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Abstract

Motivation: Usage-based auto insurance has received considerable publicity, but the driving behavior data that
fuels these programs has been the subject of limited academic scrutiny. In this paper, we expose the challenges
and risks that result from working with this data, and we discuss how actuaries may collect, organize, and analyze
driving behaviors for use in insurance applications.

Method: In this paper, we use historical context to identify objectives, challenges, and risks in working with
driving behavior data. We identify key tenets of the infrastructure required to support data collection, with a
focus on vehicle telematics. We look at sample driving behavior data and how it may be organized into databases
for predictive modeling and classification. We conclude with a discussion of sample use cases for the data.

Results: Driving behavior data allows insurers to achieve unique goals in pricing, underwriting, and loss control
or mitigation, but it also presents unique challenges and risks.

Conclusions: Sound data management allows insurers to use driving behavior data to achieve organizational
goals while rising to the challenges and risks this data presents.

Keywords: Driving behavior data; usage-based insurance; vehicle telematics; black boxes.

1. INTRODUCTION

Usage-based auto insurance (UBI) is defined as “a rating structure that is based, in whole or in
part, on the electronic accumulation of data, through a device installed in a motor vehicle, in which

351

an individual’s daily driving habits are used to determine a premium rate.”” The technological
framework underlying UBI is referred to as vehicle telematics, that is, “the use of global positioning
system (GPS) technology integrated with computers and mobile communications technology in
automotive navigation systems.”” The information generated using telematics—including when,
where, how often, and the manner in which a vehicle is operated—is called driving behavior data
(DBD). Telematics makes large quantities of detailed DBD accessible to actuaries, who may then use
this information as the foundation upon which to build innovative and statistically supportable UBI

rating plans.

! From Colorado Department of Regulatory Agencies, page 2.
2 From Telecommunications Systems, Inc., page 4.
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The potential uses of DBD are captivating. In Personal Automobile: Cost Drivers, Pricing, and Public
Policy, Conners and Feldblum observe that “traditional actuarial focus on ratemaking and
classification systems has led to an emphasis on pre-accident factors—particularly driver, vehicle,
and geographic characteristics—to the virtual exclusion of other factors.”> They suggest that pre-
accident factors relate primarily to claim frequency, while neglected “post-accident factors” such as
injury types, medical treatment, and attorney involvement could be more predictive of loss severity.
DBD has the potential to bridge the gap between pre- and post-accident factors. For example,
vehicles” average speeds may help predict not only accident occurrence but also resulting injury
types, and locations of driving may help predict the quality of medical care or likelihood of attorney

involvement. DBD may be used to statistically model these and other effects.

Despite its intuitive appeal, UBI uptake has been slow. While over 90% of personal insurers were
actively using insureds’ credit histories within approximately five years of the earliest adopters,
insurers representing only three-fifths of the auto market have implemented UBI programs in the
decade-plus since Progressive Casualty Insurance Company (Progressive) launched the first
pilot.* As a result, little has emerged in the way of academic consensus or a universal model for
effectively managing DBD, and individuals new to the UBI space may have difficulty locating
resources geared towards the beginner. Strube and Russell developed a model for handling
challenges in the modern high-volume transactional processing environment (HVTPE). In it,
actuaries identify, procure, and maintain necessary data from various business areas while creating
“user-defined” fields to facilitate their own analyses.” Many of the lessons learned from HVTPEs are
applicable to DBD, but transactional data originates when policies are written, renewed, or
endorsed, or when claims are reported or serviced. DBD adds a new dimension by collecting
potentially sensitive information at higher frequencies, often remotely, and over an extended period
of time. This presents a unique set of data management challenges for the actuarial data manager
(ADM). The objective of this paper is to provide a beginner’s road map for actuaries and other

insurance professionals interested in working with DBD.

The remainder of the paper shall proceed as follows: Section 2 will provide historical

background information, identify objectives in working with DBD, and examine key challenges in

3 From Conners and Feldblum, page 322.

* Figures are taken from Sturgeon, page 1 and Towers Watson, paragraph 8. According to Oregon Department of
Consumer and Business Services, insurers began using credit history for personal lines of insurance in 1995. Conning
survey referenced in Sturgeon was taken in 2001.

> See Strube and Russell, page 287.
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doing so. Section 3 will focus on one specific challenge: establishing the technological infrastructure
required to collect and analyze DBD, i.e., telematics. Section 4 will discuss organizing DBD into
databases which may be used for predictive modeling and classification. Section 5 will discuss issues
related to utilization of DBD now and in the future. The final section, Section 6, will offer our

conclusions.

