[bookmark: _GoBack]Table 1 Statistics of catchment descriptors (CDs)
	Categories
	Catchment descriptors
	Label
	Minimum
	Maximum
	Average

	Physiographic
	Catchment area (km2)
	Ar
	48.65
	7654
	1173.4

	
	Mean elevation (m)
	Me
	351
	4359
	1954

	
	Mean slope (%)
	Ms
	0
	21.1
	8.61

	
	Length of mainstream (km)
	Lm
	47.9
	555.4
	165.7

	Geographical location
	Latitude of centroid point (o)
	Lat
	26.5
	29.1
	28.3

	Climatic
	Aridity Index (-)
	AI
	1.48
	2.66
	1.88

	Land use
	Rangeland area (%)
	Rang
	3.2
	83.4
	33.2

	
	Agriculture area (%)
	Agr
	3.81
	44.52
	21.8



Table 2 Median efficiency coefficients of rainfall-runoff models for gauged catchments (at-site). Numbers in parentheses are minimum and maximum values.
	Model
	Efficiency coefficient
	Calibration
	Verification (temporal)

	
	
	2005-2013
	2011-2018
	2014-2018
	2005-2010

	HBV
	NSE
	0.62
(0.39-0.81)
	0.63
(0.42-0.83)
	0.53
(0.37-0.77)
	0.56
(0.38-0.76)

	
	KGE
	0.62
(0.38-0.8)
	0.63
(0.4-0.81)
	0.53
(0.36-0.75)
	0.56
(0.37-0.75)

	IHACRES
	NSE
	0.56
(0.35-0.8)
	0.58
(0.39-0.81)
	0.51
(0.31-0.72)
	0.5
(0.33-0.73)

	
	KGE
	0.56
(0.34-0.78)
	0.59
(0.39-0.8)
	0.48
(0.3-0.7)
	0.47
(0.31-0.72)


Note: NSE in Nash Sutcliff Efficiency; KGE is Kling Gupta Efficiency.

Table 3 Calibration and regionalization results (spatial mode). Numbers in parentheses are minimum and maximum values
	Model
	Efficiency coefficient
	Calibration (2005-2013)
	Spatial

	
	
	
	PS
	IDW
	IDW-PS
	TK
	MR

	HBV
	Median NSE
	0.62
	0.49c
(0.36-0.78)
	0.41
(0.3-0.71)
	0.44c
(0.34-0.73)
	0.24
(0.19-0.64)
	0.15
(0.09-0.5)

	IHACRES
	
	0.56
	0.44c
(0.3-0.75)
	0.36
(0.24-0.67)
	0.37c
(0.27-0.7)
	0.2
(0.14-0.58)
	0.11
(0.05-0.45)

	Model
	Efficiency coefficient
	Calibration (2011-2018)
	PS
	IDW
	IDW-PS
	TK
	MR

	HBV
	Median NSE
	0.63
	0.52b
(0.38-0.79)
	0.38
(0.28-0.71)
	0.45c
(0.35-0.75)
	0.2
(0.13-0.56)
	0.14
(0.06-0.46)

	IHACRES
	
	0.58
	0.48c
(0.33-0.75)
	0.33
(0.24-0.63)
	0.4c
(0.31-0.7)
	0.19
(0.11-0.5)
	0.09
(0-0.38)


 Note: a indicates two donor-catchments; b indicates three donor-catchments; c indicated four donor-catchments. Negative values are considered zero.








Table 4 Verification and regionalization results (spatiotemporal mode). Numbers in parentheses are minimum and maximum values
	Model
	Efficiency coefficient
	Verification
(2014-2018)
	Spatiotemporal

	
	
	
	PS
	IDW
	IDW-PS
	TK
	MR

	HBV
	Median NSE
	0.53
	0.44c
(0.3-0.72)
	0.36
(0.22-0.59)
	0.31b
(0.25-0.63)
	0.18
(0.11-0.49)
	0.13
(0.05-0.37)

	IHACRES
	
	0.51
	0.38c
(0.25-0.68)
	0.3
(0.18-0.57)
	0.29c
(0.2-0.61)
	0.16
(0.07-0.4)
	0.09
(0-0.34)

	Model
	Efficiency coefficient
	Verification
(2005-2010)
	PS
	IDW
	IDW-PS
	TK
	MR

	HBV
	Median NSE
	0.56
	0.43c
(0.33-0.71)
	0.34
(0.22-0.57)
	0.42b
(0.31-0.66)
	0.15
(0.09-0.37)
	0.17
(0.04-0.37)

	IHACRES
	
	0.5
	0.37b
(0.29-0.68)
	0.25
(0.19-0.52)
	0.37c
(0.26-0.61)
	0.12
(0.03-0.4)
	0.14
(0-0.36)


Note: Description are presented in Table 3.

