and during the onset of
substorms have also been recognized. This study brings out
the exclusive role of solar wind density changes on the
prompt equatorial electric field disturbances using the long
term observations of equatorial electrojet (EEJ) from the
Indian sector. In response to the sharp increases in the solar
wind density, prompt increases/decreases in the EEJ
indicating the eastward/westward PPEF of ~20 minute
periods have been consistently observed on the day/night



sides. The prompt equatorial electric field disturbances of the
opposite polarity have also been observed when the density
decreases sharply. Further, the polarity of these PPEF
disturbances do not show any clear dependency on the
direction of IMF Bz and By. This study is the first report with a
statistically significant number of observations on the
characteristics of equatorial electric field disturbances in
response to the sudden enhancements/decreases in the
solar wind density alone on both day and night sides. The
underlying physical mechanisms for the prompt equatorial
electric field disturbances have been discussed in light of
enhanced high-latitude convection and additional field-
aligned currents due to sudden enhancement of solar wind
density
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In the Earth’s inner magnetosphere, there exist regions like
plasmasphere, ring current, and radiation belts, where the
population of charged particles trapped along the magnetic
field lines is more. These particles keep performing gyration,
bounce and drift motions until they enter the loss cone and
get precipitated to the neutral atmosphere.
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The test particle simulations are performed to model these
motions. These simulations demonstrate that the existing
theoretical expression sometimes overestimates or
underestimates the magnetic mirror point latitude depending
on the value of L-shell, energy and gyro-phase due to
underlying guiding center approximation. For heavier
particles like proton and oxygen, the location of the mirror
point obtained from the simulation deviates considerably
(~ 10°-16°) from their theoretical v lues when energy and
L-shell of the particle are higher Furthermore,
the simulations show that the pat _cles with lower equatorial
pitch angles have their mirror points inside the high or mid-
latitude ionosphere.
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The deviation of the theoretical and simulation
results of magnetic mirror points as a function of the
equatorial pitch angle for different L-shells. a, d, g,
areforoxygenions, b, e, h, kareforproton, and ¢, f,i,
I are for electrons. The magnitude of the absolute
deviation is shown by the colour bar.

A three-dimensional test particle simulation model is
developed in which the relativistic equation of motion is
solved numerically using the fourth and sixth-order Runge-
Kutta methods. The stability of the simulation model is
verified by checking the conservation of total kinetic energy
and adiabatic invariants linked with each type of motion

. It is found that the sixth-order Runge-Kutta
method is essential to trace the complete trajectories
(gyration, bounce and drift) of both proton and electron of a
wide energy range, 5 keV to 250 MeV forL=2-6. The study
implies that a simulation model with sixth-order Runge-Kutta
method can be applied to the time-vary, non-analytical form
of magnetic configuration in future studies to understand the
dynamics of charged particles trapped in Earth's
magnetosphere.
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The trajectories of proton of energy 5 MeV at L= 4
with pitch angle of aeq =30°in Earth’s dipolar
magnetic field for 120 s. The dipole moment is in
z-direction. The black arrows show wesiward motion
of proton due to VB x B drift. (a) Shows three-
dimensional trajectory of proton (b) the top view of
the proton motion in xy plane as seen from the north
magnetic pole.

Coherent bipolar electric field structures ubiquitously found
in various space and astrophysical plasma environments.
They play an important role in plasma transport and particle
acceleration. A new theory is provided to give satisfactory
explanation to ion-hole obsen itions “v Magnetospheric
Multiscale (MMS) spacecraft A\ salient point is
that this theory incorporates 1 ie electron dynamics in the
theoretical formalism, which removes ambiguities
associated with existing theories, thus showing that the new
theory for ion holes may be widely applicable for space and
astrophysical plasmas.
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It is commonly believed that ion-acoustic solitons can only
exist above the critical Mach number in a plasma system. A
new class of ion-acoustic solitons that can exist below the
critical Mach number is reported for the first time in a three-
component plasma consisting of hot electrons, and two
counter streaming ion beams. The analysis is based on the
Sagdeev pseudopotential technique, and considers a simple
case of two counter streaming proton beams with equal
density and streaming velocity. Linear stability analysis
shows that the slow ion-acoustic modes become unstable
due to ion beam instability when the beam velocity is in the
range of (0.55-1.14)C,, where C, is the ion acoustic speed.
When the streaming velocity is below or at a threshold value,
U,, =1.14 C,, only the regular solitons having Mach numbers
greater than critical Mach number can exist. However, when
the streaming velocity exceeds the threshold value (all
modes are stable), both regular and the new class of ion-
acoustic solitons can exist. Hence, the new class of slow ion-
acoustic solitons can exist in the parametric regime where
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+he width and amplitude of all the observed ion
holes (shown with *+' symbols) are superimposed on
the physically allowed regions predicted by our
theoretical model, with the observed value of
temperature ratio (Tr= 0.4). This figure exemplifies
that the developed theoretical model is on a par with
the spacecraft observations.

:Variation of F(M), the second derivative of the
Sagdeev pseudopotentialat $=0, versus the Mach
number M for the normalized ion densities:
Ng=ny,=0.5, and ion temperatures o, = 0,= 6,=0.,.
Panel (a), ion beam speed, U,=0.,, and critical Mach
numbers occur at M,=t1.1402. Panel (b), U,=1.0,
only two critical Mach numbers (fast ion-acoustic)
are real occurring at M= £ 1.9124, the other two
roots are complex. Panel (c), U,=1.5, and there are
four real critical Mach numbers occurring at M= +
2.404 (fast ion-acoustic) and + 0.566 (slow ion-
acoustic).



The longitudinal structure of the oxygen torus in the inner
magnetosphere for a specific event found on 12 September
2017, using simultaneous observations of the Van Allen
Probe B and Arase satellites is investigated. It is found that
Probe B observed a clear enhancement in the average
plasma mass (M) up to 3—4 amu at L = 3.3-3.6 and magnetic
local time (MLT) = 9.0 hr. In the afternoon sector at MLT ~
16.0 hr, both Probe B and Arase found no clear
enhancements in M. This result suggests that the oxygen
torus does not extend over all MLT but is skewed toward the
dawn. A crescent-shaped torus or a pinched torus centered
around the dawn may be a general feature of the O* density
enhancement in the inner magnetosphere. The new finding
is that the electromagnetic ion cyclotron (EMIC) wave in the
H* band appeared coincidently with the oxygen torus. The
linear dispersion relation for EMIC waves suggests that both
He™* and O* ions inhibit EMIC wave growth and its stabilizing
effect is stronger for He* than O*. Therefore, when the H*
density or M is constant, the denser O* ions are naturally
accompanied by the more tenuous Het ions, resulting in
weaker stabilizing effect (i.e., larger growth rate). From the
Probe B observations, it is found that the growth rate
becomes larger in the oxygen torus than the adjacent region
in the plasma trough and the plasmasphere. The oxygen
torus in the inner magnetosr * :rem: play an important role
in excitation of EMIC waves .
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jolution of the linear dispersion relation for
clectromagnetic ion cyclotron (EMIC) waves. (a)
Wave number and (b) growth rate as a function of
wave angular frequency for the oxygen torus case,
that is, ion composition of (H':He":0") =
(80.6:3.4:16.0). Red curves show the branch of the
H' band EMIC waves. Parameters used in the
calculation are displayed in the top of panels. (c, d)
Same as in Figures 17a, b except for the no O+ ion
case, that is, the ion composition of (H:He":0") =
(80.6:19.4:0.0). (e, f) Same as in Figures 17a, b
except for M identical to the oxygen torus case (3.5
amu) with less O" ions, that is, the ion composition of
(HHe":0")=(67.8:19.4:12.8).

The nonresonant instability of kinetic Alfvén waves (KAWSs) is
studied in the presence of non-Maxwellian k-electrons
considering ion beam and velocity shear as the sources of
free energy in a theoretical model comprising of the
background ions and beam ions having Maxwellian
distribution and kappa-distributed electrons. In the presence
of k- electrons, the velocity shear alone as a source is able to
excite the KAWs nonresonant instability for a purely growing
mode, whereas, ion beam as a single source is unable to do
that. The combined sources of ion beam and velocity shear
can excite nonresonant instability of KAWs with a finite real
frequency. The presence of k-electrons narrows down the
wave unstable region and also restricts the wave to
propagate close to 90°. Itis observed that for smaller value of
plasma beta (B), two distinct wave eigen modes are found
and the coupling starts at a critical value of B and for further
larger value of B, the coupling continues to exist. Once the
coupling happens, it is difficult to distinguish between the two
waves modes. In the presence of k-electrons, the coupling
occurs at a comparatively larger value of plasma beta (8) and
smaller value of wave real frequency as compared to the
Maxwellian electrons
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Coupling of KAWs and IAWSs in presence of kappa
(x)-electrons for plasma parameters, ion to electron
temperature ratio, Ti/Te = 0.1; angle of propagation,
6= 84.3°, k= 2 and for different values of ion plasma
beta, Bi = 0.2 for (a), 0.6 for (b) and 0.8 for (c),
respectively.

A statistical study of EMIC wave occurrence and relevant
plasma parameters, along with their dependence on various
geomagnetic indices and solar wind parameters will be
investigated. It is planned to use multiple magnetosphere
missions to conduct this study and bring together the wave
and plasma dynamics in order to construct a comprehensive
picture of magnetospheric dynamics.
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The interaction of high velocity plasma with Earth’s magnetic
field is fundamental and offer many questions on high
latitude electrodynamics. The problems associated with
influence of electric field and Field Aligned Current (FAC)
generation is investigated with the aid of spherical cap
harmonic analysis at 83° Mag. Lat. in southern hemispheres.
The investigation is done on the cases with different
Interplanetary Magnetic Field (IMF) conditions after the earth
directed solar events. The helio-plasma parameters viz.,
density, velocity, energy, electron temperature are also noted
during the field aligned current studies. It seems that, due to
external magnetic field influence polarization of plasma
electric field take place (reorientation of the convective cells).
It happens with different orientation as per the magnitude
and direction of By and Bz component and the horizontal
currents. It is noted that the FAC value also depends on
kinetic energy of the plasma streams and conductivity of
external loading. As the plasma decelerates by force J_, X
E.,, the resultant current may extend along the field lines.
Increases in the FAC density are seemed to be proportional
to the transmission function.

Recently, two successive earthquakes with the magnitude of
6.8 and 6.5 which have occurred at 200 km southwest of Port
Hardy, Canada (49°N, 129°W) during October 2018 have
been considered for study. The TEC data has been acquired
from nearby stations of these two events. It has been
observed that an increase in TEC anomalies of about 0.1
TECU of moderate earthquake events occurred on the
geomagnetically quiet days. Besides, increases in the TEC
anomalies have shown wave-like structures in the
ionosphere and it may have associated with acoustic waves
generated by earthquakes. The faulting mechanism of the
earthquake and the propagation velocity of waves by TEC
have confirmed the presence of acoustic wave activity.