2. ORIGINS, DESTINATIONS, AND ROADBLOCKS

In his 1929 paper Notes on Preminm and Exposure Bases, Dorweiler identified critical conditions
affecting the “hazard covered by automobile liability insurance, or that cause deviations in this

hazard.”® They were:
e The car—age, condition, etc.
e Highways—road beds, curves, visibility, etc.
e Traffic density
e Laws, regulations, and their enforcement
e [Efficiency of driver—age, experience, habits, impairments, etc.
e Mileage
e Speed
o Weather conditions
e Seasonal use of car
e Day and/or night use of car

Most of these data elements, especially the last six, can be considered DBD, but Dorweiler
correctly concluded that the lack of necessary “devices and records” (i.e., telematics and the resulting
DBD) made the use of such information (i.e., UBI) “impractical under [then] present conditions.”’
As a result, actuaries in the ensuing decades came to rely on what Conners and Feldblum call

“proxies for the true (“causative”) factors affecting loss costs,” such as age, gender, or garaging

¢ Quotes and bullet-list have been reproduced verbatim from Dorweiler, page 337.
7 Ibid., page 338.
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territory.® In the 1980s, states such as California and Michigan began to require the use of more
“causative”’ rating variables such as mileage and driver safety record, but even these variables’
predictive abilities were contingent upon the veracity of mileage estimates and the credibility of
individual driving records."” Three distinct waves of innovation helped transform early prophesies

of UBI from voices in the wilderness into winds of change.

The first wave was “the computerization of vehicles,” which began with the invention of the
microprocessor in 1971. Government regulations regarding emissions, safety, and fuel economy in
the years that followed effectively required automakers to utilize the new technology to install
electronically controlled engines and safety devices in vehicles. Microprocessor-based controls soon
took hold of other vehicle systems (e.g., braking). The result was a wealth of DBD describing
vehicles” operating conditions, but no efficient way to collect or analyze it. Symptomatic of this was
a failed California Senate Bill in 1993 which would have required auto insurance to be purchased by
gallon of fuel at the pump.'’ After decades of technological innovation, the highest profile UBI
proposal involved collecting DBD with a century-old device (the fuel pump) that Dorweiler had

long since rejected as impractical.

The second wave of innovation was “The Computerization of Society.” In 1978, the same year
the first GPS satellite was launched, Nora and Minc defined #/ématique as the “increasing
interconnection between computers and telecommunications.”'? Their vision became a reality in the
1990s with the confluent emergence of satellite-based positioning systems, platforms capable of
interfacing with vehicles’ on-board computers, and expanded two-way wireless communication
abilities. In 1996, President Clinton signed a directive transforming GPS from a primarily military
technology into an “international informational utility,” and a large market for factory-installed and
aftermarket GPS equipment was developed. Federal law effective that year also required all new
vehicles to be outfitted with On-Board Diagnostic (OBDII) ports capable of reporting the output
from vehicles’ various sensors. Finally, the launch of the General Packet Radio Service (GPRS) in

1997 allowed for “always-on” wireless data services. The resulting birth of vehicle telematics

8 From Conners and Feldblum, pages 330-331.

9 The Actuarial Standards Board’s (ASB) Actuarial Standard of Practice (ASOP) No. 12 on Risk Classification states that
“it is not necessary for the actuary to establish a cause and effect relationship between the risk characteristic and
expected outcome in order to use a specific risk characteristic” (page 4).

10 See Mahler for more information on the credibility of a single driver.

11 See “California Lawmakers Reject “Pay at the Pump’ Insurance,”, New York Times, May 27, 1993.

12 From Shanken, pages 51-52.
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provided more detailed DBD than ever (including locations) and, more importantly, a way to

communicate it outside the vehicle using everyday technology.

The third wave of innovation we have named “the automization of auto insurance.” One of the
first sectors to successfully utilize telematics was commercial trucking, where fleet operators tracked
the locations and physical conditions (e.g., fuel level) of their equipment for optimization,
preventative maintenance, and other purposes. Progressive brought telematics to the insurance
sector with their Autograph pilot in 1998. As part of the voluntary program, the company installed
GPS-capable devices in participating insureds’ vehicles to record DBD such as the amount of time
spent driving at different times of day or located in different “risk zones,” all for use in premium
determination.” Although the effort was allegedly popular with insureds that enjoyed having more
control over their premiums, the program was discontinued in 2001 due to technological cost
considerations. Undeterred, a number of insurers and organizations serving the industry, including
Progressive (who reemerged with another initiative in 2004), have tested or gone to market with

different “flavors” of UBI as the third wave continues into the present.

Organizations choosing to work with DBD have various objectives. A primary objective for
actuaries is to more effectively segment their employer’s book of business. The ASB ASOP No. 12
regarding risk classification observes that “if the variation of expected outcomes within a risk class is
too great, adverse selection is likely to occur.”™* Autograph actually functioned more like 2 monthly
utility bill than a risk classification system, retroactively billing insureds based on usage and
effectively achieving individual risk segmentation. However, more recent efforts (including
Progressive‘s) have employed risk characteristics such as mileage, time of day, speed, and extreme
braking to determine discounts in the future. This is more consistent with the traditional
classification approach of “assign|ing] risks to groups based upon the expected cost or benefit of the
coverage or services provided.””” With the potential behavioral variations between drivers of, say,
the same age, gender, and credit score, the use of DBD in risk classification has great promise in
helping achieve ASB ASOP No. 12’s recommended “homogeneity with respect to expected

outcomes” in order to avoid adverse selection.

