Table 1 Parameters of the 49 rock avalanches used in the study

	No.
	Name
	Lmax (m)
	A (×106m2)
	V (×106m3)
	H (m)
	θ (°)
	β (°)
	Lithology
	Reference
	River system

	1
	Donghekou
	2400
	1.284
	150
	240
	25
	11
	Dolomite,siliceous slate
	(Wang et al., 2014)
	Fujiang River

	2
	Woqian
	1600
	0.696
	120
	330
	30
	10
	Slate
	(Dai et al.2011)
	

	3
	Liqi Gully
	1500
	0.355
	53.6
	360
	37
	12
	Metamorphic sandy stone, metamorphic limestone
	Zhan et al. 2017)
	

	4
	Shibangou
	1800
	0.497
	45
	450
	34
	9
	Metamorphic sandy stone, metamorphic limestone
	
	

	5
	Baishuling
	1200
	0.209
	25.7
	335
	36
	20
	Metamorphic sandy stone, metamorphic limestone
	
	

	6
	Dawan
	1000
	0.204
	24.8
	220
	28
	20
	Metamorphic sandy stone, metamorphic limestone
	
	

	7
	Shicouzi
	1200
	0.170
	19.2
	260
	30
	26
	Metamorphic sandy stone, metamorphic limestone
	
	

	8
	Hongmagong
	800
	0.145
	15.4
	195
	30
	14
	Metamorphic sandy stone, metamorphic limestone
	
	

	9
	Baiguocum
	800
	0.140
	14.7
	165
	26
	12
	Metamorphic sandy stone, metamorphic limestone
	
	

	10
	Qinglongcun
	600
	0.134
	13.9
	90
	21
	11
	Metamorphic sandy stone, metamorphic limestone
	
	

	11
	Pengjiashan
	1000
	0.127
	12.9
	200
	33
	28
	Metamorphic sandy stone, metamorphic limestone
	
	

	12
	Longwancun
	860
	0.100
	9.2
	205
	31
	28
	Metamorphic sandy stone, metamorphic limestone
	
	

	13
	Zhangzhengbo
	800
	0.100
	9.2
	125
	29
	15
	Metamorphic sandy stone, metamorphic limestone
	
	

	14
	Dujiayan
	880
	0.095
	8.6
	100
	33
	17
	Metamorphic sandy stone, metamorphic limestone
	
	

	15
	Madiping
	740
	0.095
	8.6
	140
	27
	31
	Limestone
	
	

	16
	Yandiaowo
	800
	0.092
	8.2
	145
	30
	26
	Metamorphic sandy conglomerate
	
	

	17
	Zhaojiashan
	700
	0.082
	7
	115
	22
	16
	Metamorphic sandy conglomerate
	
	

	18
	Weiziping
	600
	0.075
	6.2
	135
	22
	18
	Metamorphic sandy conglomerate
	
	

	19
	Maochongshan 2
	740
	0.070
	5.7
	160
	38
	22
	Metamorphic sandy conglomerate
	
	

	20
	Waqianshan
	620
	0.070
	5.6
	135
	24
	18
	Metamorphic sandy conglomerate
	
	

	21
	Muhongping
	970
	0.068
	5.4
	175
	28
	20
	Metamorphic c sandy conglomerate
	
	

	22
	Dapingshang
	640
	0.066
	5.2
	160
	34
	29
	Limestone
	
	

	23
	Liushuping 2
	580
	0.055
	4
	150
	29
	16
	Limestone
	
	

	24
	Pianqiaozi
	372
	0.024
	0.88
	153
	35
	19
	Limestone
	
	

	25
	Yangjiayan
	518
	0.082
	2.54
	164
	41
	23
	Limestone
	
	

	26
	Laoyingyan
	1000
	0.090
	150
	450
	41
	38
	Limestone
	(Zhang et al. 2013)
	

	27
	Guantan
	880
	0.182
	46.8
	230
	45
	41
	Dolomite
	
	

	28
	Liujiawan
	1400
	0.234
	100.2
	340
	39
	29
	Dolomite, phyllite
	(He et al. 2015)
	

	29
	Wenjiaba
	800
	0.048
	96
	325
	30
	23
	Phyllite, slate
	(Zhang et al. 2013)
	

	30
	Xiaojiaqiao
	600
	0.056
	24.2
	180
	35
	31
	Limestone
	
	

