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The past solar minimum year 2008 has been exceptionally quiet with more than 70% spotless days and the solar EUV 
irradiance and F10.7 solar flux levels steadily at low values for a prolonged period. During this unique solar minimum 
epoch, however, the geospace environment is recurrently intercepted by solar wind high speed streams from the low-latitude 
coronal holes, which are the primary contributors for recurrent geomagnetic activity at solar rotational (27-day) and its  
sub-harmonic (13.5 and 9-day) periodicities. In response, both the neutral and ionized upper atmospheric properties 
continued to ring with same periodicities. The results indicate that both the neutral and electron density response at 400 km 
(topside ionosphere) is dominated by the changes in temperature and/or scale height and exhibits coherent enhancements 
concurrently with the periodicities in geomagnetic activity. However, the equatorial electrojet (EEJ) strength does not 
exhibit any recurrent signatures at these periodicities.  
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1 Introduction 

The ionosphere-thermosphere system is susceptible 
to the forces originating both below from lower 
atmosphere as well as above from solar and 
magnetospheric driven sources. The past minimum 
epoch between solar cycles 23 and 24 has been 
exceptionally quiet with sunspot numbers at their 
lowest in the past 75 years, causing the ionosphere 
and thermosphere system in a steady, low solar flux 
preconditioned state for a prolonged period. Under 
these prevailing low solar activity conditions, one 
would expect to minimize the solar-driven and 
magnetospheric disturbances and provide opportunity 
to study the dynamics of ionosphere-thermosphere 
system driven by the forces coupled from the lower 
atmosphere. As such, several interesting findings have 
been reported such as DE3 non-migrating tides and 4-
peak longitudinal structure of equatorial ionization 
anomaly (EIA)1-4, semi-diurnal perturbations driven 
by sudden stratospheric warming events5-10, and 
planetary wave signatures at quasi 2-day and 16-day 

periodicities11-14. However, accompanying to this low 
solar activity epoch, there were also fast recurrent solar 
wind streams associated with large, long-lived low 
latitude coronal holes on Sun and the resultant recurrent 
geomagnetic disturbances that have significant impact 
on ionosphere-thermosphere system15,16. 

The coronal holes (CHs) and solar wind (SW) 
streams undergo systematic variations over the  
11-year solar cycle. Through much of the cycle, the 
Sun’s polar region is dominated by CHs, the sources 
of large, persistent and fast SW streams with an 
average bulk speed of 500 – 800 km s-1 (Ref. 17). 
During the solar minimum, the polar holes became 
large and extend into equatorial and low-latitude 
regions emanating fast SW streams in equatorial plane 
that are more geo-effective18,19. In addition to fast 
streams from CHs, the SW has dense low-speed 
streams (300 – 400 km s-1) from the closed-field 
regions near the equator, known as equatorial coronal 
streamer belt. As the streams travel in the 
interplanetary space, the high-speed streams catch the 
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preceding low-speed streams and create regions of 
enhanced density and magnetic field, called corotating 
interaction regions (CIRs)20. When the coronal  
high-speed wind stream interacts with the preceding 
slow wind stream, forward and reverse shocks often 
form around the CIR boundaries. The CIR interfaces 
can be characterized by a relatively sharp density 
drop, a temperature rise, and a sharp increase in the 
SW bulk velocity. Since the CHs have tendency to 
rigidly rotate with Sun and persist for several solar 
rotations, the CIR interfaces also repeat for several 
solar rotations inducing recurrent geomagnetic 
disturbances at ~27-day periodicity. 

