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RESUMEN
Algunas de las anomalías bien conocidas de la capa F2 pueden tener su origen en la atmósfera baja y otras 
pueden tener fuentes extra terrestres. Se ha sugerido que los fenómenos que ocurren bajo la ionosfera, tales 
como truenos, relámpagos/duendes, erupciones volcánicas y temblores, y los que ocurren arriba, como 
eyecciones masivas de la corona solar, erupciones solares y otros eventos extra terrestres, pueden producir 
efectos específicos en la capa F2. En este trabajo hemos tratado de resumir los efectos que tienen sobre 
las temperaturas iónica y electrónica algunos fenómenos que ocurren bajo la ionosfera como los truenos, 
relámpagos/duendes y la actividad sísmica y otros que ocurren sobre ella como las erupciones solares. El 
artículo también discute posibilidades. Las temperaturas iónica y electrónica se midieron con el RPA (por 
sus siglas en inglés) abordo del satélite indio SROSS-C2. Las temperaturas iónica y electrónica normales 
se compararon con las registradas durante el día anormal o alterado. Los datos del satélite correspondientes 
al periodo alterado fueron analizados de manera que otros posibles efectos fueron eliminados. Los datos 
utilizados son del periodo 1995-1998 en el rango de altitud 430-460 km sobre la región india. Los datos de 
actividad eléctrica se obtuvieron del IMD, Pune, y los detalles de los eventos de actividad sísmica durante 
este periodo se extrajeron del sitio de internet del USGS y de la literatura existente. Los datos de erupciones 
solares se obtuvieron del NGDC, Boulder, Colorado, EUA. 

ABSTRACT
Some of well known F2 layer anomalies might have their origin in lower atmosphere and some have extra 
terrestrial sources. It has been suggested that the phenomena occurring below the ionosphere such as thun-
derstorms, lightning/sprites, volcanic eruptions and earthquakes and above the phenomena like corona mass 
ejection, solar flares and extra terrestrial events may produce F2 layer signatures. In the present paper we have 
tried to summarize the effect of some phenomena occurring below the ionosphere like thunderstorms, light-
ning/sprites and seismic activity and the phenomena such as solar flares which occur above the ionosphere, 
on the ionospheric electron and ion temperatures. The paper also discusses possibilities. The ionospheric 
electron and ion temperatures were measured by the RPA payload aboard the Indian SROSS-C2 satellite. 
The normal day’s ion and electron temperatures have been compared to the temperatures recorded during 
the disturbed day. The satellite data corresponding to the disturbance period were analyzed in such way that 
the other possible effects were eliminated. The data used are from the period 1995-1998 in the altitude range 
430-630 km over the Indian region. The data of thunderstorms activity have been obtained from IMD, Pune 
and details of seismic events during this period downloaded from the USGS website and existing literature. 
The data of solar flares have been obtained from NGDC, Boulder, Colorado, USA.
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52 D. K. Sharma et al.

1. Introduction
The ionospheric temperatures and density are very sensitive to the phenomena occurring above and 
below it. The ionospheric temperatures and density variation due to solar flare, geomagnetic storm, 
thunderstorms, lightning/sprites, seismic activity, etc. have been studied by various workers (Rai 
et al., 1972; Inan et al., 1991; Taranenko et al., 1992; Depuev and Zelenova, 1996; Schunk and 
Sojka, 1996; Molchanov et al., 1998; Molchanov and Hayakawa, 1998; Ondoh, 1998; Liu et al., 
2000, 2004; Sharma et al., 2003a, 2004a, 2004b, 2004c, 2005, etc.). The above phenomena play an 
important role in changing the ionospheric parameters in F2 region. The ionospheric temperatures 
also show variation associated with day-length, season, latitude, longitude, altitude and with the 
11-year solar cycle (Mahajan et al., 1983; Oyama et al., 1996; Richards, 2001; Sharma et al., 
2003b). The change in ionospheric temperatures may affect the radio communication, navigation, 
exploration of near earth space, and electronic systems in satellites and spacecrafts. A review of the 
effect on the ionosphere due to phenomena occurring below it is given by Kazimirovsky et al. (2003). 
Therefore, understanding, monitoring and forecasting the change of ionospheric temperatures due 
to the phenomena occurring below and above the ionosphere is important. 

