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Abstract  

We study two geomagnetic storms: April, 16-17 1999 
(peak Dst = -91 nT) and February 10-12 2000 (peak Dst 
= -131 nT). These two storms were very different in 
character due to the interplanetary driver: the April 
1999 storm was driven by a smooth rotating Bz field 
in a magnetic cloud which produced a very smooth, 
single-step and monotonic storm; the February 2000 
storm was driven by the interaction of two shocks 
and two ICMES and as a consequence of the irregular 
and fluctuating IMF Bz fields, this storm was quite 
irregular. We analyze in this work the geomagnetic 
activity during these two storms by using the SYM-H, 
ASY-H, Kp and AE indices.  

Introduction 

The Earth’s magnetosphere is the region in space around 
our planet where the geomagnetic field dominates. It is 
generated by the interaction of the magnetized solar wind 
with the Earth’s intrinsic magnetic field (Wolf, 1995; 
Gonzalez et al., 1999; Echer et al., 2005). The 
magnetosphere has been explored by several spacecraft 
in the last 40 years (Wolf, 1995). Solar wind-
magnetosphere coupling occurs predominantly through 
the magnetic reconnection mechanism in the diurnal 
magnetopause (Dungey, 1961; Gonzalez et al., 1994). 
Through this mechanism, the magnetosphere is driven in 
a disturbed state, called a magnetic or geomagnetic 
storm. The magnetic storm can be monitored by using 
ground-based magnetometers, which measure the 
magnetic disturbances due to enhanced current systems. 
Among them, the ring current can be monitored by the 
Dst index (Gonzalez et al., 1994).  

It is the objective of the present paper to study the 
geomagnetic activity during two different magnetic 
storms: April, 16-17 1999, driven by a magnetic cloud 
(MC) and February 11-12 2000 storm, driven by a 
complex event (CE) resulting of the interaction of two 
ICMEs. This paper is an extension of a combined study 
about the solar origins (Balmaceda et al., 2004) and the 
interplanetary aspects (Echer et al.,2006) of these two 
sun-earth connection events. 

Data Sets  

In order to conduct this analysis, we use geomagnetic 
indices and ground-based magnetometer data for low-
latitude stations. Geomagnetic indices Dst, ASY-H, SYM-
H and AE, AU and AL are obtained from the World Data 
Center for Geomagnetism. The Kp index is obtained 
trough the National Geophysical Data Center (NGDC). A 
review about the geomagnetic indices can be found in 
Rostoker (1972), and Iyemori (1990). Time resolution for 
these indices are 1 hour for Dst, and 1 minute for the 
ASY-H, SYM-H; AE indices are provisional and have 1 
minute resolution. 

RESULTS 

Figures 1 and 2 show the magnetic indices during the 
April 15-18, 1999 and February 10-14, 2000, respectively. 
The geomagnetic storm development can be followed by 
the Dst/SYM index in both panels.  

Figure 1: Geomagnetic index data for the April 1999 
magnetic storm. Panels are, from top to bottom: Dst and 
SYM-H, ASY-H, Kp, AE and AU/AL indices.  
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The April 1999 magnetic storm was caused by a magnetic 
cloud. On April 13, 1999, a halo CME earthward directed 
was observed in LASCO C2 at 03:30 UT with a velocity of 
291.2 km/s (Balmaceda et al., 2004). The interplanetary 
remnant of this CME was fast enough to drive an 
interplanetary shock that reached ACE spacecraft on 
10:30 UT April 16, 1999 (Echer et al., 2006). The shock 
was followed by a S-N magnetic cloud. The very smooth 
Bz profile observed in the magnetic cloud have as a 
consequence the very smooth development of a single 
step magnetic storm, as observed in Figure 1. 

 
Figure 2: The same as figure 1 for the February 2000 
magnetic storm. 
 
The magnetic storm of February 2000 was caused by the 
interaction of two interplanetary remnants of CMEs. Three 
CMEs were observed by SOHO on February 8, 9 and 10 
2000 (Balmaceda et al, 2004) and the interplanetary 
remnants of two ICMEs as well as their shocks were 
observed at ACE on February 2000. The second ICME 
seems to have engulfed the first one (Echer et al., 2006). 
The resulting IMF Bz profile caused a much more complex 
magnetic storm, with development in two phases. 

