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Definitions on Classical cycles, Growth cycles, and Growth Rate Cycles

The "classical” business cycles measure the ups and downs of the economy with
absolute levels of those variables entering the index. A second NBER definition of
fluctuations in economic activity is termed a growth cycle. A growth cycle traces the
ups and downs through deviations of the actual growth rate of the economy from its
long-run trend rate of growth. In other words, a speed-up/slowdown in economic
activity means growth higher/lower than the long-run trend rate of growth. (Dua
and Banerji. 1999)
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A2 7F &5 (co--movements of the deviations from trend in different aggregate
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The following definition seems to capture what experts refer to the business cycle:
the business cycle is the phenomenon of a number of important economic aggregates
(such as GNP, unemployment, and layoffs) being characterized by high pairwise
coherences at the low business cycle frequencies, the same frequencies at which

most aggregates have most of their spectral power if they have ‘‘typical” spectral

shapes.
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= fast finite Fourier transformation (fast FFT)< o] &3 4 QA 3t7] ¢ 3to]t}.
2. fast FFTE #A&3}lo] t}33 22 random spectral measureS - 3Ht},
N—1
Z w]-)=‘]]\7 ;0 x; - exp[ —itwj], (2)
AZNM ;= 2mj/NOIAL, j=01, N-1o]t}.

3. skold AeE oldTT B (w)E Z (w;)l #F vhs FFgel W (inverse

Fourier transformation)< A7t} &,
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A HE Aol &
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function)& HoJFi ok AA 3 Y= [0.02 pi, 0.08 pil 7t e F IR
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[72¥] 4b] Power spectrum (TCAHAE)
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[2¥ 5b] Power spectrum (HP filtered TCH <€)

3|
A

JAES o E HP filters

oA

3|
pud

S AA
power spectrum= T+

5

Codl

-
1

[2¥ 5b]oll A

9 g

Zlojth. o] 7] A
A Al E 2 H] F(CTDCC) 9]

ki3

@ e

A A

=
=

.

a A

A= A9 %
ALolof &5

= spike7F WERUA oF 3-5

] o

j
a-

o] Asze] oA 0.9, 1.0]

el
ojn

R

!

v

el
ojn

R

™

—
fite)

N

—_—

file}
X

—_—

o

o

—

277

o power spectrum®] =% o]

N

p—

jang

B
I

R

el

!

N

i
I

—_
fite)

olo
el

\.—_mﬂo

1o

—_—

2 YEYE power?l
A=

H A7t

EA0

)
™

fite)

Gl

=
=1

_16_



AALD)

[Z1¥] 6a] Power spectrum (log differenced

o E
o] m
ESS
3
G
-
XK A
7
T
o 2
W ofy
N
Y
Mo
~ K
Tw
e
T @
o
T4
X =T
o=
T e
_zT X0
—_
dl N
T
do 7
o 3
el X
o
B o=
N
o
0
BN~
gl
oF &
o
0
o W

=)
B
<

—

el
ToR

o)

Godl
N

%
%

power spectrum< Al

o
1=

log =W g3 o

o7 vebtar 017, 0.33, 0.5, 067 59 HlEo A= powerZ}

o] = power”}

j
a-

el

—

)

KeX
=

S power spectrum

Jo =2 logakEH g o

E 28] F(CTDCO),

|

o

o

H(CTREM)S] 7

o) o
H 1

A AFZN(CTREX), 18ja2 A& &

A AL A sFEHeE [08 1.0] H1% 7ol A power’} F

HolFa glow, A, H AALNA FEHoE [06 07] ¥

2]

KeX
=

wmo
T
it

Nlo

T-ZFol A €]

j
-

o]% [0.8, 1.0] H

o]t}

3
=

)

)

N

]

2497 go

U 2 power?)

-
1

A

Far glem, Al Ao (0.6,

A A}E

- 17 -



H

lo] X-12 ARIMA

-

[e)

=

-
it

185708 A

A
=2

o

<

&7 (LRM3END), &=

=

321 power spectrum
[e)

)

Zof
] 7} 2 (LRBCP),

§l_
(LRRSIM),

©

-
it

A A

=

(LRPSIDC), A=

o~
T

5]

(LRIPICG), 71 A% H(LRMOR), AJilse3gHA]
AEAHL/C) WENLRRLC), 5% &34 & (LRIMRM)®] 107H4 4

=

o

=

==

[2¥ 6b] Power spectrum (log differenced TCH &)
45 APYFTHFA T 744842 g HE

zZrgl o}, 28y HP filter
oFL [2¥ 5blol A
(LRPSIIG), W-41] A

o~
T

)

N

_18_



SAWE, 2ga FEEdAAFddo = FxEEte] TheAde] e AR o

AdAEs BEEdEo] 24E AAG(TCALG) HP ZHE 43 459 ~f9ed

S ANEWH YWFaHAEIA G, A5 7EA, AAEFHARNAF, AnesA] gt

FTredols e 2719 ErERAd Y Al Aol Helde FHoE Holm, A7EIA

YA (CILEAD) ] W5 = Yol AR &, FHAEsHA =, 7 AFFd, 54

1 =89 2 et 28 4

7 &o] YEld AL X-12 ARIMAS} 3
NE olsHdE At AAAA AT AR5 =Y 7teAo] =& Ao HlY

APA ¢ FALAES log AHE3Fe] power spectrum= 73 AFRZHREE ool HP
filterE &3t Aol ALY FAS ZHE AJorn=Z of7jA= ZASE =9& A
Exa=y

5. @3 X g9 MR

ANAE Al BF ATNEL ZA T vl Eokz AR & Ak AAAALD
24 9 slgael g@ ARE, PN EEs 2 FEe w1 0 A
24, TAAEE] 7hEA A, 74 AR AE Fol ARtk oA o]EL Adw
A

51 ZAANAL 24 % AFPH de APE
E B FAA AW AALY BAM 54 AvEn. 53, AADe] oA

o] AFAHoltt Tt EA ofF HUAA, T, AHA, wASHEN & F=
oltAlo A o]Fo] itk [® 1ldE JPg HEHOR o
Dickey-Fuller @91 A" 3 Phillips-Perron &91< AA™ S
AxEe A& A3 A= vk ADF# 4 ¥ PP A g
of ©elZo]l SR E= AALe] 1xE AFEHo do¥ 7t €k ADF AAHH 7t

