[bookmark: _GoBack]Online Appendix for 
‘Energy market connectedness: A tale of two crises’
Appendix A
	Table A1: TVP-VAR and alternative specifications – pre-crisis

	Benchmark
	TVP-VAR (0.99,0.97) L = 1,H=10
(1)
	TVP-VAR (0.99,0.97)
L=1,H=20
(2)
	TVP-VAR (0.99,0.97)
L=2,H=10
(3)
	TVP-VAR (0.99,0.97)
L=3,H=10
(4)
	TVP-VAR (0.99,0.97)
L=5,H=10
(5)
	TVP-VAR (0.99,0.96)
L=1,H=10
(6)
	TVP-VAR (0.99,0.98)
L=1,H=10
(7)
	VAR 
L=1,H=10
RW=100
(8)
	VAR 
L=1,H=10
RW=60
(9)
	VAR 
L=1,H=10
RW=30
(10)
	QVAR,Q=0.05
L=1,H=10
RW=100
(11)
	QVAR,Q=0.5
L=1,H=10
RW=100
(12)
	QVAR,Q=0.95
L=1,H=10
RW=100
(13)
	TVP-VAR 
(0.99,0.97)
L=1,H=10, Freq=1-5
(14)

	Panel A: Oil

	Brent
	14.69
	13.79
	16.44
	16.93
	19.63
	14.42
	13.11
	16.31
	19.06
	19.96
	11.71
	12.77
	-3.89
	13.79

	WCS
	-4.73
	-5.44
	-3.23
	-2.32
	2.73
	-4.13
	-6.87
	-2.89
	2.88
	10.1
	0.02
	-7.58
	-6.47
	-5.44

	Urals
	10.47
	10.78
	13.05
	13.76
	15.65
	11.23
	10.14
	14.11
	16.79
	16.25
	16.30
	10.75
	0.80
	10.78

	WTI
	11.78
	11.3
	12.67
	13.75
	17.21
	11.88
	10.57
	12.26
	14.49
	16.24
	19.92
	9.07
	1.03
	11.3

	DME Oman
	9.51
	8.88
	11.45
	12.17
	13.96
	9.66
	7.97
	10.18
	12.32
	13.97
	12.03
	7.34
	3.55
	8.88

	Panel B: Coal

	Qinhuangdao 
	-11.25
	-11.2
	-16.13
	-18.29
	-22.8
	-12.3
	-9.71
	-11.65
	-15.91
	-15.86
	0.42
	-6.12
	-3.91
	-11.2

	ARA 
	-3.19
	-3.23
	-4.41
	-5.73
	-8.53
	-3.19
	-3.29
	-2.94
	-3.4
	-1.63
	-11.74
	-2.44
	-2.08
	-3.23

	Newcastle 
	-8.05
	-8.32
	-12.3
	-13.17
	-15.51
	-8.41
	-8.49
	-8.49
	-9.83
	-8.42
	-11.16
	-6.75
	-0.45
	-8.32

	Richards Bay
	0.04
	-0.06
	-0.86
	-2.04
	-3.26
	-0.38
	0.11
	2.66
	-0.11
	-4.53
	-11.84
	2.06
	-0.48
	-0.06

	Panel C: Natural Gas

	TTF 
	5.73
	6.18
	8.45
	10.13
	10.08
	6.73
	5.49
	5.07
	8.36
	4.36
	-2.22
	-0.1
	2.02
	6.18

	NBP
	5.1
	5.63
	8.45
	10
	9.72
	6
	5.22
	4.1
	7.97
	3.78
	6.55
	0.02
	21.60
	5.63

	Henry Hub
	-6.94
	-5.8
	-10.76
	-11.53
	-13.66
	-6.36
	-4.98
	-8.72
	-11.07
	-13.03
	-6.31
	-13.01
	0.55
	-5.8

	Wallumbilla  
	-10.9
	-10.97
	-12.52
	-14.72
	-16.07
	-11.68
	-9.87
	-11.91
	-17.4
	-12.85
	-15.15
	-3.53
	-9.23
	-10.97

