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Causality Analysis of BDI with the indices of GDP, CRU, DAX and

Energy

Jyuan-Hua Chang
Ching-Chih Chang
Department of Transportation and Communication Management Science

SUMMARY

The aim of the research presented in this paper is to analyse influencing factors of the
Baltic Dry Index. Based on past literature research, the global real GDP growth rate, global
steel index, global agribusiness index, and Brent crude are used to explore the causal
relationship. The data was taken from Q1 in 2009 to Q1 in 2018. The research used the
marginal co-integration through autoregressive distributed lag-ARDL and the error
correction model (ECM), which analyzed the relationship of long-term and short-term
between the BDI index and each variable. Finally Granger causality is used to explore the
causal relationship between variables. The conclusion of this research is to establish there
are a long-term relationship between the Baltic Dry Index (BDI) and global real economic
growth rate (GDP), global steel index (CRU), global agricultural gold index (DAX), Brent
crude. The global real GDP growth rate from the first to the fourth period has a significant
positive relationship with the Baltic Dry Index, confirming that the global real economic
growth rate is the Baltic Dry Index impact factor.

Key words: Baltic Dry Index, GDP, Brent crude, ARDL co-integration, ECM, causality
analysis

INTRODUCTION

According to the Review of Maritime Transport (2017), more than 70% of the world's trade
volume is transported by sea, and sea transport is the most important part of globalization.
The United Nations Conference on Trade and Development (UNCTAD) (2017) predicts that
world seaborne trade will increase by 2.8% in 2017, reaching a total of 10.6 billion tons. The
medium-term forecast also shows that it will continue to expand, with a compound annual
growth rate of 3.2% from 2017 to 2022. Cargo flow grew fastest with container and bulk
commodity transactions.



In recent years, the policies of the countries in the world have been positive and negative,
and they have affected the prospects of the world economy and commaodity trade. From the
2016 British referendum to Brexit. It's continued adjustment of domestic demand in China,
to the US President Trump's US-first slogan, the rise of national protectionism. However,
compared with US protectionism, Japan actively seeks cooperation partner, such as the
established Trans-Pacific Partnership (TPP) and Comprehensive and Progressive Agreement
for Trans-Pacific Partnership, CPTPP. In addition, in July 2017, Japan and the European
Union have concluded an Economic Partnership Agreement (EPA). These are highlighting
the positive intentions of Japan and the EU for regional economic integration.

The reason why the world shipping trade can continue depends to a large extent on the
development of the world economy and trade. Although the relationship between economic
output and commaodity trade is changing, the growth rate of trade growth rate and GDP has
shown a downward trend in recent years. This shows that the demand for maritime transport
is still heavily dependent on the performance of the world economy.

According to UNCTAD (2017), the world fleet growth has been decelerating from 2012 to
the fifth consecutive year in 2017. Despite this, the supply growth rate of shipping capacity
is still higher than demand. The continued overcapacity in global production resulting in
downward pressure on freight rates and revenue. At present, overcapacity in shipping has
limited the freight and profitability of most shipping markets.

The BDI has always been the shipping freight rate indicator for bulk carriers. The bulk carrier
is mainly engaged in carrying industrial raw materials and civilian biological resources. It
belongs to the front end of the overall economic supply chain, so BDI can be regarded as an
economic leading indicator.

Affected by the world economy and global trade, the bulk shipping price is mainly based on
market supply and demand, which makes the bulk shipping operation more risky and
uncertain. This research analyzes the factors affecting the bulk shipping freight rate and
provides bulk shipping operators with one more consideration in decision analysis, thereby
reducing operational risks and increasing revenue. The factors that influence the price of the
bulk market are as global economy, market demand and fuel price. Therefore, the research
is causality analysis of BDI with the indices of GDP, CRU, DAX and energy.

MATERIAL AND METHOD
The research mainly discusses the relationship and correlation between the bulk market and
the economic growth rate, the steel index, the global agribusiness index and the energy index.

The index is time series data, so the research makes use of the Unit Root test to make sure
the date is stationary. After that, Co-Integration test is used to check the long-term



equilibrium. If the date is existed Co-Integration, the Error Correction Model is used to check
the short-term relationship. Conversely, there isn’t existed Co-Integration that Vector
Autoregression Model Data are used to check the variables relationship. Finally, Granger
Causality test is used to explore the causal relationship between the variables. The datas were
taken from Q1 2009 to 2018 Q1, Baltic Dry Index (BDI), Steel Index, Economic Growth
Rate (GDP), Global Agribusiness Index (DAX) and Brent crude.

RESULT AND DISCUSSION

All data were separately tested using ADF & PP Unit Root test to mark sure that the data are
the status of 1(0) or I(1). To make sure the time series variables are not 1(2), the marginal co-
integration through autoregressive distributed lag-ARDL could be used to check the long
term relationship. By EViews version 10.0, the most good model is ARDL (5, 5, 5, 5, 3) of
the 6480 model per AIC as selecting the lag structure in the ARDL model. The main purpose
of estimating the ARDL model is to use it as the basis for applying the Bounds Test. As the
table 1, the F-statistic for the Bounds Test is 12.4486, and this clearly exceeds even the 1%
critical value for the upper bound. Accordingly, we strongly reject the hypothesis of "No
Long-Run Relationship".
Table 1. F-Bounds Test

Test Statistic Value Signif. 1(0) 1(2)

F-statistic 12.4486  10% 1.9 3.01

k 4 5% 2.26 3.48
2.50% 2.62 3.9
1% 3.07 4.44

It is confirmed that there is a long-term equilibrium relationship between variables, and
Granger causality is used to explore the relationship between leading and backward variables.
Table 2 shows only GDP has a one-way causal relationship with the BDI index.

Table 2. F-Bounds Test

Null Hypothesis: F-Statistic Prob.
LOG_CRU does not Granger Cause LOG_BDI 1.2498 0.3112
LOG_BDI does not Granger Cause LOG_CRU 0.5891 0.6275
LOG_DAX does not Granger Cause LOG_BDI 1.4380 0.2536
LOG_BDI does not Granger Cause LOG_DAX 0.4695 0.7060
LOG_GDP does not Granger Cause LOG_BDI 3.8687 0.0201*
LOG_BDI does not Granger Cause LOG_GDP 0.5091 0.6793




LOG_OIL does not Granger Cause LOG_BDI 2.2636 0.1038

LOG_BDI does not Granger Cause LOG_OIL 0.8765 0.4655
LOG_DAX does not Granger Cause LOG_CRU 1.1308 0.3542
LOG_CRU does not Granger Cause LOG_DAX 0.1808 0.9085
LOG_GDP does not Granger Cause LOG_CRU 0.1645 0.9193
LOG_CRU does not Granger Cause LOG_GDP 1.0202 0.3991
LOG_OIL does not Granger Cause LOG_CRU 1.5974 0.2131
LOG_CRU does not Granger Cause LOG_OIL 1.3069 0.2925
LOG_GDP does not Granger Cause LOG_DAX 0.9415 0.4343
LOG_DAX does not Granger Cause LOG_GDP 0.3045 0.8219
LOG_OIL does not Granger Cause LOG_DAX 1.1333 0.3532
LOG_DAX does not Granger Cause LOG_OIL 0.6595 0.5841
LOG_OIL does not Granger Cause LOG_GDP 0.0272 0.9938
LOG_GDP does not Granger Cause LOG_OIL 0.3954 0.7573
CONCLUSION

