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Abstract: The solar flare and complex eruption that took place during August 1, 2010 on nearly half the surface of the sun was 
alarming in the size of the surface area that was affected, being so immense and nearly unthinkable when comparing to the dimension 
of Earth. On August 1st, almost the entire Earth-facing side of the sun erupted in a tumult of activity. There was a C3-class solar flare, 
a solar tsunami, multiple filaments of magnetism lifting off the stellar surface, large-scale shaking of the solar corona, radio bursts, a 
coronal mass ejection and more. The origin of the blast was sunspot 1092. At about the same time, an enormous magnetic filament 
stretching across the sun’s northern hemisphere erupted. One of the fastest CMEs in years was captured by the STEREO COR1 
telescopes on August 1, 2010. This CME is seen to be heading towards Earth at speeds well over 1000 kilometers per second. During 
this event neutron monitors have recorded a large decrease in cosmic ray intensity following the major solar flare. Our study tried to 
find out the role of this solar event on cosmic ray intensity variation along with large interplanetary changes. As a result, a large 
decrease in cosmic ray intensity and enhancements in the values of solar wind speed, total IMF B , Bz, Dst and Ap are identified. 
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1 Introduction 
 
Solar processes at the end of October 2003 led to promi-
nent magnetic storms on 29 and 30 October. Anomalous 
speeds of the solar wind reaching 2000 km s−1 were 
registered in this period. The value of the Bz component 
in some moments was −(40 − 50) nT. The estimates of 
the electric field of the solar wind showed that its magni-
tude also reached extreme values up to 40– 50 mV m−1 
[see, e.g., Panasyuk et al., 2004]. The extreme develop-
ment of the processes on the Sun at the end of October 
2003 and the further extreme development of auroral and 
geomagnetic disturbances led to a principal changes in 
the structure and dynamics of the magnetosphere and 
ionosphere in this period [Ivanov et al., 2005; Lopez et 
al., 2004; Panasyuk et al., 2004; Veselovsky et al., 2004; 
Webb and Allen, 2004; Woods et al., 2004; Zherebtsov 
et al., 2005]. 
The disturbances were covering the entire thickness of 
the ionosphere. The auroral processes typical for high 
latitudes shifted to middle latitudes where only limited 
experimental means for observation of auroral processes 
are available. Analysis of VLF signals is one of the me-
thods of observations of disturbances at middle latitudes 
in the considered period of time. The VLF signal charac-
teristics are very sensitive to variations in the ionospheric 
D region [see, e.g., Rishbeth and Garriott, 1969].  

Space weather and its terrestrial effects is a burning topic 
now. It all started when Carrington [1859] and Hodgson 
[1859] observed a brilliant spot on the solar disc (a solar 
flare) on 1 September 1859, which was followed by a 
geomagnetic storm $18 hours later. They hesitated to 
claim that the two phenomena were related, but later, 
Hale [1931] claimed that such phenomena were really 
interrelated and Chapman and Bartels [1940] suggested 
that on some occasions like the eruptions of solar flares, 
the Sun probably emits corpuscular radiation (particles), 
which take a few hours (or days) to reach the Earth. Bi-
ermann [1951] noted that the comet tails were always 
pointing away from the Sun, probably indicating that the 
Sun was emitting material outward continuously. Parker 
[1959] showed theoretically that the Sun must be emit-
ting material all the time, called by Parker as ‘‘solar 
wind.’’ The early satellites sent by the United States and 
USSR detected in interplanetary space a thin plasma 
moving away from the Sun, with speeds of $300–700 
km/s (quiet and enhanced solar wind [Gringauz et al., 
1960; Neugebauer and Snyder, 1962]). The concept of 
space weather (counterpart to meteorology on the Earth 
[Gold, 1959]) was born. The solar wind compressed the 
terrestrial magnetic field and confined it into a ‘‘magne-
tosphere,’’ which had a magnetopause Earth radii (RE) 
away on the sunward side and a long tail away from the 
Sun. The solar wind could not normally penetrate the 
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magnetosphere, but on certain occasions, particularly 
after solar flares, interplanetary structures with high 
number density and increased wind speed caused geo-
magnetic storms, but only when the magnetic field in the 
structure had a component Bs antiparallel to geomagnetic 
field (‘‘s’’ means southward). Dungey [1961] gave a 
theoretical explanation based on magnetic reconnection 
as follows. If the interplanetary magnetic fields are di-
rected opposite to the Earth’s field, there is magnetic 
erosion on the dayside magnetosphere by magnetic re-
connection, and magnetic field accumulates in the night-
side magnetotail region. The magnetic reconnection in 
the tail leads to plasma injection toward the Earth in the 
nightside. Low-energy particles precipitate in the high 
latitudes and cause aurora, while high-energy protons 
drift to the west, and electrons drift to the east, forming a 
‘‘ring current’’ around the Earth, which causes a reduc-
tion in geomagnetic field (storm time disturbance field 
Dst).  

2 Data Analysis 
 
The data used in this investigation were obtained from 
the NSSDC as either binary CDFs or ASCII files. For 
download we selected a subset of the original data cor-
responding to plasma and magnetic field measurements 
in GSE coordinates. These data were interpolated to 1-
minute resolution using cubic splines. The data were then 
propagated to the subsolar bow shock (+17 Re, 0, 0) 
using a modified version of the Weimer minimum va-
riance algorithm [Bargatze, 2005; Weimer et al., 2003]. 
At the chosen point the data were again interpolated to 1-
minute samples and the results transformed to GSM 
coordinates. 
 
