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Abstract

This paper discusses the relationship between the Dow Jones transportation

index ~ the Dow Jones industrial average index and the macroeconomic variables,

including  retail sales, purchasing managers ' index, new house starts and
unemployment rate in US. We use quantitative methods such as Unit Root
Test,Vector Autoregression Model,Granger Causality Test, Impulse Response
Analysis and Forecast error Variance Decomposition. This research collected
monthly data ranging from January 2000 to October 2015. First, we use unit root test
to ensure all the series used in regression analysis are stationary. Then, we create the
vector autoregression(VAR) model to analyze how explanatory variables affect that
the Dow Jones industrial average index and The Dow Jones transportation
index ,and use impulse response function to figure out the response of the Dow
Jones transportation index and the Dow Jones transportation index to the exogenous
shock of another variables. Granger causality test is also used to determine whether a
time series is useful in forecasting another. Eventually, use the Forecast Error
Variance Decomposition to indicates that how much of the forecast error variance of
each of the variables can be explained by exogenous shocks to the other variables.
The conclusion of this research shows that the Dow Jones transportation index
movements explain a rarely fraction of the forecast error variance in the Dow Jones
Industrial Average Index. The Dow Jones Industrial Average Index movements
explain a larger fraction of the forecast error variance in the Dow Jones
transportation index than itself. This result can explain the trend of the two index are
consistent. The Dow Jones transportation index Granger cause the Dow Jones
Industrial Average Index is not significant. The variables with transportation
demands, the new house starts, the retail sales and the PMI , are Granger cause and

play important roles in affecting the Dow Jones transportation index.

Keywords: Vector Autoregression Model, Granger Causality Test, Impulse Response

Analysis, Forecast error Variance Decomposition.
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% 3-1 EBE TR SoE B e RS R S AL TR U
AR 2iE #E A5 BiE EE

0 BB T RS 100 0 BIEEHRE 100
1 3M 6.5950 1 BB RIE 12.5438
2 Bl 2128 A SI(IBM) | 5.8897 2 MEaRKRBE AT 8.4916
3 EHEEES 5.7056 3 IRiESTHE 7.1996
4 HEREER 53112 4 BaXEEAT 7.0120
5 RERNE 5.0751 5 BN 6.8966
6 RISE 49145 6 JB Hunt Transport Services Inc 6.3805
7 BEES 4.6457 7 CH Robinson Worldwide Inc 5.7594
8 BEAT 4.4855 8 Kirby Corp 5.3787
9 RITEREREAT 4.3072 9 Landstar System Inc 5.3378
10 Efhe 3.9397 10 R E N 5.2256
11 BEM 3.9035 11 R4 B AN AR 2= £ 47832
12 ERETE 3.8049 12 Expeditors International of Washington I 3.8895
13 FERAT 3.6801 13 United Continental Holdings Inc 3.6138
14 NRREZF 3.5114 14 FmmE 3.2267
15 YN 3.2187 15 EEMmZE 3.0897
16 Visa Inc 2.9476 16 Avis Budget Group Inc 2.6825
17 THEKRH AT 2.9437 17 Matson Inc 2.6673
18 ARIBEEEARRAT 2.7635 18 EEIMZEEE 2.3956
19 AT 2.6217 19 CSX Corp 21279
20 EERABIRIT 24153 20 REEMZEAT 1.2984
21 =EIER 2.3860

22 E e 2.1969

23 M 2.1018

24 EIHHREE AT 2.0810

25 mER 1.9639

26 of o £ 1.7278

27 IEmREMmRINBIRAT | 1.3276

28 EXST ] 1.2437

29 ZFEAT)(GE) 1.1855

30 BRIZAR 1.1062

FORIACHR: Bloomberg , ANHfFFTEcs
14
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10,000

7% 32 BRAEH AT R ETIRER

HTE AV i BRERIE
A E TS TRAN Index Bloomberg
The Dow Jones Transportation Index

IHYE TSR INDU Index Bloomberg
The Dow Jones industrial average Index

FEEETEHERT RETAIL SALES ~ #({E/FH#  Bloomberg
US Retail Sales

E Bt E M e 4 B BE EERECOE e B =) PMI Index Bloomberg
US Purchasing Managers ' Index

EEHER TE TR A ETEER) NEW HOUSE N Bloomberg
US New House Starts

S E R R B A ) OREMRLOYMERT g0 Bloombere

US Unemployment rate

AR AR A R

% S [ B R e (AU 75 50 8 1 A ] 31

TRAN

9,000 |
8,000
7,000 |
6,000 |
5,000 |
4,000 -
3,000

2,000

1,000

B L e o e s I B o o o
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15

15

D(LOG_TRAN.)

L I o o 0 RS B e o
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15
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PMI

65

60 -

55 -

50 -

45

40

35

o

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15

20,000

INDU

18,000

16,000

14,000

12,000

10,000

8,000

6,000

2,400

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15

New House

2,000

1,600

1,200

800 -

400

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15

16

.10

D(LOG_PM..)

.05

.00

-.05 4

-.104

=15 41—

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15

12

D(LOG_INDU )

.08

.04 4

.00

.04

-.08

-12 4

-.16

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15

D(LOG_NEW_HOUSE_)
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Retail Sales D(LOG_RETAIL_SALE_)

400,000 .08
380,000 .06 |
360,000 -
.04
340,000 -
.02
320,000 -|
.00
300,000 -
280,000 | -.02 4
260,000 -+ e A e
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15
Unemployment Rate D(UNEMPLOYMENT_RATE)
11 .6
10 4
4 4
9|
.2 4
8
74 .0 4
6
-.2
5 |
-4
4 |
< N N T EEEEEEEEE———
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15

ERIHEE: Bloomberg

3-1 JEBBIFIAESS KR E & (U B 7257 E S E
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32 EHiRfee

