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RBRHRBERE SRR BN Y
B & Z B B

LR~ ARRAE AR B

TERGE —4F ] > RO (BRSBTS R sk S BT (AT 8% © 75 2008 -7 A 3 H » 75
TN R (B RE 2R S Hr = 145.29 367T » ZRIMAE 2009 4 2 A 12 HAN FEkE 33.98
FIT > AEIERIER /8 H o PEEE NS B (E RS T BRI =552 76% © (£ 2014 7 H 7
H » PO A E AR R 104.28 20T - {HRH] 1 2016 4 2 A 11 HAIC TBRERE
SOHTE 26.11 87T - i3 BRIARI A B (BRI BRI S 75% © 2020 F-4))IA5Z COVID-19
18%$F] OPEC (Organization of the Petroleum Exporting Countries) 4B I A B
HFAGEET I E R I SR - 5802020 £ 4 H 20 HIE A &L
A IR ALl —37.63 357T » LU - BIBHEAN Fattouh (2005) EHhATHE & AR HTH
SR A R I

B 7 IR RE B 210k B By I s (B A% » D& EFERESC S P (Chicago Board Options
Exchange, CBOE) {F 2007 4 5 H 2 HIK B2 58 (crude oil volatility index, OVX) ©
i Bl 2 FiE R AR B SE B P 8 N 5T B2 ETF (United States Oil Fund, USO)
AL ERE G B AR AR 30 RIFHITT S5 TE MR I B AL L « BABHEMER OVX S i 7E M {H
IFFETIIRERY USO 458 M Hp R (B 2 MDA TR (AR E T SR S M (AR R A FACER T I

VEABER ETF ZRGERB S AL EHH & H P (New York Mercantile Exchange,
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(ERS B TH IS S B e s 1 W (ISR FSE ME R T H - 38 R (8 2T H B2 & T — {18 30 RAVIRFfHIER
OVX sl < At R AL » BRI » SRS R E0R s E 70 B A5 - IR
OVX X Eil S&P 500 i BhZ8FE%L (volatility index, VIX) B4 /5 i:4HE » K OVX #i
Gt Re T TiGHE RSy - & OVX faBiliE (U F i35 22 Bl SR AR IR B
IR BGS - CBOE FrAHSAYRTHEAR » JEF ARM S 23T % W oe R B RS SR B A - B
JEF DR R BB & AR R FH I B B RO B AP I - BB A TR (E ~ b DU B3R
1 b PR AR R — 1 R AR o

TERA TS BRAR I 28 AR P > 3255 320 P Em B BT A ) SRR T 35 B0k o 4 B e 2 12
IR E R BAGR o 2R K F W A KR BAGR - SRR _E & S[R3 - Black (1976) #1 Christie
(1982) F3F% 1E [e el € (R BE sy NI Bh 2R » 1 20 ) el Uy (B B i I B 2R - AT A
(P8 R ) 2 5 R (O B 2R - IELEE THEAR R (leverage effect) | s Campbell and
Hentchel (1992) #l1 Bekaert and Wu (2000) IER R U6 B 2 Bl i 2= 23R & a1 B AR > E K2
B ASRES L 5 2R B I ERERTE - 0 2 IS BRI o o bR T 5
S2HH TR S L EEEHRIZS (required rate of return) » [RIEL @5 pl EAS Fik » 1LEE TA]

BACR (feedback effect) | o FEASHRGR 78 R (EAG it 5 | LI Bh 2- i i » i (Rl g {ease IR

R RS I B AR O 1T [l BE (AR RO A - AR E S H o ST AV IR BALR AT REIN 5 T 85
PRI Eh & AR Rl AR - IR A — BRI -

25 SCRRERE T I Bl 2 B e 2 < BRI KT & DARCEE i 5 s & - b i U i35
TE RSB 20 R o SR 1T AT 47 2 IR 725 [ (B 4 2 B0 2100 Bl > Sl 20 A ol (B0 L
(Organization of Petroleum Exporting Countries, OPEC) HYJH#E#, Al Mazrouei fii 5 :

[Fluctuation is not good and we do not like to see lots of fluctuation in the prices | 2 » Ft LAt

NYMEX) X %895 A @iaMRm R EH &AL o
2 FARIR 1 2018/7/12 #iEAER T 5 42K TOPEC does not want to see volatility in
oil prices - OPEC president] * Bt http://www.euronews.com/2018/07/12/opec-does-no

t-want-to-see-volatility-in-oil-prices-opec-president °
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AR R ST i 5 thile 2 B E AR » Rt ASHFFEAHEE R ] CBOE A A f Y [ b Bl
YRR Bt 2 SO TSRS S I B AR TR AR o JFRHRI B AR R B B A 8 2 A RESm) THIHY
IR AR > KR A 7T 5 — (AN B R aE Ry e -

IS 35 B S TG AN R T CERS » [R5 T REE & 525 OPEC WE HTRE
B RFEREFLMTCHEI OPEC BYE & & 1T £ & 72 Il il i 455 58 B ik By 1k
(Schmidbauer and Résch, 2012; Mensi et al., 2014; Loutia et al., 2016) ° £ OPEC K& & #AH]
et o AR I Y 522 B [N 5 S N HEE - 1 AR SR R B SOR KRR AR
A S R A A

5 7 bR PR ERTRE > ATFSTHCE 2007 4 5 H 11 HZE 2023 4 11 H 15 H
WA R B I S EAR S - A HLCE — 3t 63 I HE S OPEC ‘B & [FH FHINIE &
LA AR ET S 20 A~ $9AEE S 23 I~ RS T 5 H 20 H o AT
PO EFRE RS SR B > 5 I B AR R O B A M N 1% & (58 15 i ety ) B e A T B
0.464% %1 0.487% (7F .3 6) » B/ IR s A 415 B s o A Bl i et ) B el A 22 B
A FBATR - IOh - SE BRI E  (FF AR 9) MR e EIEE G RE 2 FE 3)
FEE L IO B A FE Mo B A4S B U By - & B IR S AR A A B R - (K
ARG RS G E TS AR I B B [ EESUR  (feedback effect hypothesis) © 1 H.
EAASERIER L > RS RN E A 5 & - R E R P A & - S&P 500 HIZS (VIX) f4
W Eh s ~ B IE S AZS LU SR g B 251k » HURSIRMER AN o S 0) - RWFSEIRIE
Schmidbauer and Rosch (2012) ¥ OPEC & & [ il THIAE & < #ifH » 77 B HThnE & ~ #EHT
ERD RV ER - B RBEIE OPEC E & MIER LUV EER - G585

8 4% Federal Reserve Economic Data (FRED) #3332 MacroMicro & M ¥ 7 &+t » R
kI RIS (OVX) &KF& 2007 %5 A 10 B Aes » 122 A5 %4 Yahoo Finance &
Rl B R i ok B £ 4% # (CBOE crude oil volatility index) &4 » sZ #4855 A 3245 69
B MR F-A& 2007 55 A 11 B > AL AARAZ B AALE » BHARNMELEE
2023 %11 A 15 A -
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U5 Bl 2 i B B A D e T S AR ) 2 R, - JRRIAE OPEC B 5 M sl /) s i
% > G EREE AR VERIECR -
B AR EETZ HENEFE » S5 A2 SCRR Rl b BER 5 255 2R BRI A 92 771k

SRR  FETRIREIER  FREES R -

A TR REEBHRESL

—  RBRENRIEHEA R HHI S B

JFOHIE B 25 P58 (OVX) && CBOE 1F 2007 “F- AT A 1 B HIKE & IR Bh FE 4B A - S AF 2K
T 5 2 S v S5 B VR B B A T 2 45 T AE B B 70 A [
(BRI 8f  Chen et al. (2015) FIIFH] Kalman filter /5 142 [ i B 2R Fs S s 2 Bl [ty 3
EE RN AS Z BRI - (M B R A BRR  (HRR VR M o (i th R
it e 2 B 5 0R BBI 2 5 BSA  4 th E FEOM J S 0 el 2

Liu et al. (2017) FIIFH = BEIRE I8 E11) Copula F57EY B e [ I 5 Bl 2R Fi Bk 8 )y 2 i [ 3ply
BB A < BREE B Kendall (REUGREI » [ I B 2 Fis BI0E Bl 2 B [ 0 B i 2 2
IRE MBS o MRt 25 E07E 2000 4 4 A 17 H 5% B2 5 B Bh 240 B Ji i
BRI AR B & 7 A RS R i o (U2 B Chen et al. (2015) AN[ELZBE(ER - i
FIJF Copula FAY AT LIS 3R il i 2 (AT OVX $5 908 B2 A TR B Er i zs -

Ji and Fan (2016) #I OVX FEEEFE) A i[5 H0 B Hi== B A R B v (A SR BH
% > thMEER OVX FREUE —{ia] DIty &0l iis i & & 1E R FaEE - € TVP GARCH
&Y (time-varying parameters GARCH) R]LASSE » [ B 2= Fi5 o 2= 6 [ Sl S
M7 B B BAGR - RS (ERTR S B A RN YE - Rl & RE N RAE R

(6)
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AR R

Aboura and Chevallier (2013) HIJZ#E5T 2007 528 2011 4F » [ jH1i Bh 28 Fg st d) 2= Bl
TR B PRI A BRIV > (MR SeFE BETE R W 2 Z IR DR SR BRAR © (iR 5% 8 B
THI B AR FE s ) 2 B [ i 2R 2 I AR AR RSER (inverse leverage effect) » i)
FUURH BRRZ E I BRLR > /RN RS L@ (i1 OvX fRBeg Sz E7t - MhifMrssR
58l Liu etal. (2017) #l1Ji and Fan (2016) FJ§ °

Agbeyegbe (2015) FE&T 2007 -2 2013 4 » [FHIK B AR R EEL USO ETF JFIHIHMHZS
(IRAAE: o (MR 7> S OMER K Copula 7753 LRI B A FE 8B USO ETF 7RI
AR R IRBEE B BRLR -

FR A e A% » B T Aboura and Chevallier (2013) » A/ W52 &R %51 OVX #5
S s e A B T B I A SR B B o TR B B 5 T e R AR AE [ B
BURBOR S FAERRSCR o B 2 SO [FLZ BETERS » AHRFE R R & s &
5T IS IR B 2 S L [ e ) AR & R B o AR (R B R BGR > A SRR
B AR BT LARE SO B T35 2 B B > HIFH R i 2 B G SR B & AL
TIFRIHAS o DRI B AR R BRI AR o AT Fe AR ZBRaE I 28 — (B AT T

H1 « 8 R Eh A FR B B A ilm » RIS B AR B X

— -~ OPEC 17/R38V1H3%

OPEC &S (L5355 B A B e IR SRME 1A - S il B & i SR B
IR E R LU ARIE - OPEC Eragitsam B 5T B A IR » Riil @ iishatam
(market reviews) LUK J5UHIZE S&FH%E o (E @RS % > 18 LB g iOkSaR @ LB LU faas
AT - RIEEE L5 OPEC Gl & A GRS B M - Haikb
OPEC TR ZEIHRRIISE » RECTLLS F iR » 56— (iR BeaE OPEC &2
AR R (Cartel) FHA% » #1201 » Loderer (1985) E#i#% 1974 % 1983 FE AR » 1175

