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Forecasting Housing Prices with Consideration of Jeonse Guarantee Incidents Risk
and Macroeconomic Conditions

This study forecasts apartment prices by incorporating jeonse guarantee incidents and macroeconomic
factors. Using an LSTM-based time series model with Recursive multi-step prediction, it analyzes future
trends in housing prices. SHAP analysis quantifies the contribution of each variable and visually interprets

what the model focuses on.

Key variables include mortgage rates, housing completion index, industrial production, construction
costs, mortgage loans, jeonse guarantee incidents, and apartment price changes, using monthly data

from Jan 2015 to Aug 2023.

The results show short-term price fluctuations within a mild upward trend. Mortgage rates had the
highest influence, while jeonse guarantee incidents had limited impact—likely due to model limitations
or complex social factors. Continued research may help stabilize the housing market.
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A2 RA|HES2 0)uist o]slo] =7)st ] ErJfaJ( e
ojutstyl #aig M1 ZFEM A

£2 RAEEARe SRR WESACHS),
AR 2)(2019) AERA  2E7}H0] BAL
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B0l 988 913, AR BARE IOl o)
o7kl SuksiAL @813 At A9g EA
A2 AostRA ZERAE e Aol BARS
ARt BEROR WRRS ANkt
olo} o] HA|RBALIL} FE} Jte] At

Mo
Mg olA x|&A o2 A7 Al7|H bf, 2 A1
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AM7HARIS7F st o 2218 A 7H 2220 TS U= Aoz e
A AQRA AR @AgEEe] O 22 YEdaEeE U EL A20] 9J(2019) AAGAE T AHES
EhdS &Ikt ot 1=39](2023)9] A= AA] AtaLol] ojRl= 9T HstRen, ol g ¢l =1L
7P ANESALLL ZFe] Au/dS Atstled, 2 A 3|, AH|Ae AL, FEIES AR, FHuiuiAlS
2k ANl adaes, Bedgidart e AR, AAY AR S AEste AN
5 AMESALY S7rde skt SHES AR 47t p3fshs 9de FUst At
ShH RIgAE(2023)2 ol Aot theAl FEA sttt 2 An B7IR oz AN ESALE AHAL
Aol AEstel FEIZHA st BEAAY 2 27HRR0l M 2 9¥E EeS st
S F7dsts AL AlrIstAnt 2 Z2ak XAt & AT AANGAEE ol AAIESAL7E 2
© AFAIE ofn] FEI7HA steto] AJARE Cig Al ol wep REi7bA o] of g ¥etsh=A] 2helstaAt
o &AMl 9ol =2 22 Fastgint FE7HA o 52 FESHLAL Sith A ol m
Sh AAIR(2022) AMALLSE AAZEE ol F 2 AAGAE S DM ESAILE 286t HYY
AS skt ofofziet AAte] S8E i B4 5 A7t Aash viep 2ol ofmtEQ] A W
& 78kt ofo FEITjupr PRt ANZEAE BF o]l 3 F0 F 7P =1L, ol 7P 2] wheol
zgstgon FHujurEA s AN7HA o) skt A OHIIE 7}AZ £ A AFISIY #RF of2} A
S 1Y AAE S7tskL, &9 AAARLE S H= oHE TPAR S TRt Y A AoiRtE
7Hsdol e st oA 2AAr27g FHolA the St ALe3dS <A
o AddTe Aath vl Zo] ANESS gt = o|FW4E offE tjuiriAR] s WEER AR
g Aol FdFE vl 89S FEH B2 AA o ESF AYARE Ve R FEVEAY 28 - 35
7HAe= 7Pgstitt. 12y & d4ts 9oz AAl of T2 tlAls St AAESAL FH(<] A
BEAtaLe] @A ol AARETE o2t FEAE A H4)E ol AhR g FESLAL ot
Aol ¥gS ] 4 glooz ol tfst EEAS
oYstalAt 5hel
e REVIAR PIE A eegdd den E g AR U DM
o] AAIR30 0] FFer HEste Joz LA 9l
ChsD. o] g =(1996)2 FetdMI), =S EAHGNP),
TRV, FAXGAE A=g A7t 5 AA 1. A=2g
GAESE Agste 27T BAE AEEA
SIUAL 51, 12 At BE AR BRI ZE 7] FEZPAS 280k g0l dAlsks FolAd 238"
Aol A Ujx]= oz YRt xE4 9 ot oo met FEIVIAC FFE nAlE sa¥rE
(2019)= AAZAA] L&A 0] 2 ZEN7IA AedAolA At vteh gol Fob, 54, 27,
njAls &2 BAeluAl 28], BUEs 2vtan, RIS SOl lou AAle FEFRGE, FEG
e 2718 59 Mgolged], 1 At 2Er1A BoiEge], A AR 7gsto] a4
o] HA|gt7 0] Wigto] wat 22 - Alg A2E 5 otoict. ot ST AE AR 40, 285

