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KEYWORDS Abstract The Geomagnetic storms are considered as one of the major natural hazards. Egyptian
Geomagnetic storms; geomagnetic observatories observed multiple geomagnetic storms during 18 February to 2 March
Pi2 and Pc4 pulsations; 2014. During this period, four interplanetary shocks successively hit the Earth’s magnetosphere,
Interplanetary shocks leading to four geomagnetic storms. The storm onsets occurred on 18, 20, 23 and 27 February.

A non-substorm Pi2 pulsation was observed on 26 February. This Pi2 pulsation was detected in
Egyptian observatories (Misallat and Abu Simbel), Kakioka station in Japan and Carson City sta-
tion in US with nearly identical waveforms. Van Allen Probe missions observed non-compressional
Pc4 pulsations on the recovery phase of the third storm. This Pc4 event is may be likely attributed to
the decay of the ring current in the recovery phase.
© 2016 Production and hosting by Elsevier B.V. on behalf of National Research Institute of Astronomy
and Geophysics. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).

1. Introduction phenomena is the geomagnetic storm. Moos (1910a) identified
a pattern in the horizontal component at Colaba, India. He
found occasional sudden rise of the horizontal component
followed by a rapid decrease lasting a few hours and a slow
recovery lasting 1-3 days. These disturbances are defined as
“magnetic storms” having the various phases of the storm as
(1) storm sudden commencement (SSC), (ii) initial phase, (iii)
main phase and (iv) recovery phase (Araki, 1994; Hafez and
Ghamry, 2011, 2013; Hafez et al., 2012, 2013a,b; Ghamry
et al., 2013).

The research on the geomagnetic effects of solar wind struc-
tures has typically distinguished between coronal mass ejec-
tions (CMESs) and corotating interaction regions (CIRs). The
former are associated with strong disturbances whereas the lat-
s EN ter usually give rise to moderate storms (Gosling et al., 1991;
ELSEVIER Production and hosting by Elsevier Richardson et al., 2001; Zhang et al., 2007; Youssef et al.,

The solar activity such as solar wind, coronal mass ejection,
and solar flares propagating through the interplanetary space
carries a large amount of energetic particles and electrical
energy. Some of these solar activities while interacting with
the Earth’s magnetosphere produce several geomagnetic activ-
ities with different characteristics. One of these prominent
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2012; Fathy et al., 2014). Both interplanetary (IP) shocks and
CIRs result in a large solar wind dynamic pressure increase,
which compresses the magnetopause and may significantly
affect the magnetospheric current systems. Magnetic ejecta
inside CMEs, on the other hand, primarily affect the Earth’s
magnetosphere through magnetic reconnection during a per-
iod of intense and prolonged southward Bz. Fast CMEs drive
shocks and the shock plus ejecta may result in a two-step geo-
magnetic storms (Kamide et al., 1998).

Geomagnetic pulsations, Ultra Low Frequency (ULF)
waves, are naturally occurring magnetohydrodynamic
(MHD) waves in the Earth’s magnetosphere. These ULF
waves are classified as continuous (Pc) or irregular (Pi) pulsa-
tions. Each category is subdivided into period bands that
roughly separate a specific type of pulsation. Pi 2 pulsation
is an irregular magnetic fluctuations with period [40-150 s].
It is considered as the most common pulsations used in sub-
storm research (Saito et al., 1976). Pi2 pulsations at low lati-
tude are good indicators to substorm onset because they are
not only observed in the nightside but also in the dayside
(Yanagihara and Shimizu, 1966). Pi2 pulsation is considered
as a result of hydromagnetic disturbances driven by sudden
change in magnetospheric convection or reconfiguration in
the magnetotail during the substorm expansive phase, so it is
considered a better proxy of substorm onset than its counter-
part at middle and high latitude (Yumoto 1986; Ghamry
et al., 2011, 2012; Hamada et al., 2015; Ghamry and Fathy
2016). Plasmaspheric cavity resonance (PCR), plasmaspheric
virtual resonance (PVR), and plasmapause surface mode are
considered major source mechanisms of Pi2 pulsations (Allan
et al., 1986; Zhu and Kivelson, 1989; Lee, 1996; Lee and
Kim, 1999; Lee and Lysak, 1999; Takahashi et al., 2003; Lee
and Takahashi, 2006; Kwon et al., 2013; Ghamry et al.,
2015; Ghamry, 2015). Pc4 (7-25 mHz) ULF waves are abun-
dant on the dayside (e.g., Chi et al., 1994, 1996; Kim and
Takahashi, 1999; Takla et al., 2011) and are occasionally
observed on the nightside (Takahashi et al., 2005).
Takahashi and Anderson (1992) found that Pc4 poloidal waves

