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FIGURES
Fig. S1. Histograms categorized by different variables averaged over the axes of ARs detected in LR-GCMs:
[image: ]
a, low-level (925-850 hPa) wind speeds. b, 1000-250 hPa precipitable water. c, IVT. Dashed lines show the mean values of samples. Red stippling indicates the future changes at a confidence level > 95%. Present-day simulations (1981-2010) are shown by black hollow bars and red bars show the future simulations (2021-2050) under the SSP5-8.5 scenarios. The confidence levels of statistical significance for the projected future changes are determined by the p-value (< 0.05) of a two-sided Student’s t-test.


Fig. S2. Present-day distributions of AR frequency:
[image: ]
a, MERRA2. b, ERA5. c, The ensemble mean of the LR-GCMs. d. The ensemble mean of the HR-GCMs. e, the absolute biase for the ensemble mean of LR-GCMs with respect to the averaged field over both the reanalysis datasets. f. As e but for HR-GCMs.


Fig. S3. Projected changes in AR frequency diagnosed by the ARDT with different choices of IVT thresholding method.
[image: ]
a-b, Results from the use of absolute IVT threshold (500 kgm-1s-1) for AR plume isolation for the present-day distribution (a) and the projected absolute changes (b). c-d, As (a, b) but for the use of relative IVT threshold (85th percentile of IVT). Black stippling indicates the future changes at a confidence level > 95%.


Fig. S4. Projected changes in the mean IVT when AR plumes occur and the associated changes in the low-level circulation during the AR-active seasons:
[image: ]
a, Present-day distribution of the mean IVT magnitude (shaded) and direction (vectors). b. Projected changes in IVT. c, Present-day distribution of geopotential height at 850 hPa averaged from May to September. d, Projected pattern of geopotential height at 850 hPa (black contours) and its changes (shaded) relative to present-day. Green stippling indicates the future changes at a confidence level > 95%.


Fig. S5. Present-day distributions of averaged annual accumulation of AR-associated precipitation:
[image: ]
a, MERRA2+APHRODITE. b, ERA5+APHRODITE. c, The ensemble mean of the LR-GCMs. d. The ensemble mean of the HR-GCMs. e, the absolute biases for the ensemble mean of LR-GCMs with respect to the averaged field over both the reanalysis datasets. f. As e but for HR-GCMs.
Fig. S6. As Fig. S5 but for the averaged fractional contribution of AR-associated precipitation to the annual total precipitation.
[image: ]


Fig. S7. As Fig. S5 but for the frequency of AR-associated extreme precipitation events.
[image: ]


Fig. S8. As Fig. S5 but for the averaged fractional contribution of AR-associated extreme precipitation to the annual total frequency of extreme precipitation event.
[image: ]


Fig. S9. Projected absolute changes in population exposures to AR impacts:
[image: ]
a, Population exposure to the local occurrences of ARs. b-d, Changes in exposure to ARs in total (b) and those due to population changes (c) and the responses of AR frequency (d). e-h, as (a-d) but for the exposure to the AR-associated extreme precipitation events. All the presented changes as shaded contours are at a confidence level > 95% (p-value < 0.05) and changes below the level are shown as zero. Stippling in (c) and (g) indicates changes that are dominated by population changes (i.e. the magnitude of exposure change by population change is greater than that by AR response). Stippling in (d) and (h) indicates changes that are dominated by changes in ARs.

Fig. S10. Mean population exposures to AR-associated extreme precipitation events within 150 km from the major cities over Asia.

Black bars, present-day exposure (1981-2010). Orange bars, future exposure (2021-2050) considering AR changes only (population fixed at the year 2000 values). Red bars, future exposure considering changes in both ARs and population.
Fig. S11. Flowchart for the ARIA-Asia procedures.
[image: ]


[bookmark: _Hlk61461455]Supplementary Table 1. Summary of the used HighResMIP experiments for AR projection in Asia.
	Developers
	Model Name
	Version
	Horizontal Resolution (Longitude×Latitude)
	Vertical Resolution (Number of Atmospheric Vertical Levels)

	Meteorological Research Institute (Japan)
	MRI-AGCM3-2
	LR-GCM
	0.563°×0.563°
	60

	
	
	HR-GCM
	0.188°×0.188°
	

	Max Planck Institute for Meteorology (Germany)
	MPI-ESM-XR
	LR-GCM
	0.5°×0.5°
	32

	
	
	HR-GCM
	0.234°×0.234°
	

	27 institutes in Europe 
	EC-Earth3P
	LR-GCM
	0.703°×0.703°
	91

	
	
	HR-GCM
	0.352°×0.352°
	

	The UK Met Office Hadley Centre for Climate Change
	HadGEM3-GC3.1
	LR-GCM
	1.875°×1.25°
	85

	
	
	HR-GCM
	0.35°×0.23°
	

	Euro‑Mediterranean Center on Climate Change (Italy)
	CMCC-CM2
	LR-GCM
	1.25°×0.938°
	26

	
	
	HR-GCM
	0.313°×0.234°
	

	French National Centre for Meteorological Research
	CNRM-CM6-1
	LR-GCM
	1.406°×1.406°
	91

	
	
	HR-GCM
	0.5°×0.5°
	




Present-day	Delhi	Bangalore	Mumbai	Kolkata	Dhaka	Bangkok	Hanoi	Chongqing	Hong Kong	Shanghai	Zhengzhou	Beijing	Taipei	Seoul	Tokyo	69001.797588477304	33237.9326579716	417448.12907358003	240075.63621644099	491554.61758057203	18481.545748210901	86873.334718813305	48788.303648221103	438320.62158728798	323599.97108468798	167969.51071521701	108740.610000674	298317.70758343098	181011.71495006201	365179.49139571202	Future (AR changes only)	Delhi	Bangalore	Mumbai	Kolkata	Dhaka	Bangkok	Hanoi	Chongqing	Hong Kong	Shanghai	Zhengzhou	Beijing	Taipei	Seoul	Tokyo	77519.402679030201	33601.916115161897	217172.08189070199	247684.17405924801	601200.92289369903	15515.6888638619	105066.72411138999	73858.957058960805	282313.87961277901	264496.26608397299	194447.34419284901	124408.358255461	99107.024092137901	182052.48460341399	243527.617157837	Future (AR + population changes)	Delhi	Bangalore	Mumbai	Kolkata	Dhaka	Bangkok	Hanoi	Chongqing	Hong Kong	Shanghai	Zhengzhou	Beijing	Taipei	Seoul	Tokyo	110335.892303318	48353.603140425497	486671.30036033498	358989.68559771799	725200.80649548501	21292.316463867399	138386.021011003	71217.111259437996	613573.84268725	351801.68144953501	220964.41901231199	135018.56166162901	313662.525145247	162932.861544643	389196.93488153099	Cities
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