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2017 37,768 21,700 23,312 3,000 190,000
2018 36,626 23,000 25,046 2,000 173,000
2019 32,911 23,800 25,844 4,000 245,000
2020 48,937 25,000 27,252 2,800 210,000
2021 48,447 26,950 29,230 3,000 280,000
2022 25,192 28,700 30,940 3,900 290,000
2023 18,436 29,275 32,479 4,000 348,000
2024 22,324 30,000 34,219 4,500 410,000

£ A= g B HRA(leaf-wise)S A

otof 22} 74 Fo) 23 et #o] 7kssict
1

NEAgo] 2 HAIH el
A

N
.
)
N
7
it
ki

ik

£ BRIt SR

oAk o &2 Yool & S04 LightGBM
o] 0] 9itt. 34 YA ofte 7S
F7g45to] Qlo] thA 2 At 2 XHmean absolute
percentage error, ©|5} MAPE) 4.8%~3.8% dj|&
5ol St A o' HAEQICHHRIA, 2024; °]
% - 178, 2005), B ST Zviol] ZA7}
FHYES 7IE 22 oPtE TR 4x(9.43070
Ay ek oF 7 48] B hAIhEE B 2571970
7ol gt glofe &3S A2sk=t £ 5H
oA S Hlth LightGBM2 W59 WS

ox

N
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One-hot 1315 glo] 27 ARg3H 5 9lek2) ol
3 54 Sio] A AET e A R L 5
&, 29 e 2o ditt B84 JEE He
alo] Fe %= glom), ojzig
By oA Hrl
LightGBM2 o5 9] £=g& QAlslal A
St R Qite] B84 &1 SHolA f st

©

BHAEO0 Q
‘TE‘L—_‘ E'].E]__;‘(jl?__

2) IHYJAE BAY dugE
JHCAE BAY HPolt Friedman(2001)

o] 27 Aot HPo g AHEIE &AF O
2 AFAA AF Aos TPl 7ATE =
ot} 2g9] oX5 Haslshe Aoz HA}
517 (gradient descent) B85}, ofZglo] oFgh
olg7l9] B AFAI7= TAl o= 5t &
HPE 55 Erk 27 Friedman(2001)0] A
Al I AE RAY daEjEe thgat o]
2713} g3} wHERY 0 & S Erk

—

(a) 2713} 7} (Initialization)
27| A& S/ E vhaa ol A4

=7

(b) ¥H=- 714 (Iteration)

(b-1) 71&7] AAKGradient Calculation)

el oz
(gradient) V /& AAFSITE

TrolA A 71271

(b-2) 71A] &5 A} Al (Base Learner Selection)
71&7] v ol 71 23T 71AeksA o2

gty
g= argminhepi((h(xi) - Vf(z))?

(b-3) °]5 A7 XK Line Search)
A3 W /9 AEE 714 S o0) 4 &
ol A & o] A (step size) o= AAIRICE.

p = argmin ,_ pR(f°+zg)

(b-4) 29 o=

Al §FT} ol 5712 E Htgste] oS ok
£ ol E et

f=r "ty

oj9} e TAE Bolo] AHUJE Ay B
Fe 7t BAoA AAE artdos weglow
A oS Aetmrt Fr A o g

LightGBM- 1 t]IE R Aglo] 920z o

A 718k oA ARE-Sh= HlH(level)
718k 23 o] ofl, 2 x(leaf) 4 £ 34

< AERict 7 222 EFQ fojE d
|

A5 RAISHEA T8 A == FESHAIE,
e e S e L

2) LightGBM &-4] &A1 =X (https://lightgbm.readthedocs.io/en/latest/).
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o}, o]23t B4l & W glolH & sk
A= A A4S SHislste, d& A 48t
Sh= 4] 0 & 5ol 7ol
3) By B ¥

2 Aol = Bl Al 71 5
517] fIoto] E1Z {13k 2L HH4(target variable)3)
= FE71HA (price)= ARE-SISITE S5 BlS(feature

variable) 2= g €
Z Q™A

9] $1%=(lon)2} 7k (lat),
A8 HH (area), 72 Al (trade_time), T8 S
(floor), 3T & =52 & Alti<(gencount),
ol =& F¥(road type), &5 X (built_year),
g ©x] 15 H S (danji_index), 7|2 FH TS
B(base_id)S SAH0 2 EUSATH(E 4)