SRGAUB R Py BA R E R R - JEE R I P e s ot e
4iEtRAIR ~ t{E - Durbin Waston R ERYRIE » 5540 JIMRIE SR B EREHG R
PSRRI (EH R REEV(E - S UUEE TR R ITAZAT > WA
JetEERF Y B ERE - EREE IR A TREAVIER T ECSERE - SO A B AR
EHETERHERS

o

TERE  ERIFERR - ARy &R TR IR - B2 5
FIEHRE R ERE » HEM 0 A EREBARHET TAERIIA ST o HURH: vl AR A TR AT T
LE(y:) = E(ye-s) =
2.Var(y,)= Var(y;—s) = oy
Cov(y: » Yeos) = E(Veej » Yeos—j) =V¥s > forallt,s, ]

AWFFCER ] ADF e 2 e PP AR E A ACHES T SRS e » ' IS R 91 BE A AR
A% RIEEIEHE 2 H AR Augmented Dickey-Fuller R A E (ADF
TRE) » AP Ry e bRy KR S (B T The e Y. Kwiatkowskd ~ Phillips ~ Schmit B
Shin BLARMEE (KPSS fE) » PAR LASEREE T 72 (non parametric) (& TEFE 7276 H FAH
B/ P4:A79 Phillip-Perron BEARA 2 (PP #E) -

ADF e » HALF 7 Dickey B Fuller(1979)#2 H!#Y Dickey-Fuller %  (DF #%E) »
DF #@ £ L OLS T3 =T « et AR(DETYIAY, = 8y, + u, AV Hu, i 5 1
BN - EVSRIRGEO N EE RN 0 IR TZENEA RS - ERBE
o u B B A BAERM: - RMFEK DF A& 2 g T > ELUR#R DF
e iR TE e HE — S B FRAHRAY TR Said B Dickey(1984)$&HFELE DF %!
AR Akaike(1973)F2HIAY AIC FaHAERIER  fo g (R IIEDR - AT
H AR MERIRE AN DA 2 - ADF f e fREs 8 ER =an J7 2 = 3.1) » Wias & e ek

18
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ye AR (Ho: 6 = 0) » $r ity 2/ A BIRNERRFSI(H, = 6 < 0):

Ay, = ag + 6yoye-1 + Z Yp BYe-p + &
p=1

Hepo Ay, =y, — yeoq > n R AIC BERINER 2 Bl & (R PRS- a0 RyREREEIH -
1> ADF B E BN ERMGE » #UEH,: 6 = OFY ADF-t 45T &/ » BT DUFR At
i TEAE B A BRAYRE fE ek -

ADF e A AT B R R EA Py IR AT REM: - (B AT REA LA
M (heteroscedasticity) [ #H > Philips-Perron(1988)f&H PP fE Ak » PP e L
(EERAETH A A MR M S B - H AR 7 BCR DF A A4S FAEIE - RIEHER S
EJRATEA] » PP BEARARE A Z AT
WHRTHEIE: Y, =ap + 1Y, + &

AR Y= tatita(t-))+e
TEIZ(EE - B( e )=0 H uafe, FroIAHR SR E % RATFAT -
WEBRE: Hpa, =1(a; = 1)
Hya, <1(al <1)
ETERBREMRGY - FONEIRING: - B ADF #87E - PP A€ HH e THI 52
T MR GBI R BRI 45 S R PR (robust)

AT S BHP Y AR E &SR AIZR 3-3 » £ 3-4 for » % 3-3 ] ADF
RESEREEH - PRIV  SEELOR—IE 2018 i & E 28
PHIE - B TE 1D (SHR/KAE T BETE4E B BARAYRE B Y I(1)F % (integrated
of order one) * KIERIEL A% - 1F 1%EF/KE T HZIER R A HRAYE
e > JEHY 1) % (integrated of order two) » FTAFPYIEREEE & > BEIRE

19
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fE - 2% 3-4 [ PP g s R - SBEA—

SEEETH >

B 1DER/KAE B EES R BARAYE R

fE=I% > EEmE i SIS

By 1F5

(integrated of order one) » & LAREWNSTERA] PP fE 24558 - FrA S RUg i —f&

T RIVFPYIERNE

iR -

% 3-3 SR BIRMEGR—ADF fae

T MEFEE L2 SNV EEHUE 2R GE/ NEUE DT

Log(TRAN) Log(INDU) Log(PMI)
FeaE —RB=ED [R4a1E —PEES [RaE —FE=ED

E: 1360 -12.428 *** 0.807 -13.082 *** 0,507 -12.032 ***

SHEE 0741 -12.531 *** -0.651 -13.108 *** -2460 -12.003 ***

Zi8%  HEEIE  -2435  -12500 *** -2.102 -13.126 *** -2555 -11.971 ***
Log(RETAIL SALES) Log(NEW HOUSE) UNEMPLOYMENT RATE
RealE —RB=ED [R4a1E —PEED [RaE —FB=S _REE

= 2944  -16.638 *** -0.627 -19.545 *** -0534 -2.809 *** -12.920

SEEE 0163 -17.229 *** -1.065 -19.516 *** -2085 -2796 * -12.886 *i*

=188 HIEE -1.092 -17.197 *** -0.739 -19.509 *** -1761 -3.000 -12.853

#AA:1. ADFBER t T2 -

2. BRBEH,BAER -

&k Akaike Informatioin Criterion(AIC) % Bl 12 &3

20
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% 3-4 ZEBEZ BRmEGER PP g

Log(TRAN) Log(INDU) Log(PMI)
[RaME —PEED [RaME —PEED RieE L)
= -0.740563  -12.4278 ***  0.807191  -13.08217 ***  -0.308401 -11.47729 ***

ZEEE -0.740563  -12.53085 ***  -0.650731 -13.12632 ***  -3.681588 ***  -11.41873 ***
8% HEIE  -2.435467  -12.49955 ***  .2.102221 -13.10803 ***  -3.802692 **  -11.44868 ***

Log(RETAIL SALES) Log(NEW HOUSE) UNEMPLOYMENT RATE
[Ra1E —PEED [Rea1E —PEED [Rea1E —FE=S
it 1.360098 -16.63773 ***  -0.606702  -19.54453 ***  -0.476793 -13.34675 ***
2R -0.280338  -17.22919 ***  -1.024161  -19.51591 ***  -2.335233 -13.27132 ***
2i8%  #EFE  -1.165955 -17.19667 ***  -0.849496  -19.50908 ***  -2.349492 -13.73272 ***

