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ABSTRACT: A study of the relationship between Forbush decreases (FD) and geomagnetic
storms has been carried out using the Dst index. Most important space weather effects including
FDs are associated with geomagnetic disturbances (storms). The rigidity cut off of cosmic rays,
a precursor to FD, is related to the latitude of measurement and are affected by geomagnetic
disturbances. Four (4) stations hosted by the Bartol research institute, University of Delaware
provided continuous CR counts for this study. Clear signatures of Forbush decreases associated
with storms happening on days of Kp > 7 from 1980-1989 were examined to deduce the level of
modulation of CR counts during geomagnetic storms. Enhancement of the count rates are observed
during simultaneous Forbush decreases associated with large storms. FD correlated well with
Dst for all of the station. The anomalous enhancement during the simultaneous FD correlated
well with Newark of rigidity cut off of 2.21GV and least with Mcmurdo with rigidity cut off of 0.3GV.

Keyword:Forbush decrease (FD), Anomalous intensifications (AI), Geomagnetic storms and
Disturbance storm time index (Dst).

I. INTRODUCTION

Forbush decreases (FDs) are defined as the decrease in
intensity of the cosmic ray reaching the earth. These
cosmic rays reaching the earth show variability with so-
lar activity (Okpala and Okeke, 2011). The relationship
between the magnitude of FDs and dst index for 17 FDs
observed at Climax station in the 23 solar cycle showed
that the maximum negative Dst generally did not occur
at the same time as FD magnitude. Correlation of -0.70
for six events with largest Dst and FDs was reported by
Kane (2010). Modzelewska and Alania, (2013) studied
the 27 day variations and harmonics of Galactic cosmic
ray (GCR) intensity, solar winds velocity and interplane-
tary magnetic field during solar min 23/24 and confirmed
that the synodic period of these variations is ≈ 26 - 27
days, indicating that the changes in solar wind speed and
the interplanetary magnetic field (IMF) are related to the
sun’s near equatorial region with regards to the differen-
tial rotation of the sun.
Alania et al., (2013) showed that structural changes of

the interplanetary magnetic field turbulence in the range
of 10−6 - 10−5 Hz are generally responsible for the time
variations in the rigidity spectrum found during FDs.
While studying the relationships between neutron mon-
itor variations and intensity variation of interplanetary
magnetic field using deep river data and IMP series satel-
lite data, Barouch and Burlaga (1969) considered For-
bush decrease with a scale of a day or more for the pe-
riod of 1967-1968 and observed that Forbush decrease
results from the passage of cosmic rays through a region
of high magnetic field intensity (blob), hence that each
blob drags low intensity cosmic rays behind. In the case
of successive blobs, the recovery rate is further decreased
and that most high field regions occur at the leading edge
of high speed streams which can be explained by inter-
planetary dynamics. They finally concluded that flare
associated streams and co-rotating streams give rise to
field configurations causing Forbush decreases.
Braun et al., (2009) while observing with the karlsruhe
moun telescope, provided information about the effects
of solar activity on the cosmic ray flux observed on earth
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since 1973, one of which is Forbush decrease effect seen at
energies exceeding the typical energies of neutron moni-
tor, hence the use of moun counter (telescope). Moreover
no dependence of the spectra index on the sunspot num-
ber was found, but at solar maxima, the rates of moun
telescope and neutron monitor behave quite differently
and are well correlated for periods of low solar activity.
It is generally believed that forbush decrease events hap-
pen simultaneously over the earth’s globe. However there
have been reports on non simultaneous forbush decrease
events. Oh and Yi (2008) investigated the properties
of non-simultaneous forbush decrease events in order to
determine what solar wind conditions lead to global si-
multaneity of forbush decrease events by examining the
hourly data at Oulu Neutron monitor station from 1997
to 2006. They came up with the conclusion that; the
stronger forbush decrease events tend to be simultane-
ous, while the weaker events occur only if the main phase
of the decrease (event) is superposed in phase with the
declining phase of diurnal variation which has the maxi-
mum around noon and the minimum around midnight.
Usoskin et al., (2004) presented a statistical study of ma-
jor forbush decreases during the last decades using cosmic
ray data from ground based detectors (Neutron monitors
and ground level moun telescope). They showed that
most of clear Forbush decreases depict the recovery time
which strongly depend on the mean response energy of
the detector. This is in agreement with some earlier re-
sults e.g. Ostman (1968) and Ostman (1969), but con-
trary to some other empirical results and simplified mod-
els e.g. Le Roux and Potgieter (1991), Lockwood et al
(1991) and Wibberenz et al (2008).