In recent years sprites have been observed as atmospheric phenomena and are formed by 
massive but weak luminous flashes that appear directly above an active thunderstorm system 
(Sentman and Wescott, 1993; Sentman et al., 1995). They are coincident with cloud-to-ground 
or intracloud lightning strokes and their spatial structures range from small single or multiple 
vertically elongated spots, to bright groupings, that extend from the cloud tops up to about 95 km. 
Sprites are predominantly red. The brightest region lies in the altitude range from 65 to 75 km, 
above which there is often a faint red glow or wispy structure that extends to about 90 km. Below 
the bright red region, blue tendril-like filamentary structures often extend downward to as low as 
40 km. Sprites rarely appear singly, usually occurring in clusters of two, three or more. Some of 
the very large events seem to be tightly packed clusters of many individual sprites. Other events 
are more loosely packed and may extend across horizontal distances of 50 km or more and occupy 
atmospheric volumes in excess of 10,000 cubic km. Blue jets are a second high altitude optical 
phenomenon distinct from sprites that are observed above thunderstorms. As their name implies, 
blue jets are optical ejections from the top of the electrically active core regions of thunderstorms. 
Following their emergence from the top of the thundercloud, they typically propagate upward in 
narrow cones of about 15 degrees full width at vertical speeds of roughly 100 km/s, fanning out and 
disappearing at heights of about 45 km (Wescott et al., 1995).  The plasma temperature at low 
and mid latitudes is mainly sensitive to three physical processes, namely the electron heating by 
photoelectrons, electron cooling by heat transfer to the colder ion and neutrals, and heat transport 
due to thermal conduction. The sprites associated with active thunderstorm may affect the electric 
field, conductivity and the temperature of the stratosphere, mesosphere and ionospheric regions 
(Otsuyama et al., 1999). Many researchers (Taranenko et al.,1992; Pasko et al., 1995; Wiscott et 
al., 1996; Yukhimuk et al., 1998; Eack et al., 2000; Singh et al., 2001) have extensively studied 
the effect of sprites on ionosphere. 

From last several decades a connection between earthquakes and ionosphere has been proposed. 
Many hypotheses have been suggested but could not success as the earthquake precursory to 
reduce the hazard of life and property. The thermal fluctuations in the ionosphere related to the 
prediction of earthquakes and volcanic eruptions remain largely an unsolved problem. A large 
number of earthquakes occur on the Earth each year and ~100-120 of them with magnitude ≥5 
in different regions of the world are extremely hazardous for the inhabitants of our planet. The 
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ionospheric anomalies due to the seismic activity appearing before few hours or days have been 
studied (Datchenko et al., 1972; Kim et al., 1994; Koshevaya et al., 1997; Zaslavski et al., 1998; 
Liu et al., 2000, 2004; Silina et al., 2001; Pulinets, 1998a, b, 2004; Pulinets et al., 2003; etc.).

Pulinets and Boyarchuk (2004) have written a decent book on ‘ionospheric precursors of 
earthquakes’. In this book, they explain the variations of near-Earth plasma observed over seismically 
active areas several days/hours before strong seismic shocks. It demonstrates that the  seismo-
ionospheric coupling is part of the global electric circuit and the anomalous electric field appearing 
in active seismic areas is the main carrier of information from the earth into the ionosphere. The 
discussion of physical mechanisms is based on experimental data. The book proceeds to describe 
existing complex systems of space-born and ground-based monitoring for electromagnetic and 
ionospheric precursors of earthquakes, as well as those still under construction.

Koshevaya et al. (1997) have studied the connection mechanism between the lithosphere and 
the ionosphere. They have found macroscopic changes of the ionospheric parameters prior to the 
occurrence of earthquake above the epicenter at altitudes from about 400 to about 1000 km in 
the ionosphere. Zaslavski et al. (1998) concluded that in some cases the electron density in the 
F region increases in the localized epicenter zone whereas in other cases it has decreased. These 
effects are generally small in size and nearly masked by other ionospheric disturbances. Their small 
magnitude diminishes their capability to become a real seismic precursor.

A review of electromagnetic phenomena associated with earthquakes in terrestrial electromagnetic 
noise environment was also presented by Hayakawa (2004). Molchanov and Hayakawa (1998) 
analyzed the 10 major earthquakes related electromagnetic signals. They found that the ionospheric 
effect was a transient oscillation with a 5 to 10 day period, which is initiated a few days before a 
large earthquake and decays over a few days to weeks after it. They concluded that this phenomenon 
could be understood in terms of long period gravity waves generated during the earthquakes and 
their intensification in the ionosphere as they propagate upward. Rikitake (1976) also concluded 
that the low period gravity waves generated at the epicenter may propagate to ionospheric height. 
Emission and propagation of electromagnetic radiations, ULF, ELF and VLF from earthquake 
epicenter were reported by several authors (Gokhberg et al., 1982; Yamada et al., 1989; Shalimov 
and Gokhberg, 1998; Hayakawa et al., 1996; Fujinawa and Takahashi, 1998; Kawate et al., 1998). 
These waves may create localized Joule heating in the ionosphere.

