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In this paperwe review the progress in Geomagnetism and allied areas based on the past thirty fivenbadidic
expeditions and summarize the scientific results obtained in the last déaades dynamic processes in the rEarth

space environment, driven by the transient changes in geomagnetic field such as storms and substorms, severely affect the
space weather over the Polar Regions. Magnetopsheric substorms lead to the intensification of ionospheric currents and
auroral outbursts within the auroral oval, causing energetic charged particles in the auroral region to come down to D-region
ionosphere, which is reflected as Cosmic Ngisgorption (CNA) as monitored by imaging RIOmeter at Indiatarctic

station, Maitri (Geog. 70.75, 11.73PE; Geom. 66.8%, 56.29E). A systematic rapid declineThe Earths complex main

magnetic field at Maitri (~110 nT/yr) is important for monitoring the evolution of reverse magnetic flux patches due to
physical processes occurring in the outer core of the EarthGitial Electric Circuit (GEC) studies were started to
understanthesolar-terrestrialelationshipandassociatedhangen surfacaveather anthenear-eartlelectricalenvironment.
SchumannmesonanceéSRs),theAC partof GECreveal astrong UTvariationof amplitudein seasonahswell as yearly

time scalesTheobservedliurnalvariationis explainedn termsof thedominanthunderstornactivity centeredverthe
threeconvectivelyactiveregions, vizAsia/MaritimeContinent{Indonesia) SouthAmerica andhfrica.

Thevelocity andstraindistributionof SchirmarchaeGlacierwasinvestigatediuringtwo GPScampaignén the yea?003
and2004.The studiesindicatethatthe horizontalvelocity is in therangeof 1.89-10.88na ! with anaverage velocity of
6.21mal.

Keywords: Indian Institute of Geomagnetism (lIG); Indian Antar ctic Reseach Sations; Geomagnetism; Global
Electric Cir cuit; GPS; Environmental Magnetic Sudies

Introduction ionosphere, which are monitored through magnetic
field measurements (Singh al., 2012; Beherast

al., 2015). Changes in the ionosphere are also
monitored using an Imaging Riometahich measures

. ) : _ the strength of the 38.2 MHz galactic radio waves
the high latitude region of the atmosphere to be dlrectlythat impinge on the Earthatmosphere, and thereby

gffeded by the Increase in maé;neté)sphenc Ienergygives information on the changes in absorption of this
uring geomagnetlc storms and substorms. nten_sesignal due to changes in the ionospheric electron
energy input from the magnetosphere can result mdensity (Browneet al., 1995).Apart from the

yisuallyhspectgcula;faurolilalzanhq chhe;nges in thedramatic short term changes in the geomagnetic field
'onosp gre_t at a _ect (high frequency) recorded aAntarctica, which may be attributed to
communication (Detrick and Rosenberg, 1990). external causes, it has erged that the Earth’

Incrgallse In t_h(_e c_onvectlzj/e elgctnc field and aL_JrorhaI complex main magnetic field, which has its origin in
particle precipitation produce intense currents in the o f,iq outer core of the Earth at a depth of about

Antarctica is a region of great importance for studies
of geomagnetism and allied fields. Present day
geometry of the Earte’main magnetic field causes
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2900 km below the surface of the Earth, is also years gap in between. The geographic location of
undergoing a systematic rapid decline as observed irDakshin Gangotri and Maitri has proved to be unique
the Antarctic region (Pathast al., 2009). Indian  location from geomagnetic point of vieas will be
Institute of Geomagnetism (l1G) started geomagnetic elaborated in the results and discussi@vith barely
field measurements Antarctica during the first Indian 2% of Antarctic Continent free from ice, Maitri is
Antarctic Expedition in 1981-82Vith the settingup  located on one such ice-free rocky area of
of a permanent base at Dakshin Gangotri (DG) in Schirmacher Oasis - with number of fresh water lakes

1983-84, observations were taken on a regular basigvailable within this area.

with Proton Precession Magnetometer (PPM),
Fluxgate Magnetometer and an 30 MAzalogue
Riometer (Rajaranat al., 2001).After abandoning

The present review on Geomagnetism and allied

aspects is based on the past Indhartarctic
expeditions and summarizes the observations along

of Dakshin Gangotri Station and construction of new \yith their scientific implications.

Station at Maitri in 1990, the observations were

continued at Maitri and additional instruments were Experimental Facilities

deployed. The Fluxgate Magnetometer was replaceq; js participating in the Indian Scientific Expedition
by Digital Fluxgate Magnetometer (DFM) and the 30 1, antarctic (ISEA) since its inception and fair

MHz Riometer by a 38.2 MHz Imaging Riometer

numbers of scientists have visitAdtarctica.The

The observations have indicated the importance of} it te is conducting geomagnetic, ionospheric, air-
the location of Maitri, as a sub-auroral during oath current and GPS measuremensnitarctica.

magnetically quiet periods. Howeveduring
magnetically disturbed times auroral oval expands and
the variations recorded are quite different from their
quiet time variations. Large decrease in the main"
magnetic field observed at Maitri are now emerging _
to be important for monitoring the evolution of reverse !
magnetic flux patches due to physical processes
occurring in the molten conducting outer core of the
Earth. Thestudy of Global Electric Circuit (GEC)
providesa platform for understandinghe solar-
terrestrialrelationshipand associatecchangesn .
surfaceweather Continuousmeasurementare
carriedout to understandhe near-earthelectrical
environmentA link couldbeestablishetetweerthe
surfaceelectrical environmentand spaceweather
eventgPanneerselvaet al., 2010;Jeniet al., 2015).

The IndianAntarctic Geomagnetic studies jy.

commenced with the launching of the first Indian
Antarctic expedition in 1981-82. The first Indian base
was set up in the Queen Maud Land region (Geog.,,
70° S latitude, 12° E longitude) of edsttarctic ice
shelf. Nearly 10 days of magnetic data were collected
with a PPM in January 1982. Since then, the stay and
the observational period kept on increasing with setting
up of permanent stations, Dakshin Gangotri (1983)
and Maitri (1990)The third IndiarAntarctic Sation,
Bharati (Geog. Co-ordinates Y69, 76 E) was
commissioned at Larsemann Hills, EAstarctica in

the year 2012. Over the past 35 years, the magnetig;.

field is being continuously monitored, except for a few

The following instruments were operated for various
geophysical studies as mentioned above:

Proton Preceson Magnetometer (PPM) for
recording ofTotal Magnetic Field (F) intensity

Fluxgate Magnetometer (FM) to record
variations in the three orthogonal components
X, Y and Z.The Fluxgate Magnetometer was
later replaced by a Digital Fluxgate
Magnetometer (DFM) in 2003.

