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Unrestricted Cointegration Rank Test (Trace)
Hypothesized . - 0.05 o
No. of CE(s) Eigenvalue |Trace Statistic Critical Value Prob.
None * /YVVYVY 1OY/44F0 F4/AVAA ARRE
At most 1 * /AAYSR)Y O+ /V+FAY FV/ADFNY YHY
At most 2 VY a%4 YOV VY Ya/VAV-Y VANATZ
At most 3 /YA VYDA VO/FAFVY OV
At most 4 /0 AFAD Y/VOY+ oY ¥/AFVFSF o/+avY
Trace test indicates 2 cointegrating egn(s) at the 0.05 level
* denotes rejection of the hypothesis at the 0.05 level
**MacKinnon-Haug-Michelis (1999) p-values
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Unrestricted Cointegration Rank Test (Maximum Eigen value)
Hypothesized Eigenvalue MEPSS TR 0.05 Prob.**
No. of CE(s) g Statistic Critical Value '
None * NANAARAS Y+ Y/YAQY YY/AVEAY e
At most 1 ALY YVMA YV/OAFYE (/408
At most 2 OVE VE/FAY 5O YA/AYYSY VY
At most 3 1/ YANY /YA VA VF/YES ST
At most 4 HerAPRD YN0V Y YIAF\F55 YR

Max-eigenvalue test indicates 1 cointegrating egn(s) at the 0.05 level
* denotes rejection of the hypothesis at the 0.05 level
**MacKinnon-Haug-Michelis (1999) p-values
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AIC: Akaike information criterion
SC: Schwarz information criterion

1.
2.
3. HQ: Hannan-Quinn information criterion
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Null Hypothesis: Obs F-Statistic Prob.
LOIL does not Granger Cause LEX (Lags: 1) 317 0.75804 0.3846
LEX does not Granger Cause LOIL (Lags: 1) 0.23390 0.6290
LOIL does not Granger Cause LEX (Lags: 2) 316 1.36613 0.2566
LEX does not Granger Cause LOIL (Lags: 2) 2.65893 0.0716
LOIL does not Granger Cause LEX (Lags: 3) 315 0.94284 0.4202
LEX does not Granger Cause LOIL (Lags: 3) 1.74659 0.1574
LOIL does not Granger Cause LEX (Lags: 4) 314 1.13861 0.3384
LEX does not Granger Cause LOIL (Lags: 4) 1.43797 0.2213
LOIL does not Granger Cause LEX (Lags: 6) 312 1.26910 0.2714
LEX does not Granger Cause LOIL (Lags: 6) 1.51208 0.1737
LOIL does not Granger Cause LEX (Lags: 8) 310 1.28605 0.2503
LEX does not Granger Cause LOIL (Lags: 8) 1.18582 0.3072
LOIL does not Granger Cause LEX (Lags: 10) 308 2.13214 0.0222
LEX does not Granger Cause LOIL (Lags: 10) 1.80543 0.0593
LOIL does not Granger Cause LEX (Lags: 12) 306 1.77297 0.0523
LEX does not Granger Cause LOIL (Lags: 12) 2.08046 0.0183
0113 3 Cand 9 Sl Cuond 1il,S JSS (903 3l Juol> s L(Y-F-F) Jgur
Null Hypothesis: Obs || F-Statistic Prob.