The effect of solar flare on total electron content (TEC) have been studied by various workers 
(Hanssen and Emsile, 1988; Anastasiadis, 1999; Charikov, 2000; Kudryashev and Avakyan, 2000; 
Avakyan, 2001; Afraimovich et al., 2001) using GPS and satellite data. Afraimovich et al. (2001) 
have used the GPS network data to study the effect of solar flares of September 23, 1998 and July 
29, 1999. They found that the fluctuation of TEC and its time derivative by removing the linear 
trend of TEC with a time window at about 5 min are coherent for all stations on the dayside earth 
and no such effect of solar flares was detected on the nightside of the earth’s ionosphere. The effect 
of solar flares on the ionospheric F region has also been studied (Mendillo et al., 1974; Mitra, 
1974) by VHF radio beacons experiment on geo-stationary satellite and the TEC enhancement was 
noticed. Global observation of the flares of August 7, 1972 using 17 stations in North America, 
Europe and Africa (Mendillo et al., 1974) revealed that the TEC was increased by 15-30% during 
the solar flares. The low latitudes showed a larger increase of TEC compared with the high latitude. 
Some events of solar flares have also been studied by Kanellakos et al. (1962) to see the effect on 
E and F regions of the ionosphere and it has been found that the electron density was enhanced at 
these heights. Thome and Wagner (1971) theoretically studied the effect of solar flares on electron 
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density and found that the electron density is enhanced in E and F regions of the ionosphere. Thus 
various experimental and theoretical studies on the effect of solar flares on TEC have been done 
and can be found in existing literature. However, no study to the authors’ knowledge is reported 
for the ionospheric temperature behavior during solar flares in F2 region.

In the low and mid latitude ionosphere, solar activities are the main source of energy; this 
influences both the natural gas temperature and winds, and hence is related to the ionospheric 
temperatures (Suhasini et al., 2001). Care has been taken in the selection of events to take into 
account the low solar activity (mean sunspot number is 13.9) for the analysis.

In the present paper ionospheric electron and ion temperatures data have been analyzed to study 
the ionospheric electron and ion temperatures anomalies due to the phenomena below and above the 
ionosphere in the F2 ionosphere region. The ionospheric electron and ion temperatures data were 
carefully analyzed to avoid masking by other possible sources and have also been compared to 
estimated values by the International Reference Ionosphere (IRI-95).

2. Experimental data collection and analysis
The electron and ion temperatures in the topside ionosphere have been measured with the help of  
in-situ Retarded Potential Analyzer (RPA) payload aboard the Stretched Rohini Series Satellite 
(SROSS-C2), which was launched by Indian Space Research Organization (ISRO) on May 4, 1994 
to study the ionospheric composition and temperature anomalies. The SROSS-C2 satellite was 
launched with the help of ASLV-D4 rocket in the orbit 930 × 430 km altitude with a 46° inclination 
to the equatorial plane. After two months of its operation the satellite orbit was bought down to 
630x430 km altitude. It was successfully operated continuously for seven years and on July 12, 
2001 re-entered to atmosphere. The SROSS-C2 satellite was the fourth satellite of Stretched Rohini 
Series Satellite programme of ISRO and it was designed, developed, fabricated and tested in the 
ISRO satellite center (ISAC) of Bangalore. The weight of this satellite was 114 kg, which carried 
6 kg hydrazine fuel and generated 50 watt onboard power. The velocity of the satellite was 7.8 
km/s. It covered the geographic latitude belt of 31° S to 34° N and the longitude range 40° E to 
100° E. It was a spin-stabilized satellite with its spin axis perpendicular to its longitudinal axis 
and the rate of spin was 5 revolutions per minute (rpm). The satellite moved in the orbit keeping 
the spin axis perpendicular to the orbital plane. In this kind of orbital motion RPA sensors face the 
velocity vector once in each spin cycle of the satellite. The angle between the sensor normal and 
satellite velocity vector keeps on changing from 0 to 360° at the rate of 30° per second.

For the present study only those solar flare events which are free from thunderstorm activity 
were selected. For its verification we have used the data on thunderstorm obtained from India 
Meteorological Department (IMD), Pune (India). The IMD covers the area bounded by 40 to 100° E 
only. Further, the SROSS-C2 satellite recordings were also confined to the region 31° S to 34° N 
in latitude and 40 to 100° E in longitude.

The RPA payload consists of two sensors, viz. electron and ion sensors and associated electronics 
(Garg and Das, 1995). In addition, a spherical Langmuir probe is included and used as a potential 
probe for estimating the variation of spacecraft potential during spinning of the satellite. The 
electron and ion sensors both have planar geometry and consist of multi-grid Faraday cups with 
a collector electrode (Garg and Das, 1995). The different grids in the sensor are designated as the 
entrance grid, the retarding grid, the suppressor grid and the screen grid. These grids are made of 
gold-plated tungsten wire mesh with 90-95% optical transparency. The electron and ion RPA are 
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used for in-situ measurements of ionospheric electron and ion temperatures. These sensors are 
mechanically identical and mounted on the top deck moved in the cartwheel mode perpendicular to 
the spin axis of the spacecraft and collected data within 30° (for ions) and within 90° (for electrons) 
of the satellite vector. Both sensors have different grid applied voltages suitable for the collection of 
electrons and ions, respectively. The charged particles whose energies are greater than the applied 
voltage on the retarding grid pass through various grids and finally reach the collector electrode to 
cause the sensor current. This current is measured by a linear auto-gain ranging electrometer, which 
is translated into electron and ion temperatures. The data are transmitted to the ground station in a 
digital format at 8 kbps. The data are sampled at every 22 ms by the sensor aboard the satellite moving 
with a velocity of 7.8 km/s. The RPA experiment is switched on only during the satellite visibility 
over the ground station at Bangalore (12.6° N, 77.3° E).