()
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K OPEC &% FF#HIARE /1 (cartel power) : Giilen (1996) FlIFH OPEC 5 i & 2 %
B JFGHIE RS R S 1A E B A TR SRR (R 26 PIH OPEC /& 15 5 A BRI FF A A : Kaufmann
et al. (2004) ¥ [ HEARZA=EIERAL (vector error correction model, VECM) Bgz& OPEC 1Y
FERE(EIZE ~ OPEC (YRR ~ BUAHIEAY R M B[SO E RS A (i BR LR > A SR IR RS
B33 LA AT I SRR B RO » R A MEE R OPEC M- RAFFRR AT 2 M1 55 B [T (BT A o

B> OPEC 1T SR SERY 55 —EaRRE » HIRHRET OPEC Eragkny & sA s > Iy el
AR BN AS I RSB o OPEC &R B A PR A IR I 5o 8 HoAs SOE R A —HY
fi3f o Lin and Tamvakis (2010) F/1 Brunetti et al. (2010) #¥d OPEC €& & AP A &
SRR A2 228 5 Demirer and Kutan (2010) HIFIFEE RIS k81T 04 » B8EAE
OPEC Hi#H G/ VERR > §HIE R ZEEE HM (cumulative abnormal return,
CAR) °

OPEC &8 AR ST FHIIE B2y s2 8 » S Ak K B3 S B AR T B 5 L ) »
HZW 2 EE 4 - Wang et al. (2008) #i{F OPEC & &/ &% » A ## E M EE
WEEEE (realized volatility) » 1fif EL At {5 B (51 PR I SE AR 20 bt 0 i B 2y b 1 08 T
& -Binaand Vo (2007) RIS LAUSHEE K JFOHME i ms i ot ¥ 5 fl M th #$3E OPEC
BHERR  SHME EREREEIE - A5 OPEC M & E & kR KR
MRS H BN » KIS BA 2 E 1351 /)& - Schmidbauer and Rosch (2012) #Fift
OPEC & 5 M IIE & R Fe e % & A F i R 2s » (H27F OPEC BEhVER
G &[RRI o 5 — S B OPEC & &I/ &l > S aREEENIE
AR o

fRELL LI B > B OPEC & &5 7 SR Al A T REE (5 i35 i By ke »
(Kt OPEC WYy & & & LR R M Sk B « AHFFeHEaR1E OPEC & & & %
% > S SIRUHI E T5 2 B IR (= W B A R o 45522 B 1 M 75 R LA
BB BRI A > g i T B NS R I o DRI AN S A R Y 2 — (i ERER 4
T
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H2 : 7£ OPEC HYJE 5 A% B o JIIH] oy s A B0 R 5D 2 [ s R, o

% FRRRRA LS 5

- ﬁ*ﬂxil\

AWFEHIE R B2 (& RLEFTHERL > 58 CBOE & F}#E - CME DataMine ~ Yahoo
Finance & RHE ~ DL BE % 2 Wl S G RAT 2 AS & R} (Federal Reserve Economic
Data, FRED)  AHF5Ef Yahoo Finance & F}HEILSE Rk B2 158 (CBOE crude oil
volatility index) » %8GRS RZ TR BRI R 08 2007 6 A 11 H - IWILARFFELEZ H
RSEEIA H - I TE IR Z 2 2023 4211 F 15 H -

FH PG ([ e BB D e v 5 i EL R B 1 B A8 I I i oz — » AR CME
DataMine & FEHE ISCEE £ &5 PG 1 i e 2 A B 5 BB (settlement price) ~ BRI (EIRS ~ ol
B ~ Ko mLIATEBE (open interest) 54 Z A o

AT g e AN At 85 BRI BE B o Al - DUBEH RSB FIZR (federal funds rate) #5
FUASFAAZEH A B > Wit < 2 < Rl o A5 i O R IR IR R 0 15 & LA H
B o KL AT #E RS R SR ZS IR H A2 5 Z AR UE o B T kR 2R T35 S St
BEERE I » KIFFELLS A S&P 500 88 EHZRFE% (CBOE volatility index,
VIX) {ERCHRE G i mbas 2 Pefilsd ¥ o 1ot > AFFS Sari et al. (2010) {8 FHHBK TAE 36
JUHMEZS (US dollar/euro exchange rate) » AiF5E{ I 35 JeHE%L (U.S. dollar index, DXY)* {E

¢ EALEBAEEZBEMNER HPT (Intercontinental Exchange Inc, ICE) i#47 X 5 » 2R £ T
#6 M EZEKEHE (BLTAE 57.6% ~ B E 13.6% ~ 345 11.9% ~ Ao ¥ 9.1% ~ =42 5281
4.2% ~ AR 3.6%) 89 FE FEAT ik BAT T E AT o MISHABRT 2RTLR
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N

AR ER

AWgee UL A TSR S ES G B 9 - EREERIE R SRR TR T
TE RS (RS > AR 9E 2 LU B AR 3 L2

RET, = (Pi —1] =100 1)

Ht RET, £555 t HIFHITEHIAS 5 B 50 t HIFOHIEHE SRS © LA that &
“BRAE SR I BT AIAS (open to close returny” {FRSECRMAEIEEE R - thn] I LIERER
JFHIYTES (s H B 1800 - FTETRATT -

P
ROC, =| =1 -1 |x100 2
" P

Hrfr ROC, 525 t H B BRI IO B HaAs s B £330 t HR I RS EE B 15
JFHIYTEE FRAR (E A
1A BHASBSE £ SRR B - IO B 2R e e B Ak - SHEDTARATE -

OVX
Rovx: = [ovx t —1J x100 ®)
t-1

HABHBASEH 2 & R ATIAR B AR 1 -

QHAKEA (1) B

(10)
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*1 BAEERTR

BE T ok BRER

GRS el S (R /P_, —1)x100 RET,  CME DataMine

Gt SO i M (P, /P, —1)x100 ROC, CME DataMine
ERUNE RS Ve RS (OVX,/OVX,, -1)x100  R,,, Yahoo Finance Website
JGHINE R 5 & In(Volume,) VOL,  CME DataMine
JGHIHE R TE & In(Open Interest,) Ol, CME DataMine

S&P 500 I B FRES#EI A (VIX, /VIX,, —1)x100 Ry  CBOE Website

P AR FEDR FRED

YIRS TTES (DXY,/DXY_,-1)x100  R,,, FRED

TEET B3 A 2 AT > ATRSEIH R SRR E 15 (unit root test) ¥R S EGEI TR
W) LURER AT A SO 4R 2 7B HE (stationary) © Granger and Newbold (1974) R4 1A
BRSPS B R IR RE Z B » 3 LU A€ RE S BT 7B B 70 BT A5 (R Ml BRE - (spurious
regression) Z%ENE » JRAIVE S A LA E S EEAHBAYE - (HANS A EEIUAR o IR 7iE
BRSNS » A2 5eF] Augmented Dickey-Fuller BLiRIGE: (ADF fi7%€) i
175347 » 2% 2 £5 ADF MERS R » BEURAE 10% IR KHE T » AT FeRy S MU TEIREAE
B2 JR ERER » RIS B A e G

& 2 Augmented Dickey-Fuller EEfRI&TE

RETI ROCt ROVX )t VOL( OIt IQVIX )t FEDRt RDXY,I
ADF t-statistic ~22.241 -28.505 —67.480 —3.698 —2.804 —70.137 -2.935 —63.477

Variable has a unitroot Reject Reject Reject Reject Reject Reject Reject Reject

it ADF e B SUEEREZ KHE 10% £ —2.567 < tHRARVSBUE FEFBH K 1 -

(11)
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# 3 BEBIMLBCAVERE o I EHIMAS (RET,) B S i ] & Hm
A5 (ROC,) {EWFFEIAMBITEER S SRl » 72 7E —-0.052 f& —0.114 o RET, 5
=S ROC, » ARERYRIRITER BAREIRE - 5 Ol @ F R AN S > M E BN
i o K ROC & KM 4  HH Jarque-Bera (JB) € W41 > RET, & ROC, /&
FEREIT A R B ICIRER « TERF ST RO B A FR B B2 (R, ) 955 0.180% LA
ke S&P 500 WENAFEEUIE A (R, ) TR 0.309% > S&P500 I B Z5 Hi5 B ) A I
BPE (BRERE) L i B A e B B AR (1) e B PR B o FRIRRTA > TERFF SRR AR 52 i
IR ITRR L FTRE & S A R i 8

7 4 St [HIRY Pearson FHERATREL - iFEAS SR 281 RET, B2 ROC, & 17 1E =1 4 1
[ ARIERAGR - AHBIGRER 0.978 » K HIFHBHRERI A > ROC, A8 RET, 2B H#
TR - 91 AIFTE AT R, B2 R, JEAFCELEARIER (% > FHBHIREUS 0.382; VOL,
B Ol S IE FIARERGR - FHEBRIRES 0.748 o RSB Pearson FHBRGRELATAL » 1 F 48
S P AR B A AR R EOR S B (REEARVERHRH) > (I AT SRAE Z SRR 53 BT
e A R L RIFEEAREE S (multicollinearity) HUSERES o

S KR A MEATE R KR T (variance inflation factor, VIF) 4% » & R 287 & S # 89
VIF S48 54874 50 L] & AR B2 Ml oy ot 3 TR E - BLZ 4R 69 0 8 9 AT %
TEHBEERIHE A LR ES (multicollinearity) 9 58)& °

(12)
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*3 FOMIEHRET DR

RET, ROC, Ryx. VOL Ol Rix:  FEDR Ry,
58 -0.052 -0.114 0.180 11518 11.868  0.309  0.015 —0.001
FR7 B 0.096  0.077 -0.363 11.207 11.357 -0.675  0.008 0.000
fig KA 37.662 20.460 135.773 14.386 16.696 115598  0.063 3.112
TN —305.966 —312.239 -46.327 2.996 8.285 -29573  0.003 —2.492
fRHE 5862 6103 6138 1.092 1439 8075  0.013 0.485
mAEFREL -37.095 -38.131 4.688 0334 1.323 2025 1.694 0.010
I RE AR 1,867.806 1,825.798 83.752 3.059 3.909 18.415  5.338 5.464
JB 3 7E (P {H) 0.000  0.000 0.000 0.000 0.000 0.000  0.000 0.000
e 4,094 4,094 4,094 4,094 4,094 4,094 4,094 4,094
F 4 Pearson HHEHRE

RET, ROC, Row:  VOL, ol, Rt FEDR  Ro .

