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Abstract

Timely knowledge of disturbance storm time (Dst) index gives us an idea of the severity with which geomagnetic
storms may occur, so that possible preventive or remedial measures could be taken. The various techniques for
predicting geomagnetic storms are not adequately available for use globally, either since the data required are
not available in real time or computing facilities are inadequate. Therefore, the study motivated the current
research to improve on the existing models, which is a linear predictive model using the solar wind parameters
magnetic field, flow speed and electric field. A total of 74 intense storms during the solar cycle 23 were used.
The geomagnetic storms are primarily associated with two classes of drivers, which are the magnetic cloud and
the complex ejecta. The correlation coefficients for individual parameters were calculated. The correlation
coefficients were highly significant for all the parameters which afforded a predictive model based on
multivariance regression analysis. The modeled result shows that the initial and recovery phases of the
geomagnetic storms were well predicted, while during the main phase, in some cases, predicted Dst is smaller
than the measured Dst. The difference between the measured and predicted Dst suggests that the geomagnetic
storm phenomena like pre-storm phenomena could result from some underlying mechanism that is working
together with varying degrees of importance and is probably not adequately captured by available solar wind
parameters.

Keywords: Disturbance storm time (Dst), Geomagnetic storm, Fast solar wind speed, Magnetic cloud, complex

ejecta

Introduction introduced by Sugiura (1964) to measure the
The earth's magnetosphere responds to the ring current magnetic field. This index is
ever-changing solar-wind conditions in defined as the reduction of the horizontal
various ways. Some of the resulting magnetic component at the geomagnetic
magnetospheric disturbances can be dipole equator, and has often been used in
detected at the earth's surface as studies of solar wind-magnetosphere
geomagnetic disturbances due to changes coupling. (akasofu,1981).

in the large scale electrical current systems The Dst index is intended to measure the
flowing in the magnetosphere and symmetric ring current directly. It is a well-
ionosphere. A widely used index for known fact that rapid variations of the
quantifying the disturbance level is geomagnetic field can be harmful to
disturbance storm time (Dst), initially technological systems. But the ring current
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variations are normally not very rapid
compared to the substorm effects at higher
latitudes. Furthermore, the magnitude of
Dstvariations is smaller than the magnitude
of high latitude magnetic disturbances. Why
should we make Dst forecast? Dst
approximately measures the strength of the
ring current and an enhanced ring current,
indicated by a decrease of the Dst index,
which indicates a major impact on the
structure and location of the
magnetosphere regions and the boundaries
that separate them. On a global scale, the
ring current generates a magnetic moment
that augments the Earth's magnetic
moment as presented on the solar wind.
(Sharifi et.al. 2006).

For these reasons, many specific models
that characterize the state of the near-Earth
space environment are parameterized in
Dst. Operational Dst forecasts provide us
with inputs to such models and give much
about current and upcoming space weather
conditions. Another reason to make Dst
forecasts is that some of the most adverse
effects of space weather take place during
magnetic storms, and the ring-current
strength is the basic defining property of a
magnetic storm. The Dst index can thus be
used as a proxy for many types of
disturbance that occur during a storm, even
though the space weather effects are not
directly caused by the ring-current
magnetic field variations.

When the interplanetary magnetic field
(IMF) reaches the earth with a southward
orientation, magnetic reconnection between
the earth's magnetic field and IMF will take
place. As a result, the earth's magnetic field
will be able to connect to the IMF density, so
that energetic particles in the solar wind are
free to enter the magnetosphere along the
magnetic field lines. If the process continues
for several hours, the magnetic field, as well
as plasma in the magnetosphere, will be
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strongly distributed by the solar wind and a
geomagnetic storm or substorm will be
develop (Gonzalez et al. 1994). It is thus
evident from the above fact that the flow speed
(V), the southward turning of magnetic field
(Bz) and Bz duration during magnetic activity
play a major role in the magnetic field
intensification of the ring current during
geomagnetic activities.

