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AAY A5 FAAE £ AFE A A5Ts S8 <# 3-2>8 1Y A3
AEA A A420239) = oF 2257 S A3, % A= <F 1065 11(47.3%)

o7 By Shgof FE3

1: (A
re
o
)
off F
o
v

9 747 5 2 Aolx QAR TR
AHOE AR FHS olF1 Yrke HINd FE8E7] HRoltk A7 @
A AFSE FUe AR 2U0E AT F A5 34D M FE) AT
FAAMZ 7S B BRBTL B 5 7] BR AANAE 71FOE AT
JAFALE S AHES) 5

<19 32-% AHPEE FY, 4T, AR S4S vas) B AIPELS
12 EZS3] Ak YAFTIE Aokt fARAIE ek AR gl
Y B B SR APLRsh F84 AAZTE R W, a2
HFE WS O FeE Boln gtk “HAH SIS FANA WAE TE
Fejolm, AL A7k} FAT FHE Holn UTHAEA 9, 209)

) 58 08 72

EX  ERNREE FAHHR S Y A AFHBYAH(HEY 2|, 2024)

N
]
o
@
N
\"
Pl
N
N
-
o
>
=
N
-
10
=0}
>0

0x

=3 A7 A7l vl AR 23EE BlEo] diFeR wa,
AL T ThsAol vE Zlo s ddEith okl <& 34> HY AAAFS oF
87%, LAIAFES oF 59% F=9] AieS Holx Zlor JTHTh) AAA ke <

1) ARARZE FANAS 24 5 AT P

HZEA T 9] 2024), FANE A A
12) SERZHAME dixiAlf A& A4 At

g
158 ¢ & QOBE 99 L WHOE FHY
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>
o
o

g TR ol de] Aleke] F 15771 ol Ao BEae e r 2717 4
s]]/ﬂa}l,:_ OS A5240= 2uE & Aos AgHy, o] 53 Hot HgHoz #

2 3o}d 4 ke Aol Ytk o]gdt o] w2 B AFo A AYA AAY =
=3 % A AERks &8skt

<H 34> MM/LAN 77 QUCHA} A AlDg =X

BHYR Tl YUt A2 YoyA TR

204 A1FQ0% B2
s ) (11.1~721.5) 214(19.6~215) (21.6~'23.2)

2z Mg 282 tag  dEL Hag

pE G 1/24(A)*
Hs & VAT oaeg @ HIF40  @N  H2HAD) (O/A)
A 11,989,186 57.3%
24 781,003 3.7%
24 4,904,901 234% 204,371 59,663 292% 67,134 32.8% 121,041 58.2%
gx  EA 3,251,620 155% 135484 87,905 64.9% 103,616 76.5% 117504 867%
| 8,156,521 39.0% 339,855 147,568 43.4% 170,750 50.2% 238545  702%
e 20,926,710 100%

* LlChe FFPR156521)= 20 915 B 717006710 - A17111969186) - FABI003) FEY FE0I2I| MM 25 2
o HEM AY7I0| Y 28RN E022 ABZ AY 72 FY
EX AP FAHX S Y 2 AEHBYHHEY 2|, 2024)

H3E tH M= 5L HAMIHIolE HAZ

AA7HA0l 9 mAE 292 5
@ A SAMARA, A5z, A4, FAdE, & Ag
A4, s, FAE 24 94 5), @ AGAE 82A(A
AAZHE 5), ® AABH 2w &, AAdE 4 5= Yol & F AUtk

ATollMe AA A A4 2 AR TS T dF AR JheAde s
Y 54, @ 2A 54, @ A9AE 29de FHe= A
ol A2 7R S Wl AA7HA
e AAISA s

A AA ARE 7oz HAlEY Sge fs A s(feature) 2t FEHE T
(targe) & TESIAT 24 i FEL SSFHCHIE, gAY, 2v|2d)3} g5
7 2ehor TR e, SEFHe] By AAM AR TSy BHEI A
SHA| oot B Ware

Hﬂ i @ re
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<# 3-5> 238 4 THBS
T Hay
=REE HMHESS(E 2)

ANEAZFHEES

272 BHela Eo(EMEY/m)

My HE ()
s S(RHEFY FQ)
Fesy
Azos
ZFHQY (TS, OIIIE, Chi), 2mAH)
HRSY | ASSOROIXIEE, ASHY, AU, 74) (BS HQ)

COHCH : SIS, < EE  ClREE, v 47 H9I3Y BE: SHS U FURuEY

=,

AA 2w HE o]F HA T M= dS5A] 9 o)A AAE Bl ARE A
AstAtt. AL} S "o A9 IdF AESX = At on, AgdAx o] Fd

=8 Ao2 AudE AY (dE £ 20214 A yAEY]AE AFAET}F 20213 B}
Uzl o g 7159 AH) & 9

=

flo o
o
2

N
3
ol o
)
N

&
o) Al A=x A T Az A

ng Lo Ky
.
re
= ¥
DN
il e
N
rlr or
0
o
= ﬁ 1
4|
Eg e
o
”‘_5 ol
a8
__%
ol
s

<# 3-6> ZFX| 8 O|gA HAH = HM Atz U=

(£l 2, %)