RET, 1.000
ROC, 0.978  1.0000
Rowx.t -0.486  —0468 1.0000
VOL, -0.006 -0.007  0.046 1.0000
ol, 0.026 0.024 -0.001  0.748  1.0000
R -0.132 -0.125 0.382 0.024 -0.013 1.0000
FEDR, ~ -0.012 -0.016 0.007  0.259 0.190  0.012 1.0000
Roxv ¢ 0.002 0.004 0.016  0.006 0.024  0.015  0.007 1.0000

1 2HUERHA I Ea T Gmay B 2R U NSCHI R {HRS (WTI futures price)
BRI B 2R HEH (OVX) TR ZEIIRIIRE T e oIl 5 Hora] DUEER > OVX R BRI [

T (B RS B ARk ©

(13)
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P0 - OPEC EEE&H

AW EEREE R AL OPEC B 7t it 1 & 0 [ JHRg S A i 0 B 24 L O] £ i 2 1)
BRI R o BAMFIF OPEC B 77Nt i S 6 BT & 2 i > Jlfif% OPEC /& &Yy
TRTEFREAF 58 o P 5 W] AT > 7F 2007 45 5 H 11 H# 2023 4 11 A 15 HIYZZ 5 1AM
HAM—FeU5 e 63 HIFGRA OPEC B & M TEIE & 2 #H » HrhFaiAse s &1
22 HI s VIR B 20 HI s MERPAE SRAE 21 HI o TEMIINIRG A BT b o SR
ISHEEIZ /TS 34.36 EITE 123.69 T » UM E WM ARHIEZ /M1 -10.065% *
10.376% 5 FE/D [ 1z ST - SOl TS ERS RN 0 22.41 £7TF 103.26 ET
JECGHHA SRR BRI T —8.119% £ 9.308% ; TEAEREFUHIZE B#H b - FiA £(E
T&HEEDZ /T2 34.93 S£ITE 137 7T Ul S AR HEZ 1 1° -5.183% 2 5.024% -

&5 OPEC BHE=EEZHE

B FHHAEER FHHIE MR OPEC E&#aR
2007/05/30 63.49 0.538 Increase
2007/06/14 67.65 2.098 Maintain
2007/06/21 68.65 -0.305 Maintain
2007/07/11 72.56 -0.343 Increase
2007/09/11 78.23 0.955 Increase
2007/10/16 87.61 1.718 Increase
2007/12/05 87.49 -0.940 Maintain
2008/02/01 88.96 -3.041 Maintain
2008/03/05 104.52 5.024 Maintain
2008/05/08 123.69 0.130 Increase

S OPEC ##1Bl > 4% A#4&E M F 74 OPEC AJ OPEC H K E B ¥ 1L A H
(https://www.macromicro.me/time_line?id=21&stat=389) $2 OPEC #J 3 (https://www.

opec.org/opec_web/en/) °

(15)
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*5 OPEC BHEEEZEHE (1B)

HER [FHEAEER [FUHERE WA =R OPEC E&#ER
2008/06/24 137.00 0.190 Maintain
2008/09/09 103.26 -2.896 Decrease
2008/09/10 102.58 -0.659 Increase
2008/10/09 86.59 -2.653 Maintain
2008/10/24 64.15 -5.439 Decrease
2008/12/17 40.06 -8.119 Decrease
2009/03/15 34.93 -1.659 Maintain
2009/05/28 65.08 2.569 Maintain
2009/09/09 71.31 0.295 Maintain
2009/09/10 71.94 0.883 Maintain
2009/12/22 74.40 1.418 Maintain
2010/03/17 82.93 1.506 Maintain
2010/10/14 82.69 -0.385 Maintain
2011/06/08 100.74 1.665 Maintain
2011/12/14 94.95 -5.183 Maintain
2012/06/14 83.91 1.561 Maintain
2012/12/12 86.77 1.142 Maintain
2013/05/31 91.97 -1.752 Increase
2013/12/04 97.20 1.208 Increase
2014/06/11 104.40 0.048 Increase
2015/06/05 59.13 1.948 Maintain
2015/07/30 48.52 -0.553 Maintain
2015/12/04 39.97 -2.702 Increase
2016/03/21 4152 0.924 Increase
2016/06/02 49.17 0.326 Maintain
2016/09/28 47.05 5.328 Decrease
2016/11/30 49.44 9.308 Decrease
2017/05/25 48.90 —4.790 Decrease
2017/12/01 58.36 1.672 Decrease

(16)
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&5 OPEC BHEESERHE (8

HEA [ROMERE BT [RMAAE AR OPEC E&E#ER
2017/12/21 58.36 0.465 Decrease
2018/01/17 63.97 0.377 Decrease
2018/02/22 62.77 1.767 Decrease
2018/03/21 65.17 2.565 Decrease
2018/04/20 68.40 0.102 Decrease
2018/06/25 68.08 -0.729 Increase
2018/12/07 52.61 2.175 Decrease
2019/07/01 59.09 1.060 Decrease
2019/12/06 59.20 1.318 Decrease
2020/03/06 41.28 -10.065 Increase
2020/03/10 34.36 10.376 Increase
2020/04/13 22.41 -1.538 Decrease
2020/06/08 38.19 -3.439 Decrease
2020/07/15 41.20 2.259 Increase
2022/10/05 39.22 1.433 Decrease
2020/12/03 45.64 0.795 Increase
2021/01/05 49.93 4.851 Increase
2021/03/04 63.83 4.161 Increase
2021/04/01 61.45 3.871 Increase
2022/06/02 68.83 1.397 Increase
2022/08/03 70.56 -3.982 Increase
2022/09/05 88.96 0.805 Increase
2023/04/03 80.42 6.277 Decrease
2023/07/03 69.79 -1.203 Decrease

it 1 ARFIZH OPEC B /7 Mub Bl M /7 UG 84 Bl I e & 5 &8 [ - e s
2007 £ 5 A 11 HZ 2023 4 11 A 15 H » Afge—i s 63 HlhE R S S -
A% HofE B E & W B A B (increase) ~ Ji/V A & (decrease) LA S ¥ &

(maintain) °

(17)
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E A ,giﬁ‘%f%*ﬁﬂ

AT S EEIRET I B 2R FE O B 28 2 I i ] 5 i A Y 5 O, » R
SRR ER A RIAT T

R = By + B xRy + B, xControls + ¢, 4)

Hrh R 358 t HEFHI & e > Hrh &5 17 IR iz - RET, > aiE ]
A BRAR E U UM BT ERINZS - ROC, - (ER (S EL - RSB BOTTH » LR, B t H
JFHRE B AR FR B B2 © Controls FPERIER - Hrh@a e % & (voL) ~ KF
B& (Ol,) ~ S&P 500 K EZIEHEFEZE (R, ) ~ WA EHZE (FEDR) LIk ZEITH
TN (Royy,) © BRI% 0 & FOEBRRAVIERAEIA -

S 0 BT SR U B A W B A A [ B N A £ R R e 51 PR g R 1
AL LA IR A58 (exogenous variable) fY VARX HEARISHE S ERIRIBATR - 115 4
{E AR S B 3 (RO A S o FEREPT R

Xt = A+Zip:1Ci x Xt—i +ziq:1 Bi XYt—i +¢t

EHR—x, = {RETt ‘Royxe *VOL, -Olt}
for (5)

#B27 : X, = {ROC, - Royxs - VOL, - 01}

Y, :{R\/IX,t’ FEDRy RDXY,t}

6 VARX # %A (vector autoregressive model with exogenous variables) & /& %) € B & 8 §f 4
Aoy gt b AT R X B B F 242 A (Sims, 1980) ©

(18)
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Hrh RS RaE e N8 > BIVESRE I 1 X, B - Ba TR 4 18R
A IRIBIITEERET - X In B AR » DRI B — s a7
(RET,) ~ FUHIK B A5 BEFEZE (R, ) > FHIIERZ S & (VoL) KRRTER (Ol,)
SRR T g T BRI O S EIAS (ROC, ) ~ R B 25 fis ol 2k
(Row ) ~ BUHIIER 58 (VOL) BARTER (Ol,) o WS HT A R (R B R
C, » S HPE ER(REBERLE 5 SME S S&P 500 BN ARIEHIFEIAR (R ,)
BRFSEE B FZS (FEDR) METUHEEEEIA (R,,, ) F=(E88 > LY, LS ETH
AR R R 2 HEER(REBUERE B, : A B BIERTRII M & - T ¢ B2
T o SR E A RN A S R p AIYMESETE R o G e AIC
(Akaike’s information criterion) #[1 SBC (Schwarz Bayesian information criterion) fi LI/AE
w1 S - (IR VARX BObEHAE SR » o EE S B IR TR SR BAGR - DUR ff
BRI FELE I

AFCE LR E R OPEC ‘B & & ¥ A I A il Zs 28 ~ DURHIEZE A A
[FIRZE &S & T o [ B 2R HE SO dh 2 7 [ A B i 52 B 5 A E 22 SRk -
SEARH TR

Rt = :Bo +ﬁ1 X ROVX,t +ﬁ2 X Dincrease‘t + ﬂ3 X ROV)(,t X Dincrease,t

+ﬂ4 X Ddecrease,t + ﬂS X ROVX t X Ddecrease,t + ﬂﬁ X COﬂtrOlS + gt (6)

HARE ¢ HFIECRIIE (RET) : Ry, B4 t HEGIE A RO © [
OPEC i e 2 45 i A M ~ Wi ~ Bl RF 88 = » FRIIE B /5 R rhIFIbe
AR A B T RIS « D e S R RS 1 RS
0> LA Dy 57 ¢ B t HESRIDERAE 10 HAHIAE 0> LD, 575 °

Controls F3#2eill S 8 - Pl B & e S & (voL) ~ RTE®& (Ol,) > S&P 500

(19)
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BB B (R, ) ~ BHIEEAZ (FEDR) DIRETTIRBEEIE (R, ) H

# o R E A RO SRR i R B AT GE IR AL AN E IR R IEE SR S R
JETERZE - Ll OPEC e B 'H i i e B i 12 1B (lag) PR BSR

2FEER

RIHR BN 3R 18 BB R !

