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< Abstract >

This study, based on a time-series model, quantitatively predicts the future trend of houses that remain unsold
after completion of construction, which is a serious risk in the housing market. A complex combination of failure
to forecast demand due to the pre-sale contract system, macroeconomic and financial market changes, and supply
strategy failures contributes to houses remaining unsold after construction completion.

In this context, this study explains a time lag in demand and supply and a structure of accumulated inventory
based on the theoretical framework of the DW four-quadrant model, empirically analyzing them based on a time
series model. Considering monthly data from January 2011 to March 2025, this study sets the number of unsold
houses after construction completion in the private sector as the dependent variable to predict. It then compares
the predictive power of the ARIMA, ARIMAX, SARIMA, SARIMAX models

This study identifies the models with the ACF and the PACF to set candidate parameters, estimates the ones with
the best parameters based on the AIC through grid search, and compares the prediction performance with the
MAPE and the RMSE to determine the final model. The results of the empirical analysis suggest that the ARIMAX
model with the exogenous variables performed the best, and the residuals passed a white noise test.

After predicting unsold houses after construction completion for the subsequent years, based on the final
ARIMAX model, this study discovered a continued uptrend in the number of the unsold houses without a clear

resolution in the short term, which further highlights the importance of preemptive responses and structural
remedies.

Keyword : Unsold Houses After Completion, Time Series Analysis, Forecasting Model Comparison, ARIMAX,
Unsold Housing Trend Forecast
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ARt
1) ARIMA

Box and Jenkins(1970)7F A|etst ARIMA 282
AARHOIH & o Fot=t] F¥tH g o] AHEk]
Qe 2o 72 X713 H(AutoRegressive, AR)= 4
ol 3 oz #xol AADS HHst, A7)
3] Yol 5« (Moving Average, MA)2 Wi ABZFZ.0
17 7ro 2 o|= mststo] was) st} E3t QubA

2uv

02 AAIE HolE = B4/~ (nonstationary)Ql 73

Q7 W A& nefste] dAF A2 (Integrated)S A

&3to] A AAE R g & A AR 2YS ER

ch AAID Y,7F Htol p9l ARIMA(p,d, q) 9] 29
( o

39 A
¢,(B)(1—=B)"(Y,— ) =0,(B)e, 0
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Ve NS BEE e YehlD, BE #7
A AtxHback-shift operator)E oju|stct. p= X}7|
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2% p. gt CHRAOE Uepa 4 glck
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64 ESLUSAT A3Y Hd=

2) SARIMA
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¢,(B)®(B®)(1—B)'(1-B*)’(Y,—p) =
0,(B)0,(B")e, (4

q

-

where €, = wn(o, 02)

Yt M) B

L

WS UEHL, B 27 ALRL p= AH718]H(AR)
Ate, gt ol EBHMAIRLL, di AEAAE ot
C}. SARIMAR FOl|A] 2712 2gE Pe AR AH718]
H(SAR)Al, Q= AIE ©]-58HSMA)RIS0lH, §
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7‘%]_ 7]\—— 122 }\4X‘]o]»0ﬂq- ( )’ eq(B)% }l} (2),
Al Q)2 2on] @,(B%)E A (5), 0,(B%) L A (6)
3 2ol 747t P Al iAo e Uepd 4 9lrk

®,(B%) =1—-&,B°— - —&,B™ (5)

0,(B%) =1-6,B5— - —0,B% ()
3) ARIMAX

ARIMAX(ARIMA with eXogeneous variable)=
ARIMAC) el YEl2 7|2 290] i) 2
b wa g Tk AARA|
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o 1w

LN
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AAIEHCIEE 24 5= S 7R Fugh o
52 75t stet AAIE Y7F o] polil 948
W, 7F k70Q1 ARIMAX (p, d, q) ©] 29| - A

6,(B) (1= B)(Y,—p) =

6t +Z% Lt

where ¢, = WN(0,0%)

vie tAlEolAe] B A
6,(B), 9(1(3)% mz), B0 A 2T 5
Sho = WS 2,9 ASES Ukt

4) SARIMAX

SARIMAX(SARIMA with eXogeneous variable)=
SARIMA 2 3&0o] &xte] e ARIMAX®} 7ro] QA4
Wiaot matelo} 9t S Lt o] Byo] £x
< ARA midat oF Q1S FAlof st A
9l AR g2 tolele] Bl 15 S Hotst

