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The SCINDA GPS receiver has been operational at the Institute of Radio Physics
and Electronics, University of Calcutta, Calcutta, India since November 2006. A
dedicated broadband internet connection is operational from the government-run Bharat
Sanchar Nigam Limited (BSNL) since October 2008. An on-line UPS is being used to
prevent data loss due to disruption of power.

The SCINDA station at Calcutta (22.58°N, 88.38°E geographic; magnetic dip:
32°N) is situated in the geophysically sensitive Indian longitude sector virtually
underneath the northern crest of the Equatorial lonization Anomaly (EIA). The nearest
SCINDA station on the west is located at Rajkot (22.50°N 70.78°E geographic) and on
the east at Manila (14.58°N 121°E geographic). The station at Calcutta thereby forms
an important link between the above two widely separated longitude sectors.

The following section briefly discusses some of the important research conducted
during the period 2013-2014 using the SCINDA data.

The equatorial ionosphere is characterized by (i) large values of Total Electron Content
(TEC) and sharp latitudinal gradients of TEC, (ii) steep temporal variation of TEC, (iii)
large diurnal variation of TEC and (iv) post-sunset secondary enhancement of TEC.
These features cause major limitations in accuracy of standard ionospheric TEC models
in this region. Three artificial neural network (ANN) based models have been developed
based on real time low latitude TEC data along three longitudes 77°E, 88°E and 121°E
in the region between the magnetic equator and locations beyond the northern crest of
the Equatorial lonization Anomaly (EIA) to predict the vertical TEC values. These
models have shown more accurate predictions than other standard ionospheric TEC
models like International Reference lonosphere (IRI), Parameterized lonospheric Model
(PIM) and NeQuick. The longitudinally separated models have been used to find any
longitudinal differences in TEC along the equatorial regions. The causes behind the
longitudinal differences in TEC and its diurnal variations in these regions have been
explained in terms of the geomagnetic declination and inclination angle along with the
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(i)

(ii)

(iii)

role of the zonal wind [Sur and Paul, Adv. Space Res., 2013; Sur and Paul, URSI-
GASS, 2014].

Multistation and multi-technique observation of equatorial ionospheric irregularities from
locations over the magnetic equator through the northern crest of the Equatorial
lonization Anomaly (EIA) and beyond is one of the important objectives of the Indian
CAWSES program. For this purpose, multistation observational campaign was
conducted during September 2011, April 2012 and September 2012 involving GPS TEC
and S4 from Calcutta situated virtually underneath the northern crest of the EIA, and
GPS S4 measurements from Siliguri, located beyond the northern crest of the EIA.
Intense amplitude scintillation observations have been noted around midnight and post-
midnight hours on certain GPS links located north of Siliguri with no scintillation patches
during pre-midnight period. Satellite links experiencing scintillations from Siliguri were
unaffected at Calcutta. Day-to-day variability have been noted in the maximum northern
observation of GPS scintillations at different S4 levels from both Calcutta and Siliguri.
Simultaneous observations from Siliguri and Calcutta indicate that post-midnight GPS
amplitude scintillations are possibly associated with interaction of traveling ionospheric
disturbances from mid-latitudes towards the equator, with transionospheric GPS links
contrary to early evening hours when such movement are usually from over the
magnetic equator towards the northern and southern crests of EIA. Information related
to the variabilities of latitudinal extent of scintillation observations along 88°E meridian at
different times during 13-19 UT and different levels of intensities of scintillation could
provide useful to information for transionospheric satellite link design and Satellite-
based Augmentation System (SBAS) [Das et al., J. Atmos. Sol. Terr. Phys., 2014].

The pole ward gradient of the Equatorial lonization Anomaly (EIA) introduces more
intense propagation effects on transionospheric satellite links in comparison to the
equator ward gradient. Characterization of the pole ward gradient was performed during
March-April, August-October, 2011 and March-April, 2012 using GPS TEC recorded
from a chain of stations located more-or-less along the same meridian (88.5°E) at
Calcutta, Baharampore, Farakka and Siliguri. The pole ward gradients calculated on
magnetically quiet days at elevation in excess of 50° at 14:00, 15:00 and 16:00 LT were
found to have a strong correlation with GPS S4 observed from Calcutta during post-
sunset-to-mid-night hours. A threshold value of pole ward TEC gradient is calculated
above which there is a probability of scintillation at Calcutta with S4 =20.4 [Das et al.,
Ann. Geophys., 2014].

Transionospheric satellite navigation links operate primarily at L-band and are
frequently subject to severe degradation of performances arising out of ionospheric
irregularities. Various characteristic features of equatorial ionospheric irregularity
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bubbles like the drift velocity, characteristic velocity, decorrelation time and decorrelation
distance can be determined using spaced aerial measurements at VHF. These parameters
measured at VHF from Calcutta have been correlated with L-band scintillation indices and
GPS position accuracy parameters for identifying possible proxies to L-band scintillations.
Good correspondences have been observed between decorrelation times and distances at
VHF with GPS S4 and PDOP during periods of GPS scintillations (S4>0.3) for February-April
2011, August-October 2011 and February- April 2012. A functional relation has been
developed between irregularity drift velocity measured at VHF and Ss at L-band during
February-April 2011, and validation of measured Ss and predicted values performed during
August-October 2011 and February-April 2012. Significant improvement in L-band
scintillation prediction and consequent navigational accuracy will result using such
relations derived from VHF irregularity measurements which are much simpler and
inexpensive [Das et al., Radio Sci., 2014].
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