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Abstract - Investigation on the effect of geomagnetic cutoff rigidity on Forbush decrease has been successfully conducted.
This was done using cosmic rays daily counts from Tibet (TIBT) and Magadan (MGDN) Cosmic Ray (CR) station. Data of
Interplanetary Magnetic Field (IMF) was equally used for the study. These data span a period of four years from the year
2013 to 2015. The data were analyzed using R. statistical software. The results of our analysis was grouped into station of
high and low cutoff rigidity. A sharp depression in the intensity of cosmic ray intensity variations known as Forbush
Decrease (FD) was detected. Advanced manual approach was used to select the FDs. A large number of FDs were recorded.
The MGDN CR station which represents station of low rigidity recorded the highest number of FDs with a total of 898 events
followed by TIBT CR station representing station of high cutoff rigidity with a total of 388 events. The magnitude of these
FDs was determined. They were further listed and presented as FD catalogue. It was observed that FD magnitudes vary
inversely with the stations rigidity. A correlation between the magnitudes of the two stations was also carried out. A strong
and positive correlation with a value cc = 0.79 was observed between the FD magnitudes of the two stations. Lastely, a
correlation between FD magnitudes and interplanetary magnetic field was tested. The result of the correlation indicated a
weak and positive value of cc =0.27 and cc = 0.29 for TIBT and MGDN FD magnitudes respectively. This signifies that IMF
is among the influence the magnitude of the FDs.
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1.INTRODUCTION

The groundbreaking observation of Cosmic Ray (CR) variations has highlighted the phenomena associated with abrupt changes in
CR flux intensity. These short-term intensity variations, typically linked to disturbances from solar wind, are commonly known as
Forbush Decreases (FD) (Lee et al., 2015). During an FD, there is a rapid decrease in CR intensity (Lee et al., 2015). This swift
decrease is primarily caused by strong magnetic boundaries that act against CR particles, which are generated by Interplanetary
Coronal Mass Ejections (ICMEs) (Cane, 2000) and Interplanetary Shocks (IP shocks) that occur near Earth (Lockwood et al.,
1991a). Additionally, FDs may arise when magnetic clouds interact closely with the Earth (Lee et al., 2008). Further contributing
factors to FDs include magnetic-field variations associated with the interplanetary shock-sheath region (Lockwood et al., 1991b)
and specific magnetic clouds (Badruddin, 2002). Notably, FDs generally follow well-defined profiles that consist of four distinct
stages: onset, main phase, maximum depression point, and recovery phase. This structured progression begins with a main phase
marked by decreasing CR intensity and transitions into a recovery phase where CR intensity begins to rebound, thereby creating a
recognizable FD time profile (Lee et al., 2013). The complete FD profile can span anywhere from a few hours to several days,
illustrating the dynamic nature of these cosmic events (Lee et al., 2008).

During FDs, the trajectories of cosmic ray particles are curved by the Earth’s magnetic field (BUtikofer, 2018). The ability of these
CR particles to penetrate magnetic fields and reach the upper atmosphere of the Earth is governed by Rigidity (R), which is defined
as the particle’s momentum multiplied by the speed of light divided by its charge (Kalugin and Kabin, 2015). The concept of
geomagnetic cutoff rigidity serves to illustrate how Earth's magnetic field protects against the influx of charged cosmic ray particles
from outside the magnetosphere (Shea and Smart, 2006). This cutoff rigidity is typically expressed in gigavolts (GV) (Kalugin and
Kabin, 2015). It is a common misconception that rigidity values are fixed (Shea and Smart, 2006). In reality, these values can
fluctuate due to changes in both dipole and non-dipole components of the magnetic field (Shea and Smart, 2006). Consequently,
alterations in geomagnetic cutoff rigidity directly impact the magnitude of CRs that strike the atmosphere at any given location over
time (Shea and Smart, 2006). Understanding these dynamic changes is crucial for grasping how cosmic rays interact with Earth’s
environment.

Research highlights the significant role of geomagnetic cutoff rigidity and geographic coordinates in influencing Forbush Decreases
(FDs). For instance, Webber (1962) provided valuable insights by demonstrating that following three notable decreases in July
1959, the total integral intensity of CR particles with rigidities above approximately 1 GV at Earth reduced to just 20% of the
intensity observed during sunspot minimum, a period when CR intensity typically peaks. Building on this foundation, Lockwood
and Webber (1991b) advanced our understanding by employing two distinct methodologies to explore the rigidity dependence of
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FDs through changes in neutron monitor counting rates. Their approaches included analyzing the IMP>60MeV rate and utilizing
different energy channel rates from IMP, thus enriching our grasp of FDs' behavior.