=&Y 2021 2022 20234
7 A H & A H & U= H=
Chs 191,470 17.4 166,980 15.0 116,607 11.1
CHA|CH 171744 15.6 164,424 14.8 127,507 12.1
A OtItE 643,756 58.6 681,741 61.3 719,186 68.5
QUAH 91,490 8.3 98,935 8.9 87,029 8.3
A 1,098,460 100.0 | 1,112,080 100.0 | 1,050,329 100.0

* 28 719%(3,260,869, 98.0%) = MM & 7142(3,326,414) - 22X 715(65,545)

13) Alargel 29 o)A dehe: A SAAE HA dston, ARy NS A SANA FHF



| EME7L L8 g+ 15

ORFALS FHE QU AT
42 HAEd 29 M8 o Hox|m
HalEe 40 dubAQl A= ol st 2ol Holy FH| B AL, Hel
B 2% 29 d9 Y sy, w9 Wk 2l B, A% w9 9 2 o3 @A
geld + Atk

EIEETERLED

'

HAE Holg

A
e &
=
=
AURE R N F 1
2 45 Fu

B AT A AHgE
NZHE BFFON
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FTF

T v EYolt}. B3 ¥ FAEFE ST F Qo] AANEFT IS T
= (o) =
T L

e
M o
lo
ofr
2
&
&

Probst 5(2019)2 WHEE uEl7} Aol A= 43S &
A, 7B REE HwF 453 des AT & lom, AFHA MY
o Aess F7H S F dve e X3

Bentéjac 51(2021)2 XGBoost, LightGBM, CatBoost®} Random ForestE Hlu gt A3}
CatBoost’} WA O E 71 &2 AT E HPoU T HE 7|HAY Aol= =2
2] ¢rom, Random Forest= 7]& AATOZE QHFAQl Aes Helges He AY

.

of, o

A
s
E

T

oEF o|BH-UFH 2AE B W, B A7el Lol ke Awusel A4 £
A4 s 52 Al A3 A% A, B9 RE, 4 A ) 738
nefsle] WYEAZES F8 AZRYOR sty

2 AFoAe AA 9F AL 7Fede 1ot B3 stolwuetn|E g R
= 718 AL FA8EE EZl 44(n estimators) $73(100—200)3 HA(m)E HA Sl
gk o] AA Al IQR ¥AZHEL0, £1.25)S 83k o|A] AA F= Ao {4

|

0!

2 ANEle A% WsE AvBoRR, o3 g 2o FHo] AU Ry
AEsn), AE WA e HF 2@ Adsigon], dag 2y ALgs)

<# 3-6> o0|mm2|0/E 273 &

=M o
n_estimators(E 2| %) 200
IQR Al==2t +1.0, +1.25
max_depth(E 2| Z!0]) None15)
min_samples_split(£& Z[AME) 2
min_samples_leaf(Z| === XA Zf) 1
max_features(& Q) None
random_state(M 34 4) 30

14) Random Forests(Breiman, 2001).
GEFEtg FAE A% ASE B39 S8l W=, 2016).
15) E¢] Zol7t 20@ AHF sFsHe] BAZ gout B ATdE $4 AA
28 7hsAH AAFALS Al A8 TheAd
ol Bz AjhE FA B FEjolA 72 4HE
3 StolnetHE no PAHCR 24RO AT IHL

O
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valeldel o S7ERe Wl duow thew) Lol 47kA AEE F
o= o|FoiAu], AEE FYA 2

SHAT

o ¢
H
it
oo
okt
£
b
oflt
o
M
)
JE
:i
2
AN
to
&
N H
tlo

<H 3-7> 2|4 OZ2Y EHIIXE

WX 5H MY 4
FLMo & HE T 20| 2%sl= H
W S b
ZEAS(R?) 22 UEHHEe XEE, 0| 10 IPEs | »* —1 - %
L ai—1 z
£ gd9Y30| sCt1 & &= UAS
AR ZF CHH =710 MR QXI= uH
(MAP|_E) EEE UEA, 052 B=HEE X | arare= -3 .
i= 1 ¥y
Moz HOoF= X|H(%)
=QXlo| MIfZS ERASH o=
%EEEHEX}- O1|_| |- | = HHAE_O HA y = Eli,. ,
(MAE) MESS BRIM BEHe=Z o | e
o] QAL HWSH=RX| mhef "
QA MEo ol Made Fe Ul
BRMZ2A | 2, 2 X0 2ot 2 JHSXE ol | I."l ST (o
(RMSE) Che EF& 7HAO, MAEELE 2 2% LIS
of oI

<y; = AAL, y= A=, y= A A ko] H 7>

A AAY ARl o) /12 AAY F oy skeg WA, WA EE
AEHGT 1GA P AAY ARE 8 AZAG AASL D4R TR B
& Zolnl, 207 WHE oA AAZ 98] LSIQR WAL HEF A=olthio

B, AN HE BNFAL MEE I AR

16) AARZZ A5 S U7 o niel zA8% 9o, o Fe, FFddl &=
2 Addso] olyd A5E AAS] f3] Rty o2 Agsts AHENT HIQR)Y £1.5H1E 7]
TO 2 o|HAE AAFAHFT Y E: AZAFT/ /T E o F9).
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I