LOIL does not Granger Cause LG.JAP (Lags: 1) 317 59.7891 1.E-13
LG.JAP does not Granger Cause LOIL (Lags: 1) 6.58481 0.0107
LOIL does not Granger Cause LG.JAP (Lags: 2) 316 62.5476 1.E-23
LG.JAP does not Granger Cause LOIL (Lags: 2) 0.08616 0.9175
LOIL does not Granger Cause LG.JAP (Lags: 3) 315 45.0753 4.E-24
LG.JAP does not Granger Cause LOIL (Lags: 3) 0.09672 0.9618
LOIL does not Granger Cause LG.JAP (Lags: 4) 314 34.1305 2.E-23
LG.JAP does not Granger Cause LOIL (Lags: 4) 0.39341 0.8133
LOIL does not Granger Cause LG.JAP (Lags: 6) 312 23.6529 7.E-23
LG.JAP does not Granger Cause LOIL (Lags: 6) 1.81677 0.0955
LOIL does not Granger Cause LG.JAP (Lags: 8) 310 17.9447 9.E-22
LG.JAP does not Granger Cause LOIL (Lags: 8) 1.49134 0.1597
LG.JAP not Granger Cause LG.JAP (Lags: 10) 308 14.2964 2.E-20
LG.JAP does not Granger Cause LOIL (Lags: 10) 1.67778 0.0854
LOIL does not Granger Cause LG.JAP (Lags: 12) 306 12.0439 1.E-19
LG.JAP does not Granger Cause LOIL (Lags: 12) 1.15576 0.3152
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Null Hypothesis: Obs F-Statistic Prob.
LEX does not Granger Cause LG.JAP (Lags: 1) 317 3.13474 0.0776
LG.JAP does not Granger Cause LEX (Lags: 1) 0.07313 0.7870
LEX does not Granger Cause LG.JAP (Lags: 2) 316 1.33190 0.2655
LG.JAP does not Granger Cause LEX (Lags: 2) 1.30022 0.2739
LEX does not Granger Cause LG.JAP (Lags: 3) 315 3.07725 0.0279
LG.JAP does not Granger Cause LEX (Lags: 3) 3.14718 0.0254
LEX does not Granger Cause LG.JAP (Lags: 4) 314 2.50820 0.0421
LG.JAP does not Granger Cause LEX (Lags: 4) 2.54606 0.0396
LEX does not Granger Cause LG.JAP (Lags: 6) 312 2.06121 0.0577
LG.JAP does not Granger Cause LEX (Lags: 6) 2.10282 0.0528
LEX does not Granger Cause LG.JAP (Lags: 8) 310 1.54448 0.1414
LG.JAP does not Granger Cause LEX (Lags: 8) 2.20161 0.0273
LEX does not Granger Cause LG.JAP (Lags: 10) 308 1.27856 0.2420
LG.JAP does not Granger Cause LEX (Lags: 10) 1.97053 0.0364
LEX does not Granger Cause LG.JAP (Lags: 12) 306 1.45344 0.1415
LG.JAP does not Granger Cause LEX (Lags: 12) 1.80451 0.0471
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Null Hypothesis: Obs F-Statistic Prob.
LOIL does not Granger Cause LG.GER (Lags: 1) 317 73.5743 5.E-16
LG.GER does not Granger Cause LOIL (Lags: 1) 3.34949 0.0682
LOIL does not Granger Cause LG.GER (Lags: 2) 316 38.0219 2.E-15
LG.GER does not Granger Cause LOIL (Lags: 2) 0.21018 0.8106
LOIL does not Granger Cause LG.GER (Lags: 3) 315 30.0375 5.E-17
LG.GER does not Granger Cause LOIL (Lags: 3) 0.27234 0.8453
LOIL does not Granger Cause LG.GER (Lags: 4) 314 24.1160 2.E-17
LG.GER does not Granger Cause LOI L (Lags: 4) 0.42995 0.7870
LOIL does not Granger Cause LG.GER (Lags: 6) 312 17.0909 6.E-17
LG.GER does not Granger Cause LOI L (Lags: 6) 0.41059 0.8718
LOIL does not Granger Cause LG.GER (Lags: 8) 310 14.2906 1.E-17
LG.GER does not Granger Cause LOIL (Lags: 8) 0.42072 0.9082
LOIL does not Granger Cause LG.GER (Lags: 10) 308 13.7852 8.E-20
LG.GER does not Granger Cause LOIL (Lags: 10) 0.44813 0.9215
LOIL does not Granger Cause LG.GER (Lags: 12) 306 13.0681 3.E-21
LG.GER does not Granger Cause LOIL (Lags: 12) 2.05124 0.0203
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Null Hypothesis: Obs |F-Statistic  Prob.