%

K
¥

A
F 8 zolw WA FPWAN WAL ol B A3 Gl Rohurhs
AZL ek e PP AAWE A% o) RALS gelstel AABATL At Wil
o

7H REAdor 2ol whet HAWHS ADF (Augmented Dickey-Fuller) 77 3}
PP (Phillips-Perron) # AW o]t} o3t A& o] 52 #AHA|s] A B7|2 3t}

A. ADF AAY

_19_



AR(1) 4 S AH Al

[e)

L

3 72

[e)

1=

€y

sho] WA o

o

st7] 9
sl H o] a1
(stationary) A| A4 o]t}

-
1

11+Dyt,1+<‘3t

(random walk with drift) @21 3o} A

A714 u,p
o]t

Vi

)

—
fite)

¢} MacKinnon

-
it

A A A

]

ozl
A= & F 7FA7F Itk = MacKinnon® A X+= A&

ttt. ADF #

sholl Al y o #

o

A
t}. Dickey-Fuller (1979)°l ¢]3}o] [k

p| <1

n+yy, ;+¢,
0,H,3%<0

2 Yehdoh add AR

(1991)°l ¢

H,¥

Ay,

el

B
olo
T

—
fite)

olo

il
=y
T

e

33

U

=
=1

A 7}

A

sttt o] 9} #Zo] MacKinnon®] €7

o

1

o

gol 7}

3|
A

3t

g el o

o

=
=

ojmR o

2
A

MW

X
ol

AR)R

ny
M

_20_

6]Ay t7j+ g,

k

7

o] AR(p)#

oJ
=

t}. o9} & 13} (higher order)e] A x}3a}
n+Yy t71+
0, H;:%<1

Fed A7

o

]

Hyx

Ayz‘

A
=



o]

-
1

= Zlo|t}. Fuller

—
fite)

A3

el

)

-
1

St

°

1 oF

I

A 2%

el A

-
1

2t

u}

[e]
Sl

al

8

o] AR}

oJ
=

Al A

-

1

Said-Dickey (1984)

w
I
fite)

;OU
2
el
;00
0

o
-
e
il

B
o

B
N

vzl

X
o

o

brhe

3|
pud

3 of

Bl A B

7

o+ o

7

715

p. 501). W& AlAIL ] o

N
o
or
N
G

Holt}t (Hamilton, 1994,

!

I
il

Mo

B

)

—
fite)

B. Phillips-Perron 734

44 (non-parametric)

m

ol

Phillips and Perron (1988) 7

o

olo

el
Gt

jang
I

—
fite)

fvze)

N

s

=0

J

A
pul

o] %

}

0]
pul

stAI Rk, PP A

;go

1™, Izt duA A E=

o= 54 0] Atk Newey-Westell 9]

°

Fol robustd

°

I AL o

a+By, +e,

Ay,

il

|
L

7}

o
i=]

2 2ed, A

g+1

(02 —% ) Ts,
2&)8

by

1/2

[}

o714 q& AYAA} (truncation lag) & WEFAT}E Phillips-Perron t-& Al 32 t}
t pp

)

-21 -

ol o},



X TN T
=
5=, do WP T W
n%]? o T 3T
mEoﬂ; o _@d%ﬂﬂol
"mﬂwo O_E % i AT K 1__/| Eo o< ‘,Wrm Zl O_E a
S g : 2 tLnatlE ALY
LT X 2w gf%g%%% _;ommwﬁ
_ e — 0 e o
id?g = ° i%mﬂ9o_ammﬂnL%oﬂlﬂm@
gﬁtﬂ G = o %a,_my_}ﬁwﬂﬂ?,,
oz 8 o = uftfﬂmﬂ@ao_ay_o%“}m}m.%
‘__IO.WOWLE XO ™ HEE@EJAII]NJXHAT&I%L_XO#\N
W 2 L b 1 = ME%1F;%AM%H
Eoﬂfwau S ot geotMo_EAhﬂ%ADn%.}u%
- 2 B nT%A%%o < ﬂﬂrw.ﬂﬂ
x E.#L _ ~ o) oX O—H ,ﬁ 51_ AT HT_ o ED = LEJ o ﬁa dﬂ
ﬂjmww uuzt oLEﬂ%mﬂ_wr ﬂrﬂL]ﬁﬂoi
14./!“&; Mﬂﬁl wﬂo .NE ﬂ.,._,D_IPOOTmﬂo‘%o zT
oo Y P _ W R L Eoﬁo%@ﬁug
L%vmfm ET R ﬂmlwo;o b X
luﬁu7 4?42 ﬂuafoT_,o%%ﬁoﬂ%ﬁﬂlwmﬁr%
T oo o NS ﬁaaroﬂ ) % X R
EO ol OL ﬁ -~ ‘mﬂOT,L. QDX#I
_NIPM 140_:_ - ,P]ﬁATFﬁo.ﬁuWO\]A&rZE
L o= o N ngmLs,_ﬂl \ATX ~
T B o " NmL%ﬂMaeD oA
wmmo.mr W B = ]@A%AM%V MOJEML
= B o T L0 e W E o o = X
3% - L ﬂuAAT}Efrmﬂ
_D&rd. m__ox @u;ﬁFaJiﬁa Nrowm_ﬂﬂ =
W< il S = W el ~ A8 B ) o X X7
= = A X T 3
z,_.w_ww_w HE FE < ﬂorﬂ@ﬂonﬂw@}zﬁ
HT_,W_IXovo n_AI, o) Doﬁﬂ@ﬂlptﬂﬂcoﬁljﬂl ,dltTWL]
JLctﬁaX ‘lj_f A‘.__/.A,_mﬁ‘mWL T S = Mu_l7
el . ~~n T T K o5 B N8 = A
.m.‘_%ie 2 dlﬂmﬂ 5 mﬂo_aﬂﬁHTLf (\lﬂ,ﬂﬂl‘ME‘.ﬁmo
ao%%}zf l o T o Loy ML %ﬂﬂﬂdwxﬂ.m
P SE . &% @ﬂg%%mg_gaﬁﬂ N
SR E 2% ?amaga@zﬂ%ﬁéﬂwn
hi@é@ = mumeﬁ %ﬂﬂr.UrE._zT%:T )
T N = EOZtLEE%WEENJHXJFm
o M = 8 ﬁamﬂi e ol oM % 5
ol o_EE% = =3 @ﬂﬂowoﬁ_émo wﬂ),o mﬂm
AR I 80T QEUrﬁ%#@%:Mﬂr.M.m
X N X ! J X !
> ™o ‘W.LMMEL_LALNEMOATL%&owMutmm
TR T - e m e T oo T
o) W = 2%4 ,Mxloaﬂmoﬂua
orﬂA]Aom_l% Xe&l] 5
& F
TR L ZXY = 0 5
JLJl\IrO:i‘L' Q
~ )
7521&@”0@
XA o o)

gt amos
B AT e
9 A

- 22 -

o~
e

=3
=

A UEr

°

'}
Hol| oe} Axrt ook



W | e/ ADF ADF ADF PP PP PP
(None) (C only) | (C & T) | (None) (Conly) | (C&T)

