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The supporting texts describe details of our evaluation of reanalysis data covering the 1960s drought (Text S1) and Heat Index equation (Text S2). The supporting figures show vertical profiles of multi-model regional monthly mean temperature delta in the future (Figure S1), the figures involving reanalysis data evaluation (Figure S2-S5) and some supplemental figures about climate impacts on hydrometeorology (Figure S6-S7). The supporting table provides basic information on all reanalysis data evaluated (Table S1).



Text S1.
In order to provide reliable historical lateral conditions, here we evaluate the performance of 4 reanalysis datasets (shown as Table S1) which cover the 1960-1967 period in simulating the historical monthly precipitation compared with CPC observed data. Note that here we use the multi-ensemble mean of all 10 CERA20C ensembles to represent CERA20C and will evaluate the performance of each CERA20C's ensemble later. All analysis involved in this section are based on monthly regional mean precipitation over the NEUS region (here defined as the land region within 285 < longitude < 290 and 40 < latitude < 45).

From the histogram of monthly precipitation during the overlap period (1958-2005) of the CPC observed data and the four models (Figure S2) and the monthly time series precipitation during the drought (1960-1967) (Figure S3), it's obvious that CERA20C and JRA55 have much better performance in simulating the mean of historical precipitation, the precipitation distribution and the historical precipitation during the 1960s period. Also, as indicated in Table S1, CERA20C and JRA55 have higher spatial and temporal resolution among available products; however, because the time coverage of JRA55 is much shorter than CERA20C, and CERA20C is a more recent product, we choose to use CERA20C instead of JRA55 to provide the boundary conditions of our simulations.

CERA20C has in total 10 ensembles (R0 to R9) with different initial conditions. Because computational capacity limits us to only run simulations with a single set of lateral conditions, we downselect to a single CERA20C ensemble. From Figure S4, we can see that all ensembles have very similar and good performance compared with CPC observed data. In order to select one for use, we define dry months as those with regional mean precipitation less than the 10th percentile of regional monthly precipitation of CPC observed data. Then we calculate each ensemble's dry months during 1950-2005 period and calculate each ensemble's absolute difference with CPC observed data (Figure S5), we find CERA20c R7 has the most similar number of dry months as CPC observed data. Therefore, CERA20C R7 is selected to provide historical boundary conditions in our simulations.

Text S2.
In the Heat Index equation below, both Heat Index and T (nominally ambient dry-bulb temperature, although here we use regional mean daily maximum 2m temperature) are in degrees Celsius and R is relative humidity in percentage value (from 0 to 100).




[image: ]Figure S1. Vertical profiles of multi-model regional monthly mean temperature delta between 2020s (2020-2028), 2040s (2040-2048) and 2090s (2090-2098) periods with 1960s historical periods (1960-1968) based on 4 CMIP6 models with RCP8.5 emission scenarios.



[image: ]Figure S2. Reanalysis data's regional monthly mean precipitation from 1960 to 1967



[image: ]Figure S3. Reanalysis data's regional monthly mean precipitation from 1960 to 1967



[image: ]Figure S4. Histogram of each CERA20C ensemble's regional monthly mean precipitation (the dashed line is the mean of each CERA20C ensemble and the solid line the mean of CPC observed data).



[image: ]Figure S5. Absolute difference between each CERA20C ensemble's dry months and CPC observed data's dry months (dry month is defined by 10th percentile CPC observed regional monthly mean precipitation).



[image: ]Figure S6. The relationship between historical precipitation and precipitation delta in the future.



[image: ]Figure S7. Regional long term monthly mean runoff within our subregion.




	Product
	Time coverage
	Temporal resolution
	Spatial resolution

	The Japanese 55-year Reanalysis (JRA55)
	1958-2012
	3 hours
	0.5625°×0.5625°

	The Coupled ECMWF Re-Analysis system of the 20th-century (CERA20C)
	1901-2010
	3 hours
	1.125°×1.125°

	NOAA-CIRES 20th Century Reanalysis version 2c (20CRv2c)
	1851-2012
	3 hours
	2°×2°

	NCEP/NCAR Reanalysis I
	1948-present
	6 hours
	2.5°×2.5°



Table S1. Each reanalysis dataset's basic information.
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Histogram of each CERA20C ensemble's regional monthly mean precipitation
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