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AE - ARENTEARSCR - (R R 1986:M2 % 2015:M10 - 1135
Working (1960) @i 5 S ERS EENHTRTRITRI G AHEIME - ARHFEEA— (¥
SRR TENR S A9 > HEERBEEE R no-change YA » {# MSPE (&
WRREEE 39% o LEAD - DUAE2S SURREE R B TR S Bk FEOAI iUt F e (s > FEHI
SRR eI - HAR BERG S AR ORI FUNIBE ST  [FIRS > SORKEEt
% MSPE WA WITEEDE > AETUASCR N IE WAL IR 2 AR R RS - i)
REfE M RUAFT15HY MSPE Ratio 7% » HIlt MSPE Ratio 72 5LHI R/INIR
BV BRI HYZEHUA R -

GRS T - A TEOM - ORE TN - A9E - HIK(E » no-change TEM ~ AIC ~
BIC ~ AICc ~ HQ ~ HDBIC ~ CV ~ MMA ~ JMA ~ PIA ~ MSPE ~ MAPE ~ Working

effect o
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Abstract

This article uses monthly data from 1986:M2 to 2016:M10 to examine the predic-
tive power for both monthly-averaged oil prices and end-of-month oil prices by multiple
forecast combination methods. According to Working (1960) , our work derive a new pre-
dictor of monthly-averaged oil prices which can significantly reduce the MSPE by 39%
compare with no-change forecast. When forecasting the end-of-month oil prices, the pre-
dictive power only exists in a certain period, can’t hold the power for the whole evaluation
period. Our work explain the relationship between MSPE calculated with two different
ways. Because the predictive power only exists in a certain period, there would be some
different between MSPE Ratio of two kinds of MSPE calculation ways.This difference

would be correlated with the choice of evaluation period.

Keywords: Forecast combination ~ Forecast oil price ~ Monthly-averaged price ~ End-
of-month price ~ No-change forecast ~ AIC ~ BIC ~ AICc ~ HQ ~ HDBIC ~ CV » MMA -
JMA - PIA ~ MSPE - MAPE ~ Working effect.
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JFUREAS & B E B RIS R 8 - I B P 9L 3RA T R R AT
5 GREAEENEHHAHEER - MEREEH A S B ie U R EE
th > EEREFE TR R B AR - U B A FR AR AR ~ RE
SRR AR B TREA ~ ol B 5 R H T - SR A T S Y
JFR > RSBREE TR AR R HT A S e - [FRt 2 b8 TR EEAY R
(L1, 28, B2] o HIFRET 2 SEIEAELUHAHRE - NI FU R (EAS SRR EAS A TR A
R 2 -

bR T SR 2 B RO S sE  mUMEYBEER ] R S WERIRIS I - TEEE B
PROMEABH PR R R R SR - i 25 0SB JFUR Rt & R ST fir s i
TR AR ARG o CUMPABEE AR A I BRI AL MRS > Horh DS AR TR
T A bl R B EE o JFUHERE TR - SIS pERE TASE I - EEB A0
AR At - NSRRI S E0E XA OB ERVE S ~ B8Ry
1T > EIEHBA PR AR AVRE IR T - BRENFHPRE A RET Ay ~ MRS TEY)
BINREEME - ERRE E AR ER S R BN R (8] -

WTI JFH (West Texas Intermediate Crude Oil) j& 1035 5% 8 A By UM FE 48 - B
PN 2 Ty AR AT T 5 JFH (Brent Oil) > {H 4R dn BB 5 5 AT (New York
Mercantile Exchange) DA WTI Gl A1ER) WTIL HI & - 2 EpE R E TS &5
=y > HEY WTTHHHEZ2ay sttt - — R RFRIFEHRHEZ 2 WTI R
R -

R ET S SN SR SRR A 8 B el M 82 B 7 RE A RN IR (%
{540 Gillman and Nakov (2009) [t &5 ¥ I 52 A8 iR ' i 52 M (HRVEE SR - DA
Granger RIS (5he e MH R H ZkHE R CPI 8848 Granger s 8 FUH (EA& AV H)
R [119] - HEZRIFUR N S EAS I S (F TR AR A UM E AR YA - (R BIE RS
SHEE LA WTI B S EARAE Ry T A ACH BRI - (E R EA S E RS B R R R
EAS A —ERE S EIBRE AYRUR  Alquist and Kilian (2010) Fas JFUHHA & (E 8 £
JFUH (RS Z [ETRIRR % FLAE SRS BR IR B 65 (A8 8 Eh B no-change THHI LG %
VA MSPE - Bt 2R IEE &5 5 B ELA SRS SRAE THHIZC— H 77 (1-month ahead) JHi{5H
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RFAHE - (EAE S R IRV T N aamal A =5 - el Rt 7= B 2 B HH AN
7= FLFTEL (2, 14, B1] - Barsky and Kilian (2002) f&tH I EHY TR FREHERSSE ) e
FROAPHE » 387% Al e /S48 ez (B8 BBk EEWE Lk RE s IR mER - 1
Alquist, Kilian, and Vigfusson (2013) §555 T 3% 882 Granger &228 5 &M - [G]HF
[ FE13% M TEHIEA no-change TEDHIEL 8 7T B4 (& MSPE [5, ] - Chen, Rogoff, and
Rossi (2010) #5H p5 in B Y ME RS S AR S B ERRA BRI - HigHHTH
STTTRER A PR T B B S & (E A& TR M A PR [E AR B (3] - Ut — 45
Bl Alquist, Kilian, and Vigfusson (2013) fV45:w1& > AUD FESRFAE S NEALHE
SR (HRNEEEAMEST T8 )T AUD MR Granger 8228 FUR{EAR AT IS
[B] - #ZE SRR E Y TSR FURHE A B an S HI TR D B iR - mT e IR
R RPPRHMER LIRS T BB TR VIR RROK - S8 il i B M TR
FYEE T [4] - Chen (2014) $2 H & Fh 5UHIAH R e 52 (B A8 B8 B m] B2 FRORI U (&
F&HVEEED » B no-change FEURIELHES A] [ MSPE % 22% [|12] -

Inoue and Kilian (2005) $2 £l A A {5 AV SR B A S FERISOR A M 2R B A
[27] © Clark and McCracken (2005) 2t " [Fh 37 52 6] BE /& A il H il TR0 ) e 2%
BEEARRIBEANfEET T EE T I35 A REBLEE A SMY bias-variance
trade-off MEEARA [16] - M EHYSUREZ B 73T 2 FOADHERTRRHVEE - KEH
FYSERECER o 1 DA R R STASHAR] ~ BRI ~ BT NE RS - RS2l 8E
—EVER - S5O IR SCR L G HR R E o B E R E BRI R A A AR
[EIHYFEORIBCR AT RE AN [F] » R S5 THOAGE SR fE R = P R B LT 2 & A
FITCALEE