A second objective of DBD is not simply to avoid adverse selection, but rather to actively pursue

a more profitable portfolio of insured risks using telematics. Insurers who request DBD from

13 See Figure 8.7 on page 185 of Cady and McGregor.
4 From ASB ASOP No. 12, page 5.
15 Ibid., page 3.
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prospective insureds may get fewer applications from individuals who would falsify their garaging
location or annual mileage in order to fraudulently lower their premiums, since such information is
verifiable using telematics. Furthermore, in 2004, General Motors Acceptance Corporation
Insurance Company (GMAC) began offering a discount to insureds for subscribing to OnStar®, a
vehicle safety and security service which used telematics equipment factory-installed in General
Motors (GM) vehicles. It could be argued that OnStar subscribers were likely to produce fewer or
less severe insured losses due to OnStar’s possession of their DBD and insureds’ resulting access to
roadside assistance, emergency response, and stolen vehicle location assistance services. GMAC also
offered additional discounts to subscribers for low mileage indicated by their OnStar DBD. Recent
announcements from State Farm and the Automobile Association of America Insurance Company
(AAA) illustrate similar uses of telematics. Such examples suggest that a sophisticated classification

system may not be the only way insurers can use DBD to benefit from positive selection effects.

The GMAC/OnStar case highlights a third objective of DBD, which is to mitigate losses after
they occur. Several insurers offer roadside assistance services similar to OnStar which send help to
the scene of an event when an emergency phone call is received. Telematics with real-time tracking
can enable insurers to respond sooner, such as when an airbag is deployed or a harsh braking event
is detected in the DBD. This would be of particular value when a victim is physically unable to make
a phone call. Faster response time has the potential to reduce the extent of insured injuries or
property damage. Also, DBD’s loss reduction capability may not be limited to legitimate claims. The
National Highway Transportation Safety Authority (NHTSA) requires that Event Data Recorders
(EDRs) voluntarily installed in private passenger and other light vehicles record a minimum set of
data elements to facilitate vehicle safety research. EDRs log vehicle data before and after accidents.
Such DBD could be used by insurers to analyze for fraudulent claims, so long as it is done in a way

that complies with applicable laws governing the use of data from EDRs.

A fourth objective of DBD is to modify risky behavior. Just as fleet managers have long analyzed
DBD to recommend safer or more economical driving habits to their drivers, insurers have set up
UBI programs that empower individuals to serve as de facto fleet managers for their book of insured
vehicles. For example, Safeco Insurance’s Teen Safe Driver Discount program, introduced in 2008,
offers parents weekly reports on participating teens’ driving behaviors. Parents are in turn
encouraged to review the reports regularly with their teens. In 2009, Liberty Northwest developed a

similar tool for commercial fleets called OnBoard Advisor with “accountability features” regarding
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fuel, maintenance, and overtime.'® Both programs award discounts to insureds who exhibit safe
driving behaviors. In cases like these, providing insureds with DBD summarized in a meaningful

manner may benefit both the insurer and the insured.

Finally, insurance organizations may have objectives not strictly related to their insured books of
business. Some may wish to utilize DBD to optimize the performance of their own fleets of
auditors’ or claims adjusters’ vehicles. Others may elect to provide DBD to academia or nonprofits
for use in research, such as the recent study that took place in Massachusetts with data supplied by
the Commonwealth Automobile Reinsurers. This report concluded that insurers’ use of mileage in
rating would reduce driving and, hence, greenhouse emissions. The reader will recall that one of the
original motivating factors behind the computerization of vehicles was the ability to control
emissions, and DBD gives insurers or anyone looking to “go green” a valuable tool to monitor
progress. The number of different objectives insurers could have in working with DBD is evident in
the many variations on UBI which have gone to market.

While DBD makes various goals achievable, it also presents unique challenges. One such

challenge is the “fortress of intellectual property (IP) protection”"’

obtained by Progressive and
other innovators in the UBI and telematics spaces. In 1998’s State Street Bank decision, the U.S.
Court of Appeals of the Federal Circuit ruled that “methods of doing business” could be patented,
opening the door for so-called “insurance development labs.”'® One beneficiary was Progressive,
who in 1996 (before bringing Autograph to market) initiated the unique step of patenting what they
called “the kitchen sink.”"” Their “Motor Vehicle System for Determining a Cost of Insurance”
patent protects broad systems for acquiring DBD and methods for using it to produce actuarial
classification systems or determine premiums. Subsequent improvements to the invention, including
methods of building databases and communicating DBD back to the insured, have also been

protected. Similar patents were obtained by other insurers, telematics service providers (TSPs), and

non-practicing entities (NPEs, also called “patent trolls*).”

16 'This program later became the subject of litigation. See Bricketto.

17 “Fortress” characterization is from Bakos and Nowotarski.

18 “Insurance development lab” characterization is used by Nowotarski in Chartrand article.

19 “Kitchen sink” characterization was used by Progtressive marketing executive Bob McMillan in Hendricks to describe
the extensive surveillance capabilities listed in the patent.