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 Bz directed
southward have been used as coupling
functions for solar wind-magnetosphere
interaction, but most of these are particular
cases of general expressions of the electric
field and the energy transfer at the
magnetopause due to large-scale
reconnection. In simple terms, the parameter
related to geomagnetic Dst would be the
product VBz. Gonzalez, et al. (2004), Bakare
and Chukwuma (2010) has been formulated
as Dst is assumed to be proportional to the
product VBz, thus Dst a VBz. This is a key
assumption (V is the maximum solar wind
speed observed by near-Earth satellites).
From the examination of several dozen of
magnetic clouds, Gonzalez et al. (1998), Dal
Lago, et al. (2001), Bakare and Chukwuma
(2010) found that the peak values of the solar
wind speed V are related to the total magnetic
field intensity B of the magnetic clouds at 1 AU
(near Earth), thus Va B.

Geomagnetic Observation Data and
Selection of Events

The data used in this study consist of hourly
average definite multi-spacecraft
interplanetary parameters data of wind flow
speed, interplanetary magnetic field Bz
component. Hourly values of the low latitude
magnetic index Dst were secured from
National Space Science Data Centre's
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(NSSDCs) OMNIweb service
(htt:/ /nssdc.gsfc.nasa.gov/omniweb). Most
magnetic clouds were obtained from the
wind magnetic field investigation (MFI)
(http:/ /lepmfi.gsfc.nasa.gov/mfi/mag clou
d_publ.html).

It must be noted that solar cycle 23 is the
first cycle in which coronal mass ejection
(CME) data are available over the whole
cycle since the first detection of CMEs in the
early 1970s. The availability of
simultaneous space and ground-based data
covering the Sun-Earth space has made the
solar cycle 23 storms one of the best sets of
events that could serve as a bench mark to
compare storms of future and past cycles
(Gopalswamy, 2009). The data for almost
the entire solar cycle 23 were studied and
analyzed to study the relationship between
the low latitude magnetic index Dst and
solar wind conditions. A study of 83 intense
geomagnetic storms during 1996-2006 has
been carried out. The geomagnetic storms
are primarily associated with two classes of
drivers: the magnetic cloud and complex
ejecta.

The corresponding response of the
magnetosphere has been quantified by the
Dst index. In all the 83 intense geomagnetic
storms and due to the paucity of data, 74
intense geomagnetic storms, having Dst, <
-100 nT, have been analysed. The
geomagnetic storms developed in the
northward IMFs were eliminated. Of the 74
intense geomagnetic storms analysed
during the solar cycle 23, the magnetic
cloud comprised nearly (50%) of the storms
while complex ejecta consisted of 50%. This
result agrees with the works of Cane et al.
1997, Burlaga et al. 2001 who found a ratio
of 50% on an average between magnetic
cloud and complex ejecta. Tables 1 and 2
summarize the details of the interplanetary
plasma parameter under consideration.
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Model Description
The multiple regression models can be
expressed as

y=a+B.X,, BotX,, BatXsteeeeeinnnnn. B.x, te (1)
Where Y= the dependent variable, a = the
intercept parameter ,, B,, P, = the slope

parameters or partial regression coefficients,
the error term and x,, x,,x,= the

e =
independent variables

Expand by adding one term for each new
independent variable. For illustration
purposes, only two independent variables
would be used. However, it should be noted
that the same approach in principle applies to
any number of independent variables. In a
symbolic form, the multiple regression

equation yields:

y=a+B,X,, BotX,, BatXsteeeeenennnen. B.x, te (2)
By minimizing the error term we have,
Ye’=}(y-a-b,x,-b,x,)’ (3)
dye’=-2Y(y-a-b,x,-b,x,)=0 (4)
da

inz _szl(y_q_blxl_bZXZ)zo (5)
db,

dye’=-2¥x,(y-a-b,x,-b,x,)=0 (6)
db,

from (4) Y)Y =na+b x,+bx, (7)
from (5) YYx, = ayx,+b,Yx,*+b,Yx x, (8)