Chen (2014) g5 [ HHEA B SR E R AL RPN & & TRITRYER 012 2 A 1))
BAETEN T - #Z A Bork, Kaltwasser, and Sercu (2014) SZHATH2ER AR(1) 15
BUAREL - ZEFUEFIH (r B (EFS (1-month-ahead futures price) B1E &S EAR HIFY Y
INEEF > R SRR RE R e AT B E g B B ez H (05 H B E g0
S5 112] - Bork, Kaltwasser, and Sercu (2014) ¥f Chen, Rogoff, and Rossi (2010) FY#H
BLER A ERVE L » ST R B AR (B S R AN E E TR E

'R AR R DB O LR s B ZR A &3 - —M%LL AUD ~ NZD ~ CAD Fyft#
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V& 2 BRL [E 3 [ A AHRR 1 - TSR E A AV TR (7] - SOl AR AEIE % R—
ERIFFEIAY P E RS » b — R E IR Ay T 7E G S R B FAH R - 1T B8 IR
(end-of-period) R #EBH LI 52 > {5 FIHAR A 15 L A &5 SR B (5 A H S5 (ERVSSSREE
B TR - 5950 » sz S0 s A RE SR Y BB fE B A = B
MHERIR SR - HE3R5EL Working (1960) HYTEUAHTT - fe i anak LA A S (E 1E Ry 7]
HEE » JELL AR(L) AU Fs PERARZE » [ JF random-walk FAY [36]  ZA1M L4554
HEZRES Y R R IS Ry B BAHBA A FTE I - B EIE L ARQ) A5 Ehis
A FUBBR H B AERATERTEL 73 8288 - MHBHAVETaw 35 AT 8% — - B H S E T
A AHAGE bR B BAHBMERR2 - RILJAE R H JR(ER A s E S Eh -
A LIS AIGH &K FUADH (B RV SRR - F 2R B P 4574 - Bayesian Model
Averaging - Bates-Granger ~ 3£ (Recursive) ~ &1 % (Rolling Windows) 2% 75 T
YR B 7 22 [6, [7] - 113 2 {8 YRR Y B R AR TR e 5 M > — R A B AT IR Y
BRI ZH & WA TR BE 5 = o Akaike (1974) $2H Akaike Information Criterion » &
sTEEEFEI A RS2 8 B DB AE Ry 2 B % - #EdETH AIC gk
HH AR AT o BE et B R R BB (H 2 B & i D 2 IR AL > 2R AIC FEAR AR ER
RHIELT » AHEEZ 285 (L, 15] - Sugiura (1978) ¥f AIC f2H/MEA
NEVEIE > —fkERE Ry AlCc - (i H A8 i HI X &8 K/ A AR _E > Burnham and
Anderson (2004) iE:EE—RIE L N LA AICe BYf{ AIC[10, 35] ° Schwarz (1978) $£H
iy Bayesian information criterion (BIC) & ff# £ Schwarz criterion (SBC, SBIC) » BIC
EBEER A R B AT DRSS IR - HEVABL AIC HHEL > 3288
=1 ZTE (penalty term) 5 A [34]] » Hannan and Quinn (1979) $#2H} Hannan—Quinn
information criterion (HQ), FEE AT 16 AVEL T » HQ HYEES]IE Hi#w AIC kX
{EEE BIC /)y » AL DA HQ Ry 58 242 Py Bk 238 Ay 8 2 P 2 19 2 B {8 B 7 W o 22 [
[21] - Ing and Lai (2011) £ Hannan and Quinn (1979) f{J3&(t5 [ high-dimensional
Bayesian information criterion (HDBIC) » = S 2361504 A FEHI SR 88 B i A
FEHYIEET - RIS EAY B EAE 3 (S LA - HDBIC & fif [m)ja PkEELE BIC Bk
YIRS [26] o b aic )7 ZUA TR A ft S A FEE BAUAE Y e Yy SRS TR A AR A AEE B - 1f
Mosteller and Tukey (1988) & HF cross-validation (CV) HIJ42 DUK [5] 1Y 4 5 i R
A 2B 2 BB S 45 RN AT I IETE - AL DL CV B AL A FR 5T B
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=

S > HAAE R R A VI B U N T8 > ST 0 nIE ISR EE (training
dataset) EiE#EEE (testing dataset) T TIEIRERRS - mMATEG AR S4ERAVIFER
citeMostellerTukey1988 -

bR T Bk EE R E A R TR - A APk E A 2 s B R AR B Y T
7\ ° Bates and Granger (1969) &t DA AR BYRYER A NRAERZZ AR EMEE - 3% 7
(SR REE S LR aa R A SRR TT - HAEREE AR A 1 - FE R AR
FAEFARIIIEI T > BT e HIRE B B BP9 E 0L » Granger and Ramanathan
(1984) $2 t DL LAY ERASH M FEUHI Ry AR AR BR R A A5 HA ST P BE (5F MSPE [ (K %
FUREEE - 2RI ARy b — U7 ZCEE A P Pk 288 09 B 0 R 0 DAPR 1) B 2Pk 88 H 2Kk
AYREE IR T Y [0,1] ZfE > = RAAIRE E ANt A FER 1 BEHRER
2 IR N EE AR [20] - Hoeting, Madigan, Raftery, and Volinsky (1999) $£H Bayesian
Model Averaging (BMA) - {EEL2 AL By true model HYRESR » IR IRFELAERE
FERUAEER [25] - Buckland, Burnham, and Augustin (1997) 24} smoothed AIC(s-AIC)
and smoothed BIC (s-BIC) » #4HH& A1y AIC 81 BIC A1 E#EE - HIFEENE
s-BIC [& T & smoothed A1y BIC » [E]iEH 2 BMA 3T LRA [9] -

Mallows (1973) $2H Mallows criterion (—f%f5 %5 5 C,) > Hansen (2007) £2{} Mal-
lows Model Averaging (MMA) E[JL Mallows criterion 1B AIFEEERY 7574 » Hansen
(2008) £EZI| I criterion 73 homoskedasticity FY{EE% | @ ¥ A A HY mean-squared er-
ror(MSE) EifE A4 N MSFE FTtay (551 55 Al 1~ {7 (asymptotically unbiased) #Y
fhiat=t [22, 23, B0] - SeHifE EIHY cross-validation (CV) 7] H > =4k fz/ M b MSFE
AVREEE » L7248 f Jackknife Model Averaging (JMA) - [fij Hansen and Racine (2012)
HIIEEHH T 1 7774 B asymptotically optimal FY4:'& - 1F heteroskedasticity Ay {5 it
T > IMA YR EH# MMA 5 {E - [[{E homoskedasticity K17t I [y £ # B 24 °F
FHTE] [24] ° Liu and Kuo (2015) 2 4} Plug-In Averaging Estimator (PTIA) - H.fi;£Eil
MMA FH1{LL » SeEtE H Weighted Focused Information criterion » [I; criterion 7| £ 5%
A MSFE By A fmfhat=0 > LA B AU & [29] - B MMA R [EHYE »
PIA 475 (3% 52 7 TE B homoskedastic B uncorrelated o #[1[5] 0% EE#E MMA ~ IMA
B PIA > ] 3435 [ =l J5 75 W1% B4 asymptotically optimal HJPEH » MMA FF#
homoskedasticity F§ random sample fiIE {54 » IMA i 0] 757 heteroskedasticity HY

il
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5B 75 % random sample KR PIA RN fEFE 2 W R (F - MMA ~ IMA -
PIA i2 =5 7A S FK R — IO E] (Quadratic Programming) » AT EVHARIEE & &
Ffi# (corner solution, 5T ZIEAIREE Fy 0), PR IR B H AR RIMH & AT HYREEAEE
ATE - HAREAYAH & 07 = — e e e 2R B & o Bo F15E 0 HUREE -