20 A ISP is defined by Langevoort as an organization that “collects, summarizes or stores data from several soutces;
runs a telematics gateway or backend system; or provides data or services to several clients based on service subscription
or demand” (page 11). An NPE is defined by Kauth as an entity that “holds patents, but does not practice the claimed
inventions” (patagraph 3).
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The jury is still out on the enforceability of UBI- and telematics-related patents. Many hoped the
Bilski decision in June 2010* would clarify the patentability (or lack thereof) of business processes.
Instead, the Supreme Court issued a narrow ruling rejecting the petitioner’s application as overly
abstract, but not prescribing specific tests for what constitutes a (patentable) business process. That
same month, Progressive began suing multiple insurers for patent infringement. Even insurers
whose own use of DBD steers clear of the IP fortress risk working with TSPs who may be litigated
against. For example, Progressive recently sought to have another insurer’s device suppliet’s patents
invalidated for obviousness.” That device supplier had also sued Progressive’s supplier; it is
common for TSPs and/or NPEs to litigate against each other over technology or fleet management
techniques. Some analysis suggests that the broadness of patents and their plenitude in this space
may adversely impact defensibility.” Patents eventually expire, but in the meantime, organizations
considering working with DBD must consider the legal and reputation risk involved. If they decide
to proceed, actuaries and others should work closely with their companies’ legal departments to
select reputable TSPs and ensure that uses of the data are respectful of the rights of all parties

involved.

A second challenge to working with DBD is consumer privacy. A survey sponsored by the
Insurance Services Office (ISO) indicates that approximately 60% of drivers are unlikely to share
DBD such as driving locations, speeds, or instances of hard braking and acceleration with their
insurers. One reason may be that such data is discoverable and can be subpoenaed. To illustrate,
consider that electronic toll collection data has been suggested for use in issuing speeding tickets to
individuals who pass between two toll plazas in too short a period of time. DBD presents even
greater revenue-generating possibilities for law enforcement. Another privacy threat to insureds is
that GPS-detailed data will be sold to third parties for use in location-targeted marketing. Even
insurers who abstain from such practices could find their databases hacked, as Epsilon Data
Management was hacked in the banking and retail sectors.” Finally, insurers who do not cleatly
explicate the information they collect or how it will be used may face unwanted publicity similar to
Apple’s following revelations over iPhones’ location-tracking capabilities. Such examples illustrate
the difficulty even the best-intentioned insurers have in positioning DBD-based initiatives to the

public.

21 Bilski v. Kappos, 130 S. Ct. 3218, 561 US _, 177 L. Ed. 2d 792 (2010).
22 See Vanderford.

2 For example, see M-Cam, Inc., page 2.

24 See Svensson.
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Defenses exist which help make UBI offerings more acceptable to all parties involved from a
privacy perspective. Insurers have been able to address some concerns simply by not collecting GPS
information. Beyond that, programs using DBD should at a minimum be opt-in instead of opt-out,
especially since most require the installation of hardware in insured vehicles. Duri et al. propose a
broader framework in which various privacy options, including different use cases and degrees of
DBD collection, are selected from upon enrollment, with financial incentives for greater sharing
(i.e., discounts). Under this structure, TSPs would be used to manage privacy preferences and share
data with the insurer and insured as appropriate. Custom software modules in vehicles would further
reduce the transfer of sensitive information by performing necessary calculations on-board. Insureds
themselves would not have the ability to hack and manipulate DBD for financial gain.” While not
bound to this structure, insurers should continually evaluate the adequacy and appropriateness of

their own privacy policies.

Laws and regulations regarding privacy further impact insurers’ ability to utilize DBD. For
example, California prohibits use of location data for most insurance purposes and was the first of
many states to implement EDR statutes which require vehicle owners’ consent before retrieving
accident reconstruction information. Such laws potentially limit insurers’ ability to investigate
fraudulent claims using DBD. More generally, DBD may be linked with, and has the potential to
reveal, personally-identifiable information (PII), a protected class of data which places the insurer
under the purview of a multitude of additional legislation.” At least one Department of
Transportation report concedes “today’s patchwork of privacy legislation from federal, state and
local governments make it impossible to identify a lowest common denominator for privacy
regulations.”” Nevertheless, it is the responsibility of insurers to make sure UBI programs are

mindful and compliant with this evolving body of law to the extent possible.

Perhaps the greatest challenge to successfully utilizing DBD is establishing the required
infrastructure. The Practitioner’s Guide to Generalized Linear Models asserts that credible modeling results

are generally achieved using 100,000 or more vehicle-years of data.”

Given IP and privacy
challenges, insurers may find it difficult to enroll enough insureds in UBI to amass so much DBD

over a short period of time. Before even thinking about that, however, insurers must first

%5 See Duri et al. for more information on the framework discussed throughout this paragraph.

20 Hughes Telematics, Inc. asserts such laws “could include the Federal Trade Commission Act, the Fair Credit
Reporting Act, the Gramm-Leach Bliley Act, as well as various state laws and related regulations” (page 10).

27 From U.S. Department of Transportation (NG-911 Transition Issues Repott), page 6.

28 See Anderson et al., page 40.
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appropriate costly hardware to collect, transmit, and store the data; software and algorithms to
process it; and personnel (e.g., actuaries) to implement and oversee the endeavor. The next section

describes some of those challenges.

3. INFRASTRUCTURE

Implementing any sort of UBI program requires resources that many insurance companies do
not have. Some of these resources are physical, such as the devices used to collect the data or the
computers used to store and process it, and can be purchased, often at significant expense. Others,
such as the knowledge and skills required to work with and derive value from the data, must be
learned or outsourced. For these reasons, no UBI program should be considered a small endeavor,
and insurers must have a clear vision for the form that the program will ultimately take. Such a
vision will offer guidance with regard to what types of devices are required to collect, transmit, store,
and process DBD. Additionally, many insurers may choose to begin the journey toward a full-
fledged UBI program with a pilot to determine its viability and to minimize up-front costs while

resources and knowledge are accumulated.