Figure 3 presents the solar wind plasma and magnetic 
field data for the April 16-18, 1999 period. Panels are, 
from top to bottom: proton temperature Tp, solar wind 
speed Vsw, proton density Np, magnetic field azimuth (phi) 
and inclination (theta) angles, the magnetic field 
magnitude B, and GSM (Geocentric Solar 
Magnetospheric ) magnetic field components, BBx, By, and 
BzB , and β. The continuous vertical line delimits the 
interplanetary shock ‘S’, driven by the MC. The MC 
boundaries are delimited by the vertical dotted lines, 

based on the available signatures of the magnetic 
structure. The region between the shock and the first MC 
boundary is the sheath, where the plasma is highly 
turbulent due to shock compression effects.  

Figure 3. Plasma and interplanetary magnetic field data 
from ACE spacecraft for the April 16-18, 1999 period. 

Figure 3 shows that the Bz component have positive or 
around zero values in the beginning of day 16. This field 
configuration leads to a very quiet interval in the AE index 
(and in both AU and AL), as shown in Figure 1. Around 
18:00 UT on April 16, 1999, the Bz component changes to 
negative values. Around this time, the AE shows an 
enhancement. The magnetic field maintains the negative 
BBz component until day 17, around 9:00UT. The AE index 
increases due to this slowly changing structure and 
exhibits a very high average value, with peaks 
superposed. From the time of the first increase in AE until 
around 10:00 UT on day 17, the minimum value 
registered was ~400 nT, with peaks around 1500 nT. 
Even after the end of the interval with negative Bz (at 
~09:00 UT on day 17), there is still some AE activity 
occurring with peaks around 500 nT at ~10UT and 
another reaching ~800 nT around 12:00UT. These peaks 
may be related to substorm occurrences, and since the 
interplanetary Bz field was in the positive domain, they 
can be part of dissipative processes in the 
magnetosphere. 

For the event on April 1999, before the shock arrival, 
quiet conditions are observed during days 15 and 16; a 
sudden impulse/storm sudden commencement is seen in 
the SYM-H index (~15 nT) and a long duration (~ 10 h) 
initial phase is observed, with positive values of Dst up to  
+65 nT. This long initial phase was caused by the 
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enhanced values of solar wind dynamic pressure and by 
the absence of a significant southward directed IMF Bz 
component until the beginning of the driven MC. The Dst 
peak Dst this storm was Dst = -91 nT. The 1 min 
resolution SYM-H reached a larger value, of -123 nT. The 
storm main phase lasted for 10 hours; if we take into 
account only negative Dst values (16 hours if we include 
the peak of the initial phase). The Dst index decreases 
monotonically (in one step) to its peak. The recovery 
phase to Dst values ~ -30 nT (considered a threshold 
between quiet and weak magnetic activities, Gonzalez et 
al., 1994) takes ~ 15 h.  From The ASY-H index we can 
see that disturbances started with the SSC and reached a 
peak of 142 nT during the storm main phase. Soon after 
the storm peak, the ASY-H decreases fast, due to the ring 
current becomes more symmetric (Liemonhn et al., 2001).  
The Kp index shows an increase to moderate values after 
the SSC, Kp + 4 and then increases in accordance with 
the storm development until a peak of ~ 7o during the 
storm main peak. The Kp decreases from the storm peak 
is also monotonic. The AE/AU/Al indices show also very 
low activity before the SSC/storm and an enhanced 
activity during the storm main phase beginning. Very low 
activity is seen in the storm initial phase. AE reaches 
values above 1200 nT during the storm main peak. 

 Figure 4 presents the plasma and magnetic field 
interplanetary data for the ICMEs/complex ejecta 
observed on February 10-14, 2000. Panels present the 
parameters in the same sequence as in Figure 3. The 
continuous vertical lines delimit the interplanetary shocks 
‘S1’ and ‘S2’. The boundaries of the two ICMEs, ‘ICME1’ 
and ‘ICME2’, are indicated by the vertical dotted lines. 
The ICME1 is abruptly interrupted by the arrival of the 
second shock ‘S2’. Two CME-related shock fronts passed 
the ACE spacecraft on February 11. 

The interplanetary conditions (mainly those related to the 
magnetic field) can be contrasted to those during the 
previous event. While for the first event the Bz component 
of the interplanetary magnetic field shows a smooth and 
long duration rotation through negative values, in this 
event the field shows short duration and fast changes, 
sometimes going from positive to negative values and in 
the opposite way as well. This pattern leads to a patchy 
behavior of the AE index, where we observe “packets” of 
high activity followed by some quiet or almost quiet 
intervals. This happen mainly along day 11 February 
2000, and beginning of day 12. The AE peaks reach 
values around 1400 nT, but with low average values. 
From ~07:00 UT to ~17:00 UT on day 12, the Bz shows 
long lasting intervals with negative values. These intervals 
caused a more continuous increase in the AE index from 
~0800UT to ~1800 UT (although there is a change to 
positive values during this interval, lasting for a few 
hours). In the beginning of day 13, the AE is almost quiet, 
until some activity starts around 0800 UT, probably 
related to the Alfvenic-like fluctuations in the 
interplanetary magnetic field. This patchy behavior in the 
AE may be related to substorms events caused by the 
short duration negative Bz intervals, which caused short 
duration reconnection events. 

