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Figure S1. (a) Ensemble mean DJF zonal wind change in Abrupt-4xCO2 normalized by global warming level, (b-e) Differences between normalized ensemble mean wind change in (b) SSP245, (c) SSP370, (d) SSP585, (e) 1pctCO2 and that in Abrupt-4xCO2. Contours mark ensemble mean climatological winds (10,20,30 and 40 m/s). The gray bar at 10 hPa indicates the region used for defining . Dots indicate areas where (a) 90% of models agree on the sign of the change and (b-e) 80% of models agree on the sign of the difference.
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Figure S2. The same as Figure 6 except that the global mean Z10 change is removed for each model before constructing the ensemble means.
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Figure S3. (a-c) The same as Figure 10 (d-i) but for regression of  on . (d-f) The same as Figure 11 (d-i) but for regression of  on .
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Figure S4. (a-c) The same as Figure 12 d-i but for regression of  on  (d-f) The same as Figure 13 d-i but for regression of  on .


Table S1. CMIP6 models used in the study. Shown are the number of available simulations for each experiment and the number of years for piControl.
 
	
	
	Number of simulations
	Years

	
	Name
	Historical
	SSP245
	SSP370
	SSP585
	1pctCO2
	4xCO2
	piControl

	1
	ACCESS-CM2 (i)
	3
	3
	3
	3
	1
	1
	500

	2
	ACCESS-ESM1-5 (ii)
	10
	10
	10
	10
	1
	1
	900

	3
	AWI-CM-1-1-MR (iii)
	5
	1
	5
	1
	1
	1
	500

	4
	BCC-CSM2-MR
	1
	1
	1
	1
	1
	1
	600

	5
	BCC-ESM1
	-
	-
	-
	-
	1
	1
	451

	6
	CAMS-CSM1-0
	2
	2
	2
	2
	2
	1
	400

	7
	CanESM5 (iv)
	25
	25
	25
	25
	3
	1
	1051

	8
	CAS-ESM2-0
	2
	2
	2
	2
	1
	1
	600

	9
	CESM2
	3
	3
	3
	3
	1
	1
	1200

	10
	CESM2-FV2
	-
	-
	-
	-
	1
	1
	500

	11
	CESM2-WACCM
	3
	3
	1
	3
	1
	1
	499

	12
	CESM2-WACCM-FV2
	-
	-
	-
	-
	1
	1
	500

	13
	CIESM (v)
	1
	1
	-
	1
	1
	1
	500

	14
	CMCC-CM2-SR5
	1
	1
	1
	1
	1
	1
	500

	15
	CMCC-ESM2
	1
	1
	1
	1
	1
	1
	500

	16
	CNRM-CM6-1
	6
	6
	6
	6
	1
	1
	500

	17
	CNRM-CM6-1-HR
	1
	1
	1
	1
	1
	1
	300

	18
	CNRM-ESM2-1 (vi)
	9
	9
	5
	5
	10
	1
	500

	19
	E3SM-1-0
	-
	-
	-
	-
	1
	1
	500

	20
	E3SM-1-1
	1
	-
	-
	1
	-
	-
	-

	21
	EC-Earth3 (vii)
	22
	21
	7
	8
	1
	1
	501

	22
	EC-Earth3-AerChem
	1
	-
	1
	-
	1
	1
	311

	23
	EC-Earth3-CC 
	1
	1
	-
	1
	-
	-
	-

	24
	EC-Earth3-Veg (viii)
	9
	8
	6
	8
