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I Abstract |

This study explored a method for constructing a rent index that systematically reflects structural
characteristics of South Korea’s monthly rental market. Using actual transaction data, the study
developed rent indices based on the repeat-sales model and the machine learning models
(Gradient Boosting, Artificial Neural Network and Ensemble) and compared their respective
outputs. Median points of the actual transaction data showed that monthly rent prices increased
by approximately 1.52 times between January 2011 and December 2024. Both the repeat-sales-
based and the machine learning-based indices exhibited similar cumulative growth. The former
was prone to instability in periods without any transaction or in small-area units due to a
reduction in sample size, whereas the latter demonstrated the ability to respond sensitively to
abrupt market changes and reliably captured trends even during transaction gaps by incorporating
nonlinear relationships and a wide range of input variables. The GBM-based index specifically
showed strength in reflecting short-term fluctuations, while the ANN-based index, through
continuous weight updates, had excellent smoothing effects and was advantageous for identifying
long-term trends. The ensemble index, combining both models, offset each one's opposing biases
and delivered more timely and stable performance.
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2w gglom, ol WAAFelH YA AR 20201 AN FAT PHFATF ek
el A B 4B B oA ) e 20116 71 A2 A B L e
£ Ao ekt B9k ¢4 djne) 4 45EL o 247
1.55892} 1.5281Q1 A 0.2 njef=| et
3. 24 ArEo| A YA A5E AeA AAFo|9 At oz
Mg 241 Bolt, o] Y¥dolE Boke
P AET AYAAALL BN 25 Y 1, AF ADHE Fo] WEAo] 5lS- =A et
(B2) ™ 15 iz 7| 34
. KEA| A =y sy S5 e A5
P T wma [mem | e | v | e | Sea | A | B9 | AU | Se | AuE | S6 | e
2011 | 25.04 | 22.62 | 16,103 | 25.94 | 702 | 31.93 | 5,282 | 18.82 | 4,880 | 20.60 | 4,056 | 23.61 | 1,183
2012 | 25.26 | 23.01 | 17,077 | 26.14 | 813 | 32.21 | 5,599 | 18.86 | 5,356 | 20.55 | 3,990 | 22.92 | 1,319
2013 | 25.40 | 23.13 | 22,250 | 25.98 | 1,113 | 31.98 | 7,214 | 18.65 | 6,521 | 20.87 | 5,655 | 23.10 | 1,747
2014 | 25.37 | 22.99 | 25,667 | 25.75 | 1,254 | 31.67 | 8,586 | 18.50 | 7,408 | 20.49 | 6,297 | 23.45 | 2,122
2015 | 25.56 | 23.32 | 35,116 | 25.68 | 1,641 | 30.94 11,841 18.62 | 9,444 | 21.16 | 9,096 | 23.67 | 3,094
2016 | 25.01 | 22.77 | 34,842 | 25.15 | 1,639 | 30.85 [11,116| 18.56 | 9,739 | 20.77 | 9,272 | 23.66 | 3,076
2017 | 25.36 | 22.89 | 30,872 | 25.28 | 1,638 | 30.55 {10,562 | 18.43 | 8,548 | 20.45 | 7,534 | 23.53 | 2,690
2018 | 26.49 | 23.63 | 28,836 | 25.83 | 1,389 | 32.49 [10,235| 18.74 | 7,863 | 20.80 | 6,974 | 23.99 | 2,375
2019 | 26.53 | 23.50 | 29,056 | 25.31 | 1,290 | 31.90 [11,035| 18.54 | 7,713 | 20.70 | 6,521 | 23.46 | 2,497
2020 | 29.07 | 25.51 | 31,089 | 26.75 | 1,417 | 35.72 {11,373| 19.75 | 8,368 | 22.06 | 7,281 | 26.00 | 2,650
2021 | 32.61 | 28.89 | 35911 | 31.82 | 1,641 | 38.83 |13,092| 22.10 | 9,412 | 23.90 | 8,282 | 29.30 | 3,484
2022 | 34.56 | 31.01 | 38,706 | 34.94 | 1,855 | 40.88 {12,978 24.04 {10,802 | 26.83 | 8,862 | 32.53 | 4,209
2023 | 36.75 | 32.50 | 41,112 | 36.52 | 2,195 | 43.85 14,221 25.39 [11,160| 27.83 | 9,162 | 33.28 | 4,374
2024 | 38.85 | 34.54 | 31,172 | 40.16 | 1,658 | 44.48 {10,221 26.71 | 8,798 | 30.56 | 7,245 | 36.76 | 3,250
F e 2 S3e U= B A/ mo|0 HAFE e 7IE Q2 HASKALC
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HETH LR RIHES ()T 24 YR 5913 %0l

