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1- Trading Volume of Futures Contracts

2- Non-Linear Error Correction Models

3- Bivariate GARCH Error Process

4- Geman, Helyette and Ohana, Steve (2009), “Forward Curves, Scarcity and Price Volatility in Oil and
Natural Gas Market”, Energy Economics, Vol.31, Issue.4, p.p. 576-585.

5- Forward Curve
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1- Caporale, Guglielmo Maria, et al. (2010), “Time-Varying Spot and Futures Oil Prices Dynamics”,
Working Paper, Brunel University, Department of Economics and Finance.

2- Cost of Carry Model

3- Convenience Yield

4- Hedging

5- Kaufmann, Robert K. (2011), “The Role of Market Fundamentals and Speculation in Recent Price
Changes for Crude Oil”, Energy Policy, Vol.39, Issue.3, p.p. 105-115.
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1- Radchenko, Stanislav and Shapiro, Dmitry (2011)
2- Error Correction Models (ECM)

3- Vector Autoregressive Model (VAR)

4- Lee, Chien-Chiang and Zeng Jhih-Hong (2011)
5- Wang, Yudong, et al. (2011)

6- West Texas Intermediate

7- Detrended Fluctuation Analysis (DFA)

8- Detrended Cross-Correlation Analysis (DCCA)
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(1) oslos S G
Augmented Dickey-Fuller Unit Root Test on D(LGT)
MNull Hypothesis: D(LCTY has a unit root
Exogenous: Constant
Lag Length: 1 (Automatic based on SIC, MAXLAG=15)
t-Statistic Prob._*
Augmented Dickey-Fuller t2st statistic -7 265887 0.0000
Test critical values: 1% level -3.452215
9% lewel -2.371061
10% level -2.571915
*MacKinnon [1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Wariable: D(LCT,2)
Method: Least Squares
Date: 03/18/11 Time: 13217
Sample (adjusted). 1986M04 2010M12
Included observations: 297 after adjustments
“ariable Coefficient Std. Ermmor -Statistic Prob.
D{LCT(- 1)) -0.493706 D.061977F -T7.965887 0.0000
D(LCT{-13%.2) -0_ 148577 0057427 -2.587215 0.0102
C 0.145350 0203071 0715761 0.4747
R-squared 0.304805 Mean dependent var 0.026061
Adjusted R-squared 0.300075 S D. dependent var 4173944
S_E. of regression 3. 491985 Akaike info criterion 5. 348867
Sum squared resid 3585.023 Schwarz critericn 5.386178
Log likelinood -791.2068 Hannan-Quinn criter. $5.263804
F-statistic 54 45134 Durbin-Watson stat 1.962128
Prob(F-statistic) 3.000000
Augmented Dickey-Fuller Unit Root Test on D(LFT)
Null Hypothesis: D(LFT) has a unit root
Exogenous: Constant
Lag Lengih: 1 {Automa
t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -8.010425 0.0000
Test critical values: 1% level -3.452215
5% level -2.871081
10% level -2.571915
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(LFT,2)
Method: Least Squares
Date: 03/18/11 Time: 13:17
Sample (adjusted): 1986M04 2010M12
inciuded observations: 297 after adjustments
Variable Coefficient Std. Error t-Statistic Prob.
D(LFT(-1)) -0.494834 0.061774 -5.010425 0.0000
D(LFT(-1).2) -0.138378 0.057507 -2.406272 0.0167
C 0.145431 0.201601 0.721380 0.4712
R-squared 0.299990 Mean dependent var 0.026094
Adjusted R-squared 0.295228 S.D. dependent var 4 129369
S_E. of regression 3.466634 Akaike info criterion 5.334295
Sum squared resid 3533.159 Schwarz criterion 5.371605
Log likelihood -789.1428 Hannan-Quinn criter. 5.349231
F-statistic 82.99709 Durbin-Watson stat 1.96875861
Prob(F-statistic) 0.000000
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Augmented Dickey-Fuller Unit Root Test on D(BASIS)
MNull Hypothesis. D(BASIS) has a unit root
Exogenous: Constant
Lag Length: 3 (Automatic based on SIC, MAXLAG=15)
t-Statistic Prob_*
Augmented Dickey-Fuller test statistic -8.743421 0.0000
Test critical values: 1% lewel -3.452366
5% lewel -2871128
10%6 level -2 571950
*MacKinnon (1996) one-sided p-values
Augmented Dickey-Fuller Test Equation
Dependent Wariable: D{BASIS 2
Method: Least Squares
Date: 03/15/11 Time: 1617
Sample (adjusted): 1986M0O6 2010M12
Included observations: 295 after adjustments
wariable Coefficient Std. Ermmor t-Statistic Prob.
D(BASIS(-1)) -0.696212 D.07I9627 -8. 743421 0.0000
D{BASIS({-1).2) 0130236 D.OoO75119 1.733725 0.0840
D{BASIS({-2).2) 0.012290 0.064254 0.205829 0.8363
D{BASIS({-3),2) 0197026 D.055687 3. 538107 00005
c 0.164519 0.480425 0.342444 0.7323
R-squared 0.343393 nMean dependent var 0.035502
Adjusted R-squared 0.334336 S5.D. dependent var 10.10444
S _E. of regression 8 244034 Akaike info criterion T O73661
Sum squared resid 19709.59 Schwarz criterion 7.136152
Loqg likelinood -1038_365 Hannan-Quinn criter. T 0958684
F-statistic 37 91609 Durbin-WWatson stat 1.2985445
Prob{F-statistic) 0.000000