	1
	1
	500

	25
	EC-Earth3-Veg-LR
	3
	3
	3
	3
	-
	-
	-

	26
	FGOALS-f3-L
	1
	1
	1
	1
	3
	1
	561

	27
	FGOALS-g3
	5
	4
	5
	4
	3
	1
	700

	28
	FIO-ESM-2-0
	3
	3
	-
	3
	3
	1
	476

	29
	GFDL-CM4
	1
	1
	-
	1
	1
	1
	500

	30
	GFDL-ESM4
	3
	3
	1
	1
	1
	1
	500

	31
	GISS-E2-1-G (ix)
	10
	10
	10
	5
	3
	1
	851

	32
	GISS-E2-1-H
	5
	5
	5
	5
	1
	1
	401

	33
	GISS-E2-2-G
	-
	-
	-
	-
	1
	1
	151

	34
	HadGEM3-GC31-LL
	4
	1
	-
	4
	4
	1
	500

	35
	HadGEM3-GC31-MM
	4
	-
	-
	4
	1
	1
	500

	36
	IITM-ESM
	1
	1
	1
	1
	1
	1
	200

	37
	INM-CM4-8
	1
	1
	1
	1
	1
	1
	531

	38
	INM-CM5-0
	5
	1
	5
	1
	1
	1
	1201

	39
	IPSL-CM5A2-INCA
	1
	-
	1
	-
	1
	1
	250

	40
	IPSL-CM6A-LR (x)
	14
	11
	11
	6
	1
	1
	800

	41
	KACE-1-0-G
	3
	3
	3
	3
	-
	-
	-

	42
	KIOST-ESM
	1
	1
	-
	1
	1
	1
	500

	43
	MIROC6
	50
	3
	3
	50
	1
	1
	800

	44
	MIROC-ES2L (xi)
	30
	30
	10
	10
	1
	1
	500

	45
	MPI-ESM-1-2-HAM
	-
	-
	-
	-
	1
	1
	780

	46
	MPI-ESM1-2-HR
	10
	2
	10
	2
	1
	1
	500

	47
	MPI-ESM1-2-LR
	10
	10
	10
	10
	1
	1
	1000

	48
	MRI-ESM2-0 (xii)
	6
	1
	5
	2
	2
	1
	701

	49
	NESM3
	2
	2
	-
	2
	1
	1
	300

	50
	NorCPM1
	-
	-
	-
	-
	1
	1
	500

	51
	NorESM2-LM (xiii)
	3
	3
	1
	1
	1
	1
	501

	52
	NorESM2-MM
	2
	2
	1
	1
	1
	1
	500

	53
	SAM0-UNICON
	-
	-
	-
	-
	1
	1
	700

	54
	TaiESM1
	1
	1
	1
	1
	1
	1
	500

	55
	UKESM1-0-LL (xiv)
	14
	14
	13
	5
	4
	1
	1880


(i) Only 2 realizations are available for surface variables in SSP585
(ii) No data is available for surface variables in SSP585
(iii) No surface temperature is available for SSP245
(iv) Only p2 simulations are used
(v) No precipitation data is available
(vi) Only 8 realisations are available for surface variables in SSP245
(vii) Only experiments started in 1850 are considered. Only 7 realisations are available for surface variables in SSP245
(viii) Only 6 realisations are available for surface variables in SSP585
(ix) Only p1 simulations are used. Only 5, 9 and 4 realisations are available for surface variables in SSP245, SSP370 and SSP585 respectively
(x) Only 5 realisations are available for precipitation in SSP585
(xi) Only 27 realisations are available for surface variables in SSP245
(xii) Only 1 realisation is available for surface variables in SSP585
(xiii) Only 1 realisation is available for precipitation in SSP370
(xiv) Only 6 realisations are available for surface variables in SSP245

Table S2. Location of the top levels in the CMIP6 models.

