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Comparing the Forecasting Performance of Univariate Time Series Models

with Korean House Price Index
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< Abstract >

This paper compares the forecasting performance of four types of univariate time series models:
ARIMA, GARCH, regime-switching, and unobserved-component(trend-cycle decomposition) model.
| carry out in-sample and out-of-sample forecasting exercise to Korean house price index in the
recursive estimation scheme. For the comparison of forecast performances, | compute root mean
squared forecast errors and mean absolute forecast errors for each forecasting horizon of 1 to 36
months. | also test the statistical significance of the forecast comparison results, applying the
asymptotic test developed by Diebold and Mariano(1995).

In case of in-sample forecasts, regime-switching and unobserved-component models show better
performance than other two models, along with statistical significance. Regime-switching model is
a compelling choice until 12 month forecasting steps, while the unobserved-component model is
the best for 24 and 36 months. In case of out-of-sample forecasts, | find that the regime-switching
model is particularly ill-suited for forecasting, showing the same result as Crawford and
Fratantoni(2003) with US house price data. Also, | find that the unobserved-component model
shows the best out-of-sample forecasting performance.

F M of : FEHTHA, o5, ARIMA, IGARCH, =M™ HIU=ZR20 2
key word : House Price, Forecast,, ARIMA, IGARCH, Regime-switching, Unobserved-component
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H ARIMA E3¥} 724 2polE 284 A #

)

—

J

oftt
{o (o
ol

ol
i)

(B 4 v#=g90ndge] =340
Uc-0 UC-UR
B0 0.398** (0,055) 0.406*** (0.129)
¢l 1.804** (0.040) | 0.714*** (0.053)
@2 -0.808***(0.040) -0.064*+(0.027)
ou 0.321*** (0.059) | 2.465*** (0.335)
oe 0.588** (0.050) 0.000 (0.411)
a - -0.713** (0.037)
log L -370.185 -367.841
F (0 )/k mEAfO M, ¥ w wea= ZEZE 10%,
5%, 1%2] FollA 7:]]_,_7]- Tr,]z—]ol o
BAIET}
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1. 253 459

ToXE EEU(in-sample) 53 #E
9(out-of-sample) 5 EF AAg} TE
dF&  dlole XAl 71719861 19~2014\ 8
ol et 2o} 4 A3E o8, FE
o] o5 FAH4
g ol &gt} FAHA

F7(recursive estimation)2] 2

198611 195

F4e
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19991 129712]2] 717HS AlRte2 sl 1711

8 AR e

At

FE o

71718 19861 4€HE 2014\ 8E71A, 12
3 FEE] o=7)7F 20000 1€5E 2014 8

Ol‘:}.
wao] o
AAFAES

forecast  error;

z
—1"1
(o)