This research establishes a long-term equilibrium relationship between BDI, GDP, CRU,
DAX, and Brent crude. The BDI index and the global real GDP growth rate are significantly
lower than the one to four periods, and the regression coefficient is positive, indicating that
when the global economy changes, the adjustment of the bulk shipping freight index is
relatively fast. The BDI index and the DAX are significantly lower than the one-stage
regression coefficient and the third-stage regression coefficient, but their adjustments are
inconsistent. The BDI index and the Brett crude are significantly lower than the first period.
In the long run, the crude oil price will affect the BDI index. The Granger causality test
confirmed that the real GDP growth rate has a leading Baltic price index BDI, and the
number of lagging periods of causality is chosen to be four, indicating that the global climate
change will have a one-year time to adjust the shipping freight index BDI.
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Dry Bulk Million Tonnes
Trades 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Iron Ore 787 849 902 997 1058 1115 1194 1342 1368 1415

Coal 773 797 808 932 1001 1121 1184 1218 1144 1140
Grains 306 319 321 343 345 375 392 432 459 481
MAJOR BULKS 1866 1965 2031 2272 2404 2611 2770 2992 2971 3036
% Change 8% 5% 3% 12% 6% 9% 6% 8% -1% 2%
Steel Products 388 381 287 340 354 360 355 395 406 406
Forest Products 308 292 277 304 323 317 337 347 346 354
Agribulks 121 121 126 128 138 150 148 159 164 162
Sugar 49 49 48 55 56 57 56 54 56 62
Fertiliser~ 135 129 105 126 136 139 143 154 155 150
Bauxite 64 66 47 54 61 76 108 72 94 81
Alumina 31 29 28 32 32 31 32 35 34 33
Cement 127 116 98 104 92 101 104 108 103 110
Scrap 94 103 94 100 106 106 106 104 101 101
Petroleum Coke 45 46 47 52 59 59 61 64 65 67
Anthracite 52 44 53 51 62 59 63 52 48 50
Nickel Ore 21 18 22 32 54 73 80 56 44 41
Manganese Ore 15 18 15 20 21 21 25 26 26 25
Coke 23 23 8 13 13 13 15 18 20 18
Salt 32 39 36 44 47 40 45 49 49 43
Others 132 128 111 123 128 134 144 149 154 159
MINOR BULKS 1637 1602 1402 1578 1682 1735 1822 1842 1865 1862
% Change % 2% -12% 13% 7% 3% 5% 1% 1% 0%

Million Tonnes
Total Dry Trades
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

TOTAL DRY
BULK 3503 3567 3433 3850 4086 4346 4592 4834 4836 4898
% Change % 2% 4% 12% 6% 6% 6% 5% 0% 1%
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Equivalent) fe+ % i 45 % 3 WS (World Scale) # &% % gz ie » # 1% s
FRFFRArE SRR FRER T SRR RBNE T R
FEMORA LR ER G FH M0 2 BB E SR s 7 L e
FI o Ay A frdedp A T URBED KRG Py K ()4 ek Foug

FPRETEIREF AQEL AR A g A AP @8 TR HiT

4o EfrEa s §E R B

ﬁg”*?%’ﬁﬁﬁﬁiiiiﬁéaﬁ%@,@

SR SRR 6 R0 o
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22VAR ~ VECM ok E & 4p bk < }Iflé

§ 7% £ (2005) f1* VAR fv GARCH #7347 340 7% 18 7 Hi8 1§ 4 248 4
AR ERF A EL Y5 1999 £ 97 3p 1 2005£6 ¢ 3p k> 2 BPI
o BClA i 15~ 2R B~ R ot - aidh ) %‘é#ﬁ%ﬁfﬁﬂz%&rﬁg oy
BEFRL)EG DB AR R B P Fp 7] B 8§ ol BB E D Hen
BTG S AR EA R RFEEE (DT £ 5 A AaniE 4 Ak
AL SRR R SRS RLE AL L BN ES RAE S RS
wor T £ 8 A daT B A X Al i LR o] Al ans ) (3)AE
BPI-BCI # /i 2t » 2 H B30 f Lo Lo @R E5y ¥
RS S S TS SN ISR 7 3 B EA SN § A S o
A HERR AP REFDT L gHF TR
PR RFEERLIEIDNIEFHE F2RERLFFE > FEHBF L

W2 b R 6 B

M < (2008) > o & A * Pesaran et al. # % £ £ & & %> 4c+ Johansen

% Gregory and Hansen % % & & i % i®

e
\\?{r
ok
&

% s T F MM E ZER P

2l

i 2 TS5 M ko g

L3
{

FEE o R LT TRPME AL L S

f@“;—/g'f‘é\' T%E% ‘B%E&]%ﬁ/}'\ﬁi—’: ‘Z\‘ ‘/2‘@] % 'f “for]f;] %:_,5

P
v
=

o]

FRL CEFERNZIARNELIAIHY FRIFRIFRTG 2 RIPF > <
R 1960 ¥ - FF 2007 &£ F - F > EE LB REEE T o ok X T
EXJIEERE e BPRRST & DO % - MEFIEM AR TS ST
B A ST 2R RS ERRBEMSIHEF T GDP =
X eE e TR G RSP0 BRENI 2 M A R ARED

FARFI SR % o 2LRPFIEMASERET 5 E2 2R -G RALL P F
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HYFODP $E %% 6l AMPILN % FF B2 FRLIRT R

Odhiambo (2009) > # * Pesaran et al. p ‘it jf 4~ fie i 18 #23) (ARDL)+
EFE AR TRRRLTNRN T EN R AL F M G TR
» 1971 # 5] 2006 & » ¢ * A2 R REA D T ERE L BAARY
PARELEANE LT AR DR DM o md B enF % B %o 1% Granger
non-causality 1% S5 % & P > G R F REDIEAM L 2 B3 L H » 7

SR R AW PIEASE e TR MG R R B R

HF% li‘ljl‘;;fﬂ) i_\!_% f g; —’, _“_/}"f\ ‘W °

Ozturk & Acaravci (2010) ¢ * = r# f< Engle and Granger #-3] » & 477 fi ©
oy el 89 J{e B8 R L AE SR L2 BT SR TR
B S 1980 & 5] 2006 # ¢ 7 H A s R4 AR 4 ) foF 5 £ B2 GDP
LR F-H S T FEEFEDMG R A F e feE R

(autoregressive distributedlag —ARDL) #% £ L% TN ARFE = R I
e P

N

Fh TS L THABFTERAP 2 ARES R F2F G £

e REEM G A @ JIREL TG L HOEN G ST B
L0043 (ECM) Rl &7 IR 2 FearF e M o @l LHE R £

B9 A 50 GDP 2 F chBg 41 B B g

He & Wang (2011) F1* % g & {ez 4 B & 4> A 4T R% R fof B § #
g REAR - LR R AEE OECD 74 B 3 chBf %> FTHPFRF L 1988 £ 1

712007 # 12 ¢h? #cdp o i@ * Kilian g3 ok F ph 2 207 2 5 AVKR T

TRBER RS R EGRAN LG 220 L B0 ] £ 17 Granger F]% B
sk B AT (1) B R % § 4> OECD % & 5 v Kilian /g7, #
FeEP R LM% ARY o Kilan SAp BB R T ERRF EFBE
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ML 95 205% - (2) SE¥ 23 igAgEsk 2 OECD 73 B3 T F > T4p
R w L e <o R FIRERR L A F 20 T "F - (3)Granger
ﬂ%&g ﬁ‘*ﬁ% » e Hp P\ + le ‘i;f./u » OECD % @ B F}’f\."‘lﬂ ?‘}%'/\:_JJ é_‘g‘_@z ﬂ-\}%' ]