Augmented Dickey-Fuller Unit Root Test on INW

Null Hypothesis: INW has a unit root
Exogenous: Constant
Lag Lenath: 1 (Automatic based on SIC, MAXLAG=15)
t-Statistic Prob_*
Augmented Dickey-Fuller test statistic -3.842463 0.0028
Test critical values: 1% level -3.452141
5% level -2.871029
10% level -2 571897
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D({INWV)
Method: Least Squares
Date: 03/18/11 Time: 13:19
Sample (adjusted): 1986MO03 2010M12
Included observations: 298 after adjustments
“ariable Coefficient Std. Error t-Statistic Prob.
INMW(-1) -0.079718 0.020747 -3.842463 0.0001
DNV (-1)) 0.223244 0.057536 3.880074 0.0001
C 15555.17 4054 315 3.836696 0.0002
R-squared 0.077712 Mean dependent var 82.74161
Adjusted R-squared 0.071459 S.D. dependent var T223.326
S_E. of regression 6960.456 Akaike info criterion 20.54389
Sum squared resid 1.43E+10 Schwarz criterion 20.58111
Log likelihood -3058.040 Hannan-Quinn criter. 20.55879
F-statistic 12 42834 Durbin-VWatson stat 1.962043
Prob(F-statistic) 0.000007
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Breusch-Godfrey Serial Cormrelation LM Test:
F-statistic 49 40167 Prob. F(2,287) 0.0000
Obs*R-squared 7506101 Prob. Chi-Square{2) 0.0000
Test Equation:
Dependent “Wariable: RESID
Method: Least Squares
Date: 03/21/11 Time: 12:08
Sample: 1986M04 2010M12
Included cbservations: 297
Presample missing value lagged residuals set to zero.
“Wariable Coefficient Std. Ermor t-Statistic Prob.
C 0.014314 0076326 0.187539 0.8514
D(LCT(-1)) 0.001204 0.002446 0.492123 0.5230
D{LFT) -T.8TE-05 o.o02186 -0.036017 0.9713
DBEASIS(-1) 0001156 0.001014 1.140454 0.2550
DBASIS(-2) -0.001085 0.001549 -0. 700377 0.4843
DBASIS(-3) -2.31E-05 0000886 -0.026079 0.9792
INYWY(-1) -1.53E-06 1.14E-06 -1.348608 0.1785
IMNMN(-2) 1.47E-06 1.15E-06 1.283529 0.2003
RESID{-1) -0.576323 0.057992 -9.937944 0.0000
RESID{-2) -0.263431 0059352 -4.438424 0.0000
R-squared 0256098 Mean dependent var 1.93E-17
Adjusted R-squared 0232770 S.D. dependent var 0147647
S._E. of regression 0.129327 Akaike info criterion -1.219862
Sum squared resid 4. 800178 Schwarz criterion -1.095494
Log likelinood 191.1495 Hannmnan-Quinn criter. -1 170073
F-statistic 1097815 Durbin-Watson stat 2120522
Prob{ F-statistic) 0.000000

