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Abstract—A geomagnetic storm is a major disturbance in the Earth’s magnetosphere due to the solar wind
entering the magnetosphere and ionosphere, lasting about 1—3 days. Storms are known by different categor-
ical names such as weak, moderate, strong (intense), severe (very intense). This study aims to make a math-
ematical analysis of the latest super geomagnetic storm of the 23rd solar cycle (Dsz: —247 nT) which occurred
on May 15, 2005. The variables of the study are solar wind parameters (Bz, E, P, N, v, and T) and zonal geo-
magnetic indices (Dst, ap, and AE). The value range and deviations of variables were defined by the descrip-
tive analysis and the binary relationships of the data were shown by the covariance matrix. A factor analysis
was carried out with the help of normal distributions of data and the event (geomagnetic storm) was discussed
with linear and nonlinear models. Finally, nonlinear model is also created with solar wind pressure (P), proton
density (N), and the ap index. This model explains the storm with an accuracy of 87.5%. In general, this study aims
to help the reader understand the storm by presenting models in which parameters and inscription coexist.

DOI: 10.1134/50016793222010029

1. INTRODUCTION

Geomagnetic storms are well-known features of
space weather and usually occur as a result of the
transfer of energy from the Solar Wind (SW) to the
Magnetosphere of the Earth through magnetic recon-
nections under various solar events (Reddybattula
et al., 2019). Space weather affects the magnetosphere-
ionosphere—thermosphere systems and causes geo-
magnetic/ionospheric storms. During a solar flare or
coronal mass ejection (CME), space weather is greatly
affected by the speed and intensity of the solar wind
and the interplanetary magnetic field carried by the
solar wind plasma (de Abreu et al., 2017; Sentiirk,
2020).

Adverse space weather conditions affect the accu-
racy and reliability of communication and satellite sys-
tems such as Global Navigation Satellite System
(GNSS), Wide Area Augmentation System (WAAS),
Very Low Frequency (VLF)/High Frequency (HF)/
Ultra-High Frequency (UHF), leading to range errors
in satellite signals, rapid phase and amplitude fluctua-
tions (Sentlirk, 2020). Recently, there has been an
increasing interest in studies examining the behavior
of space weather during geomagnetic storms, recently
(Fejer et al., 2017; Zhang et al., 2017; Eroglu, 2018,
2019; Klimenko et al., 2018; Okoh et al., 2018; Sharma
et al., 2018; Qian et al., 2019; Zhang et al., 2019;
Inyurt, 2020a; Koklu, 2020; Piersanti et al., 2020).

Geomagnetic storms consisting of three stages:
sudden commencement, main phase, and recovery are
some of the most important actions involving dynamic
structures (Akasofu, 1964; Burton et al., 1975; Eroglu,
2020; Koklu, 2020). The storm reaction of the
dynamic structure begins with CME. CME causes
changes in solar wind parameters, leading to the deg-
radation of ionospheric electric fields at medium and
low latitudes (Inyurt, 2020a). However, it is not known
exactly how CME interacts with the ejection speed
and the southward orientation of the magnetic field to
affect the electric field and cause a geomagnetic storm
(Cherniak and Zakharenkova, 2015).

A geomagnetic storm is mainly determined by solar
wind plasma parameters (solar wind dynamic pressure
(P), electric field (£), magnetic field (Bz), flow speed
(v), proton density (/)), and geomagnetic indices
(auroral electrojet (AE), planetary index (Kp), distur-
bance storm time (Ds?), equivalent range index (ap)).
Geomagnetic indices and solar wind parameters are
briefly described below.

The AFE index is the horizontal electric currents
that form in the polar region ionosphere. The indices
expressing these changes in the polar region were first
introduced by Davis and Sugiura (1966). These indi-
ces are derived from the geomagnetic change in the
horizontal component measured in 12 observation sta-
tions between latitudes of 61° N to 70° N (Nakamura
et al., 2015). 1-minute resolution data from auroral
observation stations are extracted from the average
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horizontal density value in magnetically the quietest
5 days, and the AF index is calculated. The 1-min data
obtained from all observation stations are sorted to
obtain the largest (4U) and the smallest value (A1) of
these data. The difference between these two values is
defined as the AE index (AU—AL) (Love and Remick,
2007).

