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Abstract:  Forbush decrease (FD) is sudden decrease in the counting rates of neutron monitors, caused by fast 
 Coronal Mass Ejections (CMEs) mostly associated with intense X-ray solar flares. The geomagnetic storm is 
 known to occur simultaneously with large Forbush decrease events. Both phenomena have common origin; 
 therefore, study of FD can be used to anticipate an impending storm. We have analyzed 61 FD events of 
 magnitude >= 3.5%, registered by Moscow Neutron Monitoring Station, occurred during the 23rd solar cycle. 
 Temporal evolution of individual FD event is studied along with the variation in interplanetary magnetic field 
 intensity, solar wind velocity and geomagnetic activity indices - Dst index. It is found that besides the known 
 enhanced disturbances in the magnetic field of the Earth, the FDs in majority of events are accompanied by abrupt 
 increase in the solar wind velocity. Though the correlation coefficient between the magnitude of FD and Dst index 
 is 0.3, but 91% of FD events (55 out of 61) are associated with geomagnetic storms. The onset time of FD is found 
 to be few hours earlier than that of the storm; this fact can be used to forecast a geomagnetic storm which is the 
 known space weather application of FD events 
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1 Introduction
         

The response of our space environment to the 
constantly changing Sun is known as space weather. 
Space weather describes the conditions in space that 
affect Earth and its technological systems. Our space 
weather is a consequence of the behavior of the Sun, the 
nature of Earth’s magnetic field and atmosphere, and our 
location in the solar system. Disturbed space weather 
causes increases in the intensities of hazardous energetic 
particles. Since during FDs or immediately before, larger 
anisotropies are noticed, the decreases which are 
sometimes prior to geomagnetic storms may have some 
application in space weather forecasting (Kane, 2008). 
Depending upon the intensity, geomagnetic storms have 
various effects on Earth’s environment, our technology, 
and our lives. According to NOAA Space Weather Scales, 
geomagnetic storms of scales G5 (Kp=9), G4 (Kp=8) and 
G3 (Kp=7) are dangerous for people, technology and 
health (influence on power systems, on spacecraft 
operations, on HF radio-communications and others). An 
example of a major disruption on high technology 
operations occurred in 29-30 October 2003 when an 
intense geomagnetic storms upset communication  
systems, orbiting satellites and electric power systems 
around the world (Holman, 2006 and Gopalswamy et al. 
2006). 

All spacecrafts send and receive their signals 
through the ionosphere, which is sometimes dramatically 

altered by space weather events. Communication system 
including those in airplanes can go haywire, and power 
grids can go down. Today realistic space environment 
models and enhanced observational capabilities for 
detecting disturbed space weather conditions or their 
precursors have the potential to be applied to space 
weather prediction and management. Cosmic Ray (CR) 
continuous records are indispensable tools for space 
weather studies. Their use ranges from precursor indices 
for interplanetary disturbance to dose evaluation on 
board airplane, satellite and space station. Characteristic  
signature in cosmic rays may be selected by special 
methods from neutron monitor network (NMN) data and 
input to space weather applications, while real time data 
in combination with selected methods can be used for 
successful prediction  (Mavromichalaki et al, 
2004). Several CR indices to describe the near Earth 
space were tested by Storini et al. (2005). They are 
mainly based on a simplified measure of the CR 
anisotropy and /or the temporal variability of the 
counting rate of neutron monitors. The obtained results 
suggest that indices for CR variability are indeed useful 
tools for a fast now cast of the near-Earth space status. 

Several scientists are working to find the use of 
cosmic ray data for forecasting of geomagnetic storms. It 
was found that CR intensity and CR anisotropy changing 
before SC of major geomagnetic storms are accompanied 
by sufficient Forbush decreases; showed that 89% of 
major geomagnetic storms have clear precursor effects, 
(CR anisotropy vector, intensity pre-increase or pre-
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decrease) which can be used for forecasting. Storini et al. 
(2005) used several algorithms to test cosmic ray data for 
now cast and forecast of space weather. They found that 
inter planetary coronal mass ejection can be easily 
identified from indices derived from neutron monitor 
records.  

Ground-based observations of cosmic rays by 
neutron monitors and muon detectors have found 
precursor anisotropies before the arrival of an 
interplanetary shock and subsequent Forbush decrease, 
possibly providing advance warning of space weather 
effects on shock impact at the Earth’s magnetosphere 
(Leerungnavarat et al. 2003). In an attempt to summarize 
the status of cosmic ray research relevant for space 
weather events description and its forecast presented by 
Kudela (2007), it is concluded that high temporal 
resolution of the measurements and using several 
experimental data simultaneously in real time is 
important for space weather alert signals. 