FiAE: 1. PP1RE®S t #R5T= - Spectral OLS AR based on SIC #REIZREEEE -

2RERIBE: HoBER -

B RARR AT 7S 28

3-3  [HEH A

Sims(1980)F2 ! " a1 58 H FAEIEFIEAY | (Vector Autoregresstion » VAR f5AY) » &
2R OB E R - AEESET EEURM R - FE I B M
e AR B PR SO SR LAY o NI HET B RBN SO MER —E
BEMT » S sh e NIRRT &S SR T 1M & - VAR B E RELUE RIS B T A -
P A ZEaT sV S & BN R BRI R RE - BN AR
& UECHE R > R E S BRI IAFRoR > > TRENS(E S8 Bt 3 O R A
ERATE R RS - VAR BAISE G5 BHS A IS SR B AR T Fy(cross_variable
dynamics) > % 5o 2 R A SRAC AL TR SR BTEI A (R R RE > I i B PR i i T 1R 1)
(optimized lag period ) » {EFFARFEER RN E & IH 0] DU S FTA MBI E. -

P F&#Y VAR 1R A B p 2 4 52 203 1):

21
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n
Vi=a+ Z.Bl Xi + &yt (3.1)

X Ry(k x D& 613 k EEE0 R EIETE B, Fy B 1R IH 2 A BUER Kk X k)
FEFE 5 n Sy EoEE R R 0 ) JHTRAETH

H RSN A R R - AT LUE IS S AR A B AT - 1 RS AR
AEEIFE Akaike(1973) DL RHELET ZE AEHY AIC ERI(Akaike Information Criterion)
Schwarz(1978) DA H £ 7 i #2  f9 SIC(Schwarz Information Criterion) > 2% /%
BIC(Bayes Information Criterion,1978) ~ DK HQ #EHI] Hannan-Quinn Information
Criterion,1979) {1 B35 1% BANE » DA 27107 05 PTG Ry 88 15 i i 7 1 HAA i B 1
MIPALR test fy 1 ZEBEREE 1R ARV - BT LA LR BRSO E £ % (R HARL -

LR = (T — m)(In ’z “ln| zu N~X2(q) (3.2)

T=HRE A EEE

m=AZ[RHFXAVSEHE - BEFEH

Xr = ZREER P 2 S AEHOME

Y =AZREET AT 2 S RHHME

o=PRAI VB EENER NN 0 BEFTAEEITER)

B3 LR e <EE5HE - AELEIRHI=AVE MEGEY « LR e & Vg

AR > SRR B DIE > (A AIC 3¢ SIC i Ry % 12 1A 2 A2 [
AIC=TIn|Y |+2N

SIC=TIn|) |+ NInT
|12 | =RAEEE R E
N=FE R b B 6 L

22
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T=A BB S =
3-4  Granger RIRBHAIRE

Ryl VAR FERI g < BRI (% > Granger(1969) 2L " AR ARV
BB L MIBAEAE:  RyAiee - R A E AR WA BB - AR TEM
REJ15UE B EEE 2 [N JT71A) © Granger IRISRBEMAIRIE @ (EREMEE S HRETE S
BEEA gk TR TN INREC AR RIMERE AR THRE
BA(% - WRFRTEREFFY X ~ Y Z YR SRR AR R A2 =0(3.3) ~ (3.4):

m m

Xt=axl+Za1th_j+Za2th_j+eyt (3.3)
=1 =1
m m

Vo= Byr+ ) BuXey+ ) FoVey+en (3.4)
j=1 j=1

Opq > By B HOE » 4 ~ € FyEFEN(White noise) » Rz B RSB AR E
BB 0 3l RsHe ap; =0, =1,2,..,q FeHo:fo;=0,j=1,2,...,q
» IR E S A U A
(1) Haz; #0,j=12,-,q H Bpj=0,j=12,,q > AFmRay; BRAEE

Ve B NEEBEENE IR Y 9850 X X %1% Y(Y Granger $8%¢ X)

() #ayj=0,j=12-,qHpB,; #0,j=12,,q° AlFmay A HEEENE
Bo ERIENE » BEIERR X SH5E Y » Y J&1% X(X Granger $H5EY)

(B) Hay; #0,j=12,-,qHP; =0,j =12,-,q > HIFTRay; ~ B39 5
HEEW > TR X Y HERE » EEA% M EIEERRG -

4) Haz;=0,j=12,--,qHP; =0,j=12,-,q> QIFRay; ~ B35~ E
HREEYE > For X~ Y [H4E Granger B4 °

23
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3-5  EEERERE

{752 7 J7E e 5 (Impulse Response Function,IRF) /& Sims(1980) A VAR fE AL B R
AL AET 57k » IRF (RIEE IR FpA IR - B s 82 RER FEIHA
A= {#1% (exogenous shock) M EEEh—{ERAE R - H S8 R H E SR T ErifEy
A LHYBIRE SRR - [Hhl - BB ST o] DL T iR B 2 SR (L
I > PTG BUE IR B R ~ FREMEEUR AR RCR -

PA—{# p P& a8 5 BT VAR(D) R

P
i=1

Sims(1980) %4 =048 Hy Wold 47 f#EHE (Wold Decompositioin Theorem)#E
R A2 EN I (Moving Average MA)HIZR R 772 > IRBIEHE SR ] DA R~ & HAFD
e HAE M ETEETH I AR MEAR & - BRI

& X THER Vo =AY =AYy 5 — o — Ath—p =Ap t+ e
DIERERITCL IR V(I - AL — AL — = ApL?) = Ag + e,
A e
Y, 0 + a
(I— AL — AyL2 — - — A,LP) (I — AL = Apl? — - — A, LP)
Yt - C+Zq)i€t—l
i=0

Het C Ry(n x DIYHE A E - ©; Fy(n X n)iEff > Hdo=1(FRALAER) - 3R72=THe,
FLARERESRt — B R THIE S - EAFOREEERY, & 1 AN 28y
BRI Ptk Er B TR > nER VS - RS REREER
[FISAHRRAYER &2 - M H RSB S ] e & (RIS 5 — B8 ) - St E BRI E
SRR - B ERORIGHE— TR E S BB R oot - (B E —REiE