TEZA BT 2 B A8 v vt B A 415 B S B A B s B B ol A o I BRI = 3% 6 b
IIHTHIRE IR o ERRAY 1 ERR 3 > B LIS AiZs (RET) (FR sl ; fEisial
4 ERER 6 0 B LARAME B [ B ERAS (ROC) (RS H R s Bl o FARY 1wl »
Pk 5 B 24 S A 8 4 S [ A I 2 2 B B B W R U 5 El B (R T
HI > & IR BN AR RS BN AT I 19% > S 15 IS0 B HINAS T 0.465% » [Nt B 3%
it SR SR I B B A i B B AR 1) 5 AP g AT DU R [ e T R s o 5 [ B s
s 2 S ORI T35 22 B S R AN 20 O R BE AN » (£ TR B i B AN
MREUC > 522 B TR S B - DXL 56 15 [ A B i A PR A > S []
BESURRGER (feedback effect hypothesis) °

(20)
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* 6 FHRERIEHEEREPERM TR
RET, ROC,
Variable A 1 B 2 f& 3 I 4 & 5 &l 6
Rowx.t —0.465*** _0.464*** _0.487***| —0.465*** —0.464*** _(.489***
(-35.600) (-35.488) (—34.493) | (-33.868) (-33.754) (—32.900)
VOL, -0.042 -0.019 -0.045 -0.015
(-0.378)  (-0.172) (-0.386)  (-1.124)
ol, 0.130 0.125 0.128 0.121
(1.547) (1.484) (1.443) (1.373)
Ruix ¢ —0.045%** —0.048%***
(—4.239) (—4.251)
FEDR, -6.103 -8.310
(—0.995) (-1.287)
Roxy ¢ 0.099 0.134
(0.603) (0.774)
Constant 0.034 -1.028 —1.145 -0.028 -1.027 -1.190
(0.430)  (-1.210) (-1.332) | (-0.330) (-1.148) (-1.316)
F-statistic 1267.352  423.806  215.962 | 1147.056  383.358  195.870
Prob(F-statistic) 0.000 0.000 0.000 0.000 0.000 0.000
Observations 4,094 4,094 4,094 4,094 4,094 4,094

AL IR FZEtE ) 2

E N

*DRINRBRZE KES 1% - 5% &K 10% °

FERA 2 > AR AFGHIHE TSI S & (VOL) BoRPER (O1) fEfRhiE

B DRI Ip B A B B AR [T S B AR
AN o (R 3 > AT I fth o A5 4 T3] 65 i 2 v

B,

=

e LB A AR BROR - RS AR

MM A S&P 500

IENAHEE (VIX) SEhAS eI 5 B ~ B FREE B2 (FEDR) 2efilFIIZR Elbe ~ LA
FRICHEH (DXY) S Az 2= 0 B A o FisRl 3 al R > - SRGSRE S A AR o

FEPETISEIER 77 » S&P 500 I BZR 15 B B A ¥4 [FHTI] & Halh 2= R B e S e B 1%
VIX FEHES B AR BN 1% » G (15 FRHIT & IS T 5 0.045% o (£ 4 57 6 -

(21)
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TP P R v e 51 S i e ) B P s O o e (R B B o Bl SR B [ B 2 £
st A S R A SO IR T BRI AS (ROC) 22> g th/g EFEHEE & M RUR -

HRAAMIEH) VARX ALy » TR e molva =l » (/¥R AIC (Akaike’s
information criterion) #1 SBC (Schwarz Bayesian information criterion) ¥ HI|2&7R5E 5 i N4
MO A BB P& (2 HAH - AT SR X 3 ATl » 5 SRANSR 7 Fr 2.3 - BERSL 7 WAL
A — RO YA ~ SRS oBEvE R B - (p*, g*) @ HE3m 7S AIC B SBC /)
I - B EAETE (2, 1) 0 INBLAIITE VARX AU » Fs@ i A S 74 5 A0S 2 » fid
IHESBEIINE L IIEUS 1 RS VARX (2,1) ©

&7 VARXERH (p, q) 2 AICEd SBC fE
R — © VARX %121 (p,q) Z AIC {H

(p.9) q=1 q=2 q=3
p=1 16.939 16.942 16.947
p=2 16.832* 16.833 16.837
p=3 16.836 16.837 16.840
Al — : VARX %1% (p,q) Z SBC {H

(p,9) q=1 q=2 q=3
p=1 16.989 17.010 17.033
p=2 16.907* 16.926 16.949
p=3 16.918 16.934 16.956
B VARX &% (p,g) Z AIC fE

(p,09) q=1 q=2 q=3
p=1 16.957 16.849 16.853
p=2 16.849* 16.850 16.853
p=3 16.859 16.858 16.862

(22)
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"7 VARXEEHA (p, q) & AIC B SBC 1B(18)
R~ VARX #1231 (p,q) 2 SBC {H

(p.0) q=1 q=2 q=3

p=1 17.006 16.923 16.964
p=2 16.922* 16.941 16.963
p=3 16.929 16.941 16.968

af 1 * KFR AIC 5 SBC BE/)\ - MEAEHBAERHARE -

HI%% 8 FlIEE 9> /0l 23 VARX (2,1) FrflidHIRURA — R 454 - ek 8 2
B — > HL QA SO T T B R A~ SR B AR MO B AR ~ B SR BT B
B S ~ B E RSB ER T AR  SMEBEE S&P 500 B AR E)
A8 WA MR ~ BLSETTHR IR BN AR o fE bl DUBEH > v 1R 1 I S&P 500 W EIZR TS
BB BT IFOHIN B AR R B AN A R LR - WA BRI T T - YRR 1 I
PRI Bl s B B TR o ETTIRBEE B AR ) - iR 1 WIERS IR R
RIS LA BT R B AUR © 22 o IR — o KL P A SO RS SIS0 I e 0T o A
JFCHI B AR S B B AR ~ I E AAET B R S 22 ) & ~ B SR BT B IR R R
BRIV S&P 500 IR TEBEEBIAR ~ AR SAIAR ~ B THREGRENAR - E
] ABEER - S AR S A GRS USORR S T PR AR B 52 B 5 1) - FOREAY — AT

*8 1ERI—Z VARX (2,1) {ERIHEHER

RET, Rovx VOL, Ol
RET, 0.351 -0.176 0.007 0.007
(0.017) (0.019) (0.001) (0.003)
[ 19.918] [-9.197] [ 4.322] [ 2.126]
RET,, -0.180 0.090 -0.010 ~0.0130
(0.017) (0.019) (0.001) (0.003)
[-10.252] [ 4.729] [-5.887] [-3.920]

(23)
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F8 BE—Z VARX 1) BRERER ()

RET, Rowx ¢ VOL, ol,

Rowx 11 0.0874 -0.132 0.005 -0.001
(0.017) (0.019) (0.001) (0.003)

[ 4.969] [-6.916] [ 3.088] [-0.532]

Rov 12 -0.004 0.001 -0.002 -0.003
(0.016) (0.017) (0.001) (0.003)

[-0.244] [ 0.006] [-1.258] [-1.191]

VoL, 0.022 -0.228 0.571 0.515
(0.171) (0.187) (0.017) (0.032)

[0.130] [-1.222] [ 33.433] [ 15.846]

VOL,, -0.052 0.018 0.199 0.149
(0.169) (0.184) (0.016) (0.032)

[-0.307] [ 0.098] [ 11.790] [ 4.653]
Ol -0.073 0.202 0.049 0.1430
(0.092) (0.100) (0.009) (0.017)

[-0.795] [ 2.016] [ 5.342] [8.183]

Ol 0.023 0.011 0.056 0.099
(0.092) (0.100) (0.009) (0.017)

[ 0.259] [0.110] [ 6.100] [ 5.685]

Ruix 14 0.003 0.042 —0.001 -0.001
(0.011) (0.012) (0.001) (0.002)

[ 0.334] [ 3.323] [-0.428] [-0.562]

FEDR -3.191 2.767 2.625 1.368
(6.717) (7.320) (0.668) (1.270)

[-0.475] [0.378] [ 3.930] [ 1.076]

Roxv i1 ~0.160 0.297 0.029 -0.018
(0.180) (0.196) (0.017) (0.034)

[-0.889] [ 1.512] [ 1.635] [-0.537]

(24)
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’8 1BRE—Z VARX (2,1) BELEHER (18)

RET, Rovx ¢ VOL, ol,
Constant 0.917 0.028 1.359 1.3162
(0.976) (1.063) (0.097) (0.184)
[ 0.940] [0.027] [ 14.004] [7.127]

af R ERY S — SR G REL - 55 O NS RAR RS - 55 =S AR T
Bt

F* 9 BWRITZ VARX(2,1)IERhEHFER

ROC, Rowx ¢ VOL, ol,
ROC, , 0.481 -0.174 0.006 0.005
(0.017) (0.019) (0.001) (0.003)
[ 27.442] [-9.154] [ 4.013] [1.671]
ROC,_, -0.178 0.114 -0.010 -0.013
(0.017) (0.018) (0.001) (0.003)
[-10.260] [ 6.038] [-6.018] [-3.956]
Rovx t-1 0.096 -0.130 0.005 -0.002
(0.017) (0.019) (0.001) (0.003)
[ 5.528] [-6.839] [ 2.997] [-0.728]
Rovx t-2 0.003 0.003 -0.001 -0.003
(0.016) (0.017) (0.001) (0.003)
[ 0.231] [ 0.199] [-1.132] [-1.153]
VoL, , 0.020 -0.224 0.570 0.514
(0.172) (0.187) (0.017) (0.032)
[0.121] [~1.200] [ 33.38] [ 15.821]
VOL,, -0.057 0.010 0.199 0.150
(0.170) (0.184) (0.016) (0.032)

[-0.335] [ 0.058] [ 11.841] [ 4.6758]
Ol —0.063 0.205 0.048 0.142
(0.092) (0.100) (0.009) (0.017)
[-0.682] [ 2.043] [ 5.310] [ 8.164]

(25)
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®9 BRI VARX(2,1)ERILETIER (18)

ROC, Rov « VOL, Ol,
ol,, 0.005 0.012 0.056 0.099
(0.092) (0.100) (0.009) (0.017)
[ 0.062] [0.121] [ 6.086] [ 5.681]
Ruix i1 0.020 0.041 -0.001 -0.001
(0.011) (0.012) (0.001) (0.002)
[1.779] [ 3.276] [-0.412] [-0.536]
FEDR -3.859 2.739 2.620 1.351
(6.732) (7.319) (0.668) (1.271)
[-0.573] [ 0.374] [ 3.919] [ 1.063]
Roxy -1 -0.166 0.299 0.029 -0.017
(0.180) (0.196) (0.017) (0.034)
[-0.923] [ 1.524] [ 1.648] [-0.522]
Constant 1.048 0.016 1.362 1.319
(0.978) (1.063) (0.097) (0.184)
[1.072] [ 0.015] [ 14.031] [ 7.1450]

b - BRI RN VIR EEHRE > 55 I NESR AR » 5 = SRR A B

(EVR

HI® VARX (2,1) RAUA By i LIE HA# 32 R R

il » DRI 5 SEFE CIRL SR B (R e

(£ 10) LIk VARX (2,1) #ERIEEE K B (8] 2) AGETTHERE - H B ELL HIHY

IERBAGR - ARF5EE

ERENEEREEG

A ST T B S 2 i e 5 B 2 P s B AR
Hor > R DU B [t B 24 415 B8 B A AT e 0 B A 2 [ 1 (A L g IR R
% 5 [RIIRF » TR Bl 20 15 SO Bl 2 RTIH AR 10 e ek 0 B e o P 7 A B LR SRR

