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Abstract

Pay-As-You-Drive (PAYD) motor policies are a hew concept of insurance
contracts which has started to be commercialized in many countries. It is
also called Usage Based Insurance (UBI) because, instead of an annual
premium be established, the premium is fixed according to the number of
kilometers done by the car, besides other characteristics of the risk
traditionally used in pricing. Therefore, those who use more the car are
going to pay a higher premium because they are more exposed to the risk of
accident. In this article we present a bibliographical review on the most
relevant contributions about PAYD insurances, which are not still
sufficiently known in Spain. An empirical application is carried out in which
the influence of the number of driven kilometers in the risk of accident is
investigated. Four types of claims are studied: property damages/bodily
injuries, at-fault/not-at-fault claims. A generalization of the offset Poisson
regression model is applied to identify the shape of the effect of driven
kilometers on the risk of accident. We show that the association between the
number of kilometers and claim frequency is not properly captured by a
linear relationship, and alternative forms of relationship are discussed.

Keywords

Automobile insurance, PAYD insurance, risk exposure, vehicle usage.

* Université du Québec a Montréal, 201, avenue du Président-Kennedy, H2X 3Y7 Montreal (Canada), E-
mail: boucher.jean-philippe@ugam.ca (J-P Boucher); Riskcenter, Universidad de Barcelona, Av.
Diagonal, 690, 08034 Barcelona (Spain), E-mail: amperez@ub.edu (A.M. Pérez-Marin),
msantolino@ub.edu (Miguel Santolino). This research is sponsored by the Spanish Ministry of Science
EC02010-21787-C03-01 and ECO2012-35584.

* Author for correspondence.

Este articulo ha sido recibido en version revisada el 11 de octubre de 2013.

135



Pay-as-you-drive insurance: the effect of the kdtems — Anales 2013/135-154

EL SEGURO PAY-AS-YOU-DRIVE: EL EFECTO DE LOS
KILOMETROS EN EL RIESGO DE ACCIDENTE

Resumen

Las polizasPay-As-You-Drive(PAYD del seguro del automovil son una
nueva modalidad de contratos de seguros que harezaohp a ser
comercializadas en numerosos paises. Otro nhomiprel poe se las conoce
es Seguros Basados en el Uso (SBU) porque, etlevegtablecer una prima
anual, la prima se fija en base al nimero de kitdoserealizados por el
vehiculo, ademas de otras caracteristicas tradicieante utilizadas en
tarificacion. Basicamente, aquellos que usan magleiculo pagaran una
mayor prima porgue tienen una mayor exposiciofeahp de un accidente.
En este articulo, realizamos una revision biblibigeédde las contribuciones
mas relevantes en el contexto de segi8¥D, los cuales aln no son
totalmente conocidos en Espafia. Se lleva a cabaplitacion empirica en
la que se investiga la influencia de los kilbmetasel riesgo de accidente.
Se analizan cuatro tipos de siniestros: dafios ial®idafios personales,
culpa del asegurado/culpa del contrario. Para ifitartla forma en la que
afectan los kilometros en el riesgo de accidenggiean una generalizacion
del modelo de regresion de Poisson conaifsetcovariable. Observamos
gue el efecto de los kildmetros sobre el riesgaatgdente no se captura en
general adecuadamente restringiéndose a una aéadiaeal y discutimos
relaciones alternativas.

Palabras clave

Seguro del automovil, seguRAYD, riesgo de exposicion, uso del vehiculo
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1. Introduction

In the traditional automobile insurance contra& gnemium depends on a
number of variables basically describing the charatics of the driver and
the vehicle (such as the age, driving experiengee of the car, among
others). Nevertheless, the use of the car, whichbeaeasily measured by
the number of annual kilometers, is ignored eveoudgh it is clearly
associated with the exposure to the risk of actiden

The Pay-As-You-Drive(PAYD automobile insurance is a new concept of
contract which takes into account the use of thidrcarder to calculate the
premium. In this way, the premiums are more per&adh as those who use
less the car are going to pay less than those whuate kilometers during
the year. Other variables describing the use ot#mebe considered as well,
such as the speed, type of road or part of thevdagn the car is most
frequently used by the driver.