H] 2

WE A3 7 dSAAEE
Z}o] - A|Hroot mean squared
o} RMSFE)# &) et

A7)0}, (mean absolute forecast error; ©]5} MAFE)Z
o5& FEHT(y)ol sl o]Folxlom, o AT
S v o] AZAo digh vlER A
Aksteie. w
A RMSFE(i) Z fui’ (16)
E+i = {(Ym - yt+i) / ym}*IOO (15)
MAFE(®) = Y] |ewi| / n (17)
t=1
A AolAM yui= S5 A Al(forecasting horizon)
iof] tfgt t7]ollAe] &2 |ZX](dynamic forecast) ellA i ASAAl 18]l nd 59
(X 5) o522k ARIMA B3
ASAIA 7hg 271 3714 o7l 127114 2470 3071
(RMSFE)
ARIMA(0,1,0) 0.282 0.521 0.747 1.335 2.329 3,768 4,834
ARIMA(1,1,0) 0.197 0.367 0.574 1.095 2.083 3.602 4,708
_ | ARIMA(2,1,1) 0.184 0.363 0.564 1.080 2,050 3.577 4,692
; ARIMA(2,12) | 0.183 0.363 0.565 1.089 2.070 3.593 4,683
51 (MAFE)
ARIMA(0,1,0) 0.186 0.354 0.518 0.967 1.738 2.848 3.064
ARIMA(1,1,0) 0.113 0.230 0.375 0.754 1.516 2,728 3.581
ARIMA(2,1,1) 0.109 0.229 0.369 0.742 1,486 2,715 3.587
ARIMA(2,1,2) 0.109 0.230 0.371 0.751 1.502 2,721 3.563
(RMSFE)
ARIMA(0,1,0) 0.175 0.330 0.469 0.826 1.478 2.467 2.822
ARIMA(1,1,0) 0.116 0.245 0.378 0.691 1.333 2.359 2,784
=~ | ARIMA(2,1,1) 0.117 0.247 0.383 0.690 1.318 2.344 2.799
; ARIMA(2,1,2) 0.116 0.245 0.381 0.690 1.319 2.341 2,777
; (MAFE)
ARIMA(0,1,0) 0.116 0.228 0.333 0.621 1.119 1.841 2,023
ARIMA(1,1,0) 0.068 0.155 0.251 0.510 1.008 1.775 2.053
ARIMA(2,1,1) 0.071 0.156 0.255 0.507 1.007 1.772 2,111
ARIMA(2,1,2) 0.070 0.156 0.254 0.509 1.005 1.759 2,069
T 7 SAAER S0} 71 AL S 1Al ZAIBEH
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Ji=3 ARIMA(2,1,2)7} B 32 o58S Holar 9f
<3 5>% ARIMA EHEC i 4588 1w <3 6>2 IGARCH E2HE9] o8 Aujo]
ofFa ek o Avks gy ok A, FEY oS53 FE9] oS ZFox, ARIMA
ARIMA %82 513 T&ARIMA(0,1,0)-ol (2,1,2)-IGARCH®] <=3 o] 714 oFslm] RMSFE
He] =2 oSS Zhet) olfd Ay g 7|50 2% ARIMA(2,1,1)-IGARCH =3&o| 1z
Ul diSute] ofye} wEe] dSeMm vEpdt il MAFE 7]%9&% ARIMA(1,1,0) -IGARCH
ok Rk olelgh E& d5Ee dSAATE 47 Lgo] o5 HellM ddjd o 9gk 0w
B 45 ofink A, R dSelA v yEhaL Sivk
s ARIMA(I,I,O)HT/}W ARIMA(2,1,1)°]L} FHAZRH] AL A (6)lA FH S = F
ARIMA(2,12)7} & 58Szl vk F8 Fo] Brksdh ulehd o) $55= Ak
9] o|SelM= 1~/\l7ﬂﬂ NS S7leME wS)E & 5 fitke AIEC] Sinh & Al
ARIMA(1,1,009] ol5eo] tha o) 71 o]% A o] e SEE Aklet 7IdXE AL
o] oZAJAGAE ARIMA(2,1,1)°ILF ARIMA g3l
(2,1,2)ll H3) el5E o] Wojzitt AlA, ARIMA

L

2

(2,1,)3}  ARIMA(2,1,2)E H]ashd, 31 o B¢ = Us=1)*P(S=L) + n(s=2)*P(S=2)  (18)
A= ARIMA(2,1,1)0] 981, &2 Qo=
(% 6) of|=9xk IGARCH 2%
S EAA hg 270e 3714 6714 12714 24714 36714
(RMSFE)
ARIMA(1,1,0)-IG | 0.198 0.369 0.577 1.088 2.052 3,578 4,692
| ARIMA(2,1,D)-IG 0.189 0.366 0.571 1,084 2.043 3.572 4,690
i ARIMA(2,1,2)-IG | 0,189 0.367 0.571 1.091 2.061 3.584 4,677
;1 (MAFE)
ARIMA(1,1,0)-1G 0.113 0.227 0.369 0.736 1.481 2,703 3.580
ARIMAQ2,1,1)-IG | 0,111 0.229 0.371 0.740 1.480 2.708 3.595
ARIMA(2,1,2)-IG 0.113 0.232 0.375 0.752 1,499 2.718 3.569
(RMSFE)
ARIMA(1,1,0-1G | 0,116 0.245 0.378 0.688 1.324 2.351 2.788
| ARMAQRI,DIG | 0117 0.246 0.381 0.687 1.316 2.338 2,788
i ARIMA(2,1,2)-1G 0.116 0.244 0.379 0.691 1.330 2.361 2.794
o) (MAFE)
ARIMA(1,1,0)-IG 0.067 0.153 0.248 0.501 0.995 1.769 2.069
ARIMAQ2,1,1)-IG | 0.072 0.156 0.256 0.507 1.003 1.767 2.106
ARIMA(2,1,2)-1G | 0.075 0.158 0.259 0.515 1.010 1.779 2.082