1A A 2GAE 245 R= &% 453, MAPE, MAE, RMSE+= ZWtd o=
M= ASE YET

3gAlAAM = FETEY T=F8 EFolA R7F 7HE
RMSE)7} 71 o}, A|9AI /g A%t S8 23 A

=1 QAA E(MAPE, MAE,
ol F7IE NdE= a3t

1= At

<H 3-8> FEHRIY/QZYEH MMES 228 (1-2-3CHA|) dsH o
(EH9: %, 2t &)
FE | He HaAd" R? MAPE | MAE | RMSE
1| AAHY XtE 0913 | 14455 | 3582 | 6,643
2022 | 2 | @+1.5'IQR 0913 | 14256 | 3561 | 6,613
2= 3 | @HTIMVONOY B, A B CIREY) | 0.921 | 12968 | 3,386 | 5,982
= 1| A Xtz 0939 | 11558 | 2929 | 5534
2023 | 2 | @+1.5*IQR 0.940 | 11.337 | 2901 | 5508
3 | QHTIMIOHOY B, A7e B TREY) | 0.947 | 10.168 | 2726 | 4,968
1| AAHEY Xtz 0.751 | 26.931 | 2506 | 4,121
2022 | 2 | @+1.5IQR 0.762 | 26296 | 2464 | 4,026
e 3 | @QHTM/OHOY B, AVfe TR CRIEY) | 0778 | 25154 | 2318 | 3,727
= 1| AAHY XtE 0.746 | 26.473 | 2579 | 4,244
2023 | 2 | @+1.5'IQR 0.764 | 25406 | 2,500 | 4,094
3 | @QHTM/OHOY B, AVfe TE TREM) | 0776 | 24.070 | 2,350 | 3,741

ZEUR W FU1eaL IQR Al 274, ERSE U1t

[‘

A
/3—_1

A AAZ AZEUWE WSS F71eH5th 0472025 TXGBOOST 7] H-54)

x A% B oA A AFe dZabr] s o A

=
o
WSS ASAGEY WF F S04 BEAS, 45U, AR, 9u Sol
8
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E£X : "XGBOOST 7|t 254t XS7HX|AERHe| H4F 24M, (0|, 2025), HEaE Q18
<12 34> AE/CIMCHS| Hefad o5 Sa/x

U QRAZER) HolE §RYBAAA AsHE BESe] FELEY AFEF
SRR F oARE, A5EE, 488, Ads 95 FEFYC skl F7}

SR TEL)

A=W gAsL} 1A AAH A5E WMAANIIE key#hLE2E PNUZES &85}
Atk PNURZE(ZAE EX] AHID)= AZARE]), AlTTFEAE), s3536AE), &
@A), AFE1AE), EEAe), FHdAEhs Jels 1928 4 AAZ A
Eritt Fo=y, P85 AA} g FF o2 2@yt & WA @ 540 Q)
THAFEA 9], 2023).

AZES23 A4 AAH A8 PNUREE ¢ ZE AA s 44 84
g F o, THaE A5 A @R ZAE S A 7 FAAARE Hol
7] W&o HAE AW HA 2L PNUZE Y-S 28] U Al2=EQl SGIS WORKS
A 2HE 83T

YE FHo| ASAE ARe AFENZ SAEA EAY gRlo] oj#9] IA=E

FEFALH)7} +%93H= SeeReal H-54H4 R E € (seereal.lh.orkr)= Fraste] Hts)

&’iﬂ‘r

17) AAH A5 F FEFdde AUFRIE AR, d5Fdds AUFRIE JA ok wiF Zgk
(PNUZRE)S THE 4 9l

18) SGIS WORKS A|=El& SGIS DB TF&o| B3 HolEHE 713 9 AA|, Bshe AzEoz g

e 9 EEY F4AE 84 PNUZE o] 7hsd
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A 1A A agiRel AFEUG W ARt AAY WFE AR Aol
t o 78% 5O MAES HolBE, AFTUG Ws A oF 2% AZAT} £
A gt

o] Hr}.

F HAZ AF IQR A AR 2 HAH Efs RS Hdl A S(cross
validation) 718} sto]¥ aHe|n|El S A A3 T

ZA IQR AlFgt A Al 1342 02 ZTol3(hold-out) o2 BAS 3 & 23}
2 5fold wAHAFE WoE FH ZoARE 858 3 & AF ZToA HESSA
o} 12+ &4 Al IQR Al #ol 059 W 7P £ HUIAREE B, o)A AlA
H&0] 17.0%Z =A Uehy 231 135 Aldl= A8ttt

IQR AlGate ol dA] AANE 9 H7AEE 18ty 1.0 125 F /IR E AA
EI =

A tree #h(n_estimators) A8 HA|] 5fold nAFEFTOZ 7t TR Eg Frof o
s AsS s HAs At Eg 45 50~500 HelolA nlwdk A
R2E 500014 200744 F7FgE o] % 200 o)dollA= HI7FEAES WA F2 mlu|g vk
ALt AZE FETE ST BASiATh o]F B A dF A ALt &8
S 78 YA 1HF Ed 2 2008 HRgog Adsqn)

oA e wpHog HAO IQR AF£1.0, 125 ¥ ET F00)S AA3A
o, HF &Y Sk A V& AT o 2 Fe F8eto d3Rds 7

-

R

o
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<H 3-9> IQR Al ukt A4S

[0 20239 S&FH

1x} & E0}2 (hold-out) 2Xt W *}ZH F (cross validation)