The Kp index is a geomagnetic storm index that
determines the magnetic effects of the planet and is
used to study irregular disturbances in the geomag-
netic field caused by the sun’s rays. It has been contin-
uously produced since 1932. Kp index was taken as the
weighted average of K indices in 13 subauroral obser-
vations. The Kp index is a quasilogarithmic planetary
index obtained from the ap index. (De Canck, 2007;
Eroglu et al., 2012; Zolesi and Cander, 2014; Inyurt,
2020b). It is derived at 3-hour intervals using earth-
based magnetometers worldwide. The Kp index takes a
value between 0 and 9. It uses a five-level system called
the G-scale to indicate the severity of geomagnetic
activity, which is both observed and estimated. This
scale is used to quickly demonstrate the severity of a
geomagnetic storm. This scale varies from G1 to GS5.
G1 is the lowest level, G5 is the highest level. Condi-
tions below storm level are called GO, but commonly,
this value is not used. Each G level has a specific Kp
value associated with it. G1 scale indicates weak storm
for Kp index value 5; G2 scale indicates moderate
storm for Kp index value 6; G3 scale indicates strong
storm for Kp index value 7; G4 scale indicates severe
storm for Kp index value 8; G5 scale indicates extreme
geomagnetic storm for Kp index value 9. (URL-1).

The ap index provides an average daily level of geo-
magnetic activity. Due to the nonlinear relationship of
the K-scale with magnetometer fluctuations, it does
not make sense to average a series of K-indices.
Instead, each 3-hour K value is converted to a linear
scale called the a-index. The average of 8 a-values per
day returns the ap-index of a given day. For this rea-
son, the ap-index is a geomagnetic activity index in
which days with high levels of geomagnetic activity
have a higher daily ap-value (URL-2).

The Dst index is an index obtained at 1-hour inter-
vals using low latitude magnetograms from 4 observa-
tion stations, showing magnetic storms, degrees, and
changes in the ionosphere layer (Mosna et al., 2007;
Cahyadi, 2014; Zolesi and Cander, 2014). The index
refers to the decrease of the component of the mag-
netic field in the horizontal plane at the equator. A
decrease in Dst indicates increased geomagnetic storm
intensity. The Dsf unit is nanoTlesla (nT) (Hunsucker
and Hargreaves, 2003; Sharma et al., 2010). Geomag-
netic storms are classified according to the density of
the Dst index (Loewe and Prolss, 1997). If the Dst
index is between —50 and —30 nT this indicates a weak
storm. If the Dst index is between —100 and —50 nT
this indicates a moderate storm. If the Dst index is
between —200 and —100 nT this indicates a strong
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(intense) storm. If the Dst index is less than —200, it
indicates a severe (very intense) geomagnetic storm.

The interplanetary magnetic field (IMF) is
expressed as part of the solar magnetic field, which is
carried into space by solar winds. IMF indices (Bx, By,
and B7) are expressed as vector sizes, two components
(Bx and By) of which are parallel to the orbital plane
and the third component (Bz) of which is perpendicu-
lar to the orbital plane. The Bx and By components are
not important for auroral activity. The north-south
direction (the Bz component) of the interplanetary
magnetic field is the most important component for
auroral activity (Abraha, 2014; URL-3). The Bz com-
ponent is caused by fluctuations in the solar wind and
other effects. When the IMF and geomagnetic field
lines are oriented in opposite directions, energy, mass,
and momentum transfer from solar wind flow to the
magnetosphere occurs (Senttirk, 2018). While the Bz
component of the magnetic field is in the north direc-
tion in calm day conditions, it turns south in the initial
phase of the magnetic storm and the storm occurs
(Abraha, 2014; Zolesi and Cander, 2014).

