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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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B. How much have warm spells changed since 1980? J

have a ratio of change
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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.
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2. Data & Methods

A. Can we quantify warm spells consistently across the year?

(a) Carcassonne station - France 2003 . . . .
I HWMId Warm Spell Magnitude Index daily (WSMId): [C. What about their spatial extent? } 4. Conclusions
40{ ¢ 2003 Daily Temperatures g .‘.. (Total HWMId = 23.28) ‘Normal + Moderate
T T T G reea T - ::"":{“-.“‘ """""""""""""""" . . S % Normal (3 = WSMId < 5) (p=1.1e-11) ®
""""""""""""""""" T T > Quantifies the magnitude of prolonged anomalous warm events year-round. || g| —— Moderate (5 < WsMid <10) (7 811
7 ' g 0 » WSMId quantifies warm spell magnitude
s ¢ : : . . 20 - . . . . . ' ' ' ° o
%20 LI R RS > EXtendln the ex1sting heat-wave specialized logo 1085 19% 1995 2000 2005 2010 2015 2020 COnSlStently throughout the year, enabllng
: e Tl - T Heat Wave Magnitude Index daily (HWMId)] E 501 T ST 00 5 ok < L) (o de 0L comparison across seasons.
R A 1. Requitements ! 53. WSMId modiﬁcationi £ //W
i S #days: 5 o . . I . = \/M I
. days e | : . : | : USlng the 25th and 75th: 1980 1985 1990 1995 2000 2005 2010 2015 2020 > Ranklng Of the largeSt seasonal warm Spells
o] % HWhaL! ~ii00 - HWRBC L = 0-00 I I Dally Tx (ERAS | 1980—2024), : I ) | Very/Super/Ultra Extreme . . . . . .
— e | | . : | | percentlles of warm I Very Extrame (30 = WSMId.< 50)._(p=1.66.05) ylelded Slgnlficant intensification over the
A ; 30-year reference perlod (1 081-201 O)' : : L[| = 7| —— Super Extreme (50 < WSMId < 80) (p=0.00143)
(b) I L 1 I Spell anomalies from EE’D‘ —— Ultra Extreme (80 = WSMId) (p=0.00378) PaSt decade.
— oom rercentie T | J[ ' 1 the 90th percentile, we 1|5 AN £\ @:z—f
o] \2,\,050'\_:’|56-|'—i;;;—emperatures : | jm—mmmmm e e e e e = W - : [ : ? : 02980 1985 1990 1995 2000 2005 2010 2015 2020 > Gl b l l ll l d 1Q 1 -
:j :VV?II\I\,:IIIfi?ZSSE (34.82 °C) ::_____::_::::;.'" I : 2' Warm Spell deteCtlon (Td) : I : CalCUIate: T30y2 5p : Figure 5 Global land-area percentages of different WSMIZe:\:ent severity classes where at least one warm spell in obal annua .VV arm spe 04 15 lncreaSlng,
= HWMId T75p (37.40 °C) =~ I : = 3 Consecutlve days Wlth T >9 Oth :_|_|_> T I each class, with p-value following Mann-Kendall test for monotonicity. at an acceleratlng rate.
| |
;6 : .'WSMId[5] =..18°90..‘ I ; B ° ° .x. I I 30y75p : ® .
¢ Pt a N N | ; percentﬂe (3 l-day moving WlIldOW.) | | t====z=z==z=z=z==z=z=z=z=z=z==z Warm spells afe becor.nmg. common, .
- , 2 | R L e e e 0l s summation over: | substantially increasing in all severity levels. || » Each year, warm spells cover larger areas
* = el A T " - across every severity class.
ol weMId31 = 3.27 SREAEY : ;'4' _I:I_ --- -1 - ; TTTTTTTTTTTmmmmmmmmmmmmees ) | i an event = Warm ' || ¢ Upper extreme classes, once only reported in \\ M Y
. ez | . | 'f.T 0<r1;11a 1za 1onM (T,) = 0 | spell severity : climate predictions, are now here! Vote here! ©
01 a‘: ] #dayS:\:rswa[s] = 0.4 ' 1 d 30y25p : d d T ——rep I .
e e — Tyx—Tsoyzsp 1 ! | aperiod=Warm Acknowledaments
Figure 1 | Daily maximum temperature (T, ) at Carcassonne in 2003, illustrating warm spell detection I | lf Td > T3 03/ 2 Sp M d (Td) — : I : Sp ell lO ad : This research has been supported by the OptlmESM pI'Oj ect, which has received funding from the European Union’s Horizon Europe
|

. . | . T —T: ) : : .
@1 magmltudel fOévHWMIdl 1(a) anﬁ,"i’f}\ﬁd éb)a .Vchlth thet 9t9th P?rz?nti!e thfeshqltignd Cgf;esptc?ndmg L 30y75p "30y25p . _ TR T __ _j' Research and Innovation Programme under grant agreement no. 101081193 and the PREVENT project that has received funding from the
rererence 1CvelS. vwarm SpellsS are nigniignted, with annotations mdaicating magni € an uration. . . .
European Union’s Horizon Europe Research and Innovation Programme under Grant Agreement No. 101081276.




	Slide 1
	Slide 2
	Slide 3
	Slide 1

