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UBI Auto Insurance Pricing Model Based on Driving Behavior

WU Xiang-you
(Minjiang University Fuzhou 435108 China)

Abstract [Purpose/Significance] With the advent of the 5G era, pricing based on driving behavior rather than
mileage will become the key to auto insurance pricing. Reasonable UBI auto insurance pricing not only helps
actuarial fairness, but also facilitates the popularization of UBI auto insurance. [Design/Methodology]
Based on the driving behavior data of the UBI insured, an ordered logistic model of the influencing factors of the
number of claims is constructed. [Findings/Conclusions] The empirical results show that high-speed driving, rapid
acceleration, number of violations and mileage have a significant positive impact on insurance claims. Sudden
braking and sharp turns have an insignificant effect on the number of insurance claims. Among them, sharp braking
will decrease and sharp turns will increase the number of risks. Based on the probability distribution of the insured
at each claim level predicted by the logistic model, the expected number of claims without luck disturbances can be
obtained. Taking the ratio of the expected number of claims of the specific insured and the average number of
claims of all the insured as the weight, it is possible to implement driving behavior-based pricing that is better than
current NCD pricing for auto insurance.
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T E Obs Mean Std. Dev. Min Max skew curt Jarque—Bera
category 400 1.347 1.466 0.000 4.000 0.577 1.884 8.048
overl20ratio 400 1.724 1.801 0.000 6.580 1.224 3.503 19.507
suddenacceleration 400 8.200 6.036 0.000 29.000 0.747 3.322 7.295
suddenbrake 400 19.360 9.883 4.000 42.000 0.072 2.137 2.394
suddensteering 400 20.293 14.230 0.000 54.000 0.334 1.881 5.307
breaches 400 0.987 0.878 0.000 3.000 0.630 2.739 5.169
mileage 400 1264 562.35 217 2578 0.401 2.565 2.603
rushhoursratio 400 9.804 4.428 1.600 21.600 0.276 2.760 1.135
nighthoursratio 400 4.487 2.949 0.300 15.100 1.178 4.837 27.886
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weekendhoursratio 231.091 0.229 1.45
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XE (1) (2) (3) (4) (5) (6)
overl20ratio 0.565%%* 0.396* 0.412% 0.412%* 0.394%* 0.791%*
(0.207) (0.211) (0.213) (0.216) (0.217) (0.326)
suddenacceleration 0.262%** 0.256%** 0.251%** 0.25]%** 0.245%** 0.234%**
(0.075) (0.080) (0.079) (0.079) (0.080) (0.078)
suddenbrake -0.022 -0.016 -0.020 -0.020 -0.019 0.021
(0.060 ) (0.064) (0.064 ) (0.065) (0.066) (0.067)
suddensteering 0.077** 0.063 0.063 0.063 0.064 0.031
(0.038) (0.040) (0.040) (0.042) (0.042) (0.045)
breaches 1.165%** 1.141%%x 1.142%%% 1.142%%% 1.153%%* 1.273%#%
(0.419) (0.424) (0.424) (0.429) (0.427) (0.448)
mileage 0.002%* 0.002%** 0.002%* 0.002%* 0.002%%*
(0.001) (0.001) (0.001) (0.001) (0.001)
rushhoursratio -0.050 -0.050 -0.026 0.014
(0.078) (0.078) (0.086) (0.091)
nighthoursratio 0.000 0.020 0.046
(0.115) (0.119) (0.121)
weekendhoursratio -0.057 -0.073
(0.084) (0.086)
eighty120ratio —0.295%*
(0.176)
Constant cutl 4,339k 6.283%%* 5.861%%% 5.862%%* 5.449% 5% 5.601%%*
(0.864) (1.292) (1.407) (1.439) (1.542) (1.571)
Constant cut2 5.80 1% 7.730%%* 7.319%%% 7.319%** 6.931%%% 7.139%%*
(1.004) (1.390) (1.494) (1.526) (1.612) (1.654)
Constant cut3 7.890%** 9.916%** 9.514%%* 9.515%%+ 9.195%#* 9.387%*+
(1.202) (1.586) (1.670) (1.694) (1.746) (1.784)
Constant cut4 10.470%** 13.052%** 12.689%%* 12.690%** 12.344%%* 12.776%**
(1.537) (2.086) (2.135) (2.143) (2.178) (2.292)
AIC 133.5356 128.407 8 129.992 6 131.992 6 133.533 6 132.564 4
BIC 154.393 151.582 4 155.484 9 159.802 4 163.660 9 165.009 2
Brant test 0.999 1.000 0.999 1.000 0.984 1.000
Omodel test 0.1919 0.613 7 0.700 5 0.237 1 0.1725 0.168 6
Observations 400 400 400 400 400 400

