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Fig.3 Linear fitting formula and significance test for Fio 7 and sunspot number
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Table 1 Training parameters of the joint sunspot number multivariable LSTM model

Parameter

Value or display

Parametric significance

Input_x_train shape
Input_x_test shape
Label_y_train shape
Label_y_test shape
Hidden_size
Dropout
Optimizer
Ir
Epoch_scheduler
Loss
Epoch
Patience
Bitch_size

Model_lstm_u.pt

(12816, 54, 2)
(10167, 54, 2)
(12816, 7)
(10167, 7)
64
p=0.5
Adam
0.002
(optimizer, 20, gamma = 0.6)
MSE
200
10
100

All keys matched successfully

The input training value
The prediction set of the input
Training labels
Predictive label
Hidden layer
Delete neuron ratio
Gradient descent algorithm
Learning rate
Learning rate adjustment
Loss function
Initial value of iteration
Time tolerability
Each batch size

Optimal model preservation

7. %5 7 994 7 %05 7, 996 7 %, 74 998 7 %0, 2000 200/ 20022003200420062006 200 )200(9 2009 20 7020 7, 20 /220 7320 7420 7520 7s <0, )20 78 20 7o
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Fig.6 The seventh day MAPE of Fo 7 index forecast by the joint sunspot number multivariable LSTM model from 1993 to 2019
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Fig.7 Comparison of the seventh day MAPE of Fg 7 forecast by U-LSTM model and M-LSTM from 1993 to 2019
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Fig.8 Comparison of the seventh day RMSE of Fi( 7 forecast by M-LSTM model and SWPC from 1993 to 2013

M2 UL A S 57 I U-LSTMAERMSE
SR TSWPCH) Tl fik 45 2R, B &k i, X
FH B A8 & 2 37 (U-LSTM ELSWPCEE 5.1% 1 7
e, T A SCBE A SSNE 7 [M-LSTMAR %Y if
gk 4 52 FH5%6% M) PERe, A wr BLAS B BLR
g5 i (1) 3C & 7 U-LSTMIE A 1E NFo.- 1

11-8

TR 45 . RMSESWPCH] 7 )7 45 5 1% £15%:;
(2)7 3 2 5T Fyo B - SSNAM-LSTMAE L it
TFio 084 & R, H B AE3 N BIA 25 B i
i, HRMSEHSWPCH) Fiifi BF % K £911%. 45 E
Bk, FR BE 22 ST IRILS TM R IA o - T AL BT 5 12 1
JIELE Fro 7 TR A 201,



63 & e A B TR ST IR BH Fuo 7 8 5y 38 2 X LT LR AT 7 1 4]

&2 BEASSNHM-LSTME5SWPCRAUHIA Fio. 7 BIU-LSTMBYELER
Table 2 Comparison of M-LSTM combined with sunspot number with SWPC and U-LSTM with Fio.7