A study of the global electric circuit can help to understand
the electrical environment of the Earth’s atmosphere. This
approach provides a good frame work for exploring
interconnections and coupling of various regions of the
Earth’s upper atmosphere. With the aim of understanding the
behaviour of air-earth current system during severe
meteorological disturbances, the observations of Maxwell’s
current (air-earth current) for a short period during lightning
hours and fair weather days of 2019 at an equatorial station
Tirunelveli (8.7° N, 77.8° E) have been investigated. Unusual
lighting activity was noted during the peak summer of 2019
over this location and corresponding electric variability in air-
earth current amplitude and phase charge in electric field
were measured. During fair weather days, the current
density is only a few pico amps; however, a tenfold increase
in the current density was noted during disturbed weather
conditions. The analysis indicates that a rise in temperature
led to enhanced convection during mid-day hours, which in
turn, contributed to source activity. Possibly, this is the first
report that brings out that the rise in temperature is covariant
to source activity. It is found that the wind flow to be
moderately southwesterly during the period of observation.
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Anisotropy of low-field magnetic susceptibility (AMS)
analysis is a rapid and sensitive technique for measuring
preferred orientations of magnetic grains and, therefore
holds great potential for acquiring fabric information.
Theoretical and field data show that an idealized suite of
AMS ellipsoids develops as primary sedimentary fabrics are
progressively overprinted by tectonic fabrics. Foliation and
lineation of a magnetic fabric may form as a result of
transport, deposition, and deformation of rocks. These
features are commonly associated with AMS, which has
been used to resolve current directions in sediments and flow
directions in magmas. AMS has also been correlated with
strain in rocks and tectonic deformation of sediments, and



has been used to characterize soft-sediment deformation.
AMS is used to distinguish between depositional and
earthquake induced injection features. Tauxe'’s terminology;
Kmax, Kint and Kmin correspond to maximum, intermediate,
and minimum values of the magnetic susceptibility,
respectively is adopted. In sedimentary rocks, a well grouped
vertical Kmin direction and dispersed Kmax and Kint
directions within a horizontal plane (hereafter termed
sedimentary fabric) is expected and characterized by an
oblate AMS ellipsoid. In moderate currents, grain
imbrications result in slightly off-vertical Kmin directions and
Kmax directions (in lower-hemisphere projection) are
antiparallel to the flow direction. In high energy currents with
particles entrained, Kmax directions are perpendicular to the
flow direction, and Kmin directions are commonly streaked,
resulting in prolate or triaxial AMS ellipsoids.

Anisotropy of magnetic susceptibility (AMS) was studied for
sediments in Dhubri fault Zone, Shillong Platea**
It is hypothesized that depositional layers will ulsplay a
sedimentary AMS fabric and that earthquake induced dikes
will display prolate or triaxial AMS ellipsoids. The earthquake
induced dikes, have different and distinctive AMS fabrics
. In these dikes, the Kmax directions are well
grouped, sub horizontal, and parallel to the dike strike, the
Kint directions are well grouped and the distributions of the
Kmin directions are subvertical. P values range between
1.02 and 1.09 and shape parameter (T) shows prolate fabric.
The fabric of the depositional layer is typically sedimentary
and exhibits an oblate AMS ellipsoid. The degree
of anisotropy (P) values range between 1.05 and 1.14 and
shape parameter (T) shows oblate fabric. In addition,
thermomagnetic curves of samples taken from depositional
sediments and dike infill exposed show that the magnetic
carrier is titanomagnetite.
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The ambient noise data processing procedure is divided into
five principal stages: (1) single station data preparation, (2)
cross-correlation and temporal stacking, (3) measurement of
dispersion curves, quality control and selection of the
acceptable measurements, (4) Rayleigh surface wave
dispersion maps and (5) the depth inversion for earth
structure. Commonly, surface wave analysis of ambient
noise-based studies focuses on crustal and upper mantle
investigations ranging from global to local scale.

The topic is ambient noise tomography which is in
developing stages. The possible outcome from it will be: (a)
Surface wave 3D velocity model using ambient noise.

Installation of new broadband seismographs (BBS) stations
and maintenance of BBS network is progressing as per
planned schedule. Data management and cataloguing is
kept update.

A small part of energy released during earthquakes transfer
to the atmosphere in terms of mechanical waves. For large
maghnitude earthquakes (generally Mw>6.5), the
atmospheric amplification of such seismically induced waves
can generate disturbances in ionospheric electron density
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Synthetic test illustrating the variation of co-seismic ground deformations with focal depth. Pure dip-slip earthquakes are
considered with magnitude of Mw 7.2 and dip angle 20°. (a) Vertical ground displacement when the focal depth is 20 km.
Maximum vertical displacement estimated is ~0.4 m. (b) When the focus is shifted to 200 km depth. Maximum uplift is
reduced to ~0.013 min this case. (c) and (d) represent the displacement fields for different focal depths. (e) and (f) show
the synthetic test results for a depth range of 10 to 200 km. (¢) shows the maximum uplift, subsidence and vertical surface
displacements. The maximum displacement fields decrease logarithmically with increasing focal depth. (f) shows the
integrated displacement fields (volumes of the uplifted/subsided material) which do not change significantly with depth.
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Two winter members i.e. one each for Maitri and Bharati and
one summer member for Maitri were deputed for the
expedition. All experiments at both stations are running
uninterrupted.

Study has been carried out to find a suitable antenna design
to detect the conduction current observed at the Indian
Scientific Research Station at Maitri (70.8°S 11.7°E),
Antarctica. Two long wire antennas and two plate antennas
are simultaneously used to monitor the air-Earth current in
the open space at this station. The experiments reveal that
the currents recorded by the long-wire antenna and plate
antenna display similar characteristics but differ in
magnitude and response to the varying current. On a fair-
weather day the mean current density obtained for 41 m
long-wire antenna is ~0.4 pAm?, for 10 m long-wire antenna
is 2.5 pAm™, for 0.25 m* plate antenna is 3.5 pAm™~, and for 1
m’plate antenna is 4.2 pAm™. The current sensed by 1 s and
1000 s R-C time constant do not show any significant
difference in the hourly mean diurnal variation as well as in
the magnitude. The study revealed that a plate antenna is a
better option for the long term monitoring of air-Earth current.
The simultaneously monitored potential gradient at this
station and Vostok (78.4° S, 106.8° E) are used to identify the
local and global electric signals as shown ir .
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A series of substorms called HILDCAAs, high-intensity long-
duration continuous AE activity events, which are typically
isolated events and are only loosely related to magnetic
storms were studied. These very intense substorms are
termed as supersubstorms or SSS events. SuperMAG AL
(SML) peak intensity <-2500 nT for the SSS events is chosen
as threshold value for the selection of events. Two
Interplanetary Shocks Inducing Magnetospheric
Supersubstorms (SML<-2500nT) were observed with
unusual Auroral Morphologies and Energy Flow. For a better
understanding of the mechanism, the CNA aspect of these
events was looked into. These shock-induced
supersubstorms (SSSs) have extremely high intensities
(peak SML -4418 and —2668 nT) and long durations ( ~1.7
and ~ 3.1 hr). The events occurred on 2005 January 21 and
2010 April 5, respectively. The auroras associated with the
SSSs did not have the standard midnight onset and following
expansion. This event is studied here with additional data of
global Cosmic Noise Absorption (CNA), auroral images by a
space-based Imager, energetic electron flux data from
geostationary satellites and magnetic field measurements
covering almost all latitudinal and local time sectors. Focus
has been mainly on the first ~11 minutes after the substorm
onset at 17:11 UT. Some of the peculiar observations
associated with this event are: (1) The time of CNA onset and
substorm onset coincide in the narrow belt of magnetic
latitude near 65° and there is a time delay as we move away
from this belt. The delay is small (~ 2 minutes) on the dayside
and longer (~ 11 minutes) on the night side. (2) The auroral
onset and expansion takes place from the dayside. (3)
Maximum intensification of westward electrojet and highest
CNA are observed in the dawn sector, which otherwise are
expected to be observed in the midnight sector. The
observed aurora and CNAmay be due to the combined effect
of shock-related or substorm-related processes occurring
simultaneously. The possible mechanism proposed to
explain the anomaly in the present context is viscous
interaction via Kelvin Helmholtz instability. It is believed that
particle injection through only magnetic reconnection and
precipitation from the night side following the field line should
not limit the description of substorms. Various other
processes such as viscous interaction, adiabatic
compression, and field aligned current intensification can
also lead to particle injection during impulse induced
substorms. The study of more events of this kind should be
carried out for a better understanding of the phenomena and
CNA characteristics, in order to understand the mechanism
behind such events.
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Attempt to reconstrL ;t the rainfall of the climate of Jawale
sediment section from variations in magnetic
susceptibility and g chemic 1l data. Profiles of metal/Al
ratios and magnetic susceptibility for Jawale sediments from
Pravara valley, DVP are plotted in Chemical
weathering is an important feature of the global
hydrogeochemical cycle of elements. Ratios like K/AI, Ti/Al
and K/ Na are good indices of chemical weathering intensity.
The warm and humid climatic conditions enhance the
chemical weathering intensity (CWI) as reflected by increase
in metal/Al ratios such as K/Al, Mg/Al, Ti/Al, Zr/Al etc. The
intensity of chemical weathering is strongly affected by
climatic parameters, principally rainfall and temperature. In
the tropics the chemical weather is controlled by rainfall
(temperature being nearly constant), CWI indices can be
interpreted as indicators of rainfall variations. K/Al, Ti/Al and
K/Na ratios of TK sediments have been used as proxies for
CWI which, in turn, reflect rainfall in the catchment.

Location map of study area Jawale, Pravara Valle'
Maharashtra, DVP.

The metal/Al profiles show similarity with the xif profile,
indicating that the magnetic minerals have a terrigenous
source. Particular emphasis is laid on the similarity between
the xIf, Fe/Al and Ti/Al profiles. Like xIf, Fe/Al and Ti/Al ratios
that are good indicators of terrigenous sources, are also well
correlated with other parameters (except Na/Al, Mg/Al and
Ca/Al). Correlations are less pronounced with Na/Al, Mg/Al
and Ca/Al because Na, Mg and Ca are depleted in the
particulate phase due to chemical weathering and perhaps
also because Ca and Mg may be derived to a small extent
from the precipitation of carbonates during arid periods when
rainfall is much reduced and the well. Na/Al is most poorly
correlated with all other parameters probably because it is
depleted in sediments due to its leaching from primary
minerals during chemical weathering.

Potassium is associated with K-feldspar and with biotite and
muscovite. Increased values of K/Al in sediments provide
evidence of strong weathering of feldspars and micas in the
catchment. Titanium is a high-field-strength (HFS) element
and is mainly concentrated in accessory heavy minerals.
Ti/Al ratio suggests differences in grain size and can be
associated with the intensity of transport processes. Low
K/Na ratios in sediments indicate the erosion of less
weathered soil profiles in the catchment, whereas high ratios
characterize the erosion of deep weathered soil profiles. The
indices of CWI, namely Ti/Al, K/Al and K/Na, along with xIf
are plotted in . All these indices register an
increasing trend in ..1e bo..om of the section suggesting that
chemical weathering was more intense because of
increased rainfall. The lf record also shows an increasing
trend indicative of higher rainfall. The CWI indices are low in
the top of the section and hence the rainfall too must have
been low. This is also reflected in the low xIf values in the top
of the section. Several previous studies have used
geochemical data to infer the intensity of chemical
weathering, interpreted the high Ti/Al and K/Al ratios in South
China Sea sediments as due to more intense chemical
weathering beginning 29.5 Ma in the source region. Few
studies also related the K/Al, Ti/Al and Zr/Al ratios of Niger
Fan sediments to the high intensity of chemical weathering
and the African monsoonal precipitation. Input of more
weathered materials to Lake Iznik, Turkey from the high K/Na
ratio has been reported.
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Pollution indices are a powerful tool for environmental quality
assessment. In the present study, index of geoaccumulation
(Igeo), contamination factor (CF), degree of contamination
(DC) and pollution load index (PLI), were used. These
pollution indices for the studied samples were determined to
build a broad overview of the extent of contamination of the
area by the various heavy metals.