	JKM
	-9.17
	-9.08
	-9
	-11.76
	-16.22
	-9.91
	-8.07
	-8.16
	-10.73
	-16.42
	-7.44
	-0.16
	-11.82
	-9.08

	AECO
	-3.09
	-2.47
	-1.33
	2.83
	7.05
	-3.55
	-1.34
	-9.94
	-13.41
	-11.9
	-1.08
	-2.32
	2.02
	-2.47

	Notes: This table reports net total directional connectedness for each energy price benchmark during the pre-crisis period, 1 October 2017 to 31 December 2019. The results presented in column (1) are for the TVP-VAR model. Columns (2)-(7) are alternative specifications of the TVP-VAR model. Columns (8)-(10) report results for the VAR model. Columns (11)-(13) report results for the quantile VAR model (QVAR) and column (14) reports results for the frequency TVP-VAR model. Positive (negative) values indicate that a benchmark is a net transmitter (receiver) of information in a network. L denotes the time lag used, H is the forecast horizon, RW is the size of the rolling window (if applied), Q is the quantile used for calculations (where applicable) and Freq. is the range of frequences applied in a model (where applicable). For the TVP-VAR model, the values of control parameters are reported in brackets.





	Table A2: TVP-VAR and alternative specifications – COVID-19 crisis 

	Benchmark
	TVP-VAR (0.99,0.97)
L=1,H=10
(1)
	TVP-VAR (0.99,0.97)
L=1,H=20
(2)
	TVP-VAR (0.99,0.97)
L=2,H=10
(3)
	TVP-VAR (0.99,0.97)
L=3,H=10
(4)
	TVP-VAR (0.99,0.97)
L=5,H=10
(5)
	TVP-VAR (0.99,0.96)
L=1,H=10
(6)
	TVP-VAR (0.99,0.98)
L=1,H=10
(7)
	VAR 
L=1,H=10
RW=100
(8)
	VAR 
L=1,H=10
RW=60
(9)
	VAR 
L=1,H=10
RW=30
(10)
	QVAR,Q=0.05
L=1,H=10
RW=100
(11)
	QVAR,Q=0.5
L=1,H=10
RW=100
(12)
	QVAR,Q=0.95
L=1,H=10
RW=100
(13)
	TVP-VAR 
(0.99,0.97)
L=1,H=10, Freq=1-5
(14)

	Panel A: Oil

	Brent
	9.45
	9.45
	9.72
	10.91
	14.05
	10.05
	8.9
	8.7
	11.6
	12.53
	6.27
	6.31
	2.22
	9.45

	WCS
	3.33
	3.33
	4.84
	5.86
	8.05
	3.83
	3.09
	3.15
	5.77
	7.39
	6.74
	0.45
	-1.99
	3.33

	Urals
	6.84
	6.84
	6.33
	7.05
	11.42
	7.79
	5.73
	7.12
	10.6
	14.18
	11.92
	5.2
	3.18
	6.84

	WTI
	9.63
	9.63
	11.03
	12.68
	14.82
	10.12
	9.04
	11.79
	13.13
	10.04
	14.72
	7.8
	8.58
	9.63

	DME Oman
	-1.39
	-1.39
	-1.63
	-0.44
	-0.06
	-0.51
	-2.34
	6.27
	8.38
	10.84
	7.97
	5.68
	8.99
	-1.39

	Panel B: Coal

	Qinhuangdao 
	-9.54
	-9.54
	-12.78
	-14.22
	-20.89
	-9.86
	-9.04
	-7.24
	-7.49
	-3.34
	-7.79
	-3.66
	-4.15
	-9.54

	ARA 
	-4.03
	-4.03
	-4.75
	-7.12
	-7.09
	-3.71
	-4.82
	-4.64
	-4.21
	-3.94
	-5.29
	-0.79
	-10.92
	-4.03

	Newcastle 
	-6.59
	-6.59
	-10.17
	-12.7
	-15.77
	-6.65
	-6.81
	-5.15
	-6.54
	-5.16
	-0.74
	-2.9
	-5.78
	-6.59

	Richards Bay
	-5.76
	-5.76
	-7.72
	-10.79
	-17.74
	-5.9
	-5.68
	-4.89
	-9.71
	-8.95
	-5.86
	-0.24
	-2.97
	-5.76

