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[bookmark: _Hlk162611741]Table S1 Parameters of the mixed copula function for drought variables identified by CDI3
	Stations
	Pairs
	w1
	w2
	w3
	θ1
	θ2
	θ3

	
	(D,S)
	0.0001
	0.9999
	0.0000
	33.01
	49.97
	11.32

	Loufan
	(D,P)
	0.0002
	0.9721
	0.0278
	18.98
	24.02
	1.00

	
	(S,P)
	0.0038
	0.9802
	0.0160
	25.98
	39.25
	1.00

	
	(D,S)
	0.2447
	0.7548
	0.0005
	25.81
	40.87
	18.58

	Pingyao
	(D,P)
	0.2567
	0.7433
	0.0000
	21.71
	4.12
	25.51

	
	(S,P)
	0.0000
	0.9862
	0.0138
	17.76
	19.00
	1.00

	
	(D,S)
	0.9415
	0.0582
	0.0003
	27.39
	6.05
	25.56

	Wanrong
	(D,P)
	0.0011
	0.9973
	0.0016
	9.17
	4.14
	34.24

	
	(S,P)
	0.0015
	0.9742
	0.0242
	24.55
	10.99
	1.00

	
	(D,S)
	0.0016
	0.9983
	0.0000
	31.69
	49.73
	24.55

	Jiexiu
	(D,P)
	0.0735
	0.9199
	0.0066
	28.34
	7.65
	24.54

	
	(S,P)
	0.0005
	0.9938
	0.0057
	25.36
	21.16
	1.00

	
	(D,S)
	0.0001
	0.9999
	0.0000
	37.49
	49.99
	12.80

	Jiancaoping
	(D,P)
	0.4138
	0.5858
	0.0004
	23.27
	15.53
	6.28

	
	(S,P)
	0.0358
	0.9641
	0.0001
	36.02
	25.47
	7.83

	
	(D,S)
	0.4289
	0.5711
	0.0000
	9.91
	49.99
	30.61

	Huozhou
	(D,P)
	0.6079
	0.3921
	0.0000
	11.49
	2.15
	25.58

	
	(S,P)
	0.2644
	0.7349
	0.0008
	23.44
	12.20
	5.71

	
	(D,S)
	0.0024
	0.9976
	0.0000
	36.94
	42.66
	25.12

	Jingle
	(D,P)
	0.0195
	0.9677
	0.0128
	21.59
	11.90
	1.00

	
	(S,P)
	0.5546
	0.4209
	0.0246
	28.77
	26.27
	1.07


Notes：θ1、θ2 and θ3 are parameters of Frank、Clayton and Gumbel copula respectively in mixed copula.

[bookmark: _Hlk162611560]Table S2 Comparison of univariate and bivariate return period of drought variables
	Copula
	Variable pairs 
	T
	Loufan
	Pingyao
	Wanrong
	Jiexiu
	Jiancaoping
	Huozhou
	Jingle

	
	
	
	TAND 
	TOR 
	TAND 
	TOR 
	TAND 
	TOR 
	TAND 
	TOR 
	TAND 
	TOR 
	TAND 
	TOR 
	TAND 
	TOR 

	Mixed copula
	(D,S)
	5
	5.4
	4.6
	5.7
	4.4
	6.2
	4.2
	5.5
	4.6
	5.5
	4.6
	6.4
	4.1
	5.6
	4.5

	
	
	10
	12.1
	8.5
	13.4
	8.0
	15.1
	7.5
	12.3
	8.4
	12.2
	8.5
	15.4
	7.4
	12.8
	8.2

	
	
	20
	29.6
	15.1
	34.7
	14.0
	41.1
	13.2
	30.6
	14.9
	30.0
	15.0
	40.4
	13.3
	32.4
	14.5

	
	
	50
	115.4
	31.9
	146.5
	30.1
	183.9
	28.9
	122.8
	31.4
	118.2
	31.7
	168.2
	29.4
	133.2
	30.8

	
	
	100
	368.0
	57.9
	489.3
	55.7
	635.8
	54.3
	412.4
	56.9
	379.0
	57.6
	552.4
	55.0
	438.9
	56.4

	
	(D,P)
	5
	6.1
	4.2
	9.4
	3.4
	10.7
	3.3
	8.3
	3.6
	6.5
	4.1
	9.6
	3.4
	7.4
	3.8

	
	
	10
	15.1
	7.5
	27.9
	6.1
	35.1
	5.8
	24.2
	6.3
	16.9
	7.1
	28.3
	6.1
	20.7
	6.6

	
	
	20
	41.5
	13.2
	89.8
	11.3
	124.0
	10.9
	77.9
	11.5
	49.0
	12.6
	92.0
	11.2
	64.7
	11.8

	
	
