Supplemental Material
Calculation of LWA
Following Huang and Nakamura (2016, 2017), LWA-related variables are defined on isobaric surfaces in spherical coordinates as follows:

                (S1),


where q is the QGPV and  is the area-weighted hemispheric average of potential temperature  over the Northern Hemisphere. Other variables are introduced in Section 2.2. 











As seen in Eq. (1), both the wave-free reference state  and equivalent latitude  are required in the calculation of A. Assuming the flow is nondivergent, the wave-free reference state  is obtained by “zonalizing” the instantaneous QGPV contours through an area-preserving map. Specifically, we first prescribe 73  values, which are used to construct an arithmetic sequence spanning from the minimum to the maximum values of the instantaneous QGPV over the Northern Hemisphere. Then, we equate the area enclosed by the wavy contour of every particular  with the area north of equivalent latitude : . Accordingly,  is obtained through . Then, all pairs of  and  are linearly interpolated to the grids with a 1.25° interval.


Table S1. Information of 49 extreme heat waves over the middle and lower reaches of the Yangtze River basin.
	No.
	Year
	Start date
	Peak date
	End day
	Duration
（days）
	T950 at peak day
 ()

	1
	1958
	6.27 
	6.29
	6.30
	4
	27.56

	2
	1958
	7.21 
	7.22
	7.23
	3
	28.46

	3
	1959
	7.29 
	7.29
	7.31
	5
	28.83

	4
	1959
	8.16 
	8.20
	8.25
	10
	29.33

	5
	1960
	7.01 
	7.03
	7.05
	5
	28.01

	6
	1961
	7.21 
	7.23
	7.24
	4
	28.6

	7
	1962
	7.12 
	7.17
	7.20
	9
	29.01

	8
	1964
	7.04 
	7.08
	7.15
	12
	29.3

	9
	1966
	7.16 
	7.18
	7.20
	5
	29.26

	10
	1966
	8.01 
	8.05
	8.09
	9
	30.57

	11
	1967
	7.14 
	7.17
	7.20
	7
	29.71

	12
	1967
	8.24 
	8.28
	8.29
	6
	28.3

	13
	1971
	7.04 
	7.05
	7.06
	3
	27.78

	14
	1971
	7.14 
	7.16
	7.20
	7
	29.23

	15
	1972
	7.03 
	7.05
	7.07
	5
	28.54

	16
	1977
	8.04 
	8.05
	8.07
	4
	28.13

	17
	1978
	7.04 
	7.08
	7.11
	8
	29.15

	18
	1978
	8.01 
	8.03
	8.04
	4
	28.22

	19
	1980
	7.22 
	7.24
	7.25
	4
	28.66

	20
	1981
	6.16 
	6.18
	6.20
	5
	26.97

	21
	1981
	7.04 
	7.06
	7.07
	4
	27.89

	22
	1986
	6.27 
	6.28
	6.29
	3
	27.41

	23
	1988
	6.04 
	6.05
	6.06
	3
	25.77

	24
	1988
	7.04 
	7.07
	7.09
	6
	28.7

	25
	1988
	7.14 
	7.17
	7.19
	6
	29.13

	26
	1990
	7.06 
	7.07
	7.08
	3
	27.95

	27
	1992
	7.24 
	7.26
	7.29
	6
	28.42

	28
	1994
	6.29 
	7.01
	7.03
	5
	27.69

	29
	2001
	6.29 
	7.01
	7.03
	5
	27.93

	30
	2002
	7.11 
	7.14
	7.16
	6
	29.52

	31
	2003
	7.26 
	7.30
	8.02
	8
	29.69

	32
	2005
	8.11 
	8.12
	8.13
	3
	27.71

	33
	2006
	6.17 
	6.19
	6.20
	4
	26.59

	34
	2007
	7.28 
	7.29
	7.31
	4
	28.47

	35
	2009
	7.17 
	7.19
	7.20
	4
	28.35

	36
	2010
	6.30 
	7.02
	7.04
	5
	27.9

	37
	2010
	7.31 
	8.02
	8.04
	5
	28.75

	38
	2010
	8.10 
	8.12
	8.14
	5
	28.82

	39
	2013
	6.15 
	6.18
	6.20
	6
	26.76

	40
	2013
	7.24 
	7.27
	7.30
	7
	28.96

	41
	2013
	8.04 
	8.08
	8.16
	13
	29.74

	42
	2016
	7.20 
	7.24
	7.29
	10
	29.12

	43
	2016
	8.13 
	8.14
	8.16
	4
	27.57

	44
	2017
	7.20 
	7.24
	7.27
	8
	30.21

	45
	2019
	7.26 
	7.27
	7.29
	4
	28.28

	46
	2020
	8.13 
	8.14
	8.15
	3
	27.56

	47
	2022
	6.24 
	6.25
	6.26
	3
	27.15

	48
	2022
	7.10 
	7.13
	7.16
	7
	29.12

	49
	2022
	8.03 
	8.13
	8.22
	20
	29.29







Fig. S1 Daily variation of the area-averaged anomalies of the thermodynamic budget terms for the extreme HWs over eastern China. Units: ℃. Left column is for the ordinary HWs with the duration within the period from 3 to 14 days, and right column for the events in Aug2022 case. The first and second rows are at 300 hPa, and 500 hPa, respectively.
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Fig. S2 (a) Longwave radiation flux at ground surface anomalies (units: W/m-2) and (b) precipitation anomalies for the ordinary events with their durations within 3 to 14 days (black lines) and the Aug2022 case (red lines). The variables are area-averaged over the YRB. Black filled circles represent the significance at 95% confidence level. The vertical dashed red and black lines represent the averaged start day and end day of ordinary HWs and the start day and end day of Aug2022 case, respectively.
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