TABLE 1 Information on meteorological stations analyzed in the Guanzhong Plain (GP) of China
	Region
	Station
	Station number
	Latitude/(°)
	Longitude/(°)
	Altitude/m
	Mean temperature/(°C)
	Relative humidity/%
	Precipitation 

/mm

	EGP
	Fengxiang
	57025
	107.38
	34.52
	781.10
	11.81
	69.47
	606.65

	
	Yongshou
	57030
	108.15
	34.70
	994.60
	11.20
	65.73
	580.05

	
	Wugong
	57034
	108.22
	34.25
	447.80
	13.39
	70.99
	597.01

	WGP
	Puchen
	53948
	109.58
	34.95
	499.20
	13.75
	61.62
	519.75

	
	Yaoxiang
	57037
	108.98
	34.93
	710.00
	12.74
	61.35
	546.63

	
	Qindu
	57048
	108.72
	34.40
	472.80
	13.20
	69.96
	515.88


Note: Mean temperature, relative humidity and annual precipitation are the average of the 56 years. EGP denotes Eastern Guanzhong Plain and WGP denotes Western Guanzhong Plain. Same as below.
TABLE 2 Four popular used Archimedean copula representations

	Archimedean copula
	Cθ(u, v)
	θ’s range
	Relation between τ and θ

	Frank
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	θ∈R
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	Ali-Mikhail-Haq
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	Gumbel-Hougaard
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TABLE 3 The basic parameters of Pe and ETc in GP
	Variable
	EGP
	　
	WGP

	
	Pey
	ETcy
	Pew
	ETcw
	Pes
	ETcs
	　
	Pey
	ETcy
	Pew
	ETcw
	Pes
	ETcs

	Mean
	533
	997
	245
	494
	287
	502
	　
	599
	895
	274
	417
	325
	477

	Median
	515
	986
	230
	487
	283
	486
	　
	605
	899
	266
	420
	319
	473

	Standard deviation
	90.23
	73.08
	70.50
	39.79
	53.58
	55.90
	　
	103.52
	59.15
	74.24
	32.25
	66.07
	46.09

	Variation coefficient
	0.17
	0.07
	0.29
	0.08
	0.19
	0.11
	　
	0.17
	0.07
	0.27
	0.08
	0.20
	0.10


Notes: Pey, Pew, Pes refer to effective precipitation over a hydrological year, winter wheat growth period and summer maize growth period, respectively. ETcy, ETcw, ETcs refer to the crop water requirements over a hydrological year, winter wheat growth period and summer maize growth period respectively, the same as below.

TABLE 4 K-S test results of seven distribution functions fitting Pe and ETc in GP
	Distribution function
	EGP
	　
	WGP