There are a wide variety of devices available on the market to collect DBD, and selecting the
most appropriate device or devices for a UBI program depends on evaluating numerous factors.
Any robust program will need a comprehensive set of rating variables, such as some of those listed
in Section 2, to be as granular as possible. Devices capable of providing the data elements to feed
such a program need to have a robust feature set and extensive capabilities. Such devices are
currently expected to include GPS technology, accelerometers for each axis of motion, and the
ability to read data from the vehicles’ own sensors via the OBDII port. Devices like this currently
cost between $100 and $200 each, which is down from $300 to $400 just a few years ago for less
capable devices and, as expected for almost any form of technology, prices are always dropping. In
the future, devices may include additional accelerometers or gyroscopes to determine angular
acceleration, in addition to the rectilinear acceleration currently being measured, and vehicle
orientation. Programs that only need to rely on a narrower set of rating variables require less capable

and less expensive devices for implementation.

Aside from the technical capabilities of a device for collecting DBD, another consideration in
device selection is data transmission. Generally, a device will buffer behavior and event data for

some period of time and, depending on the type of UBI program, may need to be transmitted
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periodically to the administrator or service provider for the program. Transmission can be manual or
automatic, wired or wireless. For some programs, ongoing data collection may not be required and
the easiest way to transmit the data may be to return the device to the program administrator. The
data can be retrieved from the device and the device redeployed in another vehicle, which reduces
the cost of purchasing devices to be used in as many vehicles as desired. However, more robust
programs do require ongoing data collection and mailing devices back and forth is not a viable

option. Any such program requires a device capable of data transmission from a remote location.

In order to keep transmission costs down, some devices allow a user to plug a data cable into the
device so that the DBD can be transferred to a computer and subsequently transmitted to the
program administrator. While inexpensive, manual transmission has a few drawbacks. Users may
find manual transmission to be inconvenient and time consuming, making the UBI program, already
considered by some to be a hard sell, less attractive to consumers. Furthermore, if the user forgets or
neglects to transmit data periodically and in a timely manner, data may be lost if the device buffer
does not have enough capacity to store the data collected between transmissions. Users may also
choose intentionally not to report data if they believe, for whatever reason, that it will reflect poorly
on their driving behavior and somehow negatively impact them. Another consideration is that not all
areas, especially some rural locations, have ready access to high-speed Internet. The DBD files may
be quite large for the most devices and some users may not be able to transmit such files on their

own. For these reasons, automatic transmission of data is often preferred.

Devices that transmit data automatically are generally outfitted with a cellular or Wireless Fidelity
(Wi-Fi) radio. The main benefit of cellular radios is that they can transmit data almost anywhere at
any time. The transmission trigger could be a predetermined time or period, such as 300 hours since
the last transmission, or based on the amount of data collected, for example it could be programmed
to transmit whenever the data buffer is 80% full. Whatever the trigger, it should be selected so that
data loss is minimized if there is a lag between when the device is programmed to transmit the data
and when it actually can, which may happen if the device falls out of range of the cellular network
for a brief period after transmission is triggered. However, ubiquity of transmission comes at a cost:
data charges for cellular transmission can be expensive. Cellular data plans currently cost between

$10 and $20 per month and thus make up a significant portion of plan administration.”

» For example, see Bird, paragraph 4.
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An alternative to cellular transmission is Wi-Fi. If a device is outfitted with a Wi-Fi radio, the cost
of transmitting data via cellular network can be eliminated. Devices with Wi-Fi radios are most
useful when the vehicle is regularly garaged at locations where Wi-Fi routers can be installed for
purposes of data transmission. For example, if a user returns home most nights, the device could be
set up to connect to a router within range of the garage and transmit whenever that connection is
made. Similarly, an entire fleet of vehicles that is regularly garaged overnight at a particular location
could be outfitted with devices that transmit whenever in range of a router at the garage. Or, if a
business has multiple garaging locations, a router could be installed at each so that no matter the
location at which vehicles are being garaged, they can transmit data as long as they have a network

connection.

Devices with Bluetooth technology are beginning to appear on the market. Instead of
transmitting data directly to the program administrator or service provider, these devices connect to
other Bluetooth-capable devices, such as smart phones, for transmission via whatever mechanism
the other device is able to utilize. This is usually Wi-Fi or cellular, and in any case it offloads the cost
of transmission to the user. If the user already has a data plan for his or her cellular phone, there is
no need to purchase a dedicated cellular plan for the vehicle’s device, but the user must be aware of

the amount of data being transmitted so as not to incur additional data overage fees.

Once the type of device required by a UBI program of the desired scope is determined, it is
recommended that the program administrator evaluate and test various devices from different
manufacturers and service providers to find the one that best meets the program’s needs.
Alternatively, the robustness and viability of any program can be increased if it is flexible enough to
be able to use data collected by any device that meets a minimum set of required criteria. It is easier
to outfit large fleets in a short amount of time when devices can be purchased from multiple
manufacturers. In cases where devices have already been bought for and installed within vehicles, a

particular UBI program may be more attractive if it doesn’t require a different device.

