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ABSTRACT The ionosphere is rather changeable, especially during disturbed periods and is considered an important object 
of experimental exploration. The ionospheric electron content observation provides data on position and struc-

ture of ionospheric regions. Nighttime enhancement in ionospheric electron content (IEC) has been studied by various researchers in the 
mid-latitude regions. Ionosonde data of ITEC for nighttime enhancement at mid-latitude is consider in the present study from two con-
jugate station Athance (38°N-24°E) and Grahmstorm(33°S-27°E) during low solar activity from January 2009 to December 2013. The 
events were taken as in terms of their duration, their time of occurrence of peak and their dependence on local time. Most of the nighttime 
enhancement events in ionospheric electron content are observed in equinox season during pre-midnight hours at Northern hemisphere 
with maximum between 2100-2200 hours (LT) and southern Hemisphere during pre-midnight hours with maximum between 2200-2300 
hours(LT). The duration of enhancement is often large in Northern as compared to Southern.

1 Introduction
 The atmosphere, in which we live, is influenced by the sun 
dynamic and violent sun that produces energy for life on 
earth. The ionosphere is an important layer of atmosphere 
that plays a unique role because of strong coupling processes 
to region below. The ionospheric plasma is formed by pho-
toionization of the neutral atmosphere by the solar EUV and 
UV. As the photoionization acts as the major production of 
the ionospheric plasma, it was expected that the ionosphere 
varies with solar intensity and zenith angle. However, obser-
vations show that numerous ionospheric plasma structures 
deviate from the predicted solar controlled morphology. De-
viation of the ionospheric plasma structure from expected 
solar controlled behavior is often named as the “Anomaly” 
in the ionosphere society. Nighttime enhancements in iono-
spheric electron content (IEC) have been studied by various 
workers in the equatorial anomaly and mid- latitude regions. 
At mid-latitudes the primary source has been identified as 
a downward flow of plasma from the proton sphere to the 
ionosphere. In addition, neutral air winds modulate these 
enhancements at all latitudes (Anderson and Klobuchar, 
1983; Bailey et al., 1991). At mid-latitudes (Essex and Klobu-
char et al.,1980) reported that nighttime IEC enhancements, 
which they observed mostly around 03:00 LT during the De-
cember months, are accompanied by large increases in peak 
density of the F layer and a lowering of layer height, which 
shows that the enhancement takes place in the F-region of 
the ionosphere. Use of IEC and NmF2 in such studies tells 
us about such enhancements over that particular location 
only, but in reality, it is observed in a wider area in space. 
Therefore, it is difficult to tell exactly where in the latitude 
range its peak occurs. In the recent past the technique of 
topographic imaging of the ionosphere, which gives lati-
tude versus height distribution of ionospheric electron den-
sity, has proved its potential in studying the ionospheric 
properties, like the mid-latitude trough (Kersley et al., 1997; 
Pryse et al., 1998 and references therein), as well as its mod-
eling in a much wider area used to study. In general, after 
nighttime (LT),Ionospheric electron content (IEC) starts in-
creasing and post-noon period, it becomes maximum, after 

that it start decreasing and attains minimum or low value 
around 2200-2400 hrs LT,.simple theory suggested that 
after sunset when thermosphere is no longer bare to ra-
diation from the sun electron content would decay stead-
ily as recombination occurs. It is recognized that IEC does 
not decrease throughout the night as predicted by simple 
theory by shows anomalous enhancements under a broad 
range of geophysical conditions (Arendt et al., 1964; Balan 
et al.,1991;). One explanation, that receive attention, is that 
the ionization is lifted up by an equatorward neutral wind 
or an eastward electric field to regions of small loss rate 
(Hanson et al.,1964). However, vertical drifts alone cannot 
fully explain the persistence of nighttime ionosphere (Kohl 
et al., 1969;1968). The formation of pre-midnight peaks in 
winter is mainly due to heights with a lower recombination 
rate (Mikhailov et al., 2000b; 2000a). Large amplitudes dur-
ing equinox may be associated with the highest efficiency 
in the interaction between the earth and the solar wind that 
occurs during these periods (Hargreaves et al., 1992). 