E3t o] AAa BAe) RS E B45
(danji_index; 0~90,799)5}] =AU =]Itt. LightGBM
W Z2 EF 79 YoM = B WSE aeF
o= A3 ffsto] HI71S HEY HlolE oA
g2t HolHE W 4= AThE7E 2, 2021).
o= 371 HiolH 2= wtefshr] o2 s oA
oise] D39 Fader, Ry o, 848,
AL & B, 57371 AA] o, BEEH 5
e F8 A7 7R Qs HI7HE A 8QES

o= qeusst she makE 27 =k

Z

Y ZX).

Al

0

EXE

&S Y85 LIMTHE THORZFAX]= APFOY 25 S 105
(B 4) 58
i 243 GllA]
price ZEHTIZ(DHY) 28,000
lat Pl 21,257.79
lon A= 454,848.95
area HEHY 29.15
trade_time HeHAIH 3
floor 5 2
gencount M|t 8
road_type QIHEZ2RY 1
built_year Eculs 1998
danji_index | SHEHX|IRHS 5820
base_id 7 ZFHIRHS 01139
%, 3k AHE= EPSG 5171 7|&¢g
45 BEHOT tfelass o 4 Utk o2
YA B3 M40 B &2 T offof| &
19 59 HnE 55t HFH o2 HES
Feo] Hots ==l gt H4(road_type)=
L 7} Feo] o 2 R yolsio] B )
dAFE VIR YR, &, do wto, 1, 2,3
& Foto] Fofgt gk Fdskelh

Al7ro] et AHELE 2006 1Y€ 7]E2C2 0
HE] 20249 129714 9] 2278 BUE trade_time

ole} 2L Wigtow 19 WAL YelWsEe WSS FYUULh ol B0l M AAH
71279 THS(base id; 0~3,634)5 FUotY A o] FEHIHA 374 B o] AXGA a3t A
ot s e A W oAl %Xlgol T AE BASkE E3o] ofyzh Al wet gkl
ote o 84, &, 15AE, 59, Bd 5% W9l HlofE 7|Htez FA|shy] miEo] YAIA
22 AR 4 L AW, A B 8 O AN wakE WA Bt g 4e
3 ARATAA RG] 245, 38 F47 5245, AST} B4R, 1% ABASE, A EL B

WAG 73 4o G A A0 UERd vt gtk Eet $45047F 5 Ahdel obd WA totel A9, o

BHo 2 232U E S T Hsl, 5 Wao] 4255 WAT 2ol o A ekt Fae] gtk
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gutA o] A|AY ARE B85l HAHY 2

= v
B TS A9, A A T BE A4S T

ol mdlo] 73] ShsESTO R 7}

b
1 1o
o
ol

W alet 34, 99 sk 58 Al MR 4 3
= 5] figolch. wioF A Bakg A8
7%, 53] ulf A4 9] ARE shste IAS
Oﬂé‘c‘f}% ) c}(look ahead blas)O] HpAEE 2= gl o

r&
-+
=2
3:
i

elo] 249 W] 74
A42% AP 9ie) HAleid wee 2 gt
9lo] F2b9] Bk uhalS Aehslick. chlc e
APgo] B A7} 0201114 gk 7IRie] ¥l
stabA) wayelar, ol s) A 7}74 o] 2

Zo] EA5H= 97 EEE LR
oy ] A A ot 2

uh:]- vl Ex

g 44 AZo] EATE AP ML F4T 5
qlow], 34 714e
o] 7Ks 3tttk oAt 195 397k A 7+
o] BE|glout 4ol A7} glo] 74 Ax
7} £ QFL, 5ol hA] A7} ol 2014 7

9,2 7o) vAleld YL 490 WA 1S
4517 919 1397 59 RS B
glolok git}. olo} o] A2 b E’é‘;‘f‘z} A
g o2 AL, FA9] £TL 53] mFo]
AG A 7219 Tkt 4GS oHES he

A
o} 2 8o|ct.