at dayside can mainly be categorized into plasmapause poloi-
dal waves and second harmonic poloidal waves outside the
plasmapause. Liu et al. (2009) confirmed that Pc4 poloidal
waves are mostly observed near noon around L = 5-6 in the
inner magnetosphere.

In this paper, we analyze the multiple geomagnetic storms
that occurred during 18 February to 2 March 2014. The orga-
nization of this paper is as follows. In Section 2 we describe the
observations. In Section 3, we show the signature of the storms
on the Egyptian observatories. In Section 4 we investigate Pi2
pulsations occurred on 26 February on the ground. In Section 5
we show Pc4 pulsations occurred on 27 February in space. In
Section 6 we give the summary and conclusions.

2. Observations

During 18 February to 2 March 2014, four strong interplane-
tary shocks successively hit the Earth’s magnetosphere, leading
to four geomagnetic storms. Fig. 1 shows the solar wind speed,
density, dynamic pressure, the interplanetary magnetic field B
and Bz, and the disturbance storm time Dst index, respectively.
The first storm started at 14:00 UT on 18 February. The Dst
index dropped rapidly down to —112nT at 09:00 UT on 19
February, corresponding to a positive pulse P = ~15nPa
and a negative (or southern) Bz = ~—15nT. The second
storm began at 04:00 UT on 20 February when there were a
sharp pulse P = ~10nPa and a negative Bz = ~—10nT.
The storm main phase had two-step development. On 20
February, the Dst index at first dropped from —40 nT down
to —86 nT at 13:00 UT and recovered rapidly up to —40 nT
at 19:00 UT, dropped rapidly again down to —66nT at
02:00 UT on 22 February, and then gradually increases to 4
nT until the onset of the third storm at 08:00 UT on 23
February when P = ~14 nPa and Bz = ~—5 nT. In the mean-
while, the Dst index dropped from —4 nT down to —56 nT at
00:00 UT on 24 February. The fourth storm began at 16:00 UT
on 27 February when P = ~16 nPa and Bz = ~—18 nT, with
a minimum Dst = ~—99 nT at 00:00 UT on 28 February.
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Figure 1
time Dst index through 18 February to 2 March 2014.
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Shows the solar wind speed, density, dynamic pressure, the interplanetary magnetic field B and Bz, and the disturbance storm
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Figure 2 Shows the signature of 2014 multiple storms on the Egyptian observatories at Misallat and Abu Simbel.
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Figure 3  Illustrates Pi2 pulsation occurred at H components of Misallat, Abu Simbel, KAK and CCNYV stations on 26 February 2014.

3. Signature of 2014 multiple storms at Egyptian observatories

Fig. 2 shows the signature of 2014 multiple storms on the
Egyptian observatories at Misallat (upper panel) and Abu
Simbel (lower panel). The letters A—D show the onset time of
four magnetic storms at the two observatories. Note that there
are no data on 21 February at Abu Simbel station. As we see,
the X component of Misallat and Abu Simbel was affected by
the first storm (A), at around 14:00 UT on 18 February, and
the second storm (B), at around 04:00 UT on 20 February, with-
out significant change resulting in small bay structures. On the
other hand, a significant change was found during both
the third storm (C), at around 08:00 UT on 23 February, and
the fourth storm (D), at around 16:00 UT on 27 February,
resulting in decrease of X components reached to minimum
value of ~—92nT, ~—120nT and ~—62nT, ~—94 nT, at
Misallat and Abu Simbel, respectively.