30) HAIZEO|Z A7 % T SAISFEL HE 20| Mo RE EIIAY Z8IYE DIxl= HAFAHY L2 S4(structural
shocks)S St}

31) Z&|0f4FE2X{(2019) HAIBAHS 22 20| FEAIO| D=

32) Z3T(2018) M-SOLIEA|Z L HHA|ZAH

S
33) O|Z|F - FAE(2021) LEAZYE Ol 8 FH/MFA| A

34) = A= HI2YH FHFENES

35) 0|&(2013)= FH HAIRIEY FLHZYLHGDP)2 BA| Q) H&e Telst7|ofls HEEH X BOR|Q, 2 F7|7t A= B
A|AotRL. DRI7IA 2 ZYZ(2014)2 ALME 22 2HE 2t B MHAYLUR|2E £59| EHSR 0| ZSHAM 22}

LY LR 2F COPY Al &4 2 099522 UEfL HUAYLR| 27t CDPY| HEHLZ2 Hetds THSIRAH. ol

= GDPY i8R HULURMAR| S HYstA

rh rir njo
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<E 3> H2HEY
Feature | E4mH H4% 9 £
5 OLtE O{OH7tH R4
(target) apt_buy HItE (%) KB
incident |  HMEZALL (& ) HUG
loan FHIGHINE (M #) | KOSIS
=2 inter SEICTHIEEE] (%) ECOS
(feature) | jncome LAY LR 4 KOSIS
cost HAHZAH| R4 KOSIS
supply FH =2 AH (3) REB
<# o= 7l |49 11671 FEUoly 7|2 8AE

LERdC dmEE ANESALE Aagio] 002
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<E 4> 71287

mean std min med max

apt_buy | -0.003 | 0.275 | -0.932 | 0.00 0.931
incident| 989 1,555 0 394 6,838
supply | 34,072 | 9,034 | 15874 | 32,689 | 62,354
loan | 636,547 | 102,904 | 453,264 | 631,376 | 818,201
income | 10255 | 8.12 84.8 101.8 126.5
cost 103.8 | 15.77 | 84.89 | 9856 | 129.41

inter 33 0.64 2.39 32 4.82

o £
ofi o Mo
O TR o o | oL

A
ES
ozaiale) Al2de ugstr] gal W
AlAFE 1jstitt. ojo] LSTM
o529l A5 Yeitlole] A - 25 Ysh STL
B35}(Seasonality and Trend decomposition using
Loess), KWZA X (Kruskal - Wallis test), ADF 7AX
(Augmented Dickey - Fuller test)& 4385} ch.
WA AAIE W40 A oF+= STLEsH H KW
A7d< ga¥sto] Frtstdal 2 Ayt income?] A
4 7k = H]&(seasonal strength ratio)o| 0.57, ¥
so] EAM 0 gojste] A AA g WA
HHstAcHO, o] % FAY H82 913t ADFEAS
AAJslglon] 1 ARt BE ¥so} AR o LE}
U, apt_buy, income, inter, supply, loan2 1X},
cost, incident= 2%} A}2-& A-85l0] G+ +AE
slasty AAF AAGS &y siolcial),
R A AR HAE 5 AIC(Akaike Information
Criterion), BIC(Bayesian Information Criterion),

[]

B oA o

O
Lk

2T o= FYEH.