Nighttime enhancement (pre-midnight and post-mid-
night) is a unique phenomenon for the mid to low lati-
tude F2 region which has long been observed in IEC. In 
the equatorial anomaly region, the most important source 
of such nighttime enhancement is the evening increase in 
the upward E ×B drift at the equater (Balan et al., 1994). 
At mid latitudes, the chief source has been identified as a 
downward flow of plasma from the protonsphere to the 
ionosphere (Bailey et al., 1991).The behavior of the night-
time enhancement is ionosphere does not agree with the 
predicted by simple theory , and is known as anomalous 
nighttime increase (ANI). A possible explanation for this 
ionosphere phenomenon is the electric fields in the plas-
masphere squeeze the plasma from high to low magnetic 
L shells. The nighttime enhancement is ITEC is the north-
ern and southern hemispheric studied and concluded that 
when an enhancement occurred in one hemisphere then ei-
ther no enhancement or only a week enhancement may oc-
curred in conjugate hemisphere (Tyagi et al., 1974). Increase 
in various characteristics such as frequency of occurrence, 
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time of occurrence, amplitude and duration of increase in 
electron content are found to depend not only on location 
and season but also on solar and magnetic activity (Balan 
et al., 1991). All the characteristics of nighttime enhance-
ment, like time of occurrence of peak, their duration of en-
hancement have been analyzed. The main aim is morpho-
logical study of nighttime enhancement in IEC during low 
solar activity period 2009-2013. 

Most of the nighttime enhancements in ionospheric elec-
tron content are observed in winter season during post 
midnight hours at Northern Hemisphere, during pre mid-
night hours with maximum between 0100-0200 hours(LT) 
and in Southern Hemisphere during pre mid night hours 
with maximum between 1900-2100 hours(LT). The duration 
of enhancement is often large in Northern Hemisphere as 
compared to Southern Hemisphere (Nuzhat et al.,2013). 

2 Data and Analysis
IEC data for this study , for the period January 2009 to 
December 2013 for mid latitude zone were obtained from 
national geophysical data centers space physics interactive 
data resources http://ngdc, noaa.govl/

Case of nighttime enhancement was grouped in to three 
seasons as winter, summer and equinox. Nighttime en-
hancement for IEC is also divided into pre-midnight (1900-
2300) hours (LT) and post mid (0000-0600) hours (LT)

Period, depending on the time of prominent peak of en-
hancements occurred. In the current study, the prominent 
peak is considered for statistical purpose, only those en-
hancements were taken into consideration, which had am-
plitudes greater than 10% of the background value.

3 Result
In the conjugate location number of enhancements occurred 
during the period of study i.e. from January 2009 to De-
cember 2013, for IEC during pre-midnight and post-mid 
hours are shown in table -1, it is clearly seen from the table 
that highest total no. of enhancement in IEC parameters oc-
curred at station Athance( 38N-24E).

IEC enhancement	

Station Total Pre-mid Post-mid

Athance 297 212 85

Grahmstorm 287 165 122

Table 1-Number of occurrence of enhancements
 
3.1 Percentage of night time enhancement in IEC
FIG.1 show the average monthly variation of percentage of 
night time enhancement in IEC from January 2009 to De-
cember 2013.It is seen from the figure that, at mid latitude 
location Athance (38N-24E) percentage of enhancement is 
maximum in IEC during the month of March, while at mid 
latitude location Grahmstorm (33S-27E) percentage of en-
hancement is maximum in IEC during the month of Octo-
ber and November. 

Fig.1
Monthly variation of percentage of nighttime enhance-
ment in IEC during january 2006-december 2013
 
3.2 seasonal variation of night time enhancement in IEC 
Fig. 2 represent the average seasonal variation of nighttime 
enhancement in IEC from January 2009 to December 2013 
. it is seen that at mid latitude location Athance (38N-24E) 
maximum percentage of enhancement in IEC during equi-
nox season also at Grahmstorm(33S-27E) maximum per-
centage of enhancement in IEC during equinox season.

