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Kp Index Forecast Model Based on GBR Method

JIAO Qirong  ZHANG Dianjun  LIU Wenlong
(School of Space and Environment, Beihang University, Beijing 102206)

(Key Laboratory of Space Environment Monitoring and Information Processing of MIIT,
Beihang University, Beijing 102206)

Abstract The solar wind transports solar activity energy to interplanetary space, causing changes in
the spatial structure of the Earth’s magnetosphere and causing disastrous space weather. The Kp index
is an important indicator for space weather alerts and a key parameter for the coupling between solar
wind and the magnetosphere. With the development of machine learning methods, more and more space
weather forecasting works adopt this method. In this paper, two machine learning methods, Gradient
Boosting Regression (GBR) algorithm and Random Forest (RF), are used to construct a 3-hour Kp in-
dex prediction model with solar wind, interplanetary magnetic field parameters, historical Kp values and
sunspot data as inputs. The forecast results show that our methods can predict the Kp index one hour in
advance and the correlation coefficient is 0.90 between the Kp index of the optimal case recommended by
the model and the actual value. The GBR model performs better, the root Mean Square Error (E) is
0.56, and the Prediction Efficiency (P) is 0.81. The Kp index prediction model shows varying perfor-

mances in different solar cycle phases, with better result during the cycle descending phase. The high-
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speed solar wind drive dominates the magnetospheric dynamics, and the model with solar wind as the

main input parameter in the cycle descending phase has a better prediction effect. The model prediction

situations under different geomagnetic disturbances have been compared. Compared with moderate and

super severe magnetic storms, the model has the highest prediction accuracy for severe magnetic storms

(6<Kp<T7). In this study, the results of different prediction models are compared and analyzed. The pre-

diction model can not only provide early warning of severe space weather, but also better understand the

relationship between geomagnetic index and solar wind input energy, which provides more methods and

theoretical basis for the research work of solar wind-magnetosphere coupling.
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Fig. 2

Kp observations and predictions, with observed Kp values on the horizontal axis and predicted

values on the vertical axis (The red dashed line represents the diagonal line, and the blue dashed line

represents the linear fit result of the scatter, with a correlation coefficient of 0.90)
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Table 2 Comparison of the GBR prediction model of 3-hour Kp index with the existing models
SCHik i ASHL FEFIWITE] /h c Eins
[7] Usw Bz-, B 1 075 -
(32] Vg, N, B, 3 0.77 0.99
9] Boyle index, Kp 1 0.86 0.71
[4] O HIRY 5 3 KpfltiiHE 0 0.94 0.50
GBR3 Usw) Psw7 Nsw; Bza B7 E7 Kpt 3y Aall 1 0.90 0.56
3 3 hiRBEXMRESHEARRBARTNERBX R
Table 3 Correlation coefficient during different solar cycle phase of the 3-hour prediction model
GBR1 RF1 GBR2 RF2 GBR3 RF3
LTt 0.89 0.88 0.89 0.88 0.89 0.88
o 0.88 0.87 0.89 0.88 0.89 0.88
TR 0.89 0.89 0.90 0.89 0.90 0.90
2 Rising phase x4 AEHEIAZERT 3 h 8 Kp IEHFNER
51001 [ \ T Declining phase Table 4 Comparison of the prediction results
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Fig. 3  Phase division of the 24th solar activity cycle
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