CO01 log—-level -2.8522 -0.8404 -5.1593 -1.0168

CO02 log—-level -2.4820 -1.9794 -3.4453 -1.9693

C0O03 log-level -2.7095 -3.1489 -2.7085 -2.7471

COoM4 log—-level -2.7306 —-2.2958 -3.3768 -1.9837

CO05 log-level -2.6062 -1.5193 -2.9755 -1.0385

CO06 log-level -2.2580 -2.8059 -0.0479 -1.9473

CO07 log-level -2.5600 -0.9309 -2.2150 -0.5087

CO08 log—-level -1.2552 -2.2660 -2.0136 -3.1916

CO09 log-level -3.0528 | -4.0690 -4.0279 | -4.4827

CO10 log—-level -0.9310 -2.7093 -1.1564 —2.6887

CO01 log—diff. | -5.5991 | -6.6354 -13.6795 | -15.1828

CO02 log—diff. | -3.9332 | -6.0488 -7.2553 | -9.9960

CO03 log—diff. | -7.3895 | -7.4073 -13.2614 | -13.2624

COo04 log—diff. | -4.1271 | -6.3499 -7.9772 | -10.8837

CO05 log—diff. | -3.6246 | -6.4304 -11.6740 | -15.6555

CO06 log—diff. | -5.7280 | -6.5914 -8.3385 | -8.9190

CO07 log—diff. | -4.5945 | -5.1213 -9.3985 | -9.8718

CO08 log—diff. | -9.1139 | -9.5884 -11.5446 | -11.6609

CO09 log—diff. | -5.1973 | -6.9905 -11.7360 | -13.6609

CO10 log—diff. | -7.5672 | -8.6606 -13.3838 | -13.9047

Z: ADF+ Aumented Dickey-Fuller 74 o]
FA7F 25 23

I3l Ae

of 9t
C, KPSS AH

F o Azel: wgldo] EA@t: A
Irh ApAd AADe] FA

= Aot

o m gt}

LA,

E] ] OLO }\]O]

, C only+
e X}b 1%,
S =3k} General to spec1f1c Hk Ao 9] 3} o]

[} 4] A= KPSS ®2)ef 23k #H*%
Fa o7 or-A (level stationary)¢l A Aoty k= AFHAES

A~
}6]—_!_63—

U]Z z
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, PP+ Phillips—Perron HA ot} 23
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U DREE:

1%”

Al des

734 BoF1 )t eta(mu)s= ¢
HAst7] fsh
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EA %ol 1L, etaltaw) = ‘FAES TAHoE oA A (trend stationary)el AlA| Dot} &=
AT el tE AATAFeIth ol oSt T FAHALAES BT 1% Tl
H FAGAAN B mEths R0 A7tEE Ao ek
<X 4> KPSS #4747
Y TAAAE Ay FAAR T3 FAEAE
eta(mu) eta(tau) eta(mu) eta(tau) eta(mu) eta(tau)

01 6.7116 1.7435 0.8657 0.0794 0.7478 0.7084

02 7.2388 1.4347 5.1236 0.1927 4.7323 1.2289

03 4.0362 0.5003 4.6499 1.0571 4.3976 0.9008

04 7.2658 1.3908 6.2636 0.5575 7.0172 0.2677

05 7.3517 1.1304 7.2456 1.1648 7.3925 1.1043

06 7.3693 0.8552 5.1096 0.6345 3.5591 0.2410

07 4.2266 1.2010 0.1228 0.1208

08 7.2779 0.4061 7.1037 0.7684

09 6.8486 0.9335 6.6671 0.8690

10 7.1147 0.3578 3.56859 0.2012

Fetalmu)E ‘FES FA o2 kA A (level stationary)?l AlAGolt)y @t AXMAES HAAS 7] Yo

AARSAFl L, o

PAA =

7:‘ =
eta(tan) = ‘FAE TAHOE %

9

[e]

77y 0.347 (10%), 0.463 (5%), 0.574 (2.5%), 2 0.739 (1%)°]t}. 18] ar
= 474 (trend stationary)$l A|AIFelnt 2k A7 e HASAZFSE,
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) o] Walali= 49 dolw (“crash” &), 1973
URYH A2E s AGEe] w37 vi2 5 HAS o (slowdown in growth X3 )o| T},
HAFAEFE TF42 Dickey-Fuller ©¢ < A M| o] &5 Zdo Frlgoz 4
g 71€7] gulE xgstE oz At den, Fx¥ste] Ao AldH o=z
dH A Adrhe 7Pt A HIEE ol E (asymptotic distribution theory)S %% 3T

T} 1920 9] 3377k wpE AFS=E)
1

oo w3kl Christiano (1992)% FxWste] AlHo] AAHA & AR ZRE A s o
oF k= A4S AMHYT AAT ATRE S Fruste Aol Aue ©lsho]
AR ow A4ueA, olUn s er Agu A6l teh 2 webAs] e P
zuste] Aol WYHoE A4 529 go] A5 Aol Perrond AW Al
Gol Al @ We] FEUMFWS G F4E o Faust APS YA
e wele AAEe AASAT FEEs ARe BE b FRAR vstel
gelse]l EA@TE ARMAS Ager) A% EAFe go] G e Fo] Wk
£ A Aol td teblEE PAste kel Aage Fow e pau

_—

T3 AHSE YA EE A= Zivot and Andrews (1992)0] &) 3fA &= o] Fo %
v ok 2y o] 59 WS AR ASH E (UFE FEY 15% B M= Fx
WMals EAekA EIvteE A7 A" A Perrond] MZE WS o] EAE T
At Holld Ad w3 mygolgta & 4 v}