BT E DL AR 25 SRR SRS 1986:M2 £ 2015:M10 iy H &R &
FRABSERECAH A TERITT A » B WTI FUREM AT TEN - BEAVEER 7= (E & AIC -
BIC -~ AICc ~ HDBIC ~ HQ ~ CV - 4H& TR MR FE simple-average ~ MMA ~ JMA ~
PIA -~ s-AIC -~ s-BIC -~ s-AICc ~ s-HDBIC -~ s-HQ - Bates-Granger - E[FH5E 5 &1
(Energy Information Administration, EIA) E 1983 F/\M B N —ZFAYH{ERYFEH] »
% TR AR A5 A %L no-change TEIAIEE (3 [B] - AT 5T 3 B A5 T2 8 Al 48
BAETRHACHE A BRI - 2 FEEYEER - TRFERHERIEE - FH
E R 14 Pt SR (B A B S5 T R D R N RS ST R A TRIA B S F A 7T B
AYEEEL > P sE TP R I R B A R MRV 8 DITESH & T A 1T 5T
[4, 12, 13, [19] - ifi SEERE /A R E st &b 20 E Y H &R B H &k - B
RAERAZE LGz B ryE H R E R B PR HRESCR R TERDE ER A &k A
FE2 H JEE(E (end-of-month price) B2 H ¥ (monthly-averaged price) » AWFZE % A
T H &R A Fafam - PREFUAEENT - EA -SSR SE - 45
HIPRET Working effect J BTV E RIS A BRI LTI - BHFEETE 38
TR A (BT - HTRBSOR A S R E R - IR S g i T AP
54/ MISPE Ratio AT 8 + 64347 28 B o1 13T A R SE R U B -

ERGERETTIH > RS 2 B AR E AV B A DL Rl E IR E AR
IR EE B BAAH A PRI 7 /A B v RE B BRI © 25 3 B/ &HTEN WTI Uk {E S H
JER(EEL H BV B RE T » 5 4 BREESRANMEET - SN EMEGERT - BB
%5 T T BT TS MSPE Ratio 72 BAVERIR » 5550 I i BLTE I
B> R % » Se&[EIF5ET MSPE Ratio 2 FEIIY7 2 - 55 5 By A4S  Iff
¥ — 13 Working effect H BfHYE T 5m B A SEEAVHEE  Iff % — Rya¥BH Working
effect AYF L T TR H I ([EHIFHRBRZRIR -
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2 ETEHEA

20 TEHEHE 75 G

FBREIE (yoxez) BE > Hf y, BEAEE > =1,..T - HIERLEE (xr.27)
™ B Yr+1 G TEDH

Yrr1 = X, B+ 2,7 + e (1)

E<ht€t+1) =0

Hethy = (x;,2), x¢(p x 1) 8 zy(q x 1) ZEHFEHEHAN R E > e HIER
FEIH o x; Y TR SR B b A (8 (e B AR Y TP E D R AR Y B BT 4R > 1T 2,
E’J?E}EU“““‘%&EU%ﬁ@ﬂﬁ FygEs - MRS EA M (8 EEBEEAGENE B m=1,..,M >

£ m (EFEAAEE x PARAEE - Dz —ETEE > THNERIERS
P+ aqm > HNFRETA z TG IR EEEAEE M = 27 - [ Ehy AR
J& no-change FEUMIEAY - 518 82 YRR R A o BEAH AL 7 ofr > PR [P SR fi 3R A5 L 1]
BM=21+11H-

Hy =y, Y2, yr), X = (X0, X1, ..., Xp_1) , Z = (20,21, ..., 27_1) , & = (e, €q, ..., e7)

A1l (1) AT DA AR
y=XB8+Zyv+e=HO+e ()

LRI H = (X,2) H 6 = (8',) = ifi% m {@BH > AIE (8 (g, x ) HIEE
FEAEME 1L, - 58 m (AR TR &Y 2, BV R BRI AR > [N ESR

Sm _ Ip OpX,Qm
O‘IXP Hm

FIIEE m (#5280 /N i 5T = 0, = (H,H, 'H,y H, = HS,, =
(X, ZIT',,,) » ZFERIE R —HAR TEHI Yrir(m) = h'7S,.0,, °
2R vy R EEEOE -

)
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P M (R > SRR LERETR W = (w1, .., wy) > wy =0 M L, =
1> HI4H A TERERIE A TasH e B

M
?/J\T-l-l\T(W) = Z wm§T+1\T(m) 3)
m=1

2.2 f(HEAREE
2.2.1 B 154 Bates-Granger J£

PR B S BV T S — R R 1w, = 1/ M
Bates-Granger(1969) 32 Il 2 3% M ([ 50700 455 A 41 FEL S 1 3 72 T 11 41 28 3 O A .
By (LI SERE (diagonal) » FTHEMS RN w, = # CHp G = 1/52
62 = 55 o oW1 — Grarpe(m))2[5] © FEEFZENT » Bates-Granger JER s 52, 7%
FARK » SFETSH w B B A 2 PR -

2.2.2 Information Criterion £ Smoothed Information Criterion

Akaike(1974) ¥&H| Akaike Information Criterion - F5f# AIC » HAF AR B 51

2 [ A ~ ~ T = ~ Jeres e
ﬂﬁ = A[Cm = TlOg U’r2n + 2(]7 + Qm)a ’ an = % t=1 63171:-1-1 > Cmt+1 %% m {*%ﬂ

A/ INE 5 (1] o AIC FAREHEBAY & BB, - iPkisE AIC i/ N —1{H
FERY -
Buckland, Burnhamm Ei Augustin (1997) 244 7 Smoothed AIC * w,, = ﬁ
j=1¢TP\= 5

B 2R Smoothed AIC &t FH 3 FE AYFH 3 ELREE > STk o HE S AE 5T b BE 4 358 F 5 (K
AIC ARSI EE 4T [9] - FH AV T AR LAERTY BIC ~ AICe ~ HDBIC £ HQ
SR8 R [21, 26, 34,B5] - B

375 4% Smoothed-TC AH [ A f5 BY 4F & 7 37 /> BB JS 4 B oh AT RE s 3 H L Bl AR ST b iy
s-BIC o PR} EL s-BIC # {7 388 61 720 i BB » BE T EFEL eap(— BIC0=) » ffij MATLAB N #975 R 1
realmaz = 1.7977e x 103%% » BIC,, i&/NEEL exp(f%) fHi realmax RILEGEETE o FHAER
JiERSEA BIC, — min BIC, BRI BIC,, - HIRIHE L Fas RO S BA T A R
% °

