Egyptian Geophysical Society
EGS Journal, Vol. 13, No. 1, 9-16 (2015)

A COMPARISON STUDY BETWEEN THE GEOMAGNETIC ELEMENTS
VALUES AS RECORDED AT MIDDLE AND HIGH LATITUDES
GEOMAGNETIC OBSERVATORIES DUE TO NOVEMBER 7-12, 2004
GEOMAGNETIC STORM

T.T. Rabeh®, M.M. Mekkawi® and M.R. Soliman®

(1) National Research Institute of Astronomy and Geophysics (NRIAG),
Helwan-Cairo, Egypt.
(2) Tanta University, Geophysical Dept., Tanta-Egypt, mekkawi05@yahoo.com.

Adlally Aacgiadl Gl aghd 8 Jae 2 WS 4ula¥) bl jalic ad ¢ 43 e 4
Yoot yuadgd VY-V A ) dnhlinad) ddalal) Gigaa s A ) Laahliaal) da)pal

plas 8 48U e 550 n IR e SIS (i (glyal) Juaall (5955 (3L56S)) Jlael 505 o Bl (e iy b Chaalsal) :AuaDIAY)
gl il oS I Waaaats Aialal) (e Al) Aiall (may slatil AUSH 4 Lay Ayshy Alisha RSN Ll ABIaT judansisdV) - i giiaal
e CME & e ol L (S sdalinall Cdal) ae deliil) 3 s 3 CME A6 (el (e ddlaie 197 (e Jladll asall e s3l)

(GIC) Eaaiwdl bl e il Al Az V) Caalgall Lol Lol dpalaliaall 35dl)

Ghls sy oSl bl Jlaall (o Yo E juadgh (8 i) ddalal)l U jlaliay dlsbu Zahy 8 Jaall 138 (e )] il
ceDldal) b Al dalye & (e T (e 8akinall Aplaliall Gl aladtiuly Aangially Ual) (oajal) Jasha 3hlia b (GIC) Hiniue
Mas gl Yoy sal jhsey Sl sUFAY= s cialy DST aed of U gibil) iy Ti5es hiise A-DST dssadl) il o)1 L it
Lisha 3hlie g (Z, D, H) Lasalinal jualiall (& 33pdll Jansgia of () Jilsill s V6T (oa () sy Zsalll il 230 Janigiag ¢
s (Ao s GV e g Ve Y e e ) e (et M1 () OV ) sl Gayal) Lashads (Lt %4 () 0T Llel) el
Coatia 3hlie b Lgana (e Gy e EDLS g a Llall (my o Jag ot Blal e 8 Cantin o 6S Jlaar i ) (5350 1

gyl bsha

ABSTRACT: The storms are intervals of time with a sufficiently intense and long-lasting interplanetary convection
electric field leads, through a substantial injection of energy into the magnetosphere-ionosphere system, to an
intensified ring current, strong enough to exceed some key threshold of the quantifying storm time Dst index. An active
solar flare from region 696 of the Sun has produced three CME’s that caused interaction with the Earth’s
magnetosphere. Two of the three CME passages encountered strongly the Earth’s magnetosphere produced storm
activity that resulted in Geomagnetic Induced Currents (GIC) observations.

The main target of this work is to study the behavior and hazard effects of November, 2004 magnetic storm on the
Earth’s magnetic field, and in generating (GIC) at high and middle latitudes areas. In this respect, we use magnetic
data derived from more than six Geomagnetic Observatories in the analyses. Also, the sunspot numbers, A-index and
Dst-index are considered. The results indicate that the peaks of the Dst reached about -383 nT, the A-index about 153
nT, and the average sunspot number reaches about 34.3 (2). The analysis indicates that the average differences of the
magnetic components (H, D and Z) between high latitude regions (60° to 90° North) and mid-latitudes (20° to 60°
North) reach about 1100, 700 and 1100 nT respectively towards high latitude regions. This leads to generate GIC at
high Latitude areas about three times of its magnitude at the mid-Latitude areas.