Fig.2
Seasonal variation of nighttime enhancement in IEC dur-
ing january2006-december 2013
 
3.3 Time of peak of enhancement in IEC
FIG.3 present latitudinal and average seasonal variation of 
time of enhancement peak in IEC for the period of Janu-
ary 2009 to December 2013.It is clear from the figure that 
at mid latitude location Athance (38N-24E) pre-mid night 
events are dominating average pattern of IEC shows that 
the maximum percentage of occurrence of enhancement 
peak occurred around ( 2100-2200) hrs LT. whereas at 
Grahmstorm(33S-27E) the maximum percentage of occur-
rence of enhancement peak occurred around (2200-2300) 
hrs LT. 
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Fig.3 Time of peak nighttime enhancement in IEC during 
january2006-december 2008
 
3.4 Duration of night time enhancement in IEC
FIG.4&5 represent the average percentage of duration of 
enhancement during pre mid night and post mid night 
hours. It is seen from these figures that the duration of en-
hancement varies between 2 to 11 hours . at Athance (38N-
24E) maximum percentage of duration during pre-mid 
night hours. maximum percentage of duration in IEC is 
of 5 h during post midnight hours. where as a at Grahm-
storm( 3327E) maximum percentage of duration in IEC is of 
2h during pre mid night hours .And during post midnight 
hours the percentage of duration in IEC is of 6h.

 

Fig.4 Duration of nighttime enhancement in pre-midnight 
and post-midnight hours during january 2006-december 
2013

Fig.5
Duration of nighttime enhancement in pre-midnight and 
post-midnight hours during january 2006-december 2013
 
4 Discussion
The present study investigating the morphology of night-
time enhancement of IEC. The result obtained provide the 
convincingly comprehensive picture of the effect of the 
solar activity, seasonal and local time variation of IEC, on 
various characteristics of nighttime enhancement at mid 
latitude location during low solar activity period i.e Janu-
ary 2009 to December 2013. (Balan et al.,1991 ) observed 
that there is little latitudinal variation in the time of occur-
rence of peak enhancement in IEC during summer . But in 
equinox and winter, the time of peak enhancement occur-
rence shows latitudinal variation. At mid latitude location 
pre-midnight occurrences are predominant. 

The neutral wind plays an important role in the variation 
of ionospheric F region parameters by sustaining (low-
ering)the F region ionization to higher (lower) altitudes 
where the ion neutral recombination rate is significantly 
decreased (increased), leading to enhance (reduced) elec-
tron densities at magnetic mid-latitude regions, the elec-
tron density enhancement could be produced by the longer 
duration of photoionization from solar radiation(Sojka et 
al.,1985; Horvath and essex,2003; Chen et al.,2011,2012). 
At mid-latitudes during all seasons the meridonal neu-
tral winds is equatorward during nighttime and attains 
its maximum speed at around mid-night (Hernandez and 
Roble,1984). Thus, the strong downward diffusion of plas-
ma from the protonospher, combined with the neutral 
air winds interaction, can easily produce enhancements 
in nighttime ionosphere electron density at min-latitudes 
during winter at solar minimum. Bailey et al.(1990a) have 
modeled winter nighttime values of TEC for ray paths 
which traverse the mid-latitude ionosphere. The modeled 
values for magnetically quit solar minimum conditions 
show enhancements, which peak durind the post-midnight 
period, when the downword flow of plasma through the 
2500km altitude level exceeds that which is lost chemically 
at lower altitudes.

(Balan et al., 1986) had observed that at the low-latitude 
station, 77% of the nights had TEC enhancements of which 
55% occurred during pre-midnight hours and 22% during 
post-midnight hours during a solar maximum year. How-
ever, during a solar minimum year only 16% of the nights 
had TEC enhancements of which 7% occurred during pre-
midnight hours and 9% during post-midnight hours. On 
global maps nighttime enhancement are clearly visible in 
the form of the enhanced electron density region (EEDRs) 
at the geomagnetic mid-latitudes 250-450 (Wilson et al., 
1995; Davis, Hartmann, 1997; Ho et al.,1996;1998; Brunini et 
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al.,2003). The EEDRs extend from evening sector to morn-
ing one. The EEDRs are observed more often in the quit 
winter condition under low solar activity (Balan et al.,1991; 
Mikhaailov et al.,2000; Farelo et al.,(2002). 

