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A Study on Fractional Long Memory and Non-linearity
in Seoul Indexes of Industrial Production*
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ABSTRACT : This paper considers the application of fractionally integrated ARIMA (ARFIMA)
and exponential smooth transition autoregressive model (ESTAR) using the two data, twelve-
month difference of monthly logarithmic industrial production and first difference of monthly
logarithmic seasonal-adjusted industrial production in Seoul. The study finds the presence of
fractional long memory and nonlinear dynamics in Seoul industrial production index(SIIP). Since d
is significantly different from either zero or unity for SIIP, it can be said that there is strong
evidence of fractional dynamics. The impulse response weights converge to zero such that the
process is said to mean reverting. The calculated Ljung-Box Q statistics for serial correlation in the
residual shows that the residuals are generally free of serial correlation. In the non-linearilty
analysis, it is not failed to reject linearity for SIIP. For the mid-regime (F=0) and the outer regime
(F=1), the polynomial has two real roots, indicating a strong drift toward the center. In this model
the local dynamics become stationary when one moves away from F=0, and dampen large
fluctuations.

Key Words : long memory, ARFIMA, nonlinear dynamics, STAR

2 =79 e 73 =HE sl AR AAAA ZA=EE YT
Fddstw A7AHer FAsk w9 (Associate Professor, Department of Economics, Chung-Ang University)



68 MEZAAT M7 H4Z 2006. 12

I. M2
e AXNBAANAES B8 F (non-
staionary) #89 548 UeRl 7] W <t
S FHE7] At BAAA L A
sHA Jo. Aeakts 3 0}04 HEEE &
3 SEE I AAIEe
of AAE EAS £4F ZF )\‘:} ae
S A 1 AAIE Ao AE 8
#}ES 52171 Aok o] B
BEAES AREske tiald

Ea= '3] 01 =T

)

TS O e

_@_ﬂ*

AR713) AR E(Threshold Autoregressive Model)

7} v Z A o] 28 (Markov Regime Switching
Model) 5°] oy 5 28 5& £7H40|x
THS Hof BE AP Ate] 9
3] oo} AFATE SAlol REFste] THA
gho] REYA o] FolA s HEA|IARGE S
AR5l Ao] vEkzlsk Ao g Holth
AR ARl oA, A71eHds et
ste MEAAANE T 7P dEHY Ad=

Y ZEAAHGross Domestic Product, GDP)o]

]
HERE

r-\n:

:lj

U A9l 2KGross Regional Domestic Product,

GRDP)°] 9%} 28y GDPY GRDP 7AW
Fe 7] Bv FEdErt UE o 49

7IRE A ook FA, BEH B 715
& 2123 setele dole @7 Ak G
A @I TS skt Al s

o BGPASE B, ARY, A7) 7k
P UFoR AR ol o) Fol Al
$o) 438 tehle ARRA 647) EES
oz 2AEe] GYEGD 5 ARE B4
FE5ER U FARI §20lE 4715

“Jra]r}ﬂ B dATE A2 BAEss Hetst
+ d 13 Ax ASAFANAFE o]
g3kl AAES A/ (stationarity) Bl
& (non-linearity) 5448 F52RE3 4 (fractionally
difference process)¥} BIAE HE=}7|3]H

(Smooth Transition Autoregressive: STAR)

BHS olg3te] BATh AAL Bt 4
RS AA ARSI AN PRI} o]HS
W 1A RS S 13 AR
A4 Fu7) olel$w BeREnge Fat
o 334 Fuol¥E Buwh 12 WA

= A7t 9
AYG 2715E stoe] oJelgn

10
R [y
rlr
Flr o,
N
offt
‘ot
tlo
o
—‘3
ol
ol
rl

L o
é

1) g3 (2006)

DAANE F 2 HBL AAKE Aulsngol AsHo] glo) YA S
o Hebd FRNLSEA 5 AHAY HF] 8% o4 AAsE A A9l
ANATEAL 5 AUIANE AAREES uEHoZ 359 Bast Aok



(bda) FAolgta gith AFHoZ A
1, 2 53 2ol A= =

Z(real numben) & AAT = Stk dGHES
o] AFE AE(EE ) FoINE
A AAEE S 471 &
Blzn (Fractionally Integrated ARIMA,
ARFIMA) 2385 wEua st ARFIMA