30 MHz Riometer to measure the strength of
the cosmic radio noise that impinge on the
Earth’s atmosphere, causing secondary
ionization in the D region. The Riometer was

replaced by an Imaging Riometer operated at
38.2 MHz to have a better understanding of the
absorption processes

Magnetometers at the verticesf a triangle to
determine the velocity of small-scale auroral
current systems over Maitri

Maxwell Current experiment to determine
variations in air earth current system. The system
was later expanded to record all three parameters
of Global Electric Circuit (GEC), namely
Conduction Current, Potential Gradient &mnd
Earth CurrentAn Automatic Weather &tion
(AWS) was also operated to record
Meteorological parameters used in analysis of
GEC data

Global Positioning System (GPS) for studies of
crustaldeformation and Glacier movement
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Vil.

Major Scientific Achievements

Comparative study of Quiet Day variations at
Dakshin Gangotri (DC) and Novolazarevskaya

Induction Coil Magnetometer (ICM) for after establishing of Dakshin Gangotri Station during
monitoring geomagnetic field variations in 0-32 1983-84A comparative study of the quiet day features
Hz frequency range (geomagnetic pulsations). of the geomagnetic field at DG and nearby Russian
The Schumann Resonance frequenciesStation, Novolazarevskaya was carried out to check
estimated from the data set provide information the validity of data. The mean diurnal variation pattern
about the global temperature and global changeof the three magnetic elements at the two stations
in temperature operated on a long-term basis (Fig. 1A) show that the two stations are in close
conformity with the anticipated diurnal patterns for
such geographical locations during local summer
months close to solar minimum epoch. The range of
variations at both stations is nearly the same.

(NOVO) However the departures from total coincidence
Regular geomagnetic measurements were starte§@n be mainly attributed to the fact that the three
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Fig. 1: (A) shows mean diurnal variations in H, Z and D derived from records on quiet days at Dakshin Gangotri and

Novolazarevskaya. (B) Shows geographic locations of IndiaAntar ctic station Maitri and Russian Antarctic station
Novo in Schirmarcher Oasis. Though they are nearby stations, they do not exhibit identical geomagnetic variations



302 Ashwini K Snha et al.

dominant poles — Geographic, Dip and Corrected The range of horizontal field variation in the daily Sq
geomagnetic - are widely separatedAintarctic pattern during summer is one order higher than that
region, so that even two stations in close proximity during winter A sharp shift in the time of peak Sq
geographically may show significant differences in current to later local times (> 1 hour per month) is
the geomagnetic variations (Rangarajan and Dharobserved during Jan-Feb and July-August, which may
1988). The difference in geomagnetic variations correspond to the transactions from complete
between two geographically nearby stations is evidentpresence or absence of sunlight to partial sunlight.
(Fig. 1 B). The differences in the incoming solar UV radiation
during such transactions can cause a sudden change
o _ _ : in the local ionospheric conductivity pattern, and can
geomagnetic field at the Indiamtarctic station (refer also trigger some unusual thermo-tidal activibat

Fig. .2)’ Maitri during two Consecu'Five years of solar might be responsible for modifying the global Sq pattern
minimum was analyzed to investigate the (Vichareet al., 2012)

characteristics of the solar quiet (Sq) current system

and the signatures of the south limb of the Sq currentGeomagneticVariations at Maitri in Relation to

loop of southern hemisphere over sub-auroral station SpaceWeather

It was observed that Maitri behaves like a typical _ o

mid-latitude station during quiet magnetic conditions The auroral oval regions are dynamic in nature and
and seasonal variation of the Sq current strength ovetney can shift polewards or equatorwards, depending
Maitri is strongest during summer months and weakeston the degree of electromagnetic disturbance in
during winter months. In spite of the total darkness 9e0spaceWith change in geospace disturbance, the

during winter months, Sq pattern is identified at Maitri, Sub-auroral locations are ideal to sense the rapid
changes in space weath&®G and Maitri occupy

such an important location and shift in and out of
auroral oval with increasing magnetic disturbance
(Banolaet al., 1997). During quiet magnetic
conditions, Maitri is situated to the north of auroral
oval and is influenced by southern limb of Sq current
systemWith increasing chae particle precipitation

in auroral oval, the auroral oval expands and overlaps
the station. During such conditions, Maitri is influenced
by auroral electrojet and behaves like a typical auroral
zone station. Thus, Maitri becomes an ideal location
for ‘SpaceWeather studies. “Véather in Space”
refers to degree of electromagnetic disturbance in
the Earths Space Environment (Geomagnetosphere).
The auroral regions of the Earth serve as ideal
locations for the remote sensing of Spdeather
These regions map to Central Plasma Sheet (CPS)
region of the magnetosphere. The CPS represents
the region of magnetosphere where large amount of
SolarTerrestrial engyy exchange takes place, and
this energy ultimately finds its way into the auroral
ovals of the Earth. Thus the magnetic variation
recorded on ground in auroral regions provides clues
to physical processes in the distant magnetosphere,

The quiet-time XKp < 3) daily variations of the

~T T T
® 4 B 17 W BN N 0 4 #F 1 W M M

Local Time (hr) Local Time (hr) and hence to those in the Interplanetary medium and
on the Sun.

Fig. 2: H- and D-variations during various months averaged

over quiet days (Kp > 3) of years 2009 and 2010 The paSt two decades of eXperlmental
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Geomagnetism at the IndiAntarctic station Maitri, ~ magnetic field components, and the velgaignsity
using MagnetometeRiometer and observations of gnd dynamic pressure of solar wind particles in
Optical aurora, has led us to the following conclusion: interplanetary space.

Maitri is ideally suited for nowcasting Geospace Comparison ofY, X and Z variations and the
Weatherand perhaps the InterplanetdvigatherThe Riometer absorption patterns at Maitri with the IMF
former refers to the degree of disturbance in electricvariations and the interplanetary solar wind parameters
and magnetic fields, and particle population in various measured by the WIND Satellite during 1999 (Fig. 3)

regimes of the Earth’ magnetospher@he latter show good agreement between the magnetometer and
refers to the magnitude and direction of the solarthe Riometer variations and the southward component
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Fig. 3: (A) 30 MHz Riometer and geomagneticY, X and Z variations at Maitri for the disturbed day of 1 May 1999. Below is
three hourly Kp values. The day the solar wind almost disappeared. IMF parameters for the same periods are shown on
the right hand side for the comparison; (B) 30 MHz Riometer and geomagneticY, X and Z variations at Maitri for the
disturbed day of 11 May 1999. Below is thee hourly Kp values.The day the solarwind almost disappeaed. IMF
parameters for the same periods are shown on the right hand side for the comparison
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of the IMF its intensity the speed of the solar wind, etal., 1993: Kalreet al., 1995).

and the ion dynamic pressure of the solar wind. The _

changes recorded by a fluxgate magnetometer and d7iangular Magnetometer Experiment Around
30 MHz Riometer operating at Maitri during a splendid Maitri

display of “aurora australis” on 4/5 March 1999 were ;4 qnetometers were operated at stations located at
interpreted in terms of currently —understood auroral e \erices of a triangle around Maitri, with sides of

physics. Interplanetary magnetic field and plasma ;5 550 km to determine the presence and velocity
parameters (Fig. 4) recorded by the WIND Satellite ¢ pile, small-scale, auroral current systems over
indicate very high solar wind velocities (>600 km/sec), Maitri (Fig. 6). These currents while flowing over

and prolonged southward Bz of average value (<5aitrj and surroundings, leave signatures over the

QPAS;ngatheesa}z;%gnzviigt' Irzgsclljergsc;tn){ 'Szt'??‘r’]"aer\]’sr ground based magnetometers. The velocities were
9 P y determined from the time lags in these pulsations, The

Pascals during the event (Rajareinal., 2002).