Both the neutral and ionized upper atmosphere 
undergoes significant modifications due to the 
changes in the thermosphere composition, neutral 
density, temperature, neutral winds as well as the 
electric fields, which in turn greatly varies with 
latitude, altitude, local time, season and the phase of 
the geomagnetic activity. Since various neutral and 
electrodynamic coupling processes are involved, the 
response of global thermosphere – ionosphere system 
to geomagnetic storms is much complex and been the 
subject of extensive investigations by both case 
studies as well as model simulations during the past  
3-4 decades21-27. However, the earlier studies on the 
topside ionospheric response to geomagnetic storms 
were mostly based on the case studies of isolated 
geomagnetic storms. Although the amplitude is 
smaller, the CIRs produce ionospheric changes 
similar to those associated with isolated geomagnetic 
storms28. CIRs are especially prominent during the 
declining phase of the solar cycle, when the 
heliospheric magnetic field has a well-developed 
sector structure and CHs extend to low latitudes29. 
Therefore, the past solar minimum epoch provides an 
excellent opportunity to study the characteristics of 
CIRs, recurrent geomagnetic activity and their impact 
on geospace environment. The year 2008 represents 
the extremely low solar activity period with more than 
70% spotless days (the annual mean sunspot number 
is only three) and global weakness in the heliospheric 
magnetic field30, hence, considered for this study. 
 

2 Data  
The interplanetary solar wind and magnetic field 

parameters measured by Atmospheric Composition 
Explorer (ACE) satellite at L1-point available through 
the National Space Science Data Center’s OMNIWeb 
interface (http://nssdc.gsfc.nasa.gov/omniweb/) during 
the low solar activity year 2008 were considered in 

this study. The geomagnetic activity data such as AE, 
Kp and SymH-indices are obtained from World Data 
Center for Geomagnetism, Kyoto University 
(http://wdc.kugi.kyoto-u.ac.jp/). The neutral density 
observations from the triaxial accelerometer onboard 
the CHAllenging Mini-satellite Payload (CHAMP) 
satellite were examined to study the thermospheric 
response to recurrent geomagnetic activity. All the 
measurements during this period of study are 
normalized to this fixed altitude of 400 km to remove 
density variations due to height changes of satellite 
orbits (http://sisko.colorado.edu/sutton/). Further, the 
global vertical electron density observations of 
Formosat3/COSMIC (F3/C) radio occultation 
experiment were also considered to study the electron 
density response. F3/C is a constellation of six 
microsatellites orbiting at about 800 km altitude,  
72° inclination angle, and 30° separation in longitude. 
Each F3/C satellite has a GPS Occultation 
eXperiment (GOX) payload, performing the radio 
occultation observations in the ionosphere and 
provides ~2000 vertical electron density profiles per 
day, which are uniformly distributed all over the 
globe3,4,16. Finally, in order to examine the electric 
field perturbations, the equatorial electroJet (EEJ) 
strength data derived from two ground based 
magnetometers from Indian network of magnetometers, 
one at the equatorial station Tirunelveli (8.7oN geog 
latitude, 77.8oE geog longitude and 0.6oN dip latitude) 
and another at an off-equatorial station Alibagh 
(18.5oN geog latitude, 72.9oN geog longitude and 
12.9oN dip latitude) have been considered.  
 
3 Results  
 

3. 1 Corotating Interaction Regions (CIRs) during 2008 

When the fast SW stream from CH takes over the 
preceding slow SW stream, an interaction region is 
formed in the vicinity of border between the two 
streams. A forward and reverse shock may also 
produce in the preceding slow stream and trailing fast 
stream, respectively. This structure of interaction 
corotates with the Sun, hence, giving rise to the name 
corotating interaction regions (CIRs). The classical 
features of CIRs are well described in literature20,31,32. 
When CIR sweeps across the observing satellite 
(ACE), all the SW parameters such as magnetic field 
strength, velocity, temperature and the density exhibit 
an increase at the forward shock. At the stream 
interface, which is the boundary between the slow 
solar wind and fast stream, the temperature and 
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velocity increase sharply while the SW density 
exhibits a sharp decrease. Across the reverse shock, 
the SW density and magnetic field decreases while 
the velocity further increases or may remain at high 
levels. It may be noted that all the CIR interfaces may 
or may not accompany with the forward and reverse 
shocks. For example, Fig. 1 shows the three recurrent 
CIRs observed by ACE satellite during the year 2008. 
Figure 1(a-e) shows the variations of SW magnetic 
field strength (|B|), SW proton velocity (Vp), 
temperature (Tp), density (Np) and z-component of 
interplanetary magnetic field (IMF Bz) in GSM 
coordinates, respectively for the period from day 
numbers 310 to 335 in 2008. The typical features of 
stream interface such as sharp rise in SW temperature 
(Tp) and velocity (Vp) accompanied with sudden drop 
in density (Np) can be clearly observed as indicated 
with solid vertical lines in red color. The forward and 
reverse shocks are indicated in green dashed lines. 
Further, the IMF Bz exhibits fast positive and 
negative excursions at stream interfaces that would 
possibly lead to the development of geomagnetic 
storms of weak to moderate intensity. 