IQR Al%= | HOIH=z | HAHE (RSN R? MAE RMSE e R? MAE RMSE
0.5 17.0 | 775,209 0.9393 2,996 5,169 - - -
1.0 6.7 | 871,387 0.9238 3,416 5,890 _ 0.9322 3439.1 5791.6
1.25 46| 891,108 0.9238 3,490 5,975 0.9259 3586.3 6104.6
15 S33 722 3.2 | 903,461 0.9171 3,573 6,193 10 0.9220 3660.2 6310.3
1.75 24| 911,023 0.9114 3,672 6,502 0.9186 3707.3 6477.2
2.0 1.9 | 916,420 0.9142 3,642 6,430 0.9173 3747.2 6549.1

= O[MK HA : AE/ABT/SBES/FYRYE n 2Y IIE

[ 2023 CH=3E

1X} = E 0} (hold-out) 2Kt WX} Z# F(cross validation)

IQR Al%= | HOIH=z | HAHE ESESPS| R? MAE RMSE RS R? MAE RMSE
0.5 18.6 94,889 | 0.8512 1,983 3,009 - - -
1.0 6.9 108,512 | 0.7849 2,350 3,608 _ 0.7869 2408.3 3642.3
1.25 4.6 111,273 | 0.7708 2,417 3,741 0.7692 2500.7 3825.0
1.5 116,607 3.1 112,967 | 0.7615 2,495 3,903 10 0.7579 2564.4 3949.3
1.75 22 114,083 | 0.7505 2,520 3,992 0.7500 2603.5 4043.6
2.0 15 114,841 | 0.7451 2,553 4,091 0.7450 2642.2 4103.9

¥ O|gX| MA : A=/A2T/8HE/FHF

0t

g m = 7

MM
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<® 3-10> n_estimators(E2|5) WAAS

Eg|s MES Ecx IQR R? MAE RMSE
50 0.9154 3,653 6,097
100 0.9162 3,634 6,069
150 0.9167 3,627 6,052
200 80,000 5 1.25 0.9170 3,622 6,043
300 0.9171 3,618 6,040
400 0.9171 3,618 6,040
500 0.9172 3,616 6,036
R? vs n_esitimators MAE vs n_esitimators
R? (CV mean) vs n_estimators MAE (CV mean) vs n_estimators
0.91725}
36501
0.91700}
3645}
091675} =
= © 3640
9 0.91650 £
E > 3635
3 0.91625 €]
w 3630
& 0,91600 g
3625}
0.91575}
36201
0.915501 | | | | ! 3615 L : i ! i 1
100 200 300 400 500 100 200 300 400 500
n_estimators n_estimators
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[l

AFHor 71E APuse] AFENIT IR A5G, A4 EelFE BaH A3
YL Ssglon, 1 A% BE WA oF Yol AdHE e Hol
g % ok

(&
LR B BN AZAE 2 AP HE £O

= =
on], (HEFd) 7o AEUA-GIFHAS AL AN Y Z-ulv)H 7
U

(29l %, 2F &)

el He HaMH R? MAPE | MAE | RMSE
4 | Q+UFEUE+(x1.25%1QR) 0.889 | 15417 | 4,157 | 7,439
2021
5 | @+USZ2HZE+(+1.0*1QR) 0.892 | 14.696 | 4,057 | 7,228
e 4 | +UFEUE+(x1.25%1QR) 0919 | 12781 | 3,434 | 6,027
~en | 2022
A 5 | @+UE=E+(+1.0°1QR) 0.922 | 12.481 3,363 | 5,874
4 | @+UZSUZE+(21.25%1QR) 0.953 | 9.551 2,601 | 4,697
2023
5 | @+HUSZ2HZE+(+1.0*1QR) 0954 | 9171 | 2,535| 4,593
4 | ®+(*1.25*IQR) 0779 | 26476 | 2210 | 3,682
2021
5 | @+(*1.0*IQR) 0798 | 25119 | 2,153 | 3,539
e 4 | ®+(*1.25*IQR) 0783 | 25186 | 2275| 3,760
% o | 2022
- 5 | @+(*1.0*1QR) 0.799 | 23846 | 2,187 | 3,536
4 | ®+(*1.25*IQR) 0796 | 23789 | 27283 | 3,561
2023
5 | @+(*1.0*IQR) 0.803 | 22669 | 2210 | 3,482
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= X E| =
20219 SSFH (IQR 1.0 7|F)
= 1 A X =
AREZF vs EEZZ z9 x99
v F 253 FR UM FRE (49 10%)
R? =08915, MAE = 4057 B8, RMSE = 7,228 B8, mape = 1469620 % —
500000
wmainder T
00000 wmanaw_BIEHEN
——
g a8
]
I
5 ————
T 20000
eiraindae_ BN EEY)
100000 f—
J—
‘ mander_N74
L ikt Sooooo apo oas ol 015 a0 025 030 035
M 233 Importance
nExX =
20221 ZSFH (IQR 1.0 7|F)
=1 = g = Y. =
MEZSF vs E5HFF Ry o} =QT
v 5 253 FR UM BRE G 10%)
R? =09217, MAE = 3,363 0¥, RMSE = 5,874 08, mape = 1248124 % —
wmainder X8R % n
wmander_B2UHEY
mmander_HAWE
e
o AR
emaindes_ BT HEWR)
w774
wenander_ MBS
] 100000 200000 300000 w0000 $00000 ata 03 G0 o o B3 C] 3 T
41 23S imponance
nEX =
20231 ZEFH (IQR 1.0 7|F)
= 1 P = =
AREZF vs EEZZ z9 x99
M 0% 238 FR Y SRE @A 104
R =09540, MAE = 2535 M8, RMSE = 4593 218, mape = 917131 % ——
#0000
wmainder T
mander_$2EH
wmander_HAUE
!M
0 200000
a [— LT
w
E
p— T
’ oo _B UM @R,
eander_ IR
¢ o B WIE
0 50000 100000 150000 200000 250000 300000 350000 AB0000 o 7o s o o e P o5 o
4N EEE @ portasc

