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S1 Weather Regimes
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Figure S1. Weather regime cluster means. Mean 500-hPa geopotential height (contours; geopotential meters (gpm)) and corresponding
anomalies (shading; gpm) of the seven year-round Atlantic—European weather regimes (Grams, 2026). Figure taken from (Dillerup et al.,

2026).



S2 Object recurrence statistics

Table S1. Number of heatwave objects and their durations counted at their onset.

Heatwave type May Jun Jul Aug Sep
duration [d] strongly recurrent | 29.52 +30.32 | 30.06 £22.97 | 40.45 £21.19 | 21.64 £ 12.13 | 10.75 £ 9.81
(mean = std) weakly recurrent 7.67 +4.07 6.92 491 11.23 £6.10 8.78 £ 6.40 8.62 +3.23
number of events | strongly recurrent 21 16 11 11 8
weakly recurrent 18 12 13 9 13

S3 Sensitivity of Results to the Definition of Recurrence

5 S3.1 Local Recurrence

To assess the sensitivity of our results to the maximum break duration between two local heatwaves, we repeated the analysis
using a maximum break of 3 days following Zhang et al. (2025) and a break of 11 days, corresponding to the same distance
from our chosen value of 7 days. The temperature threshold used to define heatwaves is not varied, as both Zhang et al. (2025)
and Baldwin et al. (2019) reported that the sensitivity of the results is minor when choosing either the 95th or 90th percentile.

10 Furthermore, following Zhang et al. (2025), we adopt the 90th percentile to ensure a larger sample size for analyzing local

recurrent heatwaves.
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Figure S2. Spatial distribution of single (left) and total recurrent (first+following) (right) heatwaves for maximum break durations: 7d (a,b),

3d (c,d) and 11d (e,f).
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Figure S3. Daily maximum temperature anomalies (a, ¢) and soil moisture anomalies in the upper layer (b, d) during single and the first and
following recurrent local heatwaves stratified per month for a maximum break duration of 3d (a,b) and 11d (c,d). All local heatwaves are

assigned to their start month.



Table S2. Monthly durations and proportions of single, first and following recurrent local heatwaves during May to September for maximum

break duration 3d (top) and 11d (bottom).

heatwave type May Jun Jul Aug Sep
duration [d] single 5.64 148 570 2.31 6.63 3.25 6.47 2.53 498 1.55
(mean  std) first 333 0.82 6.33  2.59 442 1.62 341 0.80 322 1.84
following 3.17 041 295 023 6.27 279 3.02 0.15 14 0.73
proportion single 91.0 92.1 88.8 90.1 91.6
of events [%] first 4.9 3.9 5.9 4.5 3.4
following 4.2 39 54 54 5.0
duration [d] single 554 148 5.77 2.3 6.43 271 532 197 4.09 1.07
(mean  std) first 6.72 1.04 7.12  3.14 4.62 1.87 870 192 276 0.79
following 3.17 041 390 1.44 691 4.18 4.18 234 582 1.72
proportion single 65.1 64.4 60.1 62.3 68.9
of events [%] first 18.7 17.2 17.9 15.7 9.5
following 16.2 18.3 22.0 22.0 21.5
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S3.2 Object Recurrence

Since both object recurrence and continental recurrence rely on the heatwave tracking algorithm, we performed extensive tests
to ensure the robustness of our results. We explored different strategies for handling splits and merges, as well as different local
recurrence break criteria (3d and 11d maximum). The mean heatwave duration, the area, as well as the number and percentage
of the common heat days compared to the results of the main analysis are shown in Table S3. All tests qualitatively confirm
the longer duration of strongly recurrent objects and their larger area. However, the heatwave object definition, as well as the
definition of local recurrences, changes the relative fraction of local recurrence area compared to total heatwave area, the upper
and lower thresholds and therefore the selection of heatwaves. Therefore the number of heat days differ, and their overlap with

the main results are only about 40-65 %.

Table S3. Sensitivity analysis for area, duration and number of object heat days for a maximum break in the lcoal recurrences of 3d, and
11d and for an explicit tracking of split and merges. Overlaps are computed relative to the main analysis results (shown results). Percentages
are first calculated relative to the shown results, then relative to the respective category. Note that the compared data might have a smaller

number of object heat days.

heatwave shown results split/merge 3d max break 11d max break

recurrence type

duration [d] strongly 2791 23.86 21.04 15.81 23.87 18.22 23.06 22.49
(mean  std) weakly 8.58 4.98 7.87 4.66 822 6.97 7.50 4.69
area [km2] strongly 2646715.10 2331496.36 2485200.86 2759925.70
(mean ) weakly 963080.25 851443.63 1107123.56 918170.12
number of strongly 1544 1197 869 923
object heat days weakly 520 501 331 313
overlap number strongly 1544 1017 707 812

of object heat days weakly 520 296 207 251
overlap of strongly 100 65.9/85.0 45.8/81.4 52.6/88.0
object heat days [%] weakly 100 56.9/59.1 39.8/62.5 48.3/80.2

Nevertheless, the higher daily maximum temperature anomalies and soil moisture anomalies in the upper layer around the
heatwave centroids are robust (Figure S4 and S5), as well as the spatial distribution of the hotspots. Differences arise in the
relative and absolute frequencies of some weather regimes.

In addition, the results for object recurrence for the approach in which, during a split or merge event, the heatwave ID of
the largest object is retained, are shown here. However, this method introduces ambiguities, as a single local heatwave may
be associated with multiple object IDs over time. As the object recurrence analysis is restricted to recurrences within a single
object, this complicates a consistent interpretation. For the following results, the ID during the start of the local heatwave was

assigned to the local heatwave.