The solar wind is a plasma wave emitted from the
Sun’s upper atmosphere. The solar wind constantly
flows out of the Sun and consists mainly of protons
and electrons in a condition known as plasma. Differ-
ent regions of the Sun produce solar wind at different
speeds and densities. High-speed winds bring geomag-
netic storms, while slow winds bring calm space
weather. Determining and predicting solar wind is
critical to improving forecasts of space weather and the
predictions of its impact on Earth. The solar wind
dynamic pressure is a function based on speed and
intensity (URL-4). The formula is given below.

P=mnV’ =1.6726x10"°nV". (1)

In Equation (1), P is the pressure in nano Pascal
(nPa) unit, m, is the proton mass, # is the density in
particle/cm? unit, and V'is the speed of solar wind in
km/h unit (URL-5).

The F'is a feature of space surrounding the electri-
cal charge or magnetic field and affects the loaded
objects in it through electrical power. It is expressed in
millivolt/meter (mV/m). An electric field that varies
over time (e.g. due to a moving charged particle)
causes a local magnetic field. This indicates that the
electrical and magnetic fields are not independent of
each other (URL-6).

Proton density is used as the measure of activity.
The proton density unit is Np/cm?, indicating the
number of protons passing through the unit cubic cen-
timeters volume. Proton density increases in slow solar
winds, while it decreases in rapid solar winds
(Schwenn, 2001). Dashora et al., (2009) showed that
the peaks in proton density (>15 proton/cm?) are in
direct contact with cases where changes in the Bz
index, a value of magnetic field index, are over 5 nT
(light storm) or below 5 nT (light storm). For this rea-
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son, proton density index values greater than 15 pro-

tons/cm? are considered as active space climatic con-
ditions (Ulukavak, 2016).

This study investigated the latest geomagnetic
storm of the 23rd solar cycle. The storm took placed
at level G4 (severe-very intense) (Dst = —247 nT) on
May 15, 2005. These storms were studied based on
solar wind parameters (Bz, E, P, N, v, and T) and geo-
magnetic indices (Dst, ap, Kp, and AE). The study is
organized as follows: In the Data section, the five-day
data distributions for the storm (May 13, 2005—May 17,
2005) are presented based on solar parameters and
geomagnetic indices. Analysis and explanations are
presented in the Mathematical Model section and the
discussion in the Conclusion section.

2. DATA

The Interactive Data Language (IDL) based Space
Physics Environment Data Analysis Software
(SPEDAS) was used in this study. The software can be
accessed from the link (URL-7). Hourly OMNI-2
Solar Wind and IMF parameter data are available
online. In addition, the AF and Dst indices were
obtained from the World Data Center for Geomagne-
tism Kyoto using the SPEDAS. The Kp and ap indices
were taken from National Geophysical Data Center
(NGDC) using the SPEDAS with Coordinated Data
Analysis (CDA) Web Data Chooser (general data on
space physics). Geomagnetic storms are classified
according to the intensity of the Dst index. For the
Storm of May 15, 2005, the dynamic pressure of solar
wind; magnetic field; electric field; flow speed; proton
density; temperature, and Ds?, ap and AF indices were
obtained with the OMNI hourly data.

The geomagnetic storm dated May 15, 2005, at the
severe level (Dst = —247 nT), which was the latest
superstorm of the 23rd solar cycle, was analyzed.
Figure 1 shows the OMNI data set from 13 May 2005
0000 UT to 17 May 2005 2359 UT. The chart covers
2 days before the storm, the day of the storm (May 15,
2005) and 2 days after the storm (120 h).

The May storm began with CME on May 15. On
May 15, 2005 at 0300 a.m., P suddenly rose to one of its
highest values, 24.43 nPa (min: 0.13; max: 30.18 nPa),
Bz reached 5.2 nT (min: —36.5; max: 21.9 nT), and
N rose to its maximum value of 19.2 cm~3 (min: 0.3;
max: 19.2 cm—3). Three hours later, the Bz component
fell to —36.5 nT at UT 0600, heading south, AF index
reached a maximum of 1184 nI, v increased to
928 km/h. Five hours later, the Kp index and the
ap index reached their highest values with 83 nT and
236 nT, respectively, while the Dstindex followed them
reaching a minimum of —247 nT at 0800 UT.