T oo PG Y 4 Ut 4G 2 Y
AR V7E m@ol poli EA 7t K7hY
A

SARIMAX (p,d,q)(P. D, ©),2] 2&°] H< Al (8)=

S
2EY 4 ot

¢,(B)®(B)(1-B)'(1-B%)"(V,—p) =
k
Hq(B)QQ(BS)et + Z'yix” (8)

where ¢, = WN(0, 0*)

Y= tAAoMY #5H WO p, ¢ P QA T
A9l ¢,(B), 0,(B), ,(B%), 6,(B°)
3), Al (5), A (6)ollA EdTh 4
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Box-Jenkins ¥1'H-2
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Al
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1, PACF= E7 AIAIY] AP ds UEidn. o] &
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57301 Ao
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2) 23 4

A =¥ (Maximum Likelihood Estimation)&
S0l 2P0 mefujel g £51 By AE V|EeR
ated &l AIC(Akaike Information Criterion) F=
BIC(Baysian Information Criterion) E74|&%< 15
sto] Aghst wyds AZJStot AICeE BIC k2 Al (9)=
UERd 2~ itk (Hyndman and Athanasopoulosl,
2018)

AIC=T- log(ﬂNE)%-Q(k—m)

BIC = T.log(ﬂ

N )+2(k+2)10g(1\7)

AH4-0] o] 1t

o v
=, 2020)
3 AT R o5
FH ngo] TR AR5 (White Noise) of 5

£ Wohsty] 98 Liung and Box(1978)0] A||Qst
L]ung—Box Q &AIFS ol&sto] Tt A7) of
25 AAstH A4 AFE Al (1022 Uetd &
At

h ~2
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5718 vrealgn 20221 129 o]% A} OhA] &

ZAZ Bolw gick. ol2igt EAle A7 9k A
AGulolels A ol22 olishe ast o)

7274 ¥ = 4] o] 851 9= ADF(Augmented
Dickey-Fuller) A& 1+ PP(Phillips-Perron) A& &
2335t9ct. AT ADF EA 2L -1.901, PPEA
T2 -1.953=2 1% AAR B0t =7 UEhY fol4aF
1% oAl A4S wha] gheths HRsbEe A
stA €t o]of] wet 2 AFoM = 2SSl
wAbE SPeAZ]AL, 1A A2 S5l FAIE A7 st
Ak 3 0lRYFY 45 57122 WSAT <13
4> Z7hg dmolct. HghH do]E o] A/ H
AE Ayt ADF EAIF -5.039, PPEAHS -8.132
2 1% AR 2ot 2 et AAdE TEA] =
e ARIPEL 7128te] e erastart,

<H 9> ZYd HAE 2N

ADF PP

= taustat | 1% critical| . [1% critical
value value

Unsold | 1001 | 3460 | -1953 | -3470

(origin)

Unsold -5.039"™ -3.460 -8.132™ -3.470

"~ p <001, " p<005 “p <01

<O 3> =8 2 02T E AAE (2011.01~2025.03)

45000 {

30,000 1

15000 {

o
2011-01 2013-05 2015-09 2018-01 202005 2022-09 2025-01

<Aad 4> FF & 0|2Y2H 37+& (2011.02~2025.03)

02
2011-01 2013-05 201509 2018-01 202005 2022-09 2025-01

=2
o]+ HlolEl9] 7] FA|et HE/d
fglog REld] WolN Fast Aol
T}2}A] Cleveland et al. (1990)0] A|Qtst S H
02 AAZE Hol§E Seasonal(A27%), Trend(F
Al), Residual($FxH) & Al @42 #5fist
+ <I2dbxa g
STL &ollE 53l Seasonal(AE/d)S A EH X}
g ool AR oz A do] EAfITEAL
trE]o] QS(quality control statistics) A4S
Rt g AT ARg0l ke HEHE
A5t A ARl sl Gk A1 Aol sAIR L
2 J9stx]& ZAA s&tHU.S. Census, 2013). 3
AT} pvaluest 00580} 2 2o Lehy golo]
SHAl A/dol fitke AatE UET. oot QSEA
& B|R71A ABds 2ANsHT eAI7E Q7] diZol
= UHE 5

sk [e) A5
a (e
wato] Axo| BElg 2
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remainder trend seasonal data
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A H 7 (linear interpolation)&
¥ AR 9¥ ALRE WY