Figure 2 from top to bottom shows the variations of 
F10.7 solar flux, solar EUV irradiance at 50-105 nm, 
interplanetary magnetic field magnitude (|B|), SW 
proton velocity (Vp), temperature (Tp), density (Np), 

z-component of interplanetary magnetic field (IMF 
Bz), AE index, Kp index and Sym-H index, 
respectively, as a function of day number during low 
solar activity year 2008. It can be seen from Fig. 2(a) 
that the 10.7 cm solar flux index (F10.7) remains 
steady at low values of ~70 solar flux units during the 
entire period of 2008 indicating a very low solar 
activity state. The solar EUV irradiance at 50 to  
105 nm wavelengths varies between 2.4e-3 to  
2.8e-3 W m-2 [Fig. 2(b)]. The most striking feature 
seen from this figures is a series of sharp pluses in 
magnetic field strength (|B|) and solar wind density 
(Np) [Figs 2(c and f)] and subsequent enhancements 
in solar wind velocity (Vp) and temperature (Tp) 
[Figs 2(d and e)]; the density pulses [Fig. 2(f)] are 
also sharpest due to its sudden decrease while the 
velocity and temperature [Figs 2(d and e)] continue to 
increase. As described, these are the typical features 
of CIRs, and a series of 38 recurrent CIRs are 
identified during this year 2008. Further, the IMF Bz 
exhibits fast positive and negative excursions around 
the stream-stream interface region which is the typical 
feature of Alfven waves within the CIRs33. The 
negative excursions of IMF Bz would possibly lead to 
magnetic reconnection which causes recurrent 
geomagnetic activity as can be observed from the 
variations of AE, Kp and SymH indices [Figs 2(h-k)]. 

 
 

Fig. 1 — Recurrent cororating interaction regions (CIRs) in the interplanetary solar wind and magnetic properties; Panels from  
top to bottom show variations of: (a) solar wind magnetic field strength (|B|); (b) solar wind proton velocity (Vp); (c) temperature (Tp); 
(d) density (Np); and (e) IMF Bz for the period from day numbers 310 to 335 in 2008 
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However, because of the oscillatory nature of IMF Bz, 
the resultant geomagnetic storms are typically of only 
weak to moderate intensity34. From the variation of 
SymH-index [Fig. 2(k)], it can be clearly seen  
that there were a series of recurrent geomagnetic 
storms of moderate to less intensity (~ -60 to -40 nT) 
during this period. 
 

3.2 Sub-harmonic solar rotational periodicities in SW and 

geomagnetic activity 

With a view to examine the periodicities in  
the CIRs and recurrent geomagnetic activity, the 
Lomb-Scargle (LS) periodograms35,36 of various 
parameters shown in Fig. 2 are computed and 
presented in Fig. 3. The horizontal dashed lines in 
Fig. 3 indicate the 95% significant levels. The most 
striking features that can be observed from LS 
periodograms is that all the SW parameters (|B|, Vp, 
Tp and Np) as well as the geomagnetic activity 
indices (AE, Kp and SymH) during this period  
exhibit pronounced spectral peaks at solar rotational 
(27-day) and its sub-harmonic (13.5 and 9-day) 

periodicities. Further, the spectral peak at 9-day 
periodicity is very sharp and strongest in the SW and 
geomagnetic parameters. In contrast, the F10.7 solar 
flux and EUV irradiance, though exhibit 27-day 
periodicity; do not exhibit any significant spectral 
peaks at 13.5 and 9-days. Therefore, the results from 
Figs 2 and 3 clearly suggest that these short-period 
sub-harmonic solar rotational periodicities at 13.5  
and 9-day periods in geomagnetic activity indices 
(AE, Kp and SymH) are primarily due to SW energy 
input associated with high speed streams (HSS)  
from recurrent CHs.  
 