The calculated geoaccumulation index for the studied
samples is illustrated in . The Igeo of Mn, Cu, and
Zn showed no pollution. While the majority of soil samples
are moderately contaminated with Ni. Moreover, the
obtained Igeo revealed that most of the sample considers
heavily to extremely contaminated with Cr and Co. The
calculated contamination factor indicates that all the soil
samples are highly polluted with Cr and Co (CF > 6). The CF
of Ni, Mn and Cu showed moderate contamination. The CF of
Zn showed low contamination. According to the DC values,
all samples are at high contamination degree. The results of
pollution load index were found to be high (PLI > 1) in all the
investigated samples . This indicates the high
load of heavy metals in the studied soil samples. These
results indicate probable environmental pollution especially
with Crand Co.
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Accurate and reliable geomagnetic records have been
available since the establishment of magnetic observatories
in the early nineteenth century, prior to which geomagnetic
field changes could be indirectly deciphered from
archaeological materials. India is a large subcontinent with a
glorious history and rich archaeological heritage spanning
thousands of years. It is therefore important to generate and
increase the pool of India-specific archaeomagnetic data, to
help build and improve upon the Indian secular variation
curve. The rock-magnetic studies were undertaken on baked
clay artifacts from Keeladi archaeological site in Tamil Nadu.
Based on the dating and historical evidence, archaeologists
are of the estimation that age of Keeladi archaeological site
corresponds to 5th Century BCE. Rock-magnetic studies
offered critical information about the magnetic-
concentration, -grain size, -cornposition and thermal stability
of the archaeological artifacts.

The predominant reversible x-T curves indicate that a lack of
major mineralogical alteration occurred during heating. It
also shows Curie temperatures in the range 580-590°C,
suggesting the presence of thermally stable magnetite

. The hysteresis based high field susceptibility
quantifies contributions of constituent paramagnetic and
diamagnetic matrix, while low field susceptibility, the slope of
the induced hysteresis component at low field, cumulates all
induced magnetizations. The values of xferri% were largely
~99%, changes in xferri% values between 93.7 and 99.3 in
all samples clearly indicate the dominant presence of low-
coercivity magnetite . Keeladi archaeological
artifacts has well acquired the thermoremanent
magnetization and their rock-magnetic studies together with
thermal stability, consistent with fine magnetite, causing
them suitable for archaeointensity determination.
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To identify and delineate the groundwater-bearing zones and
protection of freshwater aquifers from saltwater ingress in
the northern parts of Sindhudurg district, western
Maharashtra, India, a total of 86 vertical electrical soundings
(VES) were carried out by Schlumberger electrode
arrangement to infer the sub-surface lithology around
Kankavali, Vijaydurg, and Malvan. The Dar-Zarrouk
parameters were computed to generate the spatial variation
maps of transverse resistance (T), longitudinal conductance
(S), transverse resistivity (p,), and longitudinal resistivity (p,),
to decipher the resistivity contrast of fresh water and salt
water-bearing formations. The results demonstrate that
these parameters provide a better resolution in delineating
the seawater intrusion in coastal aquifers. The overburden
aquifer protective capacity computed from the longitudinal
conductance suggests that 59% of the area has poor aquifer
protection, while 23% has weak, 11% has moderate and 7%
falls in good protective capacity rating. This parameter
reveals the infiltration of contaminants and the health of the
aquifer. The electrical anisotropy (A) value ranges from 0.9 to
5.1, suggesting an increase from SW to NE and also from SE
to NW. The fracture porosity (¢f) ranges from 10° to 0.65,
which corroborates with the high and low A values, reflecting
that fracturing is due to anisotropy and significant reserves of
+ wnc  ‘er could be exploited in this coastal region
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The hydrochemistry of groundwater samples from the
northern part of coastal Sindhudurg district, Maharashtra,
India, was studied with an aim to comprehend its suitability
for domestic and irrigation use. Groundwater samples were
collected from 66 dug wells distributed over the study area
, _ The results of the chemical analysis indicate that
the grou dwater is alkaline in nature and are mainly
characterized by Ca’-Mg*-HCO,, Ca’-Mg*-CI" and Na’-CI'
facies. The molar ratios of Na'/CI™>1, both Mg*/Na’ and
Ca™/Na’ ratios <1, (Ca™ + Mg”)/ (SO + HCO,") = 1 suggest
that the rock-water interaction of silicates / schistose rocks
(quartz, chlorite, amphibolites, schist etc.) and ion exchange
reaction are the major controlling factors of groundwater
chemistry . Lower molar ratios of CI'/ HCO, < 0.5,
NO,/CI'<0.3 observed reflect freshwater regime. Three
samples which are in proximity to the Arabian Sea, deduce
the effect of secondary contributions (saline water and
anthropogenic sources). In order to determine the probable
sources of groundwater contamination, principal component
analysis was also carried out. The first three principal
components with eigen value 1 or more are responsible for
71.31 %, 12.38% and 8.32% of the total variance in the data
set, indicating major role of groundwater-rock interaction and
marginal saltwater intrusion effect in the study area.
Groundwater quality index computed for drinking purpose
indicate that about 96% of the water samples lie within the
permissible limits stipulated by the World Health
Organization and Bureau of Indian Standards, and fall under
the good to excellent category, s aestii 1 s suitability for
drinking purpose in the area . Suitability of
irrigation water quality index sigr.... 2s L. 1at most of the water is
of excellent to good quality for irrigation, except for a few
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Thermal springs Aravali, Tural and Rajawadi are located in
western part of Maharashtr: and are covered by
Deccan basalts. These springs are running parallel to
Western Ghats and geochemical studies denote that hot
water springs are of meteoritic origin emerging from
basement. Audiomagnetotellurics (AMT) survey was carried
out along E —W profiles across Aravali, Tural and Rajawadi
geothermal springs with a station spacing of about 1-1.5 km.
2D inversion was carried out jointly for transverse electric
and transverse magnetic data after distortion and
decomposition analysis. 2D geoelectrical modeling across
Aravali profile brings out such a fault/fracture zone of crustal
scale (C1) through which Deccan volcanism may have taken
place. Another intermediate conductivity anomaly C2 in the
form of intrusive dyke within the resistive host rock is
observed towards east of Aravali geothermal zone. 2D
modeling of AMT data across Aravali, Tural and Rajawadi
profiles brings out a dipping conductor (~ 5-10 Q-m) at a
shallow depth that may represent a zone of fracturing within
the sedimentary basin (associated with the geothermal field)
through which hot water is brought to the surface. S1 and 82
may represent high resistive source rocks in Tural and
Rajwadi geothermal springs over which meteoritic water
circulation takes place. Thus, hot water temperature
recorded at Tural and Rajwadi geothermal zones is about 62°
C and "%° C 1 "Hectively and for Aravali spring it is about
42°C
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“Seological map showing the geothermal springs in
western Maharashtra. AMT survey was carried out
across Aravali, Tural and Rajawadi profiles. 2-D
Geoelectric depth section (TE + TM mode) along
Aravali (A), Tural (T) and Rajawadi (R) geothermal
zones are shown. All these hot springs are underlain
by a high resistive basement (R1) and geothermal
zones are reflected as high conductivity anomaly ata
shallow depth. It may represent fracture/fault zone
through which hot water gushes to surface. It is
interesting to note that Tural and Rajawadi profiles
are underlain by high resistive rocks (consolidated
magma chambers, S1 & S2) and act as a heat source
for meteoritic water circulation.




The Moho depth and crustal thickness variation over the
Comorin Ridge and adjoining regions were computed
through three dimensional inversion of Complete Bouguer
Anomalies (CBA) and Mantle Residual Gravity Anomalies
(MRGA) assuming crustal densities of 2670, 2790 and 2850
kg/m®. A mean Moho depth of 15km, from published models
and seismic reflection studies and a mean density contrast of
450 kg/m? for the Moho interface were also assumed for the
inversion. The Moho depths thus computed were compared
with those inferred from available seismic reflection and
receiver function studies in the region. A reasonably good
agreement is obtained for the Moho depth derived from the
inversion of MRG/ with crustal density 2850
kg/m®. Over the Comorin Ridge, the Moho depth decreases
progressively from ~24 km in the north, to ~18km in the
middle and ~15 km in the south over a length of 500km.
Similarly, the crustal thickness decreased from north to south
along the axis of the ridge. Further south of the Comorin
Ridge, in the central Indian Ocean, the Moho depth
decreases to less than 8km, typical oceanic crustal
thickness. There is a sharp change in the crustal thickness in
the eastern flank of Comorin Ridge while it is more
gradational in the western side. The sudden variation in
crustal thickness along the eastern flank of the Comorin
Ridge indicates a significant crustal boundary as suggested
by earlier studies. In the region, east of Comorin Ridge and
south of Sri Lanka, Mesozoic magnetic anomalies were
previously identified, while there were no magnetic
anomalies identified over the Comorin Ridge. Above 4°N, in
the north-west region of the Comorin Ridge, the Moho depths
are comparatively higher. This indicates that the Comorin
Ridge and its north-western region up to Chain Kairali
Escarpment are associated with significant crustal
thickening compared to the eastern side of the Comorin
Ridge. In the region, east of Chain Kairali Escarpment (CKE)
the Moho depths are larger as compared to its western side
and the highs in the Moho depth tends to extend up to 4°N
and breaks further south. The Moho depth over the Mannar
Basin increases gradually in a NNE-SSW direction. As
expected, the continents and continental margins of India
and Sri Lanka are associated with higher values of Moho
depth, while the lowest values are found to be in the Central
Indian Basin.
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Moho depth variation over the Comorin ridge and
adjoining region derived from the inversion of
MRGA-2850 gravity anomalies. The violet thick
lines represent the location of the seismic reflection
sections (DGH, India). The solid triangle represents
the location of the broadband seismic station where
Moho depths were available through the receiver
function studies (Pathak et al., 2006; Sharma et al.,
2015). COM- Comorin Ridge, CKE — Chain Kairali

Escarpment, VFZ-Vishnu Fracture Zone.
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Magnetic susceptibility (MS) and NRM intensity were
measured on the samples collected from Raksha Shear
zone, Chhatarpur, Khajuraho and Mahoba regions of
Bundelkhand Craton using MS-2B magnetic susceptibility
meter and JR-5 Spinner magnetometer respectively. The
mean values of magnetic susceptibility (MS) and NRM
intensities for dykes were noted as 4597 x 10° Sl and 1.47 x
10° A/M respectively while the granitoids mean MS and NRM
intensity values were found as 71 x 10° Sl and 1.89 x 10A/m.
Following the MS and NRM measurements to isolate the
characteristic remanent magnetization (ChRM) directions,
AF and thermal demagnetizations techniques were applied
on the selected specimens. For AF and thermal pilot study,
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a total of 150 (75 for AF and 75 for thermal) specimens from
all the dykes were selected. The AF and thermal
demagnetization steps used were as 50, 75, 100, 150, 200,
250, 300, 350, 400, 500, 600, 800, 1000 Oe and 100, 200,
300, 350, 400, 450 500, 530, 560, 580, 600°C respectively.
Through detailed AF and thermal cleaning techniques two
groups of palaeomagnetic ChRM directions were isolated
corresponding to (i) NW-SE directed dyke swarms and (i)
E-W trending Mahoba dyke of Bundelkhand Craton. AMS
investigations on 478 specimens revealed the presence of
Prolate and Oblate shaped magnetic grains in equal
proportion in the studied samples. Rock magnetic
investigations revealed that SD+MD and MD type magnetite
was prominent in the dykes, whereas, the granitoids showed
hematite content. Petrological studies on representative
Mafic dykes samples indicated sub-ophitic to ophitic textures
and the presence of plagioclase, clinopyroxene, opaque
minerals. Plagioclase occurs both as phenocryst and
groundmass. The opaque may be mostly magnetite and
ilmenite and occur as anhedral to subhedral grains
distributed throughout the rock.