BT sbcwd Joo 4 gy S A mgs 3 HI5Y v yo Og03T

Breusch-Godfrey Serial Cormrelation LM Test:
F-statistic 5065321 Prob. F{2,287) 00000
Obs*R-squared Fr.A8522 Prob. Chi-Square(2) 0.0000
Test Equation:
Dependent “VWariable: RESID
Method: Least Sguares
Date: 03/21/11  Time: 12:09
Sample: 1986M0O4 2010M12
Included cbservations: 297
Presample missing value lagged residuals set to zero.
“Wariable Coefficient Std. Emor t-Statistic Prob.
c -0.006842 0075686 -0.090406 0.92380
D{LFT{-1)) 0.000586 0.002439 0.281418 0. 7786
D{LCT) 0.000323 0.002152 0.150152 0.8807
DBASIS(-1) -0.000948 0.001005 -0.943486 0.3462
DBASIS(-2) 0.000891 0001536 0.579953 0.5624
DBASIS(-3) T 19E-06 0.0D087F9 D.00817F2 0.9935
INYW-1) 1.62E-06 1.13E-06 1.434574 0.1525
INYW(-2) -1.60E-06 1.14E-06 -1.403426 01616
RESID(-1) -0.582939 0.057930 -10.06287T 0.0000
RESID(-2) -0.2¥0107 0.059312 -4.554005 0.0000
R-squared 0.260893 Mean dependent var -2 05E-17
Adjusted R-squared 0237715 S.D. dependent var 0.145900
S_E. of regression 0.128257 Alkaike info criterion -1.236471
Sum squared resid 4. 721108 Schwarz criterion -1.112103
Log likelihnood 193 6160 Hannan-Qwuinn criter. -1_186682
F-statistic 1125627 Durbin-Watson stat 2114466
Prob(F-statistic) D.000000
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Breusch-Godirey Serial Cormmelation LM Test:

F_ciad
Obs*R-squared

0. E3A4453 Prob F(2 2¥5y D A3G8
Prob_ Chi-Square(2) 0.4201

2
ey
W
0
m

Method: Leas: Squares
o3/M19/11 Time. 2328

Diel iS8eMIT0 20T 0MT 2

Included ocbservations: 291

Presample missing value lagged residuals set to zero.

wariabie Coeimicient Sid. Ermor i-Siatsiic Proib
c 0.001732 0018757 0092328 0.9265
D{LCT(-1}) -0.000100 0.001855 -0.054D7 7 0.9569
D(LFT) -4 38E-05 0.001782 -0.024596 O.9804
DBASIS(-1) 0.000115 D.000DS24 0. 139886 D.3889
DBASIS(-2) -0.000161 0001531 -0. 101852 0.2189
DBASIS(-3) 4 T4E-05 000013 0058289 0.92536
IMNYW-1) -1 66E-07 6. 84E-07 -0.243317 03079
INW(=-2) 1. 58E-07 6. 87E-07 0. 230216 0.3181
AR(TY 0.244500 0693274 0.a887
BN 0214146 1.211538 0 2267
A3 0.230832 1.169738 0.2431
AR 0.191153 1.119367 0.2640
AR(S) 0.148415 1. OTFTA7TIE 0.2848
SRS} o.o071291 o.o85790 o 230095 o057
RESIDN-1) -0.263570 0. 355475 -0.7A1458 0.4590
RESIDY-2) -0.143396 D.2300667F -0 . A4TE927T 0.5338
R-sguared & 005360 Mean dependeaint var 7.34E-13
Adjusted R-souared -0 048260 S.D. dependent var o0 115423
S_E of regression 0118175 Akalke info criterion -1.373886
Sum squared resid 3.840468 Schwarz criterion -1 ATF917T
Loq iikeiinood Zi5 . Fr35 Hannan-Cuinmn criter. =z
F-statisti 0109927 Durbvin-Watson stat
Prob({F-statistic) D _9995991

Olw! SldCwd Joo & by 0 S S P9 3 FI5Y o yo G903l
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Breusch-Godffrey Serial Cormelation LM Test:

Fostatistic [ =S g == Prob. F(2.275) o.4Z10
O bs*"R-squared 1. 825050 Prob_ Chi-Sguare{2) O 4015

Test Equation:
Cependent Wariable: RESID
Method: Least Squares
Cate: O3/19011  Time: 23:20
Sample: 1986810 2010812
Included observations: 261