3. 3 Thermosphere-Ionosphere response  

The investigation is focused to the response of 
thermosphere and ionosphere to this recurrent 
geomagnetic activity. Although the intensity is  
small, the geomagnetic storms induced by recurrent 
HSS-CIR structures may also significantly alter 
thermospheric and ionospheric densities28. With a 
view to investigate this, the thermospheric neutral 
density observations from CHAMP satellite and 

 
 
Fig. 2 — Recurrent geomagnetic storms associated with HSS-CIR structures in extreme low solar activity year 2008; Panels from top to 
bottom show variations of: (a) F10.7 solar flux; (b) solar EUV irradiance; (c) solar wind magnetic field strength (|B|); (d) proton bulk 
velocity (Vp); (e) temperature (Tp); (f) density (Np); (g) IMF Bz; (h) AE index (divided by 1000 for simplicity); (i) Kp index; and  
(j) SymH index as a function of day number in 2008 
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electron density observations from COSMIC Radio 
Occultation experiment at the altitude of 400 km  
have been considered. Both the neutral density and 
electron density data observations have been binned 
into 31 latitudinal bins of 5o window from -75o to  
75o geographic latitudes. The density observations at 
all the longitudes/local times in a day for each 
latitudinal bin are then averaged to compute daily 
zonal  mean  densities. Figure 4 shows  the daily zonal  
mean neutral density from CHAMP [Fig. 4(a)] and 
electron density from F3/C [Fig. 4(b)] at 400 km 
altitude as a function of geographic latitude and day 
number in the year 2008. Superimposed black curve 
in Figs 4(a and b) is the variation of 3-hr Kp index 
during the year 2008 with scale on right hand side. It 
can be clearly seen from these figures that both the 
neutral density [Fig. 4(a)] as well as the electron 
density [Fig. 4(b)] at 400 km exhibits concurrent 
enhancements with Kp index throughout this  
period. In order to further examine the sub-harmonic 
solar rotational periodicities in thermosphere and 
ionosphere, the LS spectral analysis is performed on 
neutral and electron densities at each latitudinal bin 
and the periodograms are presented in Figs 5(a)  
and 5(b), respectively. The LS periodogram of the 

geomagnetic activity index Kp is also superimposed 
(black curve with right hand side scale) in Figs 5(a 
and b). Predominant spectral amplitudes can be 
observed at solar rotational (27-day) and its sub-
harmonic periods (13.5 and 9-days) in both neutral 
and electron densities globally at all latitudes. Further, 
the spectral amplitudes at these periodicities 
correspond extremely well with the periodicities  
in the geomagnetic activity index (Kp).  

Further, with a view to examine the phase 
relationship between the perturbations in thermospheric 
and ionospheric densities with the recurrent 
geomagnetic activity, the quasi-periodic oscillations 
in zonal mean neutral and electron densities 
corresponding to 9-day periodicity for each latitude 
bin are spectrally filtered. A digital FIR band-pass 
filter centered at 9 days with half power points  
at 6 and 12 days is employed. Figures 5(c and d) show 
the band-pass filtered 9-day quasi periodic 
perturbations in neutral and electron densities at  
400 km, respectively as a function of latitude and  
day number. The perturbations in both neutral density 
and electron density are expressed as the relative 
percentage with respect to background levels (81-day 
running average). The band-pass filtered 9-day  

 
 
Fig. 3 — Lomb-Scargle (LS) periodograms of: (a) F10.7 solar flux; (b) solar EUV irradiance; (c) solar wind magnetic field strength (|B|); 
(d) proton bulk velocity (Vp); (e) temperature (Tp); (f) density (Np); (g) IMF Bz; (h) AE index; (i) Kp index; and (j) SymH index during 
the year 2008; horizontal dashed line indicates the 95% significant levels 
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quasi-periodic oscillations in Kp index are also 
superimposed in Figs 5(c and d) as black curve  
(right hand side scale). It can be observed from this 
figure that the perturbations in the zonal mean neutral 
density sometimes exceed 60% (peak-to-peak) with 
respect to background levels [Fig. 5(c)]. In 
comparison, the perturbations in electron density  
are smaller than those in neutral density. However, 
the perturbations in zonal electron density are larger 
in the respective winter hemispheres than in the 
summer hemispheres and can be as large as 60%  
of background values [Fig. 5(d)]. The higher 
percentage electron density perturbations in the  
winter hemispheres could be due to lower  
background electron densities in the respective winter 
hemispheres as can be observed from Fig. 4(b). For 
better visibility, the 9-day quasi periodic perturbations 
in both neutral density and electron density for a 
period of 60 days (± 30 days) centered on vernal 