OPTICAL AURORA SEEN OVER MAITRI

2= 85 MARGH 19§ [NIGRT HMOURS . AURORAL EVENT]
6

IMF DATA FROM WIND SATELLITE
MARCH 4-5 1999 GSE Codrdinates

T Yoo

velocities of these mobile auroral current systems lie
typically between 0.5 and 3.0 km/sec, and they tally
well with the velocities obtained by various

experimental groups in the northern auroral oval.
During a particularly disturbed period of 28-31 Jan

: )'le‘ :fmm”
: 1996, very large drift speeds of 3 to 18 km/sec were

Ay ALY o Bx 4
ks Lk ¥ WML T obtained from the time lags at the 3 stations, and this

nT

e R " e could be due to the presence of the eastward drifting
5 ;:I (“ uf Adh bt ] LME L Omega bands and westward traveling surges (Kalra

af 1y r et al., 1998; Dhaet al., 1999).
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The dynamo process in the interior of the Earth
generates a magnetic field that stretches up to the
surface and beyond. The surface measurements of
the geomagnetic field arise due to the internal field,
however up to 10% contribution could be as a result
of the ionospheric and magnetopsheric currents which
are mainly controlled by the solar activiiyne external
currents vary at a much shorter scale (seconds to
years) than the currents in the interior of the Earth.
The long term variation in the geomagnetic field, arising
Maitri does not have a conjugate location in the due to the changes in the internal currents, is called
northern hemisphere as the field lor@inating from as secular variation. The global secular variation
Maitri falls into Ocean (Fig. 5). In the absence of suggests declining geomagnetic field intensity
conjugate location for Maitri, magnetic data from (Glatzmaier and Roberts, 1995; Patlegal., 2009).
Maitri was analyzed in corroboration with northern The maximum rate of decline has been observed in
hemispheric two nearby stations LMBGUR and  the soutttlantic regionTheTotal Geomagnetic Field
NARSARSSUAQ, which fall on either side of the Intensity F measured at DG and later at Maitri,
conjugate location of Maitri. LENROGUR and indicated a large drop between the year of 1987-1996
NARSARSSUAQ are auroral zone stations and showin the F values. When compared with the values of F
the variations reflected by auroral electrojet and thusfor the geographic location of Maitri obtained from
differed from the signatures recorded by Maitri during IGRF (International Geomagnetic Reference Field)
quiet magnetic conditions. During disturbed conditions, for 1990, it showed a markedly decreasing trend for
the variations however matched. This further the years 1982, 1996, 1990 and 1996. Examination of
confirmed the location of Maitri as sub-auroral (Dhar the F values for 1922, 1951 and 1960 from earlier

Fig. 4: Shift and change in the movement of optical aurora
over Maitri and its ground geomagnetic signature
from March 4, 18 UTto March 5, 06 UT1999.Variations
in IMF parameters are shown on right hand side for
the same period

Observation from Conjugate Sations
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Fig. 5: In the absence of conjugate location for Maitri, magnetic data from two nearby stations LEIRVOGUR and NARSARSSUAQ
was obtained and analyzed. These two stations fall on either side of the conjugate location of Maitri
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Fig. 6: Simultaneous geomagnetic pulsations at two locations MAITRI and
ORVIN on 21 Jan 1996 between 0800 and 1000 UThe drift speed of
the small scale ionospheric current systems are estimated from the
time lag in similar pulsations

Magnetic Charts for this location, the
resulting curve suggested a drop of
about 8000 nTn the past 75 yearA.
decrease of nearly 17% was observed
since 1922, which is a considerable
magnitude within 75 years (Arahal .,
2000; Rajaranet al., 2002; Pathast

al., 2009). Recent observations of the
magnetic field intensity at Maitri
suggest annual decline rate has
dropped about 60 nT/yeawhich is
consistent with international
geomagnetic reference field (IGRF)
model (see Fig. 7).

An examination of total magmatic
field (F) data from other stations (Figs.
8 and 9) in the northern and southern
hemisphere suggested that this
decrease was occurring only in the
southern hemisphere. Bormaenal.
(1995) had reported a decrease of about
100 nT/yr at Novolazarevskaya
(Russian) and George Foster (German)
stations, both the stations located in the
vicinity of Maitri. The rate of decrease
observed at southern hemisphere high
latitude stations is as follows:
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Fig. 7: Observed and modeled intensity of geomagnetic field at Maitri during years 2003-2010 show annual decline of about 60
nT/year
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yr, Mawson: 72 nT/yrDumont d’Urville: 50 nT/yr Fig. 9: Geomagneticbtal Field (F) variation at two northern
(Rajaramet al., 2002). hemisphere stations Narsarssuaq, Leirvogur and

southern hemisphere station Demont D’ Durville
Further analysis of magnetic data from high-
latitude stations in northern and southern stationshorse shoe shaped belt in tRatarctic region,
indicated that this rapid decline is confined to a narrow encompassing Maitri (Aruet al., 2000). The rate of
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decline falls as one moves away in the poleward ora process called as “substorm”. Substorms manifest
equatorward direction. Gubbins (1988), defined thesein the form for spectacular auroral displays, intense
areas as ‘Regions of Reverse Magnetic Flux'. magnetic field variations, etc. (Rostoletal., 1980;
Continuous monitoring of the F values as well as theKellerman and Makarevich, 201Singhet al., 2012;
efforts to modeling the decline will be useful in future. Murphy et al., 2014). During intense events,
The Fig. 10 shows the contours of rate of averageprecipitation of energetic charged particles into the
decrease in F (nT/yr) over the past five decades (1950polar atmosphere leads to enhanced cosmic radio
1999) for Antarctic and sub-Antarctic stations noise absorption (Behera al., 2015), which
between 30°-90° S in geographic and geomagneticnfluences the dynamics of the neutral atmosphere
coordinates. The locations of the stations consideredCodresciet al., 1997) and even possibly the surface
are shown using star symbols. air temperature (Seppéatal., 2009). In addition to

_ o o variations with local time, latitude and season,
Substorm Dynamics at Maitri and Bharati Siations  sybstorm characteristics vary over the solar cycle due
In Antarctica to dominance of different solar wind drivers

Continuously emanating charged particles from the (Tanskanen, 2009 surutaniet al., 2015).