The components shown in Fig. 1 can be briefly
described as follows. On May 15, 2005, at 0600 UT, when
the component Bz was at a minimum (—36.5 nT), the
Dst index dropped to —58 nT and E reached its highest

GEOMAGNETISM AND AERONOMY  Vol. 61

BASCIFTCI

value at 33.87 mV/m. In addition, the ap index and the
Kp index reached their highest values with 236 nT and
83 nT, respectively, N reached 15.8 cm—3, v reached
928 km/h, and the AE index reached a maximum
value of 1184 nT. After two hours, the Dst index
reached a negative peak value of —247 nT.

On May 15, 2005, 0800 UT when the Dst index
showed a minimum value of —247 nT, the Bz compo-
nent reached —10.4 nT, £ 9.52 mV/m, the ap index
236 nT, the Kp index 83 nT, v 915 km/h, N 6.0 cm~3,
P 12.82 nPa and AF index 933 nT.

On May 15, 2005, 1000 AM UT, when the Bz
component reached a maximum (21.9 nT), E the
lowest value of —20.63 mV/m, N 2.5 cm™3, P4.15nPa,
v 942 km/h, the ap index 179 nT, the Kp index 77 nT,
and the AF index 409 nT. As a result, the Dsf index was
—184 nT.

3. MATHEMATICAL MODEL

Pearson’s correlation analysis, given in Table 1 for
the May 2005 geomagnetic storm, is a parametric sta-
tistical method that shows the direction, degree ,and
importance of the relationship between the variables.
The relationship is strengthened when the value
between the two variables approaches *+1 (Eroglu,
2019; Inyurt, 2020a). Physically, in this storm, Bz—E,
T—N—P, N—P,v—P—Kp— Dst—ap, P—ap groups have a
strong correlation.

KMO (Kaiser-Meyer-Olkin) and Bartlett Test help
to understand the suitability of variables for factor
analysis. The KMO test value close to 1.0 indicates
that the data is suitable for factor analysis. KMO val-
ues between 0.8 and 1.0 indicate that sampling is in
good condition. KMO values below 0.6 indicate that
sampling is not sufficient and corrective action is
required. Some researchers accept this value at 0.5, so
a judgment can be used for values between 0.5 and 0.6.
In this study, the Kaiser-Meyer-Olkin Measure of
Sampling Adequacy was found to be 0.64. With this
value obtained, the variables of this storm are suitable
for factor analysis.

Kaiser normalization and basic component analy-
sis are appropriate analyses for subgrouping data.
Variables divided into subgroups show maximum
eigenvalues with the highest contribution approach.
The change in the storm can be modeled with three
maximum eigenvalues at 87% (Table 2).

The Varimax Rotation Matrix method indicates
the linear clustering of variables. In this method,
where each variable is treated as a factor along with the
weight values, the event is discussed through linear
models as a whole. According to the Rotated compo-
nent matrix, linear models of variables can be written
in two components. The values of the variables accord-
ing to the Ist component; Obtained as Bz —0.020,
70.077, N0.064,v0.828, P0.314, £E—0.003, Kp 0.869,
Dst 0.865, ap 0.837 and AE 0.632. The values of the
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Fig. 1. Top to bottom: Dst index (nT), Bz magnetic field (nT), electric field (£; mV/m), solar wind dynamic pressure (P; nPa),
flow speed (v; km/h) and proton density (N; cm™ ) and aurora electrojet (AF; nT) index are shown for May 13—15, 2005 (from

NASA’s NSSDC OMNI data set).

variables according to the 1st component; Obtained as
Bz—-0.014, T0.917, N0.977,v 0.318, P0.908, £0.062,
Kp 0.280, Dst0.346, ap 0.318 and AE 0.099. The linear
models resulting from the weights of the data pre-
sented above can be written as follows.

