Ground-level ozone exceedances pose documented risks to human health and agricultural productivity, yet no operational early-warning system exists in South Africa.
This study tests whether machine-learning models trained exclusively on South African Air Quality Information System (SAAQIS) hourly observations can forecast
same-day ozone exceedances (>60 ppb) without atmospheric model output. We analysed 1.93 million hourly observations from 37 monitoring stations across five
regions (Highveld, Vaal Triangle, Waterberg, Gauteng, Western Cape) for 2020-2025. Ozone missingness (~42%) was addressed with a three-tier imputation
hierarchy, and 43 engineered features were derived per station-day across six groups (previous-day pollutants, previous-day meteorology, morning pollutants, morning
meteorology, calendar/seasonal encodings, and episode persistence), with forecasts parameterised by cutoff ce{prev _day,6,8,10,12}. We evaluated five model
families (persistence baseline, ridge regression, logistic regression, random forest, XGBoost) on a temporally held-out test set (2024-2025) within the Predictability—

Computability—Stability (PCS) framework. For regression, R-square improved from 0.40 (previous-day) to 0.71 (cutoff 12), with ridge explaining the most variance and
random forest minimising mean absolute error. For classification, random forest was the best-balanced model (F1 = 0.83, accuracy = 0.95, AUC = 0.97 at cutoff 12),
while XGBoost maximised recall (0.89 at cutoff 12), a key metric for public-health alerts. SHAP analysis identified a coherent set of dominant predictors including
previous-day maximum ozone, morning maximum ozone, morning build-up slope, and ambient temperature and revealed a leadership inversion at cutoff 12, where
same-day morning ozone surpassed previous-day maximum as the top predictor. Cutoff 10:00 emerged as the optimal operational setting, delivering R-square =0.53,
F1 =0.77, and recall up to 0.84 while preserving five hours of lead time before the typical 15:00 peak. All results were stable under PCS perturbations, demonstrating
the feasibility of an observation-driven ozone early-warning prototype for South Africa.
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