4
=2

o

A
Y

I
EQh Z7] T2 TRt Bl ol &RlEo g2lE

ARt YhA] ¥i4o] gloj8eg 2 1S Sl 24T

2 WAL, BE WY 1A AHES B3l FAIE

383
ADF PP

= taustat | 1% critical| . [1% critical
value value
price -3.849™ -3.460 -4.025™ -3.470
C index | -8236™ -3.460 -11.810™ | -3.470
begin -14.392"" | -3.460 -25.625™ | -3.470
C gadp -6.877" -3.460 -5.894™ -3.470
rate -7.046™ -3.460 -7.979™ -3.470
hf -3.313" -3.460 -4.392"™ -3.470

™ p <001, " p<005 "p<O1

3. 7|z3AF

€ dlolg

\

| AN R O 11
+ AN 25E 3

- TT = 07}6}% E" A}%ﬂm
20119 1€¥5E 20254 3¥€7HA]
° P 16,8495 2 UElton mEHA}

MEAo] 2 212 & 4 Yk E4,

\=]
GEDES

8,612=

HH7T 6,830204 43,2072 Atol= {2 FEE U

Ef L olet. ol a2kl gisl
2] -8 Eoff diojee] ¥

=X
fe)

o

+ A

t}. 57}

o 24t

O =
H A 2 Cto 7|7+ =3 _
= . i <E 13> 7| 28A% (n = 171)
' SO TR A | a7z | L2
price 1 (2017'=100) I | BURR | asyiey 1= Mean | StdDev] Min | Max | Median
. AT . stazis i
C index (232‘65:100')" 2L | Y7RAIE Iia -TLE.°_ Unsold(origin)| 16,849 | 8,612 | 6,830 | 43,207 | 14,856
begin OMIHE 2R A1 5 |z |2Ense price(origin) | 104 18 81 145 100
4GP _ ] C index(origin)| 98 18 76 130 93
C_gab (71|;|i;-| A7) A | 27 A= | eh= T
2o =28 begin(origin) | 28,595 | 16,751 | 4,332 | 98,622 | 25,321
%al o, o = =
rate | s 3a aa | % | BUAE | RS2 C_gdplorigin) | 25,755 | 2,534 | 21,199 | 29,183 | 27,165
b | zeiagE= zoH| o | w7RiE ?j}f-i“ﬂr rateforigin) | 30 | 10 | 16 | 55 | 28
[=] [=}
hitorigin) | 771,214]361,792| 194,444 1,326,419 | 716,705
<E 11> QMHA Mziz] 1 Unsold -0.31 0.91 -2.33 2.04 -0.29
T T price 005 | 103 | -233 | 302 | 008
LT O [y
price In price , — Inprice , C index -007 | 099 | -225 214 -0.10
Cindex In Cindez , — In Cindew begin | 007 | 096 | -257 | 226 | -006
' Inbegin , — In begi
begin G Cop | 011 | 099 | 209 | 276 | -015
C gap InCygdp,— InCygdp,
— rate 005 | 104 | -260 | 211 | 003
rate rate , —rate ,
hf Inhf,—Inhf,_, hf -008 | 105 | -269 | 240 | 001
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4. 2% A

nE

<O6>2 AP g Sl AYES et Al
A'g dlo]8 9] ACF(Autocorrelation Function) ¥
PACF(Partial Autocorrelation Function)& A]Z+s}t
5toq, AF712]H(AR) Ab4r, o5 HHMA) Aha, AE
A718]H A, AR ol & Eat A9 o4 mhetolg
% 7‘:7&5]-0:1[4-

ACF #4741, lag 1914 71 = =1
ERTL 0|5 lag 57l HAF Zasts ARe B
o}. 224 lag 5 o] Fofl= A B7tste] §F A1l ¥hs
GISHEPE ol B 2 FAE . oleil He
A2{sto] MA Abps 1~6HS U S 2 HESHY
lag 12, 24 S A& AJR}o]A] S-olu|st Anfo]| 3=
‘_éﬂf\l AUt PACF 2441} lag 1, 2, 7, 80flA
201452 Holuh Arfo] 27t BEEYT o] A
Rl w2 Zasiu golaE U tieet o
Hs YEPR. of2{gh PACFY] 2+ A7|2]H(AR)
o] EAl 75745 AAlsto]l AR Ab4s 15 W9 Y]
sug Asstqrt.

