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S "R, 2R s ve] e Am S 913 A=Y AR STMITIAL, SAETHA S A
k= otk o]y g #AoA B2 A7As Af 7HA BAEIH ke A oS uhe
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Nazlioglu, Soytas, 2012; Pal, Mitra, 2017a). 22t} Wk} whake] Qlupadz] i sk QR aAE B

1k AFE UtidE £, Du, McPhail, 2012; Kang, Mclver, Yoon, 2017; Pal, Mitra, 2018). ~L2]
IR AFE o] O WHF Abolol] o #ATLE gles HAFV|E drkelE &9, Gilbert, 2010;
Zhang et al., 2010; Fowowe, 2016). ©]&1 ATE25E Uf 714, wiole A= 7H4, F4k= 7+ AL
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Bl 24L& 93 OLS FAWH e} viwd o QR AHL, QR F4o] eAgo] AFEEE 3
A EAY, @A el So] X (outliers)7t E3FE 0] 91 ] o ZAsiti=s Aotk QR FAHL Pt
Q1 #AME ol olg] B oM WA FTHA EAT ¢ ks ARE Ytk oY A
oA WEE Atold] AAAAE AT W QR 7' VAR 23 % VECM F74o] dntao= A}
45E oLS 7MY o Agd & sk gupsd Wg ko] 28 i b B9
B B, 3 FUA AGRANA e FE Q7] witelt),

olulm B dATE RS AduuA A4 WWES A8ste] Hlolo AR, df ¥ FAEI
el BAZE AT A WA ATeta BZE o] Al A 7t @ 44741011 & AT ATE A
AgoAst AAYAATL A4 AdAES FHSL FAULL Bean dux 2 ARFE A
Ag Fujste o Foaty fE8F ARE AT AL Aow AzEd o] Ay A =
& oUA Al ok, sARe hE ouA oEm 7, oluA HE, 27k wE a
2 7)% s gskE T3 ojg A on)x g

BoATE Ui} go] FARLE 2de M B o] &8 Aael AFRA JPHS AnEt) 3
Ao AZEA A7 H9sli, 4804E 2384 ARary wEd A8S Qo A
AL A A B

2. 3EAE 9 95 A9y

2.1 EEAR

= AgelMe o mlole dg Al ARSEE 9R wAtE AEAE TollA wole HA
Aol F2 AMEHE F71F AES Fo EYUder dEEith eARE Af 7H, vl
S AR 744 g ompoleula FAETHAS A7 st diEHSE Brent fr7KelstlA =
Brent), H}o] . t]A ZpA(o]stell A= vho] Q. t]A) Bl F7]F(soybean oil) 7HA(ClEtIAE F71E)
o7 AR AL FHAA vl 2. v A(biodeisel) 7 S AT T A (petrodiesel) A& A9
Fdarha dEA Stk 4] SHelA Biodiesel% TFE FHE AFEHE 4L =2, gRE
AR A 23 e AFgET dE B, AYE AT diE F2 dviEs B0
vele. tA 20% 9 A AE T 80%= EtE FHE {%UHEJE} B209] 7}A2 F8Aavit HE
7)1 AR, v B Fia ﬁéﬁﬂrﬂﬁﬂlﬂ.—% 71202 syl AR fAREY °F 5% & 7}
Aol ol E]=d], o] Aol AHF HE -v“:_"O]Ur(https://afdc.energy.gov/fuels/pnces.htnﬂ). Hhe] Q. T
A 7t gL AR vA 7}7:‘«1 TN A Tt B 4 Qlrh whebA B A
olA= mole v 7pA ] tiel M2 London Gas Oil Futures 7FAE& ARE-Sh7]2 g & 91+
ol A= 2005 49 18URE 20201 109 30U7HA9) YD MEIHA Elo]ElE AME-Sto] Brent, Wl
ole HA B FVE FE  #Hy delHE AUt HolE=  investing.com

DB(https://www.investing.com) I A1 ] 7vA el Ak At

FRAAT. 72 A AL A o A
o= ZA4HnE, dd AAd EFHe] UL & Yt Ao IFS 43T F Ak FHol 9
o o3 W SRS A% F FE e 2o AN,