AIC
S

d0i:10.6342/NTU201601209



2.2.3 Cross-Validation £ Jackknife Model Averaging

Leave-One-Out Cross-Validation 77740 E H e = (e1,...,ey), e m—{EH T x M
FEP o Ho ey 25 m EBAIAY R NPT - AGEH R TS t HHRUIE A (8
i, EBHUEE t HAFYEORI BE &4 o Cross-Validation 77 EB[1EHL € em, m = 1,..., M &
/NETHBERA T A T+1 BATRAS [83] -
Hansen £l Racine(2012) $2 4 Jackknife Model Averaging > HI‘E5EH] w {#5 w'e ew £z

/IME, e = (e, en) [24] °
2.2.4 Mallows Model Averaging

Hansen(2007) £ H B H G & HY w 2//ME Mallows model averaging criterion
Co(W) =weew+ 25%k'w 4)

He = (e, ...,en), &, B m [EHAAVE/ NI - 0° AlRHE S AR
BRAVERERIF bR > k= (k- har) 0 ke (USRI ISR (8 (22] -

2.2.5 Plug-In Averaging
Liu and Kuo(2014) £ Plug-In Averaging 77,7% » ##H w {5 w'¢pw 52/]ME

e = 1(QC,,88'C)) + tr(QP,, OP)) 5)

Q=7T"'HH Q,=S.QS, P,=8,0Q.S

’

T
~ ~ 1 /s
So = (0xq, 1) Cn = ( mQ I,+4)So = thhtetzﬂ

Cri—yn—ho  0=(8.,7) §=VT7

30 =36 —S,0'QQ's,
(RIS (5) UGt IT 34 B PIAQ3) » M7 bL 88" HUfL 66" HIl % PIAQ) » {kEEE (5) (9
fEEF3773% 0 PIA(L) BILE LA max(tr(QC,,66'C)), 0) HUft tr(QC,,86'C)) - PIA £k
7VE By 1.1.d. H homoskedastic fYfEa% T, H4EE & MMA fH[E] [29] -
HEEEAE - Y MMA ~ IMA - PIA =(E A S ey w g - FBEORE
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KA E (Quadratic Programming) > [A|[FL &G fI1EE AR TEHISREL, i ({25 ALY
H M =20+ 1 gtlgin - SREFFTRHET R E EA TR -

3 EFHHIERIEE

3.1 HEESEHR

W e AUAE AR 2T B 1986:M2 F 1995:M12 » £ FH 4% il 3l B (recursive re-
gression) J7 = » Bl & HAfE K& HY J7 75707 » ARSCHHSE 1986:M2 F 2015:M10
U EHER . B EIA QMM HER LT E HRES 8 o & &
Yr = (0pr — ops—1)/opi—1 » op, Ky t{E H AV EA% — B2 5 HHHI(E -

RS BR AL STRREY 4 (il AH BR SR BT AN (5 4H4YEE3CHT Arca il ELR IR
RIGH - AEEYEEE: M ARG - BRI R ETER  JHEEYEE
B (YOY) - Bfiii Chen(2014) $2 5 BE S ST AR S a8)y ] A > TR ek (B 552
AL Hk8E NYSE Arca Oil and Gas index(XOI) #Y H JE(E#H B & —THHIEE > &k
HYH Yahoo Finance[|12] - Barsky and Kilian(2002) $ 4 JEH & Y T [FRHE kS S E)
RETEUADH (3 » ACSCERUA E AP EFEE: I AMEIRY)6E s ih (Producer Price Index
by Commodity for Durability of Product: Durable Raw or Slightly Processed Goods) {&
FEAE Ry BPR By — TSRS [4] - Chen, Rogoff and Rossi(2010) #ig it DA HEAR S H)>R
Ry (B EhAY TR - A SCEHURTE 57235 TR (end-of-month) 8552 (US
Dollar to National Currency Spot Exchange Rate for Australia) {F 5 7ERISEE$ET » ERFHY
EVEONEEHSRTT (Reserve Bank of Australia)[[13] » Gillman and Nakov(2009) 575 CPI
SR TR (B2 8 - AR RN CPL DL YOY Y7 Hat HEEF)
FRAE R TRMISEEL [19] - DA EFRABREFR T XOI BURL 7 5T MR » HarS ik

B H{H FRED &}JEH -

YA 1% FAR TSR By: NYSE ARCA OIL GAS INDEX - PPI: Durable Raw Goods ~ AUD/USD -

Consumer Price Index -
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32 HAHEEHR

E TR ERY HAASE HEEE > $ENEE v, = (0D, — 0P,_1) /0Dy * 0P, Fo'5
t 8 H & BRSPS - bR T S BrE Ry H R EE SR E S ASORI—
{ETEREEEL y] = (ops — 0D,) /0D, = 2% Working(1960) $2HF54F F (& 54 Ry Bt
B o QI B SENTE SRS IR E A ERANE - ELTENIEE o] TR AR R e Y
(B2 5y R > RATAERRTE > ATRSINTE %S SE no-change TN 2 £ [B6] - B8

4.1 BFEAANLET
A ARG DA RS B o] B R AR 25 TEUHI S8 S5 B gl PRUMI S8 85 R A B %
Y1 = O+ Y2 + €41

t-statistic {85 ] Newey-West HAC standard errors {5 °

Z< 1: In-Sample Predictability of WTI Oil Prices

End-of-Month Prices Monthly-Averaged Prices

v t-stat  p value ~ t-stat  p value
NYSE ARCA OIL & GAS INDEX 0.145 1.361 0.174 0.430 4315  0.000
PPI: Durable Raw Goods 0.544 2218  0.027 0.602 2382 0.018
AUD/USD 0.061 0.220 0.826 0.473 1981  0.048
Consumer Price Index -0.817 -1.984  0.048 -0.749 -1.702  0.090
y;r = (op; — op,)/op, 1.083 12.261  0.000

Ferhah AR B 1986:M1 Z£ 2015:M10 - t-statistic {# [} Newey-West HAC standard errors 312 » #HES A EMHEBIE 5% HIHHE
TKEET Rl
SHHBA s A 8% —
OE TR B LS H I ERs - $ RS 5 — s Ny o = (0p, — op,_1)/op,_y » FHEAET
aan TS -
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BRAMEA AN EET - 7EM F E(EH5{£7 PPL:Durable Raw Goods i Consumer Price
Index 1F 5% HYEHZ /KA 2 T8 - TN H H9ER - B T CPI AEIEIN » Hik
FREAE 5% B /Y TEE  HPRFEEASER yf H tstatistic =2
12.261 » HAGEHHY ¥ AHE BT 1 > PLES R B8 —av&SamtHTT - & HERESR K
random-walk » AIFZ (58 + RIES 1 o 5550 » ATk “HVBAR NS H4E R - HiES

By S8 T ST R R Y 7 A5 2 Working effect 1522 - (HERE DAL TES REER
SeHE yer = (0D,1 — 0Dy /0B, TR 1 (519 y) > PRSI R TS A PN 551 > ]
BZZRIFTAY t-statistic ZH1: 0 FERE o 4SS TTEEIRE R v BLEBATEN S8 > R0y
FHEAVERTEL » DABOR BRI 58 S A FER SR S Ay THORISCR, - & 1 31 > Working
effect (Y22 » BN S THREEHYHRBIMEE RR 2 -

