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Short-term Photovoltaic Power Forecasting Based on Information Gain from Satellite-Terrestrial
Integrated Micro Observation Stations

QIAN Jianru, ZHOU Quan, WEN Yao, XIA Zhaoyue, SHUAI Zhikang
(College of Electrical and Information Engineering, Hunan University, Changsha 410082, China)

Abstract: Due to limitations such as the sparse distribution of meteorological observation networks, low data resolution, and
unstable communications, existing photovoltaic power forecasting methods suffer from insufficient information and delayed
perception under rapid meteorological disturbances, making it difficult to support high-precision forecasting. To address this issue,
this paper proposes a short-term photovoltaic power forecasting method based on information gain from satellite-terrestrial
integrated micro observation stations. First, mutual information is used to evaluate the marginal contribution of potential
deployment locations, optimizing the spatial configuration of micro observation stations. Then, a multi-timescale collaborative
forecasting framework integrating hour-level trends and minute-level disturbances is constructed: for the trend component, multi-
source numerical weather forecasting data is integrated, combining an XGBoost model with physical models to generate hourly
forecasting results; for the disturbance component, a feature-aware enhanced temporal convolutional network based on a multi-head
attention mechanism is proposed to model non-stationary local disturbances and achieve high-frequency compensation. Case studies
demonstrate that the proposed method outperforms mainstream models in typical seasons, offering advantages in accuracy,
responsiveness, and stability, thereby effectively improving short-term photovoltaic forecasting performance.
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Key words: photovoltaic; power forecasting; micro observation station; satellite-terrestrial integrated network; multi-timescale

forecasting; spatio-temporal information gain; numerical weather forecasting; multi-head attention mechanism
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Fig. A3 PV station distribution in the case study
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Fig. A4 Spatiotemporal information gain heatmap of stations in the case study
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Fig. A5 Impact of the number of micro observation stations on forecasting performance
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