Table 5 Coefficient of determination (R2) and (ΔP) for HBV calibrated parameters
	[bookmark: _Hlk2800939]HBV parameter
	Model part
	R2
	ΔP < 5%
	ΔP < 10%
	ΔP < 15%

	SCF [-]
	Snow
	0.2
	0.31
	0.6
	0.92

	DDF [mm/oC day]
	
	0.33
	0.3
	0.52
	0.9

	Tr [oC]
	
	0.7
	0.89
	0.92
	0.94

	Ts [oC]
	
	0.51
	0.62
	0.84
	0.91

	Tm [oC]
	
	0.29
	0.28
	0.46
	0.89

	Lprat [-]
	Soil
	0.21
	0.32
	0.49
	0.88

	FC [mm]
	
	0.7
	0.88
	0.91
	0.93

	BETA [-]
	
	0.39
	0.42
	0.58
	0.92

	K0 [day]
	Runoff
	0.31
	0.36
	0.61
	0.91

	K1 [day]
	
	0.75
	0.52
	0.74
	0.94

	K2 [day]
	
	0.5
	0.49
	0.62
	0.95

	lsuz [mm]
	
	0.54
	0.62
	0.84
	0.9

	Cperc [mm/day]
	
	0.69
	0.73
	0.8
	0.91

	bmax [day]
	
	0.3
	0.33
	0.54
	0.92

	Croute [d2/mm]
	Routing
	0.48
	0.48
	0.59
	0.9



Table 6 Coefficient of determination (R2) and (ΔP) for IHACRES calibrated parameters
	IHACRES parameter
	Description
	R2
	ΔP < 5%
	ΔP < 10%
	ΔP < 15%

	d [mm]
	Flow threshold
	0.37
	0.6
	0.86
	0.93

	e [-]
	Factor of temperature to PET conversion 
	0.38
	0.51
	0.67
	0.95

	f [-]
	Factor of plant stress threshold 
	0.3
	0.52
	0.71
	0.91

	τq [day]
	Time constant governing the rate of recession of quick flow
	0.36
	0.65
	0.89
	0.95

	νs [-]
	The proportion of slow flow to total flow
	0.5
	0.73
	0.81
	0.93

	τs [day]
	Time constant governing rate of recession of slow flow
	0.49
	0.69
	0.83
	0.92





Table 7 Normal and new defined parameter ranges for HBV model
	HBV parameter
	Model routine
	Normal range 
	New defined range

	
	
	Lower
	Upper
	Lower
	Upper

	SCF [-]
	Snow
	0.9
	1.5
	0.85
	1.8

	Tm [oC]
	
	-2
	2
	-2.2
	2.2

	Lprat [-]
	Soil
	0
	1
	Without change
	1.4

	BETA [-]
	
	0
	20
	Without change
	20.2

	K0 [day]
	Runoff
	0
	2
	Without change
	2.4

	K2 [day]
	
	30
	250
	28
	Without change




Table 8 Performance of the different combinations of catchment descriptors (CDs) for the physical similarity (PS) method
	Number of CDs
	Catchment descriptors
	Median NSE 

	
	
	HBV
	IHACRES

	
	
	(2005-2013)c
	(2011-2018)b
	(2005-2013)c
	(2011-2018)c

	10
	Ar, Me, Ms, Lm, Long, Lat, AI, Rang, Agr, Frst
	0.49
	0.52
	0.44
	0.48

	9
	Ar, Me, Ms, Lm, Long, Lat, AI, Rang, Agr
	0.49
	0.52
	0.44
	0.48

	8
	Ar, Me, Ms, Lm, Lat, AI, Rang, Agr
	0.49
	0.52
	0.44
	0.48

	7
	Ar, Me, Ms, Lm, Lat, AI, Rang
	0.48
	0.51
	0.43
	0.47

	6
	Ar, Ms, Lm, Lat, AI, Rang
	0.48
	0.51
	0.43
	0.47

	6
	Ar, Me, Lm, Lat, AI, Rang
	0.46
	0.5
	0.43
	0.47

	5
	Ar, Ms, Lm, Lat, AI
	0.45
	0.49
	0.42
	0.47

	5
	Ar, Me, Lm, Lat, AI
	0.45
	0.49
	0.42
	0.46

	4
	Ar, Me, Lat, AI
	0.44
	0.48
	0.42
	0.46

	4
	Ar, Me, Lm, AI
	0.44
	0.48
	0.41
	0.46

	3
	Ar, Me, AI
	0.43
	0.47
	0.41
	0.46

	3
	Ar, Ms, AI
	0.42
	0.47
	0.41
	0.45

	3
	Ar, Ms, Ms
	0.42
	0.47
	0.41
	0.45

	2
	Ar, AI
	0.41
	0.46
	0.4
	0.45

	2
	AI, Ms
	0.4
	0.46
	0.4
	0.44

	2
	AI, Me
	0.4
	0.46
	0.4
	0.44

	2
	AI
	0.39
	0.45
	0.39
	0.43

	1
	Ms
	0.38
	0.45
	0.39
	0.43

	1
	Me
	0.38
	0.45
	0.39
	0.43

	1
	Ar
	0.38
	0.45
	0.39
	0.43


Note: AI is aridity index; Ar is catchment area; Me is Mean elevation; Lm is Length of mainstream; Ms is Mean slope; Lat is latitude of centroid point; Long is longitude of centroid point; Frst is forest area; Rang is rangeland area; Agr is agriculture area; b indicates three donor-catchments; c indicates four donor-catchments. 


Table 9
Median NSE values in each type of climate region
	Hydro-climatic
type
	Province
	No. of catchments
	AI
	rc
	Calibration
	PS-4
	IDW

	
	
	
	
	
	HBV
	IHACRES
	HBV
	IHACRES
	HBV
	IHACRES

	Mountainous semi-arid (west)
	Kerman
	15
	1.57
	0.55
	0.635
	0.58
	0.512
	0.465
	0.427
	0.37

	Arid (east)
	Sistan
	6
	2.19
	0.39
	0.61
	0.552
	0.492
	0.452
	0.36
	0.305


Note: AI is Aridity index; rc is Runoff coefficient; PS is physical similarity; IDW is Inverse Distance Weighted.
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