There are many insurance companies around the wurich already offer
this product, especially to young drivers. Nevddhsg, this new concept of
insurance contract is still very new and not sidfitly known. The first
objective of this paper is to present a bibliogiephreview onPAYD
insurance where we describe the most relevant ibatibns and
implementation results. The second objective is dm an empirical
application on the influence of the use of the ioathe risk of accident by
using a sample of young drivers witlPAYD policy in a Spanish insurance
company. Four types of claims are distinguishedperty damages and at-
fault insured driver, property damages and nogattfinsured driver, bodily
injuries and at-fault insured driver, bodily injesi and not-at-fault insured
driver. The effect of the number of kilometers drvin the risk of these
types of claims is analyzed by means of a genetiiz of the offset
Poisson regression model. The shape of the effdatameters on the risk
of claim is not imposed to be linear under thisrfeavork. We analyze the
relationship between the number of kilometers drirg the insured per year
and the number of reported claims.

The paper is organized as follows. In section 2 describe the first
proposals of distance-based insurance pricing ssteln section 3,
alternativePAYD pricing options which can be found in the literatare
discussed. In section 4, we do a summary of thelteesf implementing
PAYD systems. In section 5, the methodology for cowtads introduced
and the empirical application is presented. Finally section 6 main
conclusions are summarized.
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2. Distance-based insurance pricing: first proposals

Vickrey (1968) was one of the first authors toicide the lump-sum pricing
of auto insurance for being inefficient as a resiilan inappropriate pattern
of premium payment. The same author promoted thgeimentation of

distance-based insurance pricing.

Actually, the relationship between the distance byna vehicle and its
influence on the risk of accident has been discubyemany authors. Some
of them consider that this relationship is prommél (Bordoff and Noel,
2008) while others argue that it is not proportigihangford et al., 2008 and
Litman, 2005). According to Litman (2005) thosevdrs who use more the
car have fewer accidents per unit of distance ifkdlter) than those who use
less the car. The main reasons are:

- Those who use more the car have more driving gkila those who
are less used to drive.

- Those with more annual kilometers normally use Wways (and
other safer roads) more than those who use lessathe

- Those who do more kilometers during the year harenally newer
vehicles (therefore, safer vehicles) than those ugwless the car.

Therefore, Litman (2005) supports the idea of abesng the number of
kilometers in order to fix the premium probably lbsging marginally
declining per-kilometer premiums.

One of the first proposals of distance-based pyigystems was the pay-at-
the-pump (PATP) insurance, where the driver wilf fiar his coverage as he
buys fuel for the vehicle (Vickrey, 1968). Anothproposal was the so-
called “insured tires” system, where an associdtesirance company
identified in some way with the tire itself, woutdver the accident caused
by the vehicle using these tires (Vickrey, 1968he3e systems were
criticized because they are measuring the use efc#r in terms of fuel
consumption or tire wear instead of real distange by the vehicle.
Additionally, these systems do not distinguish lestwgood and bad drivers
when charging the cost of the insurance (Khazzd®0 and Guensler et
al., 2003). The other possibility was to measuee dtstance driven by the
car by odometer auditing. In that case, there anearns that fraud could be
a problem, but some authors consider that odomedtsssincreasingly
tamper-resistant (Litman, 2011) therefore it sees@sonable to propose
PAYDpricing systems based on odometer audits.
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In the next section, we will see that nowadays aded technologies make it
possible to measure the use of the car objectifi®lyusing a GPS system).
Therefore, sophisticatedAYD pricing systems can be proposed based not
only on the distance driven by the vehicle, bub @8 the speed, type of road
and part of the day when the car is most frequarggd.

3. PAYD pricing options

Many authors have proposed differ@AYD pricing options. Litman (2011)
discussed the following ones:

1. Mileage Rate Factor (MRF)The annual number of kilometers is
used as a rating factor into premiums. The insw@waoenpany offers
a discount for customers driving less than a aertavel. This
system has been criticized (Litman, 2011) becatise normally
based on the driver's self-reported estimate anerethis no
verification or adjustment at the end of the poliesm.

2. Per-Mile-Premium (PMP):Under this system there is a price per
unit of distance (mile, kilometer,...) done by théniode also taking
into account other rating factors. As mentionedthe previous
section, Litman (2011) advocates for declining péle (or per-
kilometer) premiums. The customer will prepay fbe thumber of
kilometers he expects to drive during the poliaynédin that sense,
the company will require to buy a minimum numbekiddmeters to
insure that transactions costs are covered). Tikeaeverification or
adjustment at the end of the policy term baseddmmeter auditing.
There are different proposals to deal with the edusr outstanding
kilometers, in some cases requiring some mechattsemsure that
the customer will pay any outstanding fee.