II. DATA

Cosmic Ray Data:
The Cosmic Ray data used in this study include Neu-
tron Monitor count rates from one mid latitude stations;
Newark (39.7°N, 75.7°W), Swarthmore (39.9°N, 75.4°W ),
and three high latitude stations Thule (76.5°N, 68.7°W),
McMurdo (77.9°S 166.6°E), and South Pole (90°S) at Al-
titudes 50, 26, 48, and 2820 meters respectively. The
data for these stations were obtained from the Barthol re-
search institute, courtesy of Professor J.W. Bieber, Prin-
cipal investigation officer. The geographic latitudes and
longitudes of the Cosmic ray stations are shown in Fig
2.1
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Fig. 2.1: Map showing stations used in this study 
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Fig 2.2 Plot of GCR and Dst for event date 19/12/1980.

Kp Indices: “Intense geomagnetic storm interval” was
defined as any interval where the 3-hour planetary ge-
omagnetic Kp index reaches or exceeds 7. In order for
a planetary Kp index to reach 7 in the official records,
a majority of planetary stations (high, middle and low
latitude stations) must report Kp values of 7 or higher.
Dst Index Data: The Dst index data were obtained
from the world data center (WDC) for geomagnetism,
Kyoto, Japan. For the derivation of the Dst index pre-
sented in this work, four magnetic observatories, Her-
manus, Kakioka, Honolulu and San Juan are used. These
observatories were chosen on the basis of the quality of
observation and for the reason that their locations are
sufficiently distant from the auroral and equatorial elec-
trojet and they are distributed in longitude as evenly as
possible.
Kp Indices: (Dst and Galactic Cosmic Ray (GCR)): A
forty- eight hour Dst index and Galactic Cosmic Ray data
were obtained. The hourly plots of the disturbance in-
dex (dst) of the geomagnetic field during twenty-two (22)
geomagnetic storms have been plotted with that of the
Galactic cosmic rays flux within forty- eight hour interval
for four cosmic ray stations as shown in fig 2.2 below, for
a ten year period (1980-1989). This is to ascertain the
signatures of the variation.

 

Fig 2.2 Plot of GCR and Dst for event date 19/12/1980.

From the signatures, the parameters necessary for anal-
ysis like: Forbush decrease, Anomalous intensification,
Dst peak, Dst peak rate, and event dates are obtained
and shown in table 2.3.
Derivation of Parameters: (Derivation of Forbush
Decrease (FD)): Magnitude of forbush decrease is de-
rieved from the count rate of the Neutron monitor sta-
tions used in this study. We defined FD as the differ-
ence between the negative peaks of the Forbush decrease
events FDEpeak and the count rate just before the onset
of the FDEonset.
FD = FDEpeak - FDEonset Peak Disturbance Storm
Time (Dstp): For the purpose of our analysis, we de-
fine dstp as the maximum negative excursion of the dst
index following a storm. This is computed as the differ-
ence between the peak of the negative amplitude of the
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initial phase minus the dst value just before the start of
the main phase (for a storm without initial phase). While
for a storm having an initial phase, the dstp is with re-
spect to the value before the initial phase.
Dstp = peak dst during storm - initial dst before storm