AZRA o] §8 2 A9 A L £UF $HYL Figure 13} 2k o] Il B 5
ol, Al M 74 wEeIA WEe] whg AT AL B 5 Ak 53 20084l A AF



o] BF 2] stk 2015l E Robel 2 shetel HAHAL 1 9, A A HE FEE
RE WEY AFAYR w7t FAS 5L FAT 5 Aok 531 208K A A BE =
& WEYE B

221 ¥ 992 AA 2 295 AL AA
A AIGe &Elto] A=A E1317] 23l Dickey, Fuller(1979)«] ADF 714, Zivot, Andrews(1992)
o] ZA 77, Phillips, Perron(1988)2] PP A& A}-&-3tt}. L3+ Kwiatkowski et a1(1992)«] KPSS 4
A& /\}%01'04 dolele] APAdS sttt ZA HAAL Fx2¥s eSS 1SR, 99 A
k= 7&@% -‘H‘EH 71 deE] AHEEE WS ADF Aotk A o2 YEhW thea 2

q
Y=oy, T E o Ayt 0))]
i=1

= 2~ = A~ = = 1) 3
of FAAANN AHY AEE YBhlle BF o0l 83 4TS Itk WO, o =101 y=
[e) o )
SEe 2 AALOIAT, la <1019 4= AH AAdelekn Bk aeht o) AREL
= [e) BHy=2 32 o) A= =] -
AAWG AADe] FAS mREE k= 9ol AAHel phshs oFaol YrkKoenker,
Xiao, 2004)
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Figure 1. Evolution of the price and returns of Brent oil, diesel, and agricultural commodity
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Figure 1. Evolution of the price and returns of Brent oil, diesel, and agricultural commodity (continued)
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3 TAE 13t QAR(quantile autoregression) 7|HS o]&35le] 2R FEEYE

Yol FE AAILY ANAS A4 7|2 3} Koenker, Xiao(2004)9} Galvao(2009)= the-1}
e A% QAR EHL VWMo s B9l uelE A4S Asr

Y= Q (ylJ, ) T& =y (1) +a, (T)y, 1+E’Y,+1 ) Ay, jte . @

A71eA @ (yl, )& A AR BSFola, J = {e,s <t—1}7F A= 0o
field)olth. ek o (r)=1 oW, AALD 4= %%’4# oA @EE e AAYelth
(y

a(T):(ao(T)aOél(T)ﬂQv"'a7q+1)7 Xt:(Lytprytfp“wAth)’i 239/]6‘]'?;]_ Q—r |Jt 1) AX;IOZ(T)
2 el 5 glvh A9 B9 A28 A RY ] FHL mmZpT (r) HHez Faydct

(Koenker, Bassett, 1978). &7]1ol| A p (¢) =e(r— (e < 0)) ©]t}. Koenker, Xiao(2004)2} Galvao(2009)7}
A t-FAFE AHRSt AR & B oA AT Hy o (0) =15 AR T
ALHA, E917 SARE AR Ha) ddstr]® gk iR AelMe 7 28 AAY
2 ol FAE AAVE EA=AE F9s7] 918 VECME ©]-8-3 Johansen(1991, 1995)9] 1%
AT AR AREETh ey o] HAAS AALY FAR el dis) A 42 T=

Atk o] EAlE sidst7] ffsl vt 2ol Kuriyama(2016)¢] ¢+ o442 HAS FHTh

i

m}i ox

a(r) +8(r)z, +e(r) =0(1)Z +¢,(7), 3
A71A Z =(Lx,) ", 0(r) =(a(r),8(r), 7€[0,1]. Xiao, Phillips2002)7} A 5ol =4 B(7)
= 943 =AY A F4 Hkernel estimator)S AFE3lo] FA )
AAD 2,9 g5 ()0l F a=y,—0 (NZ7h BEANA yoh 2,7b FAL HrhEngle,
Granger, 1987). 919 4% A4 AF/HES #4387 f8 +4 FA(CUSUM) A4 EA =
(CS(7))S = 3tH(Christou et al., 2018).

