Appendix



Table A1. Rail services in the road-rail intermodal transportation network of the empirical case.
	Container train No.
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Origins
	HN
	YCN
	QTX
	XZ
	XZ
	BT
	HHT
	PT
	PT
	CX

	Operation start times at origins
	5
	0.1
	2.5
	75
	73.3
	16.7
	40.5
	42
	41
	16

	Operation cutoff times at destinations
	11
	4.1
	6.8
	83.6
	83.6
	22.2
	48.8
	48
	48
	22.4

	Destinations
	XG
	XG
	XG
	JZ
	HD
	XG
	XG
	JZ
	HD
	YP

	Operation start times
	43.6
	43.6
	43.6
	130.4
	130.6
	47.7
	95.7
	75.1
	75.2
	102

	Distances in km
	1272
	1358
	1415
	1281
	1326
	847
	686
	767
	812
	2255

	[bookmark: _Hlk78144852]Fuzzy capacities in TEU
	(45, 50, 62, 70)
	(50, 62, 68, 75)
	(40, 46, 53, 62)
	(52, 60, 66, 71)
	(46, 55, 63, 70)
	(54, 61,73, 83)
	(42, 54, 60, 68)
	(40, 45, 52, 69)
	(37, 45, 52, 62)
	(50, 57, 65, 72)

	Operation periods in day per train
	2
	3
	2
	3.5
	3.5
	2
	2
	2
	2
	2

	Emission factors in kg per TEU per km
	0.36
	0.25
	0.21
	0.43
	0.32
	0.48
	0.42
	0.27
	0.46
	0.35





Table A2. Road services in the road-rail intermodal transportation network of the empirical case.
	Road service No.
	Road transportation line
	Travel distances in km
	Fuzzy travel times in hour and fuzzy emission factors in kg per TEU per km in different periods of a day in the planning horizon

	
	
	
	[0:00-7:30]
	[7:30-9:30]
	[9:30-16:00]
	[16:00-19:30]
	[19:30-24:00]

	[bookmark: _Hlk78144893]11
	LZ→HN
	525
	[bookmark: OLE_LINK35][bookmark: OLE_LINK36]Travel time:
(4.2, 4.6, 5.0, 5.5)
Emission factor:
(1.05, 1.10, 1.18, 1.23)
	Travel time:
(6.0, 6.4, 7.0, 7.6)
Emission factor:
(1.33, 1.38, 1.44, 1.50)
	Travel time:
(5.6, 6.0, 6.2, 6.7)
Emission factor:
(1.20, 1.24, 1.28, 1.31)
	Travel time:
(6.5, 7.0, 7.6, 8.0)
Emission factor:
(1.37, 1.42, 1.46, 1.53)
	Travel time:
(4.4, 4.8, 5.5, 5.8)
Emission factor:
(1.02, 1.08, 1.13, 1.17)

	12
	LZ→YCS
	419
	Travel time:
(4.2, 4.5, 5.0, 5.3)
Emission factor:
(1.12, 1.15, 1.20, 1.22)
	Travel time:
(5.7, 6.0, 6.3, 6.8)
Emission factor:
(1.25, 1.31, 1.36, 1.41)
	Travel time:
(4.4, 4.7, 5.1, 5.3)
Emission factor:
(1.15, 1.18, 1.20, 1.25)
	Travel time:
(5.5, 6.2, 6.8, 7.2)
Emission factor:
(1.27, 1.33, 1.37, 1.45)
	Travel time:
(4.5, 4.8, 5.4, 5.7)
Emission factor:
(1.10, 1.15, 1.18, 1.20)