4. Irregular pulsation on the ground

A Pi2 pulsation has been observed at 15:36 UT on 26 February
at both Misallat and Abu Simbel observatories. To confirm
these observations, we examine Kakioka station (KAK) in
Japan and Carson City station (CCNV) in US. CCNV is
located nearly in the opposite side of the globe with respect
to KAK. We found that the Pi2 pulsation occurred simultane-
ously at all stations with nearly identical waveform. Note that
Pi2 pulsation at both Egyptian stations and KAK events
occurred during nightside but CCNV event occurred during
morning side as shown in Fig. 3.

In order to examine the geomagnetic activity during this Pi2
event, we plotted the AE and AL indices shown in Fig. 4. At
15:36 (Pi2 onset), the magnitude of |AL| is very small
(<—=30nT). This magnitude is significantly less than that for
typical substorm. From these observations we suggest that
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Figure 5 Displays the time series plot of magnetic and electric
field perturbations (Bx, By, Bz, Ey and Ez) at VAP-A.

Pi2 pulsation presented in Fig. 3 occurred during the absence
of substorm. We examined the space measurement via Van
Allen Probe satellites, but we found no events. The source of

VAP-B) detected Pc4 pulsations. The Van Allen Probes
(Mauk et al., 2012), launched on 30 August 2012, provides
comprehensive measurements of particles, electric fields, and
magnetic fields in the inner magnetosphere. We use the mag-
netic field measurement from Electric and Magnetic Field
Instrument Suite and Integrated Science (EMFISIS)
(Kletzing et al., 2013) to identify micropulsation events. We
use the 1 s resolution fluxgate magnetometer data. The mag-
netic field data acquired by VAP-A and VAP-B are expressed
in a mean field-aligned coordinate system. The components in
this system are denoted Bx (outward, perpendicular to the
averaged magnetic field), By (eastward, perpendicular to the
averaged magnetic field), and Bz (northward, along the aver-
aged magnetic field).

Figs. 5 and 6 show Pc4 pulsations observed at VAP-A and
VAP-B respectively. We can see that the radial component
(Bx) has a significant wave but there is no significant wave at
the compressional component (Bz). This event called non-
compressional Pc4 wave. These non-compressional Pc4 wave
in Figs. 5 and 6 was observed on 27 February before the arrival
of an IP shock at ~17 UT.

It had been previously noted by Southwood (1976) that the
ring current ions considered one important free energy source
for the instability, which drives the low frequency oscillations.
Southwood and Kivelson (1981, 1982) have developed the the-
ory of particle flux pulsations induced by ULF transverse
waves. In their theory, the particles experience the wave-
carried electric field during their drift-bounce motions (Zong
et al., 2007, 2009; Korotova et al., 2015). In the recovery phase
of the third storm, the occurrence of non-compressional Pc4



A comprehensive analysis of the geomagnetic storms

267

waves associated with a gradual increase of Dst index (toward
zero), Fig. 1, suggests that ring current ions (during decay per-
iod) provide free energy source for the non-compressional
waves. So, we suggested that this non-compressional Pc4
may be generated by drift/drift-bounce resonance interactions
with ring current ions.

6. Summary and conclusion

We present a comprehensive analyses of the multiple geomag-
netic storms which occurred during 18 February to 2 March
2014. We investigate the signature of these multiple storms
on the ground, at the Egyptian observatories and some other
geomagnetic stations in Japan and US, and in space at Van
Allen Probe missions. During this period, four interplanetary
shocks successively hit the Earth’s magnetosphere, leading to
four geomagnetic storms. The storm onsets occurred on 18,
20, 23 and 27 February. A non-substorm Pi2 pulsation has
been observed on 26 February. This Pi2 pulsation has been
detected in Misallat and Abu Simbel in Egypt, Kakioka
station in Japan and Carson City station in US with nearly
identical waveforms. We examined the space measurements
via Van Allen Probe satellites, but no events were detected.
The source of these Pi2 pulsations may be come from the iono-
spheric current systems rather than by the cavity resonance
mode. Van Allen Probe missions observed non-
compressional Pc4 pulsations on the recovery phase of the
third storm. This Pc4 event is may be likely attributed to the
decay of the ring current in the recovery phase.

