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[bookmark: _Hlk234109807][image: ]Figure S1. Spatiotemporal evolution of bulk ETEI anomalies following major Sudden Stratospheric Warming events. Lagged spatial composites of the European Tornado Environment Index (ETEI) anomalies (in standard deviations) are presented across six consecutive weekly sub-seasonal windows (T+1 to T+42 days) relative to the SSW central date (T = 0). The analysis encompasses 50 major SSW events spanning the Jan–March 1950–2025 climatology. Stippling denotes regions where anomalies are statistically significant at the 95% confidence level (p < 0.05), assessed via a two-tailed, pixel-wise bootstrap resampling procedure. While a weak dipole pattern emerges, characterised by suppressed convective potential over northern Europe and marginal enhancements across the Mediterranean Basin, the limited spatial continuity and lack of widespread significance in this unstratified (all-event) composite underscore the high inter-event variance. This highlights the necessity of stratifying the downward-propagating signal by the background East Atlantic (EA) tropospheric regime, as [image: ]demonstrated in the main text.
Figure S2. Regional bootstrap null distribution and significance testing for the EA(+) regime. The histogram displays the distribution of 1,000 spatially averaged ETEI anomalies () generated via random resampling (n = 26) to simulate the null hypothesis over the Western Mediterranean box (32.0°N–42.0°N, 10.0°W–25.0°E). Vertical dashed lines represent the boundaries of the two-tailed 95% confidence interval (α = 0.05). Solid black line denotes the actual observed regional-mean anomaly (+0.155 ) for the EA(+) sub-sample during the Week 3–4 lag window (T+15 to T+30 days). Because the observed anomaly strictly exceeds the upper 97.5th percentile threshold (+0.134 ), the sub-seasonal enhancement of tornadic environments across this region is confirmed to be statistically significant, demonstrating the robust modulating effect of the tropospheric background state.
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[bookmark: _GoBack]Figure S3. Fraction of major SSW events associated with at least one tornado report (≥F0) within the Southern European domain (32–42°N, 10°W–25°E) on each lag day relative to the SSW central date (T = 0), stratified by EA regime. Raw daily counts were winsorised at one report for each SSW event-day to prevent individual outbreak days from dominating the composite signal, and a 5-day-centred moving average was applied for visual clarity. Both regimes exhibit a sharp suppression of tornado activity at T = 0, consistent with the immediate dynamic response to the polar vortex disruption. Following this suppression, only the EA(+) regime shows a coherent recovery and sustained elevation of tornado occurrence frequency during W3–4 (T+15 to T+30), reaching levels that exceed the pre-SSW baseline — broadly consistent with the ETEI composite analysis (Fig. 6). No equivalent organised signal emerges in the EA(−) regime within this window. Given the small sub-sample sizes (n = 26 and n = 23) and the known inhomogeneities in ESWD reporting density over the 1950–2025 period (see discussions, however, in Lacroix et al., 2026a, b), these graphs should be interpreted as observational corroboration rather than independent statistical proof.
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