from (6) YYx, = aYx,+b,Yx x,+b,>x,* 9)
In simple linear regression analysis, there are
just two variables one dependent variable (Y)
and one independent variable (X).
Multivariance Recursion regression analysis
has more than one independent variables (x,,
X,, X,....X, ), and one dependent variable (y).
The strength and the extent to which the
independent variables (X,) explain the
variation or multiple regression/correlation
coefficient, written as R. when this R is
squared, R’ it tells us the extent to which the
independent variable accounts for the
variance in the dependent variable. The
important output from a multivariance
Recursion regression analysis is also noted.
There are two kinds: firstly, the estimated



Bakare Coast, J. Sch. Sci. 4 (1): 768-781

squared multiple regression coefficients R’.
As noted, R’ estimates the amount of
variation in the independent variables
which is explained by the independent
variables. Secondly, the estimated
regression weights, otherwise known as the
weights, B,. The weights are attached to each
independent variable, 3, X,, and tell us the
extent or importance of each independent
variable in predicting the dependent
variable. The R’ varies between O and 1, or
0% to 100%. The higher the value, the more
of the variance in the dependent variable
can be explained by the independent
variables.

For this study, the modeled data comprised
ten years of Dst index (1996-2006). The
calculated Dst is the sum of several terms.
Dst
regression coefficient)(Flow speed) + (partial
regression coefficient)(IMF Bz terms) + error
terms. l.e. Dst = 34.1959Bz + 3.43577 -
0.120952V.

The technique used and tested for its
reliability prediction of geomagnetic indices

Intercept parameter + (partial

is called Multivariance Recursion
Regression. It is based on the same
assumptions and procedures for simple
linear regression. The main advantages of
multivariance Recursion regressions are
that it allows researcher to utilize more of
the available information to estimate the
dependent analysis

In addition, the contribution of each of the
independent variables to the way the
regression conducted fits can be
determined. Generally, the regression
equation performs two functions -
predictive and explanatory functions. The
predictive function involves the quantitative
illustration of analysis with the aim of
maximizing the variance in the dependent
variables that are accounted for by a given
set of independent variables. The
explanatory function is an attempt to
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explain the separate influence of each of the
independent variables to establish the
importance of the relationship between
independent variables and dependent
variables.

Predictions of growth and decay of
geomagnetic storms using solar wind
parameters will continuously be given
necessary attention because of its availability
of space data covering the Sun-Earth space.
Although, it is difficult to compare the
different prediction models, the correlation
between measured and computed
geomagnetic activity indices depends on the
type of index, averaging of data, and the
statistical properties of the sample used for
testing that method.

Predicting Geomagnetic Storms

The geomagnetic storm can be generated
under different kinds of solar wind
conditions. Two classes of geomagnetic
storms have been identified for the
present study: Magnetic cloud and
complex ejecta. The data used in this
study consist of low latitude magnetic
index Dst plotted against solar wind
multi-spacecraft interplanetary
parameters data: wind flow speed V,
interplanetary magnetic field Bs
components. The correlation coefficient
for individual parameters was calculated.
It was observed that the correlation
coefficient was highly significant for all
the parameters hence the data now used,
as described in section 3 obtain a
predictive model.

Table 3 shows the linear fit correlation
relationship between the Dst and B, Dst
and Bz, Dst and V, and Dst and VBz,
observations during the geomagnetic
storms periods. The bolded values
represent the more correlated coefficient
values for each corresponding set of data.
The Dst versus Bz relationship is better
represented than the Dstversus B pair for
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the entire period. While for the Dst  performs better than the Dst versus V
versus VBz pair, the observation pair.