1. Survey for the installation of broadband seismometers of
new station at Jorhat and data retrival and servicing of
exsisting stations at Bongaigaon, Namsai, Diphu, Agartala
and Aizawl during March 15-20, 2021.

2. Installation of new broadband seismograph (BBS) vault at
ICAR-National Research Centre on Yak campus, Dirang,
Arunachal Pradesh during February 24-March 5, 2021.

3. A state-of-the-art All-Sky Airglow Imager (ASAI) was
recently procured as part of Institute’s efforts to carve out a
regional centre at Port Blair from the present magnetic
observatory running from this station. Considering the
COVID-19 pandemic situation, it was not possible to move
the instrument to Port Blair. However, the imager was moved

to Panhala to test its performance and qualify the instrument
for future observations. Panhala is a strategic location for low
latitude ionospheric studies and is also near to Kolhapur from
where IIG is operating the medium frequency radar for
mesosphere-lower thermosphere studies. Two observational
campaigns were conducted from Panhala during March-
April 2021 under moonless, cloudfree conditions. Besides a
couple of intense equatorial plasma bubble events observed
in the Ol 630.0 nm emission, the imager could also detect
several gravity wave manifestations like fronts and ripples in
the mesospheric OH and Ol 557.7 nm emissions. Analysis of
the data collected during this period is currently under
progress.
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Dr. S. Tulasiram

Gave a talk on “Equatorial Electric Field Circuit, Science
Meet on Space Weather research using small satellite
constellation”, (virtual, host: ISRO, Bangalore),
September 22, 2020.

Dr. Amar Kakad
Gave a talk on “Plasma Wave Processes in the Earth's
Magnetosphere”, as a part of the R.J. College Popular
Lecture series, Dept. of Physics, R.J. College, Mumbai,
January 5, 2021.
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Dr. Rajesh Singh

Delivered a talk on “D-region ionosphere remote sensing by
Radio Waves” organized by Department of Physics, Doon
University, Dehradun, October 6, 2020.

Dr.S. Pandey

Delivered a lecture on “Surface wave tomography” as a part
of Mathematics Seminar on Science and Engineering
application, organised by BIT Mesra, February 12, 2021.



Anand. S.P.
Aeromagnetic Signatures of Peninsular India.

Veenadhari, B., M. Pandya, Y. Ebihara and S.G. Kanekal
Study of Electron PAD evolution using Van Allen Probes.

Upadhyay, A., B. Kakad, A.P.Kakad, Y. Omura and
Ashwini K. Sinha

Occurrence Characteristics of Electromagnetic lon
Cyclotron Waves at Sub-Auroral Ground Station Maitri.

Ojha. B, Y. Omuraand S.V. Singh
Multipoint analysis of source regions of EMIC waves by
THEMIS spacecraft and rapid growth of subpackets.

Upadhyay, A., B. Kakad, A.P. Kakad and Ashwini K. Sinha
Characteristics of the EMIC waves observed at the Indian
Antarctic station Maitri.

Ojha, B., Y. Omura, S.V. Singh and G.S. Lakhina
Electromagnetic lon cyclotron waves observed by THEMIS
spacecraftin Magnetosphere.

Barik, K.C., S.V. Singh and G.S. Lakhina
Acomprehensive model for the kinetic Alfvén waves in space
and astrophysical plasmas.

Barik, K.C., S.V. Singh and G.S. Lakhina
Nonresonant Instability of KAWSs and its coupling to IAWSs.

Sreelakshmi, J. and G.H.Vichare
Gravity-driven and Pressure-gradient Current Contributions
in the Magnetic field Recorded by LEO Satellites.

Datar, G. and G.H.Vichare
Study of Thunderstorm Ground Enhancement (TGE) events
from Tirunelveli, India.

N. Suneetha was awarded Ph.D. degree for the thesis
entitled, “Imaging saline water ingress in coastal aquifers of
Maharashtra using electrical resistivity technique
constrained by geochemical data” by Department of
Geophysics, Andhra University, Visakhapatnam, under the
supervision of Dr. Gautam Gupta.

G. Shailaja was awarded Ph.D. degree for the thesis
entitled, “Appraisal of groundwater recharge potential zones
in parts of semi-arid region of Maharashtra: a geoelectric and
hydro-geomorphic approach” by Department of Geophysics,
Andhra University, Visakhapatnam, under the supervision of
Dr. Gautam Gupta.

Priyesh Kunnummal was awarded Ph.D. for the thesis
entitled “Crustal Architecture and Isostasy of Aseismic
Ridges in the North Central Equatorial Indian Ocean using
High Resolution Satellite derived Gravity Data” by Andhra
University, Visakhapatnam under the supervision of Dr. S.P.
Anand.

Radhika P.R. was awarded Ph.D. for the thesis entitled “A
Geopotential Approach to Reveal the Buried Basement
Structure of the Kutch Rift Basin, Western India” by Andhra
University, Visakhapatnam under the supervision of Dr. S.P.
Anand.

P. V. Vijaya Kumar has been awarded Ph.D. degree by
Department of Geophysics, Andhra University
Visakhapatnam, for thethesis entitled “Electromagnetic
induction studies in Saurashtra region” under the supervision
of Dr.P.B.V.Subba Rao.

Padma Gurram was awarded the Ph.D. degree by Andhra
University, Visakhapatnam for the thesis entitled “Quiet and
disturbed time dynamics of low latitude F- region” under the
guidance of Dr. Bharati Kakad.

Megha Pandya was awarded the Ph.D. degree by University
of Mumbai, Mumbai for the thesis entitled “Solar sources and
Interplanetary drivers of Space weather events and their
Geoeffectiveness” under the guidance of Dr. B. Veenadhari.

Adarsh Dube was awarded the Ph.D. degree by University
of Mumbai, Mumbai for the thesis entitled “Thunderstorms
effect on coupled Atmosphere-lonosphere System in the
Indian Low Latitude region” under the guidance of Dr. Rajesh
Singh.
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Dr. B. Veenadhari Japan 27 January- 1) Visited ISEE, Nagoya University, Nagoya, to work
25 May 2020 with Arase project at ISEE
Shri B.Ojha Japan 29 February - 28 May 2020 | 1) RISH, Kyoto University, Kyoto, Japan for
collaborative work with Prof. Yoshiharu Omura
Antarctic/Arctic Expeditions
Shri Pranjal Saikia Maitri, 40th ISEA Winter member, Maitri
Antarctica
Shri Atul Kulkami Bharati, 40th ISEA Winter member, Bharati
Antarctica

Dr. K. Deenadayalan

Appointed as Referee to examine and report on the Ph. D.
thesis entitled “Palaeomagnetism, Rock magnetism and
Palaeointensity studies of Rajmahal and Sylhet Traps, India”
of Osmania University, Hyderabad.

Dr. S. Tulasiram

Nominated as a Principal Coordinator for the special event
“Games and Toys" in the India International Science Festival
(IISF)—2020.

Nominated as a guest editor for the special issue on “Recent
Advances Equatorial Plasma Bubbles and lonospheric
Scintillation” in Earth and Planetary Physics (EPP) journal.

2

Dr. Vinit C.Erram

Invited as Chief Guest and Speaker in National Science Day
Celebrations at Rajaram College, Kolhapur on March 12,
2021, where he talked on “Applications of Geomagnetism”.

Shri Krushna Chandra Barik

Selected for the SCOSTEP Visiting Scholar (SVS) Program
2020.

Received URSI Senior Membership.

ShriBiswajit Ojha

Selected for the SCOSTEP Visiting Scholar (SVS) Program
2020.



B.V. Lakshmi

Participated in the online training programme on “Statistical
Analysis using SPSS” during May 26-30, 2020.

Participated in online training programme on "Practical
Aspects of Remote sensing and Geographical Information
System (GIS)" from June 5-7,2020.

Participated training programme on “GIS online training
programme” during July 13-August 2, 2020.

B.V.Lakshmiand S. Pandey

Attended International Virtual Workshop on "Global
Seismology and Tectonics" during September 14-25, 2020 at
CSIR-NEIST.

Attended AOGS-EGU Natural Hazards Virtual Meeting: The
AOGS-EGU Joint Conference Series on “New Dimensions
for Natural Hazards in Asia”, during September21-23, 2020.

Participated in DST sponsored online training programme on
"Climate Change: Challenges and Response (for women
scientists)", held at Centre for Disaster Management (CDM),
Lal Bahadur Shastri National Academy of Administration
(LBSNAA), Mussoorie during October 5-9, 2020.

Attended training on "Hill area environment, development
with focus on earthquakes, landslides and floods" from
October 21-23, 2020 by National Institute of Disaster
Management.

Participated in Intemmational Geoscience Colloquium during
November 10-13 and 27, 2020.

Khan Tahama

Attended International Webinar on ‘GIS Applications &
Career Opportunities’ organized by Geography Dept., RPS
Degree College, Balana, Haryana and Netra Institute of
Geoinformatics Management & Technologies Foundation
Dwarka, New Delhi, May 08, 2020.

Nominated to participate in the Online training under (SERB)
Scientific Social Responsibility Policy (SSRP) of the ongoing
research and development (R&D) project entitled "Dyke
intruded fractured rock characterization using discrete dual
porosity and neural network modelling of geo-electrical data
for water resource management”, organized by Department
of Applied Geophysics, IIT (ISM), Dhanbad, July 31, 2020.

Attended a session titled “Inversion and Machine learing
applications to geophysical data” conducted by Department
of Applied Geophysics, IIT (ISM), Dhanbad, October 17,
2020, under the aegis of Vaishwik Bharatiya Vaigyanik
(VAIBHAV).

Dr. Gautam Gupta and Khan Tahama

Attended webinar on ‘Subsurface Utility Engineering-
Introduction to Ground Penetrating Radar’ organized by AF
Academy, New Delhi, May 15, 2020.

Attended a webinar on “Groundwater Recharge and Aquifer
Management’ organized by FICCI, New Delhi, July 15, 2020.