LEX does not Granger Cause LG.GER (Lags: 1) 317 3.85581 0.0505
LG.GER does not Granger Cause LEX (Lags: 1) 0.07524 0.7840
LEX does not Granger Cause LG.GER (Lags: 2) 316 1.86877 0.1560
LG.GER does not Granger Cause LEX (Lags: 2) 2.31185 0.1008
LEX does not Granger Cause LG.GER (Lags: 3) 315 1.24043 0.2951
LG.GER does not Granger Cause LEX (Lags: 3) 1.68004 0.1713
LEX does not Granger Cause LG.GER (Lags: 4) 314 2.27819 0.0609
LG.GER does not Granger Cause LEX (Lags: 4) 1.34047 0.2548
LEX does not Granger Cause LG.GER (Lags: 6) 312 2.28258 0.0360
LG.GER does not Granger Cause LEX (Lags: 6) 1.31100 0.2519
LEX does not Granger Cause LG.GER (Lags: 8) 310 2.69939 0.0070
LG.GER does not Granger Cause LEX (Lags: 8) 0.91147 0.5072
LEX does not Granger Cause LG.GER (Lags: 10) 308 2.21320 0.0172
LG.GER does not Granger Cause LEX (Lags: 10) 0.91418 0.5204
LEX does not Granger Cause LG.GER (Lags: 12) 306 2.21523 0.0113
LG.GER does not Granger Cause LEX (Lags: 12) 1.18134 0.2960
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Null Hypothesis: Obs | F-Statistic Prob.
LOIL does not Granger Cause LG. LOIS (Lags: 1) 317 1.31411 0.2525
LG. LOIS does not Granger Cause LOIL (Lags: 1) 0.82139 0.3655
LOIL does not Granger Cause LG. LOIS (Lags: 2) 316 1.62022 0.1995
LG. LOIS does not Granger Cause LOIL (Lags: 2) 0.31213 0.7321
LOIL does not Granger Cause LG. LOIS (Lags: 3) 315 3.91207 0.0092
LG. LOIS does not Granger Cause LOIL (Lags: 3) 0.23445 0.8723
LOIL does not Granger Cause LG. LOIS (Lags: 4) 314 3.42789 0.0092
LG. LOIS does not Granger Cause LOIL (Lags: 4) 0.19162 0.9427
LOIL does not Granger Cause LG. LOIS (Lags: 6) 312 2.53502 0.0208
LG. LOIS does not Granger Cause LOIL (Lags: 6) 0.38289 0.8897
LOIL does not Granger Cause LG. LOIS (Lags: 8) 310 3.09064 0.0023
LG. LOIS does not Granger Cause LOIL (Lags: 8) 0.76744 0.6318
LOIL does not Granger Cause LG. LOIS (Lags: 10) 308 3.52325 0.0002
LG. LOIS does not Granger Cause LOIL (Lags: 10) 0.62030 0.7963
LOIL does not Granger Cause LG. LOIS (Lags: 12) 306 3.33691 0.0001
LG. LOIS does not Granger Cause LOIL (Lags: 12) 0.60769 0.8353
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Null Hypothesis: Obs F-Statistic Prob.
LEX does not Granger Cause LG. LOIS (Lags: 1) 317 0.04105 0.8396
LG. LOIS does not Granger Cause LEX (Lags: 1) 2.30940 0.1296
LEX does not Granger Cause LG. LOIS (Lags: 2) 316 0.01286 0.9872
LG. LOIS does not Granger Cause LEX (Lags: 2) 2.25832 0.1062
LEX does not Granger Cause LG. LOIS (Lags: 3) 315 0.02730 0.9939
LG. LOIS does not Granger Cause LEX (Lags: 3) 1.55152 0.2012
LEX does not Granger Cause LG. LOIS (Lags: 4) 314 0.84630 0.4967
LG. LOIS does not Granger Cause LEX (Lags: 4) 1.40709 0.2315
LEX does not Granger Cause LG. LOIS (Lags: 6) 312 0.74617 0.6129
LG. LOIS does not Granger Cause LEX (Lags: 6) 1.24818 0.2816
LEX does not Granger Cause LG. LOIS (Lags: 8) 310 1.27327 0.2570
LG. LOIS does not Granger Cause LEX (Lags: 8) 1.43344 0.1820
LEX does not Granger Cause LG. LOIS (Lags: 10) 308 1.03769 0.4116
LG. LOIS does not Granger Cause LEX (Lags: 10) 1.26957 0.2472
LEX does not Granger Cause LG. LOIS (Lags: 12) 306 0.90167 0.5458
LG. LOIS does not Granger Cause LEX (Lags: 12) 1.19140 0.2887
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Null Hypothesis: Obs | F-Statistic Prob.