3. GPS-Based pricingThis is thePAYD pricing option that most
insurance companies offer nowadays. In that caseptice can be
fixed based not only on the kilometers, but alsatmn speed, time
and location of the vehicle. Speed is normally atered in terms of
violation of the limits. Regarding time, the difégice is normally
established in terms of daily/nightly driving, begithe night period
more expensive. Finally, regarding location, thig/stem
distinguishes between urban and not-urban roadsygberban
driving more expensive. It is necessary the pelionssf the driver
for installing the GPS equipment. In that sense,l¢igal framework
and privacy concerns dPAYD policies have been discussed by
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many authors, especially in the USA (Igbal and L2®06; Bingham
et al., 2009 and Guensler et al., 2003).

4. Results of implementing PAYD systems

The advantages of commercializiRd\YD contracts, both for the insurance
company and the driver, have also been discussedeiriterature (Pefia,
2007). Regarding the insurance company, the aeluaccuracy of
premiums will improve as a result of a better gifiwation of the exposure
to the risk of accident of each driver. In this wte insurer will also have a
better segmentation of the market. Additionallycading to Hagerbaumer
(2004) companies that offd?AYD will be viewed as customer-oriented,
proactive and environmentally responsibleR&s/ Dincentives to reduce the
use of the car). Therefore it can help the compgarnsnprove their corporate
image and potentially increase its market sharee Hdvantages for
customers are clear, they will pay a lower premitithey do less kilometers
or drive in a safer way. Additionally, it makes unance more affordable,
therefore it seems reasonable to think that thebeunof cars without
insurance will be reduced (Pefa, 2007).

There are also many papers focused on the chamgies driving patterns of
individuals who want to get a better premium undePAYD system.
Namely, Buxbaum (2006) concluded that under thgtesy drivers have an
incentive to drive less and quantified that thislae in driving was around
8% as a result of an experiment carried out in Mawta (USA). The same
conclusion was obtained by Bordoff and Noel (20@8xn empirical study
carried out in California (USA). Other authors clmgle that this reduction
could be higher, around 10% or even more (Hagerbau2004). Moreover,
it seems to be clear that the reduction in drivivguld result in an even
higher reduction in terms of accidents accordingElin and Mandic
(2006). One reason for this is that each vehiaieoreed from traffic reduces
both its chances of causing an accident and ofgbtkia target of a crash
caused by another vehicle, therefore, multi-vehiakridents are also
reduced (Edlin, 2003).

Additionally, under this system drivers have areimive not only to drive
less but also to drive in a safer way; thereforeaitributes to increase
traffic safety. Namely, Bolderdijk et al. (2011)dad out an empirical study
in The Netherlands to test the effects dPAYD insurance fee on driving
speed and concluded that has a significant impa¢h® reduction of speed
violations among young drivers.

140



J.P. Boucher, Ana M. Pérez-Marin, M. Santolino -alds 2013/135-154

Finally, we must say tha®AYD insurance contracts contribute to reduce
traffic congestion, road maintenance costs, en@gysumption and air
pollution (Pefia, 2007). Additionally, Parry (20042905) concluded that
under certain condition®AYD contracts are a better way to reduce gasoline
consumption than gasoline taxes.

As a conclusion, we can say thRAYD policies are a new concept of
insurance contract with potential advantages fataruers, insurers and the
society as a whole. In nowadays context, insuranogpanies which want to
be customer-orientated should be able to offergmalized products, and
PAYDinsurance is an example which maybe in the futarebe exported to
other types of contracts.

5. The use of car on the risk of accident: the Spaniséxperience

An empirical application is shown in which we arzythe effect of the use
of the car on the risk of accident by using a sangblyoung drivers with a
PAYDpolicy. The description of the dataset and maatistics are shown in
section 5.1. The Poisson regression model with faebfcovariate is
introduced in section 5.2. Finally, a generalizatad the regression model
and main results are shown in sections 5.3 and 5.4.