F: Zb AZSAAEE dZeart 7P 2 A Kl FASHIE 1GE IGARCHE: 2|r|dit),
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£ 7) 2oz ZUHNRS) 23

ASAA i 2714 3714 o7 < 1271 247019 307
(RMSFE)
B ARIMA(1,1,0)-RS 0.127 0.262 0.421 0.893 1,707 2.743 3.499
i ARIMA(2,1,0)-RS 0.127 0.260 0.418 0.889 1,712 2,784 3.562
. (MAFE)
ARIMA(1,1,0)-RS 0.084 0.181 0.295 0.627 1.223 2.096 2.673
ARIMA(2,1,0)-RS 0.085 0.179 0.291 0.622 1.207 2,106 2,711
(RMSFE)
B ARIMA(1,1,0)-RS 0.115 0.243 0.375 0.686 1.326 2,345 2,770
i ARIMA(2,1,0)-RS 0.120 0.255 0.394 0.753 1.489 2.688 3.239
; (MAFE)
ARIMA(1,1,0)-RS 0.066 0.151 0.245 0.498 0.988 1,767 2.045
ARIMA(2,1,0)-RS 0.068 0.153 0.244 0.520 1,051 1,940 2.227
T 7 ASAAER dFeAt 7Y 22 - ZlEA BATEEIC
AolA P(S=j)= tA1-el joo] A &5 SHH, FES] 59 A9l 5711
olth. AR ] 24Tl oflF FE  nsE oBA AN A3Vt EAZL wd)
of o FHAE T 5 Qor], o] FANE o] Aol A9} s AR o] wAE

ol g3t n'E

NZ%oAE ARG 4 vk ol 2

FHI 1 ghg olgste] Ei

(£ 8) o5k vE5ad(Uue) 29

SES ok ASAE AT, 4 ()9 4
(18)% O]*OQ Rl E]'““J’ 7]'0] llmoﬂ

ASAA Ik 214 3714 674 127§ 247149 30714
(RMSFE)

| uco 0.173 0.328 0.515 0.982 1.789 2.810 3.365

i UC-UR 0.192 0.369 0.578 1.110 2.088 3.543 4.631
r (MAFE)

UC-0 0.098 0.203 0.329 0.664 1,252 1,986 2.402

UC-UR 0.111 0.232 0.377 0.764 1.504 2.031 3.460
(RMSFE)

| uco 0.119 0.250 0.381 0.670 1.255 2.118 2.455

i UC-UR 0.119 0.250 0.387 0.704 1.351 2,409 2.855
o (MAFE)

UG-0 0.068 0.156 0.250 0.499 0.974 1.563 1.801

UC-UR 0.069 0.159 0.257 0.518 1.008 1.782 2.018

N

2} AZAAER lFQAE b Abe A% Asbl A,
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Uit = (19)

R (el ]

<& > §le eSSl Akd A
AR GEe] A5 2oty 1 Ayes A
3

A7 ] ©719] 749 ARIMA(2,1,0)0 =+H#gk
Ry A8 497t 5o A oR =%
o, 21d o]3e] A7joll= ARIMA(L,1,0)° =
HASE S #8383 57t A580] dAe

= =3k =4, 389 459 49, ARIMA
(1,1,0-RS E3o] ARIMA(2,1,0)-RS E&HT} 3=

< d5Ee wola 9l

< 2 HFIFORARHES] o5 Ao
o} FA9F Ette] A4S 719k UC-UR =
ol njgj 7 Q9lzte] AMAS 7ekEA| o
UC-0 B3o] ofSHoA A dAM= Aoz
ERsiE.