222, A AFBA) BYF B4

(Y, X )= ol B84 SEdAolstaL dhxh Granger(1969) whEw, whlx o] AlApghsol
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Table 19] 3i'd Aol W59 7|2EAFS 2okatolch F)E9 ZFHZFE Brent AEA o],
Hre] & T A F7)5 A vlastd, wfg- WEgo] e AgYS & & vk a2Ela A o
EFAAYE BF 2% A9 ExE weth FoE ALY 2xe AET A7) uiie]
me|7b AT AALY] e B FAE aE] 542 28 W5 AEEES wE2A d5S A
Apeth =959 J-B(arque-Bera) EAIFS 1% ool ALt ANFIMEE 7149
o webd EHeE vite s & WA g i Aok 2 e AR AANHE H8dhe A

o e

o] AFH AE A AAA HA LAY FAE ARG ¢ 44 HAo2 gorHc)
Table 19] #j'd Boll T AAZAINE 2ok} o] EoA] Brent, HFo] 2
2 | obd Aoz yepdth o]t HAHAI= Zivot,

1 % F(ogarithmic level)2 7344 A|AGo
Andrews(1992) A ol-&ste] g AXH WA F2s7E s 7hsAdel itk 2R A
Fo 89 B9 A AAL BF 1% fFEA AHAe ¢ 5 Ak
Table 1. Descriptive statistics and results of the unit root tests
Log level Returns (%)
Brent Diesel Soybean oil Brent Diesel Soybean oil
Panel A. Descriptive statistics
Mean 1.863 2.807 1.578 -0.073 -0.085 0.003
Maximum 2.155 3.110 1.826 25.705 16.650 9.256
Minimum 1.335 2.321 1.405 -36.048 -21.434 -11.459
Std. Dev 0.157 0.149 0.104 4.426 3.927 2.691
Kurtosis 2410 2.558 2.072 14.660 7.238 4.262
Skewness -0.353 -0.374 0.529 -1.144 -0.574 -0.219
J-B 24.81%** 22.12%%* 58.17%** 4135.8%** 564.76%** 52.30%**
Panel B. Results of unit root tests
ADF test 2.93 -2.29 275 -9.24%¥* -19.46%** -21.43%%*
PP test 272 -2.51 2.92 -20.47%%* -19.97%%* -21.38%#*
ZA test -4.01 -2.97 -3.60 -21.23%%* -20.18%#** -21.89%%*
KPSS test 0.27%** 0.24%** 0.25%** 0.09 0.12 0.10

Notes: J-B denotes empirical statistics for the Jarque-Bera test for the normality null hypothesis. ADF, PP, and
ZA tests are for the null hypothesis of non-stationarity, and the KPSS test is for the null hypothesis of
stationarity, respectively. Symbol ***(***) denotes the rejection of the null hypotheses at the 1%(5%, 10%)
significance level.

et vl 7hs e o7l fl8 2 A= QAR 9l HAE sk, of AN

AR EE7F AR obd AfelE A, AR vE EFdM AT F e HAdd

SHgA A 2ASES 58 3ol Stk Table 2= QAR ©9) HAZAIAE 2ol

d, A% () FAAG £4 29 AFHE Hy:ap =19 +-BAFE HelFa gk 3t

el A7V gRe Eol7] S8 5 AAE AL 10 AAE A AFAHRE B, T
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fFroletAl v AAEE Yepd o
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AX|&1H, Brent % wlolS. tAe] 21 FFEWSTL AAF welT 3ol ol A Al
o & A2 UE EgeelA vty A%l LS oudtt o @ o
Gl BARAAY F& A ARe] A4 oA BEgAe] JF Eor FEHT)

