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Supplementary Table and Figures
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Supplementary Figure 1 | A subset of major marine heatwave (MHW) events since 1995. Adapted from Holbrook et al. (2020), there are 11 famous MHWs events, while the South China Sea MHW occurred at 24 July 2020 is filling in a gap.
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Supplementary Figure 2 | Seasonal evolution of MHW intensity. (a) Climatological monthly-mean SST (℃; cool color bar) and mean MHW intensity (℃; warm color bar) in the SCS in the observations of OISST and in multi-model ensemble of 14 CMIP6 historical runs during 1985-2014. The hottest five months from May to September in the SCS defined as boreal summer, outlined using dark lines. (b) Projected mean MHW intensity of CMIP6 SSP126, SSP245, and SSP585 (left to right).  
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Supplementary Figure 3 | Observed and simulated time series of MHWs. Shown are the OISST results during 1982-2020 (black), the historical CMIP6 results during 1980-2014 (brown), and future changes under SSP126 (purple), SSP245 (blue), and SSP585 (red) scenarios during 2015-2100. The shading indicates the range of ±1 standard deviation for the 14 CMIP6 models. (a) Frequency (count/yr), (b) mean intensity (°C), (c) duration (Days), and (d) cumulative intensity (°C×Days) of MHWs all follow the criterion of the 90th percentile threshold. 
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Supplementary Figure 4 | Future changes of SCS MHWs at the end of the 21st century (2071-2100) under three SSP scenarios. Frequency, mean intensity, duration, and cumulative intensity under (a-d) SSP126, (e-h) SSP245, and (i-l) SSP585. For comparison, a factor is used, which is given at the top-left corner of each panel. 
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Supplementary Figure 5 | Relationship between MHWs and future mean SST anomaly. Scatterplots of (a) frequency (count/yr), (b) mean intensity (°C), (c) duration (days), and (d) cumulative intensity (°C×days) for MHWs versus mean SST anomaly during 2071-2100 under SSP126. Purple line denotes the linear regression. Correlation coefficient is shown at the top of each panel, with asterisk (**) showing the 99% confidence level, asterisk (*) showing the 95% confidence level. 
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Supplementary Figure 6 | Future change of surface heat flux. (a) Net heat flux (Qnet), (b) shortwave radiation (Fns), (c) longwave radiation (Fnl), (d) latent heat flux (LH), (e) sensible heat flux (SH) during 2071-2100 under SSP126 scenarios. Units: w/m2 (downward being positive). Anomalies are obtained by subtracting the historical simulation of 1985-2014. 
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Supplementary Figure 7 | Relationship between MHWs and MLD under SSP126 scenario. Scatterplots of (a) frequency, (b) mean intensity, (c) duration, and (d) cumulative intensity of MHWs versus MLD. For convenience, mean intensity is multiplied by 3 (Fig. S10b); duration (Fig. S10c) and cumulative intensity (Fig. S10d) are divided by 5. Correlation coefficient is shown at the top of each panel, with asterisk (**) showing the 99% confidence level, asterisk (*) showing the 95% confidence level. 
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[bookmark: _GoBack]Supplementary Figure 8 | Mean power spectra of daily SST and precipitation. (a) Power spectra of the3-day running mean SST anomalies averaged over southern SCS (0º-10ºN, red lines) and northern SCS (15º-25ºN, blue lines) for historical experiments during 1985-2014 (thick solid lines) and for SSP126 scenario during 2071-2100 (thick dotted lines). (b) is the same as (a), except for precipitation. Thin solid and dashed lines denote the corresponding 90% confidence level.  
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Supplementary Figure 9 | Simulated SCS MHWs at the present climate and future change at the end of the 21st century for good and poor models. (a-d) Historical SCS MHWs during 1985-2014 simulated by good models, and (e-h) future change of SCS MHWs during 2071-2100 simulated by good models. (i-p) are the same as (a-h), except for poor CMIP6 models. 
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Supplementary Figure 10 | Relationship between observed and predicted MHWs. Scatterplots of (a) frequency, (b) mean intensity, (c) duration, and (d) cumulative intensity of observed MHWs (horizontal axis) versus predicted MHWs (vertical axis). All the variables are normalized. We use two variables, namely, anomaly SST and mean MLD, to establish regression equations. The equations and correlation coefficient (at the 99% confidence level) between observed and predicted MHWs are shown at the top-left corner of each panel.