Acknowledgments

This work is supported financially by the Science and Technol-
ogy Development Fund (STDF), Egypt, Grant No. 4969. The
geomagnetic indices (AE and AL) are provided by World Data
Center C2 (WDCC2) for Geomagnetism, Kyoto University
(http://wdc.kugi.kyoto-u.ac.jp/index.html). The Misallat and
Abu Simbel magnetic field data are provided by the Geomag-
netism Laboratory in the National Research Institute of
Astronomy and Geophysics (NRIAG), Helwan, Cairo, Egypt.

References

Allan, W., White, S.P., Poulter, E.M., 1986. Impulse-excited hydro-
magnetic cavity and field-line resonances in the magnetosphere.
Planet. Space Sci. 34, 371-385.

Araki, T., 1994. A physical model of the geomagnetic sudden
commencement. In: Engebreston, M.J., Takahashi, K., Scholer,
M. (Eds.), Solar Wind Sources of Magnetospheric Ultra-Low-
Frequency Waves, Geophys. Monogr. Ser, vol. 81. AGU, Wash-
ington, D.C., pp. 183-200.

Chi, P.J., Russell, C.T., Le, G., 1994. Pc3 and Pc4 activity during a
long period of low interplanetary magnetic field cone angle as
detected across the Institute of Geological Sciences array. J.
Geophys. Res. 99, 11127-11140. http://dx.doi.org/10.1029/
94JA00517.

Chi, P.J., Russell, C.T., Le, G., Hughes, W.J., Singer, H.J., 1996. A
synoptic study of Pc3, 4 waves using the Air Force Geophysics
Laboratory magnetometer array. J. Geophys. Res. 101, 13215-
13224. http://dx.doi.org/10.1029/96J A00139.

Fathy, 1., Amory-Mazaudier, C., Fathy, A., Mahrous, A.M., Yumoto,
K., Ghamry, E., 2014. Ionospheric disturbance dynamo associated

to a coronal hole: case study of 5-10 April 2010. J. Geophys. Res.
119, 4120-4133. http://dx.doi.org/10.1002/2013JA019510.

Ghamry, E., Mahrous, A., Yasin, N., Fathy, A., Yumoto, K., 2011.
First investigation of geomagnetic micropulsation, Pi2, in Egypt.
Sun Geosphere 6 (2).

Ghamry, E., Mahrous, A., Fathy, A., Salama, N., Yumoto, K., 2012.
Signatures of the low-latitude Pi2 pulsations in Egypt. NRIAG J.
Astron. Geophys. 1, 45-50.

Ghamry, E., Hafez, A.G., Yumoto, K., Yayama, H., 2013. Effect of
SC on frequency content of geomagnetic data using DWT
application: SC automatic detection. Earth Planets Space.

Ghamry, E., Kim, K.-H., Kwon, H.-J., Lee, D.-H., Park, J.-S., Choi,
J., Hyun, K., Kurth, W., Kletzing, C., Wygant, J., 2015. Simul-
taneous Pi2 observations by the Van Allen Probes inside and
outside the plasmasphere. J. Geophys. Res. Space Phys. 120. http://
dx.doi.org/10.1002/2015JA021095.

Ghamry, E., Fathy, A., 2016. A new method to calculate the time
delay of the Pi2 pulsations. Adv. Space Res. 57, 701-709.

Ghamry, E., 2015. Morningside Pi2 pulsation observed in space and
on the ground. J. Astron. Space Sci. 32 (4), 305-310. http://dx.doi.
org/10.5140/JASS.2015.32.4.305.