S0l T2t <121 204 ZMBEATlncident)s 202448 SE7HR| HIHE TAZOICE AEY S AESIo]
ZAE0| ZAfsHe

HHZ B0l R iR

40) Kruskal WallisZi 23, *H,: AHA0| ZA3HCE of T3t p=0.0022 LtER} QoI5 ATE LiErC

41) 2| Z ADFAZ AL 12} 22 £20|M income(adfEA|3F =
-8.70, p=0.00), loan(adfSA|Z =

p=0.00), inter(adf&A|& =-3.88, p=0.00)2 LtEf5ICY.

-3.88, p=0.00), apt_buy(adfEAH|&F =
-5.58, p=0.00), 2z} =2 £=0|A| cost(adfEAHZE =

-3.36, p=0.01), supply(adfSH & =
-3.26, p=0.02), incident(adfSA|ZF=-4.81,
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45 25

2015 2017 2019

2021 2023 2025

2025

2016 2018 2020 2022 2024

A (2-1) loan A (2-1) inter

HQIC(Hannan Quinn Information Criterion)® 1.

71E A8e aedskalny. 1 Aat 7t wiaof] sl AIC,

BIC, HIQCQ] Zto] 7Md W& A|x}2 AQlon &
Ao & HAAHS Lag=19] 2102 UepdT.
9ot o] W4 7t Mg ¥AS wasto] AEA,

37878, AR & & e85t LSTMY] 3 HolH &

F&st9t,

2. LSTM - Recursive Multi - step

LSTM-Z H|o]§ o] A|7tA o]&E/dS sh5oto] 2bA
9] featuresHstE vlEtO 2 o]&2S 438511, 1t
a3t JEI} AlTho] Alue AAMEA] o= F-E
7r=t} E3SF feature 7F A AFR-S sh&5H0 2 O)2)
9] target¥l o] & Al 11 JH S grgsict

2 A9 LI 2= A, B, AIRE 1Y
sto] AA2E 6719 s8R /R ol ¥
gt AIA to] LSTM =gk o33t 2ot

= [Azapt,buyt,l, Azincidentt,l, A1(5)
Aincome, 1, A cost;—q,
A%inter,_ |, Asupply, ]

130

120

110

100

2015 2017 2019 2021 2023 2025

A (2-1) supply

005 2007 2019 2021 203 2025 015 2007 2019 2021 2023 2025

A (2-1) cost A (2-1) income
et £, = LSTM A j5.o] Alo]E ¢4to] o]
A (5)2F Zol JHIE YElolE gt
<33 39} YZOIE(f) e PRz, oA 2
Y dElh, S oz ¥ A]aRolE &gt gt
28 531 T Ye, o URE AA) LYol ey
<d" 3> LSTM =
Function
f
(co): Cell state. (he):Hidden state
Input E’M@..( Y— _. Output
(xe) (&))]
3 1 MR
fi=0(Wz, +b ,+ W, h_,) )
*O‘(W.rt‘f’b + W hz 1) A7)
9 :tanh( VV;.Zt +b + M/Ivzghtfl) Al (8)
¢=HOa .+ Oy Al (9)
O :g( VI/(:xt +bw+ hohtfl) }ll (10)

h, =o, @ tanh(ct Al



gt} E3t JHA 0| E(i;)= Tanh¥4E 83t g,

(Candidate for cell update)e] A4 12 HA XY

A9 dEE A AdEjo] o] A IR 2R
o, f,2 i8] £8& 235t Cell updates 4

SITE & ¢, 0lM f,9] E2 Toll 719Y AR

=

=

s, g, oA 7,9 EHuE sl MEA =7t
<]

tol 215 o4 A 1,2 23}
2 d= LSTMREO] Layer 1,22 F&5H9c
Layer 12 & A|ZF ©7lo] 24 Abej 3te &5t

oY, Layer 20] A= O}&|9} AJZF ©7llo] oY Aelg
B5 A% &g AEet

Yo = W +b, A (12)

A (12)0] T2 t+1o] Tt apt_buy®] ol &3k
LSTMEYE), AR virle] U2 Fug eofe
Bl(h,)0F S5 y2 HEshs 7HSA] F2(W,),
F(bias)E (b,)2 FoJHrhi2).

