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Abstract: We estimated used-car prices contracted in auto-auction markets by using the hedonic approach
based on a linear regression and the XGBoost model based on a nonlinear machine learning, and evaluated
their accuracies and the importance and polarity of explanatory variables. As a result, we confirmed some
advantages of using machine learning because each used car has unique properties and these features are
nonlinearly interacted. Moreover, we applied our price evaluation model to detect undervalued prices as

arbitrage opportunities caused by the location and scale of auto-auction markets.
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Table 1 Car models for analysis.
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LS LW 34,472
R A CROWN =R 214,160
PRIUS =R 371,601
FIT Koy 348,034
DEMIO VY 124,969
VAT AQUA =P 92,362
NOTE H 140,315
Vitz ra sy 390,493
SERENA H 211,484
=AM ESTIMA =R 108,321
STEP WGN Y4 191,471
Forester SUBARU 75,497
PAJERO = 3 40,042

Suv
PRADO INER4 112,209
OUTLANDER =% 26,064
AR—= Roadstar Uy 16,364
TANTO AN 168,783
- WagonR X7\:—*\— 244,976
ALTO A X F 80,064
MOVE T AINY 299,603
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Table 2 Explanatory variables.

HEIH [HAL]

FEATHRE HanlEOELTHIEE 1,000 km]
#&HAE AR & TSR O [41]
FEAf MEE, SEEOREIRE (0~5) [K]

HRGE ) O HMOTE Y H ¥ [ 1]
PR Y PR [ec]

e HEEARH SR omnEH ]

ALt PO Mt (1]

TR (7 I =28, #% Tl 2f5)
FE&TLEHY, FEDA
L= —=1dbh), Yo V—=7HDY
11T BIEE (FiELzEL) 0
1H, 210,30, 41,51, 61
7TH, 8H, 9H, 10, 11 A, 12 A
H, Bk, B, ¥, K &, Y-
B, %, TAKRY—, F, FER
WA, B U, K, iRk
i, R, WA, FL Y, 2ofh
Jeitgad, ACb, BARRE, WS, ek
HE - DU, U - AR

FTar

51H

R

5 [ 3

3. EMFXIC L B EEZFILMEDHETE

NKNZv 77 TIa—Fid, Wofiitkz <ol OEkz &
(2w L TR 2 e L, B0 & L RHA
DIEFNZ & o T, ShkA M Otk % 57l § 2 HikimTdh

40



BHRNIBP 2RI HREFMMEESA Vol.i4 No.3 39-50 (Aug. 2021)

5 [3]. AREFZEICB W TIE, #ITHEAL S 7y B %
v LEDEME 2, (p=1,2,---,P) IZHEDSWTHENGF
Braqrv, e S N mEmERE a, % &8O B
R,

Yi = Q1 T1; + Qoo + -+ QpTp; + € (1)

TIT e BEETHY, ( IFHYWICBIT L P EHED A
YTy I ATH A, HNER x, DEMNEBIZOWTIIE
Wbz i, HWERy 20T EHVLE. 2L TR 2
FHIZEY 6, FHET S, LBLELMEA~ORICE L
T, ¥ I—EBAL LB ERII O W TR EEER &, %
WDy I —LRFIEE z, DOBIT A, WEIH
TIE 1A, BT Touv—], 5T T3
W] XL T L. CORBERZFICHPETVE LTHY
LN BENFATIE M TH 20, Rk 258 T
EILREE X BT 2720, $XTOF I 5% FH%E
Boa, L LTHWS.

K, FERMELREICHm SN HEEOAL 7y 7 A
g ERERT AL, KAL) ITHEMMEZHEETE L.

U; = dqwyj + Qaxaj + -+ Qpxp (2)

A& HEE L2 BT M & 1) Ui b % @R 3 575, ¢
2DV TR L O 2512 X > TIEOMfifE A 7 — v [H]
RS, BARTETIE, 201741 HA 5 2017 4F 12 B % fff
WM e L, 1 7 A ICHEEZ2ITH. FORIC,
EHRIAD» S WA 2R FHMMET 5. B, #£11
RYEMNCEE GU() BLUUEE (X (2) 217).
X (1) BLOK (2) oFLEE e LT, SIEHB 0L =L
HEIZOWTHRE S 5. A2 T, Python @ statsmodel
FATIVIHEHEN TS VIF (GEdE AR %t
L, VIF 7710 Z#8 2 % JLH x, 132 IO BEIN &
% B REEDSE V2o, KAOERFEXLSBRINL. #
DB, RO VIF 2R HHEHE 1 DRI L7251
VIF Z HatE L, RS NHEED VIF 259 XT 10 £
Wb FETLOFORIL72. RIS HRE
TEBIUAZETRELRL D, BAMGEERIZEET S,
T = \DH TIEDO MR AHAR DO FFROEE DS,
ARy 7770 —F TIEHNERO R G5
PRI A D 2 E AL\ (3], e zE, HIWERTH
BAEEAME O AT A i L, B BEE L v o
7eE AR A CEOYRRICEE L Twb [13]. £ 2
TAFZEICB W THRAERE T EAR L L, BWERICD
WO L SR 238 ) THEE A AT . O
LT, 5 ETHEATLIERIEET IV TIEHWERDON
T LEE L\, REOKILET IV L HBITFEC
T57:0Th5H. LM EAT 25461, 1) TiE
yi logy, L, X (2) Tldg; &logy; £95. TDIE,
exp(log ;) I2& > Tg; 2155,