1% o

%&

(26)
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+ 10 FEHEESRIEHSHXRBAESRINC T ELHRRERES
FSES=Z Chi-sq ESES=Z Chi-sq
Rou « 1 RET, ff 52 25.015%* Ry, ROC, 2 30,569
RET, ¥Ry JOE L7860+ ROC i Ry W% o
B oeex ook o x SRICERBZEIKES 1% 5% & 10% -
05 0.5
[T/ s P — 0.0
0.5 -0.5
<1.0 -1.0
-15 15
-2.0 20
25
-2.5
:
1 2 3 4 s 6 7 g 9 10 -35
1 2 3 4 5 13 7 9 10
Rovx: % RET, ) %% Rovxe # ROC, 89 %%
7 B
6 7
5 B
.4 5
3 4
2 3
A 2
0 1
-1 0
2 - 2 3 4 5 6 7 9 10

RET; 3 Rovx: #1% %

& 2

ROC, ¥} Royx, 099 %

FORKEIRIE RS SN RE SR TREREENEE

AR E R AL SEE 4 1 > NIE A 16 (8@ ER L& - 55 18R

A2 [ TR - ARSI H B 2 TRIA B 6% » A 2 Frons - (38 238 & i
IR e D e 52 B AR 4 SR B AR ) Tl B S T T

e B [ 6

(@7)

o

/

» FEILLITIE S 10 Fr
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S HHIRRBAGR o [l 2 Ze2fi8 s I i ST B A A AT U5 B2 415 B8 B A Y A LR R
k> EJCEE T8I - E IR B A O B A S A W B - G E (S I B R AR
MLENEI SRR E 75 2 B - RIRSBUSCREE R IE - TS SRR 4 A EAE R
7E N ITEIRR - IR AR S A B - S O B A e B B A B R R )
B BT 2 WG - ORI N AE5S 3 WK - [SOMIREhASFR U B AR IR B
B RRE T 6 WK o RIS RIS BRI B AR R BOE B AR R BRI K - IAE
2 A - BRSNS O] B A e Jian Bl A4 B B A A (e I ] 2
RRE > HIRIZEA8 — 20> E3W 1 - BRI S SC [y U1 6 A A m] ' £ [ty 31 65 i 2
R U -

— - OPEC WHTEESFZEWNRE

EERIFZERIE RS R - OPEC ‘B AR ST B L gl i i e
WIANTERETE > IRRUS AR AL TGN ) & - AHIEERT OPEC B & AR BRI » A
JFCHI B A e A R - SO4% - A BB & o S O ) AR 1 R B T RE G JE AT
ENTEE R » AHFethF R & SR Vo 2 - R RN e S R -

K 11 WA OPEC R E 5 17F3 L B ada A - SIS A fe B dh A B i &8
s B R R AP CR - fEAERT A - SR HL BYEIEESCRIERER - 1E
OPEC ‘& & B Jr i Sl F IR 1B D0 1 » MG 2 M0 s RS 5 & ~ 502 OPEC ‘&%
B[ 3UR B 2 1 B B AR 1A A ST T » R A DTS S i e T e 2 A R R R, -
SRIM » (£ OPEC & & AR IFHI Bl — IR 1B I0 T » AHFZE58 8T OPEC M9 s Bl e &
T R B 2S5 SO B AS ) A0 XOH S LTS 3 81 a8 (5 R SCRF H2 @ OPEC ‘& sl
SR E IRy - A R R R BCR

—-

(28)
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&® 11 OPEC REEEESHFHIAGRME=NTE
Variable RET, Variable RET ,
Rovx ¢ —0.489%** Rovx 1 ~0.499%**
(-34.442) (-34.52)
Dincrease. -0.940 Dincrease.t -0.705
(~0.830) (~0.550)
Rowx IRe Dincrease,t -0.133 Rovx FTRe Dincrease,l —0.316***
(-0.991) (-3.332)
Decrease. ~1.645 Decrease. -1.222
(-1.370) (~1.055)
Rovx t X Deecrease. -0.033 Rovx 1% Deecrease. ~0.062**
(-0.021) (-2.321)
VOL, -0.012 VOL,, —-0.033
(-0.110) (—0.294)
Ol, 0.125 Ol 0.129
(1.485) (1.544)
Rux 1 —0.046%*** Ruix 141 —0.047x**
(—4.305) (-4.392)
FEDR, -6.160 FEDR ., -6.126
(-1.003) (0.998)
Roxv 1 0.102 Roxy 41 0.096
(0.618) (0.586)
Constant -1.214 Constant -1.043
(-1.412) (-1.214)
F-statistic 130.071 F-statistic 131.443
Prob(F-statistic) 0.000 Prob(F-statistic) 0.000
Observations 4,094 Observations 4,093

it BINAFZE

t{E ; *x e R RIRBEEKER 1%

(29)
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12~ & PR AR B

—  TRRRHENFZENR

B T AR IS R BB - AENIEATE 2007 2k F £ L 2008-2009 - A ER <l
TR > S I OB B A 4 A A 4 [ ) B RN AR 1 S B R S A (R R © IRBE 0
FEPEHTHR (Taiwan Economic Journal, TEJ) <RlEE {-& o} Bl =g e 5L R} - ARFFEET
7 WA TR I 4y 75 4 @) 2 BT (2007/05/11-2007/08/08) ~ 4 il J&\ 7 HAfE  (2007/08/09-
2009/03/31) ~ SRl ZEE (2009/04/01-2023/11/15) ° 1F 4Rl B E AR » 5 5 pk LA
MA BT KUY > R B T KA R AR v] REE B FUHIERE Tk o DRI » (UG <5 il o 2
AT~ FR 155 = AT T s Bl 2 s B B A S [ O I 2R s BEUR, - IR 12
FJAT  AGRTE B RUECR AT ~ S mlE 2 DU SRR 5 1% > FOH R B A5 g s A b
JFCHI S HI A RS - 5 R B B AL o

® 12 ZRIGHEIRZ FERRDN

ERlEFER ErlE = HIE TR FE
Variable 2007/5/11-2007/8/8  2007/8/9-2009/3/31  2009/4/1-2023/11/15

Row 1 ~0.188*** ~0.058* —0.527***
(~3.480) (-1.768) (-34.891)
VOL, ~0.904 ~0.650* 0.088
(~1.470) (-1.957) (0.732)
ol, 0.490 0.582 0.110
(0.498) (0.980) (1.252)
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® 12 ZRIBHKEIRZ FERAD(E)

ERLESRA RlEREAE TRIERE
Variable 2007/5/11-2007/8/8 2007/8/9-2009/3/31 2009/4/1-2023/11/15
Ruix ¢ -0.019 —0.083*** —0.064***

(-0.815) (-3.417) (-5.492)
FEDR, —263.307 7.354 —21.785**

(-1.176) (0.634) (—2.387)
Roxv ¢ -0.365 0.183 0.105

(-0.524) (0.659) (0.564)
Constant 20.751 0.559 —2.064**

(1.528) (0.089) (-2.199)

F-statistic 2.976 4.160 219.051
Prob(F-statistic) 0.014 0.001 0.000
Observations 62 395 3,637

AL FEIABFZ t1E « *r o ** s

*DRINRBRZEKES 1% - 5% & 10% °

LA [ <2z Jol R T i T 1 - 528508 VARX SR > A 8 it anfy s Bl 24 i B A i 4 B [y
W AR < I PRI P S BRIBEVERS AR M - fhEHRERANER 18 o 5 M HAIER 14 BRI RBA R

VIF

e A IR < R FR I B B R R DR AR B 1% - DUR (] 4 BB S HE B I
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ERUILE RS = ve SR SRR E L B i)

® 13 ZHGHEIRZ VARX(2,1) BEUEEHER

ErRlE R

ErlERHE

ERRERR

2007/05/11-2007/08/08

2007/08/09—-2009/03/31

2009/04/01-2023/11/15

f — FERI fER— fE — f — fi
RET,, -0.280 -0.129 0.382
(0.136) (0.052) (0.018)
[-2.060] [-2.450] [20.231]
RET,, 0.346 ~0.051 -0.200
(0.140) (0.052) (0.018)
[2.462] [-0.988] [-10.583]
ROC,, -0.289 -0.023 0.512
(0.138) (0.053) (0.018)
[-2.089] [-0.437] [27.261]
ROC,_, 0.337 0.064 -0.201
(0.140) (0.053) (0.018)
[2.400] [1.212] [-10.816]
Rowx t-1 -0.007 0.001 0.035 0.011 0.104 0.116
(0.062) (0.061) (0.039) (0.037) (0.019) (0.019)
[-0.115] [0.005] [0.893] [0.312] [5.408] [6.025]
Rowx t-2 0.064 0.066 0.031 0.027 -0.013 ~0.005
(0.065) (0.064) (0.037) (0.035) (0.017) (0.017)
[0.990] [1.023] [0.833] [0.765] | [-0.731]  [-0.288]
VoL, 1.645 1.349 ~0.540 -0.223 0.009 -0.017
(0.596) (0.583) (0.350) (0.329) (0.192) (0.193)
[2.758] [2.311] [-1.540]  [-0.677] [0.049]  [-0.088]
VOL,_, 0.410 0.705 -0.610 —0.477 0.022 0.032
(0.634) (0.619) (0.367) (0.345) (0.190) (0.191)
[0.646] [1.139] [-1.659]  [-1.384] [0.116] [0.169]
Ol -3.122 -3.053 0.295 0.022 -0.079 ~0.065
(1.354) (1.346) (0.901) (0.847) (0.097) (0.097)
[-2.305]  [-2.267] [0.327] [0.025] | [-0.822]  [-0.673]
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* 13 SRIGHEARZ VARX(2,1) EEILEHER(1B)
ERIEFER] TRl E = AR TRIEREE

2007/05/11-2007/08/08 | 2007/08/09-2009/03/31 | 2009/04/01-2023/11/15

Fo R — A fo A — fo — fo Al — i -

Ol_, 2.149 2.337 -0.376 0.163 0.016 -0.002
(1.275) (1.269) (0.927) (0.873) (0.097) (0.097)

[1.685] [1.841] [-0.405] [0.187] [0.169] [-0.027]

Rux .t -0.052 -0.044 -0.059 -0.036 0.003 0.019
(0.023) (0.023) (0.025) (0.024) (0.012) (0.012)

[2.225] [-1.934] [2.349] [-1.510] [0.308] [1.484]

FEDR ,

-667.072  —642.591 16.75 19.538 -10.919 -12.216

(235.679)  (231.037) (12.042) (11.368) (10.136) (10.187)

[-2.830] [-2.7813] [1.391] [1.718] [-1.077] [-1.199]

Roxy t-1 -0.643 -0.518 -0.272 -0.360 -0.118 -0.108
(0.660) (0.652) (0.288) (0.272) (0.205) (0.206)

[-0.973] [-0.794] [-0.943] [-1.324] [-0.574] [-0.526]

Constant 28.628 24.247 13.313 5.066 0.455 0.678
(14.655) (14.281) (7.092) (6.682) (1.074) (1.079)