Hrh AEAEEE 59 olE gAMLt
7P e 2 AASE(1.39) S EAY, 5
(1.4280), AA1.488H), =AR(1.54HH), A5
H(1.554) <02 wotxltt. A SHAA =
A Eo] 2 FEHEG431%T F5A
(27.76%) L2] 3L A'2E(23.98%)2] H5/3°] A]
SA] AA ] vX = Gl M- E2 AL S+

et
4. Riahg W

1) ool 719
AA 714& o] 83 5
E5] A= AFgo] QlojA tEA 0= vHEuluj
28 (Bailey et al., 1963)= -85 4= i}, Ht
_]

B 44 FHo] choFe B4

>

%) go} A2 1] g2 7HAsH A4 4ol 7

S sk, A 7= A0 A7

28 https.//doi.org/10.30902/jrea.2025.11.1.19

=

3} EHA AN DATFAY TS S
SWSE Sto] 12AY g AP RS
£2 el MR 5 S 2ok EE 7
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() = LBt e fy =0 A1)
o171 M A7HET] D= =50l A1, 1=f 2 AL
=-1, 1 9o+ 09 %S 7Y, HAAFHS

R L= |
Azey 7N AR TS, R
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(E 3) SLFH 71y 018Xtz =+

(B 4y 71Heks 28 59 B

T 7R | MAXE | HEIYXIR | XIR0IZE(%) 7= £l 0fA]
2011 15,147 13,616 89.89 Target Pure rent or 2,500
2012 16,009 14,252 89.02 Floor ol Ze Z4 5
2013 21,008 18,848 89.73 Area HRHH m
2014 23,854 21,297 89.28 Latitude | x(epsg: 4,326) | 37.5332
2015 32,349 28721 88.78 Feature Longitude | y(epsg: 4,326) | 127.2299
2016 32,059 28,392 88.56 Trade time Integer 3
2017 28,572 25,617 89.65 Households M 525
2018 27,254 24,168 88.67
2019 27,850 24,186 86.84 2 930 thaf] At 2ol A]7}El urAl o
2020 31,040 26,261 84.60 2 APt o] WA 7t R AgrtE o] A
2021 39,073 29,238 74.83 A} o A AT Y] iolch WA WAS
2022 40,250 30,335 75.37 o] W =05t 2 Wl Ao T 714 Fo]2
2023 42,699 31,816 74.51 B
2024 32,568 25,993 79.81 o o
%1 OIIRIZ HPIE 213 742) 24+ & 400,730010, ph= 8 AR APAToIA S R et
el XIEE MEE A2 & 3427407122 & 83.65% §h4590] 84S 7|HtO 2 olmtE k]9 F7HA
B T 58 e A=t JEE RSt 24,

; Aol gt JRE= F4= FEfQ] Trade_Time
e EP g HH0~167)2 F8Is}ol Sraiaict
20 (1 3) i}
(1) IHYANE BAE 2¥(Gradient Boosting
2 AFo M AT 71E duirE 5 Model)
4ol ol Betwrt wA E2EAE Bl IHTIE RAY neold A EalE &4
4 2EQ IHUAE BAYAQIZAAY B FO& TFAA & oS FIAFIE 71As
FS Zgsto] 7 AgE 7HE S AEsta, 4§ 230tk AASP R (gradient descent)O]
MRS EAS HAEG T oS /S EEG Y HEATFY VLT E o5l 2} X AstE
E }73 (ensemble prlce)% AhEshlh = PO g nEtnEE 2T =X, dISaTt

o WAg 7t

AAGE 719 APolE Eol= A5 dugEe
2, Friedman(2001)0] %2 A5t &
A8 2 (boosting model)°|gt &30 o7
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7W9] oFet PSS Aok Ao E 5t oS
RS T A2 gRiTh of7]A] oFet 1Y
ozt & U= d&ch= ARthE 2t T2
RS oustal, A5t HEolst ool ¢
Hold 2 oJugteh. & A tollA= GBM9
1549 84S 7fAA%E A2l LightGBM &
F< A&ttt

sto]= mietulEl 2 43kE 9Js Optunas &
= BAAF L Hmean
SEYE Fadlol= 34 &4
%‘—’F(regression)e 8ot HE AHE F
2 A& o33} &k SksE(learning rate)
0.1, Fd] Zo](max_depth)=-1, XL =& 5
(hum_leaves)= 511, @|T == X4 dlo[H
Z(min_data_in_leaf)= 50]tH(3E 5)).