RA|R .02 ACF @ PACF J2mo] 814 ZAn AR

Hml

9 MA #S B malote Ry 7o Asty,
F2 o9 274 TAloA AIC % BIC SAFS &3l
7} 2 q9] A2 ARstel RYe MAstuAt gt
<d3 6> ACF, PACF 12z
ACF of Unsold
°T 'H'H'H'H'H'T1'|"|'ITI] """ ||| """"""
O ——— ARRARNRREN
Z T T T T T T T T
0 5 10 15 20 25 30 35
PACF of Unsold
s ‘M'H||| ||||||J||||I
N T T T — T I —
0 5 10 15 20 25 30 35

¥ 2%

I

o
©
)

ACF 3l PACF 245 &dll AIAZEY +24
75_1%?_} Auts EGiE 2F 2o ojsh &|th¢-
(Maximum Likelihood Estimation) 7|gto =2
LaE 35k, AR 71EY AIC % BICS &85t
x|do] metolel 2 AAsteirt. metoje) gae A
o 382 MH7Ast HYE CGrid Search2 XA} 5}
o] ARIMA, ARIMAX 2 Fof= & 727}A], SARIMA,

tE ox
tlo

Hoodm

SARIMAX 2382 "|AA x}20} AR xpa2 7hz)
0~3 ¥9l&2 dAsto & 5127HA] 29 235 4
stgict zF zsho] tis AICe} BICE AAtst 5 714t
G2 3PS A DY S AN 2o WS <&
14>9F Zro] Uepd 4 Qltk

<E 14> 2EE 2 Lajoje 43

AIC7|Z | (p, d, @) | (P, D, Q) AIC BIC

ARIMA 4, 1,3 - -564.407 | -537.016
SARIMA | (3,1, 3) | (1, 1, 1) | -492.228 | -465.562
ARIMAX | (4,1, 2) - -581.188 | -538.580
SARIMAX | (3, 1,2) | (0, 1, 1) | -510.460 | -471.943
BIC7|& | (p, d, a) | (P, D, Q) AIC BIC

ARIMA M1 - -554.727 | -542.553
SARIMA | (1, 1, 1) | (O, 1, 1) | -482.809 | -470.958
ARIMAX | (4,1, 2) - -581.188 | -538.580
SARIMAX | (3,1, 2) | (0, 1, 1) | -510.460 | -471.943

AIC &A% 7]1& ARIMA(4,1,3), ARIMAX(4,1,2),
SARIMA(3,1,3)(1,1,1)12;, SARIMAX(3,1,2)(0,1, 1)1z
Rhao] £o0] T We AIC %S 712kt shu
947t matelx] e 9Ho] %9 BIC 7IE0lA
© e it dest Arjoz 37 e
24 7x0) Ryol A4 A2 APgEglch BICE
B39 Aha-of tigt e AICH T o 37| Fof
517] M 2o, BRI} =2 gao AAo g B
s Wk ol itk W AICE o 52g o
FAlshE Aol len, 2o gt goly A
s SY8or vsto] AF SHEE 583t
C}.(Hyndman and Athanasopoulosl, 2018) Th2tA]

ol2iats ol &t Zlo] mmel 4%, AlC 7|Ees
D2 AdEshs o] o Egshy] o 2 Aol

A AIC7} 71 e wetule £3g Aelstect,

[‘ﬂ[‘
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ARIMAX+= QA7 zabd o2 AR(1)~AR(3),
MA(~MA(2) AS7F B5 1% 22004 Golsir %
Aejqict. E3F MAPEE 0.60%, RMSE= 0.0652 9
H2l0] 2] Farslol vl 714 2 5 OV e e
7123519 11, Zkxtof] Tt Ljung-Box Z2A A1t 0.576
2 g el e UERRSITh eRs B THAL 5%

1o
rOl'

1% gol2ElA &
SE
AARICHD Lepsd). £t
2 SE3UY Bt e A

AR(1)~AR(3) MA(1)~MA(3 )71%7} 85 1% 594
Zo|A S9AS HF oLt SAR(1)S §9J5HA] grot
AL njojgt Ao g UERTH MAPEY} 3.31%,
RMSE: 0.4052 ARIMAEC}H 7§ % A9t v w A
=2 32 UENA Ljung-Box 2723} pgt2 0.249
2 JIRP7E wRAAR S-S LERITE