F % % e % 6 o Granger i 7] o

Zheng(2012) i * & #F & 5 {5 ™ 3+ B A 208 L HCK BB A daiT R
S BB T KRR 2002 # 17 3 2010 £ 6 7 e dkcdy 0 A 490 348
RS AT e - SR R R s SR AT STREE 2 B ands L B

oy R AP R AR R B AL BT G AR

ER TR @ LA TR AT R D E R B AEEFZF
R EEM G Apda R - Al AE £ f Ap M AT B K 4p M Capsize

A dpdgens LA e H 3§ 0 Ap B o Panamax A 4pda s L4 g 3T
BEE AP B > Handymax Aldpdachz S4B G A I M G2 Y S L A4

Aleh- E P e & F N AT LR OB B~ Handymax 34y g enitdpd
TR el B & A da ® Boo) s Panamax A4y daens L Ap R IR

i E e o @ Capsize 34y 4afe Handymax 34, 4a = & 45 1 f 43037

L g i A

Shaki & Medrano (2012) i * ADF ¥4 ~ £ £ & ~ 324 8 3 4| (VECM) ~

% BFy i Soficfe Granger F1%: A E R EAC 2 0 A TR i AR
ESUEEE 3 R ﬂ¢/§%1£ MaaLw (pA~Fk L GRS ke I~
FEER AT %’}@Iffé‘i‘f’) 1 LW e E R A RL S B (g Ao
B ETE A fr S&P500) s AT F # 5 1990 & 17 ch¥— % 1 2007 & 6 1 ik is
- % & % Inform Winner Plus 2000 #cy - ¢ * ADF H 42 > &~ 47 9 B 3y 4 %7
fr3 % WAL &R Eipdc KRB FR > 917 R E 3G AT R 2
Rielcdh @ $- BABE > BEFRF RREFITHE R EEL > 2T
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B AR ERFRLC - FATHT OB LWKT -3 B RZE Rl BNy A
fok Y304eR % R ¥ LB 1 HA(VECM) 2 % 1 B R iR fe 8 i T e
S SEM R AR A SRARAF LRI EI B AL FEREDK
SSRGS SRRy ) T 3 U SRR A
Hrs 3R Fpd o BRI R mAFEe PRI 207 5 ¥4
FRFH PR B BE v Azl v 3 % Feol R o P SR SR B Ap
ek T & PR I T VA 2 WA B P oA d B g de B2 8L % - Granger
FI R B TR BT A BT BT RE SIS R B dpdic o A F] 5 1997 & 1
KA BEFFD FE? WG FoM G0 7R ALY FGREE S R H
P L BAgEdF LD o R XA RP* AL WED

AFEsY WP Sl FF AR AT MAIR T £ R e o ¥ by FIRF]D
EFRBApSE R A RE o, A E g drdp e Hdpled A B A 2L

P LG ERLA -

Ko (2013)# * VAR #-3]fops % BBl » A 4740 E 7 Fend 'L o 19
% 1992 # 1 7" 3 2012 £ 5 ? 0¥ Ry 0 4487 B As A0 (Capesize »
Panamax {- Handysize ) s& 5 2 2. £ & P L (M 6B " 1 £#fr3 &) >
Bz BEH).41* VAR Bi 3 ??hﬂwwﬁé R DR AR HC]
AP AAYEL & LEPRELRT Wy xF it B SR EE
(Aﬂ“%&%&ﬂﬁﬁﬁ’émﬁﬁ%T’EwﬂﬁT%’Eéwi%’Eﬁ
FT R BT e ek P R RS o Q) £ ELH
WIF D HAREHB DL A RT (e £ ) PF PR G b IR AR £ 5 (IFTC)
HP SR EAL AR L F(TO) R PR L o AR IFTCFER A & TC pF > 23

Azl AR ek EARIFTC i £ o
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FRicE (2014)91* ARDL #7312 ECM L3 & #73] » 3 S B A £ E
?ﬁiﬁiﬁ%“ M %0 TR S 1962 312012 F @ * FEEPN L AL
SRS PR REEF  PBES S ¥l B8 ARDL 1 £ 417
B LAY T HA(ECM) - A ul R b EREE K L
EAEMG - TN e ERT LR FRRSET LG LD R FEM G -
SR T GDP R RS A EE S A M G BP0 A ERELLEY &

L EREF AEAELE .

Chang(2016) i * + & & ~ A i3 & ~ Granger F] % i % > A2 3 2 IR &g 4y
FRepmk e g o O F Alc (DWT) o RORL 4 8 10 % 8 2038 g 5 7S 6 e 5]
BB %o FTHPER S 1980 £ 3] 2006 £ £ TR 0 2t 7 BB oA R 4

)R T e DWT 2 ¢ o (1) {1 * H 13:7PP & ADF ipl3# » 2 & 5%
BEE R L > A7 1080 £4- 2006 £ Fiz it B2 B R AFEY P %, (2)
Granger F]% B % 0 2 R4 TR DWT oyt vidan- 3 it piP2cg £ 3 5% 4
¥R F) %M % GDP H3v - § L h 1098 E -kl G e
F1% B % 5 GDP %4>t 23k dp R DWT 5%k ¥ k% » 24 H o F1 % B % o
GDP e DWT { & #p fr@dp p #8514 7 F i 10 - )i lepe L A f 2
DWT = & &5 &G senne FUt g g kT enigivid §s > v Aot 2 £ i %
SIDWT &£ 4o (3) %l 428 24 - F i3 4 88 o 7y

B RE S A LA PR RBT AR KT § L b -

Amann & Middleditch (2017) i * Granger #] % B 2k T fr& B & > =5 &
REg@mr LB oL B2 Bl o THPF/LE 1995 & 1 7 5] 2013 & 12
P BRR W GDP frst AR AL e ? dicdy o @  ERE P GDP M & S qr
i s GDP at S & BRI A iy o Rl AR A PR e e
TR S BHMER R HET w0 BB EUR s Y M e
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Bax v PV G ERGEE M LS o ¥ 2 % Toda & Yamamoto (1995)Granger

& <fr Johansen (2000) & & & - 13 & SHdhpldf - 3 M B RORER 0 LG
HEHAPABRLEE- 2w b3y BROFIEM G RS 4TE o FIRR
BIHEAP LERAEBD T OSHEEANY BRI LS G B am R

v =
7 g

1L 1 A5 0 Y 22, =T A
Heniz ey ﬁv‘P'*w om0 Auoag LAY

FeNt e EFERTLRERRET LT LG AYIIEN L H @
PR I TE 3 PP AET I A BEH T Johansen & % & & &_Pesaran et

. #RhEF ez 7% VAR & £ ECM #3414 2 ST = 7 & B 5EH %
HEla ¥ 20 AR LR ECAD e SRS £ S ndldn B B A iR

Apdcz F1% M o

17



¥=F B33

AR AR EAFEACED FE A S et B A4 iR
ﬁv@ﬁv?ﬁ?"**’&?%h"ﬁipﬁmfﬁﬁ“‘ﬁﬂp#"rﬂ“ﬂ’*ﬁ%‘ﬁa‘ﬂf’w