equinox are shown in Figs 6(a and b). It can be clearly 
seen from the Fig. 6 [as well as Figs 5(c and d)] that 
the quasi 9-day periodic enhancements in both neutral 
density and electron density at 400 km altitude are in 
phase with the enhancements in Kp. It should be 
mentioned that the F10.7 solar flux index and solar 
EUV irradiance do not exhibit any significant spectral 
peaks at 13.5 and 9-day periods [Figs 3(a and b)]. 
Therefore, from the results presented in Figs (4-6),  
the coherent enhancements in zonal mean neutral  
and electron densities at 400 km and good correlation 
in their spectral amplitudes with Kp index at  
sub-harmonic solar rotational periodicities can be 
attributed as due to recurrent geomagnetic activity 
associated with HSS-CIR structures.  

 
4 Discussions 

The SW-HSS contain high amplitude nonlinear 
Alfven waves within the CIRs37,38. The negative Bz  

 
 
Fig. 4 — Variations of daily zonal mean: (a) neutral density from CHAMP; and (b) electron density from F3/C observations at 400 km 
altitude as a function of geographic latitude and day number in the year 2008; Overlapped black solid line indicates the variation of 3 h 
geomagnetic activity Kp index with scale on right hand side axis 
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components of the Alfven waves within the HSS lead 
to magnetic reconnection and transfer of energy from 
the SW to the magnetosphere33,34, which is 
characterized by continuous auroral activity called 
high intensity long duration continuous auroral 
activity (HILDCAA). The magnetic reconnection 
associated with Alfven waves cause continuous, 
shallow injections of SW plasma into the 
magnetosphere at auroral and mid-latitudes. Further, 
it can be seen from the Figs (2 and 3) that the AE 
index and Kp index, which are the useful parameters 
for representing the particle precipitation at auroral 
and mid-latitudes39,40, also exhibit concurrent 
enhancements with SW velocity. Therefore, it can be 
concluded that the fast SW streams from CHs, 
enhanced magnetic field and Alfven-wave associated 
magnetic field fluctuations in HSS-CIR structures 
trigger recurrent geomagnetic activity of moderate  
to weak levels in the geospace environment at  
sub-harmonic solar rotational periodicities. 

It is known that a series of changes takes place in 
the thermosphere and ionosphere during the 
geomagnetic storm periods. The high latitude 
thermosphere gets heated and thermally expands due 
to enhanced energy input that leads to an increase in 
the scale height of neutral as well as ionized upper 
atmosphere41,42. Increased high latitude heating sets 

 
 

Fig. 5 — (a-b) Lomb-Scargle (LS) periodograms of: (a) neutral density, and (b) electron density, at 400 km altitude during the year 2008 
(overlapped black curve indicates the LS periodogram of Kp index with right hand side scale); (c-d) band-pass filtered quasi 9-day 
periodic oscillations in: (c) neutral density, and (d) electron density (band-pass filtered quasi 9-day perturbations in Kp index also 
superimposed as a black solid curve with right hand side scale) 

 
 

Fig. 6 — Expanded view of band-pass filtered quasi 9-day 
perturbations in: (a) neutral density, and (b) electron density for 
the period from day number 50 to 110 in 2008; superimposed 
black curve represents the band-pass filtered quasi 9-day 
perturbations in Kp index 
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up equatorward neutral winds, upwelling at the high 
latitudes and downwelling at low latitudes, which will 
significantly alter the thermospheric composition and 
hence, alter the ionospheric electron density43-46. In 
addition, equatorward neutral winds lift the plasma 
along the field lines into the altitude regions of 
reduced recombination rates43,44. Further, the electric 
field perturbations due to prompt penetration electric 
fields (PPEF) and ionospheric disturbance dynamo 
(IDD) will alter the ionospheric electron density 
distribution in a complex manner that depends on  
the local time, geographic location, season as well as 
the phase of the geomagnetic storm47-54.  