	
	Pey
	ETcy
	Pew
	ETcw
	Pes
	ETcs
	　
	Pey
	ETcy
	Pew
	ETcw
	Pes
	ETcs

	Normal
	0.112*
	0.085* 
	0.118* 
	0.080* 
	0.063* 
	0.122* 
	
	0.087* 
	0.051* 
	0.092* 
	0.072* 
	0.090*
	0.067* 

	Lognormal
	0.081*
	0.072* 
	0.067* 
	0.072* 
	0.097* 
	0.106* 
	
	0.100* 
	0.060* 
	0.051* 
	0.087* 
	0.099* 
	0.083* 

	Gamma
	0.090*
	0.076* 
	0.088* 
	0.070* 
	0.080* 
	0.109* 
	
	0.081* 
	0.057* 
	0.060* 
	0.082* 
	0.101* 
	0.077* 

	P-Ⅲ
	0.087* 
	0.060* 
	0.067* 
	0.071* 
	0.073* 
	0.088* 
	
	0.084* 
	0.066* 
	0.052* 
	0.084* 
	0.088* 
	0.078* 

	Log-Gamma
	0.085* 
	0.070* 
	0.066* 
	0.070* 
	0.102* 
	0.103* 
	
	0.104* 
	0.062* 
	0.048* 
	0.089* 
	0.105* 
	0.083* 

	GEV
	0.086* 
	0.056* 
	0.054* 
	0.061* 
	0.066* 
	0.080* 
	
	0.088* 
	0.043* 
	0.049* 
	0.071* 
	0.100* 
	0.060* 

	Weibull
	0.125* 
	0.117* 
	0.109* 
	0.111* 
	0.067* 
	0.142* 
	
	0.102* 
	0.064* 
	0.085* 
	0.071* 
	0.082* 
	0.076* 


Notes: * denotes a significant level of fitting goodness (α<0.05). Bold numbers are the minimum K-S statistics D for each variable.

TABLE 5 Parameters of marginal distributions and determining coefficients of empirical probability and calculated probability of Pe and ETc in GP
	Variable
	Parameters
	R2
	Distribution  function

	
	σ
	μ
	k
	α
	β
	
	

	EGP
	Pey
	0.168
	6.264
	
	
	
	0.988**
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	ETcy
	69.226
	967.03
	-0.17
	
	
	0.994**
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	Pew
	53.7
	212.24
	0.038
	
	
	0.994**
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	ETcw
	38.814
	478.31
	-0.209
	
	
	0.991**
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	Pes
	53.585
	287.25
	
	
	
	0.991**
	
[image: image13.wmf]2

(287.250)

5742.704

-

1

()

134.318

t

x

X

Fxedt

--

¥

=

ò

 (Normal)

	
	ETcs
	49.352
	477.41
	-0.091
	
	
	0.991**
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	WGP
	Pey
	
	
	
	33.459
	17.896
	0.991**
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	ETcy
	61.598
	875.13
	-0.332
	
	
	0.996**
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	Pew
	
	
	
	425.5
	0.013
	0.996**
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	ETcw
	33.277
	406.01
	-0.316
	
	
	0.993**
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	Pes
	
	
	
	5.184
	351.1
	0.985**
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	ETcs
	47.178
	460.65
	-0.287
	
	
	0.995**
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Notes: Log-normal distribution parameters μ and σ are the mean and standard variance of equivalent normal distribution, respectively. Generalized extreme value distribution parameters μ, σ and k are the position parameter, scale parameter, and shape parameter, respectively. Gamma distribution parameters α and β are the shape parameter and scale parameter, respectively. Normal distribution parameters μ and σ are the mean and standard variance, respectively. Weibull distribution parameters α and β are the shape parameter and scale parameter, respectively. **denotes a statistically significant correlation (α<0.01).

TABLE 6 The correlation between Pe and ETc and fitting goodness test of Copula function in GP
	Subzone
	τ
	θ
	K-S statistics
	R2

	EGP 
	Pey and ETcy
	-0.403
	-4.203
	0.0809*
	0.976**

	
	Pew and ETcw
	-0.401
	-4.175
	0.0921*
	0.964**

	
	Pes and ETcs
	-0.519
	-6.093
	0.0790*
	0.966**

	WGP
	Pey and ETcy
	-0.228
	-2.143
	0.0646*
	0.987**

	
	Pew and ETcw
	-0.335
	-3.326
	0.0740*
	0.984**

	
	Pes and ETcs
	-0.348
	-3.484
	0.0868*
	0.970**


Notes: * denotes a significant level of fitting goodness (α<0.05). ** denotes a statistically significant correlation (α<0.01).