EAA FolAds zha devlel tigh HAE A
Jolcl o529 Aol HALS  Diebold and

22) Diebold and Mariano 7782 o&92}e] £4gks

U A DHSO| FEIIARS of52 KD 89

Mariano(1995)° ~ <J3ll  #lokd A4 HA
(asymptotic test) HS o]-88}E22) AgfE %
1 Ho|(bias)E 7S Harvey et al.(1997)2] 4
Aals A8siith.

£ ARIMA(1,1,0) ¥ B350 o=
2 nluolt) 7|5 23S ARIMA(L1,0)°]™, H]
-

(1,1,0)-RS 3ot} FoAe] 42| Hlal 2
o] =9 AHRMSFES} MAFE) #5275 =9
o] FroR iy FARA, 1 FA7E 15 AL
W o o] 7| 2o nlgf i AS
ofm| g},

HollA Bz nje} o] T o 50] S, =
HSEE(ARIMA(1,1,0)-RS) 2] o52o] 71 =2
LRERAL Slet eSS A7l detgle] =9
St o] o5 xke] RMSFES} MAFE #E2
715 239 ARIMA(1,1,0) =&l Bal 80% o3}
o Balab, thF-2 1%~10%2] frold=olr 2
Apol7F frefAdl Zlow AR AL Qlvk ey &
29 o|5e] Aol 11 At A GEH A 9
oh FEW cSelAole vE SHHse ol
d5¢o] 7P skon, ojgfgh vk 5L thi
T BAA FoAde 2 Ao® Yehdar Qi)
ASA A7} AoJAFE o504} vlEo] KAl A
WA ARIMA E&o] vlal] o5 o] o % wolx]=
A 5714 whsitk

FRAgRde] B a5l we A

;
o
H
p

P
o

rN

2 (loss-differential)S] 37} HEH 02 A FEEsthe o]E3F ZA Bl o] FofFlh

23) FARVRY 9 o) F0] HRUW AASIHE Fraht
O

d&dge] A dojAe B4
A8k Sl

=
Al
N
)
N
i
tilo
o
oo
rob

FEQ o= 23]8 B ZF vl
+ Crawford and Fratantoni(2003)9] ¥4 Z¥}e}
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(B 9) d=¢

H]I: ARIMA(1,1,0) &8 23

A SAA 1714 2714 3704 ong 1271 2471 36711<€
(RMSFE)

ARIMA(1,1,0) 1.000 1.000 1.000 1.000 1.000 1.000 1.000

- ARIMA(1,1,0)-1G 1.001 1.006 1.012 1.002 0.993 1.000 1.012**

j ARIMA(1,1,0)-RS | 0.656*  0.692*  0.699*  0.763*  0.765" 0.755* 0.771
J} (MAFE)

ARIMA(1,1,0) 1.000 1.000 1.000 1.000 1.000 1.000 1.000
ARIMA(1,1,0)-IG 0.988 0.990 1.001 0.988 1.000 0.998  1.030%**
ARIMA(1,1,0)-RS 0,782%* 0.781%* 0,768 0.782** 0.806** 0.798* 0.763**

(RMSFE)
ARIMA(1,1,0) 1.000 1.000 1.000 1.000 1.000 1.000 1.000
| ARIMA(1,1,0-1G 0.998 0.999 1.001 0.996 0.993 0.996 1.001
j ARIMA(1,1,0)-RS 1.055%* 1.078%* 1.095%* 1.121* 1.121* 1.119 1.135
;4 (MAFE)

ARIMA(1,1,0) 1.000 1.000 1.000 1.000 1.000 1.000 1.000
ARIMA(1,1,0)-IG | 0.983**  0.984 0.987*  0.983* 0.987 0.996 1.007
ARIMA(1,1,0)-RS | 1.084*** 1,081  1.079*  1.097* 1.104* 1.097* 1.129*