The electron and ion temperatures data recorded by RPA payload aboard the Indian SROSS-
C2 satellite during the period from January 1995 to December 1998 were used for this purpose. 
The data on thunderstorms activity have been obtained from India Meteorological Department 
(IMD) Pune and data on solar flares for the same period from National Geophysical Data Center 
(NGDC), Boulder, Colorado, USA. The data of earthquakes were downloaded from United States 
Geological Survey (USGS) website during the period from January 1995 to December 1998.  The 
International Reference Ionosphere (IRI-95) model data for the same period were downloaded 
from the Internet and used for the purpose of comparison. In the subsequent part of the paper the 
IRI-95 model will be referred as IRI model.

The IRI is an international project sponsored by the Committee on Space Research (COSPAR) 
and the International Union on Radio Science (URSI). The IRI describes the median or average 
value of electron density, ionospheric temperatures (electron, ion and neutrals temperatures) and ion 
composition as a function of height, location, local time and sunspot number for magnetically quite 
conditions. It is an empirical model based on the data from the worldwide network of ionosonde 
stations, incoherent scatter radar and Alouette topside sounders and in situ measurements by several 
satellites and rockets. The model does not include any effect such as solar flares, seasonal, diurnal 
and day-to-day change, etc.

It is a difficult task to study the ionospheric response to the phenomena occurring below and 
above it using the satellite data because the passes of satellite rarely match the particular events 
(active thunderstorms region, earthquake epicenter and solar flares). The first task was to select the 
satellite data corresponding to the particular events recorded during the period from January 1995 
to December 1998. The recorded average electron and ion temperatures during particular events 
have been compared with average normal day’s electron and ion temperatures for the same time 
interval. The electron and ion temperatures data were analyzed in such a way that the perturbation 
due to diurnal, seasonal, latitudinal, longitudinal and altitudinal effects are negligible. The average 
of normal days electron and ion temperatures were calculated for a month, which includes 20 days 
pre- and post- particular events leaving the 10 days of events duration. Pre- and post- event 5 days 
data are assumed to be affected by the events. One season data has been included for each event, 
therefore, the possibility of seasonal effect has been ruled out. A 5° window around the geographic 
location of the events (such as thunderstorm and seismic activity) has been selected to minimize the 
latitudinal and longitudinal effects. To calculate the normal day electron temperature only event time 
duration data have been used to avoid any perturbation due to diurnal effect. All data corresponds to 
the altitude range from 430 to 630 km. The average altitude from the geographic location to satellite 
recording is about 500 km. The temperature variation due to altitude is negligible in the present study. 
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All the temperature data recorded by the SROSS-C2 satellite are within the error limit of ±50 K in 
the temperature range 500 K to 5000 K (Garg and Das, 1995; Sharma et al., 2004a). The maximum 
error limit of ±50 K is applicable to all data presented in this paper.

3. Results and discussion
To study the ionospheric electron and ion temperatures variation during the phenomena occurring 
below and above the ionosphere, a total of 44 events have been identified from January 1995 to 
December 1998 over the Indian region. To improve the presentation quality we have reduced the 
number of representing figures. We are presenting here the figures for thunderstorms, seismic 
events and solar flares (events are shown in respective tables) that correspond to the first three 
entries mentioned in the respective tables. During the thunderstorms and normal day the recorded 
electron and ion temperatures are shown in Figures 1(a, b, c) and 2 (a, b, c), respectively. For the 

Fig. 1. Variation of electron temperature 
during flare activities and normal days for 
three different events recorded by SROSS-
C2 satellite. 

Fig. 2. Variation of ion temperature during 
solar flare and normal days for three 
different events recorded by SROSS-C2 
satellite. 
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Fig. 4. Variation of ion temperature during 
seismic activities and normal days for three 
different events recorded by SROSS-C2 
satellite. 

Fig. 3. Variation of electron temperature 
during seismic activities and normal days for 
three different events recorded by SROSS-C2 
satellite. 

seismic events the electron and ion temperatures are shown in Figures 3 (a, b, c) and 4 (a, b, c), 
respectively. Similarly the electron and ion temperatures recorded during the solar flares are 
shown in Figures 5 (a, b, c) and 6 (a, b, c) respectively. In figures the interval of anomalous 
temperature registration is related to the phenomena considered.

3.1 Ionospheric response to thunderstorms
The data collected by SROSS-C2 satellite using RPA payload during the period from 1995-1998 
has been analyzed for anomalous variations due to thunderstorm activity in the altitude range from 
430-630 km. The measurements corresponding to three different locations, viz. Bhopal (23.16° N, 
77.36° E), Panji (15.30° N, 73.55° E) and Trivandrum (08.29° N, 76.59° E) have been analyzed. 
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Fig. 5. Variation of electron temperature during 
solar flare activities and  normal days for  three 
different events recorded by SROSS-C2 satellite.