Presample missing value lagged residuals set 1o Zerc.
Wariakle Coefficient Std. Error t-Statistic Prokb.
== -0.001881 0.0D18837T -0_0E0130 0.DZo0
DLFETI-113} 0.000131 o. 0.07 1054 O.543-4
CHLCTT) 4 TEE-OS5 o. o.o2Foas o.o7e4
DEASIS(-1) -0.00D113 o. -0. 137300 o.so08
DEASIS(-2) 0.000 158 o. 0. DOESAaT D.oz213
DEASIS(-3) 1 A5E-05 o. -0.055026 o582
1MW) 1.7T2E-O7F . 0. 253431 o.B001
IBE-2 -1.64E-O7 =3 -0_2407 04 o.8100
AR(T) 0.254048 o. 0. 710515 04720
AR(Z) 0.322197 o. 1.24BSTT D.2147
ARC3) o. 237388 o. 1200684 0. 2300
ARCEY 0.185554 o. 1147312 0.2523
AR(S) o.1512912 o. 1.oes121 02731
AF(S) 0.07 3340 o. D.855a53 o.3928
RESID-1) -0_273008 0.380217 -0_7E0308 0. 4477
RESIDN-2) -0.14426886 o.3028449 -D.A4TEET1 o534z
R-squared D.D0627Z2 BMean dependent var -4 S8E-13
Adjusted R-squared -0.0793Z2 S.D. dependent var o.114827
S_E. of regression 0.117547 Akaike info criterion 1.300545
Sum squared resid 2. TOOTS50 Schwars criterion 188576
Log likelihood Z18.3243 HannanQuinn criter. .3D0E35
F-stat 0.115708 Durbin-WWatson stat 20014347
Prob(F-statistic) 0.S0o9a7
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Dependent Variable: D(LCT)
Method: ML - ARCI | {Marquardt) - Mormal distribution
Date: 03/19/11 Time: 23:25

Crorvimle Foelinrodady- AO0CR A4 M- Mk ad T
w2l LuUJLI-':IlCUj FOIVE T 20U TUINT L

Included observations: 291 after adjusimentis
Convergence achieved after 50 iterations

Presample variance: backcast (parameter = 0.7)

GARCH — C{15) + C(157"RESID(-1)*2 + C(17"GARCH(-1)

Variable Coeflicient Std. Emor  z-Statistic Prab.
C -0.062085 0.013126  -4.729856 0.0000
D(LCT(-1}) -0.009448 0.001289 -7.328505 0.0000
D{LFT] 1.0711964 0.001192 8491158 0.0000
DBASIS(-1) 0.000571 0.000441 1.295311 0.1952
DBASIS(-2) -0.002501 0.000764  -3.275074 0.0011
DBEASIS(-3) 0.001856 0.000364 5.09700 0.0000
INW{-1) -2.28E-06 4 51E07 -5.0513592 0.0000
INV{-2] 2 58E-06 4 36E-07 5914055 0.0000
AHT) 0.732810 D023 ST0.02245 L.oooo
AR(2) -0.672378 0.060259  -11.15821 0.0000
AR -0.467212 0.070827  -6.596559 0.0000
ARI(4) U.3/07190 U.Ub3bof -0.815434 L.oooo
AR(5) -0.187023 0.058969 -3.171562 0.0015
AR(B) -0.093218 0.038853  -2.399287 0.0164

Variance Equation

C 0.002134 0.000500 4 269348 0.0000
RESID(-1)y"2 1.111716 0.158329 7.021557 0.0000
CGARCH(-1) 0.188168 0.062148 3.027725 0.0025

R-squared 0.9959033 Mean dependent var 0.235258
Adjusted R-squared 0.998976 S.D. dependent var 3.907132
S.E. of regression 0.125012 Akaike info criterion -1.632686
Sum scuared resid 4282040 Schwaz criterion -1.418093
Log likelihood 254.5558  Hannan-CQuinn criter. -1.546719
F-statistic 17687.80 Durbin-Watson stat 2006215
Prob(F-statistic) 0.000000

Inverted AR Roots 37-62i A7T+621  -7-62 - 17+.62i

-.56+_35i -.56-.391
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Dependent Variable: D(LFT)