	Panel C: Natural Gas

	TTF 
	10.31
	10.31
	13.24
	14.65
	19.97
	10.13
	10.29
	8.39
	7.92
	2.98
	-0.55
	3.78
	2.89
	10.31

	NBP
	8.4
	8.4
	13.22
	15.86
	19.39
	8.04
	9
	8.45
	9.3
	2.12
	-2.47
	0.78
	4.68
	8.4

	Henry Hub
	-3.66
	-3.66
	-3.49
	-3.89
	-6.46
	-4.15
	-3.08
	-6.54
	-8.86
	-4.53
	4.64
	-12.87
	-5.91
	-3.66

	Wallumbilla  
	-3.44
	-3.44
	-4.54
	-6.8
	-12.18
	-4.28
	-2.6
	-11.11
	-14.18
	-14.91
	-21.07
	1.73
	17.45
	-3.44

	JKM
	-8.68
	-8.68
	-8.95
	-8.58
	-7.69
	-9.16
	-7.8
	-7.19
	-6.97
	-13.21
	-2.76
	-2.06
	-8.32
	-8.68

	AECO
	-4.85
	-4.85
	-4.35
	-2.46
	0.16
	-5.73
	-3.88
	-7.12
	-8.73
	-6.04
	-5.72
	-9.23
	-7.96
	-4.85

	Notes: This table reports net total directional connectedness for each energy price benchmark during the COVID-19 crisis period, 1 January 2020 to 31 May 2021. The results presented in column (1) are for the TVP-VAR model. Columns (2)-(7) are alternative specifications of the TVP-VAR model. Columns (8)-(10) report results for the VAR model. Columns (11)-(13) report results for the quantile VAR model (QVAR) and column (14) reports results for the frequency TVP-VAR model. Positive (negative) values indicate that a benchmark is a net transmitter (receiver) of information in a network. L denotes the time lag used, H is the forecast horizon, RW is the size of the rolling window (if applied), Q is the quantile used for calculations (where applicable) and Freq. is the range of frequences applied in a model (where applicable). For the TVP-VAR model, the values of control parameters are reported in brackets.









	Table A3: TVP-VAR and alternative specifications – GEC

	Benchmark
	TVP-VAR (0.99,0.97)
L=1,H=10
(1)
	TVP-VAR (0.99,0.97)
L=1,H=20
(2)
	TVP-VAR (0.99,0.97)
L=2,H=10
(3)
	TVP-VAR (0.99,0.97)
L=3,H=10
(4)
	TVP-VAR (0.99,0.97)
L=5,H=10
(5)
	TVP-VAR (0.99,0.96)
L=1,H=10
(6)
	TVP-VAR (0.99,0.98)
L=1,H=10
(7)
	VAR 
L=1,H=10
RW=100
(8)
	VAR 
L=1,H=10
RW=60
(9)
	VAR 
L=1,H=10
RW=30
(10)
	QVAR,Q=0.05
L=1,H=10
RW=100
(11)
	QVAR,Q=0.5
L=1,H=10
RW=100
(12)
	QVAR,Q=0.95
L=1,H=10
RW=100
(13)
	TVP-VAR 
(0.99,0.97)
L=1,H=10, Freq=1-5
(14)

	Panel A: Oil

	Brent
	15.29
	15.29
	16.13
	16.68
	16.7
	16.27
	13.99
	16.72
	19.18
	17.3
	6.14
	13.24
	2.30
	15.29

	WCS
	2.05
	2.05
	2.35
	2.7
	3.27
	3.23
	1
	1.4
	4.07
	8.17
	7.50
	-4.28
	-7.88
	2.05

	Urals
	1.22
	1.22
	1.96
	3.39
	3.56
	2.41
	-0.34
	3.71
	9.47
	10.67
	5.94
	1.03
	-4.93
	1.22

	WTI
	14.28
	14.27
	13.99
	14.51
	15.03
	15.06
	13.14
	16.37
	19.71
	15.5
	6.81
	14.87
	-6.40
	14.28

	DME Oman
	9.46
	9.46
	9.94
	10.55
	11.34
	10.51
	8.14
	10.32
	14.96
	15.65
	10.54
	7.82
	-9.35
	9.46

	Panel B: Coal

	Qinhuangdao 
	-10.92
	-10.92
	-13.97
	-15.16
	-20.69
	-11.69
	-9.93
	-7.44
	-10.17
	-4.12
	-1.31
	4.02
	-6.81
	-10.92