%< 2: Correlations between variables

NYSE ARCA OIL PPI: Durable Consumer Price t
AUD/USD Yy
& GAS INDEX Raw Goods Index
NYSE ARCA OIL & GAS INDEX 1.000
PPI: Durable Raw Goods 0.104 1.000
AUD/USD 0.426 0.279 1.000
Consumer Price Index -0.054 -0.002 -0.100 1.000
y;f = (op; — op; ) /op, 0.322 0.150 0.284 -0.126 1.000

4.2 MSPE - MAPE i Sucessiful Ratio

KEARSNERIEEAEHART By 1996:M1 1] 2015:M10 » ZFEAIEEEY (Model Selection)
EATHAVGH & (Model Averaging) B ASNERME L THM - BUSTRAERZ €0 > B
H & F7 AR EHE FEHIER 72 5 77 (MSPE, Mean Squared Prediction Error) B3 1548 ¥f
TEHIZR 7 (MAPE, Mean Absolute Prediction Error) » (LA no-change 7EH|#Y MSPE ~
MAPE 5%/ MSPE Ratio ~ MAPE Ratio ° {45 J77AMNTEM - st EFAELE
(s 7 tHERIEEZ » Bl A% (Success Ratio)
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T T -1
1 o 1 R 1 I~
MSPE = T 521 ;.1 MAPE = T tE:1 |etr1|  Success Rate = T E I(Yer1-Yesae > 0)

t=0
(6)

TRORIAE S H > H s HDBIC ST E » ETHM WTI B S H R A2 5%
S8/ VY no-change TERIEEAY » H7 IR 1h & 5% E: MSPE Ratio i1 MAPE Ratio fi£
TE

FEHI WTI B g8 » L% (K MSPE Ratio 34712 PIA(2) &5 0.957 » T
(% {% MAPE Ratio &z 4 1Y /& i B 33974 Fy 0.985 » 5% % =172 PIA(3) » 1 TEUHI
WTI HIFEEE)® » L% MSPE Ratio 82 MAPE Ratio SR 5 TV & & CV 43
A Fs 0.601 ~ 0.791 » P53y = e 02 -

4.3 MSPE ¥ MAPE 1YRifEETE 7
FE SRR 2 A E PR TR Yo = (D1 — ope) Jope 1 > SHRTENRAZER
W3 AR R U2

Yer1 = Y1 + €141 (7)

T FeAh SRR GE AV RTZ

0 -0 N é OP;.1 — O é
Vo1 = D1 Dt — G tHl D1 Pt i t+1 ®)
Oopt Oopt Oopt Oopt

OPt+1 = OPyyq + €11

SR1% DL ¢4 518 MSPE ~ MAPE [2, B, 12, [13] - st st &z R E - s
B [F] SRR MSPE Ratio B2 MAPE Ratio FIIFE P AET TR - SIS S5 B LAY SRR
BAEFE o Fele (7) T0HL (8) 20> A1 61 = opy - Gruy 0 WAL (8) TSP &Iz
# > HI|JF 1Y MSPE Ratio ~ MAPE Ratio

. =1 SN oty CTE1
MSPE Ratio = —7=">—*_—  MAPE Ratio = —== 9)
Zt:l(o—pt) D i1 —Optf);t_Opt
12
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Y

ZTtT1(0pt : €t+1)2 MAPE Ratio — 23:1 lopy - €41
2

t=1(0pt+1 — opy) Zt:l lopi41 — opl
BEZN (9) L (10) AR A/ NBE (% - (HER L Bl BEINAETE H VAR [E -
(10) ##J MSPE Ratio - MAPE Ratio £ (9) = LL#% - Rifls 85 22H0 )7 2 &
MSPE Ratio 2 [H]HZZ5EL Corr (£ —)%, op) — Corr(€f,1, op;) =i & IEAH BE;
i MAPE Ratio 2 [ERVZF2EL Corr( Nopi) = Corr([eal, lopi]) B FETE
FHRE o 8

MSPE Ratio =

(10)

Opt+1—0pt
opt

TR RS A E MRS AE 0.97 DLE -
SR A S EE A v, = (0p, — 0p;_1) /0D, * 0P, TR > RILL op, BV 4.3 §i% 4.5 €ith
FTE Y opy FATETEL ©
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%< 3: Forecast End-of-Month WTI Oil Prices

Percentage Error (9) Price Error (10)
MSPE Ratio MAPE Ratio MSPE Ratio MAPE Ratio Success Ratio
. 0.962 0.985 0.966 0.988
simple average 0.580
(0.001) (0.124) (0.007) (0.228)
MMA 0.966 0.990 0.976 0.995 0.580
(0.002) (0.255) (0.009) (0.405)
IMA 0.967 0.992 0.969 0.996 0.571
(0.003) (0.292) (0.011) (0.427)
971 . . .
PIA(I) 0.97 0.996 0.975 0.999 0.580
(0.005) (0.375) (0.013) (0.486)
PIA2) 0.957 0.987 0.953 0.990 0.588
(0.001) (0.205) (0.005) (0.310)
PIAG3) 0.968 0.993 0.969 0.997 0.597
(0.004) (0.314) (0.013) (0.443)
AIC 0.971 0.993 0.984 0.997 0.353
(0.004) (0.338) (0.007) (0.455)
BIC 1.009 1.012 1.039 1.020 0.193
(0.051) (0.784) (0.133) (0.821)
AICc 0.967 0.992 0.982 0.997 0.349
(0.003) (0.327) (0.007) (0.449)
1. 1. 1. 1.
HDBIC 000 000 000 000 0.000
(NaN) (NaN) (NaN) (NaN)
0.981 0.999 1.005 1.006
HQ ? 0.239
(0.011) (0.472) (0.032) (0.596)
cv 0.974 0.996 0.988 1.001 0.307
(0.005) (0.406) (0.010) (0.515)
S AIC 0.964 0.990 0.977 0.996 0.592
(0.001) (0.274) (0.006) (0.428)
<.BIC 0.990 1.000 1.010 1.007 0.550
(0.013) (0.515) (0.087) (0.662)
- AICe 0.965 0.990 0.977 0.996 0.592
(0.001) (0.274) (0.006) (0.431)
- HDBIC 0.996 0.998 1.001 1.000 0.550
(0.052) (0.340) (0.290) (0.483)
974 .994 992 1.002
s-HQ 0.97 0.99 0.99 00 0.567
(0.002) (0.359) (0.014) (0.532)
0.962 0.986 0.966 0.988
Bates-Granger 0.580
(0.001) (0.126) (0.007) (0.231)

2% o 45 B 5 9% 208 2 B (recursive regression) 7 T 5T & o MSPE Ratio [ Clark—West test f# %€ ; MAPE Ratio [} Diebold—

Mariano test € » FE5tH Fy p value » AHESAFEMRERAE 1% HIREE KA BEIE (117, 18] © [ (Success Ratio) HH#E

R LR ERIRAIEL B (0.538) -
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Z% 4: Forecast Monthly-Averaged WTI Oil Prices

