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ABSTRACT

It has been established that the geomagnetic disturbances are closely

related with the solar wind velocity. They have an inverse correlation, i.e.
the geomagnetic disturbance, which is represented by the Dst index, will
h:n& a lower value with the higher solar wind speed. However, the
detailed correlation, particularly on their time profile, has not been known
yet. We analyze the time profile of the solar wind and geomagnetic
disturbance by comparing the correlation between the solar wind and the
geomagnetic (Dst index) time profiles, We also analyze the correlation
between the plasma density with the geomagnetic disturbance. We
analyzed the solar wind velocity and density data from Advanced
Composition Explorer (ACE) satcllite around the disturbed days. The
geomagnetic disturbance (Dst index) data are obtained from World Data
Center for Geomagnetism Kyaoto, for period of 2008 — 2010. We sclected
the event which has Dst index < - 30 nT. By using this criteria we found
41 geomagnetic disturbance events. Negative correlation between the
solar wind and Dst index time profiles means that solar wind speed will
increase when the geomangetic filed is more depressed. On the contrary,
the density profile show the positive correlation with the Dst index.
which means that the density will increase when the disturbance becomes

stronger. However, the increasing or the decreasing of the parameters did
not occur simultaneously.
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1 INTRODUCTION

Manifestation of solar activity are frequently
observed in the solar wind near Earth. The various
processes on solar atmosphere play significant role
in controlling the interplanetary and geomagnetic
disturbances.  Morecover, geomagnetic  field
variations have been explained as the result of the
interaction of interplanetary filed with the Earth’s
magnetosphere. It has been known that the primary
cause of geomagnetic storms is associated with
interplanetary  structures  with  intense, long
duration and southward magnetic field (Bz) which
interconnect with the Earth's magnetic field and
allow solar wind energy transport into the Earth’s
magnetosphere [1,2],

The physical mechanism for solar wind energy
transport into the magnetosphere is reasonably well
understood. The coupling mechanism is magnetic
reconnection  between  southwardly  directed
Interplanetary  Magnetic  Field (IMF) and
northward magnetopause fields [3]. This is
schematically shown in Figure 1. Interconnection
of interplanetary ficlds and magnetospheric
dayside fields leads to the enhanced reconnection
of fields on the nightside with the concomitant

deep injection of plasma sheet plasma in the
nightside.

Geomagnetic activity is influenced by a variety of
interplanetary parameters and their combinations.
During solar minimum, high speed streams from
coronal holes dominate the interplanetary medium
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associated with the plasma impinging upon the
Earth's magnctosphere cause positive Dst values,
which means as the storm initial phases [4], When
the solar activity driven solar wind (e p. Coronal
Mass  Fjection,  CME) anteracts  with the
magnetosphere, ram pressure,  which indicates
combining effect of solar wind density and speed,
is also an important contributor [S]. Recent studies
(e.g. [6,7]) have identified the role of initial speed
of solar eruption like initial speed, ram pressure in
producing magnetic storm at the Earth. Local solar
wind conditions also also play role in its evolution
during its passage from the Sun to the Earth,
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Figure 1. Schemauc  of  mterplanetary-magnetosphere

coupling. showing the reconnection process and  energy
injection anto the nightside magnetosphere, which lead to the
formation of the storm-time ring current [8].

It is the purpose of this paper to review the solar
wind velocity and the particle density to see the
role of both parameters related to the geomagnetic
disturbances. We analyze the four days data around
the occurence of peomagnetic disturbance by
calculate the correlation value between velocity
and density with the geomagnetic disturbance
index Dst.

2 DATA AND METHOD

We analyzed the solar wind velocity, particle
density and Dst index. The velocity and the density
data are hourly data which is observed by ACE
(Advanced Composition Explorer) satellite, and
downloaded from hup://omniweb.gsfc.nasa.gov/,
while the hourly Dst data comes from World Data
Center for Geomagnetism, Kyoto University. We
choose the period between 2008 - 2010 which the
period of quict solar activity, so that the occured
geomagnetic storms are weak and moderate
storms. Therefore we selected the data which has
Dst = -30 nT. In this period, we found 41
geomagnetic disturbance events,

We then caleulate the correlation between velocity
and Dst, o well as the density and Dst, ot the
colncide time, Then we shifted the Ds data, and
find the correlation between shifted Dsr data with
the original data of velocity, I the time difference
between original and shifted Dst data is positive, it
means that we correlate the velocity to the Dst data
hour(s) later, and vice versa, Similarly, we do this
to the particle density.