Ay digr7bAd 5o QoA AR e Aolvk 9l o
oAl 7} alpha=19] W3 t-7AAL o]&d= B9 7
outlier (I0) model” ©]&}aL

k
yt=11—|—9 DU¢+Bt+6 D( TB)t"f—aytfl—'— Zlcz‘Ay t7i+8z‘

o714 DUt=1(t>Tp)ol 2 D(Tp)t=1(t=Tp+1)E 1(cdot)°] indicator functiono]t}. FAH=
A4 ()2 B39 OLszE F4% 4 Aem, ARMA #4o] AR #Ad °]ste]
2+ ZAF3E "tk Hol A Dickey-Fuller (1979) 2 Said-Dickey (1984)¢}F Wets 7o) &}
AT T HA B A= TeAlAolA Adrdte Wstelole 7127|174 o] W
T vk olel WE HAL thFo WA A #AF7HE alpha=1o] thdk t-HAH S o] &
stAl # T

k
y;=0+0 DU+ Bt+¥ DT+86 D(Tg) + oy, + Zlczﬂy —it &

o] 714 DT=1(t>Tp)tolth. Al HAl Ego = 3ol wg 7]e7]e] WMstE s &s7]=
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A RF 2R gk
A FAEHA =
Ao AL thg o

FAE AATHE:

v, =u+Bx DT, + v,

o1 714

Al A el M =

A4e e,

- - k -
=0y, 1+ ZZICZ‘AJM*Z“"%

of Wel HAgAI=[® 5
-5.55(T=100) # -5.08(T=%
S 7 A= RS
%Q?%OHH TEWSTE ERE A

ik

}1:.}\4 o]

X

7 B A dojx

o714 i(i=1,23) &

E YEh= el
AA Had dAAE
g, o]5-& 50004 2]

g
[e]
=

=
o]
Al E

A g4

DT, =1(t> Tp)(t— Tp°lth Y= SAZE
of 3t -4

1%, 2.5%, 5%, 1@ il

& % 9

LERY Sl

guhRFE dAdFEE] 4§

H
o, AL

o] ol 7T}, 3

10% -9

A1,

fkol dA|stofol g}, o] A
31, Perron (1989)°l4 2] “additive outlier (AO) model”oﬂ 3 st
T AAHE Foh

<3 5> Perron® FxwWslo] ust AA A

a8 3 k
REo A= Teet k7F A A o= A4
T gsiA e A =
dold 23z Ao Aot} (Perron, 1997).

obel ol AN 1A

AAREA S t_{hat alpha}l(i, Tp, k)(i=123)C.2 FEA|s7|Z &
ety Y, T +x¥ste]

% = ARl A
o o5

-551430] 1 5% < 74]?‘4~
19711260 4 2wk} g

Sa) AR Aal THAE s FHAE
51 4] A N N
AN gy TN e | RN e g
(2% (A 212 (A7)
01 1985:11(11) -2.8580 | 1997:09(12) -7.4122 | 1997:09(10) -5.3993
02 1974:10( 9) -3.9747 | 1997:09( 9) -5.3395 | 1990:03(12) -4.0613
03 1997:09( 9) -4.8740 | 1985:12(12) -4.7940 | 1997:05( 6) -3.6932
04 1976:12(11) -4.0804 | 1989:01(12) -4.3591 | 1997:11(10) -4.5025
05 1972:09( 9) -4.1399 | 1994:01(12) -3.6634 | 1989:03( 5) -3.6810
06 1979:02( 7) -4.0199 | 1997:09( 2) -6.6092 | 1981:10( 7) -4.0050
07 1989:06( 9) -3.8522 | 1979:01( 9) -5.5733
08 1994:09(12) -3.4294 | 1997:10(12) -2.7093
09 1971:12( 8) -5.5143 | 1986:03(12) -5.0640
10 1997:10(12) -4.3948 | 1997:10( 2) -5.0223
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-6.21 (1%),
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<E 6> TIPA

-
-
oX,
fo
[
ully
lo,
>,
iy
ng
2
J|m
oX,

Hl o A = FAEEAA GDPste] Al
BK HP FD BK HP FD BK HP FD
gdp -0.1856 0.0209 | -0.4033 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000
coin 0.4030 | -0.0959 | -0.0959 | 1.8024 | 16352 | 1.0287 | 04293 | 0.4685 | 0.2857
ali -0.2658 | -0.3988 | -0.3988 | 1.4598 | 1.4072 | 3.4664 | 0.3959 | 0.4010 | 0.0597
ipi 01776 | -0.5790 | -0.5790 | 1.8440 | 1.7814 | 27527 | 0.6813 | 0.6849 | 0.2506
orim -0.2073 | -0.2661 | -0.2661 | 1.7162 | 1.7228 | 3.4729 | 05766 | 0.5349 | 0.1322
psi 0.1091 | -03614 | -0.3614 | 1.7394 | 1.7169 | 2.8579 | 0.6310 | 0.6300 | 0.2061
epcm 0.1479 0.0927 0.0927 | 1.2337 | 14655 | 3.6863 | 04726 | 05125 | 0.0945
Wrpi -0.1250 | -0.5631 | -0.5631 | 22286 | 2.0662 | 2.5934 | 0.6082| 0.6153 | 0.2135
psind -0.1211 | -05715| -0.0530 | 2.0381 | 1.6257 | 28128 | 0.6792 | 05736 | 0.1537
dcc 0.0949 | -0.3688 | -0.1876 | 4.8596 | 5.2943 | 124710 | 0.4390 | 0.4269 | 0.0238
rex 0.3299 | -0.0100 | -0.3743 | 3.7133 | 34582 | 7.8129 | 0.2605 | 0.1830 | 0.0449
rim 0.0100 | -0.2869 0.1263 | 3.8551 | 4.2246 | 104135 | 0.4236 | 04358 | 0.0469

°oF &S AH B ﬁfa Y (persistence)ol & Aol thdh o Fuighe] § 37}

E ARE 9gujey, B Ao = Cochrane (1988)2] JERHEAY
WRjel o3 ARl & (variance ratio)S ol&3dtol AEHEAES FAS Ruza gt
Cochrane®] £A4HH] &2 th53} o] Aojdth:

- 1+2 3 (E (1)
o71A p= Ayl A A)BRASFE YERAT k7F TS (nfinity) 2 H2E o Vi

V= limV,=1+2 3 0, (2)
=AkRl 2] gho] 7AA
g F 3

= 0?2 YEhfAR o
T OAQDE T

_1_:,1«
mﬁl%ﬁ%oz aga gy A4S guste .
A RE=1—(02foh) P ALFH, AL HEhle FAWSA
o] e 4 gk,

4mn=va?-. 3)
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A= TN A7 B AGTTE BaskATE A
Vol & TebA |k ke gho]l Ftoew A
¥ ] )T Cochrane (1988)& & b9

01%3}04 7] } Campbell and Mankiw (1987)¢] <&+*

A 7 JAl AFAES Yetd=d], oA 5% FoawolA] V=19 #AF7H4S 7]
Z4sk QA" WS ES BT FEHos XHEAF HEQl SAMSS whol ZA e
o 53] AWMELH]F AE5FYS SADSE A27]17F 0.40--0469 Ezsto] 9F-< F
Ao dgfo] A7|7F ALHA &aS UERTH

<E 7> AIA A&A
FA71% Vi A.s.d. A1)

GDP 1971.02-1998.05 1.5482 0.4523 1.6896

e FdE (alh) 1971.02-1998.05 0.4175 0.1220 0.7664

2 A AE (ipi) 1971.02-1998.05 1.1980 0.3500 1.1313

AxH7HsE (orim) 1971.02-1998.05 0.3309 0.0967 0.6347

=341 (psi) 1971.02-1998.05 1.0179 0.2974 1.0436

AHAE-#F (epem) 1971.02-1998.05 0.3184 0.0930 0.6722

S]] (wrpi) 1971.02-1998.05 1.1690 0.3416 1.0924

H U - 28] A &3} (psind) 1980.02-1998.05 0.8072 0.2880 0.9385

A E 28] 2 (dec) 1971.02-1998.05 0.1480 0.0432 0.4030

AATFZE (rex) 1971.02-1998.05 0.4231 0.1236 0.7067

AA49 (rim) 1971.02-1998.05 0.1600 0.0467 0.4612
TEE RFELS WA 2aWEs o5 2AhE Vk FAXE AT Ve A A= (1/k)
var(y; —yew)/ var(yeyeDoll 83 TAT-KE F3t9 Aozl grold, Asde A4 2:z3t

£ YEbdTE Vk T AN, (4k/3T)VA2).

9" AFHA AA (Granger Causality Tests)

Grangerel ©J3te] i€l o] 7Nd2 k7 y& <lsh=rbel Wieh o= dAe] yrh o
719 ygkEel olste] Awsa d el dste]l MEA F7rE xo] #AAEC] yE
Z Al =rE ArRE wyolth Aa ‘ojd W xv thE WS v (718, GDP)E
GCEH= Fde) o= xo AAGE] yol Wsks & dggs

1) k9 zkol From x&Ae] A7])7F AAg B A vUeys 43o] drt. Cochrane (1988)&
9 ARMARHEE o] &3dto] #7173 #&AE =43 Campbell and Mankiw (1987)¢] ¢ -0l A
7 B ke o] &S A A T

