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Time Series Models for Daily Exchange Rate Data
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Abstract

ARIMA and ARIMA+IGARCH models are fitted and compared for daily Korean won/US dollar exchange
rate data over 17 years. A linear structural change model and an autoregressive structural change model
are fitted for multiple change-point estimation since there seems to be structural change with this data.

Keywords: ARIMA, BIC, Exchange rate, GARCH, IGARCH, structural change-points, structural change

time series.
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FHAE 2= ARCH &3/} 922 dhhsty Age 2oz AR(1)+GARCH(1,1)S Algkstdct
Moon (2010)-2 28 dlo]glo] ths] GARCH(1,1) 2¥< 283 W< F33int

B AT E A2 1737 8 AAD vl tis] Aget SAH ¥ Ay FS FEE 55
Et Ao 9Jo]& T3 £3] ARIMA+IGARCH 283 223 AL Aws) Buxt st 2%
e AAAE AAD ARIMA 29, H5A GARCH 233} 72 W3} 23 ths] A% st 374004
AA ghg dlolElol] etk 24 —%4 3t Ats HojZEr)
2. AMAIE UIoOIH 24 2
2.1. ARIMA 23
77373 (stationarity)-= Al AAglo] AlALe] AT AL 7Hthe AL on|giet. A3
ZalE W dlolele] ol YAstal, Bate] Al ()0l Q& ekon, TR Al (lag)ol Wt &
SfoF &AL o] TR b= AT H]@%"(nonstatlonary) A1A 0] E]—_Tl Stk AJADe] AAAES A

Hp : &9 (unit root) o] &Atct

off thst Aoz 7RIl 714= W AIAYE dlolHE F48E wEstta & 5 Qo AR 7]'“"
A7ekA) Rohe A% A4 AAL HlolEL AL WESES A (differentiation) & F3Ho] %
A AALR vHto]l & & Uk

AAARE wEs= AJA Gl tisiA= ARMA (Autoregressive moving average) 28 T X2
£33k ARIMA (Autoregressive integrated moving average) 2382 A3t 4= 1}

ANAL Hole {Z1,Z2,...,Z,}7F A713ABH(AR; autoregressive)3 o] 5H g4 (MA; moving
average)= 2313t FEJ ARMA(p,q) FFL2 t}22 2§

o

o]

Zi=p+¢p1Zi1+ ¢p2Zi—o2+ -+ ¢ppli—p+ar —O1at-1 — -+ — Oqai—q (2.1)

o7 mdstt. q7A {a: )= WAL (white noise process) 22 AMZ ol H 0,
029l & Wolth. ARMA(p, q) oI AR A4 pe] AAoll= REA7 433 (PACE; partlal

autocorrelation function)E MA X< ¢o] ZA & A}7]/4&e(ACF; autocorrelation function)&

o]-&-3tc}.

22 (difference) ©o)&F & A]H9] dloElolA A AR dHolHE wFe A& Bk HFo] A3

2 ke v AAIELE AES B3 FA AAEE vE ME]" dwl A8 iz, = Wt
pel

ARMA(p,q) 23S wE ® Z:7} ARIMA(p,d,q) E¥< etk gtk 5 W7 v A4
23 ARMA(p, q)

Wt = ¢1Wt—1 +---+ ¢th_p + at — 91at_1 — ant_q (2.2)

u
gul
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2.2. GARCHSZ} IGARCH H¥sHd 2
83 22 FEAAL vlojEl e A7) e B4 WEo] 27| wlEol Box2} Jenkins (1976)7}
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A st APAAE EPA ARIMA RyPo g+ HAwstr] ol 497t gt ol#fst sAs A%
3}7] 913ke] Engle (1982)2 ARCH (autoregressive conditional heteroscedastictity) 282 A FsFd

© 1 Bollerslev (1986)+= ¢¥sld ARCH 2322 GARCH(generalized autoregressive conditional
heteroscedastictity) = 3& A|<FsIF T Tsay (2005)+= o] S 23 ot xpA|3E A S A &3}