Disturbance Storm Time Peak Rate: This is the
rate of decrease of dst during storm. It is computed as
DstPR = dstp/time between onset and peak

Anomalous Increase in Neutron Monitor Count
Rates (AI): We report for the first time (from available
citation) a recovery from the Forbush decrease by some
stations which is mostly coincident with the peak rate.
This Anomalous increase is quantified in this work as
follows
Al = count rate just before AE - value at peak of
AE: This is observed mostly as an increase in count rate
in the stations considered usually coincident with the
peak of dst. It is pertinent to note that only Anomalous
increases observed in more than one stations were used.
Since the CR count rates are modulated by many factors
and as such using observations from one station maybe
misleading.

Table 2.1 Event dates and their corresponding Dst, FD, and AI.  

 

 

Date of 

event 

Dst 

peak 

Dst 

peak 

rate 

 

Forbush Decrease 
Anomalous Intensification 

- - - McMurdo 
Swarth/ 

Newark 

South 

Pole 
Thule McMurdo 

Swarth/ 

Newark 

South 

Pole 
Thule 

25/07/1980 -114 -19 -326 -98 -355 -111 85 17 104 49 

19/12/1980 -252 -42 -531 -16 -531 -171 8 12 145 25 

6/2/1981 -118 -9.83 -153 -54 -183 -89 43 33 79 51 

5/3/1981 -188 -17.09 -162 -135 -415 -146 314 45 439 51 

13/04/1981 -280 -40 -63 -24 -248 -107 69 5 33 51 

8/6/1981 -114 -14.4 -171 -35 -156 -31 119 12 77 13 

26/07/1981 -182 -26 -456 -201 -342 -82 73 16 44 25 

20/10/1981 -157 -26.16 -140 -39 -305 -159 96 26 184 18 

22/10/1981 -139 -13.9 -672 -71 -642 -134 387 24 387 135 

14/7/1982 -317 -39.63 -1383 -526 -1968 -664 189 71 362 96 

7/8/1982 -148 -14.8 -290 -117 -468 -129 83 42 194 39 

6/9/1982 -237 -21.55 -430 -113 -730 -140 70 23 113 56 

24/11/1982 -164 -27.33 -323 -113 -436 -147 164 74 167 102 

4/2/1983 -213 -21.3 -734 -262 -1026 -315 77 57 172 25 

13/06/1983 -173 -28.83 -157 -63 -128 -76 31 29 65 27 

13/10/1986 -114 -28.5 -97 -49 -109 -68 22 12 45 24 

26/03/1988 -124 -20.67 -224 -46 -215 -59 65 22 128 26 

6/5/1988 -127 -21.17 -163 -82 -231 -46 57 52 148 27 

20/01/1989 -164 -23.4 -145 -34 -183 -60 33 10 26 38 

13/03/1989 -429 -35.75 -616 -417 -1567 -312 40 39 95 84 

19/09/1989 -263 -26.3 -181 -91 -178 -218 109 72 32 15 

18/11/1989 -234 -18 -209 -77 -313 -136 52 8 149 55 

III. DATA ANALYSIS AND DISCUSSION

Correlation Analysis: We performed correlation anal-
ysis on the Forbush decrease (FD) and Dst, Dst peak rate
and Anomalous Increase (AI), Dst and Dst peak rate, and
finally Dst and FD. We further performed partial corre-
lation analysis on the samples above removing the effects
of Dst peak rate and Dst. The choice of correlation anal-
ysis in this research is to study the level of association
between the parameters. The correlation between two
independent samples X and Y is given;

ρXY =

∑
(X − µX)(Y − µY )√∑

(X − µX)2
∑

(X − µx)2
(1)

The partial correlation coefficient of two variables X and
Y when the effect of a third variable Z is removed is given
by;

RXZ)Y =
ρXY − ρXY ρZY

1 − ρ2XZ1 − ρ2ZY
(2)

Where ρXY , ρXZ and ρZY are the correlation coeffi-
cients between pairs of variables XY, XZ and ZY respec-
tively, while µx, and µy are sample mean average.
Table 3.1 and 3.2, are the correlation and partial corre-
lation table for the four CR stations respectively.