TABLE 7 Different frequency division of Pe and ETc in GP
	Frequency 
	EGP 
	
	WGP

	
	Pey/mm
	ETcy/mm
	Pew/mm
	ETcw/mm
	Pes/mm
	ETcs/mm
	
	Pey/mm
	ETcy/mm
	Pew/mm
	ETcw/mm
	Pes/mm
	ETcs/mm

	5%
	692
	1116
	381
	564
	375
	606
	
	779
	992
	415
	470
	434
	555

	12.5%
	637
	1084
	325
	542
	349
	568
	
	719
	966
	360
	456
	404
	534

	25%
	588
	1042
	281
	521
	323
	536
	
	665
	938
	316
	440
	374
	510

	37.5%
	554
	1015
	253
	505
	304
	513
	
	626
	916
	288
	428
	350
	493

	62.5%
	498
	967
	213
	479
	270
	478
	
	561
	876
	243
	407
	304
	462

	75%
	468
	944
	195
	465
	251
	461
	
	527
	854
	220
	395
	276
	445

	87.5%
	433
	914
	173
	448
	226
	440
	
	482
	824
	194
	379
	238
	422

	95%
	397
	884
	155
	430
	199
	420
	
	437
	794
	171
	362
	198
	400


TABLE 8 Synchronous and asynchronous encounter probabilities of Pe and ETc in GP
	Subzone
	EGP
	
	WGP

	
	Pey and ETcy
	Pew and ETcw
	Pes and ETcs
	
	Pey and ETcy
	Pew and ETcw
	Pes and ETcs

	Synchronous probability/%
	High-high
	4.8
	4.84
	2.66
	
	8.59
	6.21
	5.93

	
	Normal-normal
	8.04
	8.02
	9.60
	
	6.76
	7.42
	7.53

	
	Low-low
	4.8
	4.84
	2.66
	
	8.59
	6.21
	5.93

	
	Subtotal
	17.64
	17.7
	14.93
	
	23.95
	19.84
	19.39

	Asynchronous probability/ %
	High-normal
	8.48
	8.49
	7.70
	
	9.12
	8.79
	8.74

	
	High-low
	24.22
	24.17
	27.14
	
	19.79
	22.50
	22.83

	
	Normal-high
	8.48
	8.49
	7.70
	
	9.12
	8.79
	8.74

	
	Normal-low
	8.48
	8.49
	7.7
	
	9.12
	8.79
	8.74

	
	Low-high
	24.22
	24.17
	27.14
	
	19.79
	22.5
	22.83

	
	Low-normal
	8.48
	8.49
	7.70
	
	9.12
	8.79
	8.74

	
	Subtotal
	82.36
	82.30
	85.07
	
	76.05
	80.16
	80.61


TABLE 9 The joint probabilities and return periods of two different encounter situations of Pe and ETc in EGP 
	Frequency (%)/mm
	G(x, y)
	G'(x, y)
	T(x, y)
	T'(x, y)

	Pey and ETcy
	62.5/498
	5/1116
	0.39
	0.05
	2.56
	19.22

	
	
	12.5/1084
	0.41
	0.10
	2.46
	10.31

	
	
	37.5/1015
	0.51
	0.25
	1.96
	4.08

	
	87.5/433
	5/1116
	0.17
	0.03
	6.01
	39.37

	
	
	12.5/1084
	0.21
	0.05
	4.81
	22.19

	
	
	37.5/1015
	0.41
	0.1
	2.44
	10.43

	
	95/397
	5/1116
	0.10
	0.01
	9.68
	91.11

	
	
	12.5/1084
	0.16
	0.02
	6.39
	52.58

	
	
	37.5/1015
	0.39
	0.04
	2.56
	26.31

	Pew and ETcw
	62.5/213
	5/564
	0.38
	0.04
	2.60
	25.31

	
	
	12.5/542
	0.4
	0.09
	2.48
	10.56

	
	
	37.5/505
	0.58
	0.29
	1.72
	3.43

	
	87.5/173
	5/564
	0.15
	0.02
	6.50
	51.95

	
	
	12.5/542
	0.20
	0.04
	4.89
	23.01

	
	
	37.5/505
	0.41
	0.09
	2.45
	10.69

	
	95/155
	5/564
	0.09
	0.01
	10.79
	110.1

	
	