MEAL 2= BBWS {a,)o) T3} GARCH(p,¢) B3-S t}e3} 2k

a¢ = Ot€t,

q P
ol :w—l—Zoziaf_i +Zﬂj0t2_j, (2.3)
i=1 j=1

2 AR SYoln $UT B

o

7 ﬂw>0 aizo,ﬁjzo%@é—au% e} BT 0, B4k 1
a9 71N g B AR

E(ar) = E(0:)E(er) = 0, (2.4)

Var(a:) = E (af) =F (U?) =w+ ZaiE (af) + ZﬂjE o;
im1 =1

=w+ (Zai + ZB]) E (af) (2.5)

FE (af) = ] . (2.6)
1-— <Z o + Z B]>
i=1 =1
oIt
GARCH(p, q) 23 o] f43 FA A (stationary process)©]7] s TS5 EZ AL
P q
E(ai) <oo, Y aity fi<l (2.7)
i=1 j=1

o]t} (Theorem 4.4, Fan3} Yao, 2002).

GARCH 232 d719] Wsgo] vgfol= AeHor Fadte] glojA= B ot Nelson (1990)-2
Axfe] WgAdol nEe] s 2R Folds Aol et PO Integrated-GARCH(IGAR
CH) 23S Aldstsint.

IGARCH(1,1) 23412 tha3 Zrh:

at = Ot€t,

o; =w+aai_; + (1 —a)oj_y, (2.8)

A7 w >0 ZBAL a > 05 W55 {a}e Fd 0, 4 12 2= A= 5ol 54T 24 %

= &8 "Hgolth
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2.3. 2 "I}
B2YE Al So= Byof st FUIE dokstet. ol W oz Txjol st 59 HAT R
Z|EFAFE o] &3 BF vl sl Ay stuxpetet.

=

9 5 ARSo =4S wEs kst ARMA(p,q), GARCH(p, q) 230l ths)
2340] A ABA AR 2 Ljung¥} Box (1978) 7} A ora) Ljung-Box AA& S & 4 At = Ho: b
& %7140l sl Liung-Box AAEA Ze

g
e

Qo) =n(n+2)3" P (29)
k=1

oty 71N n FETY], pr2 lagkollX] BEAZ|/GE0AL g= AR A= laggtolth. Fol4
F aolM AAEL Q9) > Xi-a,,°12L AN Xi_a g AFET} g2 FrolAlF B2 Q2% mElz
FH a-E95olTh
tlolglo] tft AHA AAHCR =t HEE 0|83 Jarque-Bera AL & 4 Ut} ‘Ho : =9}
HAw7t AFRz et A 2rbets AR W) Jarque-Bera Z 35 A 2k
n 2 ( 2

2 Hodtoll A A 291 ZLolAlFREE mEth o714 S, ZEAtel] thet o) & (skewness) o] K, +
A= (kurtosis) o] t}.
AR7IE5AZS 53 AAE 23S Hrehs He % AIC(Akaike Information Criterion)2}

BIC(Bayesian Information Criterion)©] @] 221t} AIC T+ BIC 2 H4AZ 3= 23S A Es
Eyoz MHE S 9o oy /A RS v v & ]_1:} 2+ EA L
AIC = —2log(maximum likelihood) + 2K, (2.11)
BIC = —2log(maximum likelihood) + K log(n) (2.12)

2.4. 0=

NAL HolElE 2R sk F28 B BAs 2L o831 nlglo] tjah o3 (forecasting) o]
o} dZole AR AAL Bl Zy, Zs,..., 28 AT kAR B T Zo4p B dESHE
02 AR o] AAATL kD AALD 21, Zs, ..., 42 A4BFATLA 5L