squared error,

T 5) GBM &2 mH2{0|E

IH2{0]Ef U
Objective Regression
Max depth -1
Min data in leaf 5
Number of leaves 511
Number of iterations 10,000
Early stopping rounds 30
Verbosity -1
Learning rate 0.1
Split rate 60-20-20(%)

(train-validation-test set) Randomly split

Z 1 GBM, gradient boosting model.

30 Ahttps.//doi.org/10.30902/jrea.2025.11.1.19

Hlo|EXH, tlo]g o] W4 7 v g4 HA 7}
FEE

£ ANN EFolxl= 9 HlolE9] &ARE
MSES 28515101, 75 tlo|efof] thgt &4k
2 HA i E 9 Xmean absolute percentage
error, MAPE)E &8sttt 24952 2435}
<= ReLuE A-&SHAHHKE 6).

o

(3) A A

o]
71AISks WHE9] A9 I3 over-fitting)

(H 6) SHE2Y M2{0|E: ASLUAL(ANN)

IH2{0|Ef U

Number of hidden layer 8
Number of nodes 2,048
Activation function Relu

Train loss function Mean squared error(MSE)

L ) Mean absolute percent
Validation loss function P

error(MAPE)
Optimizer Adam
Batch size 0.001
Split rate 60-20-20(%)
(train-validation-test set) Randomly split
Epochs 100

2 ANN, artificial neural network.
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Qjo

o] 91 49 g FHehE 7] SRearly
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29 golele] Tt} Agwix) B sterk
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)
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HHEOH of X] 5

(M2 TH]|, 2011.1=100)
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ELLEIES

(M2 &2, 2011.1-100)
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9 S 17H 1008 402 HAIE 345
TH7F, 20208 71 7E 20249 SREZI7EA] oF
150714 /J5ot= FHE Holent. AgdE A
Sz AN AA A4 ol fASH, BB
E S Fol2 gol =R, Add, A5
LXJAO} F0] =911, ZUdo| 71 Ul Ak

BT A2A] A Aot AgdE
% 0 AP L 0|27} Bl Eo] M4:0)
H5/go] 2A Yebgow, [uhE o 7 EQbAT
P& Holal AR 7).

A

—

%Aﬂﬂﬂzﬂ 1Y 3 UFAFY HP 2 MAPE
H28.5114%, I AE BAY L2 8.2434%
2 257 AF J5S Ut A Al&stEt
ot o], & lEi FH AR} A7 T A
=
o

(BE7) 727t Xtz ! AHE HE0H0HE S 7]H X4

2) 71AIsts 29 7]¥t A4+ HE
HA AEA] 27 oftE Q] 7 W4 [P
i3 ANN 2& 37} GBM 29 7]¥E ¥ LA|7H4

=

< 4 2% 7, T ATE 7S 7HE
(ensemble price)& AF&Ed14 L} o8 st WY&
TAH o2 M&str] Yol EAl A7 7P B

HAA] F SRl AJ2A] Aol 27t 2utof
THES AHE AASHTH 2uloltEs &
4,424 = g =]o] 9lom, o] F 2% 39.6%
of sigst= 1,75041H(A-8HA 84.43nr A))
£ o R AA A7 7 By 7|ekst
FA7HEE v wgt A3ik= (" 5)00 A= o
%E‘r.

374 A7}, 20119 19 71+ AA A =(d

oo M7 KiE 2024.12

- HA A2 U {244 HIZ(%) Xz oigE®) | BHIEXR
SENRSA 409,730 328,066 100.0 80.06 144.02
=4 114,143 90,621 27.62 79.39 14413
AEH 39,997 30,328 9.24 75.82 148.54
cHe 19,674 15,195 4.63 77.23 156.92
MEH 101,923 80,654 24.58 79.13 145.59
s=2H 133,993 111,268 33.91 83.04 139.66

220113 1&=100.
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HEA 227 IS 2OMOITLE 84,43
A 22t