Supplementary Table 1. Detailed information of CMIP6 models used in the study.
	[bookmark: OLE_LINK2]Model Number（14）
	Model NAME
	Institude, Country
	Horizontal Resolution

	1
	ACCESS-CM2
	Australian Research Council Centre of Excellence for Climate System Science, Australia
	300×360

	2
	ACCESS-ESM1-5
	Australian Research Council Centre of Excellence for Climate System Science, Australia
	300×360

	3
	BCC-CSM2-MR
	Beijing Climate Center, China
	232×360

	4
	CanESM5
	Canadian Centre for Climate Modelling and Analysis, Victoria, Canada
	291×360

	5
	CMCC-CM2-SR5
	Fondazione Centro Euro-Mediterraneo sui Cambiamenti Climatici, Italy
	292×362

	6
	EC-Earth3
	EC-Earth consortium, Rossby Center, Swedish Meteorological and Hydrological Institute, Sweden
	292×362

	7
	EC-Earth3-Veg
	EC-Earth consortium, Rossby Center, Swedish Meteorological and Hydrological Institute, Sweden
	292×362

	8
	IPSL-CM6A-LR
	Institut Pierre Simon Laplace, France
	332×362

	9
	MIROC6
	National Institute for Environmental Studies, and Japan Agency for Marine-Earth Science and Technology, Japan
	256×360

	10
	MPI-ESM1-2-HR
	Max Planck Institute for Meteorology, Germany
	404×802

	11
	MPI-ESM1-2-LR
	Max Planck Institute for Meteorology, Germany
	220×256

	12
	MRI-ESM2-0
	Meteorological Research Institute, Japan
	363×360

	13
	NorESM2-LM
	Norwegian Climate Centre, Norway
	385×360

	14
	NorESM2-MM
	Norwegian Climate Centre, Norway
	385×360





Supplementary Table 2. Information of each model’s variables used in this study. 
	Model
	Tos
(daily&monthly)
	Pr
(daily)
	So
(monthly)
	Thetao
(monthly)
	Mlotst
(monthly)
	Hfls&hfss
(monthly)
	Rlds&rlus
(monthly)
	Rsds&rsus
(monthly)

	ACCESS-CM2
	√
	√
	√
	√
	√
	√
	√
	√

	ACCESS-ESM1-5
	√
	√
	√
	√
	√
	√
	√
	√

	BCC-CSM2-MR
	√
	√
	√
	√
	√
	√
	√
	√

	CanESM5
	√
	√
	√
	√
	√
	√
	√
	√

	CMCC-CM2-SR5
	√
	√
	√
	√
	√
	√
	√
	√

	EC-Earth3
	√
	√
	√
	√
	√
	√
	√
	√

	EC-Earth3-Veg
	√
	√
	√
	√
	√
	√
	√
	√

	IPSL-CM6A-LR
	√
	√
	√
	√
	√
	√
	√
	√

	MIROC6
	√
	√
	√
	√
	√
	√
	√
	√

	MPI-ESM1-2-HR
	√
	√
	√
	√
	√
	√
	√
	√

	MPI-ESM1-2-LR
	√
	√
	√
	√
	√
	√
	√
	√

	MRI-ESM2-0
	√
	√
	√
	√
	√
	√
	√
	√

	NorESM2-LM
	√
	√
	
	
	√
	√
	√
	√

	NorESM2-MM
	√
	√
	
	
	√
	√
	√
	√






Supplementary Table 3. Spatial correlation between Marine heatwave change and the changes from of climatological mixed layer depth (MLD), seasonal-mean SST anomaly, and their combination.
	Correlation
	Frequency
	Mean intensity
	Duration
	Cumulative Intensity

	Clim MLD
	-0.61
	-0.43
	0.27
	0.16

	Mean SSTa
	0.52
	0.61
	-0.04
	0.17

	MLD&SSTa
	0.69
	0.63
	0.28
	0.34
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