LG.GER does not Granger Cause LG. LOIS (Lags: 1) 317 0.16195 0.6876
LG. LOIS does not Granger Cause LG.GER (Lags: 1) 25.2276 9.E-07
LG.GER does not Granger Cause LG. LOIS (Lags: 2) 316 0.02048 0.9797
LG. LOIS does not Granger Cause LG.GER (Lags: 2) 12.8975 4.E-06
LG.GER does not Granger Cause LG. LOIS (Lags: 3) 315 1.34195 0.2608
LG. LOIS does not Granger Cause LG.GER (Lags: 3) 9.55948 5.E-06
LG.GER does not Granger Cause LG. LOIS (Lags: 4) 314 1.53659 0.1914
LG. LOIS does not Granger Cause LG.GER (Lags: 4) 4.99026 0.0007
LG.GER does not Granger Cause LG. LOIS (Lags: 6) 312 1.35815 0.2313
LG. LOIS does not Granger Cause LG.GER (Lags: 6) 3.81557 0.0011
LG.GER does not Granger Cause LG. LOIS (Lags: 8) 310 1.23915 0.2758
LG. LOIS does not Granger Cause LG.GER (Lags: 8) 3.05446 0.0026
LG.GER does not Granger Cause LG. LOIS (Lags: 10) 308 1.79920 0.0604
LG. LOIS does not Granger Cause LG.GER (Lags: 10) 2.93799 0.0016
LG.GER does not Granger Cause LG. LOIS (Lags: 12) 306 1.59904 0.0912
LG. LOIS does not Granger Cause LG.GER (Lags: 12) 2.41103 0.0055
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Null Hypothesis: Obs |F-Statistic  Prob.
LG.JAP does not Granger Cause LG. LOIS (Lags: 1) 317 0.01436 0.9047
LG. LOIS does not Granger Cause LG.JAP (Lags: 1) 5.53128 0.0193
LG.JAP does not Granger Cause LG. LOIS (Lags: 2) 316 2.51667 0.0824
LG. LOIS does not Granger Cause LG.JAP (Lags: 2) 6.77823 0.0013
LG.JAP does not Granger Cause LG. LOIS (Lags: 3) 315 2.00341 0.1135
LG. LOIS does not Granger Cause LG.JAP (Lags: 3) 4.23253 0.0060
LG.JAP does not Granger Cause LG. LOIS (Lags: 4) 314 1.72886 0.1434
LG. LOIS does not Granger Cause LG.JAP (Lags: 4) 3.11151 0.0157
LG.JAP does not Granger Cause LG. LOIS (Lags: 6) 312 1.48256 0.1837
LG. LOIS does not Granger Cause LG.JAP (Lags: 6) 2.31461 0.0336
LG.JAP does not Granger Cause LG. LOIS (Lags: 8) 310 1.34275 0.2219
LG. LOIS does not Granger Cause LG.JAP (Lags: 8) 1.84980 0.0678
LG.JAP does not Granger Cause LG. LOIS (Lags: 10) 308 1.30331 0.2281
LG. LOIS does not Granger Cause LG.JAP (Lags: 10) 2.07983 0.0261
LG.JAP does not Granger Cause LG. LOIS (Lags: 12) 306 1.46531 0.1367
LG. LOIS does not Granger Cause LG.JAP (Lags: 12) 1.68822 0.0689
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Null Hypothesis: Obs F-Statistic Prob.