¥ v
BT R ARFE e L BT WA T BRI o TR
2009 £ Q1 2018 & Q1 > i % s ot b 4n #(BDI) ~ 4w didp dic ~ ok &

%(GDP) ~ 27k B & 43 $c(DAX) et 4% i 91§ -

Ly =EE FEEE
v A\ 4
VAR H27 ECM #-3)

Granger )% B %46 <_

Bl 3.1 £ 4 = ik n AL
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3.1 ¥ 3% 7_ (Unit Root test)

FRER B AT G LE ¥ PR R A g
RRE e BT A GBI R RGRER S R EERLE IR
H {234 2.5 * 528 Fuller (1976) 4r Dickey and Fuller (1979) #t

e
A
S

o

# e Dickey-Fuller ¥ 12+ 2 (DF # %_) ¥2 Augmented Dickey-Fuller ¥ 42
#% % (ADF # z_) - 2 % Phillips and Perron (1988) #t# 31 PP ¥ {34 2_
2o d - ADFERKB LT T RIIALELTF o AW 2 TRl 3
PPEAUG T Y g " AL T i s e p MM Z R TRE - 1% 224> 21
it 7 ADF enig 5% > £ 0 & 2 & g ke ADF 3 4p Fe cijbrig & fie 0 0 H

Bam gl o Bl AL H T ADF i 2f fo PP Rt ke 7 E R o

=

1.ADF # %7 & & = 64

(1)#& # 5B 2 pF AR %78
MY, = fYey + ) BiAYe + &, (3.1)
j=1
(2)F #HETE ~ EERARE T
Aﬂ::a+ﬁﬂ;f+§ZEAZFy+& (3.2)
j=1

(3)F #BEIE & P T ABH T

AY, =a+yt+pY,_, + Z PiAY,_ 1+ & (3.3)
j=1

R AR AL
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AY, # 57 & 3F ] e i
a i B FER

pip ﬁ“ﬁﬁﬁ?fﬁgi’

t = PFREARE T

& 5 AT

14
E}ymﬂéﬁﬂ%%&ﬁgﬁﬁ’p%ﬁ@%iﬁ’
=1

e ARG 4 WD it 1 e o

ADF B g 2shm & Bk 3 Ho i B=0 =KX ZH, 1 B<0- IS R

e

BER - ATESF Ean o L Banjdfoicpdp e s i dic > A
fFdplcs 23R A4pBcfon Raplics T SR TTRE - FRAZESRAL
H

B AT BTSSR RS EE

P
\3;
A
F_*

AR FHEEAVRAL L DRI
2.PP #& =
(1) & P & AR %58
Vi=a+a Y1 + 1 (3.4)

(2)F PR AR% T

T
Yt =a+ alyt_l + al (t - E) + ‘ut (35)
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BeY g ZRIER CZEFAEEE T SRATERZE oA LE T
E(pu)=0cPPi e n3Fm LA, v a3 pkdfcd it Bt ADF # %
ZEp s A afh A pe > F]pt % % PP e 2 2t ADF e 2o

3.2 % ¥ & ¥ =_ (Co-Integration)
3.2.1 Johansen & % & & =_

d > Granger and Newbold(1974)# 1 £

o
ks
o3
hn
o
2]
gl
:_*r
IRy
et
#
W
1=
2

L fk
ET?FFB%E?Q PR e T B e R P R B A T 2
B Eﬁ: F IR BRI PRI TFEES T T

Granger(1987)#%& i & B & ik » dp M2E LR B 7 BAe: X B E M G
R B2 fF enhe %E)?J % t o Engleand Granger(1987)# ) » % — &2t T i pF Y

B REO B ERP e SRS LR TR RET AR FER T

BRRE DG 2 0 AE G A T e R g i

—

K_

)
Ny
i

Engle-Granger = F¢ £ & @& & Jf ¥ % #cis 5 B L L ¥ X (TH

R B3 NE P RAT PN € A2 Sl aE4 0 ¢ Engle-Granger &

=

LA N - ek FEM G Y HAF A P RETE AT G R

F R G- lmehy B LR o Johansen & B £ %W 14 S PRiE 4 B 4E <> Johansen

1.5 # % (Trace Test)

H, : rank(m) <r > $#

fen
AN
i
—
%
3
S+
i
R
9
(g

Hy‘rank(m) >7> ¥&F L1 °F r+1 Banx FLw g
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¢
%

n
25 Adrace(V) =T Z ln(l - il) (3.6)

i=r+i1

C‘Al?;}‘ir’}‘%qli)'l-lg ’ Tﬁﬁix*o

IR ARG LR ERH > AT reds FEMGE A F R F RS LR
B PIA A ALE s AN T

2.% ~ #F M3+ 7 (Maximum Eigenvalue Test )

Hy :rank(m) =y > ®&FF r Bt i w

Wb

Hy ‘rank(Mr=r+1> F&FF r+1oxFéw g
B R Anax (Y + D) = =T In(1 = 4r44) (3.7)

kA EGRABRHy ) A7 rEmX FEM GG A F P FAEGRAE

Bk o Bl &G ol ey AR g o

WA BREENBETEEF F AL EE > T r=0- F LLERFLIES

\F‘b

ﬁ—;ﬁxp{{’ﬂl B w

BEARBF IR IBLEABR - F 5T - B

B BRI GLAFREL G RYOFEM G-
32.2 p a4 pe i 5 H03) (autoregressive distributed lag —ARDL)

% ¢ &_Engle-Granger = Ff Bofe <2 2 &_Johansen & B & & 22 > € X '
#

(D)5 - FF £~ gl @ FApARA B2 £ S IQ) 5 LA > - FF £ A e

G RHE - P A N0) R A BB A I R T AL

ETTES
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v

AL 5P Z 4 o m Pesaran et al. (2001) #% 1 g fkﬁﬁp‘fé\ fie 7z {5 B3
(autoregressive distribution lag model, ARDL ) - # -3 4p i % s & £ 507 »
Ao T (D) Ak TiBARY XA TR Y BB e B RS T 1)
AT HEIL) 22 REL 108 1(1) 307 ¢ BB TN L E 87 i
212 Qe ¥ TR PHAPE TS M3

fe? e s & B o B R 40T

B3 efP AL o ()7 e E T U A

n,q
M=Q+Z&A%ﬂ-Z)HWU+9&1+ZH%1+&(%)
i=1 i=1,j=1 i=1

BY i ¥#KE o [;2y; 5 p % a8KZ Peasranetal. (2001) #% 412 Wald st i &

AP g R RARRE S REE A G A FEM G P

Ho:eo =91 =92 — B =9n =O

FFEXI(N)ehfh & PlIESH, » 2783 ¢ %l 1 L DM %
FFE 10Tk @ PlEZIESH, ) A2 %&F2 25 LHM G
FFEAIN0)Z I(D)2 > P2% T2 maho

33 + &P f“ikﬁﬁ‘ (Vector Autoregression Model )

