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Abstract: Recent Al weather models have demonstrated superior performance over
traditional physics-based numerical weather prediction systems on a range of stan-
dard benchmarks. However, important limitations remain, particularly regarding their
ability to extrapolate to extreme events and to produce physically consistent forecasts.
In this work, we evaluate model performance on a benchmark dataset composed exclu-
sively of record-breaking events and show that, in this regime, physics-based models
continue to outperform leading Al models such as GraphCast and Pangu-Weather.
We further introduce a novel Turing test for physical consistency in Al forecasts. The
proposed framework leverages the predictive spread across an ensemble of pre-trained
Al models and is calibrated using principles from conformal prediction. Through ex-
periments on the Lorenz attractor, we demonstrate the effectiveness of the approach
in detecting physically implausible dynamics. We apply the method to assess the
physical consistency of outputs from state-of-the-art Al weather models.
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