Table 2. Results of the QAR unit root test

log Brent log Diesel log Soybean oil
i ozA1 ¢ -statistic 071 t -statistic c;l t-statistic
0.05 1.063 333 1.061 3.67 1.001 0.04
0.10 1.045 3.64 1.043 3.75 0.990 -091
0.15 1.026 2.79 1.038 4.37 0.985 -1.51
0.20 1.019 2.34 1.030 3.85 0.991 -0.97
0.25 1.013 1.89 1.014 2.02 0.993 -0.92
0.30 1.001 0.17 1.007 0.99 0.995 -0.68
0.35 0.997 -0.45 1.003 0.49 0.991 -1.34
0.40 0.996 -0.71 0.999 -0.18 0.987 -1.93
045 0.993 -1.31 0.993 -1.25 0.982 -2.67
0.50 0.989 237 0.989 229 0.978 -3.19
0.55 0.982 -3.87*% 0.985 2.97 0.983 -2.53
0.60 0.981 -4.04% 0.982 -3.46* 0.983 -2.61
0.65 0.976 -4.89% 0.978 -4.30% 0.983 -2.69
0.70 0.973 -5.33% 0.976 -4.63* 0.985 -2.11
0.75 0.968 -5.98% 0.966 -5.76% 0.981 278
0.80 0.963 -5.89% 0.958 -6.54* 0.984 212
0.85 0.952 -6.86* 0.947 -1.75% 0.982 -2.02
0.90 0.938 -7.88% 0.943 -7.13% 0.980 -1.81
0.95 0.934 -5.10% 0.930 -5.81% 0.985 -0.84

Notes: This table presents the estimates of persistence parameter (071) and t-statistics of the unit root QAR test.
The symbol * of ¢-statistics denote rejection of the null hypothesis of unit root #,:c,(r) =1, at the 5%
significance level.

Table 3. Results of the Johansen linear cointegration test

. . Trace statistic Max. eigenvalue statistic
Cointegration H,  rank = 0 (15.49) H, : rank = 0 (14.26)
log(Brent) and log(Diesel) 30.54 [0.0001]*** 25.50 [0.0006]***
log(Brent) and log(Soybean oil) 16.53 [0.1511] 11.77 [0.1994]
log(Diesel) and log(Soybean oil) 17.35 [0.1200] 11.44 [0.2209]

Notes: This table summarizes the results of the linear cointegration test for the logarithm of the Brent, Diesel,
and Soybean Oil. Numbers in parentheses represent the 5% critical values. Numbers in the brackets are p-values.
See also footnote of Table 1.

o A oo, Johansen(1991, 1995) A& THE AAHS F35t0], 2 A= Table 39 &
oFstith Brent®} whelQ TjA W] o FEHS Atolo] AY FAE S B 4 Utk
WhHel, F7153 oE T olyA] Mg Abole S AR BV fle AoE UEth

Table 49 =74 9-f 714 Brent), vlo] 2 A7 7H4 (o] e A, 545 714(F7]18)9 =1
Aol o8l Kuriyama(2016)2] 917 4% AAZAIE Atk o] AAAAME 4 (39
B(r) FAAY tAAS ARG AAZANE B9, Table 39 A8 FHE ARAFe g gy
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Table 4. Results of the quantile cointegration test

Brent~Diesel Brent~Soybean oil Diesel~Brent

i 5() () 5() cs(r) 3 cs(r)
0.05 1.0905 33.96%** 1.5161 1.96%** 1.0262 1.65%**
0.10 1.0801 24.55%#* 1.5030 2.51%%% 1.0009 2.27%%%
0.15 1.0881 17.86%* 1.4062 3.17%** 0.9770 2.16%**
0.20 1.0971 14.17%%* 1.3983 3.91%** 0.9533 2.40%**
0.25 1.0969 12.25%+%* 1.3533 4417 0.9427 2.16%**
0.30 1.0953 10.14%+* 1.3171 4.26%*% 0.9333 2.26%**
0.35 1.0876 8.38*** 1.2286 417 0.9327 1.27%*
0.40 1.0822 7.55%%* 1.1820 4.03%** 0.9298 1.08
045 1.0795 6.57%** 1.1282 4.327%%% 0.9287 0.80
0.50 1.0722 5.57%%= 1.1303 3.83%** 0.9195 1.37%*
0.55 1.0698 5.34%%= 1.1026 4.827%%% 0.9142 2.48%%%
0.60 1.0684 5.24%%= 1.0599 5.74%** 0.9062 2.94%%%
0.65 1.0615 4,784+ 1.0464 5.99%** 0.8963 3.40%**
0.70 1.0560 4.63%*= 0.9901 6.23%** 0.8899 4.65%*
0.75 1.0437 4.127%%% 0.9068 7.15%** 0.8872 4.65%%*
0.80 1.0223 3.65%** 0.8097 9.697** 0.8803 6.55%*%
0.85 1.0071 3.20%** 0.6559 13.32%#* 0.8854 7.91%%*
0.90 0.9795 2.98%%* 0.7281 9.61%** 0.8955 12,017+
0.95 0.9689 287+ 0.4926 9.35%*% 0.8960 9.48%**