3 ANALYSIS

We analyzed the solar wind data and the related
Dst in years 2008 — 2010, During that period there
were 41 geomagnetic disturbance with Dst less
than =30 nT. The solar wind parameters include the
velocity and  density, while the geomagnetic
disturbance is represented by Dst index. Fig 2
shows the Dst index and geomagnetic disturbance
— related solar wind parameters (velocity and
density) for the period of 7 = 13 March 2008. In
this figure we can see the geomagnetic disturbance
which is indicated by the decrease of Dst and the
increase of the velocity and density of solar wind.
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Figure 2. One of the 41 events that analyzed to find the best
correlation between the parameters. The Intensity of Dst (top).

solar wind velocity (middle) and particle density (bottom) on 7
=13 March 2008

In order to understand the relation between the
geomagnetic disturbance with the solar wind
velocity and density, then we calculate the
correlation coefficients between the Dst index and
solar wind velocity as well as with the density. Fig
3 shows the correlation between solar wind
velocity and the geomagnetic disturbance index
Dst with coefficient correlation R= -47.8%. It
represent the inverse correlation from 41 events.
The plot shows that the increase of solar wind
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related with decrease of Dst, which is represented
by the equation Y= -0,0523 X + 10,984, where N
is solar wind velocity, and Y is the intensity of
ccomagnetic disturbance, However some strong
disturbances occured with slower speed solar wind,
The solar wind which is related with geomagnetic
disturbance has velocity > 270 km/s.

The next step we have to find the best correlation
between both parameters of solar wind (velocity
and density) with the Dst index. It can be done
with shifi the solar wind data against the Dst data.
If we correlate the velocity and the density in the
same time of occurence, we say that Dst =V = 0
(zero). It becomes a negative value if the velocity
change earlier than Dst (the change of velocity
precedes the Dst). And the contrary, it becomes a
positif 1f the velocity change after the change of
Dst (the change of velocity follows the Dst).
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Fizure 3 Plot between solar wind velocity with the
peomagnetic disturbance index Dst. The plot shows that the
increase of solar wind related with decrease of Dst.,

Fig 4 shows that the best correlation between
velocity and Dst (correlation is -47.8%) for the 41
events is reached when Dst — V has negative value
(= -1 hour), It means that the increase of solar wind

velocity starts one hour precedes the decrease of
Dst.

Solar Wind Velocity and Dst Index Correlation Average
Period 2008-2010
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Figure 4. Average corrclation value between solar wind
velocity and Dst from 41 events with Dst < -30 nT. The
vertical compenent  shows the correlation value. The
horizontal shows the shift between velocity and Dst. Negative

means that the increasc of solar wind speed occured afier the
decrease of Dst, and vice versa,
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Plot between the particle density and Dst index in
the period of 2008 - 2010 is presented in Fig 5. It
can be represented by equation Y = 1.0953X -
17.842, where X is particle density and Y
geomagnetic disturbance index Dst. The  best
correlation between density and Dst is reached
when V. = Dst = -Zhours with cocelficient
correlation R= 39.3%, which means that the
particle density is increased two hours before the
increase of Dst (see Fig 6).
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Figure 5 Plot berween Dst and particle density. It shows that
the increase of the density related with the increase of Dst

Particle Density and Dst Index Correlation Average
Period 2008-2010

Figure 6. Average correlation value between particle density
and Dst. The vertical component shows the correlation value.
The horizontal shows the shift between density (n) and Dst
Negative means that the increase of density after the decrease
of Dst, and vice versa,