Axes 1 = —0.020Bz + 0.077T+ 0.064N + 0.828v +
0.314P — 0.003E + 0.869Kp — 0.865Dst + 0.837ap +
0.6324F;

Axes 2 =—-0.014)Bz + 0.917T+ 0.977N + 0.318v +
0.908P + 0.062F + 0.280Kp + 0.346Dst + 0.318ap +
0.0994E.

Figures 2a—2c shows the physical distribution of
the Dst, ap and AE geomagnetic indices by solar wind
parameters, respectively. According to Figs. 2a—2c,
the physical reaction of zonal geomagnetic indices to
the change in solar wind parameters during the storm
process can be summarized as follows. While Dsf’s
reaction 7, N, and v is linear, its reaction Bz, P, and £
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is not linear. While ap index’s reaction N and v is lin-
ear, its reaction Bz, T, P, and E is not linear. While AF
index’s reaction Bz, N and v is linear, its reaction 7, P,
and £ is not linear.

Linear models of Dst, ap, and AF indices are pro-
duced by solar wind parameters. According to the
independent variables (solar wind parameters), linear
compounds of the dependent variables Dst, ap and AE
are given in Table 3. According to Table 3, linear
models of Dst, ap, and AF indexes are given below,
respectively.

Dst = 106.321 + 1.187Bz + 9.630N — 0.318v, the
multiple determination coefficient, here, is R 0.908.

ap=—104.017 — 2.637Bz +2.062 x 10737+ (0.224)v,
the multiple determination coefficient, here, is R 0.785.

AE = —192.011 — 145.603Bz + 0.946v — 140.395E,
the multiple determination coefficient, here, is R 0.758.
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Table 1. The Pearson’s correlation matrix for storm variables

BASCIFTCI

Bz T N v P E Kp Dst ap AE
Bz 1 | —0.072 | —0.034 0.246%* | —0.072 —0.992%*%| —0.122 —0.092 —0.226* —0.435**
T 1 0.844** 0.316** 0.798** 0.113 0.311%* 0.217* 0.379** 0.171
N 1 0.353** 0.921** 0.075 0.340** 0.297** 0.355%* 0.168
14 1 0.576%* | —0.236%*| 0.705** | —0.684** 0.665%* 0.358**
P 1 0.114 0.475%* 0.012 0.534** 0.281**
E 1 0.107 0.120 0.231* 0.387**
Kp 1 —0.539%* 0.867** 0.653**
Dst 1 —0.582*%*% | —0.363**
ap 1 0.525%*
AE 1

* Correlation is significant at the 0.05 level (2-tailed). ** Correlation is significant at the 0.01 level (2-tailed).

Table 2. Total variance explained

Initial eigenvalues Rotation sums of squared loadings
Component
total % of variance cumulative % total % of variance cumulative %
1 4.262 42.621 42.621 3.399 33.989 33.989
2.320 23.199 65.820 3.036 30.358 64.347
3 2.204 22.044 87.864 2.352 23.518 87.864
Table 3. Regression coefficients for geomagnetic indices Dst, ap and AE
Unstandardized Standardized
Geomagnetic Indexes Model coefficients coefficients t Sig.
B Std. Error Beta
(Constant) 106.321 8.504 12.502 0.000
Bz (nT) 1.187 0.294 0.164 4.040 0.000
Dst N (em™?) 9.630 0.635 0.638 15.173 0.000
v (km/h) —0.318 0.015 —0.949 —21.892 0.000
(Constant) —104.017 11.644 —8.933 0.000
Bz (nT) —2.637 0.401 —0.395 —6.572 0.000
ap T (K) 2.062E—005 0.000 0.122 1.985 0.050
v (km/h) 0.224 0.020 0.724 11.448 0.000
(Constant) —192.011 71.225 —2.696 0.008
AE Bz (nT) —145.603 19.262 —3.740 —7.559 0.000
v (km/h) 0.946 0.113 0.525 8.370 0.050
E (mV/m) —140.395 21.646 —3.201 —.6486 0.000