5.1 Data

A dataset of 25,014 motdPAYD policies was provided by a Spanish
insurance company. All these motor policies wertioe in the year 2011.
This type of policy was mainly addressed to yourigeds according to the
strategy of the insurance company. In the datdsehe insured drivers
were under 40 years old. Claims were not reportedhb 82.4% of the
PAYDpolicies. That means, the 17.6% of the total arhotiRAYDpolicies
reported at least one claim during the year.

Four different categories of claims are distingahn the dataset: claims
involving property damages in which the insurethis at-fault driver lb1),
claims involving property damages in which the mesliis not the at-fault
driver Nb2), claims involving bodily injuries in which thesaored is the at-
fault driver (Nb3), claims involving bodily injuries in which the sared is
not the at-fault driverNb4). The number of claims of each type reported by
the insured was collected by each policy. The engidistributions of
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claims involving property damages and claims inwavbodily injuries are
shown in Table 1a and Table 1b, respectively.

Table 1a Number of property damage claims reported byrics

At-fault insured Nb2) Not-at-fault insuredNb2)
Numk_)er Percentage Aggregated Percentage Aggregated
of claims percentage percentage
0 91.54 91.54 90.37 90.37
1 8.02 99.56 9.00 99.36
2 0.42 98.98 0.62 99.98
3 0.02 100.00 0.02 100.00

Table 1b. Number of bodily injury claims reported by insdse

At-fault insured Nb3 Not-at-fault insuredN{b4)
Numper Percentage Aggregated Percentage Aggregated
of claims percentage percentage
0 98.34 98.34 97.94 97.94
1 1.63 99.97 1.98 99.92
2 0.03 100.00 0.08 100.00

Similar percentages are observed whether we compase empirical
distributions of claims in which the insured wae tht-fault driver and
claims in which the insured was not the at-fauiveh Note that more than
the 90% of insured drivers did not report any clamaolving property
damages. Additionally, most of the policies invalyi property damage
claims have just reported one claim. We emphasiaeléss than 1% of the
policies reported two or more property damage ddafirable 1a). Taking a
look on bodily injury claims, differences betwede empirical distributions
are again not relevant regardless who was the megigje of the accident.
Let mention that approximately the 2% of insuretrats reported bodily
injury claims (Table 1b). Therefore, the 98% ofigiels did not report bodily
injury claims.

The continuous variable representing the numbelriobn kilometers for a
year Km) is our main interest in the project. Informatioglated to the
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number of kilometers driven by the insured in teary2011 was provided by
the insurance company. Traditionally, this inforimatis reported by the
insured but not verified by the insurance compalmy.this case, this
information was recorded by means of GPS navigatimtems. Therefore,
we know the number of kilometers effectively drivieynthe insured. Figure
1 illustrates this distribution for our databasdweTaverage annual driven
kilometers is 7,160, with a standard error of 4,19he empirical
distribution of the number of driven kilometers peyar is skewed to the
right.

Figure 1. Distribution of the driven kilometers for a year
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Additionally to the number of driven kilometers, athcteristics of

policyholders traditionally considered by insuranoempanies in motor
ratemaking were collected. Namely, information regey the age (AGE) of

the insured driver and the age of the vehicle wasrded (V_AGE). These
two continuous variables were classified into cat®gl groups. Indeed, the
age of the driver (AGE) and age of the vehicle (\GE) were categorized in
two and three binary variables, respectively. Othfrmation collected was

143



Pay-as-you-drive insurance: the effect of the kdtems — Anales 2013/135-154

the gender of the insured (X7) and whether theraabole is usually parked
inside a private garage (X8). The description bb&these binary variables
is presented in Table 2.

Table 2 Binary variables summarizing the information dafalie about each
policyholder

Variable Description
X2 equals 1 if the insured is 25 years old or younger
X3 equals 1 if the insured is between 25 and 30 yadrs
X4 equals 1 if the insured car is less than 2 years ol

X5 equals 1 if the insured car is between 2 and Ssyadr
X6 equals 1 if the insured car is between 5 and 16sy@d
X7 equals 1 for men and O for women

X8 equals 1 if the car is parked inside a private gara

Main descriptive statistics are shown in Table 8.iddicated above, insured
drivers drove on average around 7,150 kilometersthia year 2011.

However, great differences in the number of drikdlometers are found

between insureds as indicated by the sample bodrds.sample insured
who made the lowest amount of kilometers with th®mobile in 2011 was

less than 2 kilometers. On the other extreme, thgimum value observed
in the dataset is 50,036 kilometers, which meaatdh insured drove more
than 50,000 kilometers in 2011.