Actual Price — LGBM — ANN ==+ Ensemble

(23 5) M3Al 257 20t0HLE 84.35m' HA R349|

AN 7+ 2Rt FF7HA MO Hlw

Al 7FA-L 2,300 Aofl A 20249 12 3,700%F
WA Gk oﬂEH% 2. ANN 29 718

£3% Ensemble 71242 & 23 0] E42 Zo}5}
+ 9= s, AANY FAE 9% A
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- S R A BT KO

52 u|ste] 94 Aol 2 PRSI £ A
FoIA oA AAE LufolrhE MAEOR
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acl @9l qEAe o
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S EEEEE BERRELE
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A R B9 74 Wi a S AT g

MR o, B4 olntE A EX1H ¥
Al AAE B 5 9l QJmlett
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[©)
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MEA| OfIHE YA|7HZ |4
AR A KO

X & Zdg7

(38 6) 7|ASE7 |t FMIXI(MSAl S2 HYE H|W)
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3. gM7taX|I= dE

1) € 712 9A] Aste] vl
(2% 8)2 £ Aol 2pAeE AAH 74

A=} €} 7| o) A 247 ZARE 7L |HE LA A]
£:9] 20114 1¥€5¥ 20249 12€7HA]9] 3=0]
£ o T8 zof YERd Aolot. BE A7t B

Al = &% sttt 20199
& ARt As & 4 AUtk KB AR B¢
20159 1293 €, KREB ¥AIAI=9] 4% 2015
d 69RE A=E AlFsto], 20169 14 thH|
20249 129717 9] +4 55 AHESH] H
WL 7H 2 ASES B9 A15E GBM

53

——ANN  ——GBM  m--Ensemble  ----AIZ{E7} SIEOJOIRE  — KB — -KREB

2= ANN, artificial neural network; GBM, gradient boosting
model.

(22 8) MSA| OHILE RMIZFZR|% Bl

AAIA4(159.03)2, 20164 o8] < 1.594] A
S 2102 Uehth. ANN AIASE AL
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(E 8) M3l EMiXIs 458 L HE G HIW

e = H(volatility)
Index category (accumulative LAAAZ(%) HZHRK%) 553_71")'\‘
growth rate)® (average growth rate) | (standard deviation) (coeff_lm_e e
variation)
ANN based index 150.31 0.2436 0.0036 1.481
GBM based index 159.03 0.2640 2.0046 7.591
Ensemble index 154.67 0.2539 1.0591 4.170
Repeat sales index 147.56 0.2184 1.2362 5.659
KB Xl 132.54 0.2611 0.3294 1.262
KREB X[ 105.78 0.0005 0.1653 3.178
Z 1) L5 4882 20161 18=100.08 7IF0=2 3.
2) ANN, artificial neural network; GBM, gradient boosting model.
gotflal, Zt F7hollA &8s A /Al HHEut A&AQ1 A 08 24T, Ay o
7] w20l 8 A= A S Wrt. o]t E 2 oS vlad FEHE A& FHE U
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o, 2o g Yo 2" Aee . BHeIFE, AeH s, 271 7SR s 2
fiH o g sl vet 548 yehdc < v nlE 9t md Ao whet A3t RiztsHA
HhH, ANN 7|9 g2 Q15 7 ths #A4] e 4 QUehs Fo] LAl jHA R AAH
EZ(multi-layer perceptron) -5 &85} Ol= &5 B &3S Wy AgYste 2t u|Agt 2}
= HEAL HAE e A REE, gt o 2T 5 e 2vistH, d52 AldA
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8) Santoro et al.2024)€ 213 A% 7]¥re] B AAG 5§ ERHORE ALFY O FAS AR L
shersh wh, B3 Beo] AAGS £ wlolel Ml el el whEo] S4stel why)A FA A e g
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3) ZA7} 719k A%0k0) A% AE

71A18+5 715t X|4(ensemble A9} ZA} -

9] A58 A 9 Zpolg £A5H7] ok, HA

717V AP S HECS7], SHEP7)E Yol A

SHH, KREB A|=9] H|& 24 A|Ho]

20159 6¥YS AEsto], AA &4 717
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X(cross correlation analysis)& AA

=< E )AL A 71 TS F AT 2

9) Hdjl xto](absolute difference). A, = | i, — fpy; |

10) At z}ol(percentage difference). A, = [ (i, ., = tyq.s )/ igia ] <100
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B 9) 7|A3ts MKt KREB SAMIX|=2| wWxtalzt 24 At
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-4 -3 -2 -1 0

3 4
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