(Sudhir Jain et al., 1995) had conducted a study of night 
time enhancements and found that the correlation between 
amplitude and magnetic activity is negligible. But contrary 
to the other studies (Balan et al., 1991) found that the en-
hancement was mainly a post-midnight phenomenon and 
that the occurrence of the enhancement as a whole is nega-
tively correlated with solar activity.

At mid-latitude location Athance(38’N-24’E),percentage of 
enhancement is maximum in IEC around 1900-2100 hrs LT. 
Although, during equinoxial month at high latitude loca-
tion, percentage of enhancement during post mid-night hrs 
around 0100-0200 hrs LT. At mid-latitude shows maximum 
percentage of enhancement peak during pre-midnight 
hours around 1900-2300hrs (K singh et al.,2013).

The observed features, particularly the time of occurrence 
and solar activity dependence of the enhancements at the 
different latitudes, indicated that the enhancements are 
caused by different mechanisms at different latitudes. 

The important mechanisms are following- 

(a)	 Plasma diffusion from protonospher.
(b)	 Electrodynamic drifts and plasma motion due to neu-

tral winds.
(c)	 Plasma transfer from conjugate ionosphere.
(d)	 Movement of the mid-latitude trough. 
(e)	 Cross-L plasmaspheric compression and subsequent en-

hancement in plasmaspher-ionosphere plasma flow.
 
Corpuscular ionization for the first two mechanisms were 
found significant for nighttime enhancements at low –lati-
tudes. Generally, during the nighttime, two peak were ob-
served first is the post-sunset peak varies in the range 15-
50%, while the second is post-midnight peak varies in the 
rage 22-70%, for all the seasons. These two peak can be 
attributed to the steep electron density gradients that are 
caused by the onset and turn-off solar ionization(Bilitza et 
al.,2004 and Chou et al.,2008).

6 Conclusion 
Present study provides us a comprehensive picture of the 
effect of season, solar activity on IEC. The main results are 
summarized as, enhancement are more frequent in equinox 
season as compare to winter and summer at mid latitude. 
At mid latitude location small peak size both during pre-
midnight and post-midnight. At mid latitude location pre-
midnight is of shorter duration and post-midnight hours 
are of longer duration.

7 Acknowledgement
The authors thankful to national geophysical data centers 
space physics interactive data resources http://ngdc, noaa.
govl/ for providing data of ionospheric parameter value for 
the duration under consideration in present study. 

Reference 
1.	 Anerson, D. N. and Klobuchar, J. A.: Modeling the total electron content 

observations above Ascension Island, J. Geophys. Res. 88, 8020–8024, 
1983. 

2.	 Arendt P R & Soicher H Downward electron flux at 1000 Km altitude 
from electron content measurement at mid –latitudes Nature (UK) ,204 
(1964)pp 983-984.

3.	 Bailey, G. J., Sellek, R., and Balan, N.: The effect of inter- hemispheric 

coupling on nighttime enhancements in ionospheric total electron con-
tent during winter at solar minimum, Ann. Geo- physicae, 9, 738–747, 
1991.

4.	 Bailey,G.J., Sellek, R., and Balan, N.: A modeling study of nighttime 
enhancement in TEC during winter at solar minimum. Proc.URSI Inter-
national Beacon Satellite Symposium, Tucuman, Argentina March 1990, 
229-236, 1990a.

5.	 Balan N and Rao P.B. and Iyer K.N. (1986) Seasonal and solar variation 
of nighttime anomalous enhancement in total electron content Proc. In-
dian. Acad. Sci. Vol.95, No.409.

