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1 Season climatology

Figure S1 shows that the U-Net better captures the large-scale spatial structure of the summer lightning climatology than the
single grid cell models, with its predicted power spectrum lying closer to the observations at small wavenumbers. At large
wavenumbers, however, the U-Net’s spectrum falls below the others, reflecting the spatial smoothing induced by predicting a
probability with a convolutional architecture.

This is confirmed by the spatial maps (panels b—g): the U-Net better reproduces the intensity of the main climatological
hot spots, such as the Alps, the Apennines, the Pyrenees, and the Mediterranean Sea, while producing smoother spatial fields
than the single grid cell models. Among the single grid cell models, performance varies considerably, with LR showing the
largest RMSE and a tendency to strongly overestimate (over the Adriatic Sea) or underestimate (over mountainous regions)
lightning activity, while GAM and MLP perform more comparably to each other. The U-Net’s RMSE of 6.43 is a substantial
improvement: over 20% of relative improvement compared to the GAM which is the best single grid cell model in terms of
RMSE.
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Figure S1. Yearly average number of hours of lightning in Summer on the test set (2008, 2015 and 2023). On (a) we assess the 1-D power
spectrum of the images in (b) to (g). (c) to (g) feature the raw predictions of the models with respect to the observations (b). Modeled

climatology and observations are compared with the RMSE between the two images (lower is better).

Figures S2, S3 and S4 show that the U-Net achieves the lowest RMSE across all seasons, consistent with the results for
summer presented in the main text. The nature and spatial structure of the biases, however, vary across seasons.

In winter, all models exhibit a strong negative bias over the Mediterranean Sea, which the U-Net partially alleviates; the
single grid cell models, particularly LR and GAM, show the largest negative biases in this region. In spring, the picture is
more nuanced: while the U-Net reduces the negative bias over the southern part of the domain, it introduces stronger positive

biases over orographically complex regions such as the Alps, the Pyrenees, and the Apennines, suggesting that the U-Net may
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Figure S2. Yearly average number of hours of lightning in Winter on the test set (2008, 2015 and 2023). We assess the error of the models
(b) to (f) with respect to the observations (a). Modeled climatology and observations are compared with the RMSE between the two images

(lower is better).

overestimate the contribution of orographic forcing to climatological lightning in this season. In autumn, the U-Net reduces the
negative bias over the Ionian region but increases the positive bias over Italy and the Adriatic Sea.
Overall, while the U-Net consistently achieves better RMSE, its bias patterns are spatially heterogeneous and season-

dependent, in contrast to the single grid cell models which tend toward a more uniform negative bias across the domain.

2 Case studies
2.1 2015-08-11 event

The severe weather event impacting southern Italy on the 11th and 12th of August 2015 was driven by a cut-off low originating
over the Atlantic. As this low-pressure system reached the warm central Mediterranean, it triggered extended deep convection
over southern Italy. More intense cells developed over the seas surrounding Italy because of the large sea-tropospheric temper-
ature gradient which is, at the end of the summer season, stronger than over land in this region. The stationarity of the cut-off
low and the availability of heat and moisture contributed to the regeneration of the convective cells, enhancing the intensity of
the system. This, combined with coastal orography, triggered extreme precipitation rates and lightning activity. Furnari et al.

(2020) presents the event in more detail.