[1.953] [1.697] [1.877] [0.758] [0.424] [0.628]

b R ER S IR EEHREL - 55 O NS RAR R 55 =S AR T

EAR

R DK SRR (R e 7 - AN3R 14 B » B AE R B A T - TR 6 i A 5
AW B - E OIS I B A R B B A i A B o (S Z B EAE R RBAGRTE 5 AR
st > G AR S SORR I Y] i A S A B - BRI B A R B B A AR - L
SUIHEE DRI SRR 15 o 5 <Rl R A ST - G 7 i ek O e 2 2 P A 8 S T S 12
FRIAS > FRF e B A TR BB B S A B B R © Stk - fEDREREER -
BB AR FE B B AR DL e e FT 2R E A TR SR BRI (R 1 5 AHIRIME - B S o S
PRIHZS AL B 2R th A A TR R B % -
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&® 14 AEEHCHEERHKERERRERE SR < FREIREE

ERUILE RS = ve SR SRR E L B i)

LRLEHERT LRLEHEAR LRIEHE

ESES=Z Chi-sq | AR Chi-sq | KRS Chi-sq
ROVX t ROVX t ROVX t

] RET, {52 1.04 | ¥ RET Hys 2 129 | ¥ RET W2 30.27***
RET, RET, RET,

BIR, HURE 798 | ¥R, HIHE 253 | ¥R, WHE 98.46***
ROVX t ROVX t ROVX t

#ROC % 107 | #fROC f# 062 | ¥ ROC, HIFE 36.56™**
ROC, ROC, ROC,

B Ry, HIRE  6.66* | ¥IR,, HIHE 133 | ¥R, HIEE 96.93***

EI:***\**\

(34)
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BN R] 5 Rl e BT - DR RN ARS ~ R 25 i ek T 6 i 2 R S
ARFR AR B AR Y (BT S TR D BB S R 1 - (R 2B ER 14 b > B IRIRBA(RHVERIN
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s 383 1 IR S RIS (BRI B ST B 2R Bl S ap B A s B At
ASHRSBRRRE - NG INREE RS R R I - AR L - FFE ik 2 20K

L N - L - )
o B N B M B oo ®

1 2 3 4 5 6 7 8 9 10 Y 2 3 4 5 6 7 8 9 10
RET ¥ Royx, 8 % % ROC.#Royy o 8934

B3 ZRIEHEIRRNEREH S REMERM < TELHNEENES
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B4 SREHERRBNERENESPREHPESRM TELHEENRER

- TR IRHIENREEMR

BRT iR E R > ARt B TR B o BTG AARE > R
IR SRR E S TR AR R BRI T 2 HI > 552020 23 A 11 H > LA
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FEIE AR - (L PESERTSE > Az A (S0 o [ ULREIRGE A 7oK MR » nTREERFHI{E RS ik o
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15 FERIBHEIFEEDN

MR BRI W B EARE MERIER
Variable 2007/05/11-2020/03/10 2020/03/11-2023/03/20 2023/03/21-2023/11/15
Rovx « —0.145%** —0.948*** —0.151**
(-17.635) (-23.315) (-4.083)
VOL, -0.100 0.814 —-0.057
(-1.480) (1.553) (-0.227)
Ol, 0.035 0.094 0.029
(0.621) (0.407) (0.281)
R« —0.039*** —0.182*** —-0.040
(-7.234) (—4.089) (-1.316)
FEDR, 4.796 —4.,931*** -14.971
(1.385) (-2.707) (-0.593)
Rox ¢ 0.039 0.833 0.508
(0.493) (0.980) (1.072)
Constant 0.707 -10.764* 1.061
(1.470) (-1.795) (0.340)
F-statistic 94.990 97.266 3.534
Prob(F-statistic) 0.000 0.000 0.003
Observations 3,157 766 171

Bt - FEOMPAETR tfiE o %~ *x ~ >3RI AREAE KHERS 1% ~ 5% 52 10% ©

FERTTRE P B8 AL AN 2 38560 VARX (2,1) HSE AU A58 i JHp B 24 415 B8 B 2 A1 R
B HRIAS 2 R IRE T S BRI PR RS BETE - (TS RANSR 16 AR o [FIIRF > sl 17 1Y
DRI SRR (e LB i 6 et 8 S e el P2 24 S BT el J2E 1 2 - A IR 1) 2 A A D SR B
% °
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®16 FERIBHABZ VARX(2,1)ERILEHESR

ERUILE RS = ve SR SRR E L B i)

e EIERl VRIS MEEIER
2007/05/11-2020/03/10 | 2020/03/11-2023/03/20 | 2023/03/21-2023/11/15
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2
RET,, -0.074 0.483 0.036
(0.019) (0.046) (0.083)
[-3.835] [10.459] [0.432]
RET,, -0.007 -0.229 -0.115
(0.019) (0.046) (0.083)
[-0.380] [-4.971] [-1.384]
ROC, , -0.016 0.614 0.056
(0.019) (0.046) (0.084)
[-0.866] [13.308] [0.670]
ROC, , 0.054 -0.239 -0.141
(0.019) (0.044) (0.083)
[2.846] [-5.329] [-1.686]
Rovxi1 0.004 0.018 0.226 0.232 -0.008 -0.005
(0.009) (0.008) (0.065) (0.065) (0.041) (0.040)
[0.495] [2.100] [3.462] [3530] | [-0.190]  [-0.136]
Rovx t-2 -0.013 0.001 0.025 0.044 -0.004 -0.005
(0.009) (0.008) (0.061) (0.060) (0.038) (0.036)
[-1.528] [0.156] [0.414] [0.728] | [-0.107]  [-0.146]
VoL, , -0.065 -0.026 0.173 -0.076 -0.042 -0.005
(0.092) (0.086) (0.746) (0.754) (0.302) (0.036)
[-0.709]  [-0.309] [0.231]  [-0.101] | [-0.139]  [-0.146]
VoL, -0.030 -0.009 -0.093 -0.071 0.307 0.258
(0.092) (0.085) (0.740) (0.749) (0.291) (0.277)
[-0.329]  [-0.111] | [-0.126]  [-0.095] [1.055] [0.931]
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x 16 FEEIBHREZ VARX(2,1) BEULEHER (18)

& Bl Hd e B B EEEE
2007/05/11-2020/03/10 | 2020/03/11-2023/03/20 | 2023/03/21-2023/11/15

Model 1 Model 2 Model 1 Model 2 Model 1 Model 2

ol -0.013 0.004 -0.147 -0.135 0.042 0.002
(0.063) (0.059) (0.283) (0.286) (0.112) (0.107)

[-0.217] [0.068] | [-0.520]  [-0.473] [0.376] [0.020]

ol,_, 0.036 -0.014 0.086 0.087 ~0.014 ~0.011
(0.063) (0.059) (0.282) (0.285) (0.112) (0.107)

[0571]  [-0.241] [0.306] [0.306] | [-0.130]  [-0.106]

Rix 11 -0.014 ~0.003 0.004 0.025 -0.020 ~0.009
(0.005) (0.005) (0.055) (0.055) (0.033) (0.031)
[-2.572]  [-0.735] [0.086] [0.464] | [-0.626]  [-0.293]

FEDR,, 3.715 3276 | -77.915  -87.150 | -20.110  —20.040
(3.794) (3522) | (48.184)  (48.866) | (27.544)  (26.287)
[0.979] [0.930] | [-1.617]  [-1.783] | [-0.730]  [-0.762]

Roxv t-1 ~0.165 -0.178 -0.112 -0.106 0.179 0.251
(0.086) (0.080) (1.040) (1.051) (0.280) (0.267)
[-1.904]  [-2.207] | [-0.108]  [-0.101] [0.639] [0.942]

Constant 0.778 0.450 0.114 2.818 ~2.708 ~1.457
(0.547) (0.508) (8.514) (8.596) (3.981) (3.797)
[1.422] [0.886] [0.013] [0.327] | [-0.680]  [-0.383]

it - SEHBENEIIRMETGRE - FAVNERZRERE - F=IPERPHH
ERtE-

FOEIENE NV BRI RBARARE » A03% 17 s » & A e G R - [FOm B AR e
B AR S A W R OIS RO R AR A R g R B BRI
RHARS 5 (H Iz » JEG 2 IO AR AR - o R i 1 A [ O R A 5 S 2 [
B AR TR R B AR A AL IR BR (R - (e a2 1R AR - D B 2R f B 2k LUK
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YT RN AS LA TR S BRGRIE 5 i HL - BRI SIS I e 00T P 2 A i ek T 6 i 2
ARG © &tk > FrodZWars s - bR e a8 ez - FRml & da s -
LIk Ptz S0 Stz [ S A A L e S e R - 18 Mt PRV AS B TR B %

* 17 AEFEREHEFRBREREHEEREN SR < RREBHRIEE

e RIBR e EIERAE MEEIEE

IREN-Z Chi-sq | [KISR 2 Chi-sq | KIS Chi-sq
fovx,t e 571 fOVX,t o 12.2G%** fovx,t o 117
#f RET, A2 f RET, 52 #f RET, 2

ik 139 | 24,987 | o 3.56
B R, BB Y | BR,, e B Ry, BB
Rovx #f ROC, HY a1 Rovx 1 10 g7 Rowx ¢ 0.04
WH ' % ROC M & ' #f ROC, 52 '
RO 344 | o0 13085 | 1 3.96
J;KTJ- ROVX )t E"j%ﬁg l %ﬂ‘ Rovx it H’g%ﬁ% l %‘T} ROVX t E@%ﬁ% '

R ek s SRR RRBE KYERS 1% ~ 5% Fr 10% °

AR AT > AR e 1 AR » TS E AR ~ BRI e Jre e ) B R 2
R S 5 B AR 4 B B AR 1 B S I DU BT R I B - R 2 BIRERR 17 th - BRTR
BRGRAC BB S L] - HERTEETE R ~ Fr RS RS T - o5& RE 5 AlE 6
S8 HY o @ 5 WIS - RN RT > SR Eh AT B B AR S AR B - (115
T B s A e R S T > R I B A N R s - B T
25 1 IE > MBS AL - MDE SR FHERY 4 A &G R s E00E 5 /458 - I
AR S B B AR T O BRI AR B R S AR R B RE R 2 4@ A
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Relationship between Percentage
Changes in Crude Oil Volatility Index
and Returns of Crude Oil Futures

Chia-Yu Chiang”, Bing-Huei Lin™, and Yueh-Neng Lin™"

Abstract

This study reports a negative relationship between the volatility index of the crude oil
market and the returns of crude oil futures from May 11, 2007, to November 15, 2023. This
result was corroborated in causality tests and an analysis of impulse response function graphs.
This finding supports the Feedback Effect Hypothesis. This result held even after control
variables were included and robustness checks were conducted. Notably, the study identified a
more pronounced deferred feedback effect following announcements by the Organization of

the Petroleum Exporting Countries on changes in production quotas.
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Extended Abstract

l. Introduction

Substantial changes have occurred in crude oil futures prices. For example, the West
Texas Intermediate crude oil futures surged to $145.29 per barrel on July 3, 2008, but
plummeted to $33.98 by February 12, 2009—a 76% drop over eight months. Similarly, prices
peaked at $104.28 on July 7, 2014, before plunging to $26.11 by February 11, 2016, indicating
a 75% decline. In the early months of 2020, unprecedented volatility was observed due to the
COVID-19 (Coronavirus disease 2019) pandemic, OPEC (Organization of Petroleum
Exporting Countries) production disputes, and speculative trading, leading to near-month crude
oil futures closing at —$37.63 on April 20, 2020. These fluctuations align with Fattouh’s (2005)
forecast of a “future oil market characterized by high volatility.”