Fig. 6. Variation of ion temperature during  solar 
flare activities and normal days for three different 
events recorded by SROSS-C2 satellite.
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to Panji. These seven events are free from the other anomalies (solar flares and seismic activities), 
which have been verified by the obtained data. The recorded average electron and ion temperatures 
during active thunderstorms have been compared with the normal days average electron and ion 
temperatures for the same time interval.
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data corresponding to the thunderstorm activities. Only those thunderstorm events, which are 
free from the solar flares and also free from earthquakes have been considered in this study. 

The present study has a limitation in the sense that only seven thunderstorm days have been 
found to correspond with the satellite passes. On many occasions during its passes above the 
thunderstorm, the sensors could not record the electron and ion temperatures. 

In 1995 two events recorded correspond to Bhopal and two to Trivandrum. At Bhopal, there 
were thunderstorms on January 11 and August 29, 1995. During these events the average electron 
temperature was enhanced by 1.2 to 1.3 times over the normal day average electron temperature. 
However, at Trivandrum it was enhanced by 1.2 to 1.4 times during the active thunderstorms on 
April 13 and 28, 1995 over the normal days. As well, the average ion temperature at Bhopal was 
enhanced by 1.2 times for both events and at Trivandrum it was enhanced by 1.1 to 1.5 times 
during the thunderstorm activities. 

Two events were recorded in 1997, one corresponding to Trivandrum on June 27 and another to 
Bhopal on December 10. At Trivandrum, the average electron temperature was enhanced by 1.7 times 
and at Bhopal it was enhanced by 1.4 times during the active thunderstorms as compared to the normal 
days. The average ion temperature was enhanced by 1.3 times to that of normal days temperature 
at both locations. In 1998, one event has been found at Panji. There were two active thunderstorms 
recorded during two consecutive days (August 15 and 16) at the same time. The average electron 
temperature was enhanced by 1.5 times and the average ion temperature by 1.3 times to that of normal 
day’s temperature. The average electron and ion temperatures during thunderstorm, normal days and 
values estimated by IRI model for all seven events are shown in Table I (a, b), respectively. The table 
also shows the time, duration and location of thunderstorm activities.

  1	 Jan 11, 1995	 11:40:26-14:39:26	 23.16° N, 77.36° E	 1457	 1940	 1669
  2	A pr 13, 1995	 05:37:22-08:36:22	 08.29° N, 76.59° E	 1769	 2451	 2043
  3	A pr 28, 1995	 14:37:22-17:36:22	 08.29° N, 76.59° E	 1449	 1684	 1210
  4	A ug 29, 1995	 11:40:26-14:39:26	 23.16° N, 77.36° E	 1762	 2160	 1540
  5	 June 27, 1997	 05:37:22-08:36:22	 08.29° N, 76.59° E	 1316	 2184	 1467
  6	 Dec 10, 1997	 08:40:26-11:39:26	 23.16° N, 77.36° E	 2280	 3202	 1856
  7	A ug 15-16, 1998	 4:25:12-17:24:12	 15.30° N, 73.55° E	 1502	 2224	 1268

	Serial	    Date of event	   Time and duration	  Location of
	No.		    of thunderstorm	  thunderstorms	  

	 Electron temperature (K)
	Average during	A verage during	IRI
  Normal days	 thunderstorms day            

Table Ia. Comparison of average electron temperature during thunderstorms, normal days and IRI model values.

 1	 Jan 11, 1995	 11:40:26-14:39:26	 23.16° N, 77.36° E	 960	 1151	 1015
 2	A pr 13, 1995	 05:37:22-08:36:22	 08.29° N, 76.59° E	 925	 1045	 1014
 3	A pr 28, 1995	 14:37:22-17:36:22	 08.29° N, 76.59° E	 900	 1343	 1103
 4	A ug 29, 1995	 11:40:26-14:39:26	 23.16° N, 77.36° E	 1167	 1441	 1203
 5	 June 27, 1997	 05:37:22-08:36:22	 08.29° N, 76.59° E	 876	 1166	 902
 6	 Dec 10, 1997	 08:40:26-11:39:26	 23.16° N, 77.36° E	 1715	 2147	 1464
 7	A ug 15-16, 1998	 14:25:12-17:24:12	 15.30° N, 73.55° E	 1033	 1348	 1119

Table Ib. Comparison of average ion temperature during thunderstorms, normal days and IRI model values. 