Zt(k) :E(Zt+k|Zt,Zz_1,...721) (213)

pa

SR Yol Zi,2Zs,...,Z:7F FoARE wl kAR o] AAL ASTS Zi o 2R 7GR
Epdt}. of| =2 X}(forecast error)&=

ei(k) = Ziyr — Zi(k) (2.14)
ola 7|k Ele:(k)] = 00|tk EAF Varfe, (k)] S F3to] AR QN 95% ASAH27H
(k) + 2y/{Var[e. (k)]} (2.15)
o7 3t
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(i)= ?45}4—4 3“4 j= ,m + 1] T3t
(i) Z:= Bjo+ Bjit+e, t=ci—1+1,...,¢;, (2.16)
(i) Ze=Bjo+Bint+ ¢1jZe—1 + ¢2;Zt—2+ e, t=cj—1+1,...,¢, (2.17)

q71A WEAE Mg me AARA Fgow mA A er,..,emd Tl l=ch <cr <ea < -+ <
Cm < Cmy1 = no] AP Z mA) H3PE g3 m + 17] B H(segment) o] FAZATH

o' o] FxA ysle gt FAV Jvt B 5 vk, AdAs A2 WslE 2@
S e Aolth. Fzele M3 (abrupt change) 7k 21T W W] 5 HlolelE EAT
E & Jon wslydor BXtte] ReEjd fole 74 B RS At B4E FAH okt
Baig} Perron (1998, 2003)& ol2]& Ae4 (break point) Tt tHg W4 (change-point) & 77
=L Atk o5 Wabd 24 WL Zeileis 5 (2003)7F R 7| A 2 wHE] R
Caig=y

Bai®} Perron (2003)] ths¥s}d 24 H-E m + 17] B3kl tis) XPx}xﬂHﬂ(residuad sum of
squares; RSS)& HaAglshe HIHE-E 27938 dynamic programming *73] S A}&3T) oy
(bandwidth) h, 0 < h < 1& A3 7 A= H4

kel
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o
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o U

I

24

m{m

A me B Az et golth uE ﬁ
h-n7e] AEFEC] TIHESF 33t 7 R2oAM AEFE] H 459 H]"%O] durdo® 10% &=
= 15%% AdEn. =3 ZF 239 tfs] BICE A4lste] BICE 4318t 23S A"}
(é1,...,6m) =arg min Sp(ci,...,Cm), (2.18)
C1yeesCmy

(i) Sn(cry...,cm) = Z Z (Zi — Bjo — Bjit)? (2.19)

(i) Sn(ci,...,cm) = Z Z (Ze — Bjo — Bint — j1Ze—1 — ¢jaZi_2)? (2:20)

otk ¢ — i1 2 g = h-ndl BE 7158 partitions] s AAAFHE A4z T WHHS
249,
3. 22 TI0[E0]l THSH A2 24

3.1. &2 dIolg

2 AFNA ARESE B %/D‘fﬂ golE: 19959 19 3UXE 20124 19 314971K 1747
H 38 doleE F dlolH Mgt 46157 oln Q323 TSI uvju]7]E-E (basic rate of ex-
change)S AMHE3I L &= %/%H It} 38 dlo]El& Figure 3.10014 HojFu 19973 k=2 9
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Figure 3.1. Won/dollar exchange rate time series data
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Figure 3.2. (a) ACF and (b) PACF of won/dollar exchange rate time series data
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Figure 3.3. Log transformation and first differenced exchange rate data
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ACKF of diff(1l) PACKEF of diff(1l)
| e = 4le4+ﬁwhl
e o= % ‘ fffff e e
= l*r”f"kH””Hfr”’TH —————— thd I
A

Figure 3.4. (a) ACF and (b) PACF of log transformation and first differenced exchange rate data

Table 3.1. Augmented dickey-fuller(ADF) test

dickey-fuller statistics lag p-value
raw data —2.5129 16 0.3612
log transformation —2.2302 16 0.4809
first differenced —14.437 16 0.01
log transformation and first differenced —14.071 16 0.01

AAL HlolE o] A3 oRE A7) AsiA A7) 4de(ACE) 8 72 2773339 (PACF) 1
g8 23 B9t} Figure 3.2(a) Z28]|ZE B ACF gho] AA3 S EAT I 3tol 19 77HY vl
3t} Figure 3.2(b)o|A PACF Z1#8iZ& X lag = 1|4 Fto] 1o 714 o] %ol FA3] 953
S A T g ity T BR AT A AAdE ddEn. JEs 2auss Fof 14 A}