The Chicago Board Options Exchange (CBOE) launched the Crude Oil Volatility Index
(OVX) to address these fluctuations in May 2007. The OVX provides the 30-day expected
volatility in crude oil, which is determined based on US Oil Fund (USO) options prices.
Similar to the S&P 500 Volatility Index (VIX), the OVX has been referred to as the crude oil
market’s “fear gauge;” higher readings indicate heightened fear among traders. The OVX is
commonly considered because it can aid in asset valuation, hedging, and risk control in finance
(Aboura and Chevallier, 2013; Agbeyegbe, 2015; Chen et al., 2015; Ji and Fan, 2016; Liu et al.,
2017).

Although stock market volatility and returns have been extensively studied in the
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literature, more research has been done on the oil market’s volatility because of its recent
extremes. The current study uses the OV X to gauge oil market volatility and explore its impact
on crude oil futures returns.

OPEC announcements can influence the oil market, and studies have demonstrated that
they increase market volatility (Schmidbauer and Rosch, 2012; Mensi et al., 2014; Loutia et al.,
2016). The current study investigates whether OPEC announcements lead to more significant

uncertainty for market participants, which results in a more substantial feedback effect.

I1. Hypothesis Development

According to financial theory, a negative relationship exists between volatility and returns,
although interpretations of this relationship in the literature vary. Black (1976) and Christie
(1982) have suggested that positive returns correspond to lower volatility and negative returns
correspond to higher volatility, a phenomenon referred to as the leverage effect. Conversely,
Campbell and Hentchel (1992) and Bekaert and Wu (2000) have proposed that higher volatility
leads to lower prices because market participants demand higher returns, known as the
feedback effect. The leverage hypothesis suggests that price changes drive volatility changes,
whereas the feedback hypothesis indicates that volatility changes drive price changes. This
topic has yet to reach a consensus due to varying market conditions.

Most research indicates an inverse correlation between OVX changes and crude oil spot
returns, suggesting feedback or leverage effects. The current study diverges from past research
by analyzing crude oil futures data to determine the impact of the OV X on futures returns. To
investigate this topic, this study proposes Hypothesis 1: more considerable OVX changes are
correlated with lower crude oil futures returns, in line with the feedback effect hypothesis; that
is, higher OVX values prompt futures market participants to demand higher returns, which
reduces futures returns.

To understand the time-series relationship between changes in the OVX and crude oil
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futures returns, this study employs a vector autoregressive model with exogenous variables
(VARX). This model is used to describe the relationships among four endogenous variables

and three exogenous variables as follows:
P q
X, =A+D CixX i+ B xY  +4
i=1 i=1

Model 1: X, ={RET,, Ry, ,,VOL,,0l }
Model 2: X, ={ROC,, Rox ;, VOL,, 0l }

Y, = {R\/IX t FDER,, Rpyy ,l}

where p represents the lag order for endogenous variables, q represents the lag order for

exogenous variables, and X, is a vector that includes the four endogenous variables of

interest. This vector can be categorized into two types: Model 1, which includes crude oil

futures returns (RET,), changes in the OVX (R, ), crude oil futures trading volume
(VOL,), and open interest (Ol,), and Model 2, which includes the returns from opening to
closing of crude oil futures (ROC,), changes in the OVX (R, ), crude oil futures trading
volume (VOL,), and open interest (Ol,). The coefficient matrix corresponding to the
endogenous variables is C,, and the coefficient matrix corresponding to the exogenous
variables is B, . In addition, the vector Y, represents the exogenous variables. The
exogenous variables include changes in the S&P 500 Volatility Index (R, ), the federal
funds rate (FEDR,), and changes in the US Dollar Index (R, ) . A represents the vector of
constant terms, and ¢ denotes the error term of the model. The estimation results of this

VARX model are used to identify the causal relationships between key variables and their
impulse response functions.

Volatility in the crude oil market can increase before and after OPEC production
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announcements, indicating that such announcements do not reduce market volatility (Bina and
Vo, 2007; Wang et al., 2008). This study hypothesizes that crude oil futures market participants
face higher information asymmetry after OPEC announces production adjustments. This
increased asymmetry, along with the greater demands for hedging and higher returns, leads to
decreased crude oil futures returns (Buyuksahin et al., 2010; Demirer and Kutan, 2010; Lin and
Tamvakis, 2010). Hence, this study proposes Hypothesis 2: a more substantial feedback effect
on volatility emerges during OPEC production adjustments. Additionally, this study accounts
for the potential delayed effects of production announcements by incorporating lagged terms of

an OPEC announcement dummy variable to capture their impact.

I11. Methodology

The methodology of this study comprised several steps taken to explore the link between
the OVX and crude oil futures returns. The augmented Dickey-Fuller test was used to assess
the stationarity of the variables (Granger and Newbold, 1974), ensuring their suitability for
time-series analysis.

Descriptive statistics were estimated to identify variable characteristics and behaviors
over time. A VARX model was employed to examine the causal relationships among the
variables. This model captured the dynamic interactions and causal effects.

Regression models were used to determine the impact of OPEC production
announcements on futures returns and to evaluate whether changes in the OVX affect returns
differently when announcements have different characteristics. These models were used to
quantify OV X changes, OPEC announcements, and futures return relationships to elucidate the
market dynamics.

Robustness tests were used to validate the empirical results and thereby increase the
reliability of the VARX model. This study analyzed the impact of the OV X on returns across
critical crises, namely, the 2007 Subprime Mortgage Crisis, the Global Financial Crisis of

(50)



JEF v i as > 115 1 » R 113 F 6 A —267-

2008-2009, and the COVID-19 pandemic, to enhance the robustness of the results.
This study’s methodological framework integrated statistical tests, descriptive analyses,
VARX modeling, and robustness assessments to understand the market's OVX and futures

return dynamics thoroughly.

V. Empirical Results

To explore the study hypotheses, data on the OV X and crude oil futures prices from May
11, 2007, to November 15, 2023, were collected, along with 63 news articles mentioning
OPEC production announcements (20 regarding cuts, 23 regarding increases, and 20
concerning maintained prices).

The regression coefficients in Table 6 indicate that for every 1% increase in the OVX,
crude oil futures returns decreased by 0.464% to 0.487%. This observation highlights the
negative effect of changes in the OV X on futures returns and aligns with the feedback effect
hypothesis; increased information asymmetry leads to higher required returns and,
subsequently, lower futures returns.
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Table 6 Regression of Crude Oil Futures Returns on Percentage Changes in the

Crude Oil Volatility Index
This table presents the regression analysis results of crude oil futures returns on the crude

oil volatility index changes (R, ). Models 1 to 3 include crude oil futures returns (RET,)

as the dependent variable; Models 4 to 6 include opening to closing crude oil futures returns
(ROC,) as the dependent variable. The study period is from May 11, 2007, to November 15,

2023. The control variables include crude oil futures trading volume (VOL,), natural
logarithm (In) transformed; crude oil futures open interest (10,), natural logarithm (In)
transformed; S&P 500 Volatility Index changes (R, ) federal funds rate (FEDR); and US
Dollar Index changes (Rpyy () - The numbers in parentheses are t values; ***, **, * represent

the significance levels of 1%, 5%, and 10%, respectively.

RET ROC,
Variable Model 1 Model 2 Model 3 Model 4  Model 5 Model 6
Rovx ¢ —0.465*** —0.464*** —0.487***  —0.465*** —0.464*** —(0.489***
(—35.600) (—35.488) (—34.493) (—33.868) (—33.754) (—32.900)
VOL, —-0.042 -0.019 —-0.045 -0.015
(=0.378)  (-0.172) (=0.386) (-1.124)
Ol, 0.130 0.125 0.128 0.121
(1.547) (1.484) (1.443) (1.373)
R« —0.045*** —0.048***
(-4.239) (-4.251)
FEDR —6.103 -8.310
(=0.995) (-1.287)
Roxy 1 0.099 0.134
(0.603) (0.774)
Constant 0.034 -1.028 -1.145 -0.028  -1.027 -1.190
(0.430) (-1.210) (-1.332) (-0.330) (-1.148) (-1.316)
F-statistic 1267.352  423.806 215.962 1147.056 383.358 195.870
Prob(F-statistic) 0.000 0.000 0.000 0.000 0.000 0.000
Observations 4,094 4,094 4,094 4,094 4,094 4,094
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As presented in Table 10, the results of the causality tests and impulse response functions
reveal that changes in the OVX significantly affect crude oil futures returns, supporting the
feedback effect hypothesis. These results remained consistent when factors such as crude oil
futures trading volume, open interest, VIX changes, federal funds rate, and US Dollar Index

changes were controlled.

Table 10 Causality Test between Percentage Changes in Crude Oil Volatility Index
and Crude Oil Futures Returns
The variables are as follows: RET, represents crude oil futures returns. R, ,

represents the percentage changes in the crude oil volatility index, and ROC, represents the

opening to closing crude oil futures returns. The numbers in the table represent the chi-square
values. The symbols ***, ** and * above the numbers indicate the significance levels of 1%,
5%, and 10%, respectively.

Causal impact Chi-sq Causal impact Chi-sq

The impactof R, on RET, 25015*** Theimpactof R, on ROC,  30.569***

The impact of RET, on R,,, 91.786*** Theimpactof ROC, on R,,,  92.841%**
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OPEC announcements of production increases or cuts amplified the impact of OVX
changes on crude oil futures returns, indicating that such announcements exert a more
pronounced feedback effect than other types.

According to research and industry practice, OPEC announcements of production
adjustment increase uncertainty in the crude oil market rather than stabilizing it. The current
study explored whether OPEC announcements of production adjustment affect crude oil
futures returns. Additionally, the impact of such announcements on crude oil futures returns
may take time. By using lagged terms to capture their impact, this study considered the delayed
effects of the announcements.

Table 11 presents the empirical results regarding OPEC production announcements,
revealing that changes in the OVX significantly affect crude oil futures returns; these results
are consistent with previous findings and support the feedback effect hypothesis (Hypothesis 1).
Furthermore, when considering the lagged impact of OPEC announcements on crude oil
futures returns, this study identified a significantly negative interaction between OPEC
production announcements (of either an increase or decrease) and changes in the OVX. This
result supports Hypothesis 2: OPEC announcements of production increases or decreases lead

to a more pronounced delayed feedback effect than other announcements.