Percentage Error (9) Price Error (10)
MSPE Ratio MAPE Ratio MSPE Ratio MAPE Ratio Success Ratio
. 0.682 0.831 0.669 0.832
simple average 0.714
(0.000) (0.000) (0.000) (0.000)
MMA 0.610 0.796 0.615 0.803 0.697
(0.000) (0.000) (0.000) (0.000)
IMA 0.608 0.795 0.616 0.802 0.685
(0.000) (0.000) (0.000) (0.000)
. . .61 .802
PIA(T) 0.606 0.795 0.618 0.80 0.681
(0.000) (0.000) (0.000) (0.000)
PIA2) 0.603 0.791 0.601 0.797 0.693
(0.000) (0.000) (0.000) (0.000)
. . .61 .802
PIAG3) 0.608 0.795 0.617 0.80 0.681
(0.000) (0.000) (0.000) (0.000)
AIC 0.623 0.807 0.639 0.819 0.697
(0.000) (0.000) (0.000) (0.000)
BIC 0.621 0.798 0.642 0.807 0.685
(0.000) (0.000) (0.000) (0.000)
AICe 0.621 0.807 0.634 0.817 0.697
(0.000) (0.000) (0.000) (0.000)
HDBIC 0.621 0.796 0.640 0.804 0.685
(0.000) (0.000) (0.000) (0.000)
. .79 .631 .
HO 0.609 0.796 0.63 0.805 0.685
(0.000) (0.000) (0.000) (0.000)
cv 0.601 0.791 0.615 0.797 0.681
(0.000) (0.000) (0.000) (0.000)
S AIC 0.606 0.793 0.611 0.800 0.702
(0.000) (0.000) (0.000) (0.000)
0.612 0.795 0.628 0.803
s-BIC 0.689
(0.000) (0.000) (0.000) (0.000)
- AICc 0.606 0.793 0.612 0.800 0.697
(0.000) (0.000) (0.000) (0.000)
S-HDBIC 0.616 0.796 0.633 0.803 0.685
(0.000) (0.000) (0.000) (0.000)
. .794 .61 .802
SHQ 0.608 0.79 0.619 0.80 0.685
(0.000) (0.000) (0.000) (0.000)
0.658 0.818 0.648 0.819
Bates-Granger 0.702
(0.000) (0.000) (0.000) (0.000)

2% o 4 B B % 4 4 B (recursive regression) 7 5T B © MSPE Ratio [ Clark—West test f& 7€ ; MAPE Ratio [\ Diebold—

Mariano test #%/E > fE5EH 5 p value » fHESRIGERLE 1% HYBRE/KHET BB (17, 18] © 55 (Success Ratio) FHAZ T

T EE M E R EHE RS (0.592) -
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4.4 BFRHIEATENIZRIA

BRZZAE 1996:M1 ] 2015:M10 HAfE] » ZAEAAH &7/ EAVTHHIERIR > Al ER RS
TEHIER 25 5 458 (CSPER,Cummlative Squared Prediction Error Reduction)

p
CSPER(p):Z(OptH oPty2 Zem p=1,..T (11)

t=1

B EHTE 4R B 2R 245 (CAPER,Cummlative Absolute Prediction Error Reduction)

OPt+1 — OPt

CAPER(p) = Zp:

t=1
sz CSPER B & CAPER - [m]_EEAYHIES & AR TEMZRERET? no-change TEH] -
[E]HGER 22 [ 2 Bl 3 - | 3FEE 2005 2 2009 FHAR (FFHE 2008:M10 %I 2009:M6)
T WTI H R (ES8) R A B RN - Wl &8k - 7522 B Nk e B
S DTS~ @BHERY T AR © e AVEERSPIEV) -
LA no-change TEJAI % ELac AL e - FEUH WTI H JER (B B B R B (ERY R R Z BT E
2005 F] 2009 4= - [T WTT BI9EE8AT7E - REAE 1996 £ 2015 FEAEEY
i HAMEIERRE PR —E R TEUHIRE
R FERE AR AR fy 1986:M1 £ 1995:M12 » 5 120 {EE RS - i 45N

By 1996:M1 %1 2015:M10 » 5 238 {EER}EL » P/R ratio ~ 1.98 - {HE T EHVE » U

BEHUELAEY P/R ratio i A REEELA FHUAR ESE R - B AIBERE P/R ratio=3 - AllER
G N FS R 0 — 60 {5 A B Y IR Y - 4052845 P/R ratio=0.5 » BRACHNIAfHE]
Ry 2006:M1 £ 2015:M10 - A H4ak B A& BA FETEARCRAVIR - B4
PE iy P/R ratio &~ 1.98 B {F o fAA SCEER IR A E B (recursive regression) FY 5
2\ AN EmBERE P/R ratio= 0.5~3 » HEUZ FREUR A B EREY 52 - B —H (B4
2009:M1) Frfi 'y FEOHI & (58 FHAR [EI AV & R (1986:M1 2 2008:M12) THHDHE » #EZR
BEARIMe E SRR E A E - BRI ATERER G AHE - R0 ZE 2006:M1
F 2015:M10 Z [ TR IR B AV E SRS IR R4S SR > 2009:M7 DUE 515
RIS H B ARIGH S YT ZCFEHDH (B R EL no-change THAIEE ( -

Z|6t+l‘ p= 17"'aT (12)
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4.5 FHE MSPE £l MAPE (yRifEE T & =

SR8 W AT E TR IR 22 /Y /52 - & (£ MSPE Ratio ~ MAPE Ratio 5 A
5] > T HEEERE R

MSPFE Ratio Dif ference = (13)
T —~ T ~
b DO Gn)” o (PP oy o o)
op¢ 0, ~ ’ t t+1> t
Zt:l(%y ZtT:1(OPt+1 — opy)? Opt
MAPE Ratio Dif ference = (14)
T |~ T ~
ool Blob Bl o oy | RO o)) Corr(eral . Jop)
ST "Ptt)l—pt*OPt Y iy lopis1 — opy] op¢

I TEH WTIL B [ (E SR8 > 78 2005 2 2009 FHAR (B AE 2008:M10 5|
2009:M6) FHRR A - ERAY H JRE LA THHART AT - &SRk R TR ARG
HARZEEN AR [E] - FRAGEHS AV R R - op] B |op,| RUBEASSESTHEL AN - K
fcE Corr((w) ,opy) LFHATEE Corr(e; , op?) B2 {# Corr( L= Jope)
ETFHIEE Corr([€al, |ope|) EZ - Elﬁt—%%Hgfﬁ@ﬂﬂiﬁifﬁxﬂﬁﬁﬁEI’]ﬁt
Ffr#5 £ #Y MSPE Ratio 81 MAPE Ratio 72 52 &K » A HE 40 B2 LEHEE A [F] SRR Y
MSPE Ratio 81 MAPE Ratio - 75 %% 2 1 [F] 09 FEHIHARE] B 5T B AR A=Y 520
T MHIE A REELES -

92008:M10 ZI] 2009:M6 Fir ¥ FEHY & HARH B 2008:M9 ZI| 2009:M5 » [H-HARS JH{EF 1y 57.87 » Bl
FEE S HARE SR E 55.19 ME BER
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2: Cumulative Squared Prediction Error Reduction of End-of-Month WTTI Oil Prices
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MSPE Ratio Difference
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Correlation Difference