Pyle (1997) further contributed to this field by examining a single FD, revealing that the degree of solar modulation’s effect on
galactic flux at Earth, above ~1 GV, is inversely related to the rigidity of the particles. This relationship underscores the complexity
of interactions within space weather phenomena. Additionally, Jamsen et al. (2007) investigated energy dependence in the recovery
time of FDs across three events, emphasizing the strong correlation between recovery time and energy levels. Similarly, Lingri et
al. (2016) reinforced these findings by analyzing three events and demonstrated that each neutron monitor records FDs in accordance
with the specific cutoff rigidity of its location. Collectively, these studies offer a comprehensive understanding of the interactions
between cosmic rays and solar activity, laying the groundwork for further exploration in this crucial area of space science.

In view of this study, we shall use a large number of FDs from two neutron monitor stations (NMs) to test the rigidity dependence
of FDs.

2.MATERIALS

The major materials that was used for this study are the daily CR data that was obtained from http://cr0.izmiran.ru/common/ for
the CR stations including TIBT and MGDN. This data covered the period of three years between the years 2013 to 2015. The data on
IMF was also used and sourced from https://omniweb.gsfc.nasa.gov/html/owdata.html for the same period of three years (2013-
2015). R. statistical software is used for the statistical analysis.

2.1.Methods

The methods applied in this research are grouped under the following subsections;

2.1.2.Data Source

The daily data for cosmic rays was systematically harvested from the IZMIRAN website across the two cosmic ray stations for the
designated study period. To facilitate analysis, this data was organized using text editor software. During this process, records for
00 were excluded, allowing us to focus solely on daily counts. The resulting dataset now features a clear tabular format that includes
only the relevant dates and cosmic ray counts, with each neutron station's data saved under a unique file name for easy reference.
Similarly, interplanetary magnetic field data was also obtained from online resources and structured in the same tabular format. This
additional data covers the same time frame as that of the cosmic rays. Careful filtering ensured that only pertinent dates and counts
were included during the download phase, utilizing the website's data query features. Each dataset was saved with distinct file names
to maintain organization and accessibility.

2.2.Processing of Data

In this study, the advanced manual method was employed for FD selection, utilizing a computer program integrated with R statistical
software. The following outlines the processes and stages involved in this method, highlighting its structured approach:

(a) The program reorganizes raw CR data into a distinct format that includes unique dates and corresponding counts. It then saves
this information with a uniquely designated filename.

(b) The program reads the file saved in (a) and scale it to plot daily variations in the CR counts for the study period.

(c) The program normalizes the daily CR counts using

_ y—mean (y) + 100 (1)

~ mean )

where y = CR counts.

(d) The program then generates a plot of the normalized CR counts against dates, demonstrating decreases in the variations of CR
counts. This provides a baseline for FD detection, illustrated by an ab-line that highlights the changes in CR variations.

(e) A threshold of less than -0.5% was established as the baseline for selecting FD magnitude.

(f) The program proceeds to filter the observed variations for the first time, marking them with red points for clarity.

(9) For a second round of filtering, the program incorporates the identified FD dates and magnitudes, enabling a clearer
representation of FDs in the subsequent plot.

The dates and magnitudes of FDs was compiled and presented in a structured format. The FD dates was listed separately in a table,
followed by a comprehensive FD catalog detailing their respective magnitudes. These FDs was categorized into three phases based
on the cut-off rigidity of their respective neutron stations: high, low, and middle rigidity. Each category was displayed in tabular
form. Additionally, the IMF data will be aligned alongside the FD information, also presented in tables for clarity. The complete
dataset was fully documented in the appendix.

