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Abstract Solar proton event is a space weather phenomenon caused by energetic particles ejected and
propagated into near-Earth space during bursts of solar activity. These high-energy particles can cause
serious harm to spacecraft and astronauts, therefore, accurate short-term forecasting of solar proton
events is very necessary as part of disaster prevention for space activities. The short-time forecasting of
solar proton events still faces a lot of challenges, one of which is the high false alarm rate. To solve this
problem, we adopted a whole new set of methods-machine learning. As a branch of computer science,
many excellent algorithms have emerged in the field of machine learning in recent years, and have
achieved successful applications in many fields. In this study, an ensemble model based on 8 widely used

machine learning models is established to make precise forecasting of solar proton events. An experiment
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on the 23rd solar cycle shows that this model gets a probability of detection of 80.95% and a false alarm

rate of 19.05%.
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Table 1 Machine learning models applied
in this study

FARL 2 B fAjFR Sk
Logistic Regression LR Ref. [18
Decision Tree DT Ref. [19
Random Forest RF Ref. [20
Adaptive Boosting AdaBoost Ref. [2
Gradient Boosting GBDT Ref. [22

Extreme Gradient Boosting XGBoost Ref.
K-Nearest Neighbour KNN Ref.

Gaussian Naive Bayes GNB Ref.
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Table 2 Dataset division strategy
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#3 N\MRAZEAEXXEIERRRT
Table 3 Performance of 8 individual models on

cross-validation dataset

8 R MR i
LR 0.5325 0.3602 0.5753
DT 0.619 0.3810 0.6190
RF 0.5714 0.1429 0.6857
Ada 0.5238 0.2143 0.6286
GBDT 0.6667 0.1765 0.7368
XGB 0.7619 0.3333 0.7111
GNB 1.0000 0.6719 0.4941
KNN 0.5714 0.3333 0.6154
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Table 5 Result of the ensemble model on the test set
T /52 bR JCSPE 4 SPE it
JCSPE 139 4 143
4 SPE 4 17 21
It 143 21 164

® 6  ARESIUTHTIR G ERIFIEL

x4 ERREINIXERRKRPARFEHNTRER
Table 4 SPEs prediction result of the ensemble

model on the test set

Table 6 Comparison with other current
prediction methods
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