24
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THEHEHHEREEE » Bl ZEF A Cholesky 47 i & ¥ 2K & BE 1E &AL 3 F2
(orthogonalization) » PAZEER VAR 58 b v IR 2218 7 R0 & HAMERE - Sf8HE L

A —E N =A% (ower triangular matrix)  V(VV' =D B0 25 B

Yt =C+ z cDi VVISt_i

i=0

1 bt
o=Ct ) @V e) =C+ ) Qo
i=0 i=0

We—y = V'ep Fy— (BB H S E HAfRRE « IR bRE i EE T - MRS B3]
B A LAY RS - BA R EX VAR BEIRIRSEEIT A A - B EE R
AT R PE AT R IEA LB o (RBUEREQE S N 1728 M VTR - R AMEEY
N S M Y —(EfRAE S 2 I B &R 7 SRARETSE - S Ay AV - BIIRE
BUNEIRE AR ch S 8 R AH B BRI > RN RER R B8 A @i 2 B R R s
A BIEAEE - P B ER/ N R I R
3-6 TR 58 S i

#eE VAR AL ZE AR 2 YH R 3R 7 8 5 8 73 f# (Forecast Error Variance
Decomposition > Variance Decomposition) » = AT & FH (8 S By FEUHIER 22 58 MBS
Z/ VLB BN A S @8 - 2/ DEEBIR E H e S 88 - 8 R e R
FRo3Hr VAR 188 - FRECs g I TR IS B ~ S5 5 > e RE s B B TR
S -

HIA TEUIER 2 B B VR E IEACE BB N AR by
IEAACHER T B o, R P 5 iR ELUE AR - 2L AT b E T S — TR =

25
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S FLE S RRATE S3E > FRETE 53 bk N HI S BT A A RRAZRE » o sty
VIS L FETE AT Y, 1 & HATERIRRE 5

Y — e [Vi] = Qowe + Qwp_q + - + Qpo g p -1y
B Y, = BV = E|Ye/Y, o Yooy o |FRORHE vk 390  FIUR ok S0
FRTEEN B ORI FTASEE A U355 - [FIR - £l k DA RIS AR A5
FEUHIZE 21 LS BTG 1

E(Y: — B s [Ye]) (e = Ec i [V:])’

= QoE(wrwi)Qy + U E(wi0p)Q] +A +Qp 1 E(wwp)Qp—q’

S 5 (1 U TR 4 2 TR 2 S T 7% 1 T 2 S I

M MBS R, 2 ST > HOA VAR BTS84 B 2 (5
FEIIO) » T S TR K PRS0 SO (750 » ETERISEE 323 3 Lty
RN+ BRI & [ B B AR M M AR5 T -

26
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BUE FI[ER

4-1  HHREAREOTT

AT BHHIFAGERAHRB (REG 3R 4-1 - tHE GBI E R RR 4-2
MR AR HTREUR:

(1) EE TR R B s BAH R A E= 2 0.95 - RIIEAZFEIHYEF
S H S EIERHR -

(2) B3 T HREREAT B BRI RES 2 0.85 - BURNEERVHENE
- GDP fe KEEHT > ZEEH B8 B ERAT

(3) I TS5 %EE PMI BUE S BUHR (R EUR 0280 > =X AIAHREME: -

(4) B3 TS RHR (R B =5 LR 23 S B - oz R i i fy
SKEEPH - [ (R R o S MRS [T 22 Y -

(5) HEHE TSRF LS R B R B e S R A -

(6) I HE G5 B SE AR AR E R IEAAHRBETE 0.133 > B E S BRI

ool

wirEEEE 0921 - 3R EAMHEINE - PRI RE RN - COFEB TR
AEEHEREEE - a5 H e S AR E R ORE -

(7) EH R E L PMI RS SE IR EUH R (A5 R 0.277 > 23R 1E FIARRE M ifm £
HER LEAER (R E R-0.443 - ZIRA AN - EENS > R LET 7T
FEA Bl K Z TR BT > JT 1R [ HE R 7 2K BT F i N e P e A R ] 72 25
e

27
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A1 BRI RER

Correlation INDU NEW_HOUSE PMI RETAIL_SALES TRAN UNEMPLOYMENT_RATE
INDU 1.000
NEW_HOUSE -0.303 1.000
PMI 0.289 0.117 1.000
RETAIL_SALES 0.850 -0.333 0.284 1.000
TRAN 0.950 -0.443 0.277 0.921 1.000
UNEMPLOYMENT_RATE -0.054 -0.772 0.144 0.126 0.133 1.000

% 4-2 BEAHER (REdRER
Probability INDU NEW_HOUSE PMI RETAIL_SALES  TRAN UNEMPLOYMENT_RATE
wNovoo e
NEW_HOUSE o -
PMI 0.0001 0107 -
RETAIL_SALES 0 0 0.0001 -
TRAN 0 0 0.0001 o -
UNEMPLOYMENT_RATE 0.4571 0 0.0482 0.0828 0.0677 -

i t-Statistic

BFRPOR: AT R

28
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4-2  [EEE R VAR fEAY
TEHEETEERIBIN ERETY 1% » Akl VAR IS Bl v (R IR 5
(403 4-3 FTo1%) » 3 LR test RIS %% THA VAR BRI @S0

B e AR T Al

7 4-3 DL VAR PRRYHE A S e EE e IS AU 5 12 1

VAR Lag Order Selection Criteria

Endogenous variables: D(LOG_INDU_) D(LOG_NEW_HOUSE ) D(LOG_PMI ) D(LOG_TRAN )
D(LOG_RETAIL_SALES_) D(UNEMPLOYMENT_RATE)