Table 1: Details of interplanetary magnetic cloud plasma parameters during intense geomagnetic
storms

S.No. | Date Dst, -nT B, nT Bz, -nT V, kms? VB:z

1 22 Oct 1999 237 358 30.7 672 20630.4
2 12 Aug 2000 235 336 287 671 19257.7
3 24 Nov 2001 21 56.9 2738 1934 53765.2
4 25 Sep 1998 207 287 179 839 15018.1
5 17 Sep 2000 201 395 239 835 19956.5
6 26 Jan 2004 197 253 19 1027 19513
7 5 Oct 2000 182 263 202 578 11675.6
8 22 Sep 1999 173 284 15.8 594 9385.2
9 28 Oct 2001 157 188 145 502 7279
10 8 Nov 1998 149 354 19.7 633 12470.1
11 18 Apr 2002 149 304 18.1 611 11059.1
12 19 Mar 2001 149 215 18.8 490 9212
13 25 Jul 2004 148 236 18.8 604 11355.2
14 18 Aug 2003 148 22 15.8 498 7868 4
15 15 Dec 2006 146 T 145 839 12165.5
16 16 Jun 2003 141 19.5 16.7 625 10437.5
17 12 Feb 2000 133 206 16.4 586 9610.4
18 11 Oct 1997 130 132 9.7 431 4180.7
19 29 Oct 2000 127 18.8 12 404 4848
20 30 Aug 2004 126 15 143 443 6334.9
21 18 Feb 1999 123 279 218 671 14627.8
22 15 May 1997 115 253 239 483 11543.7
23 4 Apr 2004 112 179 15.1 514 7761.4
24 14 Apr 2006 111 19.8 142 540 7668
25 7 Nov 1997 110 18 123 468 5756.4
26 19 Oct 1998 110 262 166 430 7138
27 4 Sep 2002 109 186 183 461 8436.3
28 23 May 2002 109 382 14.1 871 12281.1
29 23 Nov 1997 108 15.7 126 581 7320.6
30 21 Apr 1997 107 139 8.5 394 3349
31 14 Oct 2000 107 136 114 7Y 5038.8
32 23 May 2002 106 382 14.1 871 12281.1
33 13 Jun 2005 105 242 16.6 508 8432.8
34 12 Jun 2003 105 16.7 124 586 7266.4
35 20 May 2005 103 15 9.1 476 43316
36 22 Apr 2001 102 15.1 128 384 4915.2
37 2 Aug 2002 102 15.7 116 540 6264

Note: The peak values of the parameters were used during events intervals
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Table 2: Details of interplanetary complex ejecta plasma parameters during intense geomagnetic

storms

S.No. | Date Dst, -nT B,nT Bz, -nT V. kms’ VB:

1 24 Aug 2005 216 522 383 720 27576
2 4 May 1998 205 389 28.6 833 23823.8
3 21 Oct 2001 187 284 15.7 668 10487.6
4 8 Sep 2002 181 19.8 9.5 495 47025
5 1 Oct 2002 176 24.8 21.8 421 91778
6 30 Jul 1999 173 274 15.8 594 9385.2
7 1 Oct 2001 166 23.1 209 573 11975.7
8 6 Nov 2002 159 151 12.5 609 7612.5
9 9 Nov 2000 159 4.1 12.5 604 7550
10 26 Aug 1998 155 16.1 142 801 113742
11 22 Jan 2004 149 254 14.9 666 99234
12 11 Sep 2005 147 182 8.5 1059 9001.5
13 29 May 2003 144 284 12.7 803 10198.1
14 24 May 2000 142 341 192 684 1313238
15 6 Aug 1998 138 213 193 428 8260.4
16 30 May 2005 138 18.6 16.1 487 7840.7
17 13 Nov 1998 131 20 17.6 407 7163.2
18 31 Aug 2005 131 186 153 413 63189
19 21 Nov 2002 128 323 93 7 6761.1
20 3 Oct 2002 128 322 13.1 713 93403
21 8 May 2005 127 16.1 13 804 10452
22 18 Jan 2005 121 202 15.5 997 154535
23 29 Nov 2000 119 139 103 558 57474
24 7 Oct 2002 115 136 8.4 463 3889.2
25 17 Apr 2001 114 238 19.6 518 10152.8
26 13 Jan 1999 112 187 135 21 5683.5
27 11 May 2002 110 182 16.5 341 5626.5
28 11 Feb 2004 109 20.8 13.6 444 6038.4
29 18 Apr 2004 109 238 19.6 512 10035.2
30 21 Aug 2002 106 98 92 461 4412
31 13 Nov 1999 106 147 11.5 482 5543
32 12 Jul 2003 105 143 132 664 8764.8
33 22 Jan 2005 105 29.5 6.3 943 5940.9
34 17 Aug 2001 105 321 18.1 599 10841.9
35 21 Aug 2002 104 9.8 9.1 489 44499
36 26 Sep 2001 102 159 6.4 671 42944
37 28 Jun 1998 101 142 13 491 6383

