@) Detected impacts of atmospheric rivers on marine heatwaves

Marine heatwaves (MHW:s) can cause widespread ecological and economic disruptions year-round, including mass mortalities
of marine organisms, severe impacts on fisheries, and major losses to coastal economies. We detect observed impacts of

atmospheric rivers on MHWs, highlight seasonal dependence, and investigate physical mechanisms.

We analyze satellite observations and reanalysis datasets to reveal previously overlooked impacts of atmospheric rivers (ARs) on MHWs. We
further demonstrate that ARs’ impacts on MHWs vary in space and with season, modulated by ocean-atmosphere background states.

A schematic for the seasonal impacts of ARs on sea surface temperature

(SST) through ocean surface energy flux
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AR frequency anomalies before and after the MHW peak
date (day 0) in the Northern Hemisphere

wef S
’/’/‘,‘/f/’ AR, 7/

S Horoms

oot ot P
'!;%////” v,

7 ’ s
Tt s s S

60°N —//////Mj://;/
A o

//////

oN o e
30°N [ —

Z

oo s 700

/ //7/////////%/////: 4
e wlr l'
: > 1 . Total (Wifm?)

’
LA B

Anomalies Anomalies

5
TE—
e BT -2 Total Shortwave  Longwave LatentHeat Sensible Heat  Total Shortwave  Longwave LatentHeat Sensible Heat
: Warmer SST 17.8  -53.2 22.0 3.3 17.7 1101 -204 34.0 53.8 42.7
i Cooler ssT -4.5 -50.4 19.0 18.1 8.8 65°N
////////’ '4 Ban
I o creas it . Vo g L
SOON = . e 7777 Voo ////7// B
77777722/ 0005
| L W/%y ”/// @
Zonal mean .ss.. -~ December-February
0 T T  } L) I L) T T T I T L) L) L) I T T L) T I T T L] T I ) L) T L)
-15 -10 -5 0 5 10 15
Before MHWs After MHWs : 30°N , 30°N
Longitude Longitude

Associated with an AR, the cloud-induced shortwave cooling effect on the ocean is
stronger in summer and has a horseshoe pattern. Basin-wide warming effects due to
suppressed turbulent heat fluxes are stronger in winter.

Weaker AR activity is detected within 1-2 weeks before the peak of
extratropical MHWs in summer. Conversely, stronger AR activity is
detected 1-2 weeks before the peak of extratropical MHWs in winter.
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