Standard errors in parentheses*** p<0.01, ** p<0.05, * p<0.1.
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R4 BLENBFRBNL SR
(1) (2) (3) (4) (5)
overl20ratio —0.030 2* —0.001 1 0.003 9 0.014 7#* 0.012 6*
(-1.82) (-0.70) (0.72) (2.20) (1.83)
suddenacceleration —0.019 5*** —-0.000 7 0.002 5 0.009 5** 0.008 2***
(-3.79) (-0.60) (0.88) (2.57) (3.66)
suddendeceleration 0.001 2 0.000 04 —0.000 2 —0.000 6 —-0.000 5
(0.25) (0.27) (-0.26) (-0.24) (-0.25)
riskysteering —0.004 8* ~0.000 2 0.000 6 0.002 3 0.002
(-1.67) (-0.63) (1.12) (129) (1.63)
breaches —0.086 2%+ —0.003 1 0.0112 0.042 4#* 0.036 3%+
(-2.85) (-0.64) (0.90) (2.22) (2.80)
mileage —0.000 01%** 0.000 05 0.000 02 0.000 07+ 0.000 06***
(-2.55) (-0.62) (0.81) (2.12) (3.11)
Z statistics in parentheses*** p<0.01, ** p<0.05, * p<0.1,
x5 ETERITAENHN NSRS
F& TG A Gz Hap kst ek HK MAEE AR T
1 # 2 CIL6440LIAWS AL i 5L 2014 6905.33 2214 11353.09
2 & 76 ATCAF7180B i ) A 2014 2244.13 2.576 4292.208
3 1B FECAF7152BC43E ) AL 2013 1939.73 3.873 5578.193
4 18 7 B CAFT102A51 4 f R i AL 2014 236421 2.462 4322.799
5 & 3. HTCAF7163B4 2008 1514.07 1.621 1.822.461
6 & 7% T CAF7102A38 2015 2526.89 0.040 75.100
7 & #F CAF7200a42 2015 2382.69 2253 3986.672
8 % = SGM6470TAXD 2015 3370.29 2.526 6321.867
9 * HGTM7160LVCE 2014 2 127.06 0.053 83.357
10 LVSHCFDB4DE242956 2011 2071.55 0.057 87.919
11 LVSHCAAE9BF819215 2011 1 684.86 3.655 4573.018
12 E 1 2 SGM7168ATB 2014 1966.76 0.070 102.294
13 E 1 2 SGM6473ATA 2015 2142.64 2.023 3219.186
14 #3K2012 2013 1961.63 1.687 2457.534
15 1 5 #2013 2012 1930.12 0.299 427.827
16 #2012 2012 1951.16 0.188 273.095
17 A B B 2012 2013 1918.18 3.968 5651.923
18 K #HM42012 2015 2 405.86 0.033 58.558
19 —AAARCC2012 2015 1 966.76 2.147 3 135.966
20 JT A% IR2013 2013 2234.49 2214 3674.113
21 + % B W ZPATRIOT2.4L 2012 2076.18 0.298 458.692
22 K AFV7207FCDWG 2012 1891.64 0.179 251.689
23 ¥ 72 2 BEETLE2.0L 2010 1 609.50 1.775 2121.284
24 K %SC7164B 2013 23486 3.584 6250.706
25 ## #JJAGUARXJL2.0T 2011 1579.92 0.560 656.449
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X H 6 2R s R B T 5 M3 A R 2K i logistic
B, IR NS TR AR Y, S — EARAE
P ARRASCHTEBR R R METE, Frgn Hiaa
BERLEAEE R (K6 -

R 6 AMSDHEIEAER

TE (1) (2) (3) (4) (5) (6)
overl20ratio 0.105%%%* 0.069* 0.069 0.075* 0.070* 0.073
(0.040) (0.040) (0.043) (0.043) (0.039) (0.061)
suddenacceleration 0.044% 0.045%%* 0.045%%* 0.043%%* 0.042%* 0.042%*
(0.017) (0.016) (0.016) (0.016) (0.017) (0.017)
suddendeceleration 0.004 0.004 0.004 0.003 0.002 0.002
(0.018) (0.018) (0.018) (0.018) (0.018) (0.022)
suddensteering 0.024%* 0.020 0.020 0.021 0.021%* 0.021
(0.013) (0.013) (0.013) (0.014) (0.013) (0.016)
breaches 0.332%%% 0.285% % 0.285% % 0.309%%* 0.281%%%* 0.2827%*
(0.093) (0.087) (0.087) (0.100) (0.100) (o.101)
mileage 0.000* 0.000* 0.000* 0.000%* 0.000%*
(0.000) (0.000) (0.000) (0.000) (0.000)
rushhoursratio 0.001 ~0.001 0.006 0.006
(0.020) (0.020) (0.021) (0.021)
nighthoursratio -0.016 ~0.003 -0.002
(0.026) (0.027) (0.027)
weekendhoursratio —0.034 —-0.034
(0.025) (0.025)
eighty120ratio —0.003
(0.047)
Constant —1.564%%% —1.800%** —1.807#%* —1.757#%% —1.497#%% —1.496%**
(0.249) (0.269) (0.324) (0.331) (0.378) (0.378)
AIC 179.118 179.449 181.448 183.288 184.292 186.291
BIC 193.023 195.671 199.988 204.145 207.467 211.783
Observations 400 400 400 400 400 400

Robust standard errors in parentheses*** p<0.01, ** p<0.05, * p<0.1.