	Serial	 Date of event	 Time and duration	 Location of	I on temperature (K)
No.		    of thunderstorm	  thunderstorms	A verage during	A verage during	IRI
					     normal days	 thunderstoms day
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The enhancements in ionospheric electron and ion temperatures have been attributed to different 
kind of lightning activity, which are associated with active thunderstorms. Recent observation 
of optical phenomena such as sprites, blue jets, blue starters, elves and associated phenomena 
(Taranenko et al., 1992; Pasko et al., 1996, 1997; Bell et al., 1995; Sentman et al., 1995; Lehtimen et 
al., 1996, 2000) propagating from top of the active thunderstorm may generate radiations from ULF 
to VLF (Inan et al., 1991, 1996; Otsuyama et al., 1999), which in turn, may propagate still upward 
and heat the local plasma in the ionosphere. This is only a possibility proposed by the authors.

3.2 Ionospheric response to seismic activity
The data collected by SROSS-C2 satellite using RPA payload during the period from January 1995 
to December 1996 were used to analyze the anomalous variations in the ionospheric electron and 
ion temperatures due to earthquake events in the same altitude range.

It is also a difficult task to study the ionospheric electron and ion temperatures using the satellite 
data in respect of earthquake events because the passes of satellite rarely match the epicenter zone 
of seismic events. The recorded average electron and ion temperatures during seismic activity 
have been compared with average normal day’s electron temperature for the same time interval. 
The electron temperature data were analyzed in such a way as that for thunderstorm events. Many 
workers have suggested that the seismogenic electric fields are released few hours to few days before 
and until the occurrence of an earthquake (Koshevaya et al., 1997). Pulinets (2004) has suggested 
that the ionospheric concentration gradually started to diminish 5 days before the seismic shock. 
After the main seismic shock the possibility to generate the seismogenic field duration is not defined 
in literature. Therefore, in the present analysis it is considered that pre- and post- 5 days data are 
influenced by seismogenic effects. In order to avoid the masking of electron and ion temperatures 
perturbation due to solar flares and thunderstorms only earthquake events, which are free from 
the other anomalies have been considered in this study. On March 19, 1995 an earthquake with 
an epicenter location at 9.88° N and 92.90° E has been recorded. During this event the average 
electron temperature was enhanced by 1.2 times over the normal days average electron temperature 
as estimated from the data. On May 24, 1995 and June 21, 1995 the earthquakes of magnitude 4.6 
and 4.7 respectively, were recorded at different locations (16.52° N, 79.68° E; 21.78° N, 85.33° E). 
The electron temperature enhancements during both events were almost similar as that of March 
19, 1995.

Three events were recorded in 1996, on January 18, September 25, and October 8, with a magnitude 
of 4.2, 5.0 and 4.2 respectively. During the event of January 18, 1996 the average electron temperature 
was enhanced 1.5 times over the normal day’s average electron temperature, as estimated from the 
data. On September 25, 1996 and October 8, 1996 the enhancements in average electron temperature 
were 1.4 and 1.3 times respectively, compared to the normal days average electron temperature. The 
magnitude and location of earthquake events along with the quantitative values of the temperatures 
anomalies during the occurrence of the earthquakes are given in Table IIa. Similar enhancements 
have been found for the ion temperature during the seismic events over the normal days ion 
temperature for all nine events. The resultant values of ion temperature during seismic events and 
normal days along with the details of the seismic events are shown in Table IIb. The tables also 
show the values estimated by IRI model.
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The possible physical mechanism of the enhancement in ionospheric temperatures is discussed 
by Pulinets (1998b), which is also supported by experimental evidence. The main source of 
atmospheric-ionospheric coupling over the epicenter zone is the emanation of different chemical 
substances like radon, light gases and submicron aerosols from earth (Alekseev and Alekseeva, 
1992). They change the electrodynamics properties of atmosphere over the epicenter zone. The 
vertical atmospheric electric field changes due to an electrode effect near ground layer of atmosphere 
have been observed by Hoppel (1967). In the presence of aerosols the electrode effect enhanced the 
electric field of up to several kV/m (Boyarchuk et al., 1997; Vershinin et al., 1997). These vertical 
fields penetrate into the ionosphere where, due to anisotropic conductivity of ionosphere they 
transform into horizontal fields (Kim et al., 1994). The Joule heating plays an important role in the 
enhancement of ionospheric temperature. The seismogenic electric field within the ionosphere is 
modulated by daily variations of plasmaspheric electric fields that cause the daily variations of the 
sign of seismo-ionospheric variations (Pulinets et al., 1998). The detailed theoretical calculations 
and further experimental observations strengthen the hypothesis of temperature enhancement due 
to earthquake over the epicenter zone of ionospheric region, which may be developed as a short 
term precursor in future.

Table IIa. Comparison of average electron temperature during earthquake events, normal days and IRI model values. 