(pda) EFL

(integer)

AD(1—L0) %, =&De, (1
A7 W) =1—¢1z—¢z = —¢ 2"
ol A2)=1—0,2—0*——¢z* & =
7+ OFAA A B 7l 2AS nEdI= g
angaels de A= FHnh gy =)
2) =02 ZE o] 9l vl EAjst
I g WAZS(white noise) Y-S wHEThil

ARB, AR (g e T 2ol

k)

AYMX|o| FI| 7| Mt BlHY SMof et A7 69

d_ = I[{k—d) Lk
=D "= 2 Faren &

_dl=dQ2=d) ;3 .
3! L,

—~
\)
=

1

A7 ¢ ac1/2°1® vy BE

(2
2
o

p

Aol AW A7) autocorrelation)©] A3
olu} 73R F43] Ahdhe @r|anE

SN
¢

o RS 7RG R 9 < g 1019y
A ola FHo] FolHE Wl Aol
HE&= ‘hyperbolic” sHA Z%38] FHasiH
71 E2](long memory)
ey ofd FZFo] A
o= ARAA == 13 A4 Hmean-

(DS
NN 1= | Ty Lo
Wy g d
i
k2

i)

o

o

o
N

g
[}
=
=]
=)
il
N
)
N
kl
3
=
e
r
N
Y
p—
o©
2
S

A E A}ﬁ’é}@l ‘M dg 7% ¥ ARMA

v} el XX

TT AL JAH—%%“—%%QEE T 4 Qik
oJAl AIAIE W] H a

sto] BAh AIAE W ol tigk kx} B2
021713 A(STAR) =28

}3)

3) STAR 232 Granger and Terasvirta(1993), Terdsvirta(1994) ,

Skalin and Terdsvirta(1999) 5& FZ& A



70 ME2ZAAT M7 H4S 2006, 12

v=Bo+B8x+(0y+0 x )Xy, )+u,
3)

A7 =1 Yr o Yiok), B
(Bis Bos s Bi)s ©=1(01,04,....0,), w™ g
(0,0%) oW, G(.) & Holgkxtransition function),
y,_ = oM S(transition variable) ©]¥ d&
A A(delay) Eg=elt}. o] EFoA vIHPAL
RIS 7121 W5l ofstel AV, Hela
G(.)e EA29%59 deo|AY

Gy g) =1+ exp{—7(y_s— )}
>0 4)

Gy, _g)=1—exp{—7(y_,—c)}
)

oJ7]4 vy Foizl I A T oz
HolE S Uil e MR HE FHALe]¢]
TS Yehdoh ()2 (2) 29 Ho|h<
7} &2 S Logistic STAR (LSTAR)
Ryolg} sfar MR A =4S 7Ptk (D
217 (3)2]o] A7l Fe|E Exponential STAR
(ESTAR) 8o 2 AHowx thAZ A 54
ZEa it} STAR 23e 833 50| A=

El

w= T4 el ATt y, ol st =

HAZ HFo A7|3]AREE S A=), &
AT = oFtolARE7IEH Liung-Box 9]
A7VEHE 7o ® HANA pE AATH:
T AR ARG d7F Fo17 el A STAR
BYs 7EoE RS AT HAS 9
sted thE-9] 7HIEd (artificial model)S 3]HA

2,

Y =By + Biw, + By g

+ By g+ Bixyi g+ v, (6)

o] ©th. MYRF do 2B fet] 1=
d< D HHHeA A8ET A HAE U
A A5 LSTAR 3} ESTAR 285 A9 3}
7] 9t 2 (DollA] o] AL AAIg
weF H,& 7)178 LSTAR®EZ S ojvlstal
Hi& 7124842 ¥a1 HyE 71748 ESTAR,
o83 H, HbEFE 71Z48hd LSTAR 238
2 Aesh) ek

Hy: 3,=0, H: ;=0[3,=0,

Hy: 3y =0|0;=0,=0 (7)
. #8242

ASEA AHE Age 1914 197 H
20051 129744 ARG € A
Agars oty AAFE A Ao AF
ZRE AF7F <a¥ 1ol dAE] JloH, &



L1 T TE e xEN Ty X

<O 1> MSMAYNX|Ro| fR|et AZBZIR|F

Zt WEEe e HAs #fskd
Augmented Dickey Fuller(ADF) T} 773
S AAstAL O AFRE <E 1> okt
AR A=
atod, PAge] Hd T S/ Az
AT Addin] STl i 2 A