Note: The peak values of the parameters were used during events intervals
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Table 3: Correlation relationship between Dst and solar wind plasma parameters during the period

1996 to 2006
Storm date Dst vs B Dst vs Bz Dst vs V Dst vs VBz
Magnetic cloud 0.61 0.77 0.55 0.68
Complex ejecta 0.58 0.60 0.22 0.65
Total no of 0.60 0.67 0.44 0.67
geomagnetic storms

Bolded values represent the more correlated coefficient values for each corresponding set of data

Figure 1 shows the plot of both
measured and predicted low latitude
index Dst against time (UT) for the
period 12-16 April 2006. From the
result beginning from 0:00UT, both
measured and predicted value of Dst
variation show that the storm was weak
till 02:00UT on April 14 when the
measured Dst value gradually
decreases to a minimum value of -
111nT at 09:00UT on the same day
before recovering. It is observed that the

recovery phase takes more than two
days. Vieira et al. (2001) had classified
geomagnetic storms with Dst below -
100nT as intense geomagnetic storms.
The storms main phase development is
rapid and the decrease is monotonic.
However, the predicted value of Dst
shows some variation when it
commences decreasing at 22:00UT on
April 13 to a minimum value of -76nT at
04:00UT on April 14.
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Figure 1:- The Dst for the storm of April 12-16, 2006, predicted from the solar wind parameters as the input in the

multivariance Recursion regression technique

Figure 2 shows the plot of both measured
and predicted low latitude index Dst against
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time (UT) for the period 18-22 November
2003. The results of measured Dst indicate a
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weak geomagnetic storm on 18-19
November. On 20 November ~10:00UT the
Dst experienced a sudden decrease which
got to a minimum peak -422nT at 21:00UT
on November 20. It was gradually and
steeply recovered for the next 24hours. The
storm main phase development is rapid and
the decrease is monotonic. However,
predicted value of Dst indicate a weak and

ISSN: 2714-3716

moderate geomagnetic storm on 18 and 19
November respectively. Dst show some
variation when it commences to decreases at
02:00UT on November 20 to a minimum value
of -111nT at 06:00UT. Thereafter, Dst
recovered gradually to -SnT at 10:00UT before
decreases to a minimum value -312 at
16:00UT on 20 November.
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Figure 2:- The Dst for the storm of November 18-22, 2003, predicted from the solar wind parameters as the input in the

multivariance Recursion regression technique

Figure 3 shows the plot of both measured
and predicted low latitude index Dst against
time (UT) for the period 13-17 May 1997.
The measured and predicted Dst plot
indicates a weak geomagnetic storm on 13-
14 May. On 15 May ~02:00UT the Dst
experiences a sudden shock that orientate
to the northward direction with peak value
of 18nT. Suddenly it decreases sharply to a

minimum peak value -115nT at 15:00UT on
May 15. It was gradually and steeply
recovered through 15-17 May. However,
predicted value of Dst show some variation
when it commences to decreases at 02:00UT
on May 15 to a minimum value Of -91nT at
11:00UT on May 15. Thereafter, Dst recovers
rather gradually and steeply recovered
through 15-17 May.
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Figure 3:- The Dst for the storm of May 15, 1997, predicted from the solar wind parameters as the input in the

multivariance Recursion regression technique

Figure 4 also shows the plot of both
measured and predicted low latitude index
Dst against time (UT) for the period 09-13
September, 2005. The measured and
predicted Dst plot indicate a weak and
moderate geomagnetic storm on 09-10
September, respectively. On 11 September
~02:00UT the Dst experiences a sudden
decrease to a minimum value of -147nT at