1} o
=T
=z
F*

200



v 1s saild to be Granger-caused by x if X helps in the prediction of y, or
equivalently, if the coefficients on the lagged x’s are statistically significant.
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Null Hypothegis: Obs F-Statistic Probability
WASSA does not Granger Cause GDPSA 357 1.29710790383 0.218309273344
GDPSA does not Granger Cause WASSA 2. 86798686967 0.00088990567
PSIIGSA does not Granger Cause GDPSA 249 1.25185007122 0.249122285925
GDPSA does not Granger Cause PSIIGSA 45827137745 1.26329490e-06
PSICDSA does not Granger Cause GDPSA 249 2.57663057679 0.00320662676
GDPSA does not Granger Cause PSICDSA 3.70491555347 4.13159781e-05
IPICIMSA does not Granger Cause GDPSA 369 1.71305948884 0. 062435520487
GDPSA does not Granger Cause IPICIMSA 7.8986445907 4 .74553452e-13
MORSA does not Granger Cause GDPSA 261 3. 1075500009 0.000412858937
GDPSA does not Granger Cause MORSA 3.64317511438 5.01096819e-05
SHINRSA does not Granger Cause GDPSA 357 0.928513130627 0.51838311267
GDPSA does not Granger Cause SHINRSA 1.75405643262 0. 0547431458954
M3ERSA does not Granger Cause GDPSA 345 1.35180382306 0.188086338147
GDPSA does not Granger Cause M3ERSA 2.82040227837 0.00109016758
LCSRSA does not Granger Cause GDPSA 357 1.38159476211 0.172735552323
GDPSA does not Granger Cause LCSRSA 1.95162563535 0.02799801775
IMRAWSA does not Granger Cause GDPSA 177 1. 07065525809 0. 3886966289
GDPSA does not Granger Cause IMRAWSA 3.34862074719 0.000241084548
ALISA does not Granger Cause GDPSA 369 1.11251139124 0.348548884724
GDPSA does not Granger Cause ALISA 3.95103017296 1.00886951e-05
IPSA does not Granger Cause GDPSA 369 2.01222093648 0. 02252629583
GDPSA does not Granger Cause IPSA 8.530093217 3.33867715e-14
ORIMSA does not Granger Cause GDPSA 357 1.17032276347 0.303226264783
GDPSA does not Granger Cause ORIMSA 4.15745221662 4 .35930887e-06
PSISA does not Granger Cause GDPSA 369 2.04103241547 0.02033758317
GDPSA does not Granger Cause PSISA 8. 45188662157 4.63209137e-14
EPCSA does not Granger Cause GDPSA 369 1.25593189097 0.24345041997
GDPSA does not Granger Cause EPCSA 9.3490712494 1.10822565e-15
WRPISA does not Granger Cause GDPSA 369 3.4678908122 7.62245329e-05
GDPSA does not Granger Cause WRPISA 5. 32406239468 2.85705124e-08
PSINDSA does not Granger Cause GDPSA 249 0.361010397374 0. 975424208089
GDPSA does not Granger Cause PSINDSA 3. 65073293052 5.1164019e-05
DCCSA does not Granger Cause GDPSA 369 1.555434804 0.10300799571
GDPSA does not Granger Cause DCCSA 6.30715102708 4 _17569620e-10
EXPOSA does not Granger Cause GDPSA 357 1.11672797468 0.345248311309
GDPSA does not Granger Cause EXPOSA 2.55057933733 0.0030834761
IMPOSA does not Granger Cause GDPSA 357 4. 36553075084 1.80668507e—06
GDPSA does not Granger Cause IMPOSA 8.37280403147 7.48999112e-14
URNASA does not Granger Cause GDPSA 213 1.87329231498 0.0399429508
GDPSA does not Granger Cause URNASA 4.82100597744 6.88880606e—07
LESA does not Granger Cause GDPSA 261 4.31676401198 3.38314110e-06
GDPSA does not Granger Cause LESA 7.13620216904 4.44490581e-11
CNEXSA does not Granger Cause GDPSA 225 1. 86970059525 0.039957827
GDPSA does not Granger Cause CNEXSA 3.00834032761 0.0006742508
IMPMSA does not Granger Cause GDPSA 357 2.38154734246 0.0058704891
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GDPSA does not Granger Cause IMPMSA 5. 62596589409 8.34045514e-09
PIISA does not Granger Cause GDPSA 369 2.11239674016 0.0157468372
GDPSA does not Granger Cause PIISA 6. 55567382385 1.4388553%e-10
YCBSA does not Granger Cause GDPSA 345 3.09115121745 0.000370331246
GDPSA does not Granger Cause YCBSA 2.8335196646 0.001035162404
WHOURSSA does not Granger Cause GDPSA 369 1.36270205852 0. 1819739883803
GDPSA does not Granger Cause WHOURSSA 2.15491645558 0.01349739571
WORKERSA does not Granger Cause GDPSA 369 1.18525325681 0.291978005218
GDPSA does not Granger Cause WORKERSA 3.62442127034 3.97498251e-05
CPSA does not Granger Cause GDPSA 369 3.40434731341 9.91519553e-05
GDPSA does not Granger Cause CPSA 0.963411086298 0. 483693572793
IFCSA does not Granger Cause GDPSA 369 0. 369004580925 0. 973549537982
GDPSA does not Granger Cause IFCSA 0.539936189843 0.888120057586
IFMSA does not Granger Cause GDPSA 369 5. 38906002002 2.16035957e-08
GDPSA does not Granger Cause IFMSA 1.51810949305 0.115467033687
IISA does not Granger Cause GDPSA 369 1.18142950617 0.294785193298
GDPSA does not Granger Cause IISA 3.50047954031 6.6586812e—-05
GDPIASA does not Granger Cause GDPSA 369 5. 03281388775 9.98927993e-08
GDPSA does not Granger Cause GDPIASA 0.999592004713 0.4488148384783
GDPIMSA does not Granger Cause GDPSA 369 1.33908789654 0.194385540448
GDPSA does not Granger Cause GDPIMSA 0.514172334421 0.905459442652
GDISA does not Granger Cause GDPSA 369 1.50537369048 0.12000462811
GDPSA does not Granger Cause GDISA 3. 07343736656 0.000384239887
GNISA does not Granger Cause GDPSA 369 1.260935384208 0. 234951695982
GDPSA does not Granger Cause GNISA 2.8285919131 0.00102659553
PGDPSA does not Granger Cause GDPSA 369 1.67805989797 0. 0699473090089
GDPSA does not Granger Cause PGDPSA 4. 4356642777 1.28894085e-06
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FA % 7 A Johansen’'s Cointegration test
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7HEA

N-2 N-1 N
N 0.000 0.390 0.610
N-1 0.333 0.333 0.333

Yn-1=0.333y n—2+0.333y y—1+0.333y »

yn=0.39y y-1+0.610vy

S
w
b
w
of
o
=
fiu)
o
N
N
of\

(1/9, 2/9, 3/9, 2/9, 1/9)
test 2.

HEAE

[ 8] 3x3 & WA 7t A

7HA
N-4 N-3 N-2 N-1 N
N 0.000 0.000 0.185 0.407 0.407
N-1 0.000 0.111 0.259 0.370 0.259
N-2 0.111 0.222 0.333 0.222 0.111
(3) 35 F M)y 745
3x5 & WAY /HEAE e

(1/15, 2/15, 3/15, 3/15, 3/15, 2/15, 1/15)

o] 3x5 o] W&tz A HEAE v 2.
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[ 9] 3x5 & WA 7+ A

3x5 & Mt 7 A
N-6 N-5 N-4 N-3 N-2 N-1 N
0.000 0.000 0.000 0.150 0.283 0.283 0.283
0.000 0.000 0.067 0.183 0.250 0.250 0.250
0.000 0.067 0.133 0.217 0.217 0.217 0.150
0.067 0.133 0.200 0.200 0.200 0.133 0.067

z\z|Zz|Z
OJR'3>—A

(4) 3x9 & Mt 7] A]

3x9 & "AY 7teA=
(1/27, 2/27, 3/27, 3/27, 3/27, 3/21, 3/21, 3/27, 3/27, 2/21, 1/27)

olaL, ofell tHSdh= WA P 7Fs A= thadt 2k

[% 10] 3x9 & |)q 713
R

N-10| N-9 | N-8 | N-7 | N-6 | N-5 | N-4 | N-3 | N-2 | N-1 N
N 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.050 | 0.112 | 0.173 | 0.197 | 0.222 | 0.246
N-1 0.000 | 0.000 | 0.000 | 0.000 | 0.035 | 0.089 | 0.142 | 0.159 | 0.175 | 0.192 | 0.208
N-2 0.000 | 0.000 | 0.000 | 0.031 | 0.077 | 0.124 | 0.134 | 0.144 | 0.154 | 0.163 | 0.173
N-3 0.000 | 0.000 | 0.032 | 0.073 | 0.114 | 0.119] 0.123 | 0.128 | 0.132 | 0.137 | 0.141
N-4 0.000 | 0.035|0.073 | 0.112|0.113 1 0.114 | 0.115 ] 0.117 | 0.118 | 0.119 | 0.084
N-5 0.03710.0740.111|0.111 | 0.111 | 0.111 | 0.111 | 0.111 | 0.111 | 0.074 | 0.037

% Mt FEe) 1Y 2 FHES ABAH olFol Houl, Az APt vaA
Ao A4S 5 5 Atk WA o Ppe Sele ATBAE Fsty, ATE FE
HE F Ao 47dnh