Exogenous variables: C

Sample: 2000M01 2015M10

Included observations: 181

Lag LogL LR FPE AIC SC HQ
0 1846.245 NA 5.94e-17 -20.33420 -20.22817* -20.29121
1 1919.984 141.7750 3.92e-17 -20.75121 -20.00901 -20.45030%
2 1963.797 81.33253 3.60e-17* -20.83754* -19.45918 -20.27872
3 1986.986 41.50926 4.16e-17 -20.69598 -18.68145 -19.87925
4 2009.746 39.23256 4.84e-17 -20.54968 -17.89899 -19.47503
5 2052.910 71.54227% 4.52e-17 -20.62884 -17.34198 -19.29628
6 2080.586 44.03698 5.03e-17 -20.53686 -16.61384 -18.94638
7 2104.878 37.04283 5.84e-17 -20.40750 -15.84831 -18.55910
8 2129.745 36.26921 6.79%-17 -20.28447 -15.08912 -18.17817

* indicates lag order selected by the criterion

LR: sequential modified LR test statistic (each test at 5% level)
FPE: Final prediction error

AIC: Akaike information criterion

SC: Schwarz information criterion

HQ: Hannan-Quinn information criterion
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(BT A EE0ETT VAROBEI Z EEHERIINER 4-4 > nlER LU 28805

o

=

(1) EE T EREE R BUR LA G R (EE R E) iR - SRS AR E TR B,
ZFFEMR - BT RER TS RER (efficient market hypothesis) « E38 THEFEL
A2 BB EEE R B TR RE R 8 — R B L RUE R 8 RE R
VORRAET R B LR F2 2§ 278 1& VUHEY PMI SR iR BUR s B R0 s R =
H R B 2 ZEGHEROE R - BURE FREHE N HUR SRR EE -
B A IERE  PMI R EBERESRERESR  HRETISHEIERZE -
FRIEREIHE(GRHAS GDP SRR - M EHE U HE AP LIIUREE » &
EHERENER  RREDHE G - SRR I ERR - E SRt A IEE
s BRI BTG R —5L -

(2) ¥rE TH# 28 87% % Rosie A g » iz 8 5% &I
FoEt THIE RS - BUNHTERN L2 H S8R %% PMI #iE

EIREIERPE  ZRR - INEEFHERTIERPE SRR _IRERE Y

N

& R R IERERFRERPE - EBCE - ER TEEIAREMLAR
AFRSFE > RSN A FRR BT - & PMI BUESEER T - ZEHEENY
IV BT R LRUE R S TR BT - KR B R R A
JERE - SRR T EA AR -

(3) PMI BUEEIREZ % e —RIEE TR RUE RS s 2% IHHEEE
WHER R P YEEHEEIRR _IEREE | DR IR ARERE
A BUNREESEHER EFor SR sEl > BEREREE O FYD Bk -

4) EEEEEECN 2 EE TR E  TARESPE ) TR&R
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Rh THIE R - 2R VUIH RN TEa R E 2% &M PMI 2065
fERUEREE  RTEHEECER I BRI RO RIUHIE R E - =
b L~ UGS RIS TG - & EhE SR TR K IS~ ER iR =
ERERF KT E -

O)EBIHER R IIEE TSI R 275k IR B TE
IEFEE RTEHERCR R ERTHIRAPE | RRANIKERER
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R 4-4 BEREUEERSIHZ VARG EHE

D(LOG_INDU_) D(LOG_NEW_HOUSE) D(LOG_PML) D(LOG_TRAN_)  D(LOG_RETAIL_SALES ) D(UNEMPLOYMENT_RATE)