2 A7 ool e Bof 7EH LSTM o5
2 o] Recursive Multi-step Prediction& &85}
of ¥ 12499 Ulef of5%S AL

Recursive Multi-step2 1t Hlo]E & Y2k
2 AME A WA SR (T+1)S FRst( 1

T ol Ege Ol RGO Egstel £ A of

e g mlo
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42) A (129 W, b,= LSTM Al L§E9| forget gatelf input gate| W, W, §iF F=EL. o7|M y&= O|&StLA 5t &
(apt_buy)of| CH3t weight?t bias¥2 HA|GH7| 95t B7|o|Ct & st

AMEZALD Q3D HAZHE Tofst 22012 o2 71

<= 4> Recursive Multi-step 12

Predicted value

23 K2 i3 i i
| .

Observed value

o Model trained to predict step +1

BN EEE e

X
f i
1
= =iE |

3 1 MR
Vo1 =z, qonz ) A (13)
-Z/Hz:f(yrﬂ'xﬁ1’xr"“’xr+1—p) 404
yt+3:f(ywz'yﬁ1’Ir+2""’xt+z—p) A9
Yoiw =S WY A (16)

ka—l""'ka—p)

JrteHInverse Transform)& &off AA| ¢fo=z ¥
gsto] g oA 2 Fo 5 =Eedth

3. SHAP

SHAPZ tjilajyd wHloA 7iE §ia7t §4 %
woll Foty 7]oqsth=A15 d¥ste dag]Eold
o]+ 7AYol &(Game Theory)ollA] 7]gtel 2oz
2E ¥ xsHS 72)5te] SHAP values
H40] 7|5 HojEe

[SININI—

e 500 - o)

¢ =

Y
S N\

i

SHAP value=
(S< N\J)ol ofsh
o maex ge A
(F(SUi)— F(S))5tod RE 753t Wi Ao
s) 2AsHA HER( |

T

ol= :;8 =3 B0

45 8 It L2OlES =



72 BSUSAT ABY A2z

£ Wejgic). SHAPS ojAleld 2eo] ojEste] Zal  value vectorS 25 @Aksto] A 71710] Sajwist
£ sMepr] gieo] 7t wao] o] WA AAstE  E4WA o) S0] Lokt 7]ojgleA] 7} W] Tlojw
chapeh ARy av0] Exfaict, £ wolzch

® A7E LSTMi Zo] A% Redola] £2 At
8%]= Deep LIFT(Deep Learning Important

Feature) &ale] &5 7|¥teic). LSTM o5 2 2ty BMAN
A9l 4 HEjo] et AR =0, (AdoIM Y =
et o d o o5 S49L e f(z) =Y,
2 59 4 9o 1. 5™

71 R 2y 10> Bt 2R BHEC] 7 JE QEeo]ElL 2X110]A]a Iput-Layer 3
SYuge] Bag] dsl wdo] dSshe FHUS T L o s o pa R
%}\—% f<'rbaselinc> yb(lselzne—E j:"‘oiée]— _/;\_ 9\)\‘:4' e TJOH 1‘— 3/?]-1—_; H OLOOH F Lq.

olo]l LSTM ol % 2ellof] =5t 1A} 7]E o]

2y =¥ 42] Deep SHAP value?l ¢, % 5d B £ 33X} f|o]E{[samples, time steps, features]
FEUL0 Gt 7F S5WL0] Pt gl sl o] 2 skt
d&sh= S&4W4 Aol 2 FoEH o] Foll 53 samplest= LSTM o5 20] 93 Hlo]EAlof|A]
4ol T s el 2~ Qo Zato|d Y& 244)(Sliding window)d}Al 0 2 XA =

=g dolE AlE9 5 T time steps = 12
T 2 d7dsto] 25 LSTMO] 3t 4 d|olEf+= [100,
. ¢t01‘al = Z[f(xt)_f(xbaseline)] };} (18) 12’ 7]; ?_}815].93\[‘]..