Kolor, REHTAIC. BICE/MUEN, #
B, BRI R AL, BAE Ao MY
H AT JE A, TR T A SR AR DLBE R 2 Dy i o Ji T
M. KB 2E /R, overl20ratio.
suddenacceleration. breachesflimileageffk #A X}
HH 56 2R I A AE B 2 . suddenbrake fil
suddensteering % Hi 5 2% I EUA 7 7E AN 35 B2

X5 FRIPBA AT R AR S8 BAHRT, BIA
SCE RS B AT g R 2R B i BT R i )
7y FKlogistichi M 5B BA mE R — 8, &

A ST R A P AR B AT e R R g

(=) R=AnH

FEPRZR SN H 6 2R IG5 B i DR 3 g ST AR 2 (1) 3ok
FErr, ST TR B A A A
FITH IR A TR T T2 R . AR
QAT AR H B R B A, s T X R
A AR A5 R (IR, BAEAT I
BT o

FIREH, 7EAIC. BICH/MUIENZ R, K7+
BRI S TR, (BT HAb4 N, AR —
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ik, MR B IT AT, R T AR 2 [H
FE& R, overl20ratio. suddenacceleration.
breachesflmileageXt H 6 2 85 IR EUAFAE 2 35 11 5
M, fiisuddenbrakefsuddensteering | 47175 A 2 35 )

M. RIFHERPINE SRS ROFAFAERE
IZ2 57, BRI 4R 2 AT A 5 L R 2R I
B ocmAsa, RN AT & AR A BAT IR 5
IR A -

#z7 IS HHEEALER

RE (1) (2) (3) (4) (5) (6)
overl20ratio 0.105%** 0.069* 0.069 0.075* 0.070* 0.073
(0.040) (0.040) (0.043) (0.043) (0.039) (0.061)
suddenacceleration 0.044** 0.045%** 0.045%** 0.043%** 0.042%* 0.042%*
(0.017) (0.016) (0.016) (0.016) (0.017) (0.017)
suddendeceleration 0.004 0.004 0.004 0.003 0.002 0.002
(0.018) (0.018) (0.018) (0.018) (0.018) (0.022)
suddensteering 0.024* 0.020 0.020 0.021 0.021* 0.021
(0.013) (0.013) (0.013) (0.014) (0.013) (0.016)
breaches 0.332%** 0.285%** 0.285%** 0.309%** 0.281*** 0.282%**
(0.093) (0.087) (0.087) (0.100) (0.100) (0.101)
mileage 0.000* 0.000* 0.000* 0.000%** 0.000%**
(0.000) (0.000) (0.000) (0.000) (0.000)
rushhoursratio 0.001 —0.001 0.006 0.006
(0.020) (0.020) (0.021) (0.021)
nighthoursratio -0.016 -0.003 —-0.002
(0.026) (0.027) (0.027)
weekendhoursratio —0.034 —0.034
(0.025) (0.025)
eighty120ratio —-0.003
(0.047)
Constant —1.564%** —1.800%** —1.807*** —1.757*** —1.497**x* —1.496%**
(0.249) (0.269) (0.324) (0.331) (0.378) (0.378)
AIC 181.118 181.449 183.448 185.288 186.292 188.291
BIC 197.340 199.989 203.305 208.463 211.785 261.100
Observations 400 400 400 400 400 400

Robust standard errors in parentheses*** p<0.01, ** p<0.05, * p<0.1.

(=) A TFSVMEFALE AT

WHTATR, MLEs5 I BEERIR R F AR
AR EREE . XM ENL (Support Vector
Machine, G F#RSVM) 555 5 15T A R AL R [ H T
RGO EAR T Z e, KT a2
logistictE R AN SCRF &AL (SVMD) BT 45 R 245
JERLFER . RBLE T FEAHT 25/ VLB 1) SE B
H S 2R I R Al logistic 5 Y . JEAAREAY , f7 T AS
0 R SR A S AL IR0 P H 56 28 6 UK B

#K8EIN, MEZEF M (Sum of Squares of
Deviations) K&, HJF 7 FKlogistict AL (1) Tl 45

RS TSR RN, AEAL T8k 7041 A
IR AT B TN AR, L P A T e A
FATRS o SCHF 1) SATL B BN 285 SR/ /Nty &5
R, XE5HRARES (2018) Fromif it ml i e siAH
FFE0 Ao Rlogistichi M B 25 FHLAS 7 > Hk,
B FIHAR AT AN I AR, B A ST A
HE AR RO Ra i . SCRF IR EHLA T 45 SR A
73 Klogistic M TR AR SCRE, BEBIA SO R) 22
RIS R REHE TR IR0 B R D 2R R, A
AR AR .