Gosling, J.T., McComas, D.J., Phillips, J.L., Bame, S.J., 1991.
Geomagnetic activity associated with earth passage of interplane-
tary shock disturbances and coronal mass ejections. J. Geophys.
Res. 96, 7831-7839. http://dx.doi.org/10.1029/91JA00316.

Hamada, A.M., Mahrous, A.M., Fathy, 1., Ghamry, E., Groves, K.,
Yumoto, K., 2015. Tec variations during geomagnetic storm/sub-
storm with PC5/PI2 pulsation signature. Adv. Space Res. 55 (11).

Hafez, A.G., Ghamry, E., 2013. Geomagnetic sudden commencement
automatic detection via MODWT. IEEE Trans. Geosci. Remote
Sens. 51, 1547-1554.

Hafez, A.G., Ghamry, E., Yayama, H., Yumoto, K., 2012. A wavelet
spectral analysis technique for automatic detection of geomagnetic
sudden commencements. IEEE Trans. Geosci. Remote Sens. 50,
4503-4512.

Hafez, A.G., Ghamry, E., Yayama, H., Yumoto, K., 2013a. System-
atic examination of the geomagnetic storm sudden commencement
using multi resolution analysis. Adv. Space Res. 51, 39-49.

Hafez, A.G., Ghamry, E., Yayama, H., Yumoto, K., 2013b. Undec-
imated discrete wavelet transform based algorithm for extraction of
geomagnetic storm sudden commencement onset of high resolution
records. Comput. Geosci. 51, 143-152.

Hafez, A.G., Ghamry, E., 2011. Automatic detection of geomagnetic
sudden commencements via time frequency clusters. Adv. Space
Res. 48, 1537-1544.

Kamide, Y., Yokoyama, N., Gonzalez, W., Tsurutani, B.T., Daglis, I.
A., Brekke, A., Masuda, S., 1998. Two-step development of
geomagnetic storms. J. Geophys. Res. 103, 6917-6922. http://dx.
doi.org/10.1029/97JA03337.

Kim, K.-H., Takahashi, K., 1999. Statistical analysis of compressional
Pc3—4 pulsations observed by AMPTE CCE at L = 2-3 in the
dayside magnetosphere. J. Geophys. Res. 104, 4539-4558. http://
dx.doi.org/10.1029/1998JA900131.

Kletzing, C. et al, 2013. The Electric and Magnetic Field Instrument
Suite and Integrated Science (EMFISIS) on RBSP. Space Sci. Rev.
179, 127-181. http://dx.doi.org/10.1007/s11214-013-9993-6.

Korotova, G.I. et al, 2015. Van Allen Probe observations of drift-
bounce resonances with Pc4 pulsations and wave—particle interac-
tions in the pre-midnight inner magnetosphere. Ann. Geophys. 33,
955-964.

Kwon, H.-J., Kim, K.-H., Jun, C.-W., Takahashi, K., Lee, D.-H., Lee,
E., Jin, H., Seon, J., Park, Y.-D., Hwang, J., 2013. Low-latitude Pi2
pulsations during intervals of quiet geomagnetic conditions
(Kp < 1). J. Geophys. Res. Space Phys. 118, 6145-6153. http://
dx.doi.org/10.1002/jgra.50582.

Lee, D.-H., 1996. Dynamics of MHD wave propagation in the low-
latitude magnetosphere. J. Geophys. Res. 101 (15), 15371-15386.