Method: ML - ARCH (Marquardt) - Normal distribution
Date: 03/M1%¥11 Time: 23:27

Sample (adjusted): 1986M10 2010M12

Included observations: 291 after adjustiments
Cecnvergence achieved after 56 iterations

Presample variance: backcast (parameter = 0.7)

GARCH = C(13) + C[16Y'RESID{-1Y"2 + COATYGARCH(-1)

Variable Coefficient  Std. Emor  z-Statistic Prob.
C 0.060742 0.0129668  4.584021 0.0000
D{LFT{-11} 0.009661 0.001264 7.543794 0.0000
D(LCT) 0.887786 0.001196 826.0315 0.0000
CBASIS(-1) -0.000581 0.000442  -1.315883 0.1882
CBAZIS(-2) 0.002494 0.000771 3.234375 00012
CBASIS(-3) -0.001841 0.000367  -5.008343 0.0000
INW(-1) 2.24E-06 4 4207 2.065363 0.0000
INW(-2) -2 53E-06 42TE-07  -5.936780 0.0000
AR(1) -0.742851 0.073696  -10.07995 0.0000
AR(2) -0.G77407 0.060049  -11.13257 0.0000
AR(3) -0.468418 0.071265 -6.572871 0.0000
AR(4) -U.3b 404 U.Ub4344 -0 fU9HS U.0uuo
AR(S) -0.185255 0059165 -3.131171 0.0017
AR(B) -0.089811 0.038424  -2.337337 0.0194

Variance Equation

C 0.002079 0.000488 4 260910 0.0000
RESID(-1y*2 1.114382 0.157655 7.068478 0.0000
GARCH(-1) 0 186R521 0 NDR2EN5 2 579314 00029

R-squared 09593030 Mean dependent var 0.255252
Adjusted R-squared 0998982 S.D dependent var 3.884062
5.E. ofregression 0.123946 Akaike info criterion -1.655806
Sum squared resid 4 209371  Schwarz criterion -1.441213
Log likelihood 2579198 Hannan-Quinn crier. -1.569839
F statistic 17781.39 Durbin Watson siat 1.956114
Prob(F-statistic) 0.000000

Inverted AR Roots 36-620 J36+.62 - 18-61i - 18+ B1i

-56+341 -.96-.34i
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Heteroskedasticity Test: ARCH
F-statistic 0. 676624 Prob. F(1,289) 04114
Obs*R-squared 0679715 Prob. Chi-Square(1) 0.4097
Test Equation:
Dependent Variable: WGT_RESIDM2
Method: Least Squares
Date: 03/19/11 Time: 23:26
Sample: 1986M10 2010M12
Included observations: 291
“ariable Coefficient Std. Error t-Statistic Prob.
C 1.048080 0131716 7957110 0.0000

WGT_RESIDM2(-1) -0.048310 0.058731 -0.822571 04114
R-squared 0.002336 Mean dependent var 0.999897
Adjusted R-squared -0.001116 S.D. dependent var 2011372
5 E. of regression 2012494 Akaike info criterion 4243476
Sum squared resid 1170.489 Schwarz criterion 4 268722
Log likelihood -615.4258 Hannan-Quinn criter. 4253590
F-statistic 0.676624 Durbin-Watson stat 2.007118
Prob(F-statistic) 0.411430

ST Gl doke W1 S15>1 4 bgr 0 ARCH LM 9037

Heteroskedasticity Test: ARCH
F statistic 0.687654 Prob. F(1,289) 0. 4076
Obs*R-squared 0.690762 Prob. Chi-Square({1) 0.4059
Test Equation:
Drependent WVariable: WGT RESID™Z
Method: Least Squares
Date: 0319911 Time: 2327
Samplc: 1986M10 2010M12
Included cbservations: 291
“Variable Coefficient Std. Ermmor t-Statistic Prol._
C 1.048410 0.131190 7.991530 0.0000

WGET RESID™2(-1) -0.048702 0.058730 -0.829249 0.4076
R-squarcd 0.002374 MMcan depondoent var 090393850
Adjusted R-squared -0.001078 S.D. dependent var 2001541
S_E. of regression 2002620 Akaike info criterion 4 233638
Sum squared resid 1159.030 Schwarz criterion 4 258885
Log likelihood -513.9944 Hannan-Quinn criter. 4 243752
F-slalislic 0.687554 Dunbrin-vWalson slal 2007185
Prob(F-statistic) 0.407648
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