	
	Name
	Model top
	High top

	1
	ACCESS-CM2
	85 km
	Yes

	2
	ACCESS-ESM1-5
	39 km
	No

	3
	AWI-CM-1-1-MR
	80 km
	Yes

	4
	BCC-CSM2-MR
	1.46 hPa
	No

	5
	BCC-ESM1
	2.19 hPa
	No

	6
	CAMS-CSM1-0
	10 hPa
	No

	7
	CanESM5
	1 hPa
	No

	8
	CAS-ESM2-0
	2.2 hPa
	No

	9
	CESM2
	2.25 hPa
	No

	10
	CESM2-FV2
	2.25 hPa
	No

	11
	CESM2-WACCM
	4.5e-1 hPa
	Yes

	12
	CESM2-WACCM-FV2
	4.5e-1 hPa
	Yes

	13
	CIESM
	2.255 hPa
	No

	14
	CMCC-CM2-SR5
	2 hPa
	No

	15
	CMCC-ESM2
	~2 hPa
	No

	16
	CNRM-CM6-1
	78.4 km
	Yes

	17
	CNRM-CM6-1-HR
	78.4 km
	Yes

	18
	CNRM-ESM2-1
	78.4 km
	Yes

	19
	E3SM-1-0
	0.1 hPa
	Yes

	20
	E3SM-1-1
	0.1 hPa
	Yes

	21
	EC-Earth3
	0.01 hPa
	Yes

	22
	EC-Earth3-AerChem
	0.01 hPa
	Yes

	23
	EC-Earth3-CC
	0.01 hPa
	Yes

	24
	EC-Earth3-Veg
	0.01 hPa
	Yes

	25
	EC-Earth3-Veg-LR
	5 hPa
	No

	26
	FGOALS-f3-L
	2.16 hPa
	No

	27
	FGOALS-g3
	2.19 hPa
	No

	28
	FIO-ESM-2-0
	2 hPa
	No

	29
	GFDL-CM4
	1 hPa
	No

	30
	GFDL-ESM4
	1 hPa
	No

	31
	GISS-E2-1-G
	0.1 hPa
	Yes

	32
	GISS-E2-1-H
	0.1 hPa
	Yes

	33
	GISS-E2-2-G
	0.002 hPa
	Yes

	34
	HadGEM3-GC31-LL
	85 km
	Yes

	35
	HadGEM3-GC31-MM
	85 km
	Yes

	36
	IITM-ESM
	0.2 hPa
	Yes

	37
	INM-CM4-8
	~10 hPa
	No

	38
	INM-CM5-0
	~0.2 hPa
	Yes

	39
	IPSL-CM5A2-INCA
	80 km
	Yes

	40
	IPSL-CM6A-LR
	80 km
	Yes

	41
	KACE-1-0-G
	85 km
	Yes

	42
	KIOST-ESM
	2 hPa
	No

	43
	MIROC6
	0.004 hPa
	Yes

	44
	MIROC-ES2L
	3 hPa
	No

	45
	MPI-ESM-1-2-HAM
	0.01 hPa
	Yes

	46
	MPI-ESM1-2-HR
	0.01 hPa
	Yes

	47
	MPI-ESM1-2-LR
	0.01 hPa
	Yes

	48
	MRI-ESM2-0
	0.01 hPa
	Yes

	49
	NESM3
	1 hPa
	No

	50
	NorCPM1
	~2 hPa
	No

	51
	NorESM2-LM
	3 hPa
	No

	52
	NorESM2-MM
	3 hPa
	No

	53
	SAM0-UNICON
	2 hPa
	No

	54
	TaiESM1
	2 hPa
	No

	55
	UKESM1-0-LL
	85 km
	Yes



Table S3. CMIP5 models used in the study.
	
