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Abstract On May 10, 2024, the Earth’s magnetosphere experienced the most
intense geomagnetic storm in nearly two decades, accompanied by a pronounced
cosmic-ray Forbush decrease (FD) event. In this study, 10-minute neutron count
data from the global ground-based neutron monitor network during May 2024 were
collected and corrected for both atmospheric pressure and detector efficiency. A
rational function model was then employed to fit the neutron count variations and
to characterize the temporal structure of the FD event. Based on the fitted results,
correlation analyses were subsequently conducted between the derived FD
parameters and the geographic and geomagnetic characteristics of the neutron
monitor stations, including altitude, geomagnetic cutoff rigidity, geographic
longitude, and geographic latitude.

The results show that the FD decrease time is positively associated with
station altitude and geomagnetic cutoff rigidity, whereas the recovery time is
positively related to altitude, geographic longitude, and the absolute value of
geographic latitude. The decrease amplitude exhibits a strong dependence on
latitude, increasing with the absolute value of geographic latitude but decreasing
with geomagnetic cutoff rigidity. In addition, the end time of the decrease phase is
positively correlated with both altitude and geomagnetic cutoff rigidity.

These findings suggest that the temporal and amplitude characteristics of the
FD event are modulated by local geomagnetic and geographic conditions. At high-
latitude stations, where geomagnetic shielding is weaker and the cutoff rigidity is
generally lower, a larger fraction of low-rigidity cosmic rays can contribute to the
count rates recorded by neutron monitors; consequently, FD-related variations in
cosmic-ray intensity tend to be more pronounced. In regions with low geomagnetic
cutoff rigidity, low-energy cosmic-ray particles are more susceptible to solar
activity, further intensifying the observed decrease. Additionally, neutron monitors
located at higher altitudes are generally more sensitive to variations in cosmic-ray
flux because of the reduced atmospheric overburden, which can result in larger
observed absolute decreases during FD events. Variations in recovery time across
stations may be associated with longitudinal differences in geomagnetic
transmission conditions, including cutoff rigidity and the asymptotic directions of
incoming cosmic-ray particles, which could influence the recovery phase of the FD
event.

Key words Forbush Decrease, solar activity, galactic cosmic-ray, correlation

analysis
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Table 1 Geographical location parameters of neutron monitoring stations and observation fitting

results under the rational function model

Station ~ AL/m  RI/GV /o £ L /h L/ I /h i /h A /%
AATB 3340 6.69 43.14 76.6 17581 22217 4636 15340  6.95
APTY 181 0.65 67.57 33.4 176.15  206.17  30.02  213.81  9.76
DOMB 3233 0.01 27510 12333 17424 213.00 3876 36325  13.34
BKSN 1700 5.6 43.28 42.69 17898  208.00  29.03 24630  7.80
DOMC 3233 0.01 27510 12333 178.01  210.17 3216 47287 1222
DRBS 225 3.18 50.10 4.6 17690  207.50  30.60  133.86  9.23
FSMT 180 0.3 60.02  -111.93 17420  207.50 3330 15513  10.14

JBGO 30 03 7460 164 17394 21100 37.06 20922 1029


https://www.nmdb.eu/nest/

IRK3 3000 3.64 51.29 100.55 175.88 210.50 34.62 182.61 9.67

INVK 21 0.3 68.36 -133.72 171.85 209.67 37.82 137.86 9.53
JUNG 3570 4.5 46.55 7.98 180.46 212.17 31.70 254.78 8.18
KERG 33 1.14 -49.35 70.25 172.21 209.50 37.29 191.94 10.43
KIEL2 54 2.36 54.34 10.12 174.17 209.00 34.83 138.52 9.79

LMKS 2634 3.84 49.20 20.22 175.12 210.67 35.55 212.29 9.68

NANM 2000 7.1 40.37 44.25 169.01 210.17 41.16 158.35 6.31

NAIN 46 0.3 56.55 -61.68 175.27 207.17 31.90 106.86 10.12
MXCO 2274 8.2 19.33 -99.18 171.41 213.00 41.59 128.12 6.49
MWSN 30 0.22 -67.60 62.88 177.11 209.50 32.39 169.26 10.52
NEWK 50 2.4 39.68 -75.75 174.84 208.33 33.49 179.34 9.01

OULU 15 0.8 65.05 25.47 172.98 208.67 35.69 185.57 9.58
ROME 0 6.27 41.86 12.47 171.10 214.33 43.23 166.78 5.78
PWNK 53 0.3 54.98 -85.44 175.52 208.83 33.31 124.41 9.92
SOPB 2820 0.1 -90.00 0 171.45 213.67 42.22 241.70 12.84
SOPO 2820 0.1 -90.00 0 172.40 212.33 39.93 212.07 12.19
TERA 32 0 -66.65 140 173.14 210.50 37.36 220.01 10.30
THUL 26 0.3 76.50 -68.7 171.03 208.33 37.30 114.01 9.95
YKTK 105 1.65 62.01 129.43 176.74 208.00 31.26 207.40 9.40
TXBY 0 0.48 71.36 128.54 176.21 207.33 31.13 238.53 8.31