Sims(1980) #7#% #iw & p A fFHCA f AL VAR HC3o @t B 40A Y
EAREPN 2 AR A SRR b PN R R S 2 Rl B f
AR R TR A L g SURP A RBGRITOT R WA ER UG
A B2l BB Tk oo
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Ve =a+ ZAi Vi—i T & (3.9)

p R FT LR
A s e £

as ¥ Ew

& » A E

P

E(St) =0 %% B ﬁf{;‘%’?‘ﬂﬂ mpj‘i’_i R 4

Blee) =L #0 s e Mfes fRhgem £ - HEZ X0F - 7RGRLAF T 2
i ele PR A SR B Ap Bl o
E(er,ye-1) =0 * B Sl g o2 chpe R SR ~ A foid 88 - £ 493
Joz s
wE P SRR A& P OERRIS - R ECORE AR e R
B Fo BALG TR ey o tpt 2t B SV ERCRL F AU
PRIFLAREELE R 1T R B BB i T3 g o ufir
3 Y St IEE SR E N e
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3.3.1 #¥ & & S ¥ (Impulse Response Function)

B F LIRSy B 2 RT > B 2 REb L2 P
Sims(1980):& ik #-o & p N iw W3] 5 d Wold 4 f2 232 (Wold Decomposition

Theorem) i 3% = # # T 35(Moving Average > MA) #2753 5 H i 240 ¢

p
Ye=a+ Z Ay + & (3.10)
i=1

L=

p
Yt _ZAi Vi1 =a+ &
i=1

Ve —A1Yee1 — Ay Ypp — = — A Vi-i) = a + &

f)* FREE A T

P =

(1_A1L_A2 L2_ _AP Lp)yt=a+€t
yt == (1 - Al L - Az LZ — " _AP LP)_la
+ (1 - Al L - A2 L2 —_ " _AP LP)_lgt
yt — A + z Cl St—l (311)
i=0

H o A% (nxL) e it > €5 (nXn)ehsB'E > ® Cp s B mae o

B8 E - BREIT AT WA TG R e S
W IR AU £ o FES BT W A M BT R - TERREL %8
AR A X f A PR A R SR L F DAL 5 ap

& ¥ #® * Cholesky 4~ % ;# (Cholesky Faztorization) % & 2@ o = it
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(Orthogonalization) :& ﬁw,ért—i THARR M H 3 E H e N 2T 2 faprd
K(lower triangular matrix) = :

ye=A+ Z CKK™ e

(3.12)
=0

e =A+ Z RW;_4 (3.13)
i=0

A\R:CLK ’ Wt_1=K_1£t_1 ’ ;F,— v Wt—léfi E 5\'#5};5‘3}‘ ﬁéﬁﬂ#g&é"{ﬁﬁ
e 38 o %gﬂ 8 F Sl it > FOUER DY R EF AT B o

3.3.2 SRR £ % B B4 f# (Variance Decomposition )

87 B FIEy 0w & 0 How i on g TR aREL
¥ &7
Yesn = EYein (3.14)
F* (3.10) 7 r ¢ SV A
n-1
Yern — EYean= Z Ci Etan—i
i=0
= E4n T C1 E4n1 T (3 Epna + -+ Cpog €041 (3.15)

n
0-3% = MSE(Et yt+n): Z Var (Sjt) (ajd] + Clajd]c'l + CZajd]C,Z + -
j=1

+ cn_lajajcn_l)

26



Aye IS NWTERRELRE 0 kP B | BRETF RPPRGELHR L
sz =Var (ejt)(ajd] + clajdjc’1 + czajd]c'2 + -+ cn_lajci]cn'_l)
;!:i‘b'l-i-["—y B %’E‘?J;ﬁ‘ '%ﬂ mLL‘ s & :O}Z/O-;O

EElE S S 2 E LN F 22 LS SEN SRV P RES R R S

3.4 Z 1 #3] (Error Correction Model)

e

Lo Ao

z%ii

TAARFRALREG TRIIREFF 3] S FEMS g S
e R E LR G T Al VAR A2 7 A 47 o R R B bk

LR apE > ek ® Y VAR B3 417 0 Bm i A3 R R BT g
BBl O B0ty R FFEM AR RAREF RWIOER R LEml P e

Q%égﬁ'ﬁlilﬁa@\’/ﬁ';}z‘%rp;iI?-é(% 99Pg\.ra, Fﬁ_ilj ‘illo

Engle and Granger (1987) # ) v " Granger # 3 %_32 | (Granger
representation theorem) » ¥ »u [ # 224 i3 v #-7] Ky i ¥ Hez B ek P 35 HRE
GEEP R EARE o UL TFEF AR SRR LITF L A TR

FEPEFLABIHAUAEF S FAB TR EH LR REHAFI LY

A}/t =a+ ﬁYt—l + 2 [)] AYt—l + St (316)
j=1

#doan BEER

,BF*' —;\ﬁP py‘; “/ J:é-m\za éf%

27



}2 1 P JiiE'Q.L T8

P; % mdp cods i 3 A

& = AT
FRgd ARDL % £ £ 13 AR M e n § B0 M 6o

- b i@ * 24 2 0 3] (error correction model, ECM ) 4 47 % 8 & =8 # 1t

AKEH % fE2 5 ARDL-ECM » # 074

p nq
AYt—CH'Z,Bl AYe i + z Vi AXje—; + Aeecm,_y + & (3.17)
i=1 i=1,j=1

Heem_ ¥ 53413 10 I o

3.5 Granger ¥]% i 4 % ( Granger Causality test)

Granger (1969) #% d1d Fgiplic # e B A T A RHENFEM 2> Ap @

e

B BB (ke thT A FRBE2 BT g LR 4ok 5E 0
Bae- BREXKRBEFEY HL I FL - IVRORRY hiEE s L
fi X Granger 25 Y o ¢ % FFF VAR B2 8 #HF nF S M G B

105

p p
i=1 i=1

P 14
Y, =d+ Z VY + Z 5.X, + (3.18)
i=1 i=1
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HOZ . 61‘ = 0 ’ l = 1;21--'1p

Hy  B#0-i=12..,p

{mn‘&=0’i=Lme
{le : 61' 010 = 1,2,---,29

Hig 2 &% 5

L e Hop fi 8 K » 28 X GHFFY > T XAFLY e -

£
EHEX Y AL X o

[Z]

2.4 WAES Hoyfh R K 0 47 Y

3. I FHE & Hoy frHop b 8 B0 0 078 X fr Y Ul 35 51 % M 10 3 R4

3R ARR oo

4% PF @ E 488 Hyy frHop e 8 B3k - &1 X e Y S8 & F1 % M i 2 fik

m I ARR R

Fif R R8T 0 d 3t B 3 2 T AU R A% T

_ (SSE, — SSE.)/P
" SSE,/(N-2p—1)

(3.19)
H ¢ 5 SSE, 5 £ UHHER T R L T S e

SSE, % % i [FHrst TR £ 5 2 fe

N & & ~ i #c

P ,?-(p xvﬁpﬁ’t
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S REL

1 7R Rl p
A AR CED B AL E AL AR EPEEE 2R
BF o 2 T SR B % ¥t BDl dpdch %% A ¥ F 23% GDP
$ £ FCRU i3 8 DAX B &4 80 2 T i R AP § 5 p S B 41,
#LiR] 2008 & 3 4 ¥ 10 & 59 BDI 43 % ~ CRU #; #ic ~ DAX $; %~ 23¢9 i GDP
SEFUZEFHAMD AR B TSI RSB0 T 19 E R
ZIRE R L S P A S EEaE R UL S RRE < R DE S e
Bop j£ 2009 # 1 penFoRlod W2 GDP R EF > R E 2B - F 0 F
HAEF o 27t GDP R FF T &R £ w BRgETH  fIvay
SHATHRAREEN 3 AFEFTHR L AL ATRER Y
2009 # Q1 5] 2018 & Q1 -
B2 T M R iRAeT
1. BDl dpdic: 5 % M 2 FRAGSL Bens 2 2 o0 FRHF 5 2009 £ QL
72018 # Q1> £ 37 & FL > FRLBp Value500 # F ¥ #- B8t 7 5
BDI -
2. §F>Th GDP & £ % : T4 5 2009 # Q1 7| 2018 # Q1 37 £ F
B FHBG R 4T o $Bcd 7 L GDP o
3. CRU xsighahidpfic: # # M 5 ¥ WOF o/ 1 84 THHF 5 2009 =
QL 7 2018 # Q1> £ 37 £ 74 » FHIp ¢ MHpelib L - $hcd 7 &
CRU -
4. DAX 23k P sl # T M A RA BB LTEE > FAPF S 2009 &
Q1] 2018 & Q1> £ 37 £ T4 » F#4LB 5 MARKETS INSIDER - & # #