Table 3.1 Correlation table for the four CR stations.

McM Swm/ Nwk South Pole Thule

urdo

Dst 0.34 0.28 0.36 0.35 -0.02 0.36 0.41 0.15 0.36 0.47 -0.04 0.36

pr

FD 1 -0.3 0.49 1 -0.53 0.65 1 -0.45 0.7 1 -0.4 0.66

AI 1 0.08 1 -0.18 1 -0.03 1 -0.28

Dst 1 1 1 1

Table 3.2 (a) Partial correlations relation with respect
to Dst.

McMurdo Swm/ Nwk South Pole Thule

FD AI FD AI FD AI FD AI

Dst peak rate -0.07 -0.16 -0.07 0.02 -0.06 -0.26 -0.06 0.15

FD 1 -0.3 1 -0.15 1 -0.19 1 0.2

AI 1 1 1 1

Table 3.2 (b) Partial correlations with respect to Dst
peak rate.

McMurdo Swm/ Nwk South Pole Thule

FD AI FD AI FD AI FD AI

Dst 0.63 -0.52 0.23 -0.66 0.52 -0.33 0.61 0.03

FD 1 -0.54 1 -0.27 1 -0.35 1 -0.29

AI 1 1 1 1

Forbush Decrease And Distubance Storm Time:
In other to study the relationship between Magnitude
forbush decrease and Dst, a scatter plot of disturbance
storm time (Dst) against Forbush decrease (FD), are
plotted for four Neutron Monitor stations, and their cor-
responding correlation coefficients obtained. Fig 3.1 (a),
(b), (c) and (d) shows plots of Forbush decrease vs Dst
for the four Neutron Monitor stations and their corre-
sponding correlation coefficient at 95% confidence.
Anomalous Intensification/ Disturbance Storm
Time:
Fig 3.2 (a), (b), (c) and (d) shows plots of Anomalous
intensification vs Dst for the four Neutron Monitor sta-
tions.
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FD vs Dst (Mcmurdo)
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Fig 3.1 (a) Plot of Forbush decrease vs Dst for
Mcmurdo NM station.

 

FD vs Dst (Swathmore/ Newak)
R = 0.65
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Fig. 3.1 (b) Plot of Forbush decrease vs Dst for
Swarthmore/ Newak NM station.

 

 FD vs Dst (South Pole)
R = 0.70
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Fig 3.1 (c) Plot of Forbush decrease vs Dst for South
Pole NM station.

 

FD vs Dst (Thule)

R = 0.66
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Fig 3.1 (d) Plot of Forbush decrease vs Dst for Thule
NM station.

 

 AI vs Dst (McMurdo)
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Fig 3.2 (a) Plot of Anomalous intensification vs Dst for
Mcmurdo NM station.
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Fig 3.2 (b) Plot of Anomalous intensification vs Dst for
Swarthmore/ Newak NM station.

 

AI vs  Dst (South Pole)
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Fig 3.2 (c) Plot of Anomalous intensification vs Dst for
South Pole NM station.

 

AI vs Dst  (Thule)
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Fig 3.2 (d) Plot of Anomalous intensification vs Dst for
Thule NM station.
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IV. DISCUSSION OF RESULTS

