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Abstract

sphere (fyFy) is of great significance for ensuring the stable operation of systems such as high-frequency

As a key parameter of the ionosphere, the critical frequency of the Fy layer of the iono-

radar and short-wave communication. This paper proposes a short-term forecasting method for the iono-
spheric fyFy based on deep learning. By using the Bidirectional Long Short-term Memory model with at-
tention mechanism (BiLSTM-Attention) algorithm and combining the observed values of the ionosphe-
ric fyFy at the ionosonde station for the previous 7 days, Universal Time (UT), solar activity index, and
geomagnetic activity index as inputs, the forecasting of the ionospheric fyF5 in the Chinese region is real-
ized. The results of the comparative analysis of the model show that: The forecasting errors for low-lati-
tude stations were significantly higher than those for mid-latitude stations. The BiLSTM-Attention mod-
el demonstrated superior performance, followed by the Long Short-Term Memory (LSTM) model. Com-
pared to the International Reference Ionosphere (IRI) model, the BiLSTM-Attention model achieved a
44.2% reduction in Root Mean Square Error (RMSE), 47% decrease in Mean Absolute Error (MAE), and
21.3% improvement in the Coefficient of Determination (R?). During geomagnetic storms, the BiLSTM-
Attention model successfully captured the negative storm effects (characterized by fyFs depletion) in
China’s regional ionosphere, showing excellent consistency with observational data. However, even when
operating in storm mode, the IRI model still exhibited noticeable deviations between predicted and
observed fyF5 values. As the forecasting window extended from 1 hour to 24 hours, the model errors
showed a systematic increasing trend: RMSE rose from 0.99 MHz to 2.05 MHz, MAE increased from 0.69
MHz to 1.57 MHz, while R* decreased from 0.93 to 0.75. Relevant research provides high-precision iono-
spheric parameter forecasting support for space weather warning and short-wave communication system
optimization.
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stations over China
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Table 1 RMSE, MAE, and R’ between observed and predicted values of f,F, for the IRI-2020 model,
LSTM model, and BiLSTM-Attention model in China
- TRI-2020 LSTM BiLSTM-Attention
RMSE/MHz MAE/MHz R°  RMSE/MHz MAE/MHz R RMSE/MHz MAE/MHz R
I 2.40 1.82 0.65 2.12 1.63 0.74 1.12 0.81 0.91
EL 2.14 1.52 0.69 1.97 1.37 0.84 1.15 0.88 0.92
EIN 1.96 1.65 0.75 1.35 1.32 0.86 0.75 0.58 0.93
gLl 1.22 0.92 0.70 1.11 1.03 0.75 0.76 0.56 0.89
e 0.93 0.71 0.79 0.91 0.71 0.85 0.62 0.44 0.91
=Ll 0.86 0.66 0.83 0.87 0.64 0.86 0.56 0.42 0.93
H 0.98 0.73 0.74 0.92 0.71 0.79 0.69 0.50 0.89
Jext 0.91 0.71 0.76 0.90 0.71 0.77 0.60 0.43 0.91
el 1.23 1.02 0.81 1.21 0.90 0.89 0.56 0.39 0.92
o AST 0.94 0.72 0.84 0.81 0.70 0.88 0.53 0.41 0.95
K& 0.97 0.76 0.67 1.05 0.79 0.79 0.69 0.51 0.91
Tl 0.99 0.76 0.73 0.94 0.86 0.87 0.61 0.44 0.93
geitri 1.29 1.00 0.75 1.18 0.94 0.82 0.72 0.53 0.91
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