As far as the infrastructure for any UBI program goes, the devices installed in vehicles, while
crucial, only represent part of the picture. In order to be useful, the data collected and transmitted
must be stored until it can be processed and this requires additional hardware and software that may

not already be available.

Although it depends on how comprehensive a database is desired and the particular specifications
for each data element collected, such as precision and frequency, a typical device will transmit

between three and twenty megabytes of data per month. Devices installed in commercial vehicles
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tend to report amounts on the higher end of this spectrum because the vehicles are being used
more. This is generally due to the nature of the business and the fact that commercial vehicles may
be used by different drivers during multiple shifts throughout the day. So, depending on the number
of vehicles participating in the UBI program, the data could add up rather quickly. As mentioned
eatlier, credible modeling results are generally achieved using at least 100,000 vehicle-years of data.”
At the stated rate of data collection, that amounts to between four and twenty-five terabytes, at a
minimum, for credible results. There are currently over 250 million vehicles (2,500 times the
minimum credibility standard) registered for use in the United States.” While no one is suggesting
that every vehicle will be outfitted with telematics devices for collecting DBD in the near future, as
UBI programs gain acceptance from consumers and insurance producers alike, the sizes of these
databases are expected to grow, as are the costs of storing the data. Every enterprise must also have
a plan for backing up data in case of loss. This data redundancy also adds significantly to the cost of

maintaining a UBI program.

While storage capacity is one consideration for the database, a company must also have the right
software to process and work with it. Some database and statistical packages are not able to
adequately handle tens or hundreds, or more, terabytes of data. Consider software packages that can
utilize efficient algorithms and parallel processing to speed calculations and analysis. Additionally,
some software is constrained by Random Access Memory (RAM) in how large the working database
can be. Working with this software requires programming expertise to access the entirety of the data.

Instead, consider packages that do not have such constraints on database size.

In addition to working with the data to develop UBI programs, many vendors are providing
policyholder-facing software to add value and incentive to customers. Many personal auto
policyholders are looking for, or even expect to see, real-time information about where their cars
have been driven and whether and when any usage events, such as speeding, hard braking or turning
sharply, occurred during a trip. They may also want to be able to locate their vehicle when stolen,
which benefits both the policyholder and the insurer because the quicker a vehicle is located and
reacquired, the less expensive the claim is likely to be and the more satisfied the insured is. Parents
may also prefer to use this information to track teen drivers. Commercial auto policyholders are
already using information like this for fleet management purposes, including routing and fuel

consumption, as well as ensuring that fleet drivers are following various laws and regulations or fleet

30 See footnote 27 of this paper.
31 From U.S. Department of Transportation (Bureau of Transportation Statistics), Table 11-1.
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safety guidelines. Thus, the software and hardware infrastructure required for providing these
services to policyholders should be considered when determining the features and costs of a

competitive UBI program.

Finally, as with any company’s database, the administrator of a UBI program must make security
a top priority. In recent years, company databases have been hacked for e-mail addresses and
passwords, and cases such as these have become more prevalent. A few higher-profile cases have
resulted in release of names, addresses, and even credit card numbers. Many people would, and
should, be wary of databases containing multiple terabytes of data with so much private, identifiable
behavior information. Secure access controls must be implemented so that only the people who
should be able to see the data are able to. In addition, any information transmitted to or from the
policyholder should be done so in a secure manner with data encryption. A data retention policy
must also be put into place to minimize data loss, should it occur. When data is no longer needed, it

should be deleted from the working database and all backup copies.

In the next section we turn from discussing the infrastructure necessary to collect and use the

data to actually working with it.

4. NAVIGATING THE DATA

The driving behavior data elements collected to support UBI vary depending on the technology
used to collect them. Telematics devices typically record time-stamped location and vehicle
identification information with every observation. Some devices further identify the driver of the
vehicle through tags, PIN codes, or fingerprinting. The American Association of Equipment
Management Professionals’ telematics data standard focuses on location and three additional data
points: distance traveled, driving time, and fuel consumption. The organization finds that these four
data elements support 80% of their constituency’s reporting needs.”  Speed, acceleration,
deceleration, and braking are less standard elements but are also commonly used in UBI. Such values
may be estimated if not collected through telematics. For example, average speed may be estimated
using time and mileage, and average acceleration may be estimated using time-velocity formulae. The
accuracy of the estimates depends on the frequency at which observations are recorded. More
detailed DBD such as seat belt usage, turn signaling, and on-board entertainment (e.g., radio

stations) have been suggested for use within patents but are not typical of UBI initiatives to date.

32 See Bennink, page 1.
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When choosing which data elements to collect, actuaries should balance the desire for greater

predictive power with the cost of collecting more data.