Forbush Decrease and Disturbance Storm Time:
The hourly variations of the disturbance index (dst)
of the geomagnetic field during twenty-two (22) ge-
omagnetic storms have been analyzed to understand
its association with the variation of the cosmic rays
flux in four cosmic ray stations, for a ten year period
(1980-1989).
From fig. 3.2, the cosmic ray count rate generally
showed Forbush decrease signatures during the storms.
The decrease in the CR count rates was not always
coincident with the dst decrease. Peak of CR count rates
generally showed negative peak hours after the dst peak.
From the correlation analysis carried out in figure 3.1
(a) to 3.1 (d), as shown in table 3.1, there were at
least moderate correlations between FD and the Dstp
for low and mid/ upper latitude stations. This is due
to the commonality of the two events. For instance
GCR count rates of South Pole, McMurdo, Thule and
Swarthmore/Newark showed a correlation of (+0.70),
(+0.49), (+0.66) and (+0.65) respectively with Dst.
From the correlations table 3.1, it is observed that
Newark and Thule (two stations of different latitude
but within a narrow range of longitude) showed better
correlation with Dst peak, while the station at the
pole showed highest correlation. This correlation is not
spurious since a statistical removing of the effect of
rate of increase in Dst did not significantly affect the
high latitude station but the mid latitude station was
significantly affected with its correlation reducing to
0.23. The rate of intensification of Dst could therefore
be inferred as a major contributor to the observed
correlation in mid latitude stations. This observation is
consistent with our understanding of the ring current
formation and modification of the geomagnetic field
which could lead to a reduction in the rigidity cut off at
mid latitude stations as opposed to high latitude stations
where dissipation of energy from the current is expected.
It should be noted that the correlation is done at 95%
confidence level and quite significant considering that
the CR count rate is consequently affected by forcing
from several sources.
Hence further examination of the result of the above
analysis by removing the effect of Dst peak rate (partial
correlation) as shown in table 3.2 (b), showed little
changes across the Neutron Monitor stations. This
result is in confirmation with Cane (2000), that mea-
surements of Dst and Forbush decreases, indicate some
commonality in the interplanetary sources. FDs are
governed by the condition in the heliosphere, while
the Dst variation depends on the local situation in the
magnetosphere near the earth where charged particles
are trapped to form ring currents. However, there are
significant differences in the exact evolution of each. For
instance both increases with increasing interplanetary
magnetic field, B, and solar wind velocity, V.

Anomalous Intensification/ Disturbance Storm
Time Intensification: From fig 3.2, the anomalous
increases did not always show simultaneity in both
hemispheres. i.e stations close together (Mcmurdo and
South Pole) often showed similar response to geomag-
netic storms in terms of the anomalous increase and
Forbush decreases. We suspect that the ring current
intensification and energy dissipation in the high lati-
tudes plays a significant role in their association. The
correlation between Dst peak and that of anomalous
intensification for the four stations, is shown in table
3.1. We observed that the anomalous intensification
showed weak but significant anti correlations with Dst
peak. This is further shown in figures 3.2 (a) to (d).
But a look at the partial correlation table, table 3.2 (b)
when the effect of Dst peak rate is removed, there is
significant increases in the negative correlation values.
Whereas the partial correlation while removing Dst in
table 3.2 (a) showed a reduced anti correlation. This
implies the effect of other interplanetary disturbances
other than geomagnetic disturbances.

V. CONCLUSION

The hourly variations of Dst of the geomagnetic field
during twenty - two (22) geomagnetic storms have been
studied to understand its association with the variation
of CR in one mid latitude and three high latitude sta-
tions, for a period of ten years (1980-1989). We found
good correlation (6 0.5) between Dst and FD except for
Mcmurdo. From this study, we conclude that Cosmic
ray count rate generally showed FD signatures during
intense storms. However the decreases in the CR count
rates were not always coincident with Dst decreases. The
FDs always start at the same time as CR count rates and
generally peaked hours after the Dst peak (geomagnetic
storms). Anomalous increase, which may be a unique
signature of ring current intensification was observed in
most of the FDs used. Anomalous increases did not al-
ways show simultaneity in the hemispheres (Northern
& Southern), and stations close together (i.e Mcmurdo
& South Pole) showed similar response to geomagnetic
storms. Hence we suspect that the ring current intensi-
fication and energy dissipation in the high latitudes play
significant role in their association.
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