  1	M ar 19, 1995	 16:44:48	 09.88° N, 92.90° E	 4.3	 10	 1240	 1519	 1123
  2	M ay 24, 1995	 13:46:45	 16.52° N, 79.68° E	 4.6	 33	 1642	 2004	 1268
  3	 June 21, 1995	 18:35:41	 21.78° N, 85.33° E	 4.7	 36	 1977	 2407	 1198
  4	 Jan 18, 1996	 08:05:35	 24.09° N, 82.62° E	 4.2	 33	 1830	 2805	 1764
  5	 Sept 25, 1996	 17:41:17	 27.43° N, 88.55° E	 5.0	 33	 1411	 1952	 1442
  6	 Oct 08, 1996	 01:28:59	 29.51° N, 61.06° E	 4.2	 16	 1950	 2466	 1866
  7	M ar 19, 1997	 11:15:50	 30.33° N, 67.96° E	 4.7	 33	 660	 791	 831
  8	 Jan 16, 1998	 21:14:51	 29.70° N, 68.25° E	 4.1	 33	 1454	 1700	 906
  9	M ay 17, 1998	 05:41:11	 30.38° N, 67.95° E	 4.2	 33	 2008	 2481	 1565
10	A ug 05, 1998	 03:16:38	 29.33° N, 68.74° E	 5.4	 33	 851	 1024	 956

Table IIb. Comparison of average ion temperature during earthquake events, normal days and IRI model values. 

  1	M ar 12, 1995	 08:22:54	 17.74° N, 73.77° E	 4.7	 10	 623	 748	 946
  2	 Oct 21, 1995	 19:39:39	 31.43° N, 78.96° E	 4.9	 33	 1024	 1153	 947
  3	 Dec 09, 1995	 10:04:44	 15.44° N, 88.43° E	 4.8	 10	 842	 1033	 911
  4	 Feb 12, 1996	 20:39:54	 22.62° N, 82.89° E	 4.3	 33	 861	 1030	 838
  5	 Sept 25, 1996	 17:41:17	 27.43° N, 88.55° E	 5.0	 33	 1136	 1320	 1110
  6	N ov 10, 1996	 09:00:04	 18.30° N, 76.69° E	 4.1	 33	 545	 633	 944
  7	 Sept 05, 1997	 15:41:51	 33.83° N, 72.82° E	 4.0	 16	 1350	 1552	 1304
  8	 Jan 16, 1998	 21:14:51	 29.70° N, 68.25° E	 4.1	 33	 890	 1070	 882
  9	M ay 10, 1998	 14:56:22	 29.41° N, 82.02° E	 4.1	 33	 828	 1085	 944

Serial	 Date of 	 Origin time	 Location of	M agnitude	 Depth
	No.	 event	 of earthquake	 earthquake		  (km)
			   (LT)	

		   Electron temperature (K)
Average during	A verage during	IRI
	 normal days	     earthquake
			          events	

Serial	 Date of 	 Origin time	 Location of	M agnitude	 Depth
	No.	 event	 of earthquake	 earthquake		  (km)
			   (LT)	

		    Ion temperature (K)
Average during	A verage during	IRI
	 normal days	     earthquake
			          events	
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3.3 Effect of solar flares on ionospheric temperatures
A flare is defined as a sudden, rapid and intense variation in the brightness of sun. A flare occurs 
when magnetic energy that has built up in the solar atmosphere is suddenly released (Carrington, 
1860). Radiations are emitted across virtually the entire electromagnetic spectrum, from radio waves 
at long wavelengths through the optical emissions and X-rays to γ-rays at short wavelengths. During 
the solar flares, magnetic energy of 1029 to 1033 ergs is released by means of magnetic reconnection 
(Anastasiadis, 1999). The energy released during a solar flare is used in intense localized heating, 
particle acceleration and in mass flows (Priest, 1992).    

During the period from January 1995 to December 1998, we have identified a total of five solar 
flare events on the dayside of earth, which correspond to the locations at Bhopal, Panji and Pune 
over India. These stations were chosen on the basis of maximum passes of SROSS-C2 satellite 
and also for having meteorological data. 

The effect of two solar flare events (May 19, 1995 and July 10, 1996) corresponding to the  
meteorological station at Panji are shown in Figures 5 (a, c) and 6 (a, c) for electron and ion 
temperatures respectively. The enhancement in the average electron temperature for these events was 
1.3 to 1.5 times and for ion temperature it was 1.2 to 1.4 times over the normal days temperatures. 
Two solar flares events corresponding to the meteorological station at Pune were identified on June 
5, 1995 and December 28, 1998. The enhancement in the average electron temperature for these 
events was 1.5 to 1.8 times and for ion temperature it was 1.3 to 1.4 times over the normal days. 
A flare event appeared on November 9, 1998 has been analyzed for the meteorological station at 
Bhopal in India. The enhancements in the electron temperature were 1.9 times over the normal days 
average electron temperature. However, the ion temperature enhancement during the event was 1.2 
times over the normal days temperature. The average electron and ion temperatures during solar 
flares, normal days and values estimated by IRI model  for all seven events are shown in Table III 
(a, b) respectively. The table also shows the time, duration and location of solar flares.

Serial	 Date of 	 Time and duration	 Study location	
	No.	 event	 of solar flares (LT)	 of solar flares	
	

		             Electron temperature (K)
	A verage during		A verage during	IRI
	 normal days		 earthquake

Table IIIa. Comparison of average electron temperature during solar flares, normal days and IRI model values. 