Attended a National level Webinar on "Geomedical Health
Hazards and Environment Problems in Tribal Areas: Issues,
Challenges and Opportunities” organized by School of
Environmental and Earth Sciences, KBC North Maharashtra
University, Jalgaon, September 17, 2020.

Dr.S.P.Anand

Nominated to attend the winter school on “Physical Geodesy
& Its Applications® conducted by National Center for
Geodesy, |IT Kanpur under SPARC (Scheme for promotion
of Academic and Research Collaboration) during February
15-24,2021.

Shri Krushna Chandra Barik

Attended VLF/ELF Remote Sensing of lonosphere and
Magnetosphere (VERSIM) Virtual Meeting, November 16-
20, 2020, Kyoto University, Japan.

Attendedthe 3rd ISEE Symposium PWING-ERG
Conference and School on the inner Magnetosphere, ISEE,
Nagoya University, Japan, March 8-12, 2021.

Attended Magnetosphere online weekly Seminar Series,
NASA, 2020-21.

Shri Biswajit Ojha
Participated in an online workshop on “Outer planet moon —

solar wind interaction® ESA/ESTEC, Noordwijk, The
Netherlands, November 5-6, 2020.
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Ashwini K. Sinha
J. Kamra

Manju J. Singh
K. Shelatkar

In compliance with the provisions of the Official Languages
Act, Rules made there under, Annual Programme and other
directives issued from time to time by the Department of
Official Language, the Institute regularly undertakes some
importantand special activities to enhance the progressive
use of official language Hindi among its staff members.

The Institute organized 'Hindi Mah' during September-
October, 2020. The Hindi competitions organized during this
period included Essay Writing and Slogan Competition
(through submission) for the Institutes logo, which were well
attended by the members & research scholars and a total
number of 8 prizes were given in these competitions.

The Institute celebrated the World Hindi Day on 10th
January, 2021 and organized Hindi dictation and Crossword
competitions, which received overwhelming response with
more than 25 participants in each competition. These
competitions were conducted during re-open period in
Seminar Hall with considerable physical distance in the wake
of COVID-19 pandemic.

—

The Institute organized a Hindi Essay writing competition
during October, 2021 under the aegis of TOLIC, in which
more than 20 officers/staff participated from the member
organizations. The competition was highly appreciated by
the TOLIC authorities and the participants. Shri Nitesh
Dubey, Sr.Technical Assistant of the Institute bagged the 2nd
prize in this competition. The winner of the competition shall
be awarded with cash prize in the forthcoming half yearly
meeting of the TOLIC to be held during June/July, 2021.

Hindi House Magazine "SPANDAN" was published on six
monthly basis, which includes scientific & technical articles
as well. The magazine is being sent to various scientific &
educational institutes of the country.

During the year, Two Hindi Workshops (1 with physical
distancing and 1 in virtual mode) were organized on different
topics for the staff of the Institute, in which a total of 72
members participated.

Under the annual incentive scheme, during the Annual Day
Celebrations 9 staff members of the Institute were awarded
with cash prize for doing their official work in Hindi.

The Director, Rajbhasha Adhikari and Asstt. Director (Official
Language) of the Institute attended various meetings /
seminars held under the aegis of TOLIC, Navi Mumbai and
other organizations.

Science Day 2021 was celebrated in virtual mode at HQ.
Chief Guest Dr. Rajan, Academic and Research Advisor
(ARA), Department of Archaeology, Government of Tamil
Nadu delivered a lecture entitled “Application of Science in
Archaeology” on February 28, 2021 which was attended by
staff members of IIG HQ, its Regional Centers and Magnetic
Observatories apart. Several faculties and students from
other Universities also joined the lecture.

World Water Day was celebrated on March 22, 2021. During
this occasion, Prof. D.B. Panaskar of Swami Ramanand
Teerth Marathwada University, Nanded delivered an online
lecture on the topic: “Application of Remote Sensing and GIS

Technique for Groundwater Management of Asna River
Basin, Nanded".

1IG participated in the 6th India International Science Festival
(IISF), December 22-25, 2020. The footfall at IISF was quite
heartening and several thousands of visitors visited
participated in the event virtually.

During the year, 11G Science Outreach published 46 popular
science articles; conducted 5 online quiz contests; and 3
online talks. Apart from these a total of 4 research work was
highlighted on DST website.

Mahendra Doiphode
Nanda S. Shah

Computer section has performed exceptionally well amid
COVID19 restrictions and various degree of lockdowns
during the financial year. It could provide uninterrupted
web/VPNNirtual meetings/email services to all staff
members including those working from home with zero
system downtime.

b ||

During this period IIG's official email services is moved toNIC
email server from in house aging email services, resulting
into more secure and reliable official communications.
Computer Center also facilitated office virtual meetings,
video conferences and scientific seminars/webinars through
Webex collaboration solution. Centre is also managing the
HPC cluster restoration work.



Ashwini K. Sinha
Smita Chandra

B.l. Panchal, Neetesh Dubey
A. Selvarajeshwari

Library

Library and Documentation Services plays an important role
in catering to the information needs of the 1IG researchers
and staffs. The library works closely with staff, scientists,
students and researchers to ensure that print and online
collections align with leaming, teaching and research
activities of the institute. During the year, the library added
e-books, reprints and conference papers on areas of
research within the institute. Hindi books were also acquired.
The library subscribes to online copies of all intemational
journals. Hard copies of only the journals from Indian
publishers were subscribed to. The library had an excellent
usage statistics of the online library resources. Library also
provides the Inter library loan facility, Reprographic facility,
Information display through Digital Notice Board. Book
procurement, Current Awareness Service, Discovery service
etc. It also procured documents on inter-library loan for its
users and also provided documents to other libraries under
this service.

The library was committed to meeting the needs of staff and
students even during Covid-19 times, by providing timely
user service, supporting research, leaming and teaching,
and ensuring that facilities and services are accessible to
everyone. The services were extended to outside users from
universities and other organizations. Some of the ways the
library functioned during Covid-19 are as follows:

Physical services for following Covid-19 norms: All
material issued or returned to the library was fully sanitized.
The books returned were air dried with pages open before
being stacked. The library and its equipments were sanitized
on a daily basis. The library staff followed all Covid-19 norms
set forth. All attempts were made to maintain distance in user
reading spaces. Stock verification for the year and report
preparation was done with utmost caution.

Digital Services Provided during Covid-19 times: All
attempts were made to acquire abstracts to be sent for
publication for IPR approval, in digital format. IPR and final
approval from competent authorities was taken with
minimum paper work.

The library acquired e-books in English during this period
and cataloguing was done using remote log in. Bibliometric
services comprising of analysis of research papers
published by institutions, impact statistics, cited research
area, publication trend, calculating author's productivity,
journal preferences, impact factor analysis, subject growth
trend analysis and any other services were provided when
asked for in the digital format. Inputs were provided
regarding Article Publication Charges (APCs), type of
journals, scope for waiver, etc, in the digital format. New
guidelines were formulated for APCs and circulated amongst
users.

Plagiarism prevention was enabled using the iThenticate
software for scientists, technical staff and students of the
institute. The Institutional Repository software was upgraded
from Dspace 3.4 to Dspace 6.0. Metadata was regularly
updated to the Institutional Repository (IR) and the contents
of the IR being harvested by the National Digital Library
(NDL) at IIT Kharagpur. The library website was further
upgraded to enhance services by providing access to all
resources, via the library website (http://iigm.res.in/
library/library-and-documentation). Through the NKRC
(library consortium of DST-CSIR laboratories), users were
provided full text access to more than 20 publisher
resources. Access to online copies of journals was given to
all observatories and centers via the RemoteXs.

Documentation

Documentation continued all the support services to the
scientists and students. During the year, various work related
to scanning and digitizing the Ph.D. thesis was
accomplished. Other routine services like, rendering help in
preparation of posters & brochures, editing of photographs,
designing/ layout of institute publications and photography of
magnetograms was undertaken. In-house designing &
printing of banners and posters for various occasions was
also undertaken. In-house designing and printing of Coffee
Table Book for DST's 50 years was accomplished. Another
important task of this section is to ensure the proper
functioning of CCTV cameras installed in the campus. This is
very important as far as security issues are concemed and
thus considerable amount of time goes into checking the
intricacies of the same.
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INDIAN INSTITUTE OF GEOMAGNETISM

Though science is not bound by any country, the country
itself has its own brand of science and scientific culture. India
has deep roots in science and technology personified by the
likes of Aryabhata and Sushruta. Indian science, in ages long
gone, was at the forefront of unprecedented wisdom and
understanding. The majestic universities at Nalanda and
Takshashila imparted knowledge to scholars coming from far
and wide.

India International Science Festival (IISF) is an annual event
with a unique combination of seminars, workshops,
exhibitions, lectures, panel discussions and debates with
interactive forms of engagement including hands-on
demonstrations, film and magic shows, interactive dialogues
with experts, and science-related theatre, music and poetry.
The theme for 1ISF-2020 is “Science for Self-Reliant India
and Global Welfare”. 11ISF-2020 provides a virtual platform for
people from different fields to come together for sharing their
scientificand innovative ideas.

The “Games and Toys” a special event featured in the 6th
edition of India International Science Festival - 2020 (lISF-
2020) with more than three thousand registered participants
across the country, was organized. Inaugurated on
December 22, 2020 through video message by Dr. Harsh
Vardhan, Hon’ble Union Minister for Science & Technology,
Earth Sciences and Health & Family Welfare, this event has
been graced by several eminent personalities like Padma
Bhushan Shri Pullela Gopichand, the Chief-national
badminton coach and international player. Smt. Anita
Karwal, Secretary, Secondary School Education and
Literacy, and Shri. Harshad P. Shah, Vice Chancellor of
Children’s Unviersity, Gandinagar also took part in the
inauguration of this event as special guests.

A special panel discussion was specially designed in this
event to showcase the cultural heritage of toys and games in
our country and deliberated on how one can transform the
traditional games and toys to the modern toys and video
games; the scope of Indian gaming industry and career
opportunities. About 6 special webinars by eminent
personalities/professionals like, Shri. Harshad Shah (Vice-
Chancellor of Children’s University, Gandinagar), Shri.
Manish Jain (Professor in IIT Gandhinagar), Shri. Arvind
Gupta (Padma Shri award recipient), Smt. Mital Salia (Game
Therapist and women entrepreneur) and Dr. Jayant Joshi
(senior scientist in UGC-DAEC) have been conducted. The
theme of these webinars are mainly focused on the role of
Games and Toys in the intellectual and psychological
development of children, how to make simple toys with
simple things around you, how to explain science principles
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Indian Institute of Geomagnetism (IIG) has hosted the
Curtain Raiser event of the IISF-2020 jointly with the Vijnana
Bharati (VIBHA) on December 14, 2020. This event has
been graced by eminent personalities like Hon’ble Secretary
of Department of Science and Technology, Prof. Ashutosh
Sharma and Hon’ble Vice Chancellor of University of
Mumbai, Prof. Suhas Pednekar. The curtain raiser event
was streamed live on YouTube and a large number of
audiences from several institutions, colleges and schools
participated.
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I Esteemed dignitaries during the Curtain Raiser event of |ISF - 202( |

very easily using simple toys that children used to play in their
everyday life. A lot of curiosity and enthusiasm was shown
by the young participants by asking several questions and
interactions with the speakers.