Sun expand into the interplanetary space. The Auroral latitudes (magnetic 8d(°) are the
earthward directed stream of the solar wind confines gt severely affected region due to substorm
the“earthé magnetic f|”eld in a cavity like shape called ctivity. Nevertheless, nearly all regions including the
as “magnetosphere”. The dayside magnetosphergoy |atitudes undergo significant magnetic and electric
expends to about 8-10.-Rwhere R is the radius of  field changes during substorms (McPherebral.,

the Earth) on the dayside whereas it stretches beyond g73: Singhet al., 201). During the course of a
several 100s of Ron the nightside in the form of a  gypstorm, extremely intense currents of the order of
long tail known as "magnetotailA fraction of the 366 A flow into the auroral ionosphere (Kamide and
solar wind plasma and ewgris stored in the Earh’ K okubun, 1996), which can be easily monitored using
magnetotail through magnetic reconnection processsatellite and ground based magnetomefers.result
and ultimately released into the inner magnetosphereyt the short-lived, extremely intense auroral
across the geomagnetic field lines and additionally glectrojets, the geomagnetic field could vary up to
diverted along the field lines to the polar regions during 1go4 of its total value. The direction and intensity of

-~ —~ “Q'Q~_L_.-"’

I
GEOGRAPHIC COORDINATES GEOMAGNETIC COORDINATES

Fig. 10: Conditions of total magnetic field Fvariation in nT/yr for the period 1950-2000AD, using data from stations located
in the 30-90°S latitude region
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the auroral electrojets mainly depend on the local times,Years-long magnetic field observations in
for example, eastward current adds to the ambientcorroboration with other relevant data sets have been
geomagnetic field and is typically observed near duskextensively used for the better insight of the substorm
hours whereas westward current leads to a shargprocess and subsequent energy input into the upper
depression near the local midnight (Rostadteal ., atmosphere.

1980). The intensification of the westward auroral
electrojet is believed to be more closely related to the
onset substorm.

Morphology of Auroral Electrojets at Maitri
Sation: The local H, D and Z magnetic variations
are generally sensitive to the east-west currents, field-

Disturbances in the horizontal (H) components, aligned current and spatial gradient of the zonal (east-
observed at selected 10-12 longitudinally distributed west) currents, respectiveljypical magnetic field
auroral observatories in the northern hemisphere, haveomponents variation under the influence of the
been used over several decades to derive auroradastward and westward currents prevailing at
electrojet (AE) indices to monitor substorms (Davis different local times at Maitri are demonstrated in
and Sugiura, 1966). The auroral oval is often confinedFig. 11. It was inferred from the in-phase H and Z
between 68 70° magnetic latitude, however it expands variations for the events that Maitri station being near
equatorward and contracts poleward in accordancehe equatorward boundary of the auroral oval, the
with changes in IMFsolar wind pressure variations center of the eastward as well as westward electrojet
and level of geomagnetic activity (Kamide and for the events shown in Figl ivas poleward of our
Akasofu, 1983). Moreovethere could be significant ~ station (see Singét al., 2012).

hemispherical asymmetry in the substorm L )
characteristics (Newelt al., 2010: Singhet al. Identification of auroral electrojet onset over the
2012) ' ' ' years 2003-2008 was carried out using a customized

automatic algorithm of Newell and Gjerloev (291

Indian research bases - Maitri and Bharati in (see Singhet al., 2016 for details)About 500
Antarctica (respectively at magnetic latitudé%and eastward electrojet events were identified whereas
75°S) are suitably located near the boundaries of thethe number of events for the westward electrojet was

most dynamic auroral oval in the southern hemisphereabout 3 times higher than the form&he auroral
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Fig. 11: Variations of the geomagnetic field components undethe influence of eastward and westward awral electrojets
over Maitri. Positive H excursion (blue curve) represents dominance of eastward electrojet (left panel) whereas
westward electrojet prevails around midnight (right panel)



Geomagnetism Sudies in Antarctica 309

electrojets at Maitri were observed to have profoundtwo auroral electrojets are not essentially same
solar cycle and local time variations as shown in Figs.(Kamide and Rostoke2004).

12 and 13. The yearly distribution of electrojet onsets
have been shown in the Fig. 12. The thick red curve
represents the yearly sunspot numi@ecurrences
of the auroral electrojets events varied in accordanc
with the solar activity as represented by the sunspo
number except for the year 2005 when several - , _
transient solar events were witnessed (Sietgdl ., Fig. 13). I_-Ioweyer_ther_e are notable dia‘ren(_:es n
2015). During the deep solar minimum years 2007 the local time distribution of the two electrojets, viz.

and 2008, the auroral electrojet activity fairly subsided. lthe Iegstw:;rd etl]ectrOJet regere SPr ea_(lj_[s] 0 aéo rg_z;der
However the eastward and westward electrojet ocaltime than the westward electrojet. The probability

occurrences do not change in the same proportionOf occurrence of the eastward electrojet appears

thereby suggesting the fact that the drivers for thesimilar on either side of the dusk (1800 h) as shown in
the left panel of Fig. 13, whereas for the westward

The local time and magnetic local time are almost
same as the universal time (UT) for Maitri station.
eOccurrence of the eastward electrojet maximizes
taround dusk hours (1800 h) whereas the westward
electrojet peaks around midnight (0000 h) (please refer

Yearly Occurrence of Eastward Auroral Electrojet Yearly Occurrence of Westward Auroral Electrojet
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Fig. 12: Yearly occurrences of the eastward (left panel) and westward (right panel) aaral electojets overMaitri during years
2003-2008. The sunspot number is shown by the red curve
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Fig. 13: Local time characteristics of the eastward and westward auroral electrojets at Maitri. The eastward electrojet maximizes
around 1800 hrs (left panel) and westward electrojet peaks around the midnight (right panel)
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electrojet the probability of occurrence is higher to the previous studies (Papitashwtial., 2002).
towards post-midnight than those occurring in the pre-Magnetic signatures of very high latitude substorms
midnight. often observed were more pronounced in the winter
hemisphere (at Hornsund station) than those observed
in the summer hemisphere as shown in Fig. 15c. This

.P _r(_)Io_nge(:I qlé'et geomagnetic I::Or?dglr) ns :jead t?]_tk;]ecould probably be due to differences in the ionospheric
initiation o substorms at unusually high latitudes, whic conductivities due to differential solar illumination.

may go unnoticed at the standard auroral latitudes or

in the AE indices. Bharati station (~73nagnetic  Charged Particle Precipitation During
latitude) is ideally located for observing such events. Geomagnetic Disturbances