7]¥ko 2 oA & 0] X4~ ALA

=
Eas
Al

AAE
Zo] K
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R Al 2 39 5‘3 g B4 AA-A

e g Aolmz, A A8 g
BA| BE A A2 FRIGcH 71 st
2L T 4 ek ol FS Fuhe] A
AY A 13T B AR 9] B3o]

X
i)
N
iy
Mo
o,
M
r;

A (heteroskedasticity)2 A|Y
= Aor IHA YtHFleming and Nellis, 1984;
Goodman and Thibodeau, 1997). F&7}4 2] o]
Adold FE7HAS Agche IARFANAN 2
ApFe] FAko] DATHA] 2> A= Rttt drt
Al 39 ARG A= ol T ol FAHdE |
FHoz golspy] 9stel FLWUAE 2A4
MBAL S 70| eohel kst H4d

©)

= (Generalised least squares)ys= -85
o, T2, AR B9 1S 4T 7
WA 1 S-S B QuEel IR
H|sto] o] A O] FFS A A = Ao r
1 759 tHGelfand, 2013; Munir, 2023).
PAEIL AT 4HL B 23T 4
Alge) _AE S0l ¥z Lge THsH,
Qlu1A] © 2= MSE(mean squared error)S 7]&22
o Hgoto] o2t Pt A BE g 2ol
Agslel Bas oAF Felpl B
Hjort et al.(2022)= MAl2|d& AMESh= 4]0
w}2} SE(squared error)2} SPE(squared percentage

error) - 714] &3k wlatstod, qhef A £




AAAANAE ol 4l
B4 FHAFAERE FE 71E ATl B
TA|E Q2 XH(mean squared error, ©|5}F MSE)YE %
83 AT} kg A cleke AT
8 AES A5 B2t BRABAE A4
gk 273re) 934o] ABYL A4 Fe)
T EAZ A0 ojet A AVt S 3t
oA 2} expe] i ¥ty 7isdS AL sl @A}
o] A A7|E FAskoh= BtEH 23K mean
absolute error, ©|5} MAE),5 A7}58l9] Ex &
Hhgsto] AL o4l o St A4S 7 |
olF oA EAS X406l Tweedie LossO)
A M £ATSE A8 UL T F 27
H5e vimiglct
E5t 2] sjolwistetugE Bas] Slstel
OptunaE &-g3to] F 50319 HdS P
H, Z+ 4312 o) 10,0003]9] W (iteration) O &
A5 o], MAPE £t 7lj4lo] 303] &0

2 dAYSHA] S 79 27] F=(early stopping)

ol oF 10%el4] 9% +-27H4] =
Y3t o] g0l 371219 A o] BakElA) o

Bish o] S Egl

28 SRISHATE 0|9} T A oA 714
94 24 g Hole Aog AAE AY 2
TH(best trial)2] Teu]E]S XF Slo]wulelu]E
2 AT 5) FR).

6) 1y 45 AE

1Yo 2 gl 5 Q= Xhii A
Z| H(R-sqaured)?} RMSE, MAE, MAPES & 6}

Bl WS A:. ¥l AN TP AR w2 B

2 X
R
o

oftt

¥ rlo

Ao Z835lo] Q= BF 0 F Tweedie =41
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o2 4T 5 SZl“%((Ti 6) &
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i
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i
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2
:IJ
H
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i)
X
=
2

n

4) MSE = %Z (v, —9,)°.

i=1

5) MAE(mean absolute error)+=

oA e, oSkt AAIgE Apole] Arighe] ¥ oz Arbdnt, 23] o

S dg Aoz ¥-Es7] mi2ef ool @ uAstAt 2 A 22 e BF - dSHA A= EH.