<

2 35> AEH/FHNY
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I:él-

Ap7bzEio]l EAME7L UY o

8 01X For

HH v 0 2
R? =0.8892, MAE = 4,157 2H, RMSE = 7,439 28, mape = 1541759 %

FR UM ERE HW 1070

mosnder_URUE

wenancer_§

mmanter_ER B

remainder_BEHIEEN)

menander WA BE

mnander_TR B

e 100000 200000 300000 40000 0000 o rhm o ol ars 020 0y 03 0
UM EEE R raortance
20229 ZEZFH (IQR 1.25 7|F)
AAEZSF vs FESF 8 04X 3%

v U5 253
R* =09191, MAE = 3,434 DM, RMSE = 6,027 28, mape = 1278185 %

100000 300000

200000
4N 2EE @

Fa 0N Fas (Y5 0N
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o ans 010 s a3

mpetance

s 03 oo

20239 S5

(IR 1.25 7|E)

ARESS vs AE5ESS

8 10X 5

v 4% 233
R? =0.9527, MAE = 2,601 B8, RMSE = 4,697 2%, mape = 9.55187 %

FR UM FRE M 10

wenander_NMEZ

400000 v I,’-
” e0 e
350000
nande_B2EHEY
300000 o
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5 2000
3 s e
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100000
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350000 400000 ;
w e w0 o o @ ok o B
wpores
= O & = <1 0O = T = AL
<% 35> A-H/FERAEE OFESF A Fo O T2k (4%)
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20218 THEFE

(IQR 1.0 7|&)

Al =1 ) = . N = = =
Exﬂy—ou Vs oﬂﬂy—ou _I‘-Q- H‘]ﬁ _6'-9-5
dHvs HE 253 FQ N ERE (47 107
R =07978, MAE = 2,153 BH, RMSE = 3,539 QH, mape = 25.11908 %
AT
120000
Heue
100000
LE
2™ .
= 3
& - T
B 60000 2ER7
ar
E
EBUE
40000
349
20000
R
0 FEID
0 20000 0000 60000 80000 100000 120000 \)I\J o (7] L&) (1}
4N 253 O pertance
= =
2022'd THEFH (IQR 1.0 7|F)
Al =1 B - § = = =
E'.X'"E-on AL oﬂ—lion ‘I"—Q- .T.T-]K% _6’—9-5
Bl YF 2F3 F8 U ERE (M7 107
R* =0.7987, MAE = 2,187 BH@l, RMSE = 3,536 2H, mape = 23.84657 %
vEEw)
120000 ‘/‘
™ LERCER]
100000 HRE
LE I
80000
= o
3 . W
= H
] Z
o eom0 £ qaur
iar o
L4
e
40000
FER
20000
AERA
0 S
0 20000 40000 #0000 80000 100000 120000 00 0 02 ﬂ-i [}
44 253 O pertance
= =
2023'd THEFE (IQR 1.0 7|F)
Al =1 E2EH=1 = = =
Exﬂy—ou \L] oﬂﬂy—ou _I‘-Q- H‘]ﬁ _6'-9-5
v 4% 233 9 04 FR% (@ 0
R? 08033, MAE = 2.210 THE, RMSE = 3482 BHH, mape = 2266905 %
120000 Pl
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<28 1> 0F2E E7HXE (IQR=t1.0)

] 20214
(EH9: %, B 2
ST Ch=E
A=
R? MAPE MAE | RMSE R? MAPE MAE | RMSE
M= 0.892 | 14.696 | 4,057 | 7,228 | 0.798| 25119 | 2,153 | 3,539
ME 0.879 | 15.281| 5900 | 10,327 | 0.672| 30.548 | 3,037 | 4,633
244 0.903 | 12498 | 2,405| 4,111 | 0496 | 43977 | 1,994 | 3,053
of 0919 | 11679 | 2912| 4,311 | 0648 | 27.265| 1,831 | 2772
oI 0.856 | 14.887 | 3,078 | 5,154 | 0.799 | 22.644 | 1,692 | 2,820
aF 0.905| 9.998| 1,901| 3,369 | 0.636| 28439 | 1414 | 2,039
CH 7 0832 | 17671 | 3,849 | 5558 | 0.781| 20442 | 1,531 | 2,298
24 0.850 | 15.879 | 2,866 | 4,652 | 0.663| 24.561 1,474 | 2,341
ME 0.620 | 20.388 | 4,613 | 6,443 | 0.895| 14.008 986 | 2,062
47\ 0.857 | 16.668 | 4,507 | 6,901 | 0.853 | 23.146 | 2218 | 3,513
AR 0.931 | 10.816 | 1,333 | 2266 | 0.782| 18990 | 1,105| 1,819
55 0.904 | 11.860 | 1,746 | 3,053 | 0.818| 17.215 913 | 1,536
e 0.907 | 12792 | 1,968 | 3,215| 0.813| 14.254 918 | 1,497
e 0922 | 9668 | 1482| 2,835 0.791| 18434 990 | 1,540
e 0.952 | 6.455 751 1,587 | 0728 | 31525 | 1,565 | 2,393
845 0916 | 11.237 | 1,620 | 2,830 | 0.737 | 20.080 905 | 1,545
a4 0.874 | 12452 | 2224 | 3,743 | 0.748| 19.700 | 1,140 | 1,782
M= 0.905 | 10.555| 1,871 | 3,194 | 0.718| 34.602 | 4,066 | 7,125
] 20214
(EH9l: %, Bt 9)
M= R? MAPE MAE RMSE
Ch= 0.798 25.119 2,153 3,539
CFAllCH 0.880 15.882 2,219 3,957
OimtE 0.881 15.245 4,892 8,237
uAH” 0.913 8.615 1,589 3,203
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] 20224