T 2 ASAAER dEeaprt 7P 2k 7 Al EAEIT. IGE IGARCHE &fm|git},

IGARCH E&olXx]¥
ol wEl WEsh,
Hgol gt 7|gAE

o] 914 e )
FR ZA olelt
AHgiGl) mEY Aol

ok Zeh B dSel A oleldt W 7]

thA|e] Aol dl5H e

= Aol FEHL:

sl AA oFskAl7]aL
Bessec and Bouabdallah

(2005)+= 2k ol mlel =el tiE o

Tr(mlsclassﬁlcatlon of future regimes)°l 7]¢18}aL

e
v}
o4
=)
>.

L Advgstal Sl

t&ﬁ, ARIMA F3¥} [GARCH %3
, ] Sl

9]3]’5’—1—‘:‘ 3 atol7t gl
A

o=

24) 2 (6) 2 (18) FZ.

S Hus

-

SAA 367H%§ Al
o= vehtar gl
367092l 79, ARIMA EF9| <59

o] EAXOE FsHl F& FOoRE ekt
FEL] o Fo A= IGARCH E3o] ISAA| 36

AL Aslala o] ta ¥
<E 10>€ 5ol FHoR $55 AR
BRES FHOR 7} nEte] ArjE dEEe

Hlw3kal itk ARIMA  E&o4dE  ARIMA
(2,1,2), IGARCH X3oA= ARIMA(2,1,1)-
IGARCH(1,1), =HH3 2= ARIMA
(1,1,0-RS 53, Z2]al Hj#582] RYoM=
UC-0 235 o]83iSit) 7 RS Hla=a
AUC-0) ZFolH, e 57 ARt WA
o] <3 9>l Aot k.
FEY 59 S, 1270197442 @r]elM =



Tl AIAY 2HEC| FEIJIZHR|S 053 HW 91
THAS 2 °l 7P =2 dEFEEs Bolal 9 %z Qe Ao A viE5agl By
oh =S RY(ARIMA(LL1,0)-RS)S A 4 oS g0l ASAAE dojd45 djd o=
HE ARIMA(1,1,0) ¥ B ofuel, ofgf FoXe Ak 5713 vhejt)2s)
ARIMA ¥ 28 T1g]a |50l 2yurc) HEe] g5 AfoE HTES5QQl EI9
=2 459S 2t 9k A58 Jjd oz 93t Flo= Yehta 9]
T} 247183 367012 2] 7oA E HlESa Ul RMSFE 7522 1,2,37049] oS AelA,
ol w3o] o|&eo] HAS HHT} =L o= T18]3 MAFE 75025 270149 dESA Aol A
2S wWola ek thuk 21 Aolol] thak BA1H F  ARIMA Eou} IGARCH 2ol ]3] o5
oS AR A et Bg v HEa%] 2E9 o] ThA vl Yehtar lon oS58 o)}
|52 ARIMA 2oL} IGARCH =&of| H]3] Aok AFTRELS 10%9] Froledla 712
BE ASAANA A R, SAIA 94 A etk YA BE G5 A= B3
(F 10) o]=2 H]al ARIMA, IGARCH, RS, UC
A SAA| 1714 2714 3704 o7 1271 247119 36714
(RMSFE)
UC-0 1.000 1.000 1.000 1.000 1.000 1.000 1.000
ARIMA(2,1 ,2) 1,097 1.094%** 1.093%** 1.116™ 1.183* 1.387* 1.518
- ARIMA(2,1,1)-1G 1.109%** 1.109%* 1,107 1.118* 1.177* 1.386* 1.535
; ARIMA(1,1,0)-RS 0,727 0.760** 0.762" 0.850 0.909 1.050 1.170
1:1 (MAFE)
UC-0 1.000 1.000 1.000 1.000 1.000 1.000 1.000
ARIMA(Z,l ,2) 1.1771%=* 1.114% 1.110%= 1.081* 1.122* 1.352% 1.469%
ARIMA(2,1,1)-1G 1.188*** 1.130%** 1.132%* 1.082* 1.138** 1.351* 1.520%*
ARIMA(1,1,0)-RS 0.892*  0.876"  0.850*  0.847* 0.910* 1,081 1.112
(RMSFE)
UC-0 1.000 1.000 1.000 1.000 1.000 1.000 1.000
ARIMA(2,1,2) 0.972 0.981 0.997 1.028 1.051 1,105 1.131%
- ARIMA(2,1,1)-1G 0.977 0.985 0,997 1.025 1.049 1.103** 1.135%
; ARIMA(1 ,1,0-RS 1.026 1,056 1.084** 1.154* 1.190* 1.246* 1.286*
‘9‘] (MAFE)
UC-0 1.000 1.000 1.000 1.000 1.000 1.000 1.000
ARIMA(Z,l,Z) 1.031 0.996 1.017 1.019 1.031 1.125*% 1.148*
ARIMA(2,1,1)-IG 1.057* 0,998 1.023 1.017 1.029 1.130* 1.169%
ARIMA(l,l,O)—RS 1.077% 1.072% 1.085%** 1.122% 1.142% 1.246% 1.287*