R 1 & ~
= — ly, —y, |
n}; v~y

6) Tweedie Loss=

dutste AP 2P (GLM) AGAA thEo) A& Tweedie BES

JMe R o8, et e 21

%I (negative log-likelihood)& #A3}ol= B4 0 2 ALEH )

gV wxa s
(1-p)2—p) 1-p  2—p
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H 5) 50| HI{2{0[E{ A Zut (B 6)2¥ods
Parameters B He z|& 43 (A) Without correlation
learning rate 0.01~0.3 0.027 MG MSE MAE Tweedie
num_leaves 16~1024 828 R-Squared | 0.9191 0.9233 0.9270
max_depth 3~16 14 RMSE 3,393 3,338 3,302
min_data_in_leaf 5~50 8 MAPE (%) 9.498 9.391 9.312
feature_fraction 0.6~1.0 0.867 (B) With correlation
bagging_fraction 0.6~1.0 0.916 I MSE MAE Tweedie
bagging_freq 1~7 4 R-Squared | 0.9108 0.9115 0.9133

B AU B4, BRI $e 72, A 7
A 8l 5o L2105 5] A 34
e 39 WS 7 ASAS aIh AusE A et
U] 95, Ao 9 A Fee] E4o] ket A
28 vt SRR yehtal Ao g

29 G2 wA o] o2 52 A3t
2 piohE

YA HaE Egrgol bt g oS e
7t FEEAE F7HEeR dESIT 399
(2021), Hjort et al.(2022), Kim and Kim(2023)2 9]
o} BERORE FQ AE7EA 9 HAolu
BT 5 YA e BB A 7] ApolE

B o 2AT 4 Q152 EATh & 7oA

crda
AR A

|o
=

¢

Tss 29 542 ekl
¥M5S WhE 71590k Top o] gt WSEe)
=02 29| o5 o] AT, ol 9]
- JEe 2 Ae)d HEE S5} £HE 9
HuRo s HYHA ok B A 71279 B
of ul 412 917 Exo] mFo] fofuls ure)
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RMSE 3,439 3,421 3,415

MAPE (%) | 10.163 10.102 10.008

T =
&S Bl s B39 H5AE= MAPE
9.31%, RMSE 3,302, R-squared 0.9272 UFEFEO.
o, 9% - A% FETLS m3S B3PS MAPE
10.63%, RMSE 4,081, R-squared 0.8969& 7} b+
2 52 71E5t Bt AE - Y=ot e &
A IDE ZARE BT 71249 IDE 23t 3
2\ o] AZ JjAElo] MAPE 7|02
1021%% 71 Z5H90c). o] 2igt A= ThA] A ueo}
7125 HE7t H R A s

7) #%:9] 7]od 4
chEie 714 24 oAl g W]
FHS motolr] Yoto] SHAP(shapley additive



HUHES SESH CHMICHTFE D072 X R0 2t 7

109

(B 7) UXHs FQU0| ME 2 45 Hlw
Zof K| Ha R-Squared RMSE MAPE (%)
(B, x| B2t gt 0.8969 4,081 10.63
(A&, fI] + [HX]1D] 0.9035 3,947 10.21
(B, /=] + 71279 ID] 0.9010 3,999 10.22
[A= Q=] + [HX] D] + [7I27Y ID] 0.9270 3,302 9.31

7 MAPERL| EA91= %001 &A131E Tweedie 24134

explanations) ZF< 7|¥t0 2 St Q 9Fh (summary
ploS: THEIAH(L 5) B, AT B4 0
e olAlehd o3 2 vollA] 7 2gast
2} gho] Bl A P AL Helehe 7
24 54 ZRE 02 o ol s,
QOFES] y2 8 0] A18E 7 Ao of
52 UEH, x52 si9 W42 SHAP gho=,
0XTH 29 siF W47t dl&gkS ST B
Fo g 23t Ao, Wi 2 02} 20 H oS
TS F2ATIE HFo R A8t A om §i4
ok 0025 | H FEH IS B Hap
7] dF= A= A=t w2 AR &

3T -
At

I

i

o

trade_time

area .+-......
lon +——. “ mes ow

built_year

dfp—
lat —’—-— . e
B —

baseid

Feature value

danji_index
gencount
floor

.._.__.._
+_. .
+

road_type_num

Low
—20000 ] 20000 40000 60000  BOQQO
SHAP value (impact on model output)

(23 5) B8 7|0|=(2A) L SHAP 212

= H7ot0 Hlug.

