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I Abstract |

This study proposes an early warning system for risks of the housing market based on machine
learning models. We adopt a signal approach to detect the housing market risk and establish the
early warning system using classification methods. Considering the moment when the housing
market falls into recession as a warning signal, we set the signal as the price which is more than
the sum of the average and standard deviation of upcoming prices. The detected signals are
consistent with empirical observations in the Korean housing market. We select the best performing
function among classification models for machine learning which predicts a warning signal. As a
result of an intercomparison of models including the logistic regression, the support vector
machine, the random forest and the artificial neural network with the use of inputs such as housing
price indices, macroeconomic variables and other housing market variables, we find that the
random forest demonstrates the highest prediction performance. Our early warning system yields
policy implications in terms of relevant detection of price fluctuations in the housing market.
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A, AUC(area under the curve)2 BF7Fstc},
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H 2) 7{AH0f REHAIYH0| 7| S SAH Y

N Mean | Std. Min. Max.
m3 194 0.07 | 0.03 | —0.17 0.13
dep | 194 0.14 | 031 |—0.38 1.61
dlr 194 0.00 | 0.02 | —0.05 | 0.05
3 194 | —0.06 | 022 | —048 | 0.54
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er 194 0.01 0.12 | =024 | 0.63
lir 194 0.04 | 002 | 0.00 | 0.09
coi 194 0.02 | 0.01 0.00 | 0.06
o 194 0.03 | 0.04 | —0.09 | 0.4

pscon | 194 0.08 0.39 | —0.66 1.60

contl | 194 0.12 | 0.40 | —0.63 1.88
has 194 0.1 049 | -0.79 | 3.33
tlarea | 194 0.05 | 0.22 | —0.58 1.09
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2 2(N), W(Mean), EETAKSt.), Z22((Min), &[S
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Panel 1. Logit Panel 2. SVM
1 1
(0.07,0.89)
0.8 0.8
0.6 (0.11,0.63) 0.6
o 2 M (Positive) 22l 2 : Risk o« 2k 4 (Positive) 3 24~ : Risk
a AUC =0.78 a AUC =0.96
= [=
0.4 0.4
0.2 0.2
ROC 24 ROC Z &
=M Ol B1E(AUC) T b2 B E(AUC)
0 ® aNEFI 0 ® B=s0
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
FPR EPR
Panel 3. Random Forest Panel 4. Neural Network
1 1
08 (0.07,0.85) 08
0.6 0.6 (0.03,0.63)
o 2k (Positive) EE}IA Risk o 2 (Positive) 22 2 : Risk
o AUC =09 o AUC =0.89
[= [=
04 04
0.2 0.2
ROC =& ROC =
T ORI AUC) 2 0128 BIE(AUC)
° o uER) ¢ e =u=sl
0 02 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
FPR FPR

TPR, true positive rate; AUC, area under the curve: FPR, false positive rate; ROC, receiver operating characteristic.

(1% 2) 2% ROC B

AS7F YTl & 4 Qi ol2fet AT A ASohs A1 Bolth (E HollA S
2020499 FH7HAA S O (98 32 & S AAR (O™ 3)Y 7RG FolE 2316}25,
o Etgotttal & 4= Qlet. FE7HAL 20209 & 11 7i7to] mERloH,
(9 3)0lA 2020 ol 4 obtEmjuzE 20219 o]Folle e A¥e FHo= %Eﬂ A
AXGE slEohs A1 Kol X9t o2 A 714 9] A5AI7t kA AlgkE s 9l 9Jngitt.
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(E3HEE

og

S 2N Y EAE FEE

Logit SVM RF ANN

Validation | 88.4% | 91.8% | 93.8% 91.1%

Test 67.6% | 86.5% | 86.5% | 86.5%

Z 9 Be 2YY 23 9 HAEQ ¥&T(Accuracy)E M5t
Z0ICt. Logit, SVM, RF, ANN2 2}z ZX|AE 3|12,
MEE HIE DA, 3 HAE QISMAY DS 2|06t
Ct Hetc= o5 HI0[H L2 YRS HIEHO=Z Attt HE
(Validation) M2tz 2t H|AE H0|HS &%t HAE(Test)
YSTE 22} A LtotLt.

SVM, support vector machine; RF, random fores; ANN,

artificial neural network.

Logit SVM RF ANN

20204 2 | ‘Norisk’ | ‘Norisk’ | ‘Norisk’ | ‘No risk’

20204 32 | ‘Norisk’ | ‘Norisk’ | ‘Norisk’ | ‘No risk’

20204 44 | ‘Norisk’ | ‘Norisk’ | ‘Norisk’ | ‘No risk’

20204 58 | ‘Norisk’ | ‘Norisk’ | ‘Norisk’ | ‘No risk’

20204 62 | ‘Norisk’ | ‘Norisk’ | ‘Norisk’ | ‘No risk’

20204 7€ | ‘Norisk’ | ‘Norisk’ | ‘Norisk’ | ‘No risk’

20204 88 | ‘Norisk’ | ‘Norisk’ | ‘Norisk’ | ‘No risk’

2020 9& | ‘Norisk’ | ‘Norisk’ | ‘Risk’ ‘Risk’

2020 10€ | ‘Norisk’ | ‘Norisk’ | ‘No risk’ | ‘No risk’

20204 11€ | ‘Norisk’ | ‘Norisk’ | ‘Risk’ | ‘No risk’

20204 12¢ | ‘Norisk’ | ‘Norisk’ | ‘Norisk’ | ‘Risk’

20214 12 | ‘Norisk’ | ‘Norisk’ | ‘Norisk’ | ‘No risk’

FH
rr

SDHHR 202014 22E] 20213 1EVHK|Q| FEI
ASE 055 ABO|CE. Logit, SVM, RF, ANNE 24
2, MEE HIE DA, HE ZAAE O1F
ajst

=
T -

o
ol

gy rz_lﬁmﬂ_é
0X Hy
2 > oo
H 1>

i=}

tRCh= A=, FEHAIRO /0| STt =3t A0

b Risk'= RSN HBS, =19 30| L}Th= 2oz &=
EHA|Z0I| 2IRI0| ACHL G| =3 Z0]Tt,

SVM, support vector machine; RF, random fores; ANN,

artificial neural network.
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