-0.033348 0.103691 0.206802 0123561 0.042976 0.068224
D(LOG_INDU_(-1)) (-0.12665) (-0.21131) (-0.09888) (-0.16889) (-0.03249) (-0.43791)
[-0.26330] [0.49072] [ 2.09141]** [0.73159] [1.32289] [0.15579]
-0.175963 0327847 0119558 -0.081929 -0.005427 -0.738027
D(LOG_INDU_(-2)) (-0.12851) (-0.2144) (-0.10033) (-0.17137) (-0.03296) (-0.44433)
[-1.36927] [1.52913] [1.19165] [-0.47809] [-0.16464] [-1.66101]*
-0.075814 -0.173248 -0.012872 -0.165068 -0.009797 0143438
D(LOG_INDU_(-3)) (-0.13118) (-0.21885) (-0.10241) (-0.17493) (-0.03365) (-0.45355)
[-0.57796] [-0.79162] [-0.12569] [-0.94365] [-0.29117] [0.31626]
-0.015058 -0.031469 001628 -0.035239 -0.003955 0056149
D(LOG_INDU_(-4)) (-0.13048) (-0.21769) (-0.10187) (-0.17399) (-0.03347) (-045113)
[-0.11541] [-0.14456] [0.15981] [-0.20253] [-0.11817] [0.12446]
-0.040316 0.200232 013541 -0.202616 0.060667 -0.22432
D(LOG_INDU_(-5)) (-0.12681) (-0.21157) (-0.09901) (-0.16911) (-0.03253) (-0.43846)
[-0.31792] [0.94640] [1.36769)] [-1.19815] [1.86513]* [-0.51160]
0.089639 -0.533628 001517 0160166 0.00878 -0.201611
D(LOG_NEW_HOUSE_(-1))  (-0.0495) (-0.08258) (-0.03864) (-0.06601) (-0.0127) (-0.17114)
[ 1.81096]* [-6.46183]*** [0.39255] [ 2.42652]** [0.69154] [-1.17803]
0021447 -0.227689 -0.03053 0052859 0018517 -0.156892
D(LOG_NEW_HOUSE_(-2))  (-0.05621) (-0.09377) (-0.04388) (-0.07495) (-0.01442) (-0.19433)
[0.38158] [-2.42810]** [-0.69575] [0.70525] [1.28441] [-0.80733]
-0.038355 0027733 0.000349 -0.048476 0020023 -0.08977
D(LOG_NEW_HOUSE_(-3))  (-0.05752) (-0.09597) (-0.04491) (-0.07671) (-0.01475) (-0.19888)
[-0.66681] [0.28899] [0.00777] [-0.63197] [1.35712] [-0.45137]
-0.100565 0.156132 -0.048469 -0.127044 0.0132 -0.13737
D(LOG_NEW_HOUSE (-4))  (-0.05504) (-0.09182) (-0.04297) (-0.07339) (-0.01412) (-0.19029)
[-1.82722]* [1.70036]* [-1.12801] [-1.73101]* [0.93506] [-0.72189]
-0.042436 0168187 0027113 -0.095149 0.004863 -0.287269
D(LOG_NEW_HOUSE_(-5))  (-0.04811) (-0.08026) (-0.03756) (-0.06415) (-0.01234) (-0.16633)
[-0.88213] [ 2.09553]** [0.72190] [-1.48321] [0.39411] [-1.72709]*
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D(LOG_INDU.) D(LOG_NEW_HOUSE) D(LOG_PMI)  D(LOG_TRAN_) D(LOG_RETAIL_SALES.) ~D(UNEMPLOYMENT_RATE)
0.132984 047105 0.038788 0.083826 0.000641 -0.340177
D(LOG_PMI(-1))  (-0.10084) (-0.16824) (-0.07873) (-0.13448) (-0.02587) (-0.34867)
[1.31873] [ 2.79981]*** [0.49267] [0.62335] [0.02477] [0.97564]
0.129392 0.109278 0.092898 0.145648 0.007156 -0.393734
D(LOG_PML(-2))  (-0.10193) (-0.17005) (-0.07958) (-0.13592) (-0.02614) (-0.35242)
[ 1.26946] [0.64262] [ 1.16740] [1.07157] [0.27371)] [-1.11724]
0.046007 0.008499 -0.013859 0.132764 -0.011414 0.196271
D(LOG_PML(-3))  (-0.10069) (-0.16799) (-0.07861) (-0.13427) (-0.02583) (-0.34814)
[0.45692] [0.05059] [-0.17630] [0.98878] [-0.44194] [0.56378]
0.181004 -0.214898 -0.04217 0426167 0.026727 -0.164922
D(LOG_PML(-4))  (-0.09823) (-0.16388) (-0.07669) (-0.13099) (-0.0252) (-0.33963)
[1.84269]** [-1.31130] [-0.54988]  [3.25346]*** [ 1.06079] [-0.48559]
-0.030617 0.226706 0.027103 -0.11274 0.006125 -0.296872
D(LOG_PML(-5))  (-0.09311) (-0.15535) (-0.0727) (-0.12417) (-0.02388) (-0.32194)
[-0.32881] [ 1.45935] [0.37283] [-0.90797] [0.25646] [-0.92213]
-0.000176 0.019604 0.066124 -0.034379 -0.019381 0177372
D(LOG_TRAN_(-1))  (-0.08954) (-0.14938) (-0.0699) (-0.1194) (-0.02297) (-0.30958)
[-0.00197] [0.13123] [0.94592] [-0.28793] [-0.84391] [-0.57294]
-0.028183 -0.035167 -0.074066 -0.193615 001218 0424285
D(LOG_TRAN_(-2))  (-0.08888) (-0.14829) (-0.06939) (-0.11853) (-0.0228) (-0.30732)
[-0.31709] [-0.23715] [-1.06734] [-1.63352] [-0.53427] [1.38061]
0.016387 -0.017909 0.067151 0.043124 -0.005542 -0.287222
D(LOG_TRAN_(-3))  (-0.08852) (-0.14768) (-0.06911) (-0.11804) (-0.0227) (-0.30605)
[0.18513] [-0.12127] [0.97169] [0.36534] [-0.24411] [-0.93847]
-0.004113 -0.217158 -0.025703 -0.054755 -0.002166 -0.157096
D(LOG_TRAN_(-4))  (-0.08757) (-0.1461) (-0.06837) (-0.11678) (-0.02246) (-0.30278)
[-0.04696] [-1.48637] [-0.37594] [-0.46889] [-0.09641] [-0.51885]
0.016138 -0.36448 -0.210199 0.022586 -0.049356 0.167358
D(LOG_TRAN_(-5))  (-0.08709) -0.1453 (-0.06799) -0.11614 (-0.02234) (-0.30113)
[0.18530] [-2.50843]** [-3.09139]***  [0.19447] [-2.20942]** [0.55578]
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D(LOG_INDU_) D(LOG_NEW_HOUSE_) D(LOG_PML)

D(LOG_TRAN_) D(LOG_RETAIL_SALES_) D(UNEMPLOYMENT_RATE)

0.507665 1342969 0.394778 0.860589 -0.329285 -2.067803
D(LOG_RETAIL_SALES_(-1))  (-0.32693) (-0.54544) (-0.25524)  (-0.43596) (-0.08386) (-1.13037)
[1.55284] [ 2.46219]** [1.54669] [ 1.97400]** [-3.92680]*** [-1.82932]*
0.032212 -0.085413 0.685199 0.113757 -0.169307 -1.084104
D(LOG_RETAIL_SALES_(-2))  (-0.35875) (-0.59854) (-0.28009) (-0.4784) (-0.09202) (-1.24041)
[0.08979] [-0.14270] [2.44637]**  [0.23778] [-1.83991]* [-0.87399]
0.762035 0.407941 0.400518 1.601665 -0.087004 -2.248684
D(LOG_RETAIL_SALES_(-3))  (-0.36113) (-0.60251) (-028195)  (-0.48158) (-0.09263) (-1.24864)
[2.11012]** [0.67707] [142055] [ 3.32587]*** [-0.93927] [-1.80091]*
1.029258 0.283559 0.395347 1472418 -0.043937 -0.571598
D(LOG_RETAIL_SALES_(-4))  (-0.37194) (-0.62054) (-029039)  (-0.49599) (-0.0954) (-1.28602)
[ 2.76723]*** [ 0.45695] [1.36145] [2.96862]*** [-0.46054] [-0.44447]
0.255106 0.785037 0.445323 0.57824 -0.105216 -0.79846
D(LOG_RETAIL_SALES_(-5))  (-0.35133) (-0.58614) (-0.27429) (-0.4685) (-0.09011) (-1.21473)
[0.72612] [1.33933] [ 1.62356] [ 1.23425] [-1.16759] [-0.65732]
-0.001212 -0.06209 0.03449 0.004664 -0.006165 0.004308
D(UNEMPLOYMENT_RATE(-1))  (-0.02267) (-0.03782) (-0.0177) (-0.03023) (-0.00581) (-0.07838)
[-0.05345] [-1.64173] [1.94881]*  [0.15429] [-1.06021] [ 0.05496]
-0.015966 0.034242 0.017117 0.00552 0.002116 0.152418
D(UNEMPLOYMENT_RATE(-2))  (-0.02297) (-0.03832) (-0.01793)  (-0.03062) (-0.00589) (-0.0794)
[-0.69523] [0.89369] [0.95464] [0.18024] [0.35927] [ 1.91950]*
-0.01025 -0.067963 0.016321 -0.044718 -0.004797 0.033284
D(UNEMPLOYMENT_RATE(-3))  (-0.02289) (-0.03818) (-0.01787)  (-0.03052) (-0.00587) (-0.07913)
[-0.44787] [-1.77988]* [0.91340] [-1.46520] [-0.81720] [ 0.42060]
-0.005644 0.028652 -0.01546 0.004933 -0.004416 -0.004738
D(UNEMPLOYMENT_RATE(-4))  (-0.02251) (-0.03756) (-0.01758)  (-0.03002) (-0.00577) (-0.07784)
[-0.25068] [0.76279] [-0.87955] [0.16430] [-0.76474] [-0.06086]
0.007531 -0.003388 0.04647 -0.006489 -0.00941 0.305014
D(UNEMPLOYMENT_RATE(-5))  (-0.02212) (-0.0369) (-0.01727)  (-0.02949) (-0.00567) (-0.07647)
[0.34053] [-0.09181] [ 2.69128]***  [-0.22004] [-1.65881]* [ 3.98872]***

