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Key words Wind speed forecasting plays a crucial role in the planning and operation of
Wind speed forecasting; renewable energy systems, particularly in arid regions with high wind energy
Hybrid SARIMA- potential. This study develops a hybrid Seasonal Autoregressive Integrated
GARCH model; Time Moving Average Generalized Autoregressive Conditional Heteroskedasticity
series analysis; (SARIMA-GARCH) model to forecast monthly wind speed in the Sabha
Volatility clustering; region, southwestern Libya, using 624 monthly observations recorded between
Sustainable energy January 1972 and December 2023. The SARIMA component was employed to
planning. capture the seasonal and linear structure of the series, whereas the GARCH

component modeled conditional heteroskedasticity and volatility clustering in
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Available online 1906 the hybrid SARIMA(1,0,1)(1,1,0)1-—-GARCH(1,1) model was estimated using

2026 the maximum likelihood method. Out-of-sample evaluation based on data from

20222023 demonstrated that the hybrid model outperformed the conventional
SARIMA model, reducing the Akaike Information Criterion (AIC) by 6% and
the Mean Absolute Percentage Error (MAPE) by 29%. All estimated
parameters were statistically significant, confirming model adequacy and
volatility persistence.
Forecasts for 20242027 indicate that the annual mean wind speed is expected
to range from 9.38 to 9.73 m s!, while maintaining the observed seasonal
pattern. The findings demonstrate that the proposed hybrid model provides
reliable and accurate forecasts, supporting wind energy planning and
operational decision-making in southern Libya.
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