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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
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arbitrage opportunities caused by the location and scale of auto-auction markets.
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Table 1 Car models for analysis.

RKFA4 =547 Hifd A =7 HEALIESL
LS LA 34,472
ty CROWN NERA 214,160
PRIUS INERY 371,601
FIT Koy 348,034
DEMIO <y 124,969
a Ny b AQUA INER4 92,362
NOTE H i 140,315
Vitz NERS 390,493
SERENA H i 211,484
Iy ESTIMA INERA 108,321
STEP WGN v 191,471
Forester SUBARU 75,497
PAJERO =% 40,042

SUVvV
PRADO INER 112,209
OUTLANDER =% 26,064
AR—= Roadstar Uy 16,364
TANTO FAINY 168,783
B WagonR A XﬂF 244,976
ALTO AR F 80,064
MOVE ZA Ny 299,603

x® 2 SHILE
Table 2 Explanatory variables.
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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.

% 3 HEEiRE g; OEEE A LERE R?
Table 3 The accuracy A and the coefficient of determination

R? of the estimated price ;.

o EEE A [%] RERE R?
A BRI | B AR
LS 491 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 3;.
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Table 4 The accuracy A and the coefficient of determination

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

thesis shows the improvement from the multiple linear

regression with logarithmic transformation shown in

Table 3.

HUff EEE A [%] RERE R?
LS 31.43  (4+23.87) | 0.94 (4+0.37)
CROWN 56.85 (+38.13) | 0.97  (40.44)
PRIUS 64.06  (4+38.99) | 0.96  (40.27)
SERENA 66.72  (+43.29) | 0.98  (4+0.39)
ESTIMA 52.53  (+38.17) | 0.96 (+0.30)
STEP WGN | 69.80  (+29.20) | 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  (+19.92) | 0.95 (+0.11)
MOVE 75.47  (4+23.60) | 0.97 (+0.10)
FIT 75.86  (+37.83) | 0.95 (4+0.49)
DEMIO 74.18  (+13.94) | 0.96 (+0.10)
AQUA 72.76  (+51.55) | 0.94 (4+0.52)
NOTE 72.43  (+46.33) | 0.96 (+0.30)
Vitz 73.30  (+23.36) | 0.95 (+0.12)
Forester 69.27 (+27.59) | 0.98 (40.32)
PAJERO 60.90 (4+23.53) | 0.97 (+0.14)
PRADO 51.34  (+26.68) | 0.96 (+0.15)
OUTLANDER | 53.16  (+36.05) | 0.93  (+0.39)
Roadstar 51.87  (+28.75) | 0.96 (+0.17)
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