7} W4 SHAP 3F B2t (19 6)3} 2o
Trade_time(#2f A|%) M= SHAP 24 2

N7 2 F

o]
=5 YEH, ol& g B

7t 8 M 34 RRFoiM 7P 9 e A

2 oy
(o]

SIS oJulgic). SHAP gto] Aut]
) 717 0] 553} AR RS Mok 7
24, 57 AGo)A = SHAP gre] B4bo] E3ia}
7 Z7F8Hs ayo] BT ol g A1)
Aol AtiH 0w BHHEL AASI, B
SHAP 3o] AIA Q4 54T B8 B Ao &
QFgAe 2710] P31, Bato] ShfjEl A%
ol Ths e 714 Hhu] thE ks Fo 24, A

-

)
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HA2ES 23 ChMICiE THOH7HA X 4= LPgo 2t S 113

(Panel C) 60m? 0|4t 85m? 0|&} (Panel D) 85m? 0|4 100m? 0|5}

742 42 77 (@ed
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{ I F 4007+ /m’of A=k} 20097 1,5008F
A/m> 74 A5 3 201280 THA] 4005 Y/m’
g2 759t 0]3 201432 E = 20213744
9] 7|17t BRolE HI/tE 7IE0Z 200639
5~68l 7FAZA] S-Sl e 71k As
2] 717t o & BEAt A Aol Se 24491
F2; grejo] vrd e A0 R Helrh 20219 49 E
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(R 2 1) MRIFHE FETHAX=(2013.1 = 100)

NP VIRENES e HIZ(%)
g7 273.64 2.59
a7 248.25 1.18
MHET 223,51 2.80
Siie+t 207.80 1.91
ST 203.94 4.27
O3 201.08 4.33
PAL 198.55 2.37
MO+ 185.82 3.58
YSHT 184.31 1.90
T+ 176.43 4.24
z27 176.19 1.35
Ean 173.23 0.78
YT 171.01 5.76
257 170.65 10.12
g8+ 170.35 3.87
YT 165.18 4.48
S 164.98 5.93
g5t 161.27 4.29
ey 160.27 1.96
o 159.42 5.29
4E7 152.25 5.75
F23 149.24 4.22
27 142.12 3.37
UM 141.88 9.39
c27 133.30 4.25
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Constructing a multi-family housing sales price index
using machine learning:
Focusing on small-area units in Seoul

Soyoung Lee’, Kyung-min Kim"

Abstract

This study highlights the importance of constructing reliable price indices for multi-family housing and
empirically examines the feasibility of developing such indices at both citywide and subregional levels within
Seoul. Using LightGBM, a tree-based machine learning model well-suited for capturing heterogeneous
submarket dynamics, the study estimated monthly transaction prices for individual multi-family units in Seoul
from 2006 to 2024, based on publicly disclosed actual transaction data and housing registry records. The final
model achieved a prediction error of 9.31%, demonstrating strong performance in tracking high-resolution
price levels and temporal changes across the city. Notably, SHAP analysis revealed that price increases were
concentrated in areas undergoing housing redevelopment. The Seoul-wide index constructed in this study more
closely resembled transaction-based indices than appraisal-survey- based indices, offering a more accurate
reflection of market trends. At the subregional level, the machine learning?derived indices show considerable
potential for policy applications, such as early detection of real estate fraud and informing targeted public
interventions. Future research should extend this approach to detached and single-family homes and investigate

spillover effects from nearby apartment prices to enhance understanding of low-rise residential markets.

Key words: smachine learning, multi-family housing, house price index, automated valuation model, housing

market

* (First author) Visiting Research Fellow, The Seoul Institute, E-mail: soyeee@si.re kr

™ (Corresponding author) Professor, Graduate School of Environmental Studies, Seoul National University, E-mail:
kkim2@snu.ac.kr

© Copyright 2025 Korea Housing & Urban Guarantee Corporation. This is an Open Access article distributed under the terms of

the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

https://www.ejhuf.org