= 7 EAAEE dEeA) A AL 4

25) SAEAA7E BolAFS FrhA l5o] FolAe
Aolol e 474 AT AASAA 7} Lol
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291 B9 o52o] om, 444 |7l
Aol BAH folRE Aghn gk S
Aege) dZee vE qe ugd v v
& Zlom vepa gl

V. d&

£ AFolAE ARIMA, IGARCH, =7lgh
(RS)E3, HIA5221(UC) BIFES] FE714 o

s Blasislth 17RERE 367097HA¢] o
AAERZ EEU|(in-sample) 15 J*’Jr ¥
(out-of-sample) d5=S AFHglom
H|1= RMSFES} MAFES] + 7H4] 7155
3131tk Diebold and Mariano(1995) 7%
RPE9] d59 A7t EAH R WJ@
of o= A O}oﬂ‘jr.
FEd A5 89 12717149 G7]eA
TR0l TP w2 d5Es B
24713 3670 9] 7oA = HHS
o] 7F 5ol FUTh HEZF o]
ARIMA E3o]u} IGARCH E.&eof| Hl3|
SAARNA dlS5=o] Eokor, iy
= oAl Aol HAEATE ARIM
3} IGARCH E¥o4= ARIMA =8|
o] ThA &3kt

FEe| 59 Aol vE5e Byl
o] "ﬂ“’\]ﬁloﬂ/ﬂ P 2 58S B3
on AL By 54 tE Y
Hla) A Wokth ARIMA X33} [GARCH &
5O dZAAER ATA o= 99X T2
A vERt o, 11 Atels T4 gobd 5
H]Sssithal Holof & Zlo|t
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B Aol A AESE ofg] 2352 Ho|(change
of specification)”} 7}s¢ B850tk
27 Be] Wolg Azl ¢ Stk 4
GARCH =39 79, GARCH-M %
a7t Stk o5e] SHolA, vkl
T3} ARIMA K& 9] Apol= Alg=gte] Apolofrt
1010}71] Aok 385 Algato] vlsg A5 o
SEo] Aol 2ks = 1l I:V\E]' GARCH-M 5.

=

ol AEAE AAH =
7d%|(unstationary)©]7] witol SISAIAIZF Aoj#]
WA 275 ko] Feh R AR A7 A
g 4= Qi) wheA] o & Alojdd 5 Sl
HQto] ZtE|ofo & Aojrt, w S HEo] 4
Sl FAgte] Htyha Adralolanto] ofy
2} tE Aol 3 ek dnist REe] a1
ﬂ th—qu Sl

ﬂ]

#-r(misclassification of future regimes)oﬂ 71918k
e AARbe, vl v ik o5 2o
L ded Aow Btk Hj#58%] Ky
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