	31
	Wangjiayan
	750
	0.350
	14
	220
	36
	23
	Sandstone, shale
	(Qi et al. 2011)
	

	32
	Chenjiaba
	710
	0.203
	34.51
	150
	21
	19
	Metamorphic sandy stone, metamorphic limestone
	
	

	33
	Sunjiayuanzi
	1080
	0.076
	42.7
	150
	30
	18
	Dolomite
	
	

	34
	Jingu
	1500
	0.700
	20
	300
	24
	19
	Slate
	(Liu et al. 2012)
	

	35
	Wenjia Gully
	4000
	3.001
	50.0
	440
	26
	7
	Limestone, siltstone, dolomite
	(Xu et al. 2009)
	Tuojiang River

	36
	Shuimo Gully
	2000
	0.916
	20.0
	490
	35
	10
	Limestone
	(Zhan et al. 2017)
	

	37
	Dawuji
	1900
	0.792
	16.3
	540
	29
	13
	Limestone
	
	

	38
	Hongshi Gully
	2700
	0.688
	13.4
	290
	37
	17
	Limestone
	
	

	39
	Xiaojiashan
	1350
	0.466
	7.8
	480
	48
	24
	Dolomite
	
	

	40
	Caocaoping
	1340
	0.354
	5.3
	345
	31
	17
	Dolomite
	
	

	41
	Huoshi Gully
	1320
	0.322
	4.7
	270
	38
	17
	metamorphic sandy conglomerate
	
	

	42
	Xiejiadianzi
	1600
	0.294
	4.0
	400
	34
	15
	metamorphic sandy conglomerate
	(Xu et al. 2009)
	

	43
	Dashui Gully
	1400
	0.242
	3.2
	320
	30
	17
	metamorphic sandy conglomerate
	(Zhan et al. 2017)
	

	44
	Changping
	1200
	0.225
	2.8
	290
	37
	16
	metamorphic sandy conglomerate
	
	

	45
	Xiaomuling
	1025
	0.219
	2.7
	175
	45
	26
	metamorphic sandy conglomerate
	
	

	46
	Xiaojiashan
	1135
	0.198
	2.4
	340
	44
	20
	Limestone
	
	

	47
	Changtan
	1650
	0.151
	1.6
	400
	33
	25
	Limestone
	
	

	48
	Chuangzi Gully
	670
	0.092
	0.8
	185
	35
	15
	Limestone
	
	

	49
	Ganhekou
	650
	0.110
	11.4
	150
	40
	31
	Diorite
	(Li et al. 2011)
	


Lmax = travel distance, A = rock avalanche area, V = rock avalanche volume, H = 
source area height, θ = slope angle, β = channel angle
Table 2 Parameter setting for the GP algorithm

	Parameter 
	Value

	Number of individuals
	140

	Mutation rate
	0.7

	Crossover rate
	0.9

	Initial population 
	100

	Maximum number of generations
	1000

	Function set
	＋,－,×,%

	Precision of variables
	20

	Generation gap
	0.9

	Function performs selection
	Stochastic universal sampling 


Table 3 Parameter setting for the SVM

	Parameter 
	Value

	SVM type
	Epsilon-SVR

	Kernel function type
	Radial basis function

	Parameter of epsilon-SVR 
	2.2

	Gamma in kernel function 
	2.8

	Epsilon in loss function
	0.01


T Table 4 Comparison of the proposed GP model with five previous models form the published literatures

	Prediction equation
	Esn
	MAPE (%)

	Davies et al. (1982)
	0.51
	39.3

	Legros (2002)
	−0.06
	64

	Jaiswal et al. (2011)
	0.25
	28.7

	Qi et al. (2011)
	0.74
	20.3

	Zhan et al. (2017)
	0.67
	25.4

	Strom et al. (2019)
	0.50
	40.6

	Mitchell et al. (2019)
	0.11
	54.9

	Proposed GP model (Eq. 11)
	0.79
	15.1


Table 5 Probability of travel distance output

	Number
	Range of travel distance
	Probabilistic output

	1
	＜500
	0.136

	2
	500–1000
	0.408

	3
	1000–1500
	0.362

	4
	1500–2000
	0.088

	5
	＞2000
	0.006
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