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Introduction

• In a joint EU/ESA-INTAS project we are 
analyzing the interplanetary causes and solar 
sources of geomagnetic disturbances with Ap>20 
(Kp > 3+) for the years 1997-2001, i.e. during the 
rise and maximum of solar cycle 23. Additionally
also the Dst index was taken into account.

• An overview of the results of this study is
presented here.



Data Set

• Study of plasma and IMF data from near
Earth spacecraft (IMP, Wind, ACE).

• White-light, EUV and photospheric
magnetic field observations from SOHO.

Solar wind plots courtesy A. Dmitriev.
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No. of disturbed days
1997 - 2001
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Total number of disturbed days
1997 - 2001

Year Disturbed Days Events
1997 22 21
1998 39 30
1999 69 38
2000 70 58
2001 42 36



What were the
interplanetary causes

of geomagnetic
storms

with Ap > 20 
in cycle 23 ?



Coronal hole flows – compression regions, field deflections, waves
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ICME/HSS interaction



Effects of Multiple CMEs
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Effects of Multiple CMEs
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ICME – internal field (axis)



Slow wind soup with high plasma density & discontinuities near HCS



Causes for the disturbed days as inferred
from inspection of the in situ data

1) Coronal hole flows – compression regions, 
field deflections, waves

2) Swept up ICMEs by CH flows
3) ICMEs – internal fields and draping
4) Multiple ICMEs
5) Slow, turbulent solar wind „soup“ (CMEs as 

sources ?) near HCS



Statistical Overview
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How strong were the
storms in this cycle ?



Storms with Kp >= 8-
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0
2
4
6
8

10
12
14

1930 1940 1950 1960 1970 1980 1990 2000 2010

Year

N
General Overview on how Activity Compares with Previous Cycles

�
�������������
��
�������
��������
�����������
����������
����
�
�
���
������
 ����!���������� ����
�"�������
�#�
�#�����
��



The Strongest Storms – A Time History

Storms with Kp >= 8-
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Top 35 storm chart starting in 1932 includes July 2000 & March 2001 storms of cycle 23. July 2000 storm scores
only as No. 22 !
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SOHO/EIT und TRACE Beobachtungen
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Expected flux-rope type: SEN (left-handed)
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Involves findings on filament structures by Martin and Rust
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Shock Wave in the Solar Wind on July 15, 2000





Summary

• Cycle 23 was a very moderate one in terms of space storms

• The identified sources of geomagnetic storms in this cycle were:
1) Coronal hole flows – compression regions, field deflections, waves
2) Swept up ICMEs by CH flows
3) ICMEs – internal fields and draping
4) Multiple ICMEs
5) Slow, turbulent solar wind „soup“ (CMEs as sources ?) near HCS

• Multiple ICMEs and their interactions played the most crucial role for
space weather in cycle 23. 

• Peak activity was reached in 1999 and 2000 with surprisingly many, but
weak in magnitude, CH flows in 1999 whereas 2000 was ICME dominated.

• In 2001 activity declined. ICMEs still were the dominat source of 
geomagnetic storms.



Conclusion

• Any reliable forecast
of space storms has to 
take into account
heliospheric & 
magnetospheric
modulations
complementary to the
solar observations. 

All events to look up at http://alpha.sinp.msu.ru/apev



What about
SEP events ?

There is no major SEP 
event without an 
associated CME !
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Current status:

tracking of active regions appearing

at E-limb

Need: high resolution magnetic field, plasma and 
coronal observations of the Sun and also 
improved spectroscopy
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Future ESA/NASA Mission – Leading the Way to a Better
Understanding

of the Sun-Earth-Connection
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CME  tracking through measurements
of kilometric radiowaves



CME  Tracking Through
Measurements of Energetic Particles



CME  Tracking Through
Measurements of Energetic Particles