We have analyzed relationship of the geomagnetic
disturbance with its precursor in the solar wind.
We find the correlation of its physical parameters
(velocity and density) with the geomagnetic storm
index (Dst) which is the indicator of the
geoeffectiveness. The storm  itself shows the
decrease of Earth’s magnetic filed that is
influenced by the changes of the energetic charged
particles in the ring current, which come from the
solar wind. The velocity and density of solar wind
define the dominant pressure at the magnetosphere
as shown by the following equation [9)
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P = pobgy
(N
where P = dynamic pressure
p = density of solar wind
v = velocity of solar wind
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However, the best correlation of the solar wind
parameters (velocity and density) and the Dst does
not occur simultaneously. There is a time delay
between  both  paramcters.  The  correlation
coefficients are not good enough (-47.8% and 39.3
9%). Tt shows that the velocity and particle density
of solar wind are not the key factor which trigger
the geomagnetic disturbance.

4 CONCLUSION

The velocity and particle density of solar wind
have roles in the intensity of geomagnetic
disturbances, although they are not the key factor
in triggering the storm. The correlation values
show that the speed of solar wind has negative
correlation, while the density has positive
correlation with the geomagnetic disturbance index
(Dst), which the less Dst means stronger storm
intensity. The increase of solar wind speed and the
decrease of particle density can strengthen the
disturbance. However our analysis of the ume
profiles of velocity, density, and Dst shows that the
increase (decrease) of the velocity and density
profiles do not occured simultancously with the
decrease of Dst. The Dst start to decrease before
the increase (decrease) of solar wind speed
(density).

5 REFERENCES

[1] Gonzalez, W. D., Joselyn, J. A, Kamide, Y.,
Kroehl, H. W., Rostoker, G., Tsurutani, B. T.
and Vasyliunas, V. M.: 1994, * What is a
Geomagnetic Storm?’, J. Geophys. Res. 99,
5771.

[2] Zhang. J.; Richardson, 1. G.; Webb, D. F.;
Gopalswamy, N.; Huttunen, E.; Kasper, J. C.;
Nitta. N. V.; Poomvises, W.; Thompson, B. J.;
Wu, C.-C.; Yashiro, S.; Zhukov, A. N., 2007,
Solar and interplanetary sources of major
geomagnetic sources of major geomagnetic
storms (Dst < =100 nT) during 1996 — 2005, J.
Geophys. Res. 112, A10102

[3] Dungey, J. W.: 1961, ‘Interplanetary Magnetic
Field and the Auroral Zones’, Phys. Rev. Lett.
6,47

[4] Gonzalez, W.D., Tsurutani, B.T.., de Gonzalez,
A.L.C., 1999, Interplanetary Origin of
Geomagnetic Storms, Space Sci. Rev. 88, 529
-562

[5] Jadav, R.M., Iyer, K.N., 2006, Role of ambient
solar wind conditions in CME evolution,
ILWS Workshop 2006, Goa

[6] McAllister, AL, Dryer, P, Mclntosh, P,
Singer, H, Weiss, L., 1996, A large polar
crown coronal mass cjection and a problem
geomagnetic storm: April 14-23 1994, J
Geoplns, Res. 101, 497

[7] Richardson, 1.G., Berdichevsky, D., Desch,
M.D., Farrugia, C.J.,, 2000, Solar cycle
varitaion of low density solar wind during
more than three solar cycles, Geophys. Res.
Lett 27. 3761

[8] Gonzalez, W.D., Tsurutani, B.T., 1992,
Terrestrial response Lo eruptive solar flares:

Geomagnetic storms, Lecture notes in physics
399,277

[9] Hughes, W.., 1995, The Magnelopause,
Magnetotail, and Magnetic Reconnection, in
Introduction to Space Physics, Kivelson, M.C.
and Russel. C.T. (eds), Cambridge University
Press, p.228

World Data Center for Geomagnetism, Kyoto
University, http://wdc. kugi.kyoto-u.ac.jp/

© International Workshop on Space Weather in Indonesia, September 21 2011

Dipindai dengan CamScanner


https://v3.camscanner.com/user/download