A correlation test was conducted between selected FD magnitudes and the stations' geomagnetic cut-off rigidity, with the results
illustrated in a correlation plot. Both the geomagnetic cut-off rigidity values and FD magnitudes was summarized in tabular format.
Further analysis will involve testing the correlations between FD magnitudes across different stations, categorized by their high,
low, and middle cut-off rigidity. A table containing the correlation coefficients was included, along with the corresponding plots.
Lastly, a correlation analysis was performed between FD magnitudes and IMF, with the results documented in a correlation table
and accompanying plots.
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3.0.RESULTS

3.1.Selection of FDs
The variation of Fig 1.1 shows the raw daily cosmic ray count while Figs 1.2 and 1.3 show the filtration of the cosmic ray data to

indicate better points of FDs. The selected FDs from two CR stations of TIBT and MGDN were grouped into two categories as
stations of high and low cut-off rigidity. The samples of the selected FD dates are shown in Tables 1.1 and 1.2 while the complete

results are shown in Appendix.
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Fig 1.1: (a) Variations of cosmic ray raw data. (b) Variations of cosmic ray raw data showing a baseline for FD selection
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Fig. 1.2: First filtration of CR data
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Fig. 1.3: Second filtration of CR data

Selected FDs for CR station of High Cutoff Rigidity
Sample of the selected FD dates for station of high cutoff rigidity are shown in Table 1 below while the complete data are shown in
Appendix |. The TIBT CR station represents the station of high cutoff rigidity. The first column in Table 1 contains the serial number

followed by the event date of TIBT CR station. A total of 388 FDs were observed inthe TIBT CR station.
Table 1.1: Selected FD Dates for TIBT CR Station

[JERTV 151 S090236

SIN DATE

(a) (b)

1 2013-03-16
2 2013-03-17
3 2013-03-18
4 2013-03-19
5 2013-03-20
6 2013-03-21
7 2013-03-22
8 2013-03-23
9 2013-04-14
10 2013-04-15
11 2013-04-16
12 2013-04-17
13 2013-04-18
14 2013-04-19
15 2013-05-15
16 2013-05-16
17 2013-05-17
18 2013-05-18
19 2013-05-19
20 2013-05-20
21 2013-05-21
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1.1.Selected FDs for CR station of low cutoff rigidity
Sample of the selected FD dates for station of low cutoff rigidity are shown in Table 1.2 below . The MGDN CR station represents the
station of high cutoff rigidity. The first column in Table 2 contains the serial number followed by the event date of MGDN CR
station. A total of 898 FDs were observed inthe MGDN CR station.

Table 1.2: Selected FD Dates for MGDN CR Station

Determined FD Magnitudes

S/IN  DATE

1 2013-01-19
2 2013-01-20
3 2013-03-15
4 2013-03-16
5 2013-03-17
6 2013-03-18
7 2013-03-19
8 2013-03-20
9 2013-03-21
10  2013-03-22
11 2013-03-23
12 2013-03-24
13 2013-03-25
14  2013-03-26
15  2013-03-27
16  2013-03-30
17  2013-04-14
18  2013-04-15
19  2013-04-16
20 2013-04-17
21  2013-04-18
22 2013-04-19
23 2013-04-20
24  2013-04-21
25  2013-04-22
26 2013-04-23
27  2013-04-24

Tables 1.3 and 1.4 and Appendix Il show the determined FD magnitude for stations of high and low cutoff rigidity respectively.
Determined FD magnitudes for high cut-off rigidity stations
Samples of determined FD magnitudes for TIBT CR station which represents the stations of high rigidity are shown in Table 1.3

below .

Table 1.3: Determined FD magnitudes for TIBT CR Station

TIBT
SIN DATE

FD MAG (%)

IMF
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Determined FD magnitudes for low cutoff rigidity stations
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2013-03-16
2013-03-17
2013-03-18
2013-03-19
2013-03-20
2013-03-21
2013-03-22
2013-03-23
2013-04-14
2013-04-15
2013-04-16
2013-04-17
2013-04-18
2013-04-19
2013-05-15
2013-05-16
2013-05-17
2013-05-18
2013-05-19
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-0.59
-0.81
-1.66
-1.87
-1.39
-0.81
-0.81
-0.52
-0.96
-1.34
-0.91
-0.86
-0.8

-0.61
-0.71
-15

-1.46
-1.71
-1.44
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5.5
10

9.5
6.8
6.4
6.6
5.1

10.8
8.8
4.5
3.4
3.4

7.7
5.9
5.8
8.6
5.5

Sample of determined FD magnitudes for MGDN CR station which represents the stations of low cutoff rigidity are shown Tables
1.4 below and Appendix IV. Their corresponding IMF data are equally shown in the table.