http://wdc.kugi.kyoto-u.ac.jp/index.html
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0005
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0005
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0005
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0010
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0010
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0010
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0010
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0010
http://dx.doi.org/10.1029/94JA00517
http://dx.doi.org/10.1029/94JA00517
http://dx.doi.org/10.1029/96JA00139
http://dx.doi.org/10.1002/2013JA019510
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0030
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0030
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0030
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0035
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0035
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0035
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0040
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0040
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0040
http://dx.doi.org/10.1002/2015JA021095
http://dx.doi.org/10.1002/2015JA021095
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0050
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0050
http://dx.doi.org/10.5140/JASS.2015.32.4.305
http://dx.doi.org/10.5140/JASS.2015.32.4.305
http://dx.doi.org/10.1029/91JA00316
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0065
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0065
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0065
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0070
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0070
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0070
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0075
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0075
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0075
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0075
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0080
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0080
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0080
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0085
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0085
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0085
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0085
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0090
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0090
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0090
http://dx.doi.org/10.1029/97JA03337
http://dx.doi.org/10.1029/97JA03337
http://dx.doi.org/10.1029/1998JA900131
http://dx.doi.org/10.1029/1998JA900131
http://dx.doi.org/10.1007/s11214-013-9993-6
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0110
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0110
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0110
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0110
http://dx.doi.org/10.1002/jgra.50582
http://dx.doi.org/10.1002/jgra.50582
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0120
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0120

268

E. Ghamry et al.

Lee, D.-H., Kim, K., 1999. Compressional MHD waves in the
magnetosphere: a new approach. J. Geophys. Res. 104, 12379
12385.

Lee, D.-H., Lysak, R.L., 1999. MHD waves in a three-dimensional
dipolar magnetic field: a search for Pi2 pulsations. J. Geophys. Res.
104 (A12), 28691-28699. http://dx.doi.org/10.1029/1999JA900377.

Lee, D.-H., Takahashi, K., 2006. MHD eigenmodes in the inner
magnetosphere. In: Takahashi, K. et al. (Eds.), Magnetospheric
ULF Waves: Synthesis and New Directions, Geophys. Monogr.
Ser, vol. 169. AGU, Washington, D. C., pp. 73-90.

Liu, W., Sarris, T.E., Li, X., Elkington, S.R., Ergun, R., Angelopou-
los, V., Bonnell, J., Glassmeier, K.H., 2009. Electric and magnetic
field observations of Pc4 and Pc5 pulsations in the inner magne-
tosphere: a statistical study. J. Geophys. Res. 114, A12206. http://
dx.doi.org/10.1029/2009J A014243.

Mauk, B.H., Fox, N.J., Kanekal, S.G., Kessel, R.L., Sibeck, D.G.,
Ukhorskiy, A., 2012. Science objectives and rationale for the
radiation belt storm probes mission. Space Sci. Rev. 179, 3-27.
http://dx.doi.org/10.1007/s11214-012-9908-y.

Moos, N.A.F., 1910a. Magnetic Observations Made at the Govern-
ment Observatory, Bombay, for the Period 1846-1905 and Their
Discussion, Part I, Magnetic Data and Instruments. Gov. Cent.
Press, Bombay, India.

Richardson, I1.G., Cliver, E.W., Cane, H.V., 2001. Sources of
geomagnetic storms for solar minimum and maximum conditions
during 1972-2000. Geophys. Res. Lett. 28, 2569-2572. http://dx.
doi.org/10.1029/2001GL013052.

Saito, T., Sakurai, T., Koyoma, Y., 1976. Mechanism of association
between Pi2 pulsation and magnetospheric substorm. J. Atmos.
Terr. Phys. 38, 1265-1277.

Southwood, D.J., 1976. A general approach to low-frequency insta-
bility in the ring current plasma. J. Geophys. Res. 81, 3340-3348.
http://dx.doi.org/10.1029/JA0811019p03340.

Southwood, D.J., Kivelson, M.G., 1981. Charged particle behavior in
low-frequency geomagnetic pulsations: 1. Transverse waves. J.
Geophys. Res. 86, 5643-5655.

Southwood, D.J., Kivelson, M.G., 1982. Charged particle behavior in
low-frequency geomagnetic pulsations: 2. Graphical approach. J.
Geophys. Res. 87, 1707-1710.

Takahashi, K., Lee, D.-H., Nosé, M., Anderson, R.R., Hughes, W.J.,
2003. CRRES electric field study of the radial mode structure of Pi2
pulsations. J. Geophys. Res. 108 (AS5), 1210. http://dx.doi.org/
10.1029/2002JA009761.