FAAE: AT E AT A UBLE e 2 MR 5.

*8 HMIERETHUNE KRR

e iz EtN ey =y S L S LG

FHK K M A K B O % Bk B BEMERAH  BOUERERAHK  BONEEERAK
1 2 2214 1.310 1.310 2 1.912
2 3 2.576 1.621 1.621 3 3.147
3 4 3.873 4.909 4.909 4 3.854
4 3 2.462 1.576 1.576 2 3.089
5 1 1.621 0.952 0.952 2 1.146
6 0 0.040 0.307 0.307 0 -0.131
7 3 2.253 1.631 1.631 3 2.826
8 3 2.526 1.709 1.709 3 2.854
9 0 0.053 0.333 0.333 0 0.147
10 0 0.057 0.309 0.309 0 0.100
11 4 3.655 3.432 3.432 4 3.854
12 0 0.070 0.362 0.362 0 0.074
13 3 2.023 1.379 1.379 3 2.854
14 2 1.687 1.064 1.064 2 1.944
15 0 0.299 0.470 0.470 0 0.030
16 0 0.188 0.440 0.440 0 —0.091
17 4 3.968 6.124 6.124 4 3.848
18 0 0.033 0.286 0.286 0 0.146
19 2 2.147 1.519 1.519 2 2.146
20 2 2.214 1.383 1.383 2 2.146
21 0 0.298 0.527 0.527 0 0.146
22 0 0.179 0.437 0.437 0 0.147
23 2 1.775 1.282 1.282 2 1.882
24 4 3.584 3.445 3.445 4 3.853
25 2 0.560 0.782 0.782 2 1.294

SSD 5.496 21.428 21.428 2.000 0.905

B Fie5EW

B Hp [ KBl 0 7 ORI 24 " UBTZE G i
IR ORIE N 2 AT Kl Fid 1 R R I Y
i K2R KA 7 70 Klogistichi Y, SKAEZE R, &
HATHE, U CBOMAT B L RERE 2 P
TR P R H BN 4 AN SR S R R
HAALER, HIARE. Kb, SREGIHTH
i, MSHESEREHERRE. 2o MiERALRE
T A T IO S O B o ) R E
VIR G2 40 B P AL A X UBT A B € i T B oA
Wi R . “=R07 hRmE 2 T R
FIRERG IR, ESIA SR AT, R
ORISR G (RO REFRAR T ARG s Hh R 2R
OB MG TEREN LA R, 4T3 AR K S
X R RS R I CHCA 3 s, B BRI R T
UM B A AT N AR R, WoRUBIE R
B SN AR AR 0 5 F& ¥ K5 T o

R PR N BT, DA 773 HKlogistichs
TR H 5 2R K, P AT £ S 3R £
Je AR TR A0 (1) e 9% R BEATUBLZE € i s A0 T
BUTHINCD R EN 7k AREIN, MRS
B SERR H R CEOAT REAR T Bl T3 T 2 AT

T F) R RS 2R I K, (R e T B T M 4
T OLAT R A2 th T s R AE BE AL Bh i s . (A
M, Z= T4 7 Klogistic 2 1 TR IIME 17 ENCD3E
TR et A B AR, ENGIT S HAT O,
RE SIS B B RS o YEAA AR L A o)
AT L SRR IR B LSS T IR IAE B AT 1 73 SKlogistic
H A 28 B AT D TN Hh 6 R A BAT S e
IHER R SRR E Tk

3 T AT B AR AR AR G 2R R E I (A O
Ak, tARUBIEREN KGR, HEHUX
PR B AT AR R, AU EA 1
WAT NG RN B . NIl UBIZE R E f e 2e AAT
FIZS ATy, BRI R 2RI R, s B 14
BRI BRI E G, R AT A
FEEAREER 5 E . RIS A F T EE T SHERT
FCo i UORAEE M A, DTS IX A B
TR EATR S BAT 8. R, 5
A7 B AR AR UBTZE G € H v BB ) 355 AT
AR WAT N, BRI AT, B BT R
BRI UCEL XHBORIHE PRI RN R L

CR R OIS A R R W AU A
F I FIRE s SV SN 4 R S R I OB AE A
RER LR SN A (ECSRIE ) X R 2R
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