In relation to the age of the driver, the mean wgs around 26 years old.
Remember that this product was addressed to youmgrsl The sample
range of driver's age is between 19 and 33 yeaitsetiéér we analyze the
associated binary variables X2 and X3, we conclinde the 90% of the
sample drivers with RAYDpolicy were 30 years old or younger. The target
group to addresBAYD policies is to young drivers, because this calect
of inexperienced drivers traditionally pay higheemiums. A priori, then,
these young drivers may be more interested to stwmwhe insurance
company how good drivers they are in order to payel premiums.

Another factor normally associated with the fregueof claims is the age of

the automobile. Automobiles of insured drivers wereaverage almost 7
years and half old, where the oldest sample vehvele 19 years. Taking a
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look on binary variables X4, X5 and X6, we obsettvan the 8.5% of the
automobiles were less than two years old and alrnttust40% of the
automobiles less than 5 years old. On the oppotite, 23% of the
automobiles were more than 10 years old. Regartiieggender of the
driver, it is observed almost the same proportibmen and women in the
sample (X7). Finally, three-quarters of the samdhicles are parked in a
private garage. More details about the data aredau Alcafiz-Zanoén et al.

(2013).

Table 3 Descriptive statistics of variables

Variable  Number Mean St. Dev. Min. Max.
Nb1l 25,014 0.089 0.301 0 3
Nb2 25,014 0.103 0.325 0 3
Nb3 25,014 0.017 0.131 0 2
Nb4 25,014 0.021 0.15 0 2
KM 25,014  7,159.51 4,191.75 1.593  50,035.56
AGE 25,014 26.288 3.103 19 33
V_AGE 25,014 7.411 4.217 1 19
X2 25,014 0.424 0.494 0 1
X3 25,014 0.476 0.499 0 1
X4 25,014 0.085 0.279 0 1
X5 25,014 0.308 0.462 0 1
X6 25,014 0.379 0.485 0 1
X7 25,014 0.489 0.5 0 1
X8 25,014 0.769 0.421 0 1

5.2. The Poisson Regression Model: annual kilometeras an offset

variable

In the Poisson distribution, the risk exposut® i§ traditionally
included into the mean parameter)(by working with a Poisson with
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a mean equal tox A, wheret indicates the time period that the driver
was insuredin the modeling of the number of claims, such a ehodeans
that the insured time should be introduced as dsebfin the Poisson
regression (e.g. the OFFSET option in the GENMO®&cedure of the SAS
System).When we include covariates, we then have the fafigw
expression for the regression,

A =t xexp( )= exp§ 5+ logt ),

where/, is the frequency of claims for the motor policyi=1,..., . The
covariates are associated to the mean parametiie dPoisson model via
exponential transformations, whep8' = (,[)’1, C e ,Gp) is a vector of

regression parameters for the binary explanatoriabies )g' = (X1 -

X; ), with X;, =1 for all i, meaning thatZ can be considered as the

intercept. The reason to this intro is that th& egposure (when expressed
in term of covariate) should be expressed in aritgaic form. The
interpretation is that if someone is insured 6 rhenthis premium will
normally be 50% cheaper that an insured with a yesr coverage (for
details, see Boucher and Denuit, 2007).

Following the same intuition with the number of v kilometers, we
expect that the drivers who use more the automabdegoing to have a
higher frequency of claims. The first model an nesuvould use to model
this covariate is a direct relationship between pgremium and the annual
number of kilometers. If someone drives 10,000 kraiyear, he should
normally expect to have a premium that is 50% cee#ign a similar driver
who drives 20,000 km. In the modeling of the numtfeclaims by means of
a Poisson regression with an offset covariate, saicmodel should be
expressed as,

A = Km xexp(48)= exp(tB+ log(Km )

whereKm is the number of driven kilometres for the policy=1,...,1. To

illustrate the situation, Figure 2 shows the preolicof the frequency of all
kind of claims using a Poisson regression withawiciates, with the annual
number of kilometres as an offset variable. Abdis tgraph, the dots
represent the average frequency when the insuredgrauped by intervals
of 500 driven kilometers. Note that above 20,000 tkm data seems more