6.	 Balan, N., Bailey, G. J., and Balachandran Nair, R & Titheridge J E, 
nighttime enhancement in the northern and southern hemisphere, J At-
mos Sol-Terr Phys (UK),56 (1994) pp 67-69.

7.	 Balan, N., Bailey, G. J., and Balachandran Nair, R.: Solar and mag- netic 
activity effects on the latitudinal variations of nighttime TEC enhance-
ment, Ann. Geophysicae, 9, 60–69, 1991. 

8.	 Bilitza, D., Obrou, O.K, Adeniyi, J.O., & Oladipo, O.(2004)Variability of 
fof2 in the equatorial Ionosphere, Advance Space Research (UK)34, 2067-
2074.

9.	 Brunini C., v an Zele M.A., Meza A., Gnde M(2003) Quit and perturbed 
ionospheric representation according to the electron content from GPS 
signals. Journal of Geophysical research, vol.108,M A2.

10.	 Chaen, C.H., A.Satio, C. H. Liu, and J.Y.Liu(2012) Long- term variations 
of the nighttime electron density enhancement during the ionospheric 
mid-latitude summer, Journal of Geophysical Research,117,A07313.

11.	 Chen, C.H., J.D.Huba, A. Saito, C.H. Lin, and J.Y.Liu(2011)Theoretical 
study of ionospheric weddel sea Anomaly using SAMI2, Journal of Geo-
physical Research ,116,A04305.

12.	 Chou, Y.T. and Lee, C.C., (2008) Ionospheric Variability at Taiwan low 
latitude station: Comparison between observations and IRI 2001 model, 
Advance Space Research (UK), 42, 673-681.

13.	 Davies K., Hartmann G.K(1997) Studying the ionosphere with the Global 
Positioning system. Radio Science, 32,4,1695-1703.

14.	 Essex, D. A. and Klobuchar, J. A.: Mid-latitude winter nighttime increas-
es in the total electron content of the ionosphere, J. Geo- phys. Res. 85, 
6011–6020, 1980.

15.	 F.Bertin, and J., paper-Lepine, Latitudinal Variation of total electron con-
tent in the winter at middle latitude . Radio Sci.,5,899-906, (1970).

16.	 Farelo, A.F., M. Herraiz, and A.V. Mikhailov (2002) Global morphology 
of nighttime F2- layer over Havana Cuba, J. Atmos. Terr. Phys., 53,1131-
1138. 

17.	 Fejer B.G., Farley D.T.,Woodman R.F. and colderon C.(1979), J .Geophys-
ics. Res.,84, 5792.

18.	 G.J. Bailey, R., Sellek and N.,Balan,The effect of inter hemispheric cou-
pling on nighttine enhancements in ionospheric total electron content 
during winter at Solar minimum. Ann.Geophys., vol 9, 738-747,(1991).

19.	 Hanson, W. B.,and R. J. Moffett, Ionization Transport effects in the equa-
torial F region, J. Geophys. Res., 71,5559,1966.

20.	 Hargreaves J K ,the solar terrestrial environment (Cambridge University 
prees, Cambridge ),1992.

21.	 Harnandez, G. and Roble, R. G.: The geomagnetic quit nighttime ther-
mospheric wind pattern over Fritz Peak observatory during solar cycle 
minimum, J. Geophys. Res., 89, 327-337, 1984. 

22.	 Ho C.M.,Mannucci A.J., Lindqwister U.J., Pi X., Tsurutni B.T.(1996) Glob-
al ionosphere perturbations monitored by the world wide GPS Network. 
Geophysical Research Laetters, v.23,N22,p.3219-3222.

23.	 Horvath,I., and E.A. essex.(2003) The Weddel C Anomaly observed with 
the Topex satellite data,J.Atmos. Sol. Terr.Phys,.65,693-706. 

24.	 Jain S & Vijay S K, solar and magnetic activity control on nighttime en-
hancement in IEC at equatorial anomaly latitude, Indian J Phys, 74(b) 
(2000) pp 261-265. 