i+ & DAX o
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4.2 ¥ 14 T
BRI A2 0 F R AL TR AT AT R 10) 0 & E T
M ANA) ~ 12)55% 5 A we - TR BB F1 R B il T 3N o didpdR t HHic
EFHEMR (% 41)  GDP 2 HE g T XA 2 4 KkmT » 2 ADF {r PP ¥ 345
%_» P-Value 7‘5’3/]‘ %+ 0.05° % 7 3 GDP ehpF & B 7] & H 42 > Tl 2 f5 )50 o
DAX &8 14 T m4-F 4T " ADF E R 2 7 5 #4558 > 1 2 PP E % 2 3
FREEE ~  BEEE 2 EFEARY > Bk S )5 o @ BDI dp#c~ CRU 4y
BT FHRMD L A BERE ST 3 FLADF AL PP S
R A TRR B 5% F ok A HABT AL G ER TRIALE

RSV EA

Fie T RET 7 Farbéu)"j*um,z i * Johansen £ & & A 47 H £ 8 7 %
M 2I &% * ARDL %% X & &1 2> ﬂfﬁ, FEFE gL 1(2) % 4.2
B TR A 1 2 BE A 0l T B & < e dhliciE 3R] YRR iE 5%
g E R JES m B BRK 0 P H Rl FE A (D) F ko R IF
H(O)f- I(1)F B % > 7 & 54 Pesaranetal. (2001) if /i & %z i€ 17 %
Efe o B BEAN 2 FA RREDEFE L T ahg LG 1(0)2 1(D)

R
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%41 BREBT-ASBLA

ADF & <_ PP ¥ <_

% #c | None Intercept | Trend and | None Intercept | Trend and
Intercept Intercept

BDI |-0.2984 |-1.9258 |-2.6097 |-0.3317 |-1.8021 |-2.6761
(0.5712) |(0.3172) |(0.2785) | (0.5587) |(0.3736) | (0.2518)

GDP |-3.5809* |-4.9788* |-4.9147* |-3.6366* |-4.9708* |[-4.9075*
(0.0007) |(0.0002) |(0.0017) | (0.0006) |(0.0003) | (0.0018)

CRU |05258 [-1.6003 |-15552 |05210 |-1.7851 | -1.7494
(0.8247) | (0.4721) |(0.7908) | (0.8235) |(0.3816) | (0.7080)

DAX | 1.9999 |-3.8887* |-3.2885 |1.9999  |-5.0251* |-5.6492*
(0.9875) | (0.0051) |(0.0848) | (0.9875) |(0.0002) | (0.0002)

OIL |-00030 |-1.1454 |-2.0929 [-0.0179 [-1.3202 |-2.1458
(0.6751) | (0.6869) |(0.5322) | (0.6702) |(0.6096) | (0.5040)

X

1. ADF # %_erdeif 5% 15 9 B F35 1B 048 E-VIEWS 10.0 #7 f B > HF B % SBIC {3 -
PP & % _ehdif 7% {& 8 #)d E-VIEWS 10.0 # » 3¢k Newey-West Bandwidth » if B~-] 3t
4(T/100)2/% 521 & g+ s vk @ > © @ * Bartlett kernel ¢19f i = 58 o

2. 5% kg m ok

None- & # §E38 2 p& 484158 © -1.9504

Intercept-7 # §EIE - & P P AR 4 58 © -2.9458

Trend and Intercept-7 # §E3% % pr F 484157 © -3.5403

3% 4 5% ¥ kBT A F > ADF 2 fr PP T4E % B £ Bk » T & 813

e

i
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42 H4U4 2-CB 4 A

ADF & =_ PP # _
% ¥ | None Intercept | Trend and | None Intercept | Trend and
Intercept Intercept
BDI | -7.5149* -7.4398* -7.4732* -7.7315* -7.7887* -10.2260*
(0.0000) | (0.0000) |(0.0000) | (0.0000) |(0.0000) | (0.0000)
CRU | -6.4059* -6.4438* -6.3379* -6.3738* -6.3974* -6.3074*
(0.0000) | (0.0000) |(0.0000) | (0.0000) | (0.0000) | (0.0000)
DAX | -4.8572* -5.2468* -4.8450*
(0.0000) (0.0008) | (0.0000)
OIL |-5.1715* -5.0958* -5.0206* -5.1676 -5.0958 -5.0206
(0.0000) | (0.0002) |(0.0014) | (0.0000) |(0.0002) | (0.0014)

£ N

EE B

1. ADF # % el if 5% 15 9 B 535 8 5048 E-VIEWS 10.0 #7 f B > HF B % SBIC {3 -

PP & % _ehdif 7% {& ) #)d E-VIEWS 10.0 F » 3¢ % Newey-West Bandwidth » if B~-] 3t

4(T/100)2/%4722 & chf + Eficd (e 2k @ » & @ * Bartlett kernel 138 i3 & 3¢ o
% F

2. 5% ¢ 77 ok

None-z # jE38 2 pF P 484408 @ -1.9507

Intercept-+ # §E3E

~ R PERAREIE 1 -2.9484

Trend and Intercept-7 # §EJE 2 pr ¥ A 4158 @ -3.5443

3% 4 5% ¥ kBT A F > ADF 2 fr PP T4p % B & Bk » T ¥ 13
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d 41 EPB ST BDI il dlida it R Al R
# b - GDP #ﬂ@:p # Fe FE= 1(0)Fe (D) ?qjﬁa Johansen + & & ¥ % H £

AR R N RlER EHE )T o A EReE BT LG RSB G
o FPt AFT T 4 Pesaran et al. (2001) R e FE E LB 0 2
BT FEALT T RIIREE LS RS L TR RABR T K
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%%d EViews 10.0 %=~ » i# * ARDL #-%

Wi fe o K2R
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Tfri e fFFF b i T EKE LS ARG
% 43 H #7415 6480ARDL > H ¢ B i -4 2 ARDL(,5,5,5,3)

ARDL #A| & > ek i 2 8 5 1 /iR P a9 £ 5.3 4p b= e 2

5
PR A ZIARE R QIR ARARSEE - RIL Ble%e R 440 B

‘v

P EOSDP T IAENTAL PRL > T a8 p R o

% 6480 % ARDL #-3# > f# % E# 1 ARDL(5,5,5,5,3) » ##7 7 i&
H
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45 HAE R R ¢ 5 AIC-BICHQ % 34 #18 {5 ¢h R-squared = 11§ jLs 41 -

ARDL(5, 5, 5,5, 3) & # & #27] -
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# 43 ARDL

Selected Model

BAI(AIC 3 B i 7% 15 ¥ #K)