146



J.P. Boucher, Ana M. Pérez-Marin, M. Santolino -alda 2013/135-154

heterogeneous. It is due to the fact that therefemne insureds on this
area. The sample variance was quite similar fathalkilometers. This result
indicates that there is not a relevant heteroggmeithe frequency of claims
reported by drivers according to the number of efrikilometers. We can
see that the trend line seems to underestimatéréhjeency of claims for
drivers below 10,000 km per year and to overeséniae frequency of
claims for drivers with more than 10,000 km perryea

Figure 2. Prediction of the frequency of claims using thewal kilometers
as an offset variable
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5.3 Generalization of the offset Poisson Regressidodel

In the previous section we discussed that a limsaociation between the
frequency of claims and the number of kilometemnse highly restrictive
and unrealistic. One way to correct the model isdnsider than an offset
variable into a Poisson regression model with maaibda means represent
another covariate in the model. Indeed:
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A =Kmxexp(x3)= Kmx exp(x3+ log(Km)

The classic offset regression model (Boucher anau®e2007) can then be
generalized and expressed with the following form:

A =exp(x B +cx log(Km))= exp(s x Knf, D

when c=1 then the model collapses to the classic offsgtassion model.
Consequently, model (1) is a particular case obiad®n regression model
(which assumes that there is not overdispersidhdrdata) wherog(Km)is
introduced as a covariate. The resulting modelieto analyse the effect of
driven kilometers on the risk of accident. We catineate this Poisson
model by maximum likelihood and testdfis different from 1. This should
be considered as the null hypothesis. This modeblean tested on the four
different categories of claims in our database.uRe®f the estimation are
shown in Tables 3a and 3b. Covariates with nondiigitive parameter
estimates have been removed from the model. Asabyfsthe parameter
clearly shows that the annual kilometers per yaanot be directly used as a
classical offset variable in the modeling of thentyer of claims because all
¢ parameters are statistically different than 1.

Table 3a Parameter Estimates for a Poisson RegressiopéRycdamages)

Nb1l Nb2

Est. Std. Err Est. Std. Err
X1 -3.4445 0.0923 -3.5841 0.1131
X2 0.2944 0.0424 0.3452 0.0758
X3 - - 0.1587 0.0762

X7 0.0859 0.0428 - -
X8 - - 0.1086 0.0485
c 0.4188 0.0418 0.4903 0.0389
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Table 3b. Parameter Estimates for a Poisson RegressionlyBogiries)

Nb3 Nb4
Est. Std. Err Est. Std. Err
X1 -5.4141 0.2170 -4.8246 0.1893
X2 0.4417 0.0975 0.3134 0.0866
X4 - - -0.7137 0.2051
X7 - - -0.2459 0.0878
c 0.5505 0.0967 0.4908 0.0860

Note that parameter estimates for the binary vhriahdicating that the

driver was younger than 25 years old are signifitarthe four regressions.
Therefore, drivers under 25 years are expectechve A higher number of
all types of claims. An interesting result is thithe age of the insured
automobile was not significant to explain the numiifeclaims in which the

insured driver was at-fault. Unlike at-fault clain®AYD policies covering

automobiles less than two years old are expecteeptrt less bodily injury

claims in which the insured is not at-fault. Theiable recording if the

automobile is usually parked inside a private garamly showed a
significant parameter estimate in the regressiothefnumber of property
damage claims without responsibility of the insuréhally, we expect that
males report more property damage claims in whidy twere the at-fault
driver and less bodily injury claims in which thexre not responsible of the
accident.

5.4 Effect of kilometers on the risk of accident

The effect of kilometers driven by the insured te tisk of accident is
plotted in Figure 3. Dots inside the figure repredbe observed frequency
of claims, with insureds grouped by intervals 00 3lometers. We fitted a
non-parametric curve to data (red line). The shafp¢he smoothed line
reflects that the experience of the driver playok ron the risk of an
accident. The frequency of claims is far away twréase linearly with the
number of driven kilometers per year. A high sldpeobserved at the
beginning of the line, which marginally decreasesn#re kilometers are
driven by the insured. Although always positivee tilope of the graph

149



Pay-as-you-drive insurance: the effect of the kdtems — Anales 2013/135-154

reaches the minimum value in the range between0@5#&nd 20,000

kilometers. From this point on the slope seemsetalinost constant. So, the
relationship between the frequency of claims angl d@mnual kilometers

would be approximately linear in this upper range.