MAPE Ratio Difference of End-of-Month WTI Oil Prices (R2 =0.99)
I I I

4 6
%1073

©HDBIC

&
I

A
I

&
I

&
I

OPIA(L)
OPIA(3)
0JMA

-9
-0.018

-0.016 -0.014 -0.012 -0.01 -0.008 -0.006 -0.004
Correlation Difference

4: MSPE -~ MAPE Ratio Difference and Correlation Difference
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5: Cumulative Squared Prediction Error Reduction of Monthly-Averaged WTI Oil
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6: Cumulative Absolute Prediction Error Reduction of Monthly-Averaged WTI Oil
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MSPE Ratio Difference

MAPE Ratio Difference
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MAPE Ratio Difference of Monthly-Averaged WTI Oil Prices (R2 =0.99)
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7: MSPE ~ MAPE Ratio Difference and Correlation Difference
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A
5 él:l ffH

AWTFERRES 1986:M2 £ 2015:M10 HY H &} - LU 2 SRR FHY 2 {1 AH BE 2 8L
Ao ARSI B H S THMDT A - BUAIFUH{ERS » AT EpT5E583R %5 81 no-change THM
tbis - AE TSR EATNHEH BREVETD - GUEHEEYIERER - 158
FURMBERSfEEL ~ [FUMAHBE MR R EAS B TR IE RS » IRV BT RHER
poE e PR S R B A R TR B > DITAH & U7 A ET TSR » 1T SSIEUAE
BRI SS BRI e S HEN H BB > Eoh HERAZLZ A (r8E
H M TR AH RSB TR 0y H & a] e 2 HJE(E (end-of-month
price) Z¢/& H #9{H (monthly-averaged price) » AbFFEEI Wi fE 5 Zkt o7 HIETTIRET -
PREETEUASER SR - AN — R BTN H 198 - AP Working effect 2 H
OTRAVIEE SR — ¥ B LB, - 5551 > wigeidie th s8R yE M H 8y - 2
PRBSCRA TR e IIEAVIE N » LIRS & G B fl RUAFT1S#Y MSPE Ratio /5
B2 » A st HARSE B4 5] 5248 MSPE Ratio HY7E B A/ » M 82 25Tk THE
HRETTHIEGE SR -

BEAR N G ETAUAHRASS TR - TEOHIRCH(EAR A b (B BRT  Bf o ST
SRR M o] R AR t-statistic o 71T {5288 42 e FEHI B SBROFT (LAY R A P B
AN & 52 7] Working effect HYRZ2E - A1 ] &l AUEEHL (Model Selection) Ei
fRAIZH & (Model Averaging) Y JFUHI RS L FEOHT - R ZEER AR S MY TR 2R g b
YL - KRB AR REAE e BRI TROH B IR RV EhR - 1 yEM B ER 28R T5
I > i no-change FEUMIELES - B{EFEMISAR 1996:M1 F 2015:M10 BREES—EHY
THMEE ST 572 KBk Working effect #Y§22E - THM H #5(H HYR8CR B T H R HAH
L ERE R e IR PRA THMIBE ST - A [F] P/R ratio HYBEEE A RERZ B R IR A S M
B EE o B EEEN R EIHEA A TENEE A& -

PRy IERE 33 - ST TEARRERY T E - BERTHHIEARIRY A [F] & A ge
NS R A E RIS - #E s (13) 82 (14) VR (% - BT T RFEIAE TR
BERTYEHEIARI LIRS A o3 AR E L T - &28% MSPE Ratio FHTZ5 » iaF(l
SRR BEH B S R VAR opf B |op,| AVERAVE9H - HE[T #2248 MSPE Ratio 75
HYR/IN - E B DUFHER AR St ETEMEGE - I RERAEIIREE - &
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FRIEERNENZE -

GretEr b A A A B A B R AH & 7 A4S R EER . RELEER
Information Criterion 2358 By BE— 1 AU J7 A HAE e H e 77747 » 7R TERIEUR(E
& ERER G EBEAIIE - MSEAHE AT - PIAQ) R amlETHHAH
EEEGE H9E - HENEEEAEETE ISR BN - 590 AT
HIH B EEEIRE > CV R E RS - IR FEHY M E simple average » [F[A
ERBREE y (BEEIRESEE y (9E > [ simple average K Ry (R
EIERIRIAGEIEE - H BT T E S v o BEEFRERNEM T -

AR FOH (E RS AERE SO E & 0E » R RUHEMS ER - BREHE - U
HAR ~ BT NEFARE - MosEEABDT ENSSH - A AEFREH AT E
THEL TSR EEER « NERHTENR AL - SHRESTIRERHE R TSR
ST A E EEAVIRE o A EERHYEEHL - P/R ratio HYEESE By T AE S TEN
SEREAE - SO 0 I TRACHEN T UE R R E R B A TRAIRE DBV IR A -
BARRENTTE P aRET -
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s e —

Working Effect

FH Working(1960) Note on the correlation of first differences of averages in a random
chain — 3 FHEE] » EH—EIRHTFEH P, /E5 5 random-walk » BILE F 9(EfgsE
& - GAEAEIAAEEMEZES [36] - HEmERENT

P,=P_,+e¢ t=1,2,... ¢~ (0,1), corr(e;,ej) =0if i#j (15)

sCEE kK P —2 0 I(EEENE D, LT R

t+k 1 1
Dy =7 Z P, _E Pn (16)
n=t—k
:EMHWB+@Q+ A+ (Prtegiteqot - Fempa)— (P —e)
( et_et—l)_"'_(Rt_et_et—l_"'_et—k+1)]
1

=7 letin—1+2epo+ -+ (k=1)epr + ke + (B —1) e + -+ - + €4pp1]

[EREY A LUATAT k BHEVE(EE SIS D, — BV

1
Dy = ¥ ler1+2e o+ +(k—1)ep g1 +kepp+ (E—1)epp1+ -+ + €—ops1]
(17)
RIIFT1% BAEY g (E ) 20y H 88 R e EUHRH (A5
1 2k% — 1 k2 —1
cov(Dy gy Dt 1) = k‘2[ (k—1)+2(k—2)+- - -+(k—1)1] = T corr(Dy g, Di—g i) = JTER)
(18)