© o
23t tlolE] {Wilol gk AAY Zel= Figure 3.3 R 2I8BE Saolo] Bk Az A3}
93 1% A4S Foel FFol I QA A2 B & Avk AALe AR RS FAF A

{Wetell tisf 2714l REA7)1 43345 1812 Figure 3.4(a) ACF, (b) PACFS} 2t}
AR A 95te] Augmented Dickey-Fuller(ADF) AAS A3 A3} Table 3.1004 124 X
Sk dlolBlet 2 2T} 12k A2 vlolB 9] p-3t = 0.010]28 /e vE3ivka Kol 2 1)
12} 223t dlo|E & Adste] £A 872 gt

dlolel {W.}el Tis] ARIMA 23e A¥saz sk Ta-
A FAPH 2ASE, AIC, BIC 52 was 4%
AIRMA(2,1,2)2] € Q8572 gk A3 mge) A8 thest 2k

Wi = 0.3599W;_1 + 0.2131W;_2 4+ a; — 0.1725a;—1 — 0.4193a;—2, (3.1)

AN t=1,2,...,n—10]1 a; = WAZLE FAH oz A& EFo| FHF 0, 24022 FEFHFo|t}.

3.3. ARIMA+GARCH 2d =gt

2B} 12} 223 B8 o] {W;}ellA] AlZhel| wet W do] Holnz wgAd tis GARCH
2y vejsl Bat Figure 345 EW {W;}oll sl 2173 7]/¢#/do] Holmg ARIMA+GARCH



8 Bomi Kim, Jachee Kim

Table 3.2. Comparison of log transformation ARIMA(p, 1, ¢) models

model 62 likelihood AIC BIC
ARIMA(2,1,3) 8.214x105 15155.12 —30300.24 —30261.62
ARIMA(2,1,2) 8.216x105 15154.51 —30301.02 —30268.83
ARIMA(2,1,1) 8.251x10~5 15144.84 —30283.69 —30257.94
ARIMA(2,1,0) 8.348 %105 15117.72 —30231.44 —30212.13
ARIMA(1,1,0) 8.447x10° 15090.75 —30179.50 —30166.62
ARIMA(1,1,1) 8.257x10~5 15143.08 —30282.16 —30262.85
ARIMA(1,1,2) 8.252x10~5 15144.50 —30283.00 —30257.25
ARIMA(0,1,1) 8.383x10° 15108.05 —30214.11 —30201.23
ARIMA(0,1,2) 8.267x105 15140.38 —30276.76 —30257.45

Table 3.3. Comparison of ARIMA(p, d, q)+GARCH(1, 1) models

information criterion Ljung-Box test Jarque-Bera test

model AIC BIC Q(10) for a? p-value statistic p-value
ARIMA(1,0,0)+GARCH(1,1) —8.1533  —8.1478 10.42496 0.4040 3790.45 0
ARIMA(2,0,0)+GARCH(1,1) —8.1699 —8.1643 9.433257 0.4915 3614.62 0
ARIMA(1,1,0)0+GARCH(1,1) —8.1743  —8.1688 9.460000 0.4891 3533.75 0
ARIMA(2,1,0)0+GARCH(1,1) —8.1662 —8.1607 10.24231 0.4195 3347.29 0
ARIMA(1,1,1)+GARCH(1,1) —8.1582  —8.1527 8.879696 0.5436 3442.35 0

Table 3.4. Comparison of ARIMA(p, d, q)+IGARCH(1, 1) models

information criterion Ljung-Box test

model AlIC BIC Q(10) for a? p-value
ARIMA(1,0,0)+IGARCH(1,1) —8.1532 —8.1462 10.43 0.3171
ARIMA(0,0,1)+IGARCH(1,1) —3.2685 —3.2615 1557 0
ARIMA(1,0,1)+IGARCH(1,1) —2.1381 —2.1325 160.7 0
ARIMA(1,1,0)+IGARCH(1,1) —8.1704 —8.1634 10.86 0.2857
ARIMA(0,1,1)+IGARCH(1,1) —8.1702 —8.1632 10.67 0.2993
ARIMA(1,1,1)+IGARCH(1,1) —8.1521 —8.1465 11.66 0.3088