< 5> 2 Aol LSTMO]E 2Ho] XS W o
Al (18)2 E oflo] g Ywoo|gle] SHAP &0 LSTM2 43, AiH7H5A], vto]o] A(bias)=

<H 5> LSTM &

Samples 100 The number of samples input to the model at once
Time steps 12 The original data size time steps
Features 7 The number of independent variables
Unit=20, 20 Epochs =200 Batch size =64
Layer (type)
QOutput shape Param Sequence
Input layer [(None, 12, 7)] 0 -
LSTM 1 [(None, 12, 20)] 2,160 Return sequence=T
LSTM 2 [(None, 20)] 3,280 Return sequence =F
Dense [(None, 1)] 21
Total params 16,385
Trainable params 5,461
Optimizer params 10,924
Optimizer Loss / Metrics
Model compile Adam MSE / MAE

43) QLRI SHAP value®] 7|23 SUSHAITL, Bjblafd DW(Linear, Tree, Gradient 0| 2t EBHQI AAS Yot HE
SHAP 2%u4ri|g mact

44) SO/ HES SOl AAY HOIEIO
T MBZ 2ESHE wAlg Y B A

E

tep(H =S I7|)E AGstL HIo|HE 3 ZF

i

s 40|
FALO| 27{(29=116-88+1)510] samplesS Ar&5ECE

rr oX
ol |—0||
2t

op f
oL m

mlu r



g .2, &9, S H)of dis A&
=t 2 J3L9] LSTMo|E 222 27l 53} Densez
AAsEAT. LSTM 12 2= time steps?] 24 AJE|
£ &£335}17] 29 Output shape = (None, 12, 20),
Param = 2,1602. 2 UE}T]H

ESHLSTM 22 UFA]=t time steps?] 24 AMEfUF &
2517 Tj=20f Output shape =
= 3,2800]11, Dense®] Output shape =
Param = 212 UERGCH

= ZojA 27AA LSTM 12 Unit = 20, Param
=2,1605 7Hlol Tt 4=7EEA] = 140, AH7H
x| =400, gjojo]A =202 A& 31, LSTM 2+ Unit
=20, Param = 3,2800] @z} A2A7}5R] = 400, RiH
7}5R] = 400, Bfo]ojA = 202 FAd%t}. o]0 Trainable
params3t2 5,4610]H, Total params = 5,461+10,924
= 16,3850 2 L}ERICEH

bl 2o ZAupd-3 2|6l Optimizer = 'Adam’, o]
B BoAlE AHMean  Squared
Error, MSE), B #7222 X{Mean Absolute Error,
MAE), R*(R-squared)2 A& s} ches), Hgtesl 3}
d YA o8 = Train, Test(8:2)2 Z2]5to] o 52
dof shssttt

B poo] o522 MSE = 1.87, MAE = 1.91, R?
=0.7791 Z1 o2 UERJITt Train periodofA] feature
S 7|90z ofute oju 714 A4 WE WS o
5oL, Test period(=TA SF)olA o] ah55}
Al 2 ElolEfo] tigh & Aits WolEtt

7t Alo] E(YH

(None, 20), Param
(None, 1),

=3
=

<37 5>9] o 57he MAH R AR WAy
3 %9 FA2 94 27 Uepla 9lov, S5 14
9 A g4 A7l XA wet dhelo] ulmA] S}
S AR 9SS ST 4 itk 3 Y Wskg
270) A AL 54 wato] tiEiA o 53e
QA Wi, DUE A% 2olA oS3
Al st S 520 uls) YR 2E

=z g9 S AJAFSHCE LSTM o & &t 2
= 7]¥to 2 XY ig%}o] 7\]_1‘\_9 o= 7]_;%)]0]_0:]

=2 ‘oT =

45) MSE : 4H|Zf} ol 522l 20| & HMEsto Boet U

242 G0t HESH=AE UEUE= ZIHOIEH 101| 7rﬂr%¢% A0
A} o272 (2024) 9€ 0.05%, 10¥€ 0.08%,

46) Recursive Multi-step

HUEZAID YT HAEHS Defet 201 ofE 73

Recursive Multi-step forecastingS 438513},

<13 5> LSTM 0% &h& Zat

0.010

2016 2017 2018 2019 2020 2021 2022 2023 2024

<J3 6>9] FA A2 24 9L EE 259 84

7] ofmkE Dful7bA Al WSS o 53E Lehd
oh 249 RE S vEsin) 45FAE BoiFH

EﬂP—}%Q 0|3 254 297K A& E| T} 2519 3Y T}
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