Besides the webinars, a video exhibition of toys and games
made by the participants from the different parts of the
country has been showcased. Best video exhibits in both
toys and games categories have been awarded with special
prizes and certificates.

Finally, the event concluded on December 24, 2020 with a
valedictory session chaired by Dr. Abhay Karandikar,
Director, IIT Kanpur. This event was organized by Prof. S.
Tulasiram, Indian Institute of Geomagnetism as Principal
Coordinator.
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Eminent Personalities who graced the inauguration of Games and Toys event
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Indian Institute of Geomagnetism will celebrate its Golden
Jubilee in 2021. In this connection the institute organized a
Logo design competition. Staff members and students of I|G
HQ, Regional Centres and Observatories participated in this
competition.

The staff members of the Institute bid farewell on
superannuation to Shri V.J. Jacob on May 31, 2020; Dr. S.S.
Ghosh on December 31, 2020 and Dr. C.K. Rao on February
28,2021.

The co-operation and support extended by staff members
are deeply acknowledged.

STAFF WELFARE MEASURES

Various staff welfare measure, such as, Benevolent Fund
Scheme, Canteen facility etc. is being provided to the staff
members.

All lIGians observed the Anti-Terrorism Day on May 21, 2020
by taking a pledge at 10.30 a.m.

The Vigilance Awareness week was observed from October
27-November 2, 2020. The observance week commenced
with a pledge on October 27, 2020 at 11.00 a.m. The theme
this year was “Satark Bharat, Samriddh Bharat (Vigilant
India, Prosperous India)”.

CITIZEN CHARTER

Information / suggestion on the functioning of the Institute
can be obtained / given by the public. The following nodal
officers have been nominated for this purpose:

Central Public Information Officer (CPIO):

Prof. A.K. Singh, (Professor E)
Indian Institute of Geomagnetism

Plot No. 5, Sector-18

New Panvel (W), Navi Mumbai-410218
Maharashtra

Tel..022- 27484158

Fax: 022-27480762
E-mail:ajaykishore.s@iigm.res.in

Appellate Authority:

Prof. S. Gurubaran, (Professor G)
Indian Institute of Geomagnetism

Plot No. 5, Sector-18

New Panvel (W), Navi Mumbai-410218
Maharashtra

Tel.:022-27484227

Fax: 022-27480762
E-mail:gurubaran.s@iigm.res.in

RESERVATION POLICY

The Institute has been implementing the reservation
policy of the Govt. of India from time to time.

STAFF PROFILE

o4 Sanctioned staff strength

78 Staff strength as on
31 March, 2021

M M a1

' o9

Academic

Administration

Technical Maintanance

ACTION TAKEN NOTE ON AUDITORS REPORT

No serious adverse comments have been received.
However, replies to some of the observations made are
appended with the Audit Report of the Institute for the year
2020—-2021.

MOBILIZATION OF RESOURCES

The Institute has been constantly making endeavors to
mobilize resources by extending its scientific and technical
expertise to organizations like ISRO, DRDO, AAl etc and by
selling magnetic data to outside organizations. During the
year 2020-2021, the Institute received funds for carrying out
the objectives of various sponsored projects. The gains from
sponsored projects in terms of academic activity are
immense.
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With the world facing the coronavirus crisis, the pandemic
has wreaked havoc and altered human lives forever. Its
impact and the untoward consequences will be felt long after
the virus diminishes.Yet, in times like this, hope is a powerful
healer. Mankind stands united in its struggle against the
Covid 19 pandemic and life will surely triumph. Scientists at
1IG silently worked towards the betterment of the society by
developing several sophisticated tools and models so as to
realize the commitment in decoding the processes taking
place within and above the Earth.

In its pursuit to maintain and modernize Magnetic
observatory network and to set up facilities for other
observations for generating high quality data through
Observatory network, [IG researchers developed a Linux
based data logger at preliminary level and is being tested on
Ubuntu 8.4.5 platform. A “Real Time Data monitoring
system”, is being developed at Pondicherry Observatory.
This system helps in monitoring the status of all the variation
instruments running at this observatory by displaying the
plots of the data being recorded in mobile phone. This
system helps in reducing the downtime of instruments and
the data loss.

While the Sun is generally more eruptive during its maximum
and declining phases, observational evidence shows certain
cases of powerful solar eruptions during the quiet phase of
the solar activity. Occurring in the weak Solar Cycle 14 just
after its minimum, the extreme space weather event in 1903
October — November was one of these cases. The time
series of geomagnetic activity based on contemporary
observational records were reconstructed. The
reconstructed time series has been compared with the
equatorward extension of auroral oval and the time series of
telegraphic disturbances. This study shows that potential
threats posed by extreme space weather events exist even
during weak solar cycles or near their minima.

In earthquake Seismology, the ambient noise data
processing procedure is divided into five principal stages: (1)
single station data preparation, (2) cross-correlation and
temporal stacking, (3) measurement of dispersion curves,
quality control and selection of the acceptable
measurements, (4) Rayleigh surface wave dispersion maps
and (5) the depth inversion for earth structure. Commonly,
surface wave analysis of ambient noise-based studies
focuses on crustal and upper mantle investigations ranging
from global to local scale. To achieve this, installation of new
broadband seismographs (BBS) stations and maintenance
of BBS network in North East India is underway.

In order to understand the Air Earth Current monitoring at
Indian Antarctic station, Maitri, research has been carried out
to find a suitable antenna design to detect the conduction

current. Two long wire antennas and two plate antennas are
simultaneously used to monitor the air-Earth current in the
open space at this station. The experiments reveal that the
currents recorded by the long-wire antenna and plate
antenna display similar characteristics but differ in
magnitude and response to the varying current.This study
revealed that a plate antenna is a better option for the long
term monitoring of air-Earth current.

Pollution indices are a powerful tool for environmental quality
assessment. The index of geoaccumulation (lgeo),
contamination factor (CF), degree of contamination (DC) and
pollution load index (PLI), were computed over the Unhavare
geothermal spring in west coast Maharashtra to build a broad
overview of the extent of contamination of the area by the
various heavy metals.The preliminary results indicate
probable environmental pollution especially with Cromium
and Cobalt.

Accurate and reliable geomagnetic records have been
available since the establishment of magnetic observatories
in the early nineteenth century, prior to which geomagnetic
field changes could be indirectly deciphered from
archaeological materials. India is a large subcontinent with a
glorious history and rich archaeological heritage spanning
thousands of years. It is therefore important to generate and
increase the pool of India-specific archaeomagnetic data, to
help build and improve upon the Indian secular variation
curve. Rock-magnetic studies were undertaken on baked
clay artifacts from Keeladi archaeological site in Tamil Nadu.
Based on the dating and historical evidence, archaeologists
are of the estimation that age of Keeladi archaeological site
corresponds to 5th Century BCE. Rock-magnetic studies
offered critical information about the magnetic-
concentration, -grain size, -composition and thermal stability
of the archaeological artifacts. These studies suggest that
the Keeladi archaeological artifacts well acquired the
thermoremanent magnetization and their rock-magnetic
studies together with thermal stability were consistent with
fine magnetite, causing them suitable for archaeointensity
determination.

Research work initiated to determine the extent and severity
of saline water ingress and to delineate the areas suitable for
groundwater exploration in Konkan coast of Maharashtra,
using geophysical methods reveal that overburden aquifer
protective capacity is poor in 59% of the area, while 23% has
weak, 11% has moderate and 7% falls in good protective
capacity rating. The fracture porosity corroborates with the
high and low electrical anisotropy values, reflecting that
fracturing is due to anisotropy and significant reserves of
groundwater could be exploited in this coastal region. While
defining the water chemistry in this region to assess
groundwater quality and its suitability to potable and



irrigational purposes, it is found that the groundwater is
alkaline in nature. Also the rock-water interaction of silicates /
schistose rocks (quartz, chlorite, amphibolites, schist etc.)
and ion exchange reaction are the major controlling factors of
groundwater chemistry. Three samples which are in
proximity to the Arabian Sea, deduce the effect of secondary
contributions (saline water and anthropogenic
sources).Groundwater quality index computed for drinking
purpose indicate that about 96% of the water samples lie
within the permissible limits stipulated by the World Health
Organization and Bureau of Indian Standards, and fall under
the good to excellent category, suggesting its suitability for
drinking purpose in the area. Suitability of irrigation water
quality index signifies that most of the water is of excellent to
good quality for irrigation, except for a few coastal samples.

The Institute has been constantly making endeavours to
mobilize its resources by extending scientific and technical

expertise as a part of Technology Development program,
Consultancies and Services. Capacity building for scientific
research is a key mission of the Institute. To attract, motivate
and train young talent to undertake research in
geomagnetism and allied areas, initiatives like Dr.Nanabhoy
Moos Post-Doctoral Fellowship are offered to research
scientists. Under the Science Outreach program, the
Institute participated in online mode several scientific
exhibitions. IIG participated in the 6th India International
Science Festival (IISF) during December 22-25, 2020. The
footfall at IISF was quite heartening and several thousands of
visitors visited participated in the event virtually. During the
year, [IG Science Outreach published 46 popular science
articles; conducted 5 online quiz contests; and 3 online talks.
Apart from these a total of 4 research work was highlighted
on DST website.Several awards and recognitions were also
conferred on staff and students.
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INDIAN INSTITUTE OF GEOMAGNETISM

P.B. SHETTY & CO.

CHARTERED ACCOUNTANTS

INDEPENDENT AUDITOR’S REPORT

To,

The Governing Council,

Indian Institute of Geomagnetism,

Autonomous body formed by Department of Science & Technology, Government of India
(Trust Registration No. AF/2375, Society Registration No. Bom 91/71 GBBSD)

Panvel, Navi Mumbat

Opinion

We have audited the financial statements of Indian Institute of Geomagnetism (hereinafier referred to
as ‘the Institute”) (the entity), which comprise the balance sheet as at March 31, 2021, and the Income
and Expenditure Account for the year then ended, and notes to the financial statements. including a
summary of significant accounting policies and other explanatory Information (hereinafter referred to
as ‘the Financial Statements®).

Emphasis of matter

We draw attention to:

i) Note no. 3 (b) under notes to accounts relating to delay in capitalization of fixed
assets;
i) Note no. 7 under notes to accounts relating to non-accounting of property in

accupation of the institute which was previously belonging to IMD;

i) Note No. 9 under notes to accounts relating to non-provision of Gratuity Liability,
Leave Encashment and Commuted Pension liability for continuing employees (as
fully explained in detail in the Notes);

iv) Note No. 13 under notes to accounts regarding amount recoverable for movable
property Jost in transit (as fully explained in detail in the Notes);

Basis for Opinion

We conducted our audit in accordance with the Standards on Auditing (SAs) issued by ICAlL Our
responsibilities under those Standards are further described in the Auditor's Responsibilities for the
Audit of the Financial Statements section of our report. We are independent of the entity in
accordance with the Code of Ethics issued by ICAl and we have fulfilled our other ethical
respongibilities in accordance with the Code of Ethics. We believe that the audit ¢vidence we have

obtained is sufficient and appropriate to provide a basis for our opinion.
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P.B.SHETTY & CO.