23 AZS AwstuA sty 23w dlolg {Y:}ol s ARIMA(p,d,q)+GARCH(1,1) =3
3l R AT SAZFEL Table 3.304 Hoj&th AICS BIC & H4E 51 Ljung-Box 7R
< o]&3te HolH7E S ol AFTHAS Aesks 28 < ARIMA(L, 1,0)+GARCH(1,1) 23S
HTH o dHsto] thEo] B

W =0.1627TW;_1 4+ a;, t=2,...,n,

at = Ot€t,

o7 =1.943 x 1077 4 0.1957a;_; + 0.827007_, (3.2)

o=z FIPLE A7NA v AR FHolT HF 0, B4 120 FEHFoTh

Jarque-Bera HA A3} p-gho] wl-¢ ZA Yol AGEEY E4E UEA] e c}.
Ao B ol a+ B > 12 ZYAdES USSR Zetth g ol Ao B4 3§
18 2 4971 2% oy o]t A a+ =10 2AE 3= IGARCH B HIE A= 5+ 9]

.

X,
lo
fru
£
)
™,
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Estimated conditional STD
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Figure 3.5. Conditional standard deviation estimates of ARIMA+IGARCH model

raw data
ARIMA(2.1,2)
ARIMACL. 1, D)+IGARCH(1 EBY

on
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zZo1z/01/31

Figure 3.6. Estimates and prediction of ARIMA model and ARIMA+IGARCH model

3.4. ARIMA+IGARCH 2% =gt

AIRMA(1,1,0)+GARCH(1,1) 239 B8 Fo] 10] do] RS THAIZIA] £t GARCH
23S A3 Hokrh Table 3.400A ARIMA(p,d, q)+IGARCH(1,1) RS9

T EASES HoRT o] Zo|A AICS BIC Zro] 713 ﬂﬂ Ljung-Box AARZZAIE 0= ]7]%
ARIMA(1,1,0)+IGARCH(1,1) 28< HEAHo=w HAdsty FAHH 232 tpe3 2o}

Wi =0.162TWy—1 +as, t=2,...,m,
at = Ot€¢,
o7 = 0.1616a;_; + 0.838307_1, (3.3)

A7IA = AR FHola Hy 0, BA4F 191 FEWHSoltt. ARIMA(L, 1,0)+IGARCH(1,1) 2& o
A HH 2AREZH 2} (conditional standard deviation) 6+ Figure 3.50] 4] X o] &t}

3.5. ARIMA(2,1,2) 282} ARIMA(1,1,0)+IGARCH(1,1) 289| H|

% AEs ARIMA(2,1,2) 283} ARIMA(L,1,0)+IGARCH(1,1) 23&df tjsj nlw .
19959 192 E 2012 19 312704 dlolee] thsl ¥ R8-S Agsiglon] G5 suzie] Hgol o
3 o 22 42 Srt. Figure 3.6& 2R AZe] 88 nhA 2} 297k F mHo] 274 s
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Table 3.5. Comparison of ARIMA(2,1,2) and ARIMA(1,1,0)+IGARCH(1, 1) models

date real data ARIMA prediction ARIMA+IGARCH prediction
2012-02-01 1125.8 1125.404 1125.601
2012-02-02 1126.4 1125.702 1121.244
2012-02-03 1118.5 1125.896 1125.372
2012-02-06 1118.9 1126.029 1118.578
2012-02-07 1119.9 1126.118 1120.633
2012-02-08 1121.5 1126.179 1123.742
2012-02-09 1116.7 1126.219 1113.906
2012-02-10 1118.1 1126.247 1123.033
2012-02-13 1121.2 1126.266 1117.994
2012-02-14 1123.2 1126.278 1116.221
2012-02-15 1123.6 1126.287 1120.559
2012-02-16 1123.1 1126.292 1124.427
2012-02-17 1127.8 1126.296 1128.119
2012-02-20 1124.4 1126.299 1128.034
2012-02-21 1122.7 1126.301 1124.879
2012-02-22 1124.3 1126.302 1122.902
2012-02-23 1126.3 1126.303 1123.953
2012-02-24 1128.3 1126.303 1123.077
2012-02-27 1124.7 1126.304 1129.770
2012-02-28 1128.4 1126.304 1122.790
2012-02-29 1126.5 1126.304 1122.396

won/dollar exchange rate

won
10 .60 10 20
| | | |

10
|

1000
|

TN "