S L I RERETE -

2. (4%) ~ () ~ (D RIFRTRL% ~ 5% K 10%(SHE/KAE THVBRE4E R 1 (SRR B Ry£2.576 > 5%

{EHE/KLERE S UYE 5 1£1.96 » 10%{SHE/K LB FUE 5 1£1.645 -
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SRR RSHA -
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Z%4-5 Granger RERAEHLEE

Dependent variable: D(LOG_INDU_)

Excluded Chi-sq df Prob.
D(LOG_NEW_HOUSE ) 7.182230 5 0.2074
D(LOG_PML) 7.148012 5 0.2099
D(LOG_TRAN.) 0.161810 5 0.9995

D(LOG_RETAIL_SALES_) 12.31880 5 0.0307**

D(UNEMPLOYMENT_RATE) 0.851716 5 0.9736

All 33.61204 25 0.1165

Dependent variable: D(LOG_PMI_)

Excluded Chi-sq df Prob.
D(LOG_INDU_) 7.591403 5 0.1802
D(LOG_NEW_HOUSE_) 5.540211 5 0.3536

D(LOG_TRAN_) 14.17814 5 0.0145**

D(LOG_RETAIL_SALES_ ) 8.629566 5 0.1248

D(UNEMPLOYMENT_RATE) 17.23454 5 0.0041***

All 81.94367 25 0.0000

Dependent variable: D(LOG_RETAIL_SALES )

Excluded Chi-sq df Prob.
D(LOG_INDU.) 5.739020 5 0.3324
D(LOG_NEW_HOUSE_) 2.398987 5 0.7916
D(LOG_PMI_) 1.541250 5 0.9083
D(LOG_TRAN.) 5.752634 5 0.3310
D(UNEMPLOYMENT_RATE) 7.517691 5 0.1849

All 23.21410 25 0.5651
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Dependent variable: D(LOG_NEW_HOUSE_)

Excluded Chi-sq df  Prob.
D(LOG_INDU ) 4872342 5 0.4317
D(LOG_PML_) 11.56688 5 0.0412**

D(LOG_TRAN_) 8.586191 5 0.1268

D(LOG_RETAIL_SALES ) 9.566096 5 0.0885*

D(UNEMPLOYMENT_RATE) 8.896874 5 0.1132

All 66.29547 25 0.0000

Dependent variable: D(LOG_TRAN_)

Excluded Chi-sq df Prob.

D(LOG_INDU_) 3.028486 5 0.6956

D(LOG_NEW_HOUSE_)  9.700538 5 0.0842*
D(LOG_PMI_) 13.75788 5 0.0172*
D(LOG_RETAIL_SALES_ ) 19.87538 5 0.0013**

D(UNEMPLOYMENT_RATE) 2.455472 5 0.7832

All 53.82357 25 0.0007

Dependent variable: D(UNEMPLOYMENT_RATE)

Excluded Chi-sq df Prob.
D(LOG_INDU.) 3.663050 5 0.5989
D(LOG_NEW_HOUSE) 4.909930 5 0.4270
D(LOG_PMI_) 3.456575 5 0.6300
D(LOG_TRAN.) 4.367324 5 0.4978
D(LOG_RETAIL_SALES ) 6.306178 5 0.2776

All 40.16416 25 0.0281
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1%(EHEKAE

UNEMPLOYMENT_RATE Granger cause PMI
RETAIL_SALES Granger cause TRAN
S%(SHA/KAE

RETAIL_SALE Granger cause INDU

PMI Granger cause NEW_HOUSE
TRAN Granger cause PMI

PMI Granger cause TRAN
10%(SHA/KAE

RETAIL_SALE Granger cause NEW_HOUSE
NEW_HOUSE Granger cause TRAN

Unemployment
Rate

PMI

INDU

TRAN

Retail Sales

New House

[E4-1 Granger RS E 45 R B (A E (F7IEFE R Granger cause /71A])
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Fesponse of D(LOG_IMNDU_) to DL OG_IMNOUL_)

Response of DILOG_INDU_) to D{LOG_NEW_HOUSE_)
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R 4T THNEERBERE

Variance Decomposition of D(LOG_INDU_):

Period

SE

D(LOG_INDU_) D(LOG_NEW_HOUSE_) D(LOG_PMI_) D(LOG_TRAN_) D(LOG_RETAIL_SALES_) D(UNEMPLOYMENT_RATE)

