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Supplementary Figure 1. Global pass/fail maps of ordinary least squares (OLS) regression diagnostic
tests applied at each land grid point for yearly summed WSMId over the period 1980-2024,
complimenting Figure 4. The left column shows regressions using untransformed WSMId, while the
right column shows regressions using logarithmically-transformed WSMId. Panels (a-b) show the
Shapiro-Wilk residual normality test, (c-d) the Durbin—-Watson residual autocorrelation test, (e—f) the
Breusch—-Pagan residual homoscedasticity test, and (g-h) the Ramsey RESET functional form test
(power = 2). Red shading indicates grid points where the respective diagnostic is passed, while
hatched regions indicate failure of the test. Passing criteria are defined as p > 0.05 for p-value-based
tests and Durbin—-Watson statistics within the range 1.5-2.5. Percentages denote the fraction of total
land area failing each diagnostic, computed using area-weighted land grid-cell areas.

 Simple linear regression (SLR) relies on key assumptions, including
residual normality, independence, homoscedasticity, and linearity.

* These assumptions are evaluated using standard diagnostic tests.
 Panels (a, c, e, g) show diagnostics for SLR applied to non-transformed
yearly summed WSMId, while panels (b, d, f, h) show the same

diagnostics applied after logarithmic transformation.

 The log-transformed SLR exhibits substantially improved diagnostic
performance, indicating a better adherence to model assumptions.

* This supports the use of an exponential model for trend analysis,
consistent with an accelerating increase in warm spell load!



WSMId diagnostics for 1990(;,Present vs +1.5°C
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Supplementary Figure 2. Grid-point examples of warm spell detection and magnitude diagnostics, shown in
a format analogous to Fig. 1 applied to ERA5 grid cells and extended to a +1.5°C warming experiment. Panels
(a) and (b) show 1990 conditions for Central European and Central-West South American grid-point,

respectively, while panels (c) and (d) show the corresponding +1.5°C simulations.

Figure 4 shows the largest ratios of change
concentrated in equatorial regions over
Africa and South America.

In these regions, the annual temperature
cycle and interannual variability are
relatively small compared to higher
latitudes. As a result, even modest
background warming leads to a substantial
increase in exceedances of fixed percentile
thresholds.

This amplifies the response of percentile-
based indices (e.g., WSDI, WSMId),
producing disproportionately large
increases in warm spell metrics.

This behaviour reflects a transition toward a
quasi-persistent exceedance regime of the
90th percentile, driven by the combination
of low variability and systematic warming.
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2. Data & Methods

A. Can we quantify warm spells consistently across the year?
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I Figure 4 Ratio of change in annual WSMId (warm spell load) over 1980-2024 from ERAS, derived using log-transformed OLS trends.
: Hatching indicates statistically insignificant areas (p > 0.05, Student’s t-test), and parentheses denote cumulative land area fractions.

e e e e e e e e e e e e e e — — R U

and magnitude for HWMId (a) and WSMId (b), with the 90th percentile threshold and corresponding
reference levels. Warm spells are highlighted, with annotations indicating magnitude and duration.

spell load
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