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1. Motivation European HW duration intensified (>100%) since 2010
a) Heatwave cumulative intensit °C decade (b) PDF (c) Decadal heatwave trends
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Figure 1. (a) Spatial distribution of decadal trends of heatwave cumulative intensity (°C decade) from 1979 to 2024 during boreal summer (June—August). (b) Probability distribution function of decadal trend of heatwave cumulative intensity of all observation stations for Europe (in red, as the region included in
red box of (a)) and the midlatitudes excluding Europe (in black). (c) Regional comparison of decadal heatwave trends across European subregions for different decades (1980s, 1990s, 2000s, 2010-24).
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2. Recent Summer Arctic/North Atlantic Changes Since 2010: GRL cooling (-0.4 °C dec’), BKS warming (+2.2 °C dec™)
— Temperature gradient: North Atlantic (enhanced), northern Eurasia (weakened)
(a) T850, Z500 (2010-2024) (K decade™, m decade™) (b) Greenland [70°-80°N, 30°-70°W] (c) Norwegian-Barents-Kara [70°-80°N, 10°W-80°E]
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Impact on Midlatitude Circulations

Temperature gradient change - Synoptic eddy activity change (1-10 days)
(b) 850 hPa v'T' (2010-2024) (Kms™' dec™)

Impact on Atmospheric Energy (murakami 2011)

Jecadal trend of the energy
Recent Summer Arctic Change components

~? Northern Eurasia l o Trend : Pm (10° Jm™ dec™) 2010-2024
=12 Weakened = I
— 0.4 : = 60N | 1 H
= synoptic eddy heat flux /2 — .
Hos Y0P y Pm (T") -
m Mean Available Potential Energy 2N i

North Atlantic . i

| Poleward shifted
1.0 § /\/‘%/\f\f\\ A/“' synoptic eddy heat flux Baroclinic conversion
0.0 :Mt o —— “

z

IQ ) 1

o e N W ) — _— L —
8 T~ — N~ cpy div[(T —(T)u'T’] v [os
S 1o |[—2010-2024 | | Hoo
| [1979-2009 Figure 3. Decadal trends during boreal ' e

1979-2024 lgure i eca Z re”)i “”gfélgr;gm Heat flux conv & T-gradient B
20 i summer (June—August) from — . {06
120W 60W 0 60E 120E 180 in 850-hPa eddy heat flux (v'T, Km s North Atlantic (enhanced) | i
Longitude decade™). Northern Eurasia (weakened) -

Mechanism 1
Pe (T'%)

Eddy Available Potential Energy

<
no

(b) Decadal trend: T variance (2010-2024) (K? decades™)

Decreasing weather variability

The declined synoptic eddy activity over western Eurasia
exhibits a reduced weather variability

The weakened synoptic weather variability promotes
persistently hot weather condition
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(a) Regression: Heatwave persistence [days] (2010-2024) (b)
¢ %,— - 901 R(10-24)= +0.57 Figure 5. (a) Regression of
- e ; Bilig-a)=-+0i20 heatwave persistence (days)
onto the Eurasian synoptic
eddy activity index for
2010-2024 summers (June-
August). (b) Scatter plots
showing the relationship of
heatwave persistence with
Eurasia synoptic eddy
activity ; red and black
lines are linear fits for
2010-2024 (R=0.57*) and
1979-2024 (R = 0.20).
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North Atlantic Jet shift

The poleward shifted synoptic eddy heat flux
exhibits a shifted Atlantic polar-front jet

The northward shift jet promotes the invasion of
warm flows from the subtropics and Sahara

Figure 8. Decadal trend of the atmospheric energy components for 2010-2024 during
boreal summer (June-August). Black contour indicate climatology.

Conclusion
Figure 6. Decadal trends of the 200-hPa zonal wind (m s™! decade™) for : : o :
2010-2024 during boreal summer (June-August). Black contour indicate 1. Summer Arctic warming has amplified since 2010
climatology of the 200-hPa zonal wind. (in fact, BKS warming and GRL cooling/NA warming)
(c) Regression: Heatwave persistence [days] A | 2. BKS warming weakened synoptic weather variabilities over Northeastern Europe, causing
A R e . R(10-24)= +0.60* . ..
: = (70 00)- 10,55 _ | persistent warm weather condition
- e T __5 6o | Figure 7. (c) Regressmn of . . . : o .
z heatwave persistence (days) 3. GRL cooling and North Atlantic warming shifted the North Atlantic jet northward, promoting
S onto the North Atlantic jet- warm subtropical air intrusion into Southwestern Europe
% o shift index for 2010-2024 . . - . .
g summers (June-August). (d) 4. Energetics support both pathways: baroclinic conversion weakened over northern Eurasia, and
K Scatter plots showing the eddy-to-mean kinetic energy conversion strengthened along the shifted North Atlantic jet
o relationship of heatwave
& 3.0 : .
S persistence with North
3 Atlantic Jet shift index; red Fu rther StUdy
d black linear fit : : : : :
?:r zofg_zggjs(;ri (')n;;r) - 1. Atmospheric energy: how Arctic temperature changing alter mean-eddy interaction across the
and 1979-2024 (R = 0.55*). full Local energy cycle.
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North Atlantic jet-shift index 2. Origin of recent changes: determine whether BKS warming and Greenland cooling since 2010
stem from internal variability (e.g., NAO, AMOC), sea-ice loss, or external forcing.
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