2 AT FAL HI7HA NEE olES VERE AR Wol A et B7EA
T AguHEs Axgetar NAWEES AAstazt = ATk ol& flste] 2 CI 2
AEAEE FAH8AES] AAEAS S4S AE 2 Fag el EA sk 7t
W el A/l ANARES AAST A w7EA Y AT T x2d AR Ade o
S 2. TP FAANFTELS G2 FAHS =2+ EAHA AA<E (non-stationary
time-series) °|H, olE& FT7FEE FAS U st JAS AAE A9 A
< EAAE AE @A EY AVIE AdA R FddATE AoeE UEY
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FE 3> e JAA FFHF 82 (homepage)

Womm | g/ ADF ADF ADF PP PP PP

(None) | (C only) | (C & T) | (None) | (C only) | (C & T)
LGO1 log—-level -2.0319 -1.9674 -1.8631 -1.7475
LGO2 log—-level -2.0785 -0.4958 -2.6069 0.2709
LGO3 log—-level -1.4204 -1.2765 -1.6524 -0.8204
LGO4 log—-level -1.8982 -0.3604 -1.6101 -0.0368
LGO5 log—-level -1.6288 -1.9167 -2.4694 -1.5331
LGO6 log—-level -1.4422 -2.9595 -1.4233 —-2.6837
LGO1 log—diff. | -5.0082 | -4.9996 -4.9415 | -4.9343
LGO02 log—diff. | -2.9989 | -3.6229 -14.0266 | -15.0843
LGO3 log—diff. | -4.8175 | -5.5269 -8.5086 | -9.1102
LG04 log—diff. | -3.2660 -3.1804 -18.9086 | -18.8843
LGO5 log—diff. -4.5710 -5.7425 -14.6335 | -16.1117
LG06 log—diff. | -7.8337 | -7.8853 -6.7375 | -6.7541

= .
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2
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B2 A9 A4 (General to specific #2])

74 HEAoR ol w9l AAHLS ADF (Augmented Dickey-Fuller) 77 3}
PP (Phillips—Perron) 7 A o]t} 23] A Zfro| A H-8 EZ8ste] mpx|e; &o] o
A w7tA] AaE Fodyrk= W42 General to specific 28 FA W2 ol gk 3o}

i

ADFR A3} PP AR Aol @slo] EAgtyolw, B, A,
Fd Az Yoo GTSHACR A4S Fad Ads ded 2t

E}M E1r.

)

L e 7)‘1
o, B EQele welzel EANE Aew et 17w
A% 45aE BF TR A9 wERQTE welnel 2 Ao
2ol gl o (59%), = H(5%) X 2 4

o 2=
He & AT

Sy
i
2 -
=
X
rlo
g I
(]
rl
i
Y
=
ol

9 log- AR T FATH LA ADFAA 9 PPAAA RE AALe] g9ag
AA A ek Ao epsk

_49_



bold: 1% 712, under line: 5% 712

[ Al]

YA

A E (R

Ad)

truncation lag:5

° N A ADF N ADF - ADF |, PP PP PP
A U TE/AT (None) ol (C only) ol (C&T) () (None) (C only) (C&T)
ccl |sFe logevel -3.81412] 3 -1.00973 3 -3.081700  -1.688876)
cc02 | AHd A ALR| 4 logHevel 2867592 4 | -1.952200 4 —2.55650  -2.481431
cc03 |M=RIt=E log-evel -2.654607] 4 -3.057941] 4 -5.368687| —7.55615
cc04 | A= SH log-evel —2.796369 4 212368 4 -2.515216) —2.843868
cc05 |MHALZ2H(H =) | log-evel 2242171 3 —1.740762 3 1,962 —2.721191
cc06 | = Ao mhojjoi logHevel -0.193058 2 -3.014052 2 -0.086021 -3.782044
cc07_|H| U TAH[ME5) | log-evel 20052 2 | -1.427276) 2 204714 -2.053986
cc08 JA|ME 4|2k logevel -3.96377/ 1 |-11.96648] 1 -3.390004  —9.06111
cc09 |T&= log-evel —2.9745211 2 —3.42857] 2 -3,16408  —4.01235
ccl0 | =i log-evel —2.18691] 2 -2.5203608, 2 —2.512382 -3.66201
ccOl |sFolar log—diff -21.58973| 1 -22.14653] 1 | -20.56276| 2 | -31.40729] -33.61051| —35.49948
cc02 | {Hed A ALK| 4 log—diff -17.42072] 1 -16.27148] 3 |-16.58459] 3 -24.9037/ -29.39112| -30.16415
cc03 |M=It=E log-diff -17.41321} 3 -17.40977} 3 |-17.41003] 3 | -33.33355/ -—33.35765| —33.41678
cc04 | ARE=SH log—diff -19.28463| 1 -17.26766] 3 | -17.55652] 3 | -25.97092] -31.00183| -31.81138
cc05 |MBALS2H(H| x) log—diff -18.05867] 1 -17.80953] 2 | -17.99757| 2 | -29.94304/ -37.33109] —38.21463
cc06 | = 2o mhojjod log—diff -16.61805| 3 -17.56289] 3 | -17.56049| 3 | -26.72426/ -28.53812] —28.49862
cc07 |H|UTAH|K =S| |ogdiff -18.84395] 1 -19.09422] 1 |-19.21924]| 1| -27.06144} -28.12727| —28.79509
cc08 |A|MEAH|2E log—diff -16.58909] 3 -16.61589] 3 | -16.59808| 3 | -18.73862/ -—18.73700] —18.69807
cc09 | =N log—diff -21.58059] 1 -14.42915] 4 |-14.99267| 4 | -34.08966, -37.97969| —39.58101
ccl0 | =gl log—diff -20.13014] 1 —27.60419] 1 |-20.88644| 1 | -30.35713] —32.41622] —32.78945
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[3 A2] S3AFTAARALZAAL)