	12.5/542
	0.16
	0.02
	6.38
	50.11

	
	
	37.5/505
	0.39
	0.04
	2.57
	24.65

	Pes and ETcs
	62.5/270
	5/606
	0.38
	0.04
	2.64
	22.7

	
	
	12.5/568
	0.39
	0.11
	2.55
	9.29

	
	
	37.5/513
	0.48
	0.27
	2.09
	3.68

	
	87.5/226
	5/606
	0.15
	0.02
	6.61
	40.09

	
	
	12.5/568
	0.20
	0.06
	5.09
	17.94

	
	
	37.5/513
	0.40
	0.11
	2.53
	9.19

	
	95/199
	5/606
	0.09
	0.01
	11.37
	85.67

	
	
	12.5/568
	0.15
	0.02
	6.64
	40.33

	
	
	37.5/513
	0.38
	0.04
	2.61
	22.64


Notes: G(x, y) is the joint probability of either low Pe not exceeding a given high frequency value or high ETc exceeding a given low frequency value. G'(x, y) is the concurrent probability of both low Pe not exceeding a given high frequency value and high ETc exceeding a given low frequency value. T(x, y) is the joint return period of either low Pe not exceeding a given high frequency value or high ETc exceeding a given low frequency value. T'(x, y) is the concurrent return period of both low Pe not exceeding a given high frequency value and high ETc exceeding a given low frequency value, the same as below. 
TABLE 10 The joint probabilities and return periods of two different encounter situations of Pe and ETc in WGP

	Frequency (%)/mm
	G(x, y)
	G'(x, y)
	T(x, y)
	T'(x, y)

	Pey and ETcy
	62.5/561
	5/992
	0.40
	0.03
	2.53
	33.35

	
	
	12.5/966
	0.43
	0.07
	2.35
	13.61

	
	
	37.5/916
	0.55
	0.2
	1.81
	5.02

	
	87.5/482
	5/992
	0.16
	0.01
	6.22
	80.28

	
	
	12.5/966
	0.22
	0.03
	4.58
	26.67

	
	
	37.5/916
	0.43
	0.07
	2.34
	13.48

	
	95/437
	5/992
	0.09
	0.01
	10.99
	126.79

	
	
	12.5/966
	0.16
	0.01
	6.3
	83.45

	
	
	37.5/916
	0.39
	0.03
	2.53
	34.37

	Pew and ETcw
	62.5/243
	5/470
	0.40
	0.04
	2.53
	27.18

	
	
	12.5/456
	0.42
	0.09
	2.39
	11.61

	
	
	37.5/428
	0.53
	0.23
	1.88
	4.35

	
	87.5/194
	5/470
	0.16
	0.02
	6.33
	59.65

	
	
	12.5/456
	0.21
	0.04
	4.79
	26.66

	
	
	37.5/428
	0.42
	0.09
	2.4
	11.47

	
	95/171
	5/470
	0.09
	0.01
	10.73
	133.29

	
	
	12.5/456
	0.16
	0.02
	6.41
	60.71

	
	
	37.5/428
	0.39
	0.04
	2.55
	27.38

	Pes and ETcs
	62.5/34
	5/555
	0.39
	0.04
	2.56
	27.22

	
	
	12.5/534
	0.41
	0.09
	2.43
	11.71

	
	
	37.5/493
	0.52
	0.23
	1.92
	4.38

	
	87.5/238
	5/555
	0.16
	0.02
	6.35
	58.43

	
	
	12.5/534
	0.21
	0.04
	4.84
	26.32

	
	
	37.5/493
	0.41
	0.09
	2.44
	11.35

	
	95/198
	5/555
	0.09
	0.01
	10.85
	130.88

	
	
	12.5/534
	0.15
	0.02
	6.53
	60.17

	
	
	37.5/493
	0.39
	0.04
	2.59
	27.27
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