- ARDL(S5, 5, 5, 5, 3)

Variable Coefficient Std. Error Statistic ~ Prob.*
LOG _BDI(-1) -0.0110 0.1515 0.0729 0.9447
LOG_BDI(-2) 0.0500 0.0977 0.5117 0.6307
LOG_BDI(-3) 0.2265 0.1080 2.0968 0.0901
LOG_BDI(-4) 0.3224 0.1028 3.1350 0.0258*
LOG_BDI(-5) -0.2408 0.0774 3.1123 0.0265*
LOG_CRU 0.5211 0.5376 0.9694 0.3769
LOG_CRU(-1) 0.1630 0.5952 0.2739 0.7951
LOG_CRU(-2) 0.0753 0.4756 0.1583 0.8804
LOG_CRU(-3) -0.0251 0.5971 0.0421 0.9681
LOG_CRU(-4) -0.7798 0.5403 1.4432 0.2086
LOG_CRU(-5) 0.9876 0.4061 2.4322 0.0592
LOG_DAX 1.6080 0.6560 2.4512 0.0579
LOG_DAX(-1) -2.9071 0.8109 3.5849 0.0158*
LOG_DAX(-2) 2.7478 0.7217 3.8075 0.0125*
LOG_DAX(-3) 0.1098 0.8481 0.1295 0.9020
LOG_DAX(-4) 1.6934 0.8047 2.1044 0.0892
LOG_DAX(-5) -3.1651 0.7448 4.2498 0.0081*
LOG_GDP 0.0664 0.0294 2.2581 0.0735
LOG_GDP(-1) 0.0250 0.0293 0.8525 0.4329
LOG_GDP(-2) -0.0026 0.0315 0.0823 0.9376
LOG_GDP(-3) -0.1576 0.0286 5.5039 0.0027*
LOG_GDP(-4) -0.0851 0.0403 2.1112 0.0885
LOG_GDP(-5) -0.1615 0.0389 4.1558 0.0089*
LOG_OIL -0.2996 0.2261 1.3251 0.2424
LOG _OIL(-1) 1.2122 0.2999 4.0424 0.0099*
LOG_OIL(-2) -1.3550 0.2755 49179 0.0044*
LOG_OIL(-3) 0.2680 0.2739 0.9784 0.3728
R-squared 0.9923

Adjusted R-squared 0.9527
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%44 Qiz-ALRLG p AN

AC PAC  Stat Prob*
1 -0.2430 -0.2430 2.0789  0.1490
2 -0.0280 -0.0920 2.1065 0.3490
3 -0.1800 -0.2250 3.3244  0.3440
4 -0.0070 -0.1320 3.3261 0.5050
5 0.1050 0.0370 3.7688 0.5830
6 -0.1720 -0.2080 5.0029  0.5430
7 0.1530 0.0470 6.0194 0.5370
8 -0.2440 -0.2380 8.7100 0.3670
9 0.1700 0.0000 10.0780 0.3440
10 -0.1210 -0.1470 10.8030 0.3730
11 0.0720 -0.0490 11.0690 0.4370
12 -0.0680 -0.1640 11.3240 0.5010
13 0.0870 0.0600 11.7630 0.5470
14 0.0470 -0.0640 11.8980 0.6140
15 -0.0670 0.0010 12.1860 0.6650
16 -0.0400 -0.1850 12.2920 0.7240
17 -0.0600 -0.0480 12.5530 0.7660
18 0.0570 -0.1670 12.8070 0.8030
19 -0.0710 -0.1170 13.2270 0.8270
20 0.2190 0.0660 17.5870 0.6150
21 -0.0060 0.1080 17.5900 0.6750
22 0.0280 0.0340 17.6750 0.7250
23 -0.0170 0.1440 17.7100 0.7730
24 -0.1240 -0.1150 19.7980 0.7080
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-2.9

Akaike Information Criteria (top 20 models)
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ARDL

ARDL
ARDL
ARDL

ARDL
ARDL
ARDL

% 45 AR 4

ARDL
N ARDL
ARDL
ARDL
ARDL
ARDL

)

2 = 20 B Al

O ARDL
ARDL

5  ARDL
ey

ARDL
ARDL
ARDL
ARDL

Model LogL  AIC* BIC HQ Adj. R-sq Specification

3 86.6765 -3.7298 -2.4931 -3.3198 0.9527 ARDL(5,5,5,5, 3)
1 88.2626 -3.7039 -2.3756 -3.2636 0.9287 ARDL(5,5, 5,5, 5)
2 87.0481 -3.6905 -2.4080 -3.2654 0.9423 ARDL(5,5,5,5, 4)
4 83.8736 -3.6171 -2.4262 -3.2223 0.9531 ARDL(5,5,5,5, 2)
1297  84.2318 -3.5145 -2.2320 -3.0894 0.9312 ARDL(4,5,5,5,5)
217 83.9945 -3.4997 -2.2171 -3.0745 0.9302 ARDL(5, 4,5,5,5)
218 82.3350 -3.4584 -2.2217 -3.0485 0.9380 ARDL(5,4,5,5, 4)
433 80.1933 -3.3246 -2.0879 -2.9146 0.9292 ARDL(5, 3,5, 5, 5)
434 76.2884 -3.1430 -1.9521 -2.7483 0.9247 ARDL(5, 3,5, 5, 4)
1081  73.2039 -3.0752 -1.9759 -2.7109 0.9318 ARDL(5,0,5,5,5)
435 73.8914 -3.0557 -1.9106 -2.6761 0.9250 ARDL(5, 3,5, 5, 3)
1084  69.5070 -3.0317 -2.0698 -2.7128 0.9372 ARDL(5,0,5,5, 2)
1082  71.3163 -3.0198 -1.9663 -2.6706 0.9315 ARDL(,0,5,5,4)
865 73.2145 -3.0134 -1.8683 -2.6338 0.9217 ARDL(5,1,5,5,5)
219 74.1843 -3.0115 -1.8206 -2.6168 0.9141 ARDL(5,4,5,5, 3)
1083  70.0717 -3.0045 -1.9968 -2.6705 0.9333 ARDL(5,0,5,5, 3)
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=% ARDL #4|hi & p cnf -8 % (v f R oplipanfidl > £ AR
ARDL(5,5,5,5,3)ix 7 74 £ p A 4p ki 2 B 3 B 18 0 Bk LK LR BRA
HE2Z A FAEHM G 17 58 E-VIEWS10.0 - 2 %% 3 4 4.6 5 #%p
WF SR G 1244860 P AL 1% UPTRR 60 FIAHES G L R UM G

mlﬁ‘;{,z\‘,#ﬁ_ﬁ’rtm%\ JF»;g!Pﬁ%gf,/‘,&o

%46 F R TE
F-Bounds Test

Test Statistic Value Signif. 1(0) 1(2)

F-statistic 12.4486 10% 1.9 3.01

k 4 5% 2.26 3.48
2.50% 2.62 3.9
1% 3.07 4.44

d % 47 ARDL & #3547k %2 %% L > X {s- # 5w ¥ CRU #gﬁt;‘l
FREFM P CRU M8t 2 i j2f BDl dpdicg i - T8 - HIle
W2k W GDP £ X3 BFW > HufFiilici i w > &7 2304 § &4
KAFER gty Lo M A EFHipdg"¥ 2307 § #d$ -DAX 2
TR &dp#cteiE 5 - ¥ §F 5 9c-1.3858 frw v fF i 3.1651 § AFF L0