LG.JAP does not Granger Cause LG.GER (Lags: 1) 317 15.2301 0.0001
LG.GER does not Granger Cause LG.JAP (Lags: 1) 0.74381 0.3891
LG.JAP does not Granger Cause LG.GER (Lags: 2) 316 7.86584 0.0005
LG.GER does not Granger Cause LG.JAP (Lags: 2) 1.77310 0.1715
LG.JAP does not Granger Cause LG.GER (Lags: 3) 315 5.53646 0.0010
LG.GER does not Granger Cause LG.JAP (Lags: 3) 1.53614 0.2051
LG.JAP does not Granger Cause LG.GER (Lags: 4) 314 6.60248 4.E-05
LG.GER does not Granger Cause LG.JAP (Lags: 4) 1.58912 0.1770
LG.JAP does not Granger Cause LG.GER (Lags: 6) 312 5.94759 7.E-06
LG.GER does not Granger Cause LG.JAP (Lags: 6) 2.21170 0.0419
LG.JAP does not Granger Cause LG.GER (Lags: 8) 310 5.08819 6.E-06
LG.GER does not Granger Cause LG.JAP (Lags: 8) 1.81577 0.0738
LG.JAP does not Granger Cause LG.GER (Lags: 10) 308 5.59234 1.E-07
LG.GER does not Granger Cause LG.JAP (Lags: 10) 1.57871 0.1123
LG.JAP does not Granger Cause LG.GER (Lags: 12) 306 4.80152 4.E-07
LG.GER does not Granger Cause LG.JAP (Lags: 12) 1.53048 0.1126
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HQ sC AlC FPE LR LogL Lag
0.166715 0.203225 | 0.142382 | 7.93e-07 NA 1678441 | 0
-13.68457 | -13.46551* | -13.83057 | 6.78¢-13 | 4240.005 | 2146077 | 1
-13.71615* | -13.31454 | -13.98382 | 5.82e-13 | 93.41061 | 2194524 | 2
-1357429 | -12.99013 | -13.96362 | 5.94e-13 | 4152866 | 2216.434 | 3
-13.54500 | -12.77829 [-14.05599* | 5.42e-13* | 72.89490 | 2255567 | 4
-13.37016 | -12.42090 | -14.00282 | 5.72e-13 | 30.86325 | 2272431 [ 5
-13.18474 | -12.05294 | -13.93907 | 6.10e-13 | 27.40228 | 2287677 | 6
-12.99928 | -11.68493 | -13.87528 | 6.52¢-13 | 26.89496 | 2302918 | 7
-12.86307 | -11.36617 | -13.86073 | 6.63e-13 | 39.44576 | 2325.692 | 8
-12.73856 | -11.05911 | -13.85788 | 6.67e-13 | 41.74344 | 2350.256 | 9
-12.64527 | -10.78328 | -13.88627 | 6.51e-13 | 48.90413 | 2379.599 | 10
-12.47752 | -10.43298 | -13.84018 | 6.85¢-13 | 29.32831 | 2397548 | 11
-12.39870 | -10.17161 | -13.88303 | 6.61e-13 | 50.52934* | 2429.103 | 12

* indicates lag order selected by the criterion
LR: sequential modified LR test statistic (each test at 5% level)
FPE: Final prediction error
AIC: Akaike information criterion
SC: Schwarz information criterion

HQ: Hannan-Quinn information criterion
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Abstract

Short-term and long-term relationship between exchange rate, oil price and
spot gas price of three regional gas markets was investigated using and
estimating the Vector Autoregressive model. There is a significant and long-
term relationship between variables.Short-term interactions of variables with
Granger causality test One-year interaction of variables with intervals of one
to twelve months is studied and in order to solidify the results, the Wald test
is repeated in estimating the Vector Autoregressive. The results show that
the spot gas price is always influenced by the price of oil, and the US gas
price is indifferent and immune to exchange rate fluctuations with a 12-
month delay. But there is always a one-way connection from the US gas
market to the Asian and European gas markets. The US regional market has
always been affected by exchange rate fluctuations in other markets, but its
oil and gas market has been protected by increased oil and gas production
and the implementation of foreign exchange and banking policies.

JEL Classification: E23, C22, C32, C53
Keywords: Spot price, Vector Autoregressive, Granger Causality,
Regional Gas Markets.
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