NAZDRS 283t 2

o =20 -

okl
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O E23H A5 69

SARIMAX:= QAI¥ 20} AAA mt viag g
© 2 JAR(1)~AR(3), MA(1)~MA(2), A& o]5H+
1A Fefstich. MAPE

o% ok

SMA(1)0] 2% 1% So]az

7} 0.78%, RMSE: 0.0952 T A|A|Y 23 ¥t &
25 dse B, Ljung-Box AAZAY pi2

0.3912, ZIx}7} wiAiARgolab= Aol A QMg At &

/8 m& st ot QSAPZE I A do] ¢l

1 AN A gt Qloiete @&l njo]shr] o

o ARIMAX®C} of 582 W7 Uepyitt
Ao g2 ARIMAX 29| o &=a} Zha} &It
(Ljung-Box) 52 &Aooz 1a5tye o 715 &
g S Wol 2|A9] vl goEoh <O 7
7F 23] tioll AAI%H(Actual), A2ak(Fitted), of
% (Forecast)2 Azttt Autoct,

A rlo -|>

<3 7> 2 MY Y o

A

24

ARIMA Model: Actual vs Fitted vs Forecast
Actual
= Fitted

= Forecast

o
N o
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%
>

ARIMAX Model: Actual vs Fitted vs Forecast
Actual
— Fitted

= Forecast

o ) N2)
& o =

SARIMA Model: Actual vs Fitted vs Forecast
Actual
= Fitted

— Forecast
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SARIMAX Model: Actual vs Fitted vs Forecast
Actual
— Fitted

= Forecast
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<E 15> 2¥E 2P+ 2 A5 Ys a2
MAPE Box Test Coefficients
S RMSE/ (p value) VIF Param Coef. Std Err p-value
o} 0.265 0.344 0.441
9 -0.524 0.238 0.028
0N 0.004 0.325 0.988
3.79%/ -
ARIMA(4,7,3) 0.454 0.587 - o 0.351 0.154 0.023
0, -0.006 0.362 0.986
0, 0.856™ 0.144 0.000
0, 0.374 0.366 0.306
o, 0.589™ 0.084 0.000
by -0.811™ 0.093 0.000
oM 0.347™ 0.091 0.000
on 0.090 0.089 0.310
0, -0.437™ 0.025 0.000
0.60%/ 0, 0.996™ 0.033 0.000
ARIMAX(A, 1,2) 0.065 0576 1.110 price -0.878™ 0.406 0.031
1.203 C index -1.558™" 0.484 0.001
1.161 begin -0.009™" 0.004 0.026
1.021 C gap -1.415™ 0.445 0.001
1.042 rate -0.023 0.016 0.143
1.056 hf -0.498° 0.295 0.091
o} 0.985™ 0.117 0.000
lox -1.043™ 0.061 0.000
o 0.708™ 0.098 0.000
3.31%/ 0, -0.733™ 0.159 0.000
SARIMA(3,7,3)(1, 1, 1)1z 0.405 0.249 - 0, T3 5666 0
0, -0.348™ 0.161 0.031
d, -0.036 0.097 0.708
6, -0.999™ 0.152 0.000
o, 0.667™ 0.079 0.000
o -0.894™ 0.056 0.000
0N 0.454™ 0.082 0.000
) 0, 0457 0.025 0,000
0, 0.999™ 0.029 0.000
0.78%/ O, -0.995™ 0.136 0.000
SARIMAX(3.1,2)(0.7, 1)1 0.095 0.391 1.110 price -0774° 0.425 0.069
1.203 C _index -0.898 0.668 0.179
1.161 begin -0.018™ 0.005 0.000
1.021 C gap -1.4427 0.450 0.001
1.042 rate -0.029" 0.017 0.098
1.056 hf -0.476 0.292 0.103

™ p <001, " p<005 “p<01
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<E 17> YL HgoY

iy model AIC BIC | ACF(1)
price ARIMA(T,1,0) -1323.16|-1316.89| -0.001

C index| SARIMA(T,1,1X0, 7, T)1z7|-1302.92|-1290.67| 0.022

begin | SARIMAZ. 1, 1)2.00)z| 195.01 | 213.83 | 0.026

C gap | SARIMA(4.7,0)2,0, 1)1|-1354.73|-1329.64| 0.037

E% Iags LM statistic p-value rate AR]/\M/Z, 7,0/ _17826 -178.11 _0004
ARIMAX 3 2.3109 0.5104 hf | SARIMA(T, 1, 1)(2.0.0)12|-1187.09|-1171.41| -0.016
ARIMAX 6 3.8587 0.6958
ARIMAX 9 5.0617 0.8289 <72 10>2 ARIMAX 232 7|90z &g &
ARIMAX 12 5.6682 0.9319 N 8
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11.0-

Actual vs ARIMAX Forecast with 95% Confidence Interval (2011-2026)
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