3 Results and Discussion 
 
Snyder et al. [1963] showed that the geomagnetic activity 
index Kp responds to solar wind speed V rather than to 
dV/dt but stated that the relationship of V with Kp was 
not precise and reliable and was only suggestive. Since 
then, many workers have noticed that the relationship of 
V with Kp or Dst is loose. Ballatore [2002] points out 
that there is a ‘‘saturation effect’’ of fast solar wind on 
geomagnetic storms (Dst not keeping up with larger solar 
wind speeds).  
Also, many combinations of interplanetary V and the 
magnetic field component Bs directed southward have 
been used as coupling functions for solar wind–
magnetosphere interaction, but most of these are particu-
lar cases of general expressions of the electric field and 
the energy transfer at the magnetopause due to large-
scale reconnection [Gonzalez, 1990]. In simple terms, the 
parameter related to geomagnetic Dst would be the prod-
uct VBs. Large Dst currents are known to cause severe 
perturbations in terrestrial environment. It is important to 
know the severity with which a storm may occur, so that 
possible preventive or remedial measures could be taken. 
Satellite observations of V and Bs as at present from the 

ACE satellite near L1 are of limited utility for predictions, 
as these are available only with an antecedence of <1 
hour. To predict with more antecedence, relationship 
must be established with directly observed solar features, 
as these are seen tens of hours earlier. Since many storms 
are related to coronal mass ejections (CMEs), relation-
ship of Dst with some key observational parameter of 
CME could lead to a prediction scheme. Such a scheme 
(details given by Gonzalez et al. [2004]) has been formu-
lated as follows: 1. Dst is assumed to be proportional to 
the product VBs. Thus Dst / VBs. This is a key assump-
tion (V is the maximum solar wind speed observed by 
near-Earth satellites). 
2. From the examination of several dozen magnetic 
clouds, Gonzalez et al. [1998] and Dal Lago et al. [2001] 
found that the peak values of the solar wind speed V are 
related to the total magnetic field intensity B of the mag-
netic clouds at 1 AU (near Earth). Thus V / B. 3. When 
Bs is high, the total field B is also high, by 30%. Thus Bs 
/ B (note that the reverse may not be true; on many occa-
sions when Bs is almost zero or even positive, B could be 
high because of high values of the Bx and By compo-
nents). 4. Combining all these relationships, Dst / V2. [10] 
5. Halo CMEs have a lateral expansion speed Ve, which 
can be measured. Schwenn et al. [2001] and Dal Lago et 
al. [2002] found for some selected CME events that V / 
Ve. Thus Dst / (Ve)2 / (V)2. Hence a value of Ve, ob-
tained several hours before a geomagnetic storm, could 
give an estimate of the Dst magnitude to be expected by 
this prediction scheme. It may be noted that all the neces-
sary relationships 
are obtained from regression analyses of a small group of 
selected events (for example, 54 magnetic clouds during 
1965–1997 by Dal Lago et al. [2001]), and the regression 
coefficients have standard errors. When results of one are 
plugged into the other, the errors increase. Hence the 
estimates of V values will have large uncertainties. Also, 
the proportionality of V and Ve mentioned in (5) above 
is valid only for halo CMEs associated with magnetic 
clouds with a rotation across the ecliptic plane, a specia-
lized set of events. The relationship may not hold for all 
types of events in general. The solar wind speed V is 
used by different workers in different ways, for averages 
over different timescales. 
Snyder et al. [1963] used daily averages and 6-hour aver-
ages of V measured by near-Earth satellites. Others like 
Gonzalez et al. [1998] and Dal Lago et al. [2001] use 
peak values during an event. Most of the recent works 
seem to be using hourly values to locate the peak values. 
If the solar event, e.g., a solar flare and/or a CME re-
sponsible for a geomagnetic event (e.g., a SSC), can be 
identified correctly, the time difference (transit time) 
yields an estimate of the ‘‘average’’ speed of travel 
[Cliver et al., 1990]. For CMEs the numerical study of 
Gonza´ lez-Esparza et al. [2003] indicates that from near 
the Sun to 1 AU, fast CMEs (speed exceeding 1000 km/s) 
have three phases: (1) an abrupt and strong deceleration 
just after their injection against the ambient wind which 
ceases before 0.1 AU, (2) a constant speed propagation 
from 0.1 AU up to 0.45 AU, and (3) a gradual and small 
deceleration up to 1 AU and beyond. Since we are inter-
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ested in the Dst effects of solar wind, the relevant veloci-
ty V used is that of solar wind obtained by near-Earth 
satellites. However, in some comparisons, it was noticed 
that the average velocity (obtained from the transit time) 
and the velocity observed by the satellite near Earth are 
roughly the same within $10% of each other. In the 
present communication the Dst-V and Dst-VBs relation-
ships are reexamined for several events during 1973–
2003, particularly to check whether prediction schemes 
based on Dst-V relationship alone would yield fairly 
good, approximate, or unsatisfactory predictions. 
 
4 Conclusion 
since the relationship between V and Dst is poor, an 
estimate of V with any antecedence, though  academical-
ly very gratifying and certainly useful to estimate the 
storm arrival time at the Earth, may not be of much use 
to estimate the Dst magnitudes as such. In the prediction 
scheme outlined by Gonzalez et al. [2004], side halo 
CMEs are selected to measure their lateral expansion 
speeds Ve, which can be used as proxies of the Sun-Earth 
line speeds [Schwenn et al., 2001] and have a linear 
relationship with V [Dal Lago et al., 2002]. Then, be-
cause of other relationships (V with B, B with Bs, etc.), 
Dst can be estimated, basically from V2. Of course, this 
is a tricky procedure. The 
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