 
Figure 4. Plasma and interplanetary magnetic field data 
from ACE spacecraft for the February 10-14 2000 period. 

Clearly, the February 2000 storm was more complex as 
compared to the April 1999. The arrival of the first 
interplanetary shock at Feb 11, 02:00 UT caused a SI ~ 
18 nT; the second shock arrival at Feb 11, 23:00 UT 
caused a larger SI, ~ 45 nT. During the period between 
the two SIs, there was a weak magnetic activity (Dst ~ -25 
nT) due to the presence of small and irregular southward 
interplanetary magnetic field. After the second SI, 
southward Bz were observed (Echer et al., 2006) and Dst 
reached moderate values of ~ -60 nT, which can be 
characterized as the first step of this magnetic storm. 
There was a slight recovery of Dst followed by the main 
storm peak development during the second ICME period. 
The total storm main phase, including the 2 steps, takes ~ 
11 hours and the peak Dst is -133 nT. The recovery 
phase is also complex, with an initial recovery being 
followed by a second peak Dst of -110 nT after 10 hours. 
It took ~ 32 hours for the Dst reaches quiet values of -30 
nT. The behavior of ASY-H index is also complex, with 
enhancements following the SSCs, the first storm step 
and then with a peak during the storm peak. The ASY-H 
decreased initially in the storm recovery phase, increased 
again during the second peak Dst (pos storm peak) and 
then decreases fast. The SYM-H peak was -165 nT and 
the ASY-H peak was 177 nT. Kp index shows, in contrast 
with the April 1999 storm, an enhanced activity during a 
longer period; after the first SI Kp is ~ 4o and during the 
storm main phase is > 6o, reaching a peak Kp ~ 7. Then it 
decreases monotonically during the storm recovery 
phase. AE indices are also much more disturbed during 
the entire interval. Local enhancements are seen during 
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the first SI, in the period between the SIs, after the 
second SI (large increase until peak AE 1200 nT) and 
then during the storm main phase with peaks of ~1200 
nT, separated by a decrease.  

It is important to have in mind that each index measures a 
different effect. The Kp index is considered a global 
magnetospheric index and it is sensitive to both auroral 
eletrojet and ring currents; the AE/AU/AL are more 
sensitive to the ionospheric auroral eletrojets; Dst is 
sensitive mostly to the ring current, which has a strong 
asymmetric part during the main phase and a symmetric 
part more important in the late recovery phase. Further, 
Dst is also affected by the magnetopause current in the 
initial phase and by the magnetotail current during the 
storm. The ASY-H is proportional to the asymmetric ring 
current part but is also sensitive to auroral currents. Its 
variation correlates well with the AE index (Iyemori, 
1990). 

Conclusions 

Based on the magnetic indices, we comparatively 
analyzed two geomagnetic storms: April, 16-17 1999 
(peak Dst = -91 nT) and February 10-12 2000 (peak Dst = 
-131 nT).  Two main differences between the two storms 
can be pointed out, as follows. 

The April 1999 is a monotonic, typical one step storm, 
with a smooth Dst profile. The February 2000 has a more 
irregular storm profile, with two steps. The storm profiles 
are basically determined by the driver behavior during 
both events. 

The AE index activity is concentrated around the 
magnetic storm for the April 1999, but it is very irregular 
and with several local enhancements during the February 
2000 storm. This could mean that the auroral electrojet 
currents were active since the first shock in the February 
2000 storm and remained active even if the ring current 
was not increasing. The main difference seems to be also 
caused by the complexity of both storms: April 1999 is a 
single shock-storm, with south Bz just after the SSC and 
initial phase. The February 2000 had two SIs and a 
significant negative Bz only after the second one. Thus 
the magnetosphere-ionosphere was disturbed during the 
period between the two SIs, but not the ring current 
system, which caused significant AE enhancements. The 
behavior of the ASY-H and SYM-H indices shows that the 
asymmetric component is more important around the 
storm peak. We noticed that for both storms, the ASY-H is 
enhanced around storm main phase and decreases fast 
with the recovery phase, similar to the results obtained by 
Liemoh et al, 2001. The ASY-H is more disturbed for 
February 2000 as previously mentioned.  
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