MWSB 30 0.22 -67.60 62.88 177.63 208.33 30.70 170.62 10.57
JUNGI 3475 4.49 46.55 7.98 161.20 214.50 53.30 92.26 8.15
CALG 1123 1.2 51.08 -114.13 175.80 209.67 33.87 155.08 10.84

AT LLE R, O 4540 75 A BKSN (17 29.03 /NBF 2 JUNGT 1) 53.30 /N & 4040 TG
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Table 2 Pearson correlation coefficients between the Forbush Decrease and various factors of

neutron monitoring stations

AL/m RI/GV 1] /o £
i1 /h 0.443* 0.396* -0.141 -0.051
i /h 0.395* -0.244 0.391% 0.552%*
A /% 0.049 -0.831%* 0.779%* 0.131
Y /h -0.110 -0.182 0.067 0.199
"/ 0.639%* 0.476** -0.168 0.138
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Fig. 2 Pearson correlation coefficients and linear regression results between the Forbush Decrease
and station geographical locations under the rational function model: (a) altitude and the end time

of the decrease phase I; , (b) geomagnetic cutoff rigidity and decrease magnitude -!, (c) absolute

value of geographic latitude and decrease magnitude -!, (d) absolute value of geographic latitude

and recovery time % , (¢) geomagnetic cutoff rigidity and the end time of the decrease phase I , (D)
altitude and decrease time !, (g) geographic longitude and recovery time f, (h) altitude and

recovery time | (i) geomagnetic cutoff rigidity and decrase time {*
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Table 3 Partial correlation coefficients between altitude, absolute value of geographic latitude,

geographic longitude and the Forbush Decrease

AL/m |*] /e £

i /h 0.446 -0.081 -0.103



11

& /h 0.444 0.381 0.481

A /% 0.217 0.791 -0.178
m -0.144 -0.006 0.212
E 0.622 -0.171 0.105
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Table 4 Partial correlation coefficients between altitude, geomagnetic cutoff rigidity and the

Forbush Decrease

AL/m RI/GV
' /h 0.336 0.264
i /h 0.557 -0.481
A /% 0.756 -0.931
I /h -0.041 -0.151
L /h 0.555 0.310
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Table 5 Comparison between the data in Reference!'” and the data in this paper

AL/m RI/GV RAVE £
AR EBA D /h 0.443* 0.396% -0.141 -0.051
ZECHER O /h 0.343 -0.443% 0.701%* 0.403
A5 7 R B AL F /h 0.395% -0.244 0.391%* 0.552%*
BECHR -0.303 0.380 -0.519* -0.058
R BT A /% 0.049 -0.831%* 0.779%* 0.131
BELHR A 1% -0.260 0.720%* -0.804%* -0.197
HELR B Y /h -0.110 -0.182 0.067 0.199
Sk Lo -0.302 0.494* -0.710%* -0.302
A5 7 R KA U /h 0.639%* 0.476%* -0.168 0.138
sk h 0.364 0.017 0.260 0.588%*
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Table A.1 Linear regression parameters and their uncertainties
X Variable Y Variable k b r
AL/m 4 /% 0.0001 + 0.0002 9.516+0.426 0.049
AL/m % /h -0.0003 + 0.0005 174.543 £ 0.842 -0.110
AL/m L /m 0.0014 + 0.0003 208.658 + 0.573 0.639
AL/m ' /h 0.0017 + 0.0006 34.115 £ 1.153 0.443
AL/m i /h 0.0212 £ 0.0091 166.700 + 16.572 0.395
RI/GV Yh -0.2579 +0.2591 174.772 + 0.846 -0.182
RI/GV i /h -7.3851 + 5.4394 207.368 + 17.756 -0.244
RI/GV L /h 0.5945 + 0.2037 209.034 + 0.665 0.476
RI/GV [ /h 0.8524 + 0.3673 34262+ 1.199 0.396
RI/GV A /% -0.5938 £ 0.0739 10.866 + 0.241 -0.831
|*] o I/ 0.0151 +0.0418 173.332 +2.534 0.067
R 5 /h 1.8788 + 0.8220 81.479 + 49.772 0.391
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-0.0333 £0.0364

-0.0484 £ 0.0630

0.0886 +0.0133

0.0085 + 0.0078

0.5013 +0.1406

0.0052 + 0.0069

-0.0033 +0.0120

0.0028 + 0.0040

212.261 £2.202

38.930 +3.816

4.400 +0.803

174.042 £ 0.654

181.132 +11.851

210.205 £ 0.581

36.162 £ 1.012

9.531+0.333

-0.168

-0.141

0.779

0.199

0.552

0.138

-0.051

0.131
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