A typical event occurred on 02 March 2008 as shown o _ _

in Fig. 14 when the substorm was localized at very Precipitation of charged particles, especially electrons
high latitudes. The substorm signature was observednto the auroral latitudes during substorm activity and
in both the hemispheres. Hornsund station (geographi@ssoc'ated transient changes in high latitude ionosphere
location 77.6N 15.8E) forms a near conjugate pair are also the important aspects of space weather
with Bharati.A depression of about 500 n¥as research. Precipitation phenomena are even more
observed at Bharati and Hornsund in relation to theSignificant as they link t¥/an allen radiation belts and
substorm event. No appreciable disturbance wasEarths atmosphere &y of the precipitation process
observed at the standard auroral latitudes, nevertheled3as recently got immense attention from the space
the substorm current wedge produced asymmetricand climate research point of vieWot only will it

magnetic field at the low latitudes (bottom panel of help us to understand dynamics of the radiation belts
Fig. 14). and related energetic electron flux evolution but also

may provide a viable mechanism to explain the link

Analysis of about 100 days of magnetic data petween the atmospheric precipitation of solar
collected during years 2007-2010 in campaign modeenegetic particles and polar climatériability (S.
at Bharati station suggested that the very high latitudekirkwood et al., 2015; Rodgeet al., 2013; Turunen
substorms predominantly occur around midnight hourset al., 2009; Seppalet al., 2007).
in a way similar to usual substorms (Fig. 15a). Majority _ _ _
of substorms were observed during the slow to For many decades, Cosmic Noisksorption
moderate solar wind conditions (Fig. 15b) in contrast (CNA) phenomena is possibly considered as the low

Substorm Dynamics at Very High Latitudes:
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Fig. 14: Very high latitude substorm on 02 March 2008 leading to a depgssion of about 500 nTat Bharati and Hornsund
station in the northern hemisphere (Fig.ure adapted from Singtet al., 2012). No appreciable magnetic field variation
was observed at the auroral latitude (middle panel), however noticeable asymmetry at the low latitude was evident
(bottom panel)
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Fig. 15: Characteristics of very high latitude substorms observed over Bharati: (A) Occurrence in local time (B) dependence
with speed of solar wind and (C) hemispherical asymmetry in the intensity of substorm. (Adapted from Singdt al.,
2012)

cost and handy proxy to decipher the energetic particlethe composition of the middle atmosphere (Codrescu
precipitation at high latitude lonosphere, mostly in D- et al., 1997) Apparently use of wide beam riometer
region (Little and Leinbach, 1959). The process of for the particle precipitation could not provide the
deposition is either in the open field line region at the spatial information of the CNA pattern and later was
day side of magnetosphere or in the closed field linereplaced by advanced arrays of riometers forming
region in the night side (Newell and Meng, 1992). different beams in 1990 and are called imaging
However the night side precipitations is mainly due Riometer (Detrick and Rosenberg, 1990).

to high energetic electrons in the energy range of (>20 _ . .

Kev) inside the auroral region (Hargreaves, 1969). '_:'r_St regults f_rom I_maglng Rlometer' Ins_talled _
Softer electrons (<10 Kev) are responsible for auroral gt Maitri: An Imaging Rl_omett_er (sho_w_n in Fig. 16)_'3
display and in some part for intensification of auroral installed at IndiaAntarctic station Maitri (Geographic
electrojet in ionospheric E and F regions. Harder7o'75 deg_ree S, 1175 degree E; correcteq
electrons such as 30 KeV to few MeV can penetrategeomagne'[IC 631 ‘?"?gree S, 53.59 degr(_ae E). n
deeper into the ionosphere and subsequently affec{:ebruary 2010. Initial results from the imaging
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Fig. 16: South-east view of the installed imaging Riometer at Maitri. It includes the antenna and the hut (yellow color hut)
where the reciever unit is kept

Riometer data shows Sidereal shift of around 2 hourscharged particles during the course of a
in the diurnal pattern which validate its data (Pleasemagnetospheric substorm simultaneously affect upper
refer Fig. 17)Also, the variation in the strength of and lower regions of the ionosphere. Howetas
cosmic noise signal with months is observed. This isdepends on the energy of the charged particle flux in
apparently due to solar ionization of D-region particular Many previous studies (Frank-
ionosphere causing enhanced electron density wheré&Kamenetesky antroshichey2011; Kavanagtetal.,
collision frequency is already high. The main objective 2002; Staunninget al., 1996) have reported that
of installing the imaging Riometer at Maitri is to study intense and short-lived CNA events associated with
Magneotspheric-lonospheric coupling during substorm substorms are mostly observed in the midnight sector
processes. Hence, many typical examples ofof the auroral ovaM/e have examined such type of
disturbed time CNA associated with storm-time and CNA events as shown in Fig. 18 predominantly
non-storm time substorm have been analyzed. Result®ccurring during 0000-0600 UWR300-0500 MI) at
reveal that CNA is more pronounced during storm- IndianAntarctic station Maitri (corrected geomagnetic
time substorm as compared to non-storm time substorn{CGM) coordinates 62.89S, 53.59 E), which is

or, isolated. Furthemitial results confirm that the level  located at the equator-ward edge of the auroral oval.
of CNA strongly depends upon the strengthening of Contrast to the earlier reports on the occurrences of
convection electric field and the duration of south- auroral substorm absorption events, our study reveals
ward turning of interplanetary magnetic field before that these kind of CNA occur in the post midnight
the substorm onset (Behestzal ., 2014). sector (~ 0200 UT). Identification of these events
was done based on some strict criteria. Further
statistical study of such events show that absorption
events related to isolated substorm and storm-time

Characteristics of Auroral Substorm Event
During Substorm: Precipitations of energetic
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Fig. 17: Contour plot for Sidereal shift of maximum signal strength of Cosmic noise signal for consecutive months. For the
month January to May, shift of ~ 10 hours (~ 10 UTto 00 UT) of maximum signal stength is seen. Similarly for the
month June to December shift of ~14 hours (~24 UTto 10 UT) is seen

substorms exhibit distinct features in terms of their made between the DCNgvent of 02 pril 2011 with
intensity and extent in latitude and longitudéso, that of 14 July 201, a day with substorm activity when
the statistical study suggests that the maximumMaitri is in day side but without DCNA event (Behera
intensity of CNAs depends on the interplanetary etal., 2016). The comparison has been made in the
conditions as shown in Fig. 19, such as, the solar windight of interplanetary conditions, imaging Riometer

speed with correlation coefficiem) f 0.5, southward
component of IMFBz (r = 0.75), and duskward
component of IEFEy (r = 0.85). The comparison
showed that role of duskward component of IBF E
is found to be more noteworthy than other
interplanetary parameters.