As seen in Pearson’s correlation matrix for storm
variables in Table 1, there is a strong correlation
between the Dst and ap indices and v. The relationship
between Dst and ap indices and v can be seen in Fig. 3.
Table 4 show the analysis values between Dsf and ap to
v, respectively. Table 4 shows that the model between
Dst and ap and v is significant. Also, according to
Table 4, the linear model between flow speed (v) and

GEOMAGNETISM AND AERONOMY  Vol. 61

Dst and the linear model between flow speed (v) and
ap are shown below, respectively.

Dst=176.309 — 0.229v, where the correlation coef-
ficient R is 0.684. ap = —88.473 + 0.216v, where the
correlation coefficient R is 0.665.

Although plasma flow speed is seen as a control
mechanism for dynamic pressure (Burton et al., 1975),
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Fig. 2. (a) The appearance between Dst index and the solar wind parameters Bz, T, N, v, P, E. (b) The appearance between ap
index and the solar wind parameters Bz, T, N, v, P, E. (c) The appearance between AE index and the solar wind parameters Bz,

T,N,v, P, E.

magnetic field and proton density are also a necessary
predictive tool of the Dst index. Physically, coronal
holes created by hot electron fluctuation and radiation
are the source of high-speed solar wind currents

(Tsurutani et al., 2006; Adhikari et al., 2019). Nonlin-
ear fluctuations in the high-speed solar wind and neg-
ative reductions in Bz (peaks) are vital for geomagnetic
activity. The flow speed and nonlinear motion in the

Table 4. Analysis of Variance and Regression coefficient for Dst and ap geomagnetic indices

Unstandardized |Standardized
: coefficients coefficients
Geomagnetic| ) Sum | | Mean F Model t | sig
indexes of squares square Standard
B Beta
error
Regression| 137893.735 | 1| 137893.735 |103.553 | (Constant) | 76.309| 13.858 5.507 | 0.000
Dst Residual 157131.590 (118 1331.624 v (km/s) —0.229| 0.023 | —0.684 —10.176 | 0.000
Total 295025.325 (119
Regression| 110928.154 | 1| 110928.154 | 93.505 | (Constant) | —88.473 | 13.080 —6.764 | 0.000
ap Residual | 139987.046 |118 1186.331 v (km/s) 0.206| 0.021 0.665 9.670 | 0.000
Total 250915.200 (119
GEOMAGNETISM AND AERONOMY  Vol.61 Suppl. 1 2021
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Fig. 2. (Contd.).

Bz component indicate that it is time for the Dst index
to peak. At the onset of a geomagnetic storm, the den-
sity of protons increases, which affects the magneto-
sphere. High-density plasma pressure with low speed
compresses the magnetosphere (Tsurutani et al.,
2006). This means that the storm begins for the mag-
netosphere-ionosphere, driven by the solar wind
(Borovsky and Yakymenko, 2017). Since this com-
pression and disturbance is shown by the Ds? index,
the researchers try to increase the Dst forecast values
with connection functions shaped by solar wind
parameters, where the speed parameter (Borovsky,
2012) cannot be selected (Gonzalez et al., 1987; 1989).

The high-density plasma pressure that compresses
the magnetosphere can be discussed in the same
model as the ap index (Eroglu, 2018, 2019; Inyurt,
2020a). The proven model consists of dynamic pres-
sure, proton density, and ap index. Physically,
dynamic pressure (P) and proton density (/N) are lin-
early affected by fluctuations in the magnetic field,
while the reaction of the ap index to these fluctuations
is logarithmic. The model including P, N, and ap is

GEOMAGNETISM AND AERONOMY  Vol. 61

presented in Table 5. The nonlinear model is P =a +
b1n(ap) + ¢N; where a, b, cis fixed. Table 5 shows that
with the analysis of variance values, all parameter esti-
mates are in the 95% confidence interval. In addition,
according to Table 5, the coefficients of the model are
a = —3.043, b = 0.782 and ¢ = 1.248. The model
explaining this storm with an accuracy of 87.5%

P=—(3.043) + (0.782)Inap + (1.248) N.