CHARTERED ACCOUNTANTS

Responsibilities of Management and Those Charged with Governance for the Financial
Statements

Management is responsible for the preparation of the financial statements in accordance with
applicable laws and for such intemal control as management determines is necessary to enable the
preparation of financial statements that are free from material misstatement, whether due to fraud or
error. In preparing the financial statements, management is responsible for assessing the entity’s
ability to continue as a going concern, disclosing, as applicable, matters related to going concern and
using the going concern basis of accounting unless management either intends to liquidate the entity
or to cease operatjons, or has nao realistic alternative but to do so. Those charged with governance are
responsible for overseeing the entity’s financial reporting process.

Auditor’s Responsibilities for the Audit of the Financial Statements

Our objectives are to obtain reasonable assurance about whether the financial statements as a whole
are free from material misstatement, whether due to fraud or error, and to issue an auditor’s report that
includes our opinion. Reasonable assurance is a high level of assurance, but is not a guarantee that an
audit conducted in accordance with SAs will always detect a material misstatement when it exists.
Misstatements can arise from fraud or error and are considered material if. individually or in the
aggregate, they could reasonably be expected to influence the economic decisions of users taken on
the basis of these financial statements.

As part of an audit in accordance with SAs, we exercise professional judgment and maintain
professional skepticism throughout the audit. We also:

e ldentify and assess the risks of material misstatement of the financial statements, whether due
to fraud or error, design and perform audit procedures responsive to those risks, and obtain
audit evidence that is sufficient and appropriate to provide a basis for our opinion. The risk of
not detecting a material misstatement resulting from fraud is higher than for one resulting
from error, as fraud may involve coliusion, forgery, intentional omissions, misrepresentations,
or the override of internal control.

e Obtain an understanding of internal control relevant to the audit in order to design audit
procedures that are appropriate in the circumstances, but not for the purpose of expressing an
opinion on the effectiveness of the entity’s internal control.

¢ Evaluate the appropriateness of accounting policies used and the reasonableness of
accounting estimates and related disclosures made by management.

¢ Conclude on the appropriatencss of management’s use of the going concemn basis of
accounting and, based on the audit evidence obtained, whether a material uncertainty exists
related to events or conditions that may cast significant doubt on the entity’s ability to
continue as a going concemn. Lf we conclude that a material uncertainty exists, we are required
to draw attention in our auditos’s report to the related disclosures in the financial statements
or, if such disclosures are inadequate, to modify our opinion. Our conclusions are based on
the audit evidence obtained up to the date of our auditor’s report. However, future events or
conditions may cause the entity to

Page 2 of 3
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cease 10 Continue as a going concern.

P. B. SHETTY & CO.

CHARTERED ACCOUNTANTS

We communicate with those charged with governance regarding, among other matters, the planned
scope and timing of the audit and significant audit findings. including any significant deficiencies in

internal control that we identify during our audit.

We also provide those charged with governance with a stateinent that we have complied with relevant
ethical requirements regarding independence, and to communicate with them all relationships and
other matters that may reasonably be thought to bear on our independence, and where applicable,

related safeguards.

For P. B.SHETTY & CO.
Chartered Accountants
Firm registration number - {10102W

Brifesh Shetty

ey

Membership number - 131490
UDIN - 2113 1TH0AAAAESS407
Place: Mumbai

Daic: 04-08-2021
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INDIAN INSTITUTE OF GEOMAGNETISM, MUMBAI
Autonomous body formed by Department of Science & Technology, Government of India
(Trust Registration No. AF/2375, Society Registration No. Bom 91/71 GBBSD)

SIGNIFICANT ACCOUNTING POLICIES AND NOTES TO ACCOUNTS

Indian Institute of Geomagnetism is an autonomous body under the Department of Science and Technology
(DST), Government of India. The Institute’s main activity is Scientific research in the field of Geomagnetism.

A: SIGNIFICANT ACCOUNTING POLICIES:

1) ACCOUNTING CONVENTION:

a) The Financial Statements are prepared under the historical cost convention on the basis of
going concern and in accordance with the applicable Accounting Standards issued by The
Institute of Chartered Accountants of India (ICAl) except AS-11 relating to Accounting for
the Effects of Changes in Foreign Exchange Rates’ and AS 15 relating to 'Employee Benefits’

b) The Institute generally follows the mixed system of accounting. It recognizes Government
grants and those with significant uncertainties on cash basis and other income and
expenditure on accrual basis. Expenditure is recognised based on grant amount available
to be utilized during the financial year.

2} FIXED ASSETS:

Fixed Assets are stated at their original cost of acquisition / installation. Fixed assets are shown
net of accumulated depreciation without any adjustment of foreign exchange fluctuation gain/
(loss) and capital grant received against the specific asset. Subsequent expenditure related to
an item of fixed asset is added to its book value only if it increases the future benefits from
existing asset beyond is previously assessed standard of performance. All other expenses on
existing fixed assets including day-to-day repairs and maintenance expenditure and cost of
replacing parts are charged to the Income and Expenditure Account for the period to which such
expenses are incurred.

Losses arising from the retirement of, and gains or losses arising from disposal of fixed assets
which are carried at cost are recognised in the income and Expenditure Account.

3) DEPRECIATION

a) Depreciation is provided on pro-rata basis on Written Down Value method
corresponding to the rates prescribed under Section 32 of Income Tax Act, 1961 as
tabulated hereunder:

Block of asset ' Rate of |

* | depreciation |

| Land and Building | ! ]
Furniture and Fixtures 10%

C e Equipment L 15% 7_]
Motor Vehicle . 15%

Computer and software [ 40% !

Laboratory Equipment . 15% .




4)

5)

6)

7)

8)

ST

[ Books 40%
Electrical installation 15%

b) Assets costing Rs.5000/- or less each is fully expensed out in the year of acquisition.
¢) Leasehold land is amortized over the period of lease.

CAPITAL WORK IN PROGRESS

Capital Work-in-progress is stated at the amount spent up to the date and advances made
to respective parties if backed by asset. If the expenditure is not backed by asset, the same
is recorded as Pre-operative Expenses (Project) under the head Miscellaneous Expenditure.

GOVERNMENT GRANT

Government grants are accounted on Receipt basis. The Institute receives funds from
Department of Science and Technology (DST) under three heads:

a) Grant-in-aid-Salary

b) Grant-in-zid-General and

c) Grant-in-aid-Capital

Grant-in-aid-Salary and Grant-in-aid-General are accounted in Income & Expenditure statement
of the Institute. Grant-in-aid-capital plan is accounted in the Balance Sheet under the head

“Capital Fung”.

OTHER INCOME

Subscriptions — Medical subscriptions collected from certain employees towards medical
benefits on their retirement is recognized as income on receipt basis in the year of collection.

Interest - Interest income is recognised on a time proportion basis taking into account the
amount outstanding and the applicable interest rate on fixed deposits placed with banks.

Other income - This comprises of income from project work, income from hostel/guest house

receipts and miscellaneous income. This income is recognized on receipt basis.

INVENTORIES

Closing Stock is valued at cost or market price whichever is less on First In First Out Method
(FIFO) basis and certified by the management of the Institute as to quantity and method of
valuation. items included in inventary are spares and other stationery material.

RETIREMENT BENEFITS:

Contribution towards provident fund for all employees is made to a separate fund account that
is managed separately by the organisation. Such benefits are classified as defined contribution

schemes as the organisation does not carry any further obligation, apart from the contributions
made on a monthly basis.

Gratuity, Leave Encashment and Commuted Pension Liability are provided for those employees
who are going to retire in the next financial year. No provision is made for continuing employee

~ No separate fund is created for the above and Accounting Standard 15 (AS-15) is not folloy *
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9) CONTINGENT LIABILITIES & PROVISIONS:

No provision is made for liabilities, which are contingent in nature, but, if material, the same are
disclosed by way of notes to the accounts and accounted on payment basis.

10) GENERAL:

Accounting policies not specifically referred to above are consistently followed. Any deviation
from the existing policy is disclosed in the Notes to Accounts.

B. NOTES TO ACCOUNTS:

1. As per notification no. BPl 1390/317/(75)-6 dated 5" March 1991 issued by the
Government of Maharashtra; this Institute has been exempted from all provisions of
the Bombay Public Trust Act, 1950, except those relating to registration contained in
Chapter IV of the said Act.

2. Contingent Liabilities —

Nature of Liability Assessment Year Current Year Previous Year
Amount in Rupees | Amount in Rupees
TRACES demand Various assessment 1,61,990 { 65,750
. years o

Institute has applied for rectification to income Tax Department and the same is pending
for rectification. Institute does not expect any cash outflows for the same.

3. Contingent Advances —

3) Contingent Advances balance as on 31* March, 2021 is Rs.9,22,952 {Previous year
Rs.2,38,52,912).

b) Advances given to NIC amounting to Rs.1,91,41,834 towards various projects, have
been partly settled during the current financial year. Settlement of advance during the
current financial year comprises assets aggregating to Rs.1,71,30,218 relating to
Computers and networking equipment had already been delivered and put to use since
the financial year 2017-2018.

Due to delay in capitalisation, depreciation pertaining to financial year 2017-2018 to
financial year 2019-2020 amounting to Rs.68,52,127 has been debited in the current
financial year.

4. The management has carried out physical verification of inventory (consisting mainly
of Stores and Spares) as at year end. As per the management there are no
discrepancies noticed during the physical verification.

5. During the year, physical verification of assets has been carried out by the
management. The reconciliation of the physical quantities with the books and records
isin process and discrepancy if any will be adjusted after the reconciliation is complete
with approval of competent authority

6. Capital work in progress as on 31%March, 2021 is verified and certified bv
management / respective authorities.



7.

10.

11

12.

- EC(C ~

Title to Property: -

Properties worth Rs.1,13,18,789/- (movable Rs. 8,83,800/- and immovable
Rs.104,34,989/-) previously belonging to India Metecrological Department (IMD),
another Government department and in occupation of the Institute have not been
accounted for in the Balance Sheet as the same have not yet been conveyed to the
Institute by the Government of India. The Institute continues use and incur expenses
towards maintenance of this premise.

a) In General Provident Fund (GPF) no. of employees as at 31% March 2021 is 77.
Contributions of GPF deducted from employees salaries have been remitted to a
special account called “lIG GPF Account” respectively in Bank of india, Panvel
Branch. The above doesn’t form part of the Institutes books of account.

b] NPS Scheme

The empldyees joined on or after 01.04.2004 are eligible for “National Pension
Scheme”. The Institute has remitted the respective contributions (both employee
and employer) to “NPS Trust Account” with Axis Bank. The above doesn’t form part
of the Institutes books of account.

Provision for Gratuity Liability, Leave Encashment and Commuted Pension have
been provided as at 31 March, 2021for those employees who are going to retire in
the next financial year. Amount provided for as at 31 March,2021is Rs.2,75,46,056
(Previous year: Rs.1,95,54,807). No provision has been made for Gratuity, Leave
Encashment and Commuted Pension payable on retirement of continuing
employees. The Liability for above is not estimated for continuing employees. Total
liability accruing for continuing employees as at 31"March, 2021is not determined
and provided. The unfunded obligation will be made good by the Ministry on
request of the Institute.