	50
	185.8
	28.9
	467.6
	26.4
	706.8
	25.9
	402.9
	26.7
	235.3
	28.0
	490.1
	26.3
	336.3
	27.0

	
	
	100
	611.1
	54.5
	1731.8
	51.5
	2692.4
	50.9
	1445.0
	51.8
	843.5
	53.2
	1842.3
	51.4
	1252.6
	52.1

	
	(S,P)
	5
	5.7
	4.5
	6.5
	4.1
	7.5
	3.8
	6.3
	4.2
	6.0
	4.3
	6.9
	3.9
	6.2
	4.2

	
	
	10
	13.0
	8.1
	16.7
	7.1
	21.0
	6.6
	15.9
	7.3
	14.6
	7.6
	18.3
	6.9
	15.0
	7.5

	
	
	20
	33.0
	14.4
	48.7
	12.6
	66.7
	11.8
	45.5
	12.8
	40.1
	13.3
	54.6
	12.2
	40.8
	13.2

	
	
	50
	135.7
	30.6
	235.3
	28.0
	362.0
	26.9
	215.5
	28.3
	181.8
	29.0
	262.0
	27.6
	179.3
	29.1

	
	
	100
	447.8
	56.3
	847.4
	53.1
	1566.3
	51.6
	768.5
	53.5
	633.4
	54.3
	866.3
	53.1
	581.2
	54.7

	Single copula
	Variable pairs
	T
	Loufan
	Pingyao
	Wanrong
	Jiexiu
	Jiancaoping
	Huozhou
	Jingle

	
	
	
	TAND 
	TOR 
	TAND 
	TOR 
	TAND 
	TOR 
	TAND 
	TOR 
	TAND 
	TOR 
	TAND 
	TOR 
	TAND 
	TOR 

	
	(D,S)
	5
	6.7
	4.0
	7.7
	3.7
	7.8
	3.7
	7.2
	3.8
	7.1
	3.9
	7.7
	3.7
	7.4
	3.8

	
	
	10
	17.2
	7.0
	21.5
	6.5
	21.7
	6.5
	19.3
	6.8
	18.9
	6.8
	21.3
	6.5
	20.1
	6.7

	
	
	20
	49.9
	12.5
	67.0
	11.8
	67.7
	11.7
	58.2
	12.1
	56.6
	12.1
	66.0
	11.8
	61.5
	11.9

	
	
	50
	240.2
	27.9
	346.0
	26.9
	350.3
	26.9
	291.4
	27.3
	281.4
	27.4
	340.0
	27.0
	311.8
	27.2

	
	
	100
	863.4
	53.1
	1285.8
	52.0
	1302.8
	52.0
	1067.7
	52.5
	1027.7
	52.6
	1261.7
	52.1
	1149.0
	52.3

	
	(D,P)
	5
	8.5
	3.5
	9.8
	3.4
	10.0
	3.3
	9.2
	3.4
	8.8
	3.5
	10.0
	3.3
	9.1
	3.4

	
	
	10
	24.5
	6.3
	29.6
	6.0
	30.5
	6.0
	27.2
	6.1
	25.8
	6.2
	30.7
	6.0
	27.0
	6.1

	
	
	20
	79.1
	11.4
	99.1
	11.1
	103.0
	11.1
	89.7
	11.3
	84.0
	11.4
	103.4
	11.1
	88.8
	11.3

	
	
	50
	421.3
	26.6
	546.2
	26.2
	570.3
	26.1
	487.5
	26.4
	452.2
	26.5
	572.9
	26.1
	481.7
	26.4

	
	
	100
	1586.6
	51.6
	2086.0
	51.2
	2182.4
	51.2
	1851.3
	51.4
	1710.2
	51.5
	2192.7
	51.2
	1828.0
	51.4

	
	(S,P)
	5
	8.1
	3.6
	8.7
	3.5
	9.2
	3.4
	8.8
	3.5
	8.1
	3.6
	9.9
	3.3
	8.5
	3.5

	
	
	10
	24.0
	6.3
	26.2
	6.2
	28.6
	6.1
	26.7
	6.2
	23.9
	6.3
	31.4
	5.9
	25.4
	6.2

	
	
	20
	78.9
	11.5
	87.6
	11.3
	97.8
	11.1
	89.7
	11.3
	78.6
	11.5
	109.1
	11.0
	84.3
	11.3

	
	
	50
	428.2
	26.6
	482.6
	26.4
	547.9
	26.2
	496.0
	26.3
	425.4
	26.6
	620.1
	26.1
	461.4
	26.4

	
	
	100
	1624.7
	51.6
	1842.9
	51.4
	2106.8
	51.2
	1897.1
	51.4
	1613.0
	51.6
	2397.5
	51.1
	1757.7
	51.5
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