The coherent enhancements in neutral density and 
electron density concurrently with the enhancements 
in Kp index suggest the mechanism of thermal 
expansion. When the Joule and particle heating occur 
at high latitudes during the geomagnetic activity, the 
heated thermosphere expands and leads to an increase 
in the neutral scale height (kT mg-1). While this effect 
is larger at high latitudes, the atmospheric pressure 
tends to equilibrate globally, and the corresponding 
expansion occurs at all latitudes. It has been shown in 
earlier reports15,55 that the neutral density exhibits 
enhancements globally at all latitudes via thermal 
expansion during the recurrent CIR events. The 
plasma temperature changes associated with CIRs 
would also cause similar changes in the plasma scale 
height, which is a measure of thickness of the 
ionosphere. An increase in the scale height via 
thermal expansion associated with the plasma 
temperature will cause similar increase in F2 layer 
peak altitudes (hmF2) and F2 layer thickness (HT) 
(Ref. 16). Therefore, if one measures the electron 
density at any fixed height in the topside ionosphere 
(400 km), an increase or decrease in scale height 
causes a corresponding increase or decrease in 
electron density, respectively. Thus, the positive 
response in neutral density and electron density at  
400 km shown in Fig. 4 is mainly related to 
corresponding changes in the neutral and plasma scale 
heights via thermal expansion associated with CIRs. 
Further, the equatorward wind during the enhanced 
geomagnetic activity will also raise the F layer to 
higher altitudes. This will also contribute to the 
concurrent enhancements in electron densities due to 
reduced recombination loss at higher altitudes. On the 
other hand, during the enhanced geomagnetic activity 
periods, the upwelling wind at high latitudes carries 
molecular-rich air to higher altitudes that will cause a 
decrease in the O/N2 ratio, which in turn causes a 

decrease in electron density. However, coherent 
enhancements in neutral density and electron density 
observed in Figs (4 and 5) suggest that thermal 
expansion is the dominant mechanism in the topside 
ionosphere (400 km) and the changes in neutral 
composition brought about by the thermospheric 
circulation is less effective at these altitudes.  

Further, one would also expect that these moderate 
geomagnetic storms induced by recurrent HSS-CIRs 
structures may also cause electric field perturbations 
and thereby, alter the electron density distribution.  
In order to examine this, the H-component of 
geomagnetic field data from two magnetometers at 
Tirunelveli and Alibagh from the Indian region have 
been considered. The difference between the ∆H 
values (H-component of the magnetic field after 
subtracting the nighttime base level) at Tirunelveli 
and Alibagh, i.e., ∆HT-A (nT) is taken as the strength 
of equatorial electroJet (EEJ)56,57, which can be 
considered as a proxy to the zonal electric field at the 
equatorial latitudes58-60. For example, Fig. 7(a) shows 
the variation of EEJ strength (hourly values) during 
this low solar activity year 2008 and its LS 
periodogram is presented in Fig. 7(b). The horizontal 
dashed line in Fig. 7(b) represents the 95% significant 
level. It can be seen from this figure that EEJ  
strength exhibits significant day-to-day and seasonal 
variability with larger day time maxima around 
equinoxes and smaller values during the solstices61. 
The LS periodogram of EEJ strength shows  
strong spectral peaks 1-day, 0.5-day and 0.3-day 
corresponding to diurnal, semi-diurnal and ter-diurnal 
components of EEJ variation. However, the EEJ 
strength does not exhibit any significant spectral peaks 
at solar rotational (27-day) and its sub-harmonic 
periodicities (13.5 and 9-days). This suggests that  
the recurrent geomagnetic activity associated with 
HSS-CIR structures during this low solar activity year 
2008 do not have significant impact on the EEJ 
strength. The perturbations in the zonal electric field 
during the geomagnetic storms are primarily due to 
prompt penetration and ionospheric disturbance 
dynamo processes, which generally depends on 
several factors like local time, southward/northward 
orientation of IMF Bz and its duration, intensity as 
well as the phase of the geomagnetic storm26,27,45-54. 
Since the intensity of geomagnetic storms  
produced by HSS-CIR structures is small to  
moderate (~-40 to -60 nT) and highly oscillatory 
nature of IMF Bz at the stream-stream interface 
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region, it may not be possible to produce significant 
perturbations in zonal electric field via prompt 
penetration. Also, the local time at the onset of each 
CIR induced storm is not same at the location of EEJ 
observations (Indian sector). Hence, the perturbations 
in the zonal electric field, even if induced, were not 
uniform for each CIR-storm. Similar argument also 
applies for electric field perturbations induced by 
ionospheric disturbance dynamo process. Hence, one 
cannot see any recurrent signatures in EEJ strength 
corresponding to those periodicities in recurrent  
CIR-induced geomagnetic activity. Instead, one needs 
to study carefully case-by-case for each CIR storm in 
order to assess the role of CIR induced geomagnetic 
activity on zonal electric field perturbations. 
 