INTRODUCTION

Two major solar flares, rated as R2 (moderate /a Disturbances on the sun produce electric field that

~X2) and R3 (strong / a ~X3) on the NOAA Space is arisen due to the magnetosphere-ionosphere

Weather Scales, were erupted on November 9 and 10,
2004 and recorded by the SOHO-Solar & Heliospheric
Observatory-spacecraft. During that period three
separate CME passages occurred, generated by flare
activity. The first two CME passages generated long
duration geomagnetic storms at major to extreme levels,
category G2 (moderate) to G5 (extreme), while the last
one was minor with little geomagnetic storm activity.

interaction. These disturbance electric fields may lead to
redistribution of ionosphere plasma, (Fejer and
Scherliess, 1995; and Kelly et al., 2003).During the
period of the magnetic storm, the electric field, the
charged particles and expand equator-ward effects are
felt at sub-auroral latitudes. Intense convection electric
fields appear in the expanded auroral oval (Yeh et al.,
1991) while transient fields penetrate equator-ward of



10 T.T. Rabeh et al.

the shielding region near the inner edge of the ring
current at mid latitudes (Gonzales et al., 1983). The
values of K-index are useful for describing the storm
severity for GIC threats. It reaches about 9 that is
correlated with the values that exceeds 500 nT during
the storm time (Figure 1-a).

In the recent years, a number of workers have used
GPS based systems to assess the impact of geomagnetic
storm on the total electron content of ionosphere
(Jakowaski et al., 1999; and Kutiev et al., 2005). They
deduced that the magnetic storm has strong effect on the
readings of GPS network system and the propagation of
radio waves. The hazards due to magnetic storms and
the related convection of the electric current as well as
the charged particles on both high and mid latitudes
regions caused by 7-12 November magnetic storm can
be interpreted as follows:-

3. Description of 7-12 November Geomagnetic
Storms

3.1. High latitude phenomena (+ 60°- 90°):

During the early stages of the most magnetic
storms the total electron content at sub-aurora latitudes,
integrated vertically through the ionosphere F region,
increases the storm positive phase (Mendillo et al.,1970;
Evans, 1970)related this increasing to an uplifting of the
F layer to altitudes where recombination proceeds more
slowly. During disturbed conditions, rapid sunward
convection from the post-noon mid-latitude ionosphere
carries high-density solar-produced F region plasma
through the dayside cleft and into the polar cap (Joseph
et al., 2006). This plasma is observed to spread out
along convection trajectories within the polar cap where
it constitutes a source for the observed polar cap F
region density enhancements and their effects. The
plasma tongue carried through the cleft from lower
latitudes serves as a tracer of polar cap convection away
from the cusp and cleft. The Dst is a geomagnetic index
which monitors the world wide magnetic storm level. It
is constructed by averaging the horizontal component of
the geomagnetic field from mid-latitude and equatorial
magneto-grams. The negative Dst values reaches about -
383 nT during the 7-12 November geomagnetic storm
(Figure 1-b), which indicates the intense of the
magnetic storm (Table 1). The threshold for geo-
effectiveness is chosen to be Dst < -80 nT for two hours
or longer.

Table (1): Data for all numbered solar regions
according to the Solar Region Summary,

provided by NOAA/SEC.
Average solar International
Month flux at Earth sunspot
number
2004-11 129.6 (1) 34.3(2)

3.2. Mid-Latitude Phenimena (+ 20°- 60°):

The characteristics of the mid-latitude ionosphere
are generally determined by the diurnal, seasonal, and
solar cycle variations and by the coupling to the neutral
atmosphere. When the level of geomagnetic disturbance
increases, the electric fields and particle populations
which characterize the aurora region expand equator-
ward and their effects are previously felt at sub-aurora
latitudes. A number of important magnetosphere
boundaries are found near the aurora/sub-aurora
transition (nominally near 60° magnetic) and these
result in the ionosphere structure and dynamics
characterized the mid latitudes areas. The equator-ward
extent of the plasma sheet particle population lies on
field lines near the plasma-pause. The precipitation from
the plasma sheet alters the ionosphere conductance,
currents and fields. During disturbed conditions, an
intense (>100 mV/m) polarization electric field can be
set up when freshly-injected plasma sheet ions lie
equator-ward of the electros (Galperin, 1974) and this
drives the latitudinal-narrow polarization jet or Sub-
Aurora lon Drifts (SAID)(Spiro et al., 1979)which
directly or indirectly are responsible for a variety of
ionosphere phenomena in the pre-midnight sector. The
electric field shielding in the equatorial magnetosphere
arises when the inward transport of injected plasma
during the time of varying magnetic and convection
electric field combined with the coronation electric
field, result in electron and ion separation and the
formation of plasma pressure gradients. In the
theoretical treatment of South wood and Wolf (1978)
and Laura et al., (2008) a northward electric field and
rapid sunward convection at sub-aurora latitudes are
created when a disturbance results in the penetration
partial ring current ions to a lower L shell than the
plasma sheet electrons. The strength of this electric field
is inversely related to the latitudinal separation of the
particle boundaries.