T T
1995 2000 2005 2010

800

time

Figure 3.7. Change-point estimates with linear structural change model
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log returns&diff(1) of won/dollar exchange rate
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Figure 3.8. (a) Log transformation and first differenced exchange rate data, (b) Change-point estimates in
structural change model with autocorrelation

gof tist AAE dHoley Fx7F AA BEE 7|7 Y S LA A Hol2E Bai®l Perron

AAL {Z:}oll el B+ W3l By A7) F2E e 72 W3 2y
stz s} (i) 2Fol AL AT} 862, 1748, 28159} 3766 WA FAHE T
ure 3.791A W3} Aol RS HolET} %—75%1 WHslde Zh7 19979 119 28, 2000
20049 11¢ 18Y 28]x 2008 9¢Y 16Y 997w1 IMF 2)39) 712 #-go] FS3lo] Hugt
Ehfaz 2008 29 a} T8 shtor 1 91717} #Ast TiA] o] 55 e= vHasith
Wy oz HejsE 7t R ts) 24s Tﬂs}@% 2o 2y

6.599614 4+ 0.000257t, t=1,...,862,
7.616580 — 0.000379t, ¢ = 863,...,1748,
Zy = { 7.411548 — 0.000131¢t, t = 1749,...,2815,
7.101 — 6.565 x 107°%¢, ¢ = 2816,...,3766,
8.192977 — 0.000265¢,  t = 3767,...,4615

AT AR AAEG {W,} <l Figure 3.3 o] 27| A42e 233t 23t 72 st 238 (i)
o3 WsAL 882 AR A AU o= 19974 129 23

e
TS
=
[ojc}
=
=
0]
w
X
X
to
G
=2
X
&
o
et}
1o
do
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A% Relzth Walel We 7z W} mye bt 2k

W — —2.1862 + 0.008318¢ + 0.3456W; 1, t < 882,
"7 -0.1868 + 0.18750t + 0.0038W;_1, t > 883.

A7) g% FEE EGF AR loleo] ek PEUI RPL 2IANAD} 14 Y HoIEE o5
AS% frlelEsh il Rslgle vl 2008049 B 7ol 1097dus) Wl atel Mgl
2 30l ¥ 5 93 ol A3 Walg o F454 e Halrk
4. A=

v gl et d=dske] 17d7 49 9/98 & dlolEe] didl ARIMA R 33} ARIMA+
IGARCH 2&& Ag3to] nlusta o5& 3ttt AlAIE dolHE A3 Al7)7] f8te] 21w
T 12 AELS AEsET ARIMA(2,1,2) 237} A%5A4S T3 ARIMA(L, 1,0)+IGARCH(1, 1)
wge Ausie] Agath. T mPLe olgsle] 245 B A3 B vl tE 24 T s
o)1 nle) 9= Ax= ARIMA(2, 1,2) 23| Hls] ARIMA(L, 1,0)+IGARCH(1,1) 23 o] AA=
vERG 2o BisAE & Rk

w3 g lolEe] Tx Walsk glo] Mol AYRY Tx WY FAT AVRFAE EI T2
Wb 242 stk 24 magel Uie Wsd 24 A9E 29 W A5 s fA: o
A Getont 19974 IMF 99172 98 S F5e T RYoH BT Wados 2459

ol
ok ol SAT BAA Ade] # HlolH e Wdkye weEna & 4 ok
AAGolEA 52 <l (dynamic) BloTElE 58/ 4] &kl Wol w3t glom o] g AA L vl
olfo] that TAA BY AFE F§SA/AASA EoplA &ds] A= o}, oz e 5
AH 2y = doly s Hthgem wgs Fol A SA #Alo] 7t
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