Government Grants to the Institute
The Institute has received the following grants during the year =:
Particulars Current Year Previous Year
As per Income & Actual As per Income | Actual grant
Exp. Account/ grant & Exp. received
Capital Fund received | Account/Capit
) al Fund

Grant-in-aid-Salary 29,56,00,000 29,56,b0,000 32,83,84,000 32,83,84,000
Grant-in-aid-General 10,25,00,000 | 10,25,00,000 8,72,51,000 8,72,51,000
Grant-in-aid-Capital 6,40,00,000 6,40,00,000 7,78,06,000 7,78,06,000J

Amount recoverable under GST as per various GST Acts as at March 31, 2021 is
Rs.2,31,82,926(Previous year Rs.2,30,52,742.23/-). Recovery of credit available with
the Institute as stated above can be set-off only against liability payable towards
outward taxable service that may have been incurred or will be provided in future.

Loans and advances to employees and others outstanding as at 31% March, 2021is
Rs.50,97,248 (Previous Year Rs.2,89,30,057/-). Adjustment will be made as and when
the approvals are communicated to the accounts department.




13. Amount of Rs.6,68,000/- paid in 2012-2013 which represents the cost of lab
equipment was lost in transit. Against which an appeal filed by the Institute with State
Consumer District Redressal Commission, Presiding Judicial member has granted the
claims of damage of Rs.6,68,000/- plus interest at the rate of 9% per annum and other
reimbursements in favour of the Institute. As on March 31, 2021, this claim is still
pending to be received from Safe express Private Limited. Accounting entries to give

effect to this matter will be made in the year in which the damages claimed will be
recovered.

14. Except for expenditure in foreign currency for travel purposes and Equipment’s

import, there are no other foreign currency transactions. Hence, AS-11 is not adhered
by the Institute.

15. 1IG Pension fund balance as at 31 March, 2021 Rs.6,59,66,367 (Previous year Rs.
6,16,18,881/-)) consisted assets side Fixed Deposits Rs.6,59,66,367 (Previous year Rs.
6,16,18,881/-), Bank of India Bank balance Rs.NIL (Previous year Rs.178,446/-) and
Liability side represents Earmarked/Endowment Funds (Pension) Rs. 6,59,66,367.
These are taken in respective heads in [IG Main Financial Statements.

16. Interest income amounting to Rs.34,75,991 earned on SDR during the year ended
March 31,2021 needs to be refunded back to the Ministry as per the sanction order.
This transfer entry has been accordingly reduced from interest income. The amount
payable to Ministry is currently classified under other current liabilities.

17. Previous year's figures have been regrouped/reclassified wherever necessary.

As per our Report of even dated.

For P. B. SHETTY & CO. For INDIAN INSTITUTE OF GEOMAGNETISM
Chartered Accountants

Firm registration number - 110102W’

Brijesh Shetty ) ‘ . ‘ 2
Partner '
Membership number - 131490 IN-CHARGE ACCOUNTS THE DIRECTOR FOR TRUSTEE

Place: Mumbai
Dated: 04 August, 2021
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R HgFascd HEUTT / INDIAN INSTITUTE OF GEOMAGNETISM

7 9, 7 HaE | NEW PANVEL NAVI MUMBAI- 410 218.

3G / SCHEDULE - 11A(2b)

¢ gATea 31.03.2021 / YEAR ENDED 31-03-2021

3= ¥ g 3R 3R FAT F{ / ADVANCE AND DEPOSITS WITH OTHERS

AS ON 31/03/20 AS ON
= fra<or / PARTICULARS 31/103/21 a=
RS. PS. RS. PS.
ol | T d UASIUAUS & urd SIARMY / Deposit Tele / Telex
74,387 [MTNL 74,387
55,440 |THUTSS!, He€mT & 9 AR / Deposit MSEB, Alibag 55,440
TSl 3 (Hag AR Jedd) & 91 STARNY / Deposit LPG
14,200 [Gas (Mumbai & Panvel) 14,200
Colthlel (THT 3M3CEC) & I ST / Deposit
62,708 |Telephones (All outstations) 62,708
3,470 |9FC TXET & 91 SFARTY / Deposit BEST Security 3,470
Iy 3T & T 98 A=aT 1A / Deposit BEST for
5,560 |Residential Qtrs, 5,560
TATHSH N THUASHIE ARG & 9 STARMA Fei /
16,510 |Deposit Security Deposit MSEB & MSED, Nagpur 16,510
dHEAS {3 @18 & ar® AR / Deposit Tamilnadu
19,420 [Electricity Board 19,420
2,94,300 |vHTHSE, SR & UrH SIERIA / Deposit MSEB, Belapur 2.94,300
TSl fadeloldell & 98 JARMY / Deposit Electricity
23,920 |Tirunelveli 23,920
TS AT (FH 3M3cEe) F I8 STANTRY / Deposit LPG
950 |Gas (All Outstations) 950
32,090 |[F g FERIRY ¥z A / Deposit CIDCO Land 2]
Toegd Heleeid & UM STARTA SARTS / Deposit Electric
9,747 |Connection GRL 9.747 |
500 [Tl T=Teple & 9T SR / Deposit Telephone Rajkot 500
F OTH SARMYA AT fasteh (d18) sFa9Y / Deposit
8,555 |Rajasthan Electricity (Board) Jaipur 8,555
550 |T=dt 9, 9dd % 9 FHRIRY / Deposit HP Gas, Panvel 550
700 |drravdave SR F 9 FARRY / Deposit BSNL Jaipur 700
STHTATS UIc soldx & IId SIHRNY / Deposit BSNL Port
1,000 |Blair 1,000
3,000 |& 9rg AR SfvavAvs Tase / Deposit BSNL Rajkot 3.000
fassl ERMSHR g7 3R Tele) & ITd AR / Deposit
48,000 |CIDCO (DIR BUNG & FLAT) 48,000
FRNATS (STTETaNE) & G STARMY / Deposit UPPCL
11,000 |(Allahabad) 11,000
64,333 |fI=Telr Qe & I SIARIY / Deposit Elect. Portblair 64,333
2,200 |HelaTdT & Uty STARM BT / Deposit Security MSED Alibag 2,200
R & UM STANIR I8 38 st / Deposit Pushpak Gas
3.150 |Rajkot 3,150
TUTa 39 diceeY & 918 AR / Deposit LPG Gas N
1,850 |Portbiair . . 1850
1,900 |vodel 39 =R F 99 S8R / Deposit LPG § Slicnhar 1,900
N

"\)ontd.Page-z



2

FEH oy & 99 FTERIA [I&T / Deposit Security at

1,00,000 |Assam Silchar 1,00,000
1,000 | @rdT ToiIe & o8 STERN / Deposit Bank Alc. Rajkot 1,000
1,000 |§%F @Tar IFelEeT & 9T STARI / Deposit Bank A/c. Alibag 1,000

¥ @ far@rdeead & 9 AR / Deposit Bank Alc.
1,000 |Vishakhapatanam 1,000
1,000 |d% @ar BeEX & 98 FHRIRY / Deposit Bank Alc. Silchar 1,000
500 |8 WIGT ANTYT &% 9T AR / Deposit Bank A/c. Nagpur 500
fIoTell THATHSSIHITAS, 3T & 9 STERIRY / Deposit
3,430 |Electric MSEDCL, Alibag 3,430
fastelr faem@eeAs & urq JTARIRY / Deposit Electric
5,170 |Vishakhapatnam 5,170
52,857 |ateiar 39X & 9 FHRITR / Deposit Nalanda Decor 52,857
AT JfeAEEer & g9 JARIY / Deposit Victory
25,000 [Automobiles 25,000
THATHSSIIITA SefTyY Fd1eY & 918 STARNY / Deposit
2,430 |MSEDCL Belapur quarters 2,430
TATHSSIAUS HIegqY & U STHRI / Deposit MSEDCL
3,720 |Kolhapur 3,720
TAUEZEANUS GaAdd o OTd STARIRY / Deposit MSEDCL
8,59,900 [Panvel 8,59,900
1,52,175 |TaAUIGrET @rar / NHPC Alc. 152,175
66,890 | TAUANTH/ B3I IRAST / NMRL/DRDO Project 66,890
370 |fSarell STERIfA-ARTYR / Electricity Deposit-Nagpur 370
TarsTelr #ieT HIoTer &1 FI&T JTHARMA / Security Deposit of
1,360 [Electric Meter Colaba 1,360
farstelT #ex AlegTqR T Gt AT / Security Deposit of
1,670 |Electric Meter Kolhapur 1,670
20,38,912 Fo [ TOTAL 20,38,912
13




AT HgFaeca €U / INDIAN INSTITUTE OF GEOMAGNETISM
g qadd, AdY Ha§ / NEW PANVEL NAVI MUMBAI- 410 218,
H=1gdT / SCHEDULE 11B(1)

a¥ gATea 31.03.2021 / YEAR ENDED 31-03-2021
FAIRA ® 3¥A /| ADVANCE TO STAFF

AS ON AS ON
31/03/20 T PARTICULARS 31/03/21 d&%
RS. RS.

PS. PS.
5,29,484|J1A1 &dT / Travelling Allowance 1,88,282
278,145 950 T RAAT  Leave travel 157,637

concession
-|&heX / Scooter
-|3mare AT / House Building
1,14,511|Tacelr & ./ Foreign T.A. 1,14,511
500|hegeX / Computer 1,46,000
52,080|ATeT TMaT / Motor Car 4,000
31,20 04| F1O7T P (SLN) ST / Hard Duty 4355904
Allowance
68,111|TATATATOT 9T €T / TA on Transfer
3,30,000| FrfercaTr 31fare / Medical Advance
45,02,736 #a / TOTAL 49,66,344
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sl A\ .

A gFadhca FEUTA / INDIAN INSTITUTE OF GEOMAGNETISM
«g Yeldd, #d #d§ / NEW PANVEL NAVI MUMBAI — 410 218.

3rerqel /ISCHEDULE - 20A
31/03/2021 &' AT 9% / YEAR ENDING 31/03/2021

A. da+ / SALARIES

31.03.2021 d&

AS ON 31/03/21
f&a<or / PARTICULARS

®/RS. ©/PS.
JdsT dT ¥ / Pay and Allowances 2045,81,652
My orEl A REd orgha / aew / Research
Scholarship / Stipend to Res. students
144.81,010

el /I TOTAL 2190,72,662

l



| - . tra20¢ 2021

ARART SgFasea TEATT
INDIAN INSTITUTE OF GEOMAGNETISM

g gerad, T4t HE§ - 410 218
NEW PANVEL, NAVI MUMBAI — 410 218.

T / SCHEDULE - 20B
31/03/2021 ®Y §ATCT I / YEAR ENDING 31/03/2021

#a JUT aiH / ALLOWANCES & BONUS

31.03.2021 9%
faa<or / PARTICULARS AS ON 31/03/21
w./RS. H¥./PS.
AT / Honorarium 1,68,500
FHATN / Overtime 18,844
HT&sT S 74T / Hard Duty ]
Allowance
31T T / Mess Allowances 167,619
e fueTr o1 / fuer geh &I
gfagdf
Children Education Allowance / 24,535,750
Reimbursement of Tution Fees
'?';_of | TOTAL 28,10,713

22
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Pledge taking ceremony on Constitution day at IIG, Navi Mumbai
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fate of Geo

IIG is proudly celebrating its Golden Jubilee year 2021.
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