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~9% α
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Solar Energetic Particles (SEPs) and Galactic Cosmic Rays (GCRs)
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Figure 3 Standard Neutron Monitor



Jang Bogo
Geographic 74°37′26″S 164°13′44″E

Geomagnetic 78°58.8′S 72°22.8′E

McMurdo
Geographic 77°50′47″S 166°40′06″E

Geomagnetic 77°3′S 85°18′E



Figure 2 Bird-eye view of Jang Bogo Station
(courtesy: KOPRI)

Figure 1 Bird-eye view of McMurdo Station (courtesy: 
nmdb database)

McMurdo and Jang Bogo stations



McMurdo and Jang Bogo stations

Figure 5 6-1 counter tubes located at Jang Bogo during 
December 2015 to October 2016

Figure 4 12-1 counter tubes located at McMurdo during 
December 2015 to October 2016

x 6-1x 18x 12-1

Data during December 2015 to January 2017 has been analyzed in this work!



Nuntiyakul et al.

Relative count at Forbush decrease



Data correction and cleanup
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MCMU tube 0 Fourier transform

No daily 
variation



JBGO tube 0 Fourier transform

No daily 
variation
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McMurdo summed over 11 tubes

Jang Bogo summed over 5 tubes
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𝑀𝑎𝑥 𝜏

Time lag (τ, second)

Nuntiyakul et al.



Linear, whole station



2o polynomial, whole station



3o polynomial, whole station



4o polynomial, whole station



5o polynomial, whole station



Linear, tube by tube, peak only



2o polynomial, tube by tube, peak only



3o polynomial, tube by tube, peak only



4o polynomial, tube by tube, peak only



5o polynomial, tube by tube, peak only



Which one?

• Introduce variation while keeping the middle value
• By randomly removing data

• Inspired by k-fold cross-validation (k=5 in this work)



Underfitting and overfitting

underfitting overfitting



1/5 removed other 1/5 removed

5-fold cross-validation



5-fold cross-validation,
from -100k to 100k seconds, 1000 iterations

CV.STD = cross-validation STD
calculated from 5*iteration values of 
τ at peak

iteration = 1000



5-fold cross-validation, 1000 iterations
from -200k to 200k seconds, 1000 iterations

CV.STD = cross-validation STD



5-fold cross validation, 100 chunks

1/5 of chunks removed other 1/5 of chunks removed



5-fold cross 5-fold cross validation, 100 chunks
from -100k to 100k seconds, 1000 iterations



5-fold cross validation, 100 chunks
from -200k to 200k seconds, 1000 iterations



Works on progress

• Segment correlation i.e., correlation of data at MCMU at 03:00-06:00

• temporal correlation i.e., 𝑐𝑜𝑟𝑟 𝑛, 𝜏 = σ𝑖 𝑟𝑀 𝑖 + 𝑛 ⋅ 𝑟𝐽 𝑖 + 𝑛 + 𝜏

• Fewer sample, recalculate average and SD for every 𝜏 while taking 
missing data into account
• for each 𝜏 if 𝑟𝑀 𝑚 or 𝑟𝐽 𝑚+ 𝜏 is missing, both are treated as missing

• Performance problem
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Thank you