(EH9l: %, F 2
SSTH Ch=Z=E
A=

R? MAPE | MAE | RMSE R? MAPE | MAE | RMSE
= 0922 | 12481 | 3,363| 5874| 0.799| 23.847 | 2187 | 3,536
ME 0914 | 13.159 | 4,835| 8535| 0.677| 28481 | 3,006 | 4,613
A 0.909 | 11.371 | 2,339 | 3,847 | 0465| 36218 | 1916 | 2944
i 0.909 | 10.494 | 25552 | 3,916 | 0.659 | 26.331 1,716 | 2,608
oI 0.875| 13.338| 2,741 | 4,208 | 0.749| 26676 | 1,905| 3,236
aF 0914 | 8674| 1,720 3,032 | 0.672| 26294 | 1,487 | 2,247
CH 7 0.902 | 12150 | 2,563 | 3,682 | 0.787| 19.977 | 1519 2,139
24t 0.866 | 12.947 | 2,732 | 4,037 | 0.742| 25123 | 1,508 | 2,490
ME 0.788 | 11.581 | 2,566 | 3,575| 0.825| 15.298 945 | 1,318
471= 0.901 | 13451 | 3,556 | 5286 | 0.846| 21.819| 2311 | 3,557
PARC 1 0919 | 10.856 | 1,471 | 2,437 | 0.736| 19.812| 1339 27265
55 0.899 | 11.005| 1,779 | 2,996 | 0.820| 18828 | 1,108 | 1,811
e 0920 | 11.334 | 1,803 | 2,761 | 0.810| 16.439 | 1,055| 1,762
e 0918 | 9.733| 1,639| 2,863 | 0.789| 18714 | 1,098 | 1616
e 0.943 | 6.354 816 | 1,809 | 0.757 | 24.042 | 1,398| 2,323
48 0.903 | 11.219 | 1,734 | 2,963 | 0.776 | 19.107 | 1,021 1,679
44 0.882 | 11.280| 2,106 | 3,501 | 0.760| 19.845| 1,361 | 2,292
M= 0.864 | 11.311| 2,395| 4,329 | 0.739| 31.862| 3,890 | 5,640

] 20224
(EH2l: %, 2 )

M= R? MAPE MAE RMSE

Ch= 0.799 23.847 2,187 3,536
CHA|CH 0.864 15.385 2,354 4,394
OfmtE 0.918 12.339 3,866 6,487
emad 0.925 8.622 1,586 2,774




44 AFEDNNM 2025-13

] 20234

(EH9l: %, F 2
SSTH Ch=Z=E
A=

R? MAPE MAE | RMSE R? MAPE MAE | RMSE
M= 0954 | 9.171| 2535| 4,593 | 0.803| 22669 | 2210| 3,482
ME 0.946 | 10.034 | 3,909 | 6,937 | 0.662| 27372 | 3,015| 4,543
24 0924 | 9.035| 1,765| 2937 | 0544 | 41717 | 1,873 | 2,684
i 0911 | 9567 | 2,005| 3210| 0.632| 24.551 1,609 | 2,297
oI 0918 | 9.765| 1,950 | 2966 | 0.794| 20573 | 1,678 | 2,581
aF 0933 | 7.266| 1416| 2550 | 0.905| 30.873 | 1,760 | 2,456
CH 0913 | 9.948| 2,082| 3050| 0.721| 18579 | 1,556 | 2,268
24t 0.920 | 10.206 | 1,818 | 2,751 | 0.737 | 21509 | 1,495 | 2,520
ME 0.825| 9.633| 2,092 | 2822| 0794 | 19.719| 1,011 1,490
47|= 0945 | 9.258| 2494| 3814| 0.863| 18.801| 2,138 | 3,232
PARC 1 0.944 | 7.371 1,069 | 1,825 | 0.644 | 23.908 | 1,788 | 3,238
= 0949 | 6.657| 1,044| 1984 | 0.813| 19.185| 1219| 1,798
s 0935| 8608| 1,368| 2166 | 0.785| 15984 | 1,150 | 1,977
e 0935| 7539| 1170 2170| 0.800| 19.385| 1,119 | 1,571
M 0.959 | 5.232 585 | 1,348 | 0.730 | 40.403 | 1,825| 2,845
845 0950 | 7.535| 1,069 | 1,774 | 0.724| 22408 | 1,349 | 2,097
44 0939 | 7.583| 1,391| 2269| 0.783| 20990 | 1,408 | 2,202
HE= 0.892 | 10.136 | 2,000 | 3,544 | 0.827| 21238 | 3442| 5,028