o ~ PN ADF N ADF N ADF N PP PP PP
SaAE U TE/AF (None) At (C only) ol (C&T) R (None) (C only) (C&T)
ccl |csFolet log-evel -4.92230] 2 -0.73989 2 -4.32433 -1.005208]
cc02 | AHRd A ALK| 4= log-evel -3.38168 1 —1.867557 1 =3.197923 —1.918330)
cc03 |HMZHIISE log-evel —2.939815 1 -3.181391 1 -3.000371 -3.906458|
cc04 | M AR = 5| log-evel -3.200671] 1 —1.90258 1 -3.215612  -2.084754
cc05 |MEALZ2HH ) | logevel -3.027324 2 | -1.337191} 1 260756 —1.414377
cc06 | A~ojf ool log-evel -0.014604 1 —1.971795 1 —0.079338 —2.141938]
cc07 |H|UFAH|ME5} | logevel 2129539 1 | -0.666214 1 2208369 —0.826064
cc08 |A|ME AH|2F log-evel —1.35758 3 —2.806 3 25877719 —6.55778
cc09 [F==oH log-evel -3.383241] 2 | -4.22684| 2 -3.175571 —3.863322)
ccl0 [=glof log-evel —1.169215 2 —2.896489 2 —1.516701 -5.29926
ccOl |ceEFolar log—diff —8.43555] 3 =19.96999] 1 [-21.23141] 1 —29.8177) -32.77433
cc02 | AHd A ALK| 4= log—iff -7.96354] 2 =10.59993 2 —6.7441| 5 —21.38808| —24.42644
cc03 [M=§t=E log—iff =17.56700] 1 -17.5614] 1 [-17.57937] 1 =29.96601] —29.99088
cc04 | M AXF= 5] log—diff —8.303386] 2 —6.530081] 5 [-6.978077| 5 =22.44404| -25.89108
cc05 [MBALR (X =) log—diff —6.874303] 3 =19.91172] 1 [-20.31827| 1 =26.97794] -34.78197
cc06 | T A0f Etojod log—diff =12.70167] 1 =13.41441] 1 [-5.685079 6 =20.77385] —21.51896
cc07_[H|LFAH|Y =5t | |og-diff -15.0985| 1 -15.70761] 1 [-16.11231] 1 -23.6678| —24.64021
cc08 |A|HME AH|2f log—diff -17.42603| 2 -17.62558| 2 [-17.62786] 2 | -28.87057| -29.41573
cc09 | =N log—diff -17.54271] 1 -19.20924] 1 [-19.52134] 1 -26.89415| -30.87896
ccl0 | T log—diff -19.43125] 1 -20.11192] 1 [-=20.10986] 1 -32.01672] —34.04319
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log- A% & AALEBTARALE ADFRA 2 PPAAA BE Aol vl
& A e Ao ek

bold: 1% 71Zt, under line: 5% 7|Zt

[3A2] AYA 4744 3%

fruncation lag:5

B ADF . ADF . ADF . PP PP PP
A * FEAF) one) [T coy 1M can Pl vone) | (cony) | (cam
101 |[o|& A S (M=) | log-evel -5.89822| 1 | -4.57536) 3 -8.50883| -8.98924
e |S2Hd &51x| 5 log-evel 0118199 4 |-4.700729| 3 -0179382  -8.63412
103 [h+2H|x] &5t log-evel 1612754 2 | 2137028 3 -1.9466077  —2.661225
104 |HS{7HHA log-evel 290081 2 -5.1811} 3 -3.20584 -7.171902
1105 |HMESZHA M At log-evel —1.755127] 2 |—5.445226| 1 2172688  —3.979%629)
1106 |7 A== log-evel —1.105847) 2 41125, 2 —1.453724f  —7.699436
1107 |(MAREHZER DX %) | log-evel 2087583 5 | -1.551302 1 -2.366994  —1.7646%)
g |zw=sM log-evel -5.17153] 6 253%% 5 -7.09329 2.626046,
109 |FEAEFZH log-evel B.406471) 2 | 2519008 2 -3.017067,  —2.553183)
110 |FES AR =LA log-evel -1.385637] 2 | —2.500925 2 —1.7794  =3.727254|
o1 |Lol& A (M=) | logdiff |-16.04167) 2 | -16.01889] 2 -32.16141| -32.10800
02 | =2 &5tx| %= log—diff |-18.01472] 3 | -15.07407| 3 -23.12959| —27.50398
1103 | +4H|x &5t log—diff |-12.14966 3 | -12.85167| 3 -20.92888| —22.10329
104 |HSE7IHA log—diff |-15.29193] 3 | -15.29333| 3 —24.85999| —24.86416
1105 |74A 27y A A log—diiff |-16.56365] 3 | -16.93142| 3 —17.88466| -18.14528
106 |7]H|=Z=H log—diiff |-19.06585] 1 -19.12261| 1 -26.6171| -26.82347
107 [(MARRFHZR|DX|2) | log—diff |-8.766892] 2 | -6.368015] 5 -18.39547| -19.55021
g [&/=4 log—diff |-2.756749] 2 | -7.221887| 2 -6.503665| —16.15790
09 |[FEASEL=H log—diff |-20.23248 1 —20.70861| 1 -28.66633| —30.05776
10 |& S A XIR] 5= H log—diff |-13.91556] 1 -14.33185| 1 -18.02721| -18.82646
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[3 A3] T3 AFTAA %

bold: 1% 7|2, under line: 5% 7|2t truncation lag:5
e = *23%| o) |*F] com |HF] can [ ) | o | Gan
g0t |H| =M AE log-evel 258624 2 253124 2 254543 D 466971
1902 |AMEZ2 X4 (M) | log-evel -2.648004 1 057759 1 2504903 0.230043
1903 | TA[ZIH AH|X|Z log-fevel -0.980417] 2 | —1.789899 2 092504 -3.230456
904 |7| ATl log-fevel -1.463%68 2 28011 2 -1.82541| —4.701507
1905 A AFREH|ZR DX | log-evel 2236548 1 | —1.668778 3 239131 1.7972%
g6 [SIA FETAS log-evel -1.528089 1 —2.8550 1 -1.47829  -2.880666
g0t [H|=7tAIE log-diff |-11.01575] 1 | -10.99110 1 -8,493673| _ -8.47370

lg02_|At2 22 Rp(MAI) | logdiff | —4.46343] 3 | -8.006052| 2 -14,53726| —15.44627

1903 | T A[Z}H|AH|X| & log-diff |-15.91398] 1 | -16.60447| 1 —22.74841| —24.66025

lg04 [7] A F4=elo log-diff |-15.286991 2 | -15.79898| 2 -33.89341|  —35,7064

Ig05 |MAMKIM EX DX | logdiff | —12.2297} 1 | -13.55923| 1 -18.97232] -20.17653

g6 [SIA FETAS log—diff |-11.43989] 1 | -8.648927| 2 -10.9911| -14.44673
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