Takahashi, K., Liou, K., Yumoto, K., Kitamura, K., Nos¢, M.,
Honary, F., 2005. Source of Pc4 pulsations observed on the
nightside. J. Geophys. Res. 110, A12207. http://dx.doi.org/10.1029/
2005JA011093.

Takahashi, K., Anderson, B.J., 1992. Distribution of ULF energy (f is
less than 80 mHz) in the inner magnetosphere—a statistical analysis
of AMPTE CCE magnetic field data. J. Geophys. Res. 97, 10751—
10773. http://dx.doi.org/10.1029/92JA00328.

Takla et al, 2011. A study of latitudinal dependence of Pc3-4
amplitudes at 96° magnetic meridian stations in Africa. Sun
Geosphere 6 (2), 65-70.

Yanagihara, K., Shimizu, N., 1966. Equatorial enhancement of
micropulsation pi-2. Mem. Kakioka Mag. Obs. 12, 57-63.

Youssef, M., Mahrous, A., Mawad, R., Ghamry, E., Shaltout, M., El-
Nawawy, M., Fahim, A., 2012. The effects of the solar magnetic
polarity and the solar wind velocity on Bz-component of the
interplanetary magnetic field. Adv. Space Res. 49, 1198-1202.

Yumoto, K., 1986. Generation and propagation mechanism of low-
latitude magnetic pulsations — a review. J. Geophys. Res. 60, 4085~
4093.

Zhang et al, 2007. Solar and interplanetary sources of major
geomagnetic storms (Dst < —100 nT) during 1996-2005. J. Geo-
phys. Res. 112. http://dx.doi.org/10.1029/2007JA012321, A10102.

Zhu, X., Kivelson, M.G., 1989. Global mode ULF pulsations in a
magnetosphere with a nonmonotonic Alfvén velocity profile. J.
Geophys. Res. 94, 1479-1485.

Zong, Q.-G. et al, 2007. Ultralow frequency modulation of energetic
particles in the dayside magnetosphere. Geophys. Res. Lett. 34,
L12105. http://dx.doi.org/10.1029/2007GL029915.

Zong, Q.-G. et al, 2009. Energetic electron response to ULF waves
induced by interplanetary shocks in the outer radiation belt. J.
Geophys. Res. 114, A10204. http://dx.doi.org/10.1029/
2009JA014393.


http://refhub.elsevier.com/S2090-9977(16)00014-6/h0125
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0125
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0125
http://dx.doi.org/10.1029/1999JA900377
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0135
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0135
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0135
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0135
http://dx.doi.org/10.1029/2009JA014243
http://dx.doi.org/10.1029/2009JA014243
http://dx.doi.org/10.1007/s11214-012-9908-y
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0150
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0150
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0150
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0150
http://dx.doi.org/10.1029/2001GL013052
http://dx.doi.org/10.1029/2001GL013052
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0160
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0160
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0160
http://dx.doi.org/10.1029/JA081i019p03340
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0170
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0170
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0170
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0175
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0175
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0175
http://dx.doi.org/10.1029/2002JA009761
http://dx.doi.org/10.1029/2002JA009761
http://dx.doi.org/10.1029/2005JA011093
http://dx.doi.org/10.1029/2005JA011093
http://dx.doi.org/10.1029/92JA00328
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0195
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0195
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0195
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0200
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0200
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0205
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0205
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0205
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0205
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0210
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0210
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0210
http://dx.doi.org/10.1029/2007JA012321,A10102
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0220
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0220
http://refhub.elsevier.com/S2090-9977(16)00014-6/h0220
http://dx.doi.org/10.1029/2007GL029915
http://dx.doi.org/10.1029/2009JA014393
http://dx.doi.org/10.1029/2009JA014393

	A comprehensive analysis of the geomagnetic storms occurred during 18 February and �2 March 2014
	1 Introduction
	2 Observations
	3 Signature of 2014 multiple storms at Egyptian observatories
	4 Irregular pulsation on the ground
	5 Pc4 pulsation in space
	6 Summary and conclusion
	Acknowledgments
	References


