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Unprecedented Two-week-long Heat Wave in 2021

b Geopotential height (500 hPa) anomaly, 25 June to 3 July 2021
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 Summertime stationary wave circulations under high emission scenario:

= Weaken in the tropics & subtropics (Wills et al. 2019)

= Largest enhancement in PNW region among mid-low latitude (Chen et al. 2023)
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Changes in Probability of Heat-Dome-Like SSP58.53 2080 to 2099
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Stationary Wave in PNW under SSP5-8.5
0.20 e o o«
| . .°.°:"‘¥A k
_ i
0.15 — :
] |
| ot
i 3
0.10 — ! R ..
é | e ||
* 005 - i T T . )
] | | JJA Mean
: — I | ——
0.00 — . =
- | [ [T
. | I
i 1 == D 5 8 12 16
0.05 i i | | (Chen et al. 2023)
DJF MAM JJA SON

* Probability and strength of heat-dome-like would increase in PNW region (Chen et al. 2023; Zhang et al. 2023)
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 What forcings are expected to exert greatest influence on the

projected changes in the heat-dome-like anticyclone over PNW?
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Future Changes of Heat-Dome-Like Anticyclonic Tmax Warming Related to Heat-Dome-Like
Stationary Wave Circulation Under SSP5-8.5 Stationary Wave Under SSP5-8.5
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 Eddy meridional wind (V') dipole index

= Difference in V5,, between western and eastern flanks of the anticyclonic circulation

 Dynamical control on the heat extremes

= Strengthening of anticyclonic circulation will strongly influence the local extreme heat events
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Time Series of Heat-Dome Anticyclonic Circulation Index
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* Anticyclonic circulation would enhance by ~95% under the high-emission scenario
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 Diabatic heating and mean state (zonal wind) changes Contr’ibute to the

stationary wave Changes IN wintertime (e.g. Stephenson & Held, 1993; Held et al., 2002; Simpson et al., 2016)
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 Stationary wave model (SWM) at R30L24 (Ting & Yu 1998)
* Basic States & Forcings: 14 CMIP6 GCMs

* Run for 100 days with time averages performed over 30~100 days

* Single-forcing Response: the difference between all-forcing run and sensitivity run

Diabatic Transient Transient
Basic States
heating Divergence Vorticity

Control Run Historical 3D Basic States Historical Historical Historical

Projection Run Historical 3D Basic States SSP5-8.5 SSP5-8.5 SSP5-8.5
Diabatic Heating Run Historical SSP5-8.5 SSP5-8.5
Vorticity Run SSP5-8.5 Historical SSP5-8.5

Divergence Run SSP5-8.5 SSP5-8.5 Historical
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White Stippling: Responses exceed twice standard deviation from 30 to 100 days
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Diabatic heating dominates the response of eddy meridional wind in the projection, with PCC of 0.98
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northwest Northward Expanded Waveguide > Northward Wave Propagation

(a) Stationary Zonal Wavenumber

200hPa, SSP5-8.5: 2080 to 2099

(b) Wave Ray Paths
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Projected Diabatic Heating (Shading) & Divergence Wind at 200 hPa(Vectors) Rossby Wave Source (Shading) at 200 hPa
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Present-day Waveguide e

Projected Waveguide

{ « Heat-Dome-Like anticyclonic circulation would enhance by ~95% under SSP5-8.5 scenarid, driven by
= diabatic heating changes over the tropical Pacific
* northward expanded waveguide in North America

« Similar results are found in sensitivity runs of GFDL dry dynamical core driven by diabatic heating
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CMIP6 MME GFDL Dycore Stationary Wave Model
(a) V5o, Changes (€) V540 Changes (e) V540 Changes
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CMIP6 MME GFDL Dycore Stationary Wave Model
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(a) ¢;oo Driven by Diabatic Heating (b) ¢;oo Driven by Vorticity
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- Diabatic heating dominates the response of eddy meridional wind in the projection, with PCC of 0.98
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Projected Changes of 26 CMIP6 Model SWM Projection Run by Prescribing 3D Basic States
oo°N (a) Eddy V200 Change SSP5-8.5: 2080 to 2099 oooN (b) Eddy V200 Response in SWM PCC = 0.54,0.59;: RMSE = 1.51, 1.47
75N G 75°N
60°N 60°N
45°N 45°N
30°N 30°N
15°N 15°N

OO

OO

SWM Projection Run by Prescribing Zonal-mean Basic States

oo (b) Eddy V200 Response in SWM  pcc = 0.53,0.53; RMSE = 1.20, 1.20
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(g) Vertically Integrated Diabatic Heating ssp5-8.5: 2080 to 2099
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« The dipole changes in diabatic heating over the tropical eastern Pacific dominate the enhancement
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Projected eddy meridional wind (1, ,;

*

a, c),

Projected relative SST warming (shading in b and d)

Projected vertically averaged diabatic heating (contours

in b and d)

By the model ensembles which project

(a) Composite of V™5,
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* (a, b) increase in the dipole index in 2080—-2099 under SSP5-8.5

» (c, d) decrease in the dipole index in 2080-2099 under SSP5-8.5
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(c) Composite of V'35,
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(b) U200 (Shading) & Divergence Wind (Vectors) in SWM
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