	 1	M ay 19, 1995	 16:40:12-17:01:48	 15.30° N, 73.55° E	 1897	 2419	 1726
	 2	 Jun 05, 1995	 08:54:00-10:01:48	 18.31° N, 73.55° E	 1613	 2367	 1376
	 3	 July 10, 1996	 10:40:12-11:16:12	 15.30° N, 73.55° E	 1382	 2005	 1268
	 4	N ov 09, 1998	 05:36:00-6:10:12	 23.16° N, 77.36° E	 1795	 3446	 2053
	 5	 Dec 28, 1998	 09:24:00-09:49:48	 18.31° N, 73.55° E	 1485	 2637	 1534

	 1	M ay 19, 1995	 16:40:12-17:01:48	 15.30° N, 73.55° E	 1050	 1262	 1159
	 2	 Jun 05, 1995	 08:54:00-10:01:48	 18.31° N, 73.55° E	 950	 1311	 1022
	 3	 July 10, 1996	 10:40:12-11:16:12	 15.30° N, 73.55° E	 1175	 1630	 1135
	 4	N ov 09, 1998	 05:36:00-6:10:12	 23.16° N, 77.36° E	 1005	 1188	 1021
	 5	 Dec 28, 1998	 09:24:00-09:49:48	 18.31° N, 73.55° E	 1233	 1630	 1351

Table IIIb. Comparison of average ion temperature during solar flares, normal days and IRI model values. 

Serial	 Date of 	 Time and duration	 Study location	
	No.	 event	 of solar flares (LT)	 of solar flares	
	

		                  Ion temperature (K)
	A verage during		A verage during	IRI
	 normal days		 earthquake
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All temperature data recorded by SROSS-C2 satellite are within the error limit of ± 50 K for the 
temperatures range of 500-5000 K. Therefore, the variation in the electron and ion temperatures 
measured by SROSS-C2 satellite during the flare time can be interpreted as the ionospheric 
temperature response to the solar flares. These enhancements have been found on the dayside of 
the earth’s ionosphere. To see the effect of solar flares on nightside earth’s ionosphere we have also 
studied two events at Chennai (13.04° N, 80.17° E) and at Panji in India. At Chennai the SROSS-C2 
data was available for the solar flare event of February 2, 1997 (18:57:41-21:20:41 LT) and at Panji 
on May 4, 1998 (21:44:12-22:24:12 LT). The local time for both solar flares over India was night 
hours. The temperature variation recorded for these events fall within the error limit of the normal 
temperatures. Hence it may be concluded that the solar flares do not show any measurable effect 
on the ionospheric temperature on the night side of earth’s ionosphere. Afraimovich et al. (2001) 
also concluded that the solar flares do not have any effect on the night side earth’s ionosphere. 
The enhancement in ionospheric temperature is mainly due to high energy X-rays and ultraviolet 
radiation produced during the solar flares (Donnelly, 1976; Charikov, 2000; Kocharov et al., 2000). 
These high-energy radiations reach to the earth’s ionosphere and heat the plasma.

All the flares events selected for the present study fall in the category of subflare. The area covered 
by a great flare may be as large as 109 km2, and an area smaller than about 3 ×108 km2 is known as 
subflare (Hanssen and Emslie, 1988). The events studied had nearly the same area, and brilliancy 
is faint on a three level scale. The intensity of a subflare is approximately 5sfu (solar flux unit).

4. Conclusions 
The SROSS-C2 data have been analyzed to study the ionospheric electron and ion temperatures 
anomalies in F2 region due to thunderstorms, earthquakes and solar flares events. The above analysis 
shows that there is a consistent enhancement of ionospheric electron and ion temperatures recorded 
during active thunderstorms period. This enhancement was for the average electron temperature 
ranging from 1.2 to 1.7 times compared to the average normal day’s temperature. However, for ion 
temperature this enhancement was from 1.1 to 1.5 times. It is worth mentioning here that in the 
above analysis the data were selected in such way that the effect of diurnal, seasonal, latitudinal, 
longitudinal and altitudinal effects were minimized. Thus the temperature anomalies are directly 
related to the thunderstorm events.

It has also been found that the average electron temperature is enhanced during the occurrence 
of earthquakes by 1.2 to 1.5 times and this enhancement was for ion temperature ranging from 1.1 
to 1.3 times over the normal day’s average temperatures. Similar enhancements of the ionospheric 
electron and ion temperatures have been recorded during solar flares. This enhancement for 
the average electron temperature varies from 1.3 to 1.9 times to the normal days average temperature. 
However, for ion temperature it ranged from 1.2 to 1.4 times the normal days average temperature. 
The data selection and analysis discussed in the previous section, shows that the enhancements 
of ionospheric electron and ion temperatures during the solar flares are the response to the solar 
flare. No measurable enhancement in electron and ion temperatures has been found during the 
night hours. 
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