Diesel~Soybean oil Soybean oil~Brent Soybean oil~Diesel
r
B(r) as(7) B(r) cs(r) B(r) cs(7)

0.05 1.4466 2.07+%* 0.3317 7.13%%% 0.2642 7.70%%*
0.10 1.3997 2.50%%* 0.3855 10.43%+* 0.4353 9.447+%*
0.15 1.3928 3.25%4% 0.4539 8.86%** 0.4965 11.74%+*
0.20 1.3088 3.93%** 0.4793 8.74%** 0.5082 12.96%+*
025 1.2725 4.22%%= 0.4878 8.76%** 0.5193 11.97%#*
0.30 1.2421 4.36%** 0.4991 7.58%%% 0.5521 10.85%**
0.35 1.1442 4,62+ 0.5235 8.09%** 0.5529 9.57%**
0.40 1.0817 4,77+ 0.5572 8.29%** 0.5639 8.69%+*
045 1.0579 5.39%#% 0.5986 7.51%%% 0.5994 7.97+%*
0.50 1.0146 5.647%** 0.6187 6.76%** 0.6408 7.34%%*
0.55 1.0045 6.01%** 0.6265 6.60%** 0.6410 6.847%**
0.60 0.9460 6.80%** 0.6174 6.247** 0.6464 6.447%%*
0.65 0.9023 7.61%*%* 0.6085 5.74%%* 0.6329 5.90%**
0.70 0.8578 8.64%** 0.5927 5.24%** 0.6204 5.22%%%
0.75 0.7848 10.84%#* 0.5987 4.54%%% 0.6130 4.64%**
0.80 0.6918 13.82%++* 0.6087 4.03%** 0.6226 4.12%%*
0.85 0.6513 13.75%* 0.6014 3.70%** 0.6289 3.64%+*
0.90 0.7004 10.26%+* 0.5956 2.96%** 0.6021 2.99%%*
0.95 0.6480 6.50%** 0.5955 2.18+** 0.5869 2.35%%%

Notes: This table summarizes the results of the quantile cointegration test of Kuriyama (2016) for the logarithm of the Brent,
Diesel, and Soybean Oil. We test the stability of the coefficient in Eq. (2). We calculate the cumulated sum (CUSUM) test

statistics (C9(7)) for the null hypothesis of quantile cointegration. Simulated critical values are tabulated in Table 1 of Hao,
Inder (1996). See also footnote of Table 1.

o] A¥}= Yu, Bessler, Fuller(2006), Zhang et al.(2010), Myers et al.(2014), Fowowe(2016) 52 #
MAFet dAsk=dl, o] AFEddE A, vl dm B AR 744 bl A1l #AZE §)
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&5 wAEY. 22y Peri, Baldi(2010), Natanelov et al.(2011), Natanelov, McKenzie, Van
Huylenbroeck(2013) 59 17+ ol& whiteld, st AR (=4l ek vl A= 7H4 Abeldl
Ay FAHEo] Qlrfal S} Saghaian(2010), Nazlioglu, Soytas(2012), Natanelov, McKenzie, Van
Huylenbroeck(2013), Avalos(2014), Myers et al.(2014), Cabrera, Schulz(2016), Pal, Mitra(2017b) &< 3}
AAgel A 7FE Alolo] Ay FHFo] s TS TH

Table 5. Quantile Granger-causality to ABrent using .S, test

Brent <= Diesel Brent <~ Soybean oil
T rent rent Ten rent ren ren
ltAb’ t—1 [tAl_f t_o9 ]tAB t_3g [tAb’ t—q ]tAB [y [tAb‘ t—g