FRE 2o - RO ZTEECFFTFCFEARF - FFERIDE TG &
- EFD Rk e € R szDl#gﬁ%'L"

$245 Granger # I %32 ( Granger Representation Theorem) > & 75 s & &
b o PR G AR IEEH R PP e R E T BL TG 0 F
PRE G ORR R REALA B FR € NIRRT AR

FIEA LA RS MR
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% 4.7 ARDL & #§ $247h 4

Variable Coefficient Std. Error t-Statistic Prob.
LOG_BDI(-1) -0.6530  0.1196 5.4597 0.0028*
LOG_CRU(-1) 0.9421 0.4516 2.0859 0.0914
LOG_DAX(-1) 0.0867 0.2420 0.3583 0.7347
LOG_GDP(-1) -0.3154  0.0936 3.3683 0.0199*
LOG_OIL(-1) -0.1743  0.2311 0.7542 0.4847
D(LOG_BDI(-1)) -0.3580 0.1355 2.6425 0.0458*
D(LOG_BDI(-2)) -0.3080 0.1263 2.4391 0.0587
D(LOG_BDI(-3)) -0.0815 0.1035 0.7879 0.4664
D(LOG_BDI(-4)) 0.2408 0.0774 3.1123 0.0265*
D(LOG_CRU) 0.5211 0.5376 0.9694 0.3769
D(LOG_CRU(-1)) -0.2580 0.6365 0.4053 0.7020
D(LOG_CRU(-2)) -0.1827 0.6178 0.2957 0.7793
D(LOG_CRU(-3)) -0.2078 0.5194 0.4002 0.7056
D(LOG_CRU(-4)) -0.9876  0.4061 2.4322 0.0592
D(LOG_DAX) 1.6080 0.6560 2.4512 0.0579
D(LOG_DAX(-1)) -1.3858  0.4496 3.0825 0.0274*
D(LOG_DAX(-2)) 1.3619 0.5406 2.5194 0.0532
D(LOG_DAX(-3)) 1.4717 0.5951 2.4730 0.0563
D(LOG_DAX(-4)) 3.1651 0.7448 4.2498 0.0081*
D(LOG_GDP) 0.0664 0.0294 2.2581 0.0735
D(LOG_GDP(-1)) 0.4067 0.0828 49128 0.0044*
D(LOG_GDP(-2)) 0.4042 0.0706 5.7266 0.0023*
D(LOG_GDP(-3)) 0.2466 0.0593 4.1587 0.0088*
D(LOG_GDP(-4)) 0.1615 0.0389 4.1558 0.0089*
D(LOG_OIL) -0.2996  0.2261 1.3251 0.2424
D(LOG_OIL(-1)) 1.0870 0.2756 3.9444 0.0109*
D(LOG_OIL(-2)) -0.2680 0.2739 0.9784 0.3728
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- GREFERE SR B ERF T AL DR G T FED kK

YOGk i 0 dofe B T IOHRR A > T ESEL B D R R AL o 4 48 B

7 R B R L 9E 5 -0.6530 0 5 mAp L SEEHR-L B T ad B £ B 5

# 4.8 ARDL-ECM

Variable Coefficient Std. Error t-Statistic Prob.

D(LOG_BDI(-1)) -0.3580 0.0675 -5.3004  0.0032*
D(LOG_BDI(-2)) -0.3080 0.0690 -4.4638 0.0066*
D(LOG_BDI(-3)) -0.0815 0.0688 -1.1848  0.2893
D(LOG_BDI(-4)) 0.2408 0.0540 44581  0.0067*
D(LOG_CRU) 0.5211 0.2924 1.7824  0.1348
D(LOG_CRU(-1)) -0.2580 0.2629 -0.9812 0.3716
D(LOG_CRU(-2)) -0.1827 0.2456 -0.7438  0.4904
D(LOG_CRU(-3)) -0.2078 0.3115 -0.6671 0.5342
D(LOG_CRU(-4)) -0.9876 0.2166 -45598 0.0061*
D(LOG_DAX) 1.6080 0.4476 3.5923  0.0157*
D(LOG_DAX(-1)) -1.3858 0.3151 -4.3975  0.0070*
D(LOG_DAX(-2)) 1.3619 0.3426 3.9753  0.0106*
D(LOG_DAX(-3)) 1.4717 0.3946 3.7293  0.0136*
D(LOG_DAX(-4)) 3.1651 0.4953 6.3899  0.0014*
D(LOG_GDP) 0.0664 0.0180 3.6935  0.0141*
D(LOG_GDP(-1)) 0.4067 0.0357 11.3993 0.0001*
D(LOG_GDP(-2)) 0.4042 0.0385 10.5095 0.0001*
D(LOG_GDP(-3)) 0.2466 0.0348 7.0850  0.0009*
D(LOG_GDP(-4)) 0.1615 0.0219 7.3722 0.0007*
D(LOG_OIL) -0.2996 0.1389 -2.1566  0.0835
D(LOG_OIL(-1)) 1.0870 0.1564 6.9508  0.0009*
D(LOG_OIL(-2)) -0.2680 0.1490 -1.7990 0.1319
CointEq(-1)* -0.6530 0.0617 -10.5848 0.0001*

R-squared 0.9856

Adjusted R-squared 0.9505
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4.5 Granger F]% M % 2

FEILR B 3 £ W o47R % > 1% Granger F1 % B RiF4 E ST LS
iMoo 4 49 47 » BDI d3 4t CRU 4h 8k ~ DAX 3 #icfe® i 45 b 3
frH Prob.? R % A FAEAEEISM o ¥ dp iRy R AELEESM ko

%} GDP 4 BDI 4 4c) H & FJ% B 1% -

%49 FlEM e T

Null Hypothesis: F-Statistic Prob.
LOG_CRU does not Granger Cause LOG_BDI 1.2498 0.3112
LOG_BDI does not Granger Cause LOG_CRU 0.5891 0.6275
LOG_DAX does not Granger Cause LOG_BDI 1.4380 0.2536
LOG_BDI does not Granger Cause LOG_DAX 0.4695 0.7060
LOG_GDP does not Granger Cause LOG_BDI 3.8687 0.0201*
LOG_BDI does not Granger Cause LOG_GDP 0.5091 0.6793
LOG_OIL does not Granger Cause LOG_BDI 2.2636 0.1038
LOG_BDI does not Granger Cause LOG_OIL 0.8765 0.4655
LOG_DAX does not Granger Cause LOG _CRU 1.1308 0.3542
LOG_CRU does not Granger Cause LOG_DAX 0.1808 0.9085
LOG_GDP does not Granger Cause LOG_CRU 0.1645 0.9193
LOG_CRU does not Granger Cause LOG_GDP 1.0202 0.3991
LOG_OIL does not Granger Cause LOG_CRU 1.5974 0.2131
LOG_CRU does not Granger Cause LOG_OIL 1.3069 0.2925
LOG_GDP does not Granger Cause LOG_DAX 0.9415 0.4343
LOG_DAX does not Granger Cause LOG_GDP 0.3045 0.8219
LOG_OIL does not Granger Cause LOG_DAX 1.1333 0.3532
LOG_DAX does not Granger Cause LOG_OIL 0.6595 0.5841
LOG_OIL does not Granger Cause LOG_GDP 0.0272 0.9938

LOG_GDP does not Granger Cause LOG_OIL 0.3954 0.7573
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