25.	 Jain S, Vijay S K ,Gwal A K & Huang Y N, Nighttime enhancement in 
ionospheric electron contents seasonal and solar cycle variation, Ann 
Geophys (france), 13 (1995)pp 256-26. 

26.	 Kersley, L., Pryse, S. E., Walker, I. K., Heaton, J. A. T., Mitchell, C. N., 
Williams, M. J., and Willson, C.A.: Imaging of electron den- sity troughs 
by tomographic techniques, Radio Sci., 32, 1607– 1621, 1997.

27.	 Kohl H, King J W & Eccles D, an explanation of the magnetic declination 
effect in the ionosphere F2 Layer , J Atomos Terr Phys (UK), 31(1969), 
1011.



IJSR - INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH 683 

Volume : 5 | Issue : 8 | August 2016 • ISSN No 2277 - 8179 | IF : 3.508 | IC Value : 69.48Original Research Paper

28.	 Kohl H, King J W & Eccles D, some effects of neutral winds on the iono-
spheric F-Layer, J Atomas Terr Phys (UK), 30(1968) 1733.

29.	 Mikhailov A V, Forster M & Leschinkaya T Yu, on the Mechanism of the 
post-midnight winter Nmf2 enhancement, dependence on solar activity, 
Ann Geophys (france), 18 (2000b) pp 1422-1434.

30.	 Mikhailov A V, Leschinkaya T yu & Foster M, Marphology of Nmf2 
nighttime increases in the Eurasion sector, Ann Geophys (France), 18 
(2000a) pp 618-628.

31.	 Mikhailov, A.V., T.Y. Leschinskaya , and M.Forster(2000) Morphology of 
Nmf2 nighttime increases in the Eurasin sector,Ann.Geophys.,18,618-628.

32.	 N.Balan , and P.B., Rao,latitudinal variations in nighttime enhancement 
in TEC J. Geo Reg.,vol. 92 (AY)3436-3440,(1987).

33.	 N.Balan , and G.J., Baiely, R., Balachandran Nair, Solar and magnetic ac-
tivity effects on the latitudinal variation of nighttime TEC enhancement . 
Ann. Geophys., 9, 60-69,(1991).

34.	 Namboothiri S.P., Balan N. and Rao P.B. Vertical plasma drift in the F 
region at the magnetic equato , (1989)pp J Geophys.Res., 94,12055-12060

35.	 Nuzhat, S. Anup K Singh, Sahla Rizvi, Arun Gautam and Vijay, S.K.: 
Nighttime enhancement in ionospheric electron content at two conjugate 
locations, J. Engg. Sc. Mgmt.Ed. Vol-6(III) 117-125,2013.

36.	 Pryse, S. E., Kersley, L. Williams, M. J., and Walker, I. K.: The spatial 
structure of the dayside ionospheric trough, Ann. Geo- physicae, 16, 
1169–1179, 1998.

37.	 Rishbeth, H.(2000), The equatorial F-layer: progress and puzzies, Ann.
Geophysicae, 18,730-739.

38.	 Singh K, Sardar N, Rizvi S, Rathor S, & Vijay S K, Nighttime enhance-
ment of ionospheric parameters, Indian Journal of radio & space phys-
ics., Vol.42, pp 240-250,(2013). 

39.	 Tuhi Ram Tyagi, Electron Content and its variation over Lindau.J. At-
mos. Ter .Phys., 36(3),475-487,(1974).

40.	 Wilson B.D., Mannucci A.J., Edwards C.D. (1995)Sub-daily Northern 
Hemisphere ionospheric maps using an extensive network of GPS re-
ceivers. Radio Science, v.30,N 3,p.639-648. 

41.	 Y.Z. Su, G.J., Bailey, and N., Balan, Nighttine enhancement in TEC at 
Equatorial anomaly latitudes. J.Atmos.Ter.phys., Vol.56,1619-1628,(1994).

42.	 Young D M L, Yuen P C & Roelofs T H, Anomalous nighttime increases 
in total electron, Planet space Sci (UK), 18 (1970)pp 1163-1179.