Table 11 Impact of OPEC Production Adjustment Announcements on Crude Oil
Futures Returns

The table presents the regression analysis results of the crude oil futures returns on

percentage changes in the crude oil volatility index with consideration of OPEC

announcements of production adjustment. In the first model, the dependent variable is the

current value of crude oil futures returns (RET,) ; in the second model, the dependent variable
is the leading 1-period value of crude oil futures returns (RET,,,). The research period is May
11, 2007, to November 15, 2023. R, , represents the percentage changes in the Crude Oil

Volatility Index. D is set to 1 when an increase in production is announced on day t and

increase,t

0 otherse; D is set to 1 when a decrease in production is announced on day t and 0

decrease, t
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otherwise. The control variables inclued crude oil futures trading volume (VOL,), natural
logarithm (In) transformed; crude oil futures open interest (Ol,), natural logarithm (In)
transformed; S&P 500 Volatility Index changes (R, ,); federal funds rate (FEDR); and US
Dollar Index changes (R, ). The numbers in parentheses are t values; ***, ** and *

represent the significance levels of 1%, 5%, and 10%, respectively.

Variable RET, Variable RET,,
Rovx —0.489*** Rovx ts1 —0.499***
(-34.442) (-34.52)
Dincrease. -0.940 Dincrease. -0.705
(-0.830) (-0.550)
Rovx IRe Dincrease.r -0.133 Rowx FTRe Dincrease,l —0.316***
(-0.991) (-3.332)
Diecrease. -1.645 Diecrease.t -1.222
(-1.370) (~1.055)
Rovx t % Deecrease. -0.033 Rovx 1 % Deecrease. —0.062**
(-0.021) (-2.321)
VOL, -0.012 VOL,, —0.033
(-0.110) (-0.294)
Ol, 0.125 Ol 0.129
(1.485) (1.544)
Rux t —0.046*** Ruix te1 —0.047***
(—4.305) (-4.392)
FEDR, —-6.160 FEDR —6.126
(-1.003) (0.998)
RDXY,I 0102 RDXY,Hl 0096
(0.618) (0.586)
Constant -1.214 Constant -1.043
(-1.412) (-1.214)
F-statistic 130.071 F-statistic 131.443
Prob(F-statistic) 0.000 Prob(F-statistic) 0.000
Observations 4,094 Observations 4,093
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To enhance the robustness of the empirical results, the research period was divided into
three phases: pre-financial crisis (May 5, 2007-August 8, 2007), during the financial crisis
(August 9, 2007-March 31, 2009), and post-financial crisis (April 1, 2009-November 15,
2023). This study tested whether the impact of changes in the OV X on crude oil futures returns
differed across these periods. As presented in Table 12, OVX changes significantly negatively
impacted crude oil futures returns across all three periods. Regarding causality, as indicated by
Table 14 and the impulse response functions, fluctuations in crude oil futures returns led to
changes in the OV X before the financial crisis. However, the reverse was not valid. During the
financial crisis, no causal relationship was noted between crude oil futures returns and changes
in the OVX. Finally, after the financial crisis, a mutual causal relationship was observed

between changes in the OV X and crude oil futures returns.

Table 12 Subsample Analysis during Financial Crises

The table lists the results of tests regarding the impact of crude oil volatility index changes
on crude oil futures returns during key financial crisis events, and the data are divided into
subsamples. In Model 1, the period is set as before the financial crisis (May 11, 2007—August 8,
2007); in Model 2, the period is set as during the financial crisis (August 9, 2007—March 31,
2009); and in Model 3, the period is set as after the financial crisis (April 1, 2009—November

15, 2023). The dependent variable is crude oil futures returns (RET,). R, represents the

percentage changes in the Crude Oil Volatility Index. The control variables include the crude

oil futures trading volume (VOL,), natural logarithm (In) transformed; crude oil futures open
interest (Ol ), natural logarithm (In) transformed; S&P 500 Volatility Index changes (R,y ) ;
federal funds rate (FEDR); and US Dollar Index changes (R, ). The numbers in

parentheses are t values; ***, ** and * represent the significance levels of 1%, 5%, and 10%,

respectively.
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before the financial

during the financial

after the financial

storm storm storm
Variable 2007/5/11-2007/8/8 2007/8/9-2009/3/31 2009/4/1-2023/11/15
Rovx 1 ~0.188*** -0.058* —0.527%**
(~3.480) (~1.768) (—34.891)
VOL, —-0.904 —-0.650* 0.088
(~1.470) (-1.957) (0.732)
Ol, 0.490 0.582 0.110
(0.498) (0.980) (1.252)
R« —-0.019 —0.083*** —0.064***
(-0.815) (-3.417) (-5.492)
FEDR, —263.307 7.354 —21.785**
(-1.176) (0.634) (—2.387)
Roxv ¢ -0.365 0.183 0.105
(-0.524) (0.659) (0.564)
Constant 20.751 0.559 —2.064**
(1.528) (0.089) (—2.199)
F-statistic 2.976 4.160 219.051
Prob(F-statistic) 0.014 0.001 0.000
Observations 62 395 3,637
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Table 14 Causality Test between Percentage Changes in Crude Oil Volatility Index
and Crude Oil Futures Returns during Different Financial Crisis Periods

The table presents the results of causality testing of the periods before the financial crisis
(May 11, 2007—August 8, 2007), during the financial crisis (August 9, 2007—March 31, 2009),
and after the financial crisis (April 1, 2009—-November 15, 2023). The variables are defined as

follows: RET, represents the crude oil futures returns. R, , represents the percentage

changes in the crude oil volatility Index, and ROC, represents the opening to closing crude

oil futures returns. The numbers in the table represent the chi-square values. The symbols ***

** and * above the numbers indicate the significance levels of 1%, 5%, and 10%, respectively.

before the financial storm during the financial storm after the financial storm
Causal impact Chi-sq | Causal impact Chi-sq | Causal impact Chi-sq
The impact of 104 | The impact of 1.29 | Theimpactof Ry, 30.27%*
Rowx. ON RET, Row,. On RET, on RET,

The impact of 7.0g* | The impactof RT, o3 | Theimpactof RET, gg gg***
RETt on ROVX& on Rov><,t on Rov><,t

. The impact of .
The impact of 1.07 R 0.62 The impact of R, , 36.56%**
on ROC oVt

Rowx ¢ t on ROC, on ROC,

The impact of 6.66** | The impact of 1.33 | Theimpact of ROC, gg gz#x=
ROC, on Ry, ROC, on Ry, on Ry,

During the COVID-19 pandemic, disruptions in the supply chain and halted production
reduced the energy demand, leading to a decline in crude oil prices. Table 15 reveals a
consistent and significant negative impact from changes in the OVX on crude oil futures
returns. This result strengthens the study’s empirical findings, indicating that they are robust

and not solely influenced by pandemic-related production halts and price fluctuations.
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Table 15 Analysis of Subsamples during the COVID-19 Pandemic

The table presents results regarding the impact of percentage changes in the crude oil
volatility Index on crude oil futures returns during subsample periods during the COVID-19
pandemic. In Model 1, the period is set as pre-COVID-19 (May 11, 2007—March 10, 2020); in
Model 2, the period is set as during COVID-19 (March 11, 2020—March 20, 2023); and in
Model 3, the period is set as post-COVID-19 (March 21, 2023-November 15, 2023). The

dependent variable is the crude oil futures returns (RET,). R, indicates the percentage

changes in the Crude Oil Volatility Index. The control variables include the crude oil futures

trading volume (VOL,), natural logarithm (In) transformed; crude oil futures open interest
(Ol,), natural logarithm (In) transformed; S&P 500 Volatility Index changes (R, ,); federal
funds rate (FEDR)); and US Dollar Index changes (Rpyy ) . The numbers in parentheses are t

values; ***, ** and * represent the significance levels of 1%, 5%, and 10%, respectively.

during the COVID-19

pre-COVID-19 period post-COVID-19 period

period
Variable 2007/05/11— 2020/03/11— 2023/03/21—
2020/03/10 2023/03/20 2023/11/15
Rowx .t —0.145%** —0.948%** —0.151%*
(~17.635) (-23.315) (~4.083)
VoL, ~0.100 0.814 -0.057
(~1.480) (1.553) (-0.227)
10, 0.035 0.094 0.029
(0.621) (0.407) (0.281)
Ruix ¢ —0.039*** —0.182%** —0.040
(-7.234) (~4.089) (~1.316)
FEDR, 4.796 —4.931%** -14.971
(1.385) (-2.707) (-0.593)
Roxy ¢ 0.039 0.833 0.508
(0.493) (0.980) (1.072)

(59)



-276- ERUILE RS = ve SR SRR E L B i)

Table 15 Analysis of Subsamples during the COVID-19 pPandemic (Continue)

during the COVID-19

pre-COVID-19 period post-COVID-19 period

period
Variable 2007/05/11— 2020/03/11— 2023/03/21—
2020/03/10 2023/03/20 2023/11/15

Constant 0.707 -10.764* 1.061

(1.470) (-1.795) (0.340)
F-statistic 94.990 97.266 3.534
Prob(F-statistic) 0.000 0.000 0.003
Observations 3,157 766 171

V. Conclusion

Over the past two decades, managing the substantial volatility in crude oil prices has been
a critical concern for policymakers and investors, with accurate assessment, hedging, and risk
management. This study analyzed the CBOE’s OVX and the West Texas crude oil futures
prices from May 11, 2007, to November 15, 2023. The results highlight a significant inverse
correlation between OV X fluctuations and crude oil futures returns, supporting the feedback
effect hypothesis; these results indicate that increased market volatility triggers demand for
increased returns, which leads to a price decline.

This study used a VARX model to explore the time-series relationship between OVX
changes and crude oil futures returns, and causal relationships and impulse response functions
were identified. The impact of OVX changes on futures returns persisted over four periods;
consistent findings were obtained during the COVID-19 pandemic, and the results were robust
only in the post-financial crisis period.

Regarding OPEC announcements, this study analyzed 63 news items regarding OPEC

production expectations, categorizing them as involving production increases, maintained
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prices, and cuts. The results revealed a significant delayed negative impact on crude oil futures
returns following OPEC production cuts and higher uncertainty and adverse feedback effects
following OPEC production increases.

The findings remained stable, and changes in market factors such as the VIX, federal
funds rate, and US Dollar Index were controlled. This study revealed a significant negative
correlation between the OVX and crude oil futures returns, with OPEC announcements
amplifying the impact of OVX changes on crude oil futures returns. Policymakers should
implement measures to mitigate market volatility following OPEC production changes, and
investors should use the OVX as an indicator of futures returns to ensure they implement more
effective investment strategies. The insights obtained in the current study enhance the
understanding of the crude oil market and improve the knowledge of and capabilities for
attaining high crude oil futures returns.
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