	13
	LZ→QTX
	362
	Travel time:
(3.5, 3.8, 4.4, 4.7)
Emission factor:
(1.08, 1.11, 1.14, 1.19)
	Travel time:
(4.5, 5.1, 5.6, 6.0)
Emission factor:
(1.18, 1.22, 1.26, 1.30)
	Travel time:
(3.8, 4.3, 4.7, 5.0)
Emission factor:
(1.13, 1.17, 1.20, 1.22)
	Travel time:
(4.7, 5.2, 5.8, 6.3)
Emission factor:
(1.20, 1.23, 1.28, 1.31)
	Travel time:
(3.9, 4.4, 4.8, 5.5)
Emission factor:
(1.12, 1.14, 1.18, 1.21)

	14
	LZ→XZ
	618
	Travel time:
(6.5, 6.8, 7.2, 7.4)
Emission factor:
(1.13, 1.16, 1.20, 1.21)
	Travel time:
(7.0, 7.5, 8.0, 8.4)
Emission factor:
(1.20, 1.25, 1.30, 1.33)
	Travel time:
(6.7, 7.0, 7.3, 7.5)
Emission factor:
(1.15, 1.18, 1.21, 1.23)
	Travel time:
(7.5, 8.0, 8.4, 9.0)
Emission factor:
(1.23, 1.27, 1.30, 1.35)
	Travel time:
(6.2, 6.6, 7.1, 7.4)
Emission factor:
(1.10, 1.14, 1.18, 1.22)

	15
	LZ→BT
	950
	Travel time:
(9.5, 9.8, 10.2, 10.5)
Emission factor:
(1.14, 1.18, 1.24, 1.27)
	Travel time:
(10.7, 11.1, 11.6, 12.0)
Emission factor:
(1.25, 1.30, 1.34, 1.38)
	Travel time:
(10.0, 10.5, 10.8, 11.3)
Emission factor:
(1.17, 1.22, 1.25, 1.28)
	Travel time:
(11.0, 11.5, 12.1, 12.4)
Emission factor:
(1.27, 1.33, 1.36, 1.40)
	Travel time:
(9.0, 9.4, 9.9, 10.3)
Emission factor:
(1.10, 1.15, 1.18, 1.22)

	16
	LZ→HHT
	1085
	Travel time:
(11.0, 11.4, 11.8, 12.3)
Emission factor:
(1.08, 1.13, 1.16, 1.20)
	Travel time:
(12.0, 12.4, 13.0, 13.5)
Emission factor:
(1.18, 1.25, 1.30, 1.36)
	Travel time:
(11.5, 12.0, 12.4, 12.6)
Emission factor:
(1.10, 1.13, 1.18, 1.22)
	Travel time:
(12.3, 12.8, 13.4, 13.9)
Emission factor:
(1.21, 1.25, 1.30, 1.36)
	Travel time:
(11.4, 11.8, 12.3, 12.5)
Emission factor:
(1.04, 1.08, 1.14, 1.17)

	17
	LZ→PT
	1083
	Travel time:
(10.0, 10.4, 11.0, 11.6)
Emission factor:
(1.08, 1.14, 1.17, 1.20)
	Travel time:
(12.0, 12.6, 13.0, 13.5)
Emission factor:
(1.21, 1.25, 1.30, 1.33)
	Travel time:
(10.5, 11.0, 11.4, 11.7)
Emission factor:
(1.14, 1.18, 1.22, 1.26)
	Travel time:
(12.5, 13.0, 13.6, 14.1)
Emission factor:
(1.25, 1.30, 1.33, 1.38)
	Travel time:
(10.2, 10.6, 11.0, 11.5)
Emission factor:
(1.10, 1.13, 1.16, 1.22)

	17
	LZ→CX
	821
	Travel time:
(16.0, 16.4, 16.7, 17.0)
Emission factor:
(1.18, 1.22, 1.24, 1.28)
	Travel time:
(17.2, 17.6, 18.0, 18.5)
Emission factor:
(1.30, 1.33, 1.38, 1.41)
	Travel time:
(16.3, 16.8, 17.2, 17.5)
Emission factor:
(1.22, 1.26, 1.30, 1.33)
	Travel time:
(17.8, 18.5, 19.0, 19.3)
Emission factor:
(1.32, 1.36, 1.40, 1.43)
	Travel time:
(15.5, 16.2, 16.7, 17.0)
Emission factor:
(1.15, 1.19, 1.23, 1.26)