] 20234
(EH2l: %, 2 )

M= R? MAPE MAE RMSE

Ch= 0.803 22.669 2,210 3,482
CHA|CH 0.892 13.018 2,016 3,694
OimtE 0.953 8.740 2,778 4,935
QuAH 0.949 7.108 1,291 2,255
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0 20214
(TH9: %, Tt 2
ST Ch=E
A&
R? MAPE MAE | RMSE R? MAPE MAE | RMSE
M= 0.889 | 15418 | 4,157 | 7439 | 0.779| 26476 | 2210| 3,682
ME 0.877 | 16.116 | 6,068 | 10,646 | 0.645| 31.544 | 3,061 | 4,785
244 0.897 | 13.007 | 2,/445| 4,294 | 0458 | 41554 | 2108 | 3,385
i 0.903 | 12.269 | 3,037 | 4,755| 0.615| 31.038 | 1,866 | 2,791
oI 0.859 | 15.721| 3,102| 5,134 | 0.766 | 30.327 | 1,833 | 2,770
a3F 0.897 | 10.678 | 2,016 | 3,583 | 0.704 | 26299 | 1,478 | 2,247
oH 0.831 | 18.025| 3,891 | 5607 | 0.775| 20980 | 1,556 | 2,382
24t 0.854 | 16.208 | 2,795| 4,649 | 0.705| 23.499 | 1,557 | 2,352
ME 0579 | 22481 | 4975| 6,835| 0.929| 17562 | 1,224 | 2,535
47|z 0.853 | 17.263 | 4,602| 7,079 | 0.835| 2439 | 2289 | 3,696
Ze= 0.920 | 12.002 | 1,453 | 2472| 0.708| 21.962 | 1295| 2,182
55 0.904 | 12.385| 1,825| 3,167 | 0.801| 20.431 988 | 1,581
e 0.901 | 13.733 | 1,999 | 3,398 | 0.763| 17.336 | 1,043 | 1,834
e 0910 | 10.682| 1,529 | 2959 | 0.792| 20486 | 1,104 | 1,788
M 0.944 | 7.311 816 | 1,723 | 0.747 | 26.944 | 1,291 1,951
45 0.908 | 12192 | 1,695| 2980 | 0.707 | 21.328 954 | 1,689
a4 0.872 | 12745 | 2235| 3,816 | 0.691| 21137 | 1234 | 2,039
PN 0.896 | 13.381 | 2,054 | 3,441 | 0647 | 31.415| 4371 | 6,569
] 20214
(EH2l: %, 2t 8l)
M= R? MAPE MAE RMSE
Ch= 0.779 26.476 2,210 3,682
CHAICH 0.876 16.836 2,286 4,120
OfmtE 0.879 15.936 5,007 8,472
QuAH™ 0.905 9.090 1,639 3,283
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] 20224

(EH9l: %, F 2
SSTH Ch=Z=E
A=

R? MAPE MAE | RMSE R? MAPE MAE | RMSE
M= 0919 | 12.782| 3,434 | 6,027 | 0.783| 25187 | 2275| 3,760
ME 0911 | 13.364 | 4,937 | 8767 | 0.669| 30.347 | 3,142 | 4,884
Ak 0.903 | 11.981| 2,428 | 4,096 | 0.367| 43.425| 2052 | 3,483
i 0911 | 11.132| 2,603 | 3,959 | 0.628| 27.492| 1,760 | 2,712
oI 0.874 | 13.893 | 2,801 | 4,292 | 0.777| 25559 | 1,999 | 3,240
aF 0901 | 9.225| 1,758 | 3,173 | 0.701| 26317 | 1,528 | 2,199
oh 0.895 | 12.732| 2,629 | 3,809 | 0.761| 20.151 1,560 | 2,314
24t 0.877 | 12.837 | 2,717 | 4,049 | 0.722| 24588 | 1,541 | 2,468
ME 0.787 | 11464 | 2531 | 3456 | 0.842| 15505| 1,310 | 3,124
47|z 0.897 | 13.748 | 3,642| 5419| 0.829| 23298 | 2403 | 3,765
Az 0921 | 10.152| 1,481 | 2460 | 0.795| 20.303 | 1,248 | 1,994
= 0.898 | 10.852 | 1,715| 2,974 | 0.782| 20290 | 1,161 1,899
s 0.918 | 11467 | 1,782 | 2708 | 0.798| 16.505| 1,110| 1,857
e 0921 | 10.235| 1,655| 2806| 0.778| 19.394 | 1,151 1,768
M 0.949 | 6.241 810 | 1,723 | 0.843| 25893 | 1,416 | 2479
845 0.900 | 12.039 | 1,769 | 2,991 | 0.680| 20.756 | 1,106 | 1,901
44 0.881 | 11.676 | 2,206 | 3,669 | 0.764| 21.045| 1,270| 2,080
S [ES 0.837 | 12.892| 2,734| 5174 | 0.631| 26688 | 4,420 | 8,463