[JERTV 151 S090236

Table 1.4: Determined FD magnitudes for MGDN CR Station

© 00O NO Ol WDN P
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MGDN

SIN DATE FD MAG (%) IMF
2013-01-19  -0.9 4.8
2013-01-20  -0.74 4.9
2013-03-15  -1.59 8.4
2013-03-16  -1.86 5.5
2013-03-17  -3.2 10
2013-03-18  -5.06 9.5
2013-03-19  -5.38 6.8
2013-03-20  -4.76 6.4
2013-03-21  -4.05 6.6
2013-03-22  -3.19 5.1
2013-03-23  -2.46 5
2013-03-24  -1.79 3
2013-03-25 -1.16 4.4
2013-03-26  -1.08 3.7
2013-03-27  -0.6 7.7
2013-03-30  -0.59 43
2013-04-14  -1.95 10.8
2013-04-15  -3.15 8.8
2013-04-16  -1.76 45
2013-04-17  -1.53 3.4
2013-04-18  -1.37 3.4
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22 2013-04-19 -1.14 4

23 2013-04-20 -1.53 4.1

24 2013-04-21 -1.12 5

25 2013-04-22 -1.2 4.6

26 2013-04-23 -1.04 7.5

27 2013-04-24 -1.75 12.6

28 2013-04-25 -1.5 6.1

Correlation Test
The correlations were gotten using a general Pearson correlation formula;

Tk (=D -9) @
[Eaeg-020,-972

(Okwonu et al., 2020)
2§=1 Yj

. - _ i Xj _ . .
where r = correlation coefficient, X = %x’ andy = —— —are the sample means. Note that (xj,yj,] =1,.... ,n) are data points

from two variables assumed to be normally distributed with parameters u*, u”, §2x, 52y.

The correlations are grouped into two phases. Phase one shows the correlation between the FD magnitudes of the two CR stations
while phase two shows the correlation between the FD magnitudes and their corresponding interplanetary magnetic field data.
Pearson r correlation method was used for the correlation test. The results of these correlations are shown with tables and plots.

Correlations between FDs of the two CR stations
The result of the correlation between FD magnitudes of two CR stations is shown in Fig. 1.5 below.

oy —]
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] TIBT FDO AMND MGDMN FD, cc — 0.74 - - &
MNo of FDs — 376 - — L g

TIBTFD (%
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Fig 1.4: Correlation plot of the FD magnitudes of TIBT and MGDN CR stations

Correlation between FDs and IMF

The correlation of FD magnitudes and their corresponding interplanetary magnetic field data are grouped into two. The first group
stands for station of high rigidity while the second stands for station of low cutoff rigidity respectively. Pearson r correlation method
was used for the correlation test. Fig. 6 and 7 shows the correlation plots of TIBT and MGDN CR stations which represents stations

of high and low cutoff rigidity respectively.
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Fig. 1.6: Correlation plot of MGDN FD with IMF
4.0.DISCUSSION
4.1Selection of FDs

The manual method of FD selection involves a number of stages: (a) Defining a certain threshold or baseline. (b) reduction in CR
flux intensity. (c) Normalizing CR intensity data using a chosen running mean. (d) Trial and error method, involving plotting CR data
for some equal intervals of time, calculating the percentage change (with reference to the running mean) of the normalized CR data
at the onset time and the percentage change at the time of maximal depression, min (e) Subtracting | from I and deciding whether |
- min max min |1 >B, max (f) Deciding the events for which I - I > B (that min max will qualify for FDs) and the rest discarded as
non-FD event and, (g) Estimating either the onset time or time of maximal decreases of all the events that meet the condition in (see
Harrison & Ambaum, 2010; Kristjansson et al., 2008; Oh, Yi, and Kim, 2008, for details of the approach). A close inspection of
Figure 1 by Harrison and Ambaum (2010) suggests that each of the steps is subject to several potential biases.