Figure 3. Prediction of the frequency of claims using theuatrkilometers
as a generalized offset variable
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The decline in the slope of the graph could refthetdriver's expertise and
other related safety factors. We interpret thisiltess drivers who use more
the automobile are more experience and skilfuledgvbecause they have
more driving hours. Additionally, these driversesftuse new (and safer)
automobiles to make these kilometers. Other impbredement that may
explain this result is that they usually drive ghar proportion of kilometers
on highways which are safer than conventional roadsa result, the higher
risk associated to drive more kilometers is in phdlanced by the

combination of all of these factors. The positivibee of the higher

experience (and associated safety elements) irciregiuhe frequency of
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claims is, however, dismissed for drivers who makere than 15,000-
20,000 kilometers per year.

In subsection 5.3 we discussed a log-linear associavhich seems to be
adequate and reflects the relationship betweemuhger of kilometers per
year and number of claims. However, the paramaté&oint of the regressor
of the logkm) is a way different from 1 (meaning that the values
different than 1). For illustration purposes, ir thigure 3 it is showed the
prediction of the frequency of all kind of claimsing a Poisson regression
without covariates, with the annual number of kiEires as generalization
of the offset variableAn almost perfect match is observed between the
smooth curve and the expected frequency of clailermathe number of
driven kilometers is used as generalization of diffiset variable in the
Poisson model (blue line).

We argue thathe parametec collects the effect of the unobserved factors
(driver’s experience and safety elements) on tledirdeof the proportionally
between the number of driven kilometers and thencfeequency. Note that
the expected frequency of claims is multiplied bg tannual number of
kilometers raised to the power Whetherc value tends to one, it indicates
that the driver's experience and the other safatyofs have not effect on
reducing the frequency of claims. In that caseersgn who drives 10,000
km in a year would be expected to have on averhgehtlf number of
claims that a similar driver who drives 20,000 kfonsequently, the
premium of the latter should be twice his premiu@®n the opposite, a value
of c close to zero means that the risk associated igh&thnumber of driven
kilometers is fully balanced by the larger expecermof the driver and the
other safety factors. As a result, the expecteduigacy of claims is not
increased by the number of driven kilometers. la ¢xample, the person
driving 20,000 km would pay the same premium as diayve 10,000 km.
For this plot, the estimated value @fvas approximately equal to 0.4. That
means that, for these two similar divers, who d&i2€,000km should pay
2°*times the premium of the insured that drives 10k8@0

! Let assume that we observe same values for regses$dwo insured drivers. Whether
E(Ny) is the expected number of claims of a insured dtiges 10,000km and Hf) is the
expected number of claims of a insured who driv@®@km, then BY,)/E(N,) is equal to
20,000/10,000 =(20,000/10,000%2".
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6. Conclusion

PAYDmotor policies have recently gained a lot of dttenas a new concept
of motor insurancePAYD policies allow insurance companies to offer a
personifiedpremium to the driver based on the use of theclehihat he/she
actually does. In a highly competition context sashthe motor insurance
market, this new type of insurance is viewed aerg interesting product by
the insurance company. In that sense, insuranceaes and drivers are
also interested inpay how you driveinsurance policies, where covariates
describing the way a person drives are also coraid@peed, type of road,
time of driving, braking and cornering, etc...). Theationship between
these covariates and the risk of accident has leastigated by many
authors (Elvik et al., 2004; Jun et al., 2007, Galet al., 2008 y Laurie,
2011).

However, usage-based-insurangeolicies involve new challenges that are
still not enough known. For a better understandihghe phenomenon, a

deep review of literature is provided in this ddigvhere the most relevant

contributions are presented.

On the study oPAYD motor policies, the number of kilometers driven by
the insured is a key factor to determine the instggremium. The exposure
measurement of risk of an accident will be a fwrctof the number of
driven kilometers. We investigate the effect of thember of kilometers
made by the automobile per year on the risk of hgnan accident. We
showed that the effect of kilometers on the riskclaim is far away to be
linear. We discuss that alternative forms seem doniore adequate to
capture the association between the number of kilera driven by the
insured and the number of claims. It is may be a&rpld because drivers
who make more kilometers are more experienced mriveith newer
automobiles and who drive more often in safer higysv We believe that
this result is highly relevant for motor insurancempanies in order to
include adequately the information related to thember of driven
kilometers on the ratemaking design of B&YDmotor policies.
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