	Name
	Historical
	RCP8.5
	Model top
	High-top

	1
	ACCESS1-0
	1
	1
	38 km
	No

	2
	ACCESS1-3
	1
	1
	38 km
	No

	3
	bcc-csm1-1
	1
	1
	2.917 hPa
	No

	4
	bcc-csm1-1-m
	1
	1
	2.917 hPa
	No

	5
	BNU-ESM
	1
	1
	2.917
	No

	6
	CanESM2
	5
	5
	1 hPa
	No

	7
	CCSM4
	6
	6
	2.194 hPa
	No

	8
	CESM1-BGC
	1
	1
	2.194 hPa
	No

	9
	CESM1-CAM5
	3
	3
	2.194 hPa
	No

	10
	CESM1-WACCM
	3
	3
	5.1×10-6 hPa
	Yes

	11
	CMCC-CESM
	1
	1
	0.01 hPa
	Yes

	12
	CMCC-CM
	1
	1
	10 hPa
	No

	13
	CMCC-CMS
	1
	1
	0.01 hPa
	Yes

	14
	CNRM-CM5
	5
	5
	10 hPa
	No

	15
	CSIRO-Mk3-6-0
	10
	10
	4.52 hPa
	No

	16
	FGOALS-g2
	1
	1
	2.194 hPa
	No

	17
	FIO-ESM
	3
	3
	3.5 hPa
	No

	18
	GFDL-CM3
	1
	1
	0.01 hPa
	Yes

	19
	GFDL-ESM2G
	1
	1
	3 hPa
	No

	20
	GFDL-ESM2M
	1
	1
	3 hPa
	No

	21
	GISS-E2-H-CC
	1
	1
	0.01 hPa
	Yes

	22
	GISS-E2-H
	2
	2
	0.01 hPa
	Yes

	23
	GISS-E2-R-CC
	1
	1
	0.01 hPa
	Yes

	24
	GISS-E2-R
	2
	2
	0.1 hPa
	Yes

	25
	HadGEM2-AO
	1
	1
	38 km
	No

	26
	HadGEM2-CC
	3
	3
	85 km
	Yes

	27
	HadGEM2-ES
	4
	4
	38 km
	No

	28
	inmcm4
	1
	1
	10 hPa
	No

	29
	IPSL-CM5A-LR
	4
	4
	0.04 hPa
	Yes

	30
	IPSL-CM5A-MR
	1
	1
	0.04 hPa
	Yes

	31
	IPSL-CM5B-LR
	1
	1
	0.04 hPa
	Yes

	32
	MIROC5
	3
	3
	3 hPa
	No

	33
	MIROC-ESM-CHEM
	1
	1
	0.0036 hPa
	Yes

	34
	MIROC-ESM
	1
	1
	0.0036 hPa
	Yes

	35
	MPI-ESM-LR
	3
	3
	0.01 hPa
	Yes

	36
	MPI-ESM-MR
	1
	1
	0.01 hPa
	Yes

	37
	MRI-CGCM3
	1
	1
	0.01 hPa
	Yes

	38
	NorESM1-ME
	1
	1
	3.54 hPa
	No

	39
	NorESM1-M
	1
	1
	3.54 hPa
	No




Table S4. DJF mean wavenumber 1 amplitudes at 10-hPa in historical experiments by CMIP6 models (1958-2014) and in JRA-55 reanalysis (1958-2019). Models in bold have wavenumber 1 amplitude statistically indistinguishable (p=0.05) from that in JRA-55 according to a 2-sided t-mean test.
	
	Name
	Amplitude (m)

	
	JRA-55
	624.782

	1
	ACCESS-CM2
	750.207

	2
	ACCESS-ESM1-5
	944.069

	3
	AWI-CM-1-1-MR
	483.231

	4
	BCC-CSM2-MR
	440.388

	5
	CAMS-CSM1-0
	524.318

	6
	CanESM5
	608.924

	7
	CAS-ESM2-0
	625.170

	8
	CESM2
	728.543

	9
	CESM2-WACCM
	522.461

	10
	CIESM
	723.235

	11
	CMCC-CM2-SR5
	914.285

	12
	CMCC-ESM2
	956.988

	13
	CNRM-CM6-1
	623.928

	14
	CNRM-CM6-1-HR
	565.393

	15
	CNRM-ESM2-1
	598.555

	16
	E3SM-1-1
	401.055

	17
	EC-Earth3
	664.042

	18
	EC-Earth3-AerChem
	676.113

	19
	EC-Earth3-CC
	689.980

	20
	EC-Earth3-Veg
	659.505

	21
	EC-Earth3-Veg-LR
	613.608

	22
	FGOALS-f3-L
	414.195

	23
	FGOALS-g3
	713.052

	24
	FIO-ESM-2-0
	985.044

	25
	GFDL-CM4
	414.830

	26
	GFDL-ESM4
	439.188

	27
	GISS-E2-1-G
	554.975

	28
	GISS-E2-1-H
	575.495

	29
	HadGEM3-GC31-LL
	751.087

	30
	HadGEM3-GC31-MM
	761.314

	31
	IITM-ESM
	611.155

	32
	INM-CM4-8
	645.125

	33
	INM-CM5-0
	619.055

	34
	IPSL-CM6A-LR
	602.366

	35
	KACE-1-0-G
	721.970

	36
	KIOST-ESM
	570.969

	37
	MIROC6
	487.462

	38
	MIROC-ES2L
	328.878

	39
	MPI-ESM1-2-HR
	563.134

	40
	MPI-ESM1-2-LR
	563.751

	41
	MRI-ESM2-0
	735.870

	42
	NESM3
	573.899

	43
	NorESM2-LM
	506.711

	44
	NorESM2-MM
	485.420

	45
	TaiESM1
	894.732

	46
	UKESM1-0-LL
	748.837
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