© 2021 Information Processing Society of Japan

EEE:19.78%
30004 REMRE :0.58

2000

1000 4

#EZEfffit& [1000F)

o

=1000

0 500 1000 1500 2000 2500 3000 3500
SEAL{fi4& (1000M)

1 fEEfiit g; (el & EOEME y; (Bl oM. 7272
U H BB B % i S % W6, IR O&RIEEL S

72 PRIUS OHHTH 1), ETFOFEMRIIFEAEOFEHIITH 5

Fig. 1 Correlation diagram between the estimated price ¢;
shown in the vertical axis and its actual price y; shown

in the horizontal axis without applying the logarithmic
transformation to the objective variable. Each dot cor-
responds to individual car of PRIUS, and two solid lines

show the upper and lower limits of the acceptable error

range.
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Fig. 2 Same as Fig. 1, but applying the logarithmic transfor-

mation to the objective variable.
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Table 3 The accuracy A and the coefficient of determination

R? of the estimated price ;.

o EEER A [%] RERE R2
FLEZE I </ S I 1 S € 4 @
LS 4.91 7.48 0.45 0.57
CROWN 10.93 18.72 0.44 0.53
PRIUS 19.78 25.07 0.58 0.69
SERENA 13.95 23.43 0.62 0.58
ESTIMA 10.10 14.36 0.50 0.66
STEP WGN 16.07 40.60 0.46 0.48
TANTO 25.36 32.31 0.74 0.80
WagonR 51.85 50.99 0.89 0.86
ALTO 49.70 54.78 0.86 0.84
MOVE 44.87 51.87 0.87 0.86
FIT 18.70 38.03 0.40 0.46
DEMIO 34.31 60.24 0.72 0.86
AQUA 20.10 21.21 0.33 0.41
NOTE 22.14 26.10 0.60 0.66
Vitz 23.42 49.94 0.71 0.83
Forester 25.98 41.68 0.88 0.66
PAJERO 22.05 37.37 0.84 0.83
PRADO 27.31 24.66 0.90 0.82
OUTLANDER | 12.98 17.11 0.37 0.54
Roadstar 20.11 23.12 0.73 0.80
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Fig. 4 Relationship between car ages and contract prices of
PRADO.
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Fig. 5 Same as Fig. 1, but using XGBoost to estimate g;.
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Table 4 The accuracy A and the coefficient of determination

R? of §; estimated by XGBoost. Each figure in paren-

thesis shows the improvement from the multiple linear

regression with logarithmic transformation shown in

Table 3.
HLE EER A [%] RERE R?
LS 31.43  (4+23.87) | 0.94 (+0.37)
CROWN 56.85 (+38.13) | 0.97 (+0.44)
PRIUS 64.06  (+38.99) | 0.96  (+0.27)
SERENA 66.72  (+43.29) | 0.98 (+0.39)
ESTIMA 52.53  (+38.17) | 0.96 (+0.30)
STEP WGN | 69.80  (429.20) | 0.96  (+0.40)
TANTO 69.32  (+37.01) | 0.97 (+0.16)
WagonR 75.31  (4+24.32) | 0.96 (+0.11)
ALTO 74.70  (4+19.92) | 0.95 (+0.11)
MOVE 75.47  (+23.60) | 0.97  (+0.10)
FIT 75.86  (+37.83) | 0.95 (+0.49)
DEMIO 74.18  (4+13.94) | 0.96 (+0.10)
AQUA 72.76  (+51.55) | 0.94 (+0.52)
NOTE 72.43  (4+46.33) | 0.96 (+0.30)
Vitz 73.30  (4+23.36) | 0.95 (+0.12)
Forester 69.27  (4+27.59) | 0.98 (+0.32)
PAJERO 60.90  (+23.53) | 0.97  (+0.14)
PRADO 51.34  (4+26.68) | 0.96 (+0.15)
OUTLANDER | 53.16  (+36.05) | 0.93  (40.39)
Roadstar 51.87  (4+28.75) | 0.96 (+0.17)
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Fig. 11 Mean value and standard deviation shown in Table 5, but in all auto-auction
venues.
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Table 5 Deviance ¢, (t) [1,000 yen] in major auto-auction venues.
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