5 Summary 

The extreme low solar activity year 2008 is unique 
with more than 70% spotless days and F10.7 solar 

flux is steadily at low values of ~70 sfu for a prolonged 
period. However, the geospace environment is not so 
quiet and significantly perturbed by recurrent solar and 
magnetospheric driven disturbances. A detailed 
analysis of solar wind and magnetic properties reveal 
that the solar wind high speed streams from the low 
latitude coronal holes during this low solar activity 
period were the primary contributor for a series of 
cororating interaction regions (CIRs) in the 

interplanetary medium. The resultant HSS‐CIR 

structures of enhanced density and magnetic field 
regions recurrently impinge on the Earth’s 
magnetosphere. The magnetic reconnection associated 

with Alfven waves in the HSS‐CIR structures cause 

continuous, shallow injections of SW plasma into the 
magnetosphere and trigger recurrent geomagnetic 
activity of weak to moderate levels in the geospace 
environment (Fig. 1). Further, the LS amplitude 
spectra (Fig. 3) of the SW parameters, and 

 
 

Fig. 7 — (a) Variations of the equatorial electroJet (EEJ) strength (hourly values) during extremely low solar activity year 2008; and (b) 
the corresponding LS periodogram 
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geomagnetic activity indexes (AE, Kp and SymH) 
show similar features, with strong spectral peaks at 
sub-harmonic solar rotational periodicities (13.5 and 
9-day periods). Results shown in Figs (2 and 3) 
clearly suggest that these periodicities in geomagnetic 
activity are primarily due to SW energy input 
associated with CIR structures within fast SW streams 
from recurrent CHs.  

The response of thermosphere and ionosphere 
system to this recurrent geomagnetic activity is 
investigated using the neutral density and electron 
density measurements at an altitude of 400 km by 
CHAMP and F3/C satellites (Fig. 4). The LS spectra 
of both the neutral density and electron density 
exhibit predominant spectral amplitudes at solar 
rotational (27-day) and its sub-harmonic (13.5 and  
9-day) periodicities which further correlate well  
with spectral amplitudes in Kp index [Figs 5(a and b)].  
The important feature of 9-day periodicity is 
considered to examine the phase relationship between 
the perturbations in neutral density and electron 
density with the recurrent geomagnetic activity. Both 
the neutral density and electron density exhibit 
coherent enhancements concurrently with the Kp. 
This suggests that the thermospheric and ionospheric 
response at 400 km (topside ionosphere) is generally 
dominated by changes in temperature and increase in 
scale height via thermal expansion due to recurrent 
geomagnetic activity associated with HSS-CIR 
structures. The strength of equatorial electrojet (EEJ) 
derived from ground based magnetometers does  
not show any significant spectral amplitude at sub-
harmonic solar rotational periodicities. This suggests 
that weak to moderate level of recurrent geomagnetic 
storms produced by HSS-CIR structures does not 
show significant impact in the equatorial zonal 
electric field during this low solar activity year 2008. 
Nevertheless, a further investigation is needed on  
a case-by-case basis to understand the impact of  
CIR-storms on equatorial zonal electric field and its 
implications. 
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