Table 4.1 displays sample DBD. This table is illustrative and does not represent the data
collectible from any particular telematics device. In the example, nine data elements are recorded at
sixty-second intervals beginning and ending when the ignition is switched on and off, respectively.
Such a series of records is referred to as a “journey.” The first and second columns of Table 4.1
show that the driver’s journey on April 8, 2012, begins at 8:45 AM and concludes at 8:53 AM.” The
GPS coordinates in the third and fourth columns indicate that he changes heading at least twice: in
the fourth observation, he ceases heading Due North, and in the seventh, he begins heading Due
West. Columns five, six, and seven show that the driver’s cumulative time, mileage, and fuel
consumption, respectively, increase with each observation except the second, when his vehicle has
been powered on but has not traveled any mileage. The speeds and accelerations in columns eight
and nine show that the driver experiences different driving conditions during each leg of his journey.
Because insurance policies are typically written or renewed every six to twelve months, and not every

minute or journey, the information in Table 4.1 does not immediately lend itself to use in rating or

underwriting.
Table 4.1 — Sample DBD for Single Journey
1) @ o) 0 ©) ©) ™ ®) ©)
Degrees  Degtees Miles

Obs. Date UTC Latitude Longitude Seconds  Miles  Gallons  per hour  g-force
1 4/8/2012  14:45:30  -27.117  -109.367  0:00:00  0.000 0.000 0 0.000
4/8/2012 14:46:30  -27.118  -109.364  0:01:00  0.000 0.050 0 0.000

3 4/8/2012  14:47:30  -27.117  -109.371  0:02:00  0.080 0.055 20 0.030
4 4/8/2012 14:4830 -27.150  -109.379  0:03:00  0.552 0.060 50 0.060
5 4/8/2012  14:49:30  -27.109  -109.388  0:04:00  1.499 0.078 65 -0.100
6 4/8/2012  14:50:30  -27.098  -109.398  0:05:00  2.538 0.091 59 0.010
7 4/8/2012 14:51:30  -27.093  -109.410  0:06:00  3.234 0.105 40 -0.070
8 4/8/2012 14:52:30  -27.084  -109.409  0:07:00  3.916 0.124 35 -0.015
9 4/8/2012 14:53:30  -27.076  -109.409  0:08:00  4.445 0.143 0 0.000

3 Pacific/Easter Time is six houts behind Cootdinated Universal Time (UTC) when Daylight Saving Time is not in
effect.
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Table 4.1 (Continued)

Columns (1) and (2) represent the date and time of each observation in UTC.

Columns (3) and (4) represent the GPS coordinates of each observation in decimal notation.
Column (5) represents the cumulative amount of time elapsed at each observation in seconds.
Column (6) represents the cumulative distance traveled at each observation in miles.

Column (7) represents the cumulative amount of fuel consumed at each observation in gallons.
Column (8) represents the speed at each observation in miles per hour.

Column (9) represents the amount of acceleration or deceleration at each observation in g-force.

The first step in making sense of DBD is to identify when different aspects of vehicle operation
occur. When a vehicle is powered off, it is referred to as “parked” or “garaged.” The device in our
example does not record observations while parked, but some devices do record periodic
observations at such times. A vehicle may also be powered on but not in motion (e.g., the second
observation of Table 4.1), in which case it is considered “idle.” Time spent parking or idling may be
of value to fleet managers looking to optimize drivers’ fuel consumption or actuaries looking to
price the theft peril. Of greater interest, however, are events and conditions which occur when a
vehicle is powered on and in motion, i.e., “driving.” Periodic observations are excellent at capturing
driving conditions as in Table 4.1 but may not identify events which occur in a split second, such as
entering a turn at high speed or slamming on the brakes. These maneuvers may directly cause or
prevent accidents. As a result, many devices record additional observations when one or more
conditions exceeds thresholds or “triggers” prescribed by the actuary, TSP, or the two working in
conjunction. For example, braking events may be identified when certain gravitational forces (g-
force) are registered and/or decelerations occur over a prescribed duration (e.g., Kantowitz defined
braking events by a 0.2 g-force deceleration rate over five seconds). Resulting observations may
indicate that a given type of event occurred and/or the set of conditions that triggered its recording.
Table 4.2 contains sample events that were recorded by the telematics device during the same

journey that resulted in the periodic observations displayed in Table 4.1.
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Table 4.2 — Sample Events
) ) 6)
Obs. Date UTC Event Description

2.1 4/8/2012  14:47:00  Shift into Drive
6.1 4/8/2012  14:51:00  45-degree turn at high speed

6.2 4/8/2012  14:51:15  -0.4 g-force threshold broken
8.1 4/8/2012  14:53:15  Shift into Park

Once driving and analogous concepts have been identified, they may be quantified. If the
cumulative totals in columns five, six, and seven of Table 4.1 and the totality of events in Table 4.2
were the only values of interest, actuaries could save considerable time and expense by accepting just
one observation per journey or policy period. To wit, MileMeter offers coverage by the mile, which
is verified only at renewal using photographs of vehicles’ odometers.” Alternatively, some TSPs
offer scores based on driving ability which may be used in a manner similar to credit. Actuaries
interested in deeper analysis of DBD would prefer to associate events and “incremental” amounts of
driving with unique sets of conditions that produce them. This is analogous to associating

exposures, losses, and claims with the risks from which they emanate.