Day Side Cosmic Noise Absorption Event Due
to Eastward Propagating Kev Electron Flux: On
02April 2011, a couple of cosmic noise absorptions
(CNA) events were detected at Maithintarctica
(L=5,CGM 63.14 S, 53.69E) confining to night and

data, ground magnetic signatures. Fig. 21 presents
the GOES-13 satellite observation of electron fluxes
with 40-475 KeV energy range showing clear
enhancement during substorms on both the days (02
April, 2011 and 14 July2015) when Maitri was on
the dayside. Howevgglectron flux in the engy band

of 150 and 275 KeV during DCNA day have increased
by more than 2 folds compared to the day of 14, July
2011.Also, the study showed that stronger prolonged
eastward interplanetary electric field favored the
occurrence of DCNA event. It is assumed that DCNA
event is due to the gradient curvature drift of trapped

day times as shown in Fig. 20. One of the two events,, re|ativistic electrons in the equatorial plane.

that occurred during night hours was caused due tQcgtimated energy of trapped electrons using azimuthal
auroral substorm onset. Our interestimmediately Wentyyig time for a set of ground stations within the auroral
onto the later CNA event, which was recorded during 5| confirms the enhancement in electron fluxes in

daytime (100_0-1300 ML, At Maitri_, MLT= UT-1). the same energy band as recorded by geostationary
We refer to this CNevent as day side CNBCNA)  qoi0)jites GOES 13 and GOES 15. It is also noted
eventAbsence of westward electrojet during DCNA that at Maitri, the peak to peak amplitude of these

confirmed its dissimilarity fromAuroral Substorm

; ) oscillation is 3-4 times larger during DCNA event
absorption events. Furthea comparison has been
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Fig. 18: CNA event at Maitri during an isolated substorm on 20April 2011. IMF Bz and Vsw are shown in the top two panels.
Next, SYM-H is shown (third panel). In response to theAL negative bay (fouth panel), westward electojet and CNA
were clearly observed (fifth and sixth panel). Last two panels show latitude and longitude extent of the absorption

(1100-1300 UTof 02April, 2011) than those observed Studies on Global Electrical Circuit (GEC) from
for non DCNAevent (1000-1200 Udf 14 July2011) Maitri

as depicted in Fig. 22.' Thls |nd|cate_s _the presence OfGlobal thunderstorms in the tropical region are believed
pronounced Pc5 oscillations at Maitri facilitates the to maintain the global electric potential difference of

growth of VLF chorus waves. Hence, the reason for~3oo KV between the ionosphere and the Earth’

preupﬂatgm_of electro(r;sbls expectedt_tcl) b_etthe I?Sssun‘ace (Wson, 1925)The fair weather electric field
coneé scattering caused by wave-particie Interaction; irected from the ionosphere to the ground

triggered by ULF waves. (Alderman andWilliams, 1996).The atmospheric
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electrical parameters of concern to the global electricascribed to regional phenomena like katabatic winds
circuit are the vertical electric field, conductivity and bringing in space charge from the polar plateau.
total current densityGEC provides an excellent
platform to explore interconnections and coupling of
various regions of the atmosphere. It can also provid
information on the solar-terrestrial weather
relationship. The GEC is also useful in exploring one
of the traditional scientific problems, namglyat of

Victor et al. (2015) discussed the variations of
ethe atmospheric vertical electric field measured at
Maitri and the polar statioWostok (78.8S, 10PE),
during the geomagnetic disturbances on 25-26 January
2006. The departure of the field at Maitri, as observed

associating changes in surface weather with the solal" Fig. 23, during dlsturbe_d periods has been attributed
output (Herman and Goldberg, 1978). The modern © the magrje_tosphereqonosphere coupled voltage
view of GEC incorporates solar wind-magnetosphereger_“?_ra‘torD'g'tall FIL_ngat_e Magnetometer data at
dynamo and ionospheric dynamo as sources otheMa'm were uged to |dent|fy_the presence of guroral
than global thunderstorm activityn this context, electrojet (Fig. 24.)Adopt|ng_the solar wind-
studies on GEC provide us an opportunity to addressmagnetosphere coupling functior) @s a measure
environmental changes due to space weather agtivit fo_r the energy and momentum transfer from the solar
which include geomagnetic storms, magnetosphericw'nd’ Kumar et "_il' (2009) showed that the
substorms, solar proton events, etc. atmospheric e'IectrlcaI pgrameters are well correla_ted
to the coupling function during geomagnetic
For useful measurements of GEC parameters,disturbances (Fig 25). Howeveahe correlation
the observing site is required to be free of atmospheridoreaks down during minor storms and sub-storm
aerosols or anthropogenic activity and should be aboveevents.
the atmospheric boundary layer or where convective
activity is negligible. Indian sites intarctica meet
these requirements. Furtheneasurements from

For the first time, studies have been carried out
on the influence of a major geo-effective storm (Kp

Antarctica also allow us to investigate meteorological = 8) on 5April 2010 on the atmogphen_c electncgl
effects, such as blizzards, wind turbulence, Snowfa”parameters measured at three high-latitude stations

and clouds, on local electrical processes and enablénb_the_Amamt'C p_I(;sltequ (‘ﬁtor etal, ?OhlG)dThe
us to understand the electrical climate of&htarctic objective was to identify the nature of the dawn-to-

plateau (Cobb 1977; Kameaal., 2009: Minamoto dusk convection cell and its impact on the electrical
and Kadokura 20 éiinghetal "2013)' parameters monitored on the ground. Three
B ' consecutive substorms were identified from the

Initial studies have shown that during
magnetically quiet and moderate conditions, the . _____ .
variations of measured atmospheric electrical g o —
parameters tend to be similar to the behaviour ] |
expected from the Carnegie curve, which was basec |, ,: i
on several cruise measurements carried out duringw’
1920s (Panneerselvaatel., 2007). Howeveduring A
geomagnetically disturbed conditions the diurnal
pattern is often found to be different from the Carnegie
curve and is modified by the ionospheric/
magnetospheric contributions. This study was carried  os
out with the help of surface measurements of the 0 i 260172006 e
atmospheric electrical parameters like Maxwell 0 4 8 12 16 20 24 28 32 36 40 44 48
current, electric field and conductivity obtained from Time (hr) UT
Maitri (117m MSL) during the austral summer from Fig. 23: Comparison of observed atmospheric electric filed
2001 to 2004. Using long-term data sets, Jetaa (ENZ) on 25-26 January 2006 and [, at Maitri,
(2016) reported anomalous diurnal pattern of the Antarctica. Right side axis represents the
atmospheric electric potential gradient and air-Earth normalized value for reference curve. Left side axis

. ) X represents the normalized value of electric field at
current density on several days. This behaviour was Maitri

NZQ
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Normalized E
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magnetic records at Maitri. It was inferred that the seasonahs well asyearly timescalesThe diurnal
variation in the amplitude of the potential gradient (PG) trend in the amplitudeis retainedirrespectiveof
depends on the magnetic latitude during the substormseasonsyhereassignificantdifferencesarenoticed
onset. During the substorm expansion phase, whern the frequencybehaviorbetweerthe summerand
the convection cell is overhead, PG is significantly winterseasonsgspeciallyin theEW componentThe
enhanced due to the downward mapping of theobservedliurnalvariationis explainedn termsof the
ionospheric horizontal electric field. The deviation of dominanthunderstornactivity centereaverthethree
PG with respect to the typical diurnal reference curvesconvectivelyactiveregionsAsia/MaritimeContinent
clearly indicates that the spatio-temporal variations (Indonesia) SouthAmericaandAfrica. Thediurnal
of the ionospheric convective electric field significantly variationin frequencydependsiotonly onthelocation
alter the atmospheric electric field measured over theof the thunderstormregion with respectto the
three high latitude stations as shown in Fig. 26. observer but also on the ionosphericday/night
conditionsandtheEarth-ionosphereavity thickness