all 0.002%** 0.002%** 0.002%** 0.002%** 0.002%** 0.002%**
0.05 0.003*** 0.002*** 0.002%** 0.003*** 0.002%#* 0.002%**
0.10 0.002%** 0.002%** 0.002%** 0.002%** 0.002%** 0.002%**
0.15 0.002%** 0.002%** 0.002%** 0.002%** 0.002%** 0.002%**
0.20 0.002%** 0.002%** 0.002%** 0.002%** 0.002%#* 0.002%**
0.25 0.002%** 0.002%** 0.002%** 0.002%** 0.002%** 0.002%**
0.30 0.002%** 0.002%** 0.002%** 0.002%** 0.002%** 0.002%**
0.35 0.002%** 0.002%** 0.002%** 0.002%** 0.002%** 0.002%**
0.40 0.002%** 0.002%** 0.002%** 0.002%** 0.002*** 0.002***
0.45 0.060* 0.025** 0.006%** 0.060%** 0.025** 0.006%**
0.50 0.474 0.281 0.626 0.474 0.281 0.626

0.55 0.799 0.531 0417 0.799 0.531 0.417

0.60 0.043*%* 0.098* 0.022%* 0.043%* 0.098* 0.022%*
0.65 0.002%** 0.002%** 0.002%** 0.002%** 0.002%** 0.002%**
0.70 0.002%** 0.002%** 0.002%** 0.002%** 0.002%#* 0.002%**
0.75 0.005%** 0.002%** 0.002%** 0.005%** 0.002%** 0.002%**
0.80 0.002%** 0.002%** 0.002%** 0.002%** 0.002%** 0.002%**
0.85 0.002%** 0.002%** 0.002%** 0.002%** 0.002%** 0.002%**
0.90 0.002%** 0.002%** 0.002%** 0.002%** 0.002%** 0.002%**
0.95 0.002%** 0.002%** 0.002%** 0.002%** 0.002*** 0.002***

Notes: This table displays the subsampling p-values of the .5, test in Eq. (5). A denotes first difference of
series. 7 %""" is the number of lags of the dependent variable, Brent, under the null hypothesis of Granger

non-causality in Eq. (6). The subsample size is b= 73 for a sample of 7'=807 observations, as suggested
Sakov, Bickel (2000) and Troster (2018). See also footnote of Table 1.

Brent, H}o]Q t]d H FV|E A W9 2 AES o]&sle] ASEAMS AL |2 g
.7 ©9 Al 7K QAR B¥E F43to] 5, HAE 33l Table 5, Table 6, Table 7-=
7 = 005904 7 = 0957} ¢ E-9j5=oll
Table 5= ABrento] tjgh t}& F+ <
A w5, AR p-gks HoFErh o] FolA ol fA FolE EE Ve FYE0
o] E9gelA Brent &S W] 1dA Q1Y dvte ASs & &
©)°] Al A B3 B A o] ER1% 4 glonR st AAAN L B
ZAH B S B (r = 050, 0.55) 0= FolstA 2dlA ddutetA] s
Table 691 4E ofg] £YFolA] Brent =X 7] E0] vio]lQ tAS tr] a3A st A
BANE B F Ak olgfg A= 2 ()] Al 7HA EeA BF fAlslER e 144
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Table 6. Quantile Granger-causality to Diesel using test

Diesel <+ Brent Diesel <= Soybean oil
T AP=1 IAP=2 1;&013 AP=1 [tADZQ AP=3
all 0.002%** 0.002%** 0.002%** 0.002%** 0.002%** 0.002%**
0.05 0.425 0.378 0.420 0.425 0.378 0.420
0.10 0.002%** 0.002%** 0.002%** 0.002%** 0.002%** 0.002%**
0.15 0.002%** 0.002%** 0.002%** 0.002%** 0.002%** 0.002%**
0.20 0.002*** 0.002%** 0.002%** 0.002*** 0.002%** 0.002%**
0.25 0.002*** 0.002%** 0.002%** 0.002*** 0.002%** 0.002%**
0.30 0.002*** 0.002%** 0.002%** 0.002%** 0.002%** 0.002%**
0.35 0.003*** 0.008*** 0.002%** 0.003*** 0.008*** 0.002***
0.40 0.032%* 0.028** 0.027** 0.032%* 0.028** 0.027**
0.45 0.035** 0.013** 0.047** 0.035** 0.013** 0.047**
0.50 0.406 0.506 0.314 0.406 0.507 0.314
0.55 0.586 0.605 0.820 0.586 0.605 0.818
0.60 0.153 0.120 0.033** 0.153 0.120 0.033**
0.65 0.009*** 0.002%** 0.003*** 0.009*** 0.002*** 0.003***
0.70 0.002*** 0.005%** 0.002%** 0.002%** 0.005%** 0.002%**
0.75 0.002*** 0.002%** 0.002%** 0.002%** 0.002%** 0.002%**
0.80 0.002%** 0.002%** 0.002%** 0.002*** 0.002%** 0.002%**
0.85 0.002*** 0.002%** 0.002%** 0.002%** 0.002%** 0.002%**
0.90 0.002*** 0.002%** 0.002%** 0.002%** 0.002%** 0.002%**
0.95 0.194 0.436 0.487 0.194 0.436 0.487