The automated method differs significantly from the manual technique. The automated method uses a program that views CR data
as a Fourier series and thus, transforms CR data using the Fourier Transform Technique (FTT). While the manual approach involves
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the tedious and time-consuming task of culling and plotting CR data for a few selected days, judging whether the plotted data reflect
atypical FD profile, examining the various parts of the plotted FD such as onset time, main phase, and time of maximal depression,
calculating the level of intensity increases or reductions and so on, the automated method handles the CR data as a single signal,
irrespective of the volume. After the Fourier transformation and filtering of the unwanted signals, a script for FD event identification
iswritten in an R language for statistical computing (R. Core Team, 2014). The algorithm takes the Fourier-transformed signal as its
input data. It scans the data, picking all the pits/peaks/depressions/troughs. Another subroutine identifies the time of the
depressions/peaks and passes the results to some subprograms that perform several other tasks such as determining the static mean
of the input data, isolating pits from peaks, estimating the amplitude of the depressions with reference to the calculated average, and
S0 on.

However, the FDs obtained from these methods are subject to validation. For instance, Kristjansson et al. (2008), identified 22 large
FDs between 2000 and 2005 using Climax data. They validated the dates of these events by comparing them with FDs found in
another two stations, the Oulu and Moscow stations. An event is said to be an FD if the CR data are equal to or lower than a certain
baseline for instance 5% below the 90-day running mean.

Tables 1.1 and 1.2 show a sample of the selected FDs in this work while the complete data is shown in Appendix I. The selected FDs
were grouped into two which include stations of high and low rigidity. The FDs of the station of high rigidity were presented in
Table 1, while those of low are presented in Tables 1.2. From Table 1.1, it was observed that the TIBT station recorded 388 FDs.
The TIBT CR station was used to represent the station of high rigidity. From Table 1.2 and Appendix Il in extension, a total of 898
FDs were recorded for MGDN CR station. The MGDN CR station was used to represent the stations of low rigidity. A close study
and comparison of the event date selection of the two tables indicated some variations. While the station with low cut-off rigidity
consistently recorded the highest number of FDs, the station with high cut-off rigidity recorded the least number of FDs. For instance,
while the MGDN station which is of low rigidity recorded 898 FDs, TIBT which is of high cut-off rigidity was recording 388 FDs.
This finding is in agreement with Belov et al. (2021), which suggested that the amplitude of the FDs was found to decrease as the
rigidity increased.

However, because altitude and rigidity determine the sensitivity of NMs, the trade-off between the stronger rigidity of TIBT and the
smaller rigidity of MGDN is expected to result in similar detection efficiency. This is in agreement with the result obtained. Some
event dates were observed to be similar. These similar dates are summarized in Appendix Il. These similar dates validate our result
since research had proven that stations of similar rigidity mostly produce simultaneous FDs.

These FD tables were used to form FD catalogues. A catalogue of FDs is a list of computed FDs containing the FD magnitudes and
their corresponding magnitudes. This FD catalogue forms a database for FD researchers. The data presented in the catalogue
may be useful to a number of researchers, including those analyzing the relation between FDs and their solar sources, the impact of
CRs on terrestrial weather, or the global simultaneity of FDs. The data were presented in such a manner that almost every CR
investigator can employ it directly in analysis. The event magnitude and date are presented and can be used for either superposition
or correlation analysis.

4.2 Determination of FD Magnitudes

The magnitude of an FD is the strength of the depression in cosmic ray intensity variation. Tables 1.3 and 1.4 show the determined
FD magnitudes for CR stations of high and low cutoff rigidity respectively. Previous research has shown that the magnitude of FDs
depends on the rigidity of neutron monitors. For instance, Belov et al. (2021), suggested that as a general trend, the amplitude of the
FDs was found to decrease as the rigidity increased. Tables 1.3 and 1.4 of this study show the FD magnitudes according to high and
low rigidity. It was observed that the MGDN station of low rigidity recorded a highest magnitude of FDs. For instance, the highest
FD was recorded on 29-12-2014 with a magnitude of -9.27% for the MGDN station which has a low rigidity of 2.11 GV. Generally,
the stations with low rigidity produce a greater number of FD magnitudes. However, the small FDs do not show a very deep
depression. These small FDs are sometimes seen to be the non-simultaneous (Oh et al., 2008; Okike and Collier, 2011a)

i.e FD types that are not usually observed by all the stations. Tezari and Mavromichalaki (2016) suggested that these small events
are affected by diurnal anisotropy, unlike the large ones. On contrary, the stations with high rigidity had low FD magnitudes. For
instance, the lowest FDs were detected on 28-01-2014 and 06-10-2015 which had a magnitude of -0.50% and -0.51% respectively
for TIBT which has a high rigidity of 14.10 GV. However, the station with high rigidity produce a lesser number of FD magnitudes.
For instance, the TIBT station recorded a total of TIBT station recorded 388 FDs. This also confirms the assertion of Belov et al.,
(2021) that the amplitude of the FDs was found to decrease as the rigidity increased. Generally, large Forbush events tend to show
a clear deep depression.