	18
	LZ→LYG
	1613
	Travel time:
(17.0, 17.4, 18.0, 18.3)
Emission factor:
(1.10, 1.14, 1.17, 1.22)
	Travel time:
(18.0, 18.5, 19.0, 19.8)
Emission factor:
(1.23, 1.26, 1.31, 1.34)
	Travel time:
(18.3, 18.8, 19.2, 19.7)
Emission factor:
(1.15, 1.18, 1.23, 1.26)
	Travel time:
(19.0, 19.7, 20.0, 20.5)
Emission factor:
(1.20, 1.24, 1.27, 1.32)
	Travel time:
(17.0, 17.6, 18.0, 18.5)
Emission factor:
(1.13, 1.17, 1.20, 1.27)

	19
	XG→LYG
	558
	Travel time:
(5.7, 6.0, 6.4, 6.6)
Emission factor:
(1.15, 1.20, 1.23, 1.25)
	Travel time:
(6.5, 7.0, 7.6, 8.0)
Emission factor:
(1.28, 1.30, 1.34, 1.36)
	Travel time:
(6.0, 6.4, 6.8, 7.3)
Emission factor:
(1.17, 1.20, 1.24, 1.26)
	Travel time:
(6.8, 7.5, 8.0, 8.3)
Emission factor:
(1.27, 1.31, 1.35, 1.37)
	Travel time:
(5.5, 5.9, 6.3, 6.8)
Emission factor:
(1.15, 1.21, 1.25, 1.27)

	20
	JZ→LYG
	225
	Travel time:
(4.5, 5.0, 5.3, 5.6)
Emission factor:
(1.08, 1.13, 1.16, 1.20)
	Travel time:
(5.5, 6.2, 6.6, 7.1)
Emission factor:
(1.18, 1.24, 1.30, 1.33)
	Travel time:
(4.8, 5.3, 5.6, 6.0)
Emission factor:
(1.13, 1.16, 1.18, 1.21)
	Travel time:
(6.0, 6.5, 7.1, 7.5)
Emission factor:
(1.22, 1.25, 1.30, 1.33)
	Travel time:
(4.0, 4.5, 5.1, 5.5)
Emission factor:
(1.05, 1.11, 1.14, 1.18)

	21
	HD→LYG
	218
	Travel time:
(3.2, 3.5, 3.7, 4.0)
Emission factor:
(1.18, 1.22, 1.24, 1.27)
	Travel time:
(3.9, 4.6, 5.5, 6.0)
Emission factor:
(1.24, 1.28, 1.34, 1.40)
	Travel time:
(3.5, 3.9, 4.3, 4.5)
Emission factor:
(1.15, 1.21, 1.25, 1.30)
	Travel time:
(4.8, 5.5, 6.0, 6.4)
Emission factor:
(1.31, 1.35, 1.40, 1.43)
	Travel time:
(2.8, 3.3, 3.7, 4.0)
Emission factor:
(1.10, 1.14, 1.20, 1.24)

	22
	YP→LYG
	503
	Travel time:
(5.0, 5.4, 5.9, 6.3)
Emission factor:
(1.20, 1.23, 1.28, 1.31)
	Travel time:
(6.0, 6.5, 7.2, 7.6)
Emission factor:
(1.28, 1.33, 1.38, 1.42)
	Travel time:
(5.5, 5.8, 6.3, 6.5)
Emission factor:
(1.22, 1.25, 1.30, 1.33)
	Travel time:
(6.3, 6.7, 7.2, 7.8)
Emission factor:
(1.31, 1.35, 1.39, 1.44)
	Travel time:
(4.8, 5.2, 5.6, 6.0)
Emission factor:
[bookmark: _GoBack](1.16, 1.20, 1.26, 1.30)