These effects couple to the ionosphere by particle
precipitation, ionosphere conductivity, and field-aligned
currents to control the convection structure and to
prevent the convection electric field from further inward
penetration.

4. Data Analysis and Interpretations:

The data has been collected from more than
different six mid-latitudes and high-latitudes International
Geomagnetic Observatories (Table 2) from 7 to 14
November 2004 for H, D and Z components. To
evaluate the hazards due to this magnetic storm,
different magnetic components data are interpreted in
two trends as follows:-

4.1. The Effects of the magnetic storm to the main
Earth’s magnetic components:-

Correlations have been performed for three
different zones between each two geomagnetic
observatories located at mid-latitudes and high-latitudes
with £5° longitudes.
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The first zone (Thule/Qanag observatory represents the
high latitudes and San Juan observatory represents the
mid latitude) the difference in magnetic field reaches
about 450, 650 and 615 nT for H, D and Z components
respectively (Figure 2). The second area (Sodankyla
observatory represents the high latitudes and Misallat
observatory represents the mid latitude); it shows that
the magnetic values are increased at high latitudes by
1250, 320 and 1100 nTfor H, D and Z components
respectively(Figure 3). Also at Borok observatory that
is representing the high latitudes and Qsaybeh
observatory representing the mid latitude, the different
in the magnetic field reach about 540, 290 and 780 nT
for D, H and Z respectively (Figure 4).

The results listed in (Table 2) indicate that the
effect of the magnetic storm at the high latitudes areas is
about three times with respect to its effect on the mid
latitudes areas.

4.2. Constructing a contour map for Earth’s
magnetic components:

The mean values of each magnetic components
(H, D and Z) during the period of the storm are plotted
according to its coordinates to obtain a contour map
illustrating there effects at different latitudes. These
maps illustrate that the most affected zone by the
magnetic storm is restricted between the Latitudes 60°
to 90° N which indicate that this area is occupied by
high condense of the charged magnetic particles that
extended southward the equatorial region. This region is
considered the highest part subjected to the magnetic
storm hazards.

Two profiles are selected along the West and East
sides of longitudes 0° to show intensity distributions of
the magnetic components from high latitudes to mid
latitude areas.

It is very clear that the H and Z magnetic components
are the most affected by the magnetic storm and D-
magnetic component is the least effected. The difference
in the magnetic values between the high latitudes and
the low latitudes for the D-magnetic component reaches
about 500 nT, and about 1000 nT for the Z-component
whereas 900for the H-magnetic component(Figures 5 &
6 and 7). This is because of the geometry of the
magnetic field, and the position of the magnetic poles.

4.3. Relation between the intensity of the magnetic
storm and Geomagnetically Induced Current (GIC)
at different Latitudes:

The hazards of solar wind to generate a ground
GIC flow in power grids and core of transformers are
high at the high latitude regions rather than the mid
latitudes regions (Fig. 8). Its intensity is depending on
the duration and intensity of the magnetic storm. When
the GICis over-excitation, it causes an internal heating
damage for the power transformers (e.g. October 2003
storms, 15 large power transformers were reported as
permanently damaged and taken out-of-service at a
large African utility company). Also, it can cause errors
in GPS readings, geomagnetic readings during the
magnetic survey and corruption of the buried pipes.
Furthermore it can cause melting and burn-through of
large amperage copper windings and leads in these
transformers. The hazard effects of the magnetic storm
due to generating (GIC)have been studied for two
regions located at high and middle Latitudes in USA. A
close correlation for these two locations, it can be
noticed that the intensity peak of 7-12, magnetic storm
reached 40 nT/min and its long duration would result in
long intervals of GIC caused over-excitation (Fig. 8).
The correlation also indicates that the magnitude of GIC
at high latitudes is about three times regarding its
magnitude at the mid-latitudes areas.

Table (2): The differences between the mean values of the magnetic storm for the
magnetic components at high and mid latitudes geomagnetic observatories.