1
2
3
4
5
6
7
8
9

10

0.0411
0.0423
0.043
0.0438
0.0453
0.0455
0.0458
0.0458
0.0459
0.046

100
94.181
92.469
89.506
84.913
84.317
83.431
83.342
83.188
82.807

0
3.356
3.255

3.2998
3.122
3.3484
3.5922
3.6228
3.6325
3.7489

0
1.0627
24341
2.5605
3.6397
3.7832
3.7559
3.8254
3.8214
3.8167

0
0.0122
0.0841
0.0826

0.234
0.2338
0.9522

0.951
0.9612
1.2377

0
1.3869
1.3442
4.1397
7.6061
7.5998
7.5224
7.5106
7.5048
7.4942

0
0.0016
0.4132
0.4109
0.4852
0.7176
0.7467
0.7477
0.8921
0.8955

Variance Decomposition of D(LOG_NEW_HOUSE_):

Period

SE

D(LOG_INDU_) D(LOG_NEW_HOUSE_) D(LOG_PMI_) D(LOG_TRAN_) D(LOG_RETAIL_SALES_) D(UNEMPLOYMENT_RATE)

O 00 N O Ul A W N R

=
o

0.0685
0.0785
0.0806
0.0842
0.085
0.0878
0.0883
0.0888
0.0891
0.0894

0.1457
2.0748
4.3017
5.848
6.1718
6.1753
6.3097
6.4862
6.4457
6.5463

99.854
90.749
86.234
81.612
80.062
75.161
74.552
74.292
73.944
73.888

0
3.3501
3.2357
3.0606
3.3278

5.307
5.5044
54916
5.4499
54131

0
0.0133
0.0131
0.3083
0.5257
2.7812
29476

292
3.146
3.1918

0
2.6274
3.4485
44396
4.4465

4.883
5.0541
5.0941
5.1479
5.1288

0
1.1851
27671
4731
5.4658
5.692
5.6317
5.7159
5.8664
5.8322

Variance Decomposition of D(LOG_PML):

Period

SE

D(LOG_INDU_) D(LOG_NEW_HOUSE_) D(LOG_PMI_) D(LOG_TRAN_) D(LOG_RETAIL_SALES_) D(UNEMPLOYMENT_RATE)

0.0321
0.035
0.0365
0.0368
0.0373
0.0394
0.0398
0.04
0.0402
0.0405

2.5363
14.222
14.994
14.868
14.473
13.584
13.677
13.568
13.624
13.463

2.0139
1.8003
1.6717
1.7214
2.0366
2.032
3.0315
3.011
2.992
3.0171

95.45
80.3
75.117
74.301
72.285
65.094
63.78
63.368
62.688
62.535

0
0.4333
14223
1.6635
1.8448
6.4752

6.423
6.3747
6.3013
6.2365

0
1.4058
47753
4.8365
6.2965
6.8911
7.2279
7.4064
8.1689
8.5674

0
1.8383
2.0191
2.6098
3.0638

5.924
5.8605
6.2714
6.2249
6.1811
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Variance Decomposition of D(LOG_TRAN_):

. S.E.
Period

D(LOG_INDU_) D(LOG_NEW_HOUSE_) D(LOG_PMI_) D(LOG_TRAN_) D(LOG_RETAIL_SALES_) D(UNEMPLOYMENT_RATE)

0.0547
0.0574
0.0588
0.0607
0.0634
0.0638
0.0642
0.0643
0.0645
0.0647

O 00 N O U1l A W N R

=
o

55.19
51.682
50.805
47.896
44.802

44.79

4434
44331

44.18
43.898

0.0712
5.0596
4.8194
4.6232
4.2474
4.2253
4.5273
4.5171
44911
4.597

0.0199
0.2982
1.7784
2.3625
5.8539
6.2163
6.1941
6.2767
6.2271
6.1849

44.719
40.757
40.445
37.959
35.073
34.754
34.873
34.803
34.644
34.845

0
2.1909
21126
6.6706
9.5688
9.4696
9.4889
9.4963
9.4901
9.4472

0
0.0125
0.0397
0.4885
0.4552
0.5438
0.5768
0.5763
0.9678

1.028

Variance Decomposition of D(LOG_RETAIL_SALES):

. S.E.
Period

D(LOG_INDU_) D(LOG_NEW_HOUSE_) D(LOG_PMI_) D(LOG_TRAN_) D(LOG_RETAIL_SALES_) D(UNEMPLOYMENT_RATE)

0.0105
0.0111
0.0112
0.0112
0.0113
0.0116
0.0116
0.0116
0.0117
0.0117

O 00 N O U1 A W N B

=
o

8.5078
7.6937
8.521
8.4515
8.6102
8.9419
8.8739
8.9714
9.0374
9.0235

3.3686
3.0527
3.5136
3.554
3.5958
3.4686
3.566
3.5938
3.5973
3.6379

0.1652
0.1933
0.4574
0.5164
1.1657
1.1372
11751
1.2106
1214
1.2258

0.7183
0.8201
0.8099
0.8048
0.8033
3.2447
3.2841
3.2785
3.2786
3.337

87.24
87.653
85.943
85.209
84.321
80.813
80.686
80.519
80.447
80.347

0
0.5868
0.7555
14642
1.5038
2.3949

2415
24264
24255
24291

Variance Decomposition of DIUNEMPLOYMENT_RATE):

) SE
Period

D(LOG_INDU_) D(LOG_NEW_HOUSE_) D(LOG_PMI) D(LOG_TRAN_) D(LOG_RETAIL_SALES_) D(UNEMPLOYMENT_RATE)

1 0142 0.8509 3.3691 1.2151 0.2332 0.3013 94.031
2 01459 16103 5.017 1.7838 0.3211 2.2229 89.045
3 01529 4947 5.4432 2.3975 1.7072 2.2899 83.215
4 0157 6.286 5.7952 2.348 1.8192 4.7988 78.953
5 0.1596 6.7409 7.0251 2.8876 1.7655 4.8325 76.748
6 01709 6.7622 10.29 3.0451 2.0459 4.9527 72.904
7 01737 7.2335 10.002 3.5894 2.4055 5.9542 70.815
8 01773 7.9485 10.508 4.2044 2.9941 6.0565 68.288
9 01787 7.9996 10.67 4.2354 3.0776 6.5347 67.483
10 01797 8.0138 11.011 4.2788 3.3204 6.64 66.736
BRI AT AR
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