4. CONCLUSIONS

This study focused on the super geomagnetic storm
on May 15, 2005, with a Dst index value of —247 nT.
Since this is the latest superstorm of the 23rd solar
cycle, it was meticulously analyzed based on solar
wind parameters and zonal geomagnetic indices. The
boundaries of the variables were determined with the
descriptive analysis, the binary relationships between
the variables with the correlation matrix. In addition,
the relationship between zonal geomagnetic indices
and solar wind parameters and their interactions with
each other are illustrated with graphs and tables. The

Suppl. 1 2021



AN ANALYSIS OF THE LATEST SUPER GEOMAGNETIC STORM

(©)
1200} - 1200
1000 - 4 s ° 1000
& 800 - . £F &= 800
«j 600 - «j 600
400 - ° . 400
200 F 2 ° 200
0 C 1 1 1 1 0
—40 -20 0 20
Bz, nT
1200 |- o 1200
1000 - &7 _ R = 1000
& <
2 oof 8000 5 - g
SISRIE - SC A S
< 400 - i: = © ° 400
200 ¢ 55 200
(s 1 1 1 1 1 0
0 10 20 30 40
N, 1/cm?
1200 |- " 1200
1000 F & ° N o 1000
20 - " = 800
g 600 - Ea: - &f 600
< 400 B = ° = 400
200 %8 ) 200
0r 1 1 1 1 1 0
0 10 20 30 40
P, nPa
Fig. 2. (Contd.).
100 - 250
o
o
200
" %ﬂ o
]
e -k
R Sag *’fa\ o @ 150
122) - A
—100 - oboTh 0 S5
e 100
I
o o
—200
s @ 50
a
—300 0
Il Il Il Il Il Il Il
400 500 600 700 800 900 1000
v

GEOMAGNETISM AND AERONOMY  Vol. 61

- -3
%2 ]
o

S163

o

oS oo

Il Il Il Il
500000 1000000 1500000 2000000

0
T, K
B o o o =] :
< o - =
i o “of o C ®a i=] e
- GE%B;{.‘?% o o o = o
L = 8_:‘ ::o f o o o
2 %% oF o ° ° oz :
S= B e
C 1 1 1 1 1 1 1
400 500 600 700 800 900 1000
V, km/s
- o -
C 1 1 1 1
—20 0 20 40
E, mV/m
o
ana
- B /
7] _-'ff
- 8 4
B -] o Gad
o 080 -
%% f & 0o0o 0 ooa
a wa o
L T
-F’ff 1 1 1 1 1 1
400 500 600 700 800 900 1000
V

Fig. 3. The linear relationship between Dstf and ap indices and flow speed (v).
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Table 5. ANOVA (Analysis of Variance) and Parameter Estimates of the model including P, N, and ap

95% Confidence interval
Source Sum df Mean Parameter | Estimate Standard
of squares Squares error Lower Upper
bound bound
Regression 3038.883 3 1012.961 a —3.043 0.467 —3.968 —2.118
Residual 335.816 117 2.870 b 0.782 0.157 0.470 1.093
Uncorrected Total 3374.699 120 1.248 0.050 1.149 1.346
Corrected Total 2693.113 119

data were analyzed mathematically and the models
were created. Finally, the study was completed with
a nonlinear model between solar wind dynamic pres-
sure (P), proton density (N), and ap index. The mod-
eling of the geomagnetic storm on May 15, 2005, was
successful at a rate of 87.5%. The model that coincides
with the studies in the literature expresses itself with
high accuracy. Moreover, all results are within the
confidence interval of 95%. In future studies, the
author plans to analyze other storms of the 23rd solar
cycle.
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