10:00UT.T It was gradually and steeply
recovered through 11-13 September.
However, predicted value of Dst show some
variation when it commences to decreases at
09:00UT on September 11 to a minimum
value Of -96nT at 13:00UT on September 11.
Thereafter, Dst recovers rather gradually and
steeply recovered through 11-13 September.
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Figure 4:- The Dst for the storm of September 11, 2005, predicted from the solar wind parameters as the input in the

multivariance Recursion regression technique
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Figure 5 shows the plot of both measured
and predicted low latitude index Dst against
time (UT) for the period 29 May-2 June
2001. From the plot beginning from 0:00UT
both measured and predicted value of Dst
variation show that the storm was moderate
till 04:00UT on May 29 when the measured
Dst value started gradually decreases to a
weak storm for the next 48 hours. The storm
then decrease to a minimum value of -

ISSN: 2714-3716

387nT at 08:00UT on May 31 before started to
recovered, and then have a minimum peak of
284nT at 21:00UT on the same day. It is
observed that the recovery phase take about
two days. However, predicted value of Dst
show some variation when it commences to
decreases to first peak of -189nT at 6:00UT on
May 3, 24 hours later it decrease to a
minimum value of -209nT at 06:00UT on

June 1.
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Figure 5:- The Dst for the storm of May 31, 2001, predicted from the solar wind parameters as the input in the

multivariance Recursion regression technique

The root mean square (RMS) deviation
defined by RMS,,, = sqrt (VZ,oseica = VZobservea) /
sqrt (n) mean error deviation and error
values is presented in Table 4. The variance
(or the standard deviation) is a measure of
the dispersion or scatter of the values of the
random variable about the mean. If the
values tend to be concentrated near the
mean, the variance is small; while the
variance is large if the values are distributed
far from the mean.

For a given value of x, say x, there will be a
difference between the value y, and the
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corresponding value as determined from the
curve. i denote this difference by d,, which is
sometimes referred to as a deviation, error, or
residual and may be positive, negative or zero.
A measure of the goodness of fit of the curve to
the set of data is provided by the quantity d.. If
this is small the fit is good, if it is large
therefore make the following fit is bad. In spite
of this deduction, both the actual Dst and
fitted Dst observations revealed a better
agreement for the initial and recovery phase
than the main phase observation.
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Table 3: RMS deviation between the actual Dst and fitted Dst in comparison with modeled

observation
Stormdate "Total storm period Tnitial phase Mein phase Recovery phase
Aprl 14, 2006 1677 1355 3045 749
Nov. 20, 2008 8042 39.27 137.27 217
May 15, 1997 1820 655 36.00 1204
May 31, 2001 74.85 207 156.09 B2
Sept. 11, 2005 4.8 2012 4022 1816

Bolded values depicts quantities that shows corresponding better agreement with the set of data.

Discussion

The relationship of Dst index with
interplanetary plasma parameters under
consideration can be summarized using the
plots depicted in Figs 1 - 5. The results
reveal some degree of simultaneity as the
correlation coefficient for individual
parameters was calculated. It was observed
that the correlation coefficient was highly
significant for all the parameters and that
there is no need for classification of
geomagnetic storms under any kind of solar
wind conditions for modeling purposes.
This algorithm for predicting the ground-
based Dst index is solely from a knowledge
of the flow speed and magnetospheric
component of the interplanetary magnetic
field Bz as shown in equation 1. The
algorithm is used to predict the Dst
signature of some geomagnetic storm in the
intervals 1996 and 2006. Figures 1 - 5 show
plots for the measured Dst and predicted
Dst. The most striking result is the better
performances of predicted Dst where we
could reproduce 70% of the variable of the
Dst index (i.e r’a 0.70) in the above figures.
In order to gain more insight into the
physical reason for improved performance
of predicted Dst, individual geomagnetic
storms was studied with all the Figures
succeeding the initial and recovery phases
of the geomagnetic storms predicting. The
predicted onset and strength of the phase is
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well correlated to the measured Dst. The main
phases are predicted but the predictions in
some cases smaller than the measured main
phases.