SchumannresonancegSRs) are the AC (Manuet al. 2015).

componentsf GECandareexcitedby the lightning
activity withintheEarth—ionosphereaveguide. The
studyrevealsa strong UTvariation of amplitudein



Geomagnetism Sudies in Antarctica

319

o)

8.00E+0104
7.00E+0104
6.00E+010+4
5.00E+010:

4. 00E+0104

Energy coupling function (J/s)

3.00E+010

2.00E+010

100 150 200 250 300
Electric field (V/m)

o

2.00E+011+
1.80E+011+
1.60E+0114
1.40E+011
1.20E+0114
1.00E+0114
8.00E+0104

Energy coupling function (J/s)

6.00E+0104

4.00E+0104

200 300 400 500 600 700 800 900
Electric field (V/m)

o

2.00E+011

1.50E+011 1

1.00E+011+

5.00E+010+

Energy couplingfunction (J/m)

-y LT

0.00E+000

200 400 600 800 1000
Electric field (V/m)
Fig. 25: (a, b, c) Electric field plotted against energy coupling
function for magnetically disturbed days

GPSMeasurementsfor Crustal Deformation, Mass
Balance and |ce Dynamics of Nivlisen |ce Shelf
and Tropospheric Sudies

earthquake and plate tectonics, this space geodetic
technique has a major impact on the study of problems
of regional and local tectonics by making accurate
measurements of the positions of point marks attached
to earth. The aim of these types of observations is to
determine the changes in the position of points on
Earths surface, determining the strain accumulation
in the region, caused by seismic activities in the Earth’
crust. Since thAntarctic Plate consists of divgent
plate boundaries, broken by numerous large structures
and Ice mass, this precise geodetic measurement can
shed light on the deformation occurringhintarctica.

GPS provides an opportunity to investigate many
important dynamic processes in the troposphere. The
tropospheric error is the effect of the neutral
atmosphere on GPS signals. This error contains a dry
and wet componen#ssuming that the Earts’
atmosphere is in hydrostatic equilibrium, the dry
component only depends on the atmospheric pressure
at the surface. For geodetics, the tropospheric effect
is a disturbance that has to be removed from the
measurements. But for meteorologists, this effect is
an interesting signal that can give relevant information
concerning the small-scale and short-term variations
in the water vapor content (Braenal., 2001).

Global positioning system (GPS) campaigns
were conducted during two austral summer seasons
to obtain insight into the velocity and strain-rate

2.0
Dome C eV 0stok (April)
Vostok e Carneige (MAM)
Maitri ]

Electric field (Normalized to avg.)

oS5St+————r7TTTT 7T
0 2 4 6 8 10 12 14 16 18 20 22 24
Time (UT Hours)

The satellite based navigation and surveying techniqué:ig' 26: Diurnal variation of normalized potential gradient

Global Positioning System (GPS) is a widely used tool
to acquire measurements for Earth sciences as well
as Atmospheric sciences\s a consequence of

for three highlatitude stations on 5April 2010,
intervals Il and Ill ar e shaded.Averaged atmospheric
electric field variation on April at Vostok and MAM
period from Carnegie observation over plotted



320 Ashwini K Snha et al.

distribution on Schirmacher Glacieentral Dronning  crevasses and the partial blockage of the flow by
Maud Land, Easf\ntarctica (Fig. 27). GPS data nunataks and the Schirmacher Oasis (Setndl.,
collected at 21 sites was analyzed to estimate the sit€007).

coordinates, baselines and velocities. The short term

precession of the base station, MAWas estimated
from the daily coordinates repeatability solutighis.
GPS points on the glacier were constrained wit
respect to MAIT and nearby International GPS
Service stations. Horizontal velocities of the glacier
sites were estimated to lie between 1.89+0.0%'ma
and 10.88 +0.01 nmtato the north-northeast, with an

average velocity of 6.21+0.01 maThe principal Using Global Positioning System (GPS) receiver
strain rates provide a quantitative measurement of19 days of continuous GPS data were collected from
extension rates, which range from (0.04+£0.02) x 10 january 23 to February 10, during austral summer of
% to (0.960.16) x 1& a™. The velocity and strain 2005, in the frontal zone of Nivlisen Ice Shelf (NIS)
rate distributions across the GPS network in gf central Dronning Maud Land (cDML), East
Schirmacher Glacier were spatially correlated with antarctica. GPS data were analyzed to estimate the
topography subsurface undulations, fracture zones/ giurnal and semi-diurnal variations (Fig. 28ye

Mass Balance and Ice Dynamics of Nivlisen
ice Shelfin Antarctica: GPS were operated at equally
h distributed four sites over Nivlisen ice shelf. GPS data
was collected and supplemented by GPR
measurements (from other sources/institutes). The
data was used to study the ice thickness distribution,
velocity and mass balance of the ice shelf.

mn i (1 1 14 L& I} el a1 e
™4 : - - -0
T s0n® =Tl S
RN -5 *

i 1 e 11" e 114 1o By

Fig. 27: Horizontal velocity vectors (with 95% confidence ellipses) fothe GPS network on SchirmacherGlacier, superimposed
on a shaded relief velocity-distribution map with 1m contour interval obtained from the GPS velocity field
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magnetite bearing gneisses/amphibolitic gneisses
a ] which are present as NE-SW trending bands in the
region. There are evidences of oxidation of iron rich

1 material as seen in the form of limonitic surface

exposures.