First zone Second zone Third zone
Magnetic Thule/Qanag San Juan Sodankyla Misallat Borok Qsaybeh
component
77°:48 N - 18%11 N - 67°:37 N - 29%:15N - 58°:07 N - 33%:87 N -
69°:17W 66°:15W 26°:63E 30°: 89 E 38°:23E 35%: 64 E
H (nT) 820 370 1600 350 900 360
D (nT) 800 150 500 180 450 160
Z(nT) 700 85 1200 100 850 70




13

A COMPARISON STUDY ...

Bl
= g
a —
- = c <
Se2EZLY
ENSE2E
2282283
EEHESET
OCIs-88E
. 9228 S
o0 s2225
~VCc 5 ®© ..nw. ..nLu =
eg=c=23E
225 85¢
T 202z 3
L o ocCc o
=} [T
<
)
s, D-Misallat, March 2004 160 -
400
H-Misallat, March 2004 Z-Misallat, March 2004
1201
ow
200 ¥
. . F g
z E 20 c
100
100 1 40
0 0 0
600
D- Sodankyla, March 2004 ¢, H-Sodankyla, March 2004 1600
Z- Sodankyla, March 2004
400 1200 12001
F . :
c £ 800 k800
2001
400 1004
0 , , , ] 0 , , , , 0 T , , 1
79 w8 BT 8w BB ) g
Time Time Time

Z-Qsayheh, March 2004

Z-Borok, March 2004

160 D-Qsaybeh, March 2004 “00.Qsayheh, March 2004 -
10 07 &
o0 | 200 :

_m 80 c _mhow
40 100 4 04
0 0 0

7 D-Borok, March 2004 1000 -

a0 _ 10007 H-Borok, March 2004
- 800
30 |

. 80 X 600
c : a0
200 © o0
100 20 2001
0 , , , 0 T T , | ON
79 oo T 9 1 o3 5
Time Time
>

o w Py

cE852%

o=>2283

= O U 'S5 © =

T+-oT >

aNE—=§5 8

Eoog58T

S&EEE©CE

SISege

\Aﬁ - = QO

~A~—un >un

Lo e S E

SesPasya

225329

i m o =2«

L = & T o

=272




14 T.T. Rabeh et al.

®
oo ) TS 2 K4 A -
» et} d
o S N 700
2 %
S 40 o
0 40
= 4
2007 T STy H/H-r—\—\\' T Dl 407: 500 T i T H T
100° 80° 60° 40° 20° o 20°
Longitudes

Figure (5): Distribution of the D-component of the magnetic field during the storm time; a)
contour map for the D-component for high and mid latitudes regions, b) cross-profile
along high and mid latitudes regions.
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Figure (6): Distribution of the H-component of the magnetic field during the storm time;
a) contour map for the H-component for high and mid latitudes regions, b) cross-profile
along high and mid latitudes regions.
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5. DISCUSSION AND CONCLUSIONS:

The 7 to 14 November 2004 geomagnetic storm is
caused by three CME’s that interacted with the Earth’s
magnetosphere. The disturbances were not limited to the
high-latitude Polar Regions but it extended to mid-
latitudes and equatorial regions by the interplanetary
magnetic field (IMF). The measured magnitude of the
geomagnetic storms, given by the Dst index is about -
383 nT during the storm time. At mid-latitudes the
dominant geomagnetic effects show strong variations in
the ring current location and composition. During
magnetic storms, that lasted 5 days, transient
magnetopause compressions moved the circular current
closer to the Earth and subsequent ion injections from
the magneto-tail increasing its density started at the
polar region and extended southward to mid latitudes
and equatorial areas. A close examination of the
magnetic data indicate that all the geomagnetic
conservator’s records are participating in the same
starting time of the first phase of the magnetic storms
(SSC). The second part of the magnetic storm (main
phase) is different according to the latitudinal
variations. Where the duration of this part increases at
the middle latitudinal areas, it reaches its maximum
duration at the high latitudinal parts. The duration of the
recovery phase increased to reach its maximum at the
high latitudinal areas. Two regions located at high and
middle Latitudes in USA are used to study the hazards
of the storm due to GIC. The correlations show that the
intensity peak of the magnetic storm reached 40nT/min.
The long duration of this storm generated GIC which
caused over-excitation and corruption for the electric
transformers. The correlations also indicate that the
magnitude of GIC at high latitudes is about three times
regarding with its magnitude at the mid-latitudes areas.
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