& A3k

e FESA X

<E 1> HRI2 Y
ks A- A
S s A5 g
s s
1 lags -2.8%4 -2.336 -10.756%
2 lags -2.251 -2.276 -6.861*
3 lags -2.294 -2.551 -6.335%
1 lags(trend) | -3.276 -2.325 -9.944
2 lags(trend) | -2.705 -2.266 -6.295%
3 lags(trend) | -2.762 -2.541 -5.908+

F1eE 1% ol Fe)%

<O 2> QAR E Ad 5L S}
S e, <a¥ 3> AdzA"
Adiv] S/ Yehia ok

v

NEMAMARIZ F7| 712Dt BlME SHof Bet AT 7

r
0.

=
S

2f

<7 2> MRMARS HASHEE| E7t8

A(jﬂK-I_JEX-I)

M| Sk

<E 1>9] Ahsh o] AP2HAF) A9
ol Sk 34H HgS Susta ot
A5 A B F7Hee BREE &
nalA £ A5 FEd AR A
Qo 4L AT et domz F A%

’c;' Stand. Error |Significance level
ARFIMA(1,d,1) [0.811 0.159 0.0000
Ljung-Box Q(24) 12.940(0.967)

T ARE 944 Ad

FeuH 3789



72 ME2ZAAT M7 H4Z 2006, 12

(14D 14 de) F3gel 5% 000014
0811 71 gho] frofaleh. wepr] 9459 A
g S 2718 BER AT random
walk)e et e Jdea BAE
H w2 glge] WAt ARES gl

05<d<1 ¢] ¥ ¢l o} A4 Adsddy

A7V o]FofAY TFHoZE A H
1 F73)A(mean revering)dl] A EAs}
Al Bt} QARG 9 7-H FA o] WAYs}

H AgEeY TIEER

2=
AARFE AAsH 2R 2~E(logistic) STAR
2383 x4+F(exponential) STAREE ol

PN
AR (d) | AR S @l%f]@;] -]:‘%
1 0.025 0.007
2 01% 0.000%

3 0.002 0.660
4 0.001 0634
o 0.000 0557
6 0.000 0.903
7 0.025 0335

AT B et 2P AR
S <G 4ol AYsiiint. weF A oA 7145
& logistic STAR(LSTAR) E#o] Agi=),
ARZAAT ALl S7Hs A% HolA
712t= a3 9o B2 X424 STAR (Exponential
Smooth Transition Autoregressive Model,
ESTAR) Eo] A== 3lth

<HE 4> HMHZHO| A

HAHAARS(d) 2
H, 0.976
H, 0.001%
H, 0.001




ESTAR E¥F4L g H A S 9
3 o] Folxlom AAIAIT BeY FHF
o] AREA I A <FE 5> Ueh} ko
HO| B 9] 42 AAIG] dedl wtef of

He A%E Qe done B QA
Holgrold 18 AA D) EEAAL L

342 $olsh stk YurHoE ESTAR
By F4L T WAZ AR Hr 9A 2
AAe BE WSS EPH] 4T F
fela b WEE ARG B3 Ao
2 fold MrERY F45e 1849 F4
A%e @ B FAEY 4L e 2o

Y=gt aqly, Tl o T Y gt

(50 + By + 521%—2)[1 — exp

(— #(yt) (yt—2 - C)Q)] + €
@®)

g
5
=.
2
rr
BN
x
>,
R0
4
N
N
[N}
g
)l £

114
0z
P
>
e
1o
N
N
12
0z
o
z
rx
[0
am
0z
2
=
rok
"0
4
~l
w

2l 7% LSTARE#dM= F(F3)=
ESTARE A& &JF-=w (%
Bl sk

ok
I
fr
&
B¢
A

<H 5> MAYMR| ESTAR FF

FAX(PE) FRALPZL)
a, 1.1269(0.00) By 0.292(0.13)
y ~0.136(0.03) v 25.11(0.00)
az 0.011(0.05) c 0.125(0.00)
By -0.687(0.00)

<3 6>l M AR AG Addy] S-S
EE oA g@elee AL A geBR
oA SAYS Holal glom F=HoG
R wel HEEE 7|7k A 2ol
HolA oheth TG e I
SHAl H™ b o]0l T =] =i
SR Aol e Aoz B Iy <
6> AASA= FAA A5 AFABLA]