Notes: 7" is the number of lags of the dependent variable, ADiesel, in Eq. (6). See also notes of Table 5

npA| 2O 2 Table 7= 37159 o] gt 1ahA] & 2|
A AR EFelA 10% FolaEol Al Brent = Hiol Q. TIAS] Wso] FY)
A eHsttE AL & vk 2y Bxo] P uke Bojg(r
090) = F7F E<(r =040, 045, 0.50, 0.55, 0.60)°]4+= g
Table 5, Table 6, Table 79| HAAZ= A W o] LA QA}aAA
S oujgitt &, Al WG Abeloll= vt Aol o vl F AR T JAAAA T
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Table 7. Quantile Granger-causality to Soybean oil using test

T Soybean oil <= Brent Soybean oil < Diesel
A= A% —2 IA%—3 A= PR AR —3
all 0.002%** 0.002%** 0.002%** 0.002%** 0.002%** 0.002%**
0.05 0.548 0.600 0.564 0.548 0.600 0.564
0.10 0.005%** 0.011** 0.006%** 0.005%** 0.014+* 0.017**
0.15 0.002%** 0.002%** 0.006%** 0.002#** 0.002%** 0.006***
0.20 0.0027** 0.0027** 0.0027*+ 0.002%** 0.002%*+ 0.002+**
0.25 0.082* 0.0027** 0.0027*+ 0.082* 0.002%** 0.002+**
0.30 0.070* 0.0227%* 0.002%** 0.073* 0.025%* 0.002%**
0.35 0.073* 0.096* 0.057* 0.073* 0.096* 0.057*
0.40 0.333 0.543 0.128 0.333 0.543 0.128
0.45 0.517 0.539 0.599 0.517 0.539 0.599
0.50 0.610 1.000 0.675 0.621 1.000 0.679
0.55 0.126 0212 0.306 0.126 0212 0.306
0.60 0.185 0477 0.284 0.185 0477 0.284
0.65 0.021** 0.024%** 0.019** 0.021%** 0.024** 0.019%*
0.70 0.0027** 0.0027** 0.002+*+ 0.002%** 0.002%*+ 0.002+**
0.75 0.002%** 0.0027** 0.0027*+ 0.002%** 0.002%** 0.002+**
0.80 0.002%** 0.002%** 0.002%** 0.002%** 0.002%** 0.002%**
0.85 0.014** 0.039** 0.092* 0.014** 0.039** 0.092*
0.90 0.313 0427 0.250 0.313 0.427 0.250
0.95 1.000 0.046** 0.324 1.000 0.046** 0.324

Notes: 1'1,A %9 js the number of lags of the dependent variable, Soybean Oil, in Eq. (6). See also notes of Table 5.

Table 89] 3¥2 EE EH5o1A Brent= HlolQ t]Ao] k)9 &S vt AL HoE
t}. o] AIE Table 62 % Fi3 st A7k, B2 2ol A ABrentol 4 ADiesel =
o] e AGTJAVF ks AS & 5 Utk Brent 7HA0] Agshd AR o] sk gt
Ao Agetu®, a3 giA#AR] ble] e tAe] 7HA4

T s doal 28 4 ok
Table 8¢] 4293} Table 69 QL E% HES 37 zEs] B
=

W, el 2914 A 9lA 37150
1

Hpol o tAe] k+)9] JFES WA= FHoE e olelgt A=, FEC] 7HHel ASsEhd,
IS YRR AREshE vlolo YA JhAo] et Aolgtal FET 4 Ak AN dF u
2 EHF(r < 030)9 4= A L] W] Rigiy = Ao 2 YERSLTE Table 89 63} Table 7
o] Q8% RIS A 1y B, g B9l vlole tAE FUE S S

% * % ohvet

ol M= A ko] w2 UERNITE Table 5, Table 6, Table 7, Table 82 ©]&3h A}
+ Nazlioglu(2011), Du, McPhail(2012), Nazlioglu, Soytas(2012), Mensi et al.(2014), Wang, Wu,
Yang(2014), Koirala et al.(2015), de Nicola, De Pace, Hernandez(2016), Al-Maadid et al.(2017), Mensi
et al.(2017), Kang, Mclver, Yoon(2017), Zhang, Broadstock(2020) 52| #2412 3}o} x|t}
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Table 8. Estimation results of sign and significance of the causality in quantiles

. Brent < Brent < Diesel < Diesel <  Soybean oil < Soybean oil <

Diesel Soybean oil Brent Soybean oil Brent Diesel
0.05 -0.1758 -0.1034 0.4978 -0.0404 0.0586 0.0330
0.10 -0.1648 -0.0666 0.5923 -0.0819 0.0432 0.0393
0.15 -0.1382 -0.0632 0.6229 -0.0878 0.0733 0.0233
0.20 -0.0769 -0.0830 0.6916 -0.0907 0.0473 0.0254
0.25 -0.0168 -0.0815 0.5942 -0.0660 0.0360 -0.0062
0.30 -0.0598 0.0042 0.5615 -0.0065 0.0416 0.0039
0.35 -0.0440 -0.0051 0.6209 0.0309 0.0174 -0.0209
0.40 -0.0882 -0.0199 0.5900 0.0746 -0.0004 -0.0400
045 -0.0960 0.0151 0.6130 0.0337 0.0169 -0.0365
0.50 -0.0495 0.0289 0.5474 0.0174 0.0067 -0.0160
0.55 -0.0060 0.0458 0.5275 0.0277 -0.0120 -0.0435
0.60 -0.0057 0.0121 0.5617 0.0542 -0.0104 -0.0436
0.65 -0.0556 0.0502 0.5360 0.0482 -0.0032 -0.0537
0.70 -0.1243 0.0305 0.4806 0.0475 -0.0180 -0.0467
0.75 -0.1602 0.0099 0.5081 0.0365 -0.0183 -0.0322
0.80 -0.3332 0.0098 0.4433 0.0280 -0.0224 -0.0362
0.85 -0.3324 -0.0375 0.4744 0.0404 -0.0486 -0.0482
0.90 -0.4149 0.0296 0.4794 0.0878 -0.0216 -0.0252
0.95 -0.2719 -0.0932 0.5138 0.1012 0.0369 0.0388

Note: This table displays the estimates of parameter 3(r) of the QAR model in Eq. (7).
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Evidence from quantile test approach”
Zhuhua Jiang', Seong-Min Yoor®

Abstract

We investigate the long- and short-run relationship between biofuel, crude oil and
agricultural commodity prices by applying cointegration and causality analysis. We employ
quantile approach to consider nonlinearity and asymmetry in the relationship of data. To
reduce the noise contained in the data, we use weekly average data of biofuel (diesel), oil
(Brent oil) and agricultural commodity (soybean oil) futures prices from April 18, 2005 to
October 30, 2020. The main findings are summarized as follows. First, we find no evidence
of cointegration between the quantiles of diesel, Brent oil, and soybean oil prices when all
quantiles are considered, although the results of the standard linear cointegration test are
inconclusive. Second, from the results of the Granger causality test in quantiles, we find
significant short-run bidirectional causality between the returns of diesel, Brent oil, and
soybean oil prices, for all or most quantiles of the distribution, implying there is an
asymmetric and nonlinear causal linkage between these variables. The results of our analysis
have several important policy implications including energy price stability, a decrease of the
energy dependence on fossil fuels, promotion of agricultural industry, environmental
sustainability, energy conversion, and the reduction of greenhouse gas emissions.

Keywords : Crude oil, Biofuel, Agricultural commodity, Cointegration test in quantile,
Granger causality test in quantile.
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