FRMKZHHL R 20 H > HtEESE k=20 FF A (18) =
corr(Dy g, Dy—g ) = 0.249

EFRARTENN HELE H S EESE - AaT—#EH i H S EESE ERHE
HEEFRI AR R - 280 - FE L H S ENEERiE EAHER RS E
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A G B #E 7R A A - R R IBE RS H B REZ By random-walk, f£55 t-1 HAR »
ERAGIGE L P, AR TR E B Py o kB H I E ) B
e ETENITE B

t—1
1
Dl yp=Po—7 >, Pu=lb=Dera+ (k= 2erat o +epn] (19

n=t—k

(k—1)(2k—1)
6k

V2(k —1)(2k — 1)(2k2 + 1)
2(2k2 4+ 1)
(20)

cov(Dyy, D;r_l,k) = corr (D, DZ_M) =

FEIBEN R 2 A H &Ry 20 H > NIEIEEGCE k=20 77 A (20) 2(

corr(Dyy,, D}, ;) = 0.680

HIATES t-1 B0 - ¥ Doy = 230 P, — LS00 Py HOERETEMR D), =
Py -1y P BAECLEIEE L P REMIATE %u%lzmk

ntk

mwﬁﬁﬂﬁmlz%k EEPIIEEL  TD - R A B

n=t—k nt

o T it BURASC TR o] -
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5k —

TR A F (EA TR SR R =2

E TR B AR A |y - SRRy v = (0p, — 0py_1)/0Ds1
W g% — R AT Al - KF &7 Working Effect - [ffj Working Effect Vg2 2B EIF » DL
FNBR T yl HARAITENIS B TOMIRE IR STl » i (8 R A LA Be B iy
ISRy v = (0P, — opy_y) /op,_y  WRLEDL E—{E A0 A IEEE AR > 5TEA
Ay H SR » AL TEMA B R HI9(E - EFEN4ER AR &5 Working
Effect AL » th R IS BUm I A ) £E 79 -
BEFRA TR RS v = (0D, — opi—1)/op,—y » AT () & (12) AV FEME FEAT %S

~

op 0 N € 0D, 1 — O é
Yor1 = P41 — OP¢ — Gt + t+1 Det1 Dt I t41 @1
Op¢ Op¢ Op¢ Op¢

OPpy1 = OPyyq + €141

EE— A DUE M LEEG ] €41 = opy - €41 [T WATE MSPE Ratio B2 MAPE Ratio
HVEE R

. e o i s
MSPE Ratio = ax MAPE Ratio = =1 22
T [OPi41—0Pt\92 T 0 —o0
S (P ST |

T € T ~
Zt=1gpt . et+1)2 MAPE Ratio — zT:t=1‘_0pt . €t+1\ 23)
t:1(0pt+1 — opy)? Do ‘OptJrl - 0}%‘

B e AR H 48 (CSPER,Cummlative Squared Prediction Error Reduction)

MSPE Ratio =

p
oD. O
CSPER(p) =y (Pt -2 pt“ Pty Zem p=1,..T (24)

t=1

FEHTE 4B SRR 245K (CAPER,Cummlative Absolute Prediction Error Reduction)

Opt+1

CAPER(p) = Xp:

t=1
FHlE 8 A5 H U A S E ARy e Ry - S FN B R (EE E R A
AT - AR (EET A I R4y — ETEMIBE ST - 554 > 0%k 6 AT 23R - 5F

Zletm p=1,..T (25)
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&I ERITEHIBE IHE 1% BB E /K T AR -

Z% 5: In-Sample Predictability of WTI Oil Prices

Monthly-Averaged Prices

~ t-stat  p value
NYSE ARCA OIL & GAS INDEX 0.165 1.551  0.121
PPI: Durable Raw Goods 0.409 2.086  0.038
AUD/USD 0.085 0.451  0.652
Consumer Price Index -0.277 -0.789 0.431
yl = (op, — op,)/op, 0.076 0.754  0.452

Ze b 4 AR ACHATE] By 1986:M1 & 2015:M10 - t-statistic {5 F Newey-West HAC standard

errors 5T > MASAFEARERIE 5% HIBIZE /KA N Ry
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8: Cumulative Squared Prediction Error Reduction of Monthly-Averaged WTI Oil

Prices(24)
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9: Cumulative Absolute Prediction Error Reduction of Monthly-Averaged WTI Oil

Prices(25)



MSPE Ratio Difference

MAPE Ratio Difference

MSPE Ratio Difference of End-of-Month WTI Qil Prices (R2 =0.941)

-0.005

-0.01 —

-0.015 —

-0.02 —

-0.025

-0.03 —

-0.035 —

OPIA(2)

Os-HDBIC

-0.04
-20

-15 -10 -5 0 5
Correlation Difference %107

MAPE Ratio Difference of End-of-Month WTI Qil Prices (R2 =0.982)
I I

-0.002 —

-0.004

-0.006 —

-0.008 —

-0.01 —

HDBICQ

OPIA(L)

OAIC

-0.012
-0.025

-0.02 -0.015 -0.01 -0.005 0
Correlation Difference

10: MSPE ~ MAPE Ratio Difference and Correlation Difference
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%% 6: Forecast Monthly-Averaged WTI Oil Prices

Percentage Error (22) Price Error (23)
MSPE Ratio MAPE Ratio MSPE Ratio MAPE Ratio Success Ratio
0.977 0.987 0.983 0.991
simple average 0.559
(0.016) (0.130) (0.069) (0.259)
MMA 0.984 0.998 0.999 1.005 0.521
(0.078) (0.436) (0.151) (0.614)
IMA 0.981 0.996 0.998 1.002 0.538
(0.080) (0.370) (0.178) (0.559)
PIA(I) 0.983 0.998 0.999 1.002 0.529
(0.103) 0.417) (0.237) (0.557)
PIA2) 0.972 0.990 0.975 0.995 0.550
(0.031) (0.209) (0.054) (0.384)
. . . 1.002
PIAG3) 0.983 0.996 0.999 00 0.525
(0.091) (0.348) (0.218) (0.5406)
AIC 0.990 1.010 1.015 1.021 0.290
(0.096) (0.753) (0.195) (0.863)
BIC 1.012 1.005 1.036 1.012 0.168
(0.428) (0.707) (0.709) (0.801)
AICc 0.993 1.007 1.012 1.017 0282
(0.119) (0.699) (0.200) (0.806)
1.004 1.002 1. 1.002
HDBIC 00 00 005 00 0.000
(0.842) (0.842) (0.842) (0.842)
HOQ 0.994 1.004 1.022 1.011 0172
(0.205) (0.662) (0.440) (0.781)
cv 0.984 0.997 1.021 1.006 0.298
(0.100) (0.421) (0.308) (0.620)
S AIC 0.976 0.991 0.997 1.000 0.521
(0.039) (0.267) (0.111) (0.495)
SBIC 1.000 1.001 1.022 1.008 0.525
(0.188) (0.563) (0.554) (0.729)
- AICe 0.976 0.991 0.998 1.000 0.517
(0.040) (0.267) (0.114) (0.497)
- HDBIC 1.002 1.001 1.009 1.003 0.534
(0.461) (0.613) (0.748) (0.722)
.984 . 1.01 1.004
s-HQ 0.98 0.995 010 00 0.529
(0.069) (0.350) (0.229) (0.587)
0.977 0.987 0.984 0.991
Bates-Granger 0.559
(0.016) (0.133) (0.069) (0.264)

2% o 45 B 5 9% 208 2 B (recursive regression) 7 T 5T & o MSPE Ratio [ Clark—West test f# %€ ; MAPE Ratio [} Diebold—

Mariano test € » FE5tH Fy p value » AHESAFMRERAE 1% HIREE KA T HEIE (117, 18] © [ (Success Ratio) HH#E

T LR ERIRAE B (0.529) -
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