4.2.Correlation Test

A good correlation was found to exist between the FD magnitudes of the stations and rigidity. Fig. 1.5 shows the correlation plots
of the FDs of these stations according to high and low rigidity. A correlation coefficient of cc =0.76 was found for TIBT, and MGDN
CR station. A total of 376 events which were simultaneous for the two stations were used for this plot. The correlation indicates that
it is strong and positive since the plotted points are clustered around the line of best fit and the correlation value equally high. This
finding is in agreement with the suggestion that the magnitude of FDs is rigidity dependent. Also, our results are in agreement with
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the suggestion of Okike and Nwuzor (2020) that the FDs measured at the stations can be used to examine the effects of rigidity
between the two stations. However, Todd and Kniveton (2001) analyzed FDs at three high-latitude stations (NWRK, MCMC, and
SOPOQ). Although they did not indicate the outcome of their comparison nor the implication of the result obtained, the general
underlying assumption among researchers conducting FD-based correlation/regression or epoch investigation is that FDs that are
simultaneous at two or more stations are strong events. Between the years 2000 and 2005, Kristjansson et al. (2008) selected 22 FDs
using CLMX data, and following the same approach, they simply stated that their FD event days were compared with those at Oulu
and Moscow NMs, and by extension, they assumed that their FDs are consistent, or rather simultaneous.

Research has equally shown that a correlation exists between FD magnitude and solar parameters. Belov et al, (2001) reveal that
the correlation between FD magnitude and the product of the magnetic field enhancement and the SW speed increase is better than
correlations for the two SW parameters treated separately. Therefore, we analyzed correlations of FD magnitudes with the
solar wind speed (SWS) and interplanetary magnetic field (IMF) data to find out which of these solar parameters is the most relevant
to FDs. The results of the correlations are presented in Fig 1.6 and 1.7. Fig 1.6 shows the correlation between TIBT FDs and IMF
while Fig 1.7 shows that of MGDN FDs and IMF. A weak and positive correlation was observed with correlation values cc = 0.29
and cc = 0.27 for TIBT with IMF and MGDN with IMF respectively. The alignment of the plotted points around the line of best fit
is equally a good indication of weak correlation.

Generally, it was observed that IMF has a stronger correlation with the FD magnitudes of these stations. This signifies that IMF is
among the causative agents of FDs.

5.0.SUMMARY
5.1.Summary of Findings
The summary of this research is presented in line with the objectives and corresponding results and discussion which are stated as
follows.
The advanced manual method of FD selection used in this research identified new FDs. A large number of FDs were identified by
this research. These identified FDs were used to form a catalogue of FDs to contribute our quota to FD research.
An R.-based program was used to determine the selection and magnitude of FDs. Stations with lesser rigidity were found to have
stronger magnitudes of FDs while stations with higher rigidity were found to have a weaker magnitude of FDs. Therefore, our findings
agree with the suggestion that FD magnitudes vary inversely with the station's rigidity.
Similarly, strong and positive correlations were found to exist among the FDs of the CR stations under study. Additionally, a strong
and significant correlation was found between FD magnitudes with interplanetary magnetic field.
The contribution to knowledge from this study is that it generated a large catalogue of FDs which will be used to carry out further
studies on Forbush decrease.

5.2Conclusion

The influence of geomagnetic cutoff rigidity on Forbush decreases has been the subject of extensive investigation. An analysis of
daily cosmic ray (CR) counts from the TIBT and MGDN stations revealed a significant decrease in cosmic ray intensity, known as
a Forbush decrease events. This study identified a noteworthy relationship between the magnitudes of Forbush decreases and the
corresponding cutoff rigidity. It suggests that Forbush decreases are influenced by the rigidity levels of cosmic ray stations,
indicating that the magnitudes of these decreases tend to vary inversely with the station's rigidity. This finding contributes valuable
insights into the dynamics of cosmic rays and their interaction with the Earth's magnetic field.
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