Table 4.3 combines the events from Table 4.2 with the periodic observations from Table 4.1 to
produce “incremental” driving, parking, and idling totals. For the sake of simplicity, Table 4.3
displays event counts rather than full event detail. (Note that observations denoting transitions
between parking, idling, and driving are duplicated to enable proper allocation of incremental totals
between vehicle states.) Incremental totals are calculated in two steps: First, as shown in columns
(11) through (13), differences are taken between the cumulative totals in columns five through seven
of each observation compared to its predecessor record. Next, two-point rolling averages are taken
of the differences to obtain the incremental totals in columns (14) through (16). Averages are used
because approximately half of the driving between any two observations can be more closely
associated with the prior. For example, column (12) shows that 0.472 miles were traveled between
observations three and four. Approximately half of this mileage occurred more closely to
observation three. Similarly, half of the 0.947 miles traveled between observations four and five may
be more closely associated with observation four. Therefore, the incremental mileage shown in

column (15) for observation four is estimated as (0.472 + 0.947 ) + 2 = 0.710. Rolling averages may

3 MileMeter is described in Furchgott as being “at the non-tech extreme” of UBI (paragraph 9).
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be unnecessary if observations are recorded at sufficient frequency that conditions are unlikely to
differ significantly between consecutive observations. Determining incremental totals for each

observation allows the user to aggregate driving totals over different sets of conditions.

Table 4.3 — Periodic Observations with Events and Incremental Totals

1) @ ©) 0 ) ©) ™ ®) ©)

Degrees  Degrees Miles
Obs. Date UTC Latitude Longitude Seconds  Mileage  Gallons per hour g-force
4/8/2012  14:45:30  -27.117  -109.367  0:00:00 0.000 0.000 0 0.000
1 4/8/2012  14:45:30  -27.117  -109.367  0:00:00 0.000 0.000 0 0.000
2 4/8/2012 14:46:30  -27.118  -109.364  0:01:00 0.000 0.050 0 0.000
21 4/8/2012 14:47:.00 -27.118  -109.364  0:01:30 0.000 0.053 0 0.000
21 4/8/2012 14:47:00 -27.118  -109.364  0:01:30 0.000 0.053 0 0.000
3 4/8/2012 14:47:30  -27.117  -109.371 0:02:00 0.080 0.055 20 0.030
4 4/8/2012 14:4830 -27.150  -109.379  0:03:00 0.552 0.060 50 0.060
5 4/8/2012  14:49:30  -27.109  -109.388  0:04:00 1.499 0.078 65 -0.100
6 4/8/2012 14:50:30  -27.098  -109.398  0:05:00 2.538 0.091 59 0.010
6.1 4/8/2012 14:51:00 -27.096  -109.404  0:05:30 2.886 0.098 53 -0.050
62 4/8/2012 14:51:15  -27.094  -109.407  0:05:45 3.060 0.102 45 -0.430
7 4/8/2012  14:51:30  -27.093  -109.410  0:06:00 3.234 0.105 40 -0.070
8  4/8/2012 14:52:30  -27.084  -109.409  0:07:00 3.916 0.124 35 -0.015
8.1 4/8/2012 14:53:15 -27.076  -109.409  0:07:45 4.445 0.138 0 0.000
8.1 4/8/2012 14:53:15 -27.076  -109.409  0:07:45 4.445 0.138 0 0.000
9  4/8/2012 14:53:30  -27.076  -109.409  0:08:00 4.445 0.143 0 0.000
4/8/2012  14:53:30  -27.076  -109.409  0:08:00 4.445 0.143 0 0.000
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[SATNE N

6.1
6.2

8.1
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Columns (1) through (9) are described in the notes to Table 4.1.

Column (10) indicates whether the vehicle is parked, idling, or driving at each observation.

(10)

Status

Parked
Idling
Idling

Idling
Driving
Driving

Driving
Driving
Driving

Driving
Driving
Driving

Driving
Driving
Idling

Idling
Parked
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)

12)

Table 4.3 (Continued)

13)

Differences between Obs.

Seconds

0:00:00
0:01:00

0:00:30
0:00:00
0:00:30

0:01:00
0:01:00
0:01:00

0:00:30
0:00:15
0:00:15

0:01:00
0:00:45
0:00:00

0:00:15

Mileage

0.000
0.000

0.000
0.000
0.080

0.472
0.947
1.039

0.348
0.174
0.174

0.682
0.529
0.000

0.000

Gallons

0.000
0.050

0.003
0.000
0.003

0.005
0.018
0.013

0.007
0.004
0.003

0.019
0.014
0.000

0.005

14

(15)

(16)

Incremental Totals

Seconds

0:00:30
0:00:45

0:00:15
0:00:15
0:00:45

0:01:00
0:01:00
0:00:45

0:00:23
0:00:15
0:00:38

0:00:53
0:00:23
0:00:08

0:00:08

Mileage

0.000
0.000

0.000
0.040
0.276

0.710
0.993
0.694

0.261
0.174
0.428

0.606
0.265
0.000

0.000

Gallons

0.025
0.026

0.001
0.001
0.004

0.012
0.016
0.010

0.005
0.004
0.011

0.017
0.007
0.002

0.002

a7

Turns

(18)

Brakes

Column (11) represents the amount of time elapsed (Column (5)) between the previous observation and the current

obsetvation in seconds.

Column (12) represents the distance traveled (Column (6)) between the previous observation and the current

observation in miles.

Column (13) represents the amount of fuel consumed (Column (7)) between the previous observation and the

current observation in gallons.

Column (14) estimates the amount of time associated with each observation, which is calculated as the average of

the differential times in Column (11) for the current and subsequent observations.
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Table 4.3 (Continued)

Column (15) estimates the distance traveled associated with each observation, which is