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 ABSTRACT  

The ionized medium of the Earth’s upper atmosphere, popularly known as the 

“ionosphere” roughly extends from 80 to 1000 km. The ionosphere was regarded as a 

boon for distant communication of radio waves, which has now become an 

impediment in the propagation of trans-ionospheric radio signals. The major topic of 

current research interest, particularly, from the “Space Weather” point of view is the 

enigmatic day-to-day randomness and the storm time variability of spread-F and 

scintillations owing to their serious impact on satellite-based communication and 

navigational systems. This thesis is presented in a total of six chapters and brief 

descriptions about each of these chapters are given below. 

Chapter 1 of this thesis describes about the thermal structure of the Earth’s 

upper atmosphere with a special reference to the characteristics of different 

ionospheric layers. The various dynamical and electro-dynamical ionospheric 

phenomena that occur in the equatorial and the low latitude ionosphere are explained 

in detail. The background conditions that dictate ionospheric irregularities, including 

the equatorial spread F (ESF) and scintillations are also explained. The scope of the 

thesis is also discussed in this chapter. 

Chapter 2 describes the basic principle of ionosphere sounding technique and 

the technical details of incoherent scatter radar (ISR), satellite and optical 

measurements of the ionosphere are briefly explained. The complete technical details 

of vertical digital ionosonde (IPS 42) system as well as the satellite beacon receiving 

system used to record the amplitude scintillations at 244 MHz using FLEETSAT 

satellite are presented. Several GPS radio occultation (RO) techniques including 

Global Positioning System GPS/MET, CHAllenging Minisatellite Payload (CHAMP), 

Scientific Application Satellite-C (SAC-C) and Constellation Observing System for 
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Meteorology, Ionosphere and Climate (COSMIC) missions have contributed 

enormously to understanding several important features of Earth’s lower and upper 

atmosphere. 

In chapter 3, it is reported on the occurrence percentages of spread-F and 

scintillation index between 1997 and 2002 at Waltair (17.7
0
N, 83.3

0
E), a typical low 

latitude station in India. From the results it is observed that the occurrence of 

scintillation patches at Waltair (17.7
0
N, 83.3

0
E) is prominent during the pre- midnight 

hours and starts abruptly around 1900 hrs IST. It is also reported on the ionospheric 

plasma irregularities during post-sunset times on 14, 15 and 16 October 2001 at 

Indian longitude sectors using CHAMP, Republic of China Satellite and Defense 

Meteorological Satellite Program (ROCSAT-1 and DMSP) satellite observations as 

the unique combination of these three satellites have enabled us to know the 

maximum apex altitude to which the plasma bubbles reach as the orbital altitudes of 

these satellites are situated at ~ 400, 650, and 850 km respectively. Further, the most 

important observation from this study is that plasma bubbles are found to be observed 

immediately after post-sunset hours, while plasma blobs observed after three hours 

time till pre-sunrise hours at higher altitudes ~ between ±05
0
 and ±20

0
 from the 

magnetic equator, which implies that the plasma blobs emanate from plasma bubbles 

that generated at the bottom side of the ionospheric F layer shortly after sunset. 

The objective of chapter 4 is that to explore the temporal and seasonal variations 

of the F2- layer parameters including the virtual height of the F-layer (h’F) and 

critical frequency of the F2-layer (foF2) based on the ionosonde data at four different 

locations in the Japanese sector during low sunspot years 2007 and 2008. Further, a 

comparative study between ionosonde measured and International Reference 

Ionosphere (IRI- 2007) model F-region parameters have been carried out and the 
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important results are presented. The hourly ionogram data from different stations in 

the Japanese sector, namely Okinawa (26.4
0
N, 128.1

0
E), Yamagawa (31.2

0
N, 

130.37
0
E), Kokubunji (35.4

0
N, 139.29

0
 E) and Wakkanai (45.2

0
N, 141.1

0
E) during 

2007 and 2008 are considered. The day-to-day variation in the F-layer height is very 

large during summer months while during winter it is quite negligible. It is noticed 

that underestimation of IRI predicted hmF2 in all four seasons in all four different 

locations in the Japanese sector during low sunspot activity years 2007 and 2008 

when compared to that retrieved with ionosonde values during pre-noon to post-noon 

hours.The highest values of foF2 are noticed during equinox seasons and lowest 

values are observed during summer and winter seasons in Okinawa, Yamagawa, and 

Wakkanai, but in Kokubunji highest values are noticed during the summer and lowest 

values are noticed during the winter and equinox seasons. 

In chapter 5, it is discussed responses of the equatorial ionosphere during 

geomagnetic storms which is one of the prominent issues related to space weather 

studies. It also examines the ionospheric responses at Japanese (~125-145
0
E) and 

Indian (~75-85
0
E) longitude sectors during two major geomagnetic storms that 

occurred during 30 March - 01 April 2001 and 19-21 November 2003 using 

ground-based, satellite-borne measurements and model-assisted observations. The 

in-situ electron density (Ne) data, measured by the planar Langmuir probe (PLP) 

on-board a low Earth orbiting (456 km) satellite CHAMP, is also used in this study to 

verify the behaviour of Equatorial Ionisation Anomaly (EIA) on 31 March 2001 and 

20 November 2003. During the main phase of 31March 2001 storm, foF2 variations 

show positive phase in Okinawa, an ionization anomaly crest station, and at Waltair, a 

low-latitude station located in the transition zone between the equatorial trough and 

anomaly crest. In Kokubunji, a mid-latitude station, foF2 variations tend to show a 
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negative storm effect during the storm main phase. As the 20 November 2003 storm is 

concerned, negative storm effect in foF2 variations occurs at Wakkanai, Kokubunji 

and Yamagawa, while at Waltair a positive storm and a negative storm effect at 

Trivandrum is evident during the storm main phase itself. The ionosphere over these 

two longitude sectors (Japanese and Indian) responded nearly equally for these two 

severe storms, despite of prevailing Trivendrum conditions at the respective sectors. 

In chapter 6, it is presented the global S4-index database provided by six 

COSMIC satellites has been used to study the global characteristic features of them at 

lower and upper F-region and E-regions altitudes during a low-solar activity year 

2008 for the first time. It is observed that weak or almost no scintillation activity 

found at higher latitudes and further no prominent scintillation activity is observed 

beyond 300-350 km altitude bin using scintillation index (S4-index) data provided by 

the COSMIC GPS RO satellites. It is also presented for the first time the three 

dimensional global morphology and seasonal variations of S4 index that measured 

from the signal-to-noise ratio (SNR) intensity fluctuations of the L1 channel of GPS 

RO signals using COSMIC satellites during a low solar activity year 2008. The S4 

index, which confined around ± 30
0 

magnetic latitudes, is observed to start around 

post-sunset hours (1900 MLT, magnetic local time) and often persists till 

post-midnight hours (0300 MLT) between 150 and 350 km altitude during equinox 

and northern winter seasons, no such features are noticed during the southern winter 

season of year 2008. The global maps of S4 index at E- region altitudes (between 75 

and 125 km) show strong seasonal variations with highest activity during northern and 

southern summer solstice in the middle latitudes, while it appears on both sides of the 

magnetic equator with less or no activity in and around the equator during equinox 

seasons. 