input only
M-LSTM M-LSTM M-LSTM SWPC SWPC-M* U-LSTM U-LSTM U-LSTM U-MP

Year RMSE MAE MAPE RMSE RMSE RMSE MAE MAPE RMSE
1993 14.49 11.12 10.34 17.43 2.94 15.43 11.74 10.93 0.94
1994 7.70 6.06 7.14 9.14 1.44 8.21 6.65 7.88 0.51
1995 5.53 4.16 5.29 5.82 0.29 6.39 4.99 6.44 0.86
1996 5.42 3.39 4.52 5.65 0.23 5.83 4.03 5.49 0.41
1997 7.26 4.94 5.67 8.27 1.01 7.15 5.05 5.84 -0.11
1998 15.27 11.54 9.36 17.22 1.95 15.93 12.05 9.83 0.66
1999 25.61 19.93 12.85 26.08 0.47 28.37 22.76 14.89 2.76
2000 27.77 20.80 11.32 30.84 3.07 29.32 22.37 12.40 1.55
2001 30.50 23.26 12.61 32.32 1.82 30.38 23.00 12.58 -0.12
2002 23.50 19.45 11.15 25.67 2.17 24.40 20.05 11.60 0.9
2003 24.13 16.09 12.13 26.92 2.79 26.95 18.60 14.29 2.82
2004 15.55 11.65 10.61 16.8 1.25 16.83 12.91 11.92 1.28
2005 13.06 9.57 9.95 12.91 —0.15 14.41 11.26 11.90 1.35
2006 7.03 5.40 6.61 7.47 0.44 7.47 5.95 7.36 0.44
2007 4.83 3.42 4.56 5.71 0.88 5.36 4.19 5.65 0.53
2008 2.90 2.03 2.90 4.72 1.82 3.45 2.90 4.18 0.55
2009 2.40 1.79 2.49 2.37 —0.03 2.97 2.48 3.50 0.57
2010 5.28 4.26 5.28 5.35 0.07 5.55 4.44 5.55 0.27
2011 15.82 11.88 10.05 17.57 1.75 15.45 11.66 9.89 —0.37
2012 16.60 13.10 11.04 17.71 1.11 18.07 14.42 12.20 1.47
2013 18.22 14.22 11.32 19.86 1.64 18.25 14.24 11.27 0.03
2014 23.31 17.80 12.16 - 26.16 20.31 14.04 2.85 -
2015 19.94 14.27 12.17 - 19.65 14.86 12.85 —0.29 -
2016 8.95 7.05 7.84 - 9.23 7.44 8.38 0.28 -
2017 11.46 6.11 7.23 - 11.28 6.45 7.82 —0.18 -
2018 2.89 2.30 3.27 - 3.40 2.85 4.08 0.51 -
2019 2.62 1.98 2.81 - 3.29 2.78 3.99 0.67 -
Sum 11.62 6.89 5.83 - 1.28 12.24 7.24 6.17 -

# SWPC-M is the RMSE difference between SWPC and the multivariate method with sunspot number (>
0 indicates that our method is better);
b U-M is the RMSE difference between the univariate method (only using Fio.7) and the multivariate method

(using Fio.7 and sunspot number) (> 0 indicates that our method is better).
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Short-Term Prediction of Solar )7 Radiation Flux Based on
Deep Learning

GAO Yang LV Jian-yong  WANG Ming LI Jing-yuan XIONG Ya-ting PENG Guang-shuai
(Institute of Space Weather, Nanjing University of Information Science and Technology, Nanjing 210044)

AsstracT Solar radiation flux Fjg 7 is widely used in space environment models such as the empirical
model of atmosphere and the ionospheric model as an input parameter, and its prediction accuracy directly
affects the precision of spacecraft orbit prediction. The relationship between solar radiation flux (Fig.7)
and sunspot number (SSN) is calculated by the time series method, and the linear relationship between
them is given. On this basis, we proposed a Short-Term prediction method for Fijg 7 in the next 7 days
based on the 54-day solar radiation flux index combined with the sunspots number into the LSTM (Long
and Short Term Memory) neural network, compared the prediction results with those of other forecasting
methods. The results show: (1) The performance of the proposed 7-day method model is better than
that of the Space Weather Prediction Center (SWPC), and the correlation coefficient (CC) between the
predicted and observed values reaches 0.96. At the same time, the root mean square error is about 11.62
solar radiation flux units, and the RMSE of the forecast result is lower than that of SWPC, which decreases
by about 11%. (2) According to the statistical results of 23 and 24 solar activity cycle year, the optimal
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MAPE (Mean Absolute Percentage Error) of the average absolute percentage error of Fio 7 index on the
seventh day of high solar activity year can reach 12.9%, and the optimal MAPE of low solar activity year
can reach 2.5%. (3) The results of combined sunspot number LSTM and LSTM using only Fio7 showed
that the newly introduced sunspot number was effective in improving the prediction of LSTM, and the
root mean square error (RMSE) of these two models were lower than that of SWPC by about 11% and
5%, respectively.

Key words sun: radio radiation, sun: sunspot, methods: data analysis
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