=
n

position (m)
=
=

Environmental Magnetism

s
[

TheAntarctic climatic and environmental variability

e e . can be studied by harnessing mineral magnetic
Ao f SoutinoRIrComponent] technigues. Environmental magnetic measurements
——— up-down component ) .
PP O P RN PUUUT PR TUUUS ey P Fee e e provide a means to accurately assess environmental
24 25 26 27 28 29 30 kil 32 33 34 35 36 . re . . .
day of the year 2005 variability at millennial to decadal timescales and to
Fig. 28: Low-pass filtered position time co-ordinates of NIS trace out the provenance (sediment source linkage)
GPS site at NIS of the sediments deposited within and around the

Antarctic region. The distribution of sediments within

and around\ntarctica is controlled by a tectonically
constrained the GPS sites at NIS with the base statioractive regime. This region has a prevalence of
MAITRI at Schirmacher Oasis and nearby icebergs, glacial outwash and redistribution of bottom
International GNSS Service (IGS) stations. Itis found currents, transport and vertical rain-wash of biogenic
that, the ice shelf motion in both horizontal and vertical and eolian material. Magnetic properties provide the
were caused by the combination of ocean tidal effect,potential for reconstructing ice sheet fluctuations both
wind stress and ocean currents. The estimatedat millennial (~ short) and orbital (~ long) timescales
horizontal velocity at NIS GPS site was 0.72 m/day (Loulergueet al., 2008).
towards north-northeast with an azimuth of 20.27°. ] ) )
Major constituents of the oceanic tide have been _ Mineral magnetic study was carried out on
delineated from the hourly time series data by FFT Sediment cores collected from two EAstiarctica
analysis. The amplitudes of the diurnal and semi-'aKes such as Priyadarsini Lake (L49) and
diurnal estimated were ~1.25 m and 0.5 m, Schirmacher Oasis Lake (L6). Continuous, high-

respectivelyThe results indicate not only the expected "€S0lUtion measurements of rock magnetic parameters
vertical tidal displacement but also a significant Were measured at IIG Environmental Magnetism

variation in the horizontal velocity of NI®. phase ~ Laboratory to characterize the magnetic mineralogy
shift with maximum forward velocity occurred about 21d grain size, which are used to reconstruct
3-4 hours after the maximum tidal height Suggestsdeposmonal paleoenvironments and paleoclimate in
the additional role of ocean currents as one of thetl€ 'égion. The magnetic analysis provided the means

driving forces for the ice shelf movement. Further I t€rms of environmental magnetic techniques for
this type of precise observations of diurnal and semi-

core-correlation betweeAntarctica lake sites.
diurnal tidal constituents can be assimilated in the Magnetic susceptibility and remnant magnetization

models (Suniét al., 2008) measurements were done by using MFKA-F
B ' Kappabridge and JR6 Spinner Magnetometer
Magnetic Anomaly Map of Bharati Promontory respectively Frequency dependent susceptibility

_ _ _ showed the presence of superparamagnetic (SP)
A magnetisurveyof Bharatipromontorywascarried  grains in both the cores pointing at periods of lower
outto compilea magneticanomalymapof thearea  gjacial activity Magneto mineralogical S-Ratio values
(ReddyandDhar, 2007).1t is observed that the high  ghowed the presence of Hematite in the upper part
magnetic field anomaly regions are concentrated overgq Magnetite in the lower part of the cores. The
some pockets which are located on high ridges. Thenfiyy of these magnetic minerals to the lakes is largely
causative source of the anomaly seems to be at veryyipted to change in source of sedimentation derived
shallow depth as horizontal gradient of about 1000nT trom |ocal glacial activities in and around these lake
per 50 m were observed at some locations. The mosgnvironments as well as sources remote from

likely candidate for the magnetic anomaly can be the antarctica continent. This environmental magnetic
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study has therefore proved to be potential for regional and local tectonics by making accurate
development of high resolution magnetic proxy data measurements

to reconstruct palaeoclimate changes during the past

20,000 years, beginning from Last Glacial Maximum
from the least studied area likatarctica (Ruddiman

Global positioning system (GPS) campaigns
conducted to obtain insight into the velocity and strain-

et al., 1976; Panet al., 2005). rate d_istribution on Schirmachgr Glacieentral
Dronning Maud Land, Eagintarctica from 21 sites
Conclusion indicated the horizontal velocities of the glacier sites

_ _ . _ _ to lie between 1.89+0.01 ntand 10.88 +0.01 ma
contributing to polar research in India right from the g 21+0.01 ma. The principal strain rates provide a
launching of Indies first scientific expedition o gyantitative measurement of extension rates, which

Antarctica. The role of IIG in the research of range from (0.04+0.02) x 1o (0.96+0.16) x 18a
geomagnetic and allied fieldatarctica is significant. 1 gy ch studies have been conducted for the first
Contributions of field staff to be noted such as training, time in this region.

initiative, commissioning of several experiments and

in data acquisition. The major findings such as rapid The GPS data collected from the frontal zone
decline of total Magnetic field as observed at and of Nivlisen Ice Shelf (NIS) of central Dronning Maud
near Maitri, SQ variations with season along with the Land (cDML), EasAntarctica to estimate the diurnal

experiments such as triangulation magnetometer,studyand semi-diurnal variations revealed that the ice shelf
Conjugate geomagnetic observations etc., aremotion in both horizontal and vertical were caused by

significant. Researchers of IIG have significantly the combination of ocean tidal effects, wind stress
contributed to the substorm research with the help ofand ocean currents. The results suggest the additional
magnetic data from Indisintarctic stations viz. Maitri ~ role of ocean currents as one of the driving forces for
and Bharati. Dynamics of susbtorms as observedthe ice shelf movement. Furthéhis type of precise
from Maitri and Bharati, morphological study of Observations of diurnal and semi-diurnal tidal
auroral electojet and study of susbtorms which lie constituents can be assimilated in the future models.
poleward of the standard auroral oval are some of Mineral magnetic studies carried out on
the |_mportant_ c_ont_r|but|ons tq subst(_)rm research. T.h €sediment cores collected from two EAsttarctica
particle precipitation dynamics during geomagnetic

tiviti iting i | activit ofect th lakes such as Priyadarsini Lake (L49) and
activities resufting In auroral activitgan alectth€ - g i macher Oasis Lake (L6) provided the means in
HF communication and result in cosmic noise

absorption to a areater extent. Data obtained fromterms of environmental magnetic techniques for core-
highlypsophistica?ed Imaging R.iometer operating in correlgtlon. The study has t_herefore proved to k_)e
tandem with magnetometer along with supporting potential for development of high resol_utlon magnetic

. . . proxy data to reconstruct palaeoclimate changes
satellite data can throw light on the mechanism of

ticle int i ible f icl during the past 20,000 years, beginning from Last
wave-particle interaction responsible for particle 1, a| Maximum from the least studied area like
acceleration and precipitation in the inner

.. Antarctica. This part of studies are in pipeline and
magnetosphere. Thg st_qu of Global Electn(_: Circuit will be undertakeﬂ in near future. PIP
(GEC) has been significantly strengthening our
understanding of near Earth electrical environment Acknowledgments
atAntarctica and has been helpful in establishing a
link between the surface electrical environment and The authors are grateful to Indian Institute of
space weather events. Furthermore, long data set§€omagnetism for encouragement and support to
of AC part of the GEC obtained from inductioncoil Antarctic Geomagnetism project. The hard work and
magnetomaters operating at bothahéarctic stations ~ efforts of all the scientists from IlGvho have
can provide an estimate of g|0ba| temperature andparticipated in IndiaAntarctic Expeditions, collected
hence will be helpful in global climate stud@lobal ~ good quality geomagnetic data on a regular basis and
Positioing System (GPS) is used as geodetictechniqu@ontfibu'[ed to these studies and their contributions
which has a major impact on the study of problems ofare gratefully acknowledgedVe are grateful to
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