G Aol F0WAN Baele welzol

= W AWk

<E 6> 2oy Sein SH=A

ekl BE | 1%
(regime) (module) |(period)
Ax | MidE=)

ﬂq}ﬂ? G (0288053 0607 | 58

AL | Outer(9) 2-59)
SHE |1

0.872 0.872 -

(]
ri
re
-
o,
>
rr
o
S
=
lo,
4
o
N
FiN
_Ell
w
S
ot
lo,
=
A
o
k)
o
ol



74 ME2ZAAT M7 M4 2006. 12

217} ARFIMASIA 8t AFAAAEA] 4= %

W Bgui] S7hge] B4 gho] 0811013

=
M
rhu

o, STAREY = FEEA oA oF= £ AFE ASAGAIAF 717183
wel BB Mol 0872 HEG 0872 53 mHHSAS 2AsAn. v one
HISLA] FrARSE gho] F-afod ATt F73t7] 93td ARFIMA(pdq) B8-S AME-
ASAYPAAFY AR ZHet G, AAAART A"l ok HHREE
22 47171949 vy 548 T BAr (nonlinear dynamic) 5/do] EAlst=A 1 o
g AAGEA S e 22 FI-STAR 22 B2 93 E4dHe W] Fuge Fdd
S AAst T 48 F ok o] o] FoA= HEH |2 EARE (Smooth
Transition Autoregressive: STAR)S AF&-3}

A= ={410+ B 0-D%, ) A
A7 ARFAE o] FBTHEL] ARFIMA

+{¢’2 ot éﬂbz,;’(l—l) dyt_j} (Ld DA de} F43ko] 08112 1 gho]
3t AFES gho] 05<d<1 o Mg <rol
* Q-7 dte, O glo) x4 AT LY Frhse FH0] 9
& w) @r)o] 2%shs Aol ohel A3 1
g3 o] ®¥o) o] ESTAREHES 4% A8t} 288k 91 B8l 3o 29
A g 5 BT FHSE Rolk 2t # S BE nTh AgUATe 2Ry 34
e 7

AR A5H FRAAGARAGNE ok o] WS F&3 gass Zo] ol 4
AA ARBAGL o2 D AFH Zwe) 714 THEE AW Jue pasle] FHEH
MPHEA BAVE Glo] BT ATIAR ANE W) A9 2 Uehdh 2 37171099
gk, o oJate] AAHIL ee HAT AN

o
AEH o7 AAIE RS 918 ARFIMA 59 AR HAE FEF BATE =435
(pda) Aoy HIAE EAQ ESTAREY =

4 »T°ﬂ/‘1 MEFABATF] AR 7HES R TN @92S /AL A
= g

o thete] z+ FAFAELS T 2 BYch
AR | wZh4 ARFIMA(pd,q) #4l°]v ESTAR



Madddexsel &7| 71940t B|dd SHoil 2%

B2y 4 ZFoAM MAdgAge] A
AT AL S7HeoIY AARAE
Ad Sddv] ST 9% F40] ke
w1 A0 M3 Haskes F717194 3
e W2 leS FRlsii 28 ER o)y
g AAE 54S Akl A7) sEaHeR
o] &2 Yol thste] 2+ BAFAEL Fe A
AAgES A8 dart v 2u:

23, 2006, "I AAA A,
Geweke, J. and Porter-Hudak, S., 1983, “The
estimation and application of long
memory time series models”, Journal of
Time Series Analysis, 4, 221~238.

Granger, J. and Terasvirta, T., 1993, Modeling

o & st 75
Nonlinear Economic Relationships, New
York: Oxford University Press.

Skalin, J. and Terasvirta, T., 1999, “Another
look at Swedish business cycles, 1861-
1988", Journal of Applied Econometrics,
7, 359~378.

Terasvirta, T., 1994, “Specification, Estimation,
and Evaluation of Smooth Transition
Autoregressive Models” Journal of the
American Statistical Association, 1994,
March, 89(425), 208~218.

http://kosis.nso.gokr(FA% KOSIS AXHFA|
A28, B71ERAS

0 H e d2006d 118 7
1R &l At2ER 2 1 2006 118 28
ZZaxiE e 20064 128 13