	ARA 
	-0.09
	-0.09
	0.66
	-1.28
	-1.62
	-0.84
	0.38
	1.81
	-0.22
	-6.92
	9.86
	2.35
	-2.32
	-0.09

	Newcastle 
	-8.59
	-8.59
	-10.84
	-12.02
	-11.75
	-8.71
	-8.65
	-6.88
	-4.52
	-1.18
	-6.29
	-5.61
	4.45
	-8.59

	Richards Bay
	-0.29
	-0.29
	-0.98
	-2.13
	-4.56
	-0.33
	0
	1.91
	0.81
	-2.02
	-10.25
	3.48
	0.91
	-0.29

	Panel C: Natural Gas

	TTF 
	5.7
	5.7
	6.77
	7.06
	8.14
	5.39
	6.11
	5.1
	4.21
	-1.25
	-8.69
	-0.35
	4.03
	5.7

	NBP
	5.28
	5.28
	6.51
	8.34
	10.67
	5.25
	5.35
	4.16
	2.52
	-4
	-4.33
	-0.78
	14.68
	5.28

	Henry Hub
	-8.31
	-8.31
	-9.02
	-11.17
	-11.3
	-9.07
	-7.6
	-8.52
	-11.98
	-14.84
	4.69
	-17.35
	-6.08
	-8.31

	Wallumbilla  
	-9.85
	-9.85
	-10.14
	-9.48
	-9.28
	-10.44
	-8.93
	-14.5
	-18.84
	-16.97
	6.49
	-1.35
	2.29
	-9.85

	JKM
	-12.26
	-12.26
	-11.85
	-11.79
	-11.43
	-12.75
	-11.63
	-10
	-12.36
	-4.33
	-12.16
	-6.31
	3.91
	-12.26

	AECO
	-2.96
	-2.96
	-1.52
	-0.2
	1.94
	-4.28
	-1.02
	-14.18
	-16.84
	-11.67
	-14.92
	-10.76
	11.21
	-2.96

	Notes: This table reports net total directional connectedness for each energy price benchmark during the GEC period, 1 June 2021 to 15 August 2023. The results presented in column (1) are for the TVP-VAR model. Columns (2)-(7) are alternative specifications of the TVP-VAR model. Columns (8)-(10) report results for the VAR model. Columns (11)-(13) report results for the quantile VAR model (QVAR) and column (14) reports results for the frequency TVP-VAR model. Positive (negative) values indicate that a benchmark is a net transmitter (receiver) of information in a network. L denotes the time lag used, H is the forecast horizon, RW is the size of the rolling window (if applied), Q is the quantile used for calculations (where applicable) and Freq. is the range of frequences applied in a model (where applicable). For the TVP-VAR model, the values of control parameters are reported in brackets.





	Table A4: Net complete transfer entropy for energy price benchmarks

	
	Panel A: Oil
	Panel B: Coal
	Panel C: Natural Gas
	Panel D: 

	
Benchmark
	Brent
	WCS
	Urals
	WTI
	DME Oman
	Qinhua-ngdao
	ARA
	Newcastle
	Richards Bay
	TTF
	NBP
	Henry Hub
	Wallum-billa
	JKM
	AECO
	

	Pre-crisis 
	0.21
	-0.11
	0.01
	0.14
	0.02
	-0.22
	-0.16
	-0.14
	-0.07
	0.33
	0.33
	-0.13
	-0.11
	-0.05
	-0.06
	0.71**

	COVID-19 crisis
	0.17
	0.21
	0.16
	0.19
	0.06
	-0.43
	0.11
	-0.32
	-0.08
	0.09
	0.07
	-0.04
	0.00
	-0.06
	-0.12
	0.76**

	GEC
	0.45
	0.15
	-0.07
	0.56
	0.27
	-0.51
	-0.04
	-0.09
	-0.16
	0.19
	0.06
	-0.34
	-0.25
	-0.18
	-0.03
	0.92**

	Notes: This table reports the results of net complete transfer entropy among energy benchmarks in the pre-crisis (1 October 2017 to 31 December 2019), COVID-19 (1 January 2020 to 31 May 2021) and the GEC (1 June 2021 to 15 August 2023) periods. Positive (negative) values indicate that a benchmark is a net transmitter (receiver) of information in a network.  is the Pearson correlation coefficient for transfer entropy and estimates obtained using the TVP-VAR in Table 4. ** indicates significance at the 5% level for the correlation coefficients. 
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