The main reason for the difference in
performance between the measured and
predicted Dst using different input data
sequences sizes was examined. A typical
example of this behaviour is in Figs 1 - 5,
which shows the measured and predicted Dst
indices for a major geomagnetic storm. This
indicates two possibilities, namely only a
small part of the solar wind history is available
to the geomagnetic storms; thus, the
predicted main phase in some cases smaller
than the measured Dst after only a short time;
and or the difference between the measured
and predicted Dst appear to suggest that the
geomagnetic storm phenomena like pre-
storm phenomena could be as a result of some
underlying mechanism that is working
together with varying degree of importance
(Chukwuma, 2010) and is probably not
adequately captured by available solar wind
parameters.

The results were compared to previous
studies using other methods which show that
linear filter with solar-wind dynamic pressure
and the dawn-to-dusk component of the
interplanetary electric field, McPherron et al.
(1986) and Fay et al. (1986), were both found
that they could account for 70% of the Dst
variance. When studying the two filters (i.e.
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the P, -and the E-filters) separately,
McPherron et al. (1986) found that the
dynamic pressure filter had a width of only
about 10 minutes, while the electric field
filter had a very long duration. They drew the
conclusion that the characteristic of the
electric field filter is due to the long-time
constants associated with the decay of the
ring current. This is in line with the present
finding that the recovery phase predictions
depend on the ring current history, and thus
the solar wind history.

Another method is to fit an analytical
expression to solar-wind and geomagnetic-
activity data. An example is Gonzalez, et
al.1989 who systematically tested a number
of analytical formulas for prediction of the
Dst index. They occasionally found
correlation coefficients above 0.90 for
individual storms, but the average over a
more diversed set of storm-time periods was
considerably lower. A major advantage of
the analytical formulas of Gonzalez et. al.
(1989) is that they explicitly reveal the
quantitative dependence on the most
important solar-wind parameters.

The only method claiming superior
correlations to the present study is Goertz
et. al.(1993). They used an empirical non-
linear model to predict the auroral
electrojet index AE and found a correlation
coefficient of 0.92. However, the stated
correlation was criticized by McPherron
and Rostoker (1993) based on an assumed
biased selection of test data.

To compare different prediction methodsis a
difficult task. The correlation between
measured and computed geomagnetic-
activity indices depends on the type of index,
averaging of data, as well as the statistical
properties of the sample used for testing the
methods.

Conclusion

An investigation into the relationship
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between Dst index with interplanetary
solarwind plasma parameters have been
studied from 1996 to 2006 and the following
conclusions have been drawn: On average,
nearly equal number of magnetic cloud and
complex ejecta were found during the intense
geomagnetic storms.
The Dst — B relationship results reveal that
complex ejecta had overall correlation of 0.71
while magnetic cloud had 0.76, hence their
correlation is comparable while complex
ejecta had less overall correlation between
Dst — Bs than magnetic cloud as the overall
correlation is 0.64 and 0.90, respectively
during intense geomagnetic storms. The
interplanetary magnetic field Bz is an
essential interplanetary requirement needed
to activate the magnetosphere through
reconnection.
A fast solar wind speed and a strong
southward component of the magnetic field
are particularly effective in producing
geomagnetic activity. It is only when the
magnetic field of the interplanetary features
engulfing the Earth has a strong southward
component Bz that a good relationship is
obtained between Dst and the product VBz.
Finally, predictions of the growth and decay of
geomagnetic storms show that the initial and
recovery phases of the storms are well
predicted. In contrast, the predicted main
phase in some cases is smaller than the
measured Dst after only a short time.
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