  
2 Data Analysis: 

The Forbush decrease events studied in the present 
paper have been selected from the preliminary list of 
Cosmic Ray Storms provided by Moscow neutron 
monitor station for 23rd solar cycle 
(http://cr0.izmiran.rssi.ru/mosc/main.htm). We have 
taken 61 events with magnitude >= 3.5% which are 
mainly caused due to halo CMEs associated with intense 
solar flares. The Moscow neutron monitor (NM) is 
situated in Russia (55.47ºN, 37.32ºE). Its vertical cut off 
rigidity is about 2.43GV. The data as well as hourly 
averaged plots for solar wind plasma speed, 
Interplanetary Magnetic Field B, its southward 
component Bz, Kp and Dst indices corresponding to each 
event have been extracted from gsfc/spdf OMNI web 
interface contributed by WIND and ACE satellites 
(http://omniweb.gsfc.nasa.gov) and for other space 
weather information the following link is visited 
(http://www.swpc.noaa.gov/Data/ ). 

3   Result and discussion: 
During the detailed analyses of large FD events, the 

authors have found a good correlation between Dst index 
and magnitude of FD. It is investigated that there is a 
time lag between the onsets of FD and Dst decrease. This 
interval can become a landmark for antecedences of 
storms with further detailed study. 

The time of commencement of a geomagnetic storm 
is defined as the time at which the Dst – index starts 
decreasing. From the present data analysis the correlation 
coefficient between magnitude of FD and minimum Dst 
– index is somewhat weak, r = -0.31 represented in figure 
1. For smaller FDs the correlation is not that significant 
but for larger (>7% magnitude) FDs, the Dst index shows 
a remarkable fall. It is understood that large FDs are 
encountered with geomagnetic storm and the intensity of 
a geomagnetic storm is directly proportional to the 
magnitude of FD.  

For more than 90% events the two phenomena –CR 
decrease and geomagnetic Dst follow almost exactly the 

same pattern, particularly when IMF B values are large. 
Thus these two phenomena are intimately related through 
a common effect of a near Earth interplanetary structure. 
Coronal mass ejections are major solar events known to 
cause large geomagnetic storms (Dst < -100nT) 
(Gopalswamy, 2005c), hence FD and geomagnetic storm 
should have same cause behind them. 

The number of different types of geomagnetic 
storms accompanied with FDs are shown in figure 2 and 
table 1. 

It is observed that Dst values are � -200 nT for 16 
FD events and attained a minimum value up to -430 nT 
for most severe storm of 20 November 2003, 22 events 
have Dst ranging from -199 to -100 nT, 17 events have 
Dst from -99 to -50 nT and only 6 events have Dst 
between -20 to -49 nT as clear from table 1, supported by 
figure 2. It is also noted that the very big storms having 
Dst min from -150 to -430 nT are accompanied with 
large FD events (28 events ~ 7% magnitude). This shows 
that big FDs are followed by major storms.  

4   Conclusions: 
From the analysis of 61 Fd events it is found that 

almost all events are accompanied by geomagnetic 
storms of category with Dst <= 50 nT. None of the event 
is without storm. It has been well established that 
Coronal mass ejections (CMEs) are major solar events 
that are known to cause large geomagnetic storms (Dst<-
100 nT) (Zhang et al., 2003). In our study the FDs with 
magnitude > 7% are due to CME and their interplanetary 
manifestations, hence we can say that Fd and 
geomagnetic storm are near Earth phenomenon with 
common origin. Though the magnitude of FD has no 
linear relation with Dst index, yet very large FDs are 
always associated with intense geomagnetic storms (K = 
8 or 9). This seems to be useful for space weather 
forecasting. Looking at the hourly variation in CRI and 
Dst during large Fd events, it is important to note that the 
peak depression in both does not coincide exactly (Jain et 
al 2007 and 2009). The Dst min lags some hours from 
peak value of CRI min. There is found a time difference 
between the onsets of FD and Dst also. Thus FD can 
provide advance, valuable complementary information 
about geomagnetic storms. 
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Table: 1- No. of different category of geomagnetic 
storms accompanied with FDs. 

 
Fig. 1 Variation of magnitude of FD with min. Dst 

 
 

 
Fig. 2 Number of different category of geomagnetic 
storms accompanied with FDs (W- Weak, M- 
Moderate, I- Intense and S- Severe) 
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