] 20224
(SH9L: %, Bt 9)

M= R? MAPE MAE RMSE

Ch= 0.783 25.187 2,275 3,760
CHA|CH 0.876 15.705 2,356 4,137
OimtE 0.914 12.632 3,958 6,712
QuAH 0.922 8.970 1,634 2,887
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] 20234

(EH9l: %, F 2
SSTH Ch=Z=E
A=

R? MAPE MAE | RMSE R? MAPE MAE | RMSE
M= 0953 | 9552 | 2601 4,697 | 079 | 23789 | 2283 | 3,561
ME 0.945 | 10.397 | 3,976 | 7,034 | 0.674| 28117 | 3,032 | 4,454
244 0.925| 9404 | 1,795| 2,959 | 0.536| 36.952 | 1,796 | 2576
i 0913 | 10.111 | 2,089 | 3,347 | 0.580 | 26.117 | 1,708 | 2,601
oI 0.911| 10.290 | 2,051| 3,165| 0.813| 22510 | 1,666 | 2,537
a3F 0930 | 7.589| 1,391| 2,569 | 0.584 | 29.853 | 1,683 | 2,290
o 0.908 | 10.383 | 2,189 | 3,211 | 0.679| 19.737 | 1656 | 2,585
24 0.909 | 10.961 1,954 | 3,025| 0803 | 21.028 | 1,484 | 2420
MZ 0.812 | 10498 | 2,261 | 3,074 | 0.759| 22.926 | 17364 | 2117
471= 0942 | 9576 | 2,562 | 3,952 | 0.847 | 20994 | 2257 | 3,471
AR 0.943 | 8.471 1,118 | 1,900 | 0.722 | 23.432| 1,684 | 2,811
= 0954 | 6.645| 1,026 1,885| 0.788| 18260 | 1,223 | 1,854
s 0931 | 8825 | 1,439| 2307 | 0.794 | 17.271 1,273 | 2,030
e 0937 | 7.418| 1,61 | 2,093 | 0.697 | 20.366 | 1,294 | 1,985
M 0.965 | 4.844 569 | 1,256 | 0.681| 32.104 | 1,828 | 3,067
45 0941 | 8214 | 1,120| 1,935| 0.704| 22255| 1369 | 2430
a4 0932 | 8408| 1,479| 2532| 0.749| 22.022| 1,554 | 2,692
N[ 0.896 | 10.705 | 2131| 3,490 | 0.801| 27.245| 3770 | 5,117

] 20234
(EH2l: %, 2t 8l)

M= R? MAPE MAE RMSE

Ch= 0.796 23.789 2,283 3,561
CHAICH 0.895 13.813 2,060 3,668
OfmIE 0.952 9.067 2,855 5,063
emAd 0.943 7.360 1,321 2,336
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Abstract

A Study on the Measurement of Monthly Rent
of Owner-occupied Dwellings for the Estimation
of Imputed Rental Income of Housing

Song Jung-hyun, Byun Jun-seok

This study aims to develop a method for estimating imputed rental income
from owner-occupied housing, utilizing data from the Jeonse and Monthly Rent
Reporting System and applying machine learning techniques, in order to
incorporate the value of housing services that owner-occupied dwellings provides

into household income.

Based on jeonse contract information obtained from the Jeonse and Monthly
Rent Reporting System of the Ministry of Land, Infrastructure and Transport
(MOLIT) during the 2021-2023 period, this study combined the average jeonse
and sale prices from the Korea Real Estate Board's Housing Price Trend Survey
with housing complex characteristics from the MOLUT's Building Register. For
analysis, housing units were classified into multi-family housing units (apartments,
apartment units in a private house, row houses, officetels) and detached houses
(single-family houses and multi-family houses). With housing characteristics (area,
floor, year of construction), housing complex characteristics (land, building type,
gross floor area, number of households) and variables in local markets as
explanatory variables, this study developed a model to predict jeonse deposits by
type.

Random Forest, a tree-based ensemble technique, was used for estimation. To
deal with outliers, IQR coefficients were verified for jeonse deposits per unit area,
and cross-validation was performed on the number of trees (n_estimators). These
procedures ensured a consistent estimation performance and a moderate

computation time.
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For the final estimation model, the first applied it to jeonse households in the
Survey of Household Finances and Living Conditions and examined the
differences between the predicted and reported jeonse deposits. Second, we used
the prediction model to estimate jeonse deposits for owner-occupied and
rent-free households, and then applied the jeonse—-monthly rent conversion rate
and the interest rate to these predicted deposits to derive imputed rental

income.

Using administrative data and machine learning techniques, this research
developed an estimation model to measure the value of housing services of
owner-occupied housing units. This model was applied to the Survey of
Household Finances and Living Conditions to verify its performance and
applicability. This study is meaningful in that the method of reflecting the
characteristics of housing units, housing complexes and local markets in detail is
proposed, and the possibility of measuring the value of social transfer in cash of
public rental housing units is presented. It is expected that by adding variables
that enhance explanatory power and further advancing this model in the future,
this model will be utilized to estimate imputed rental income from

owner-occupied dwellings and produce related statistics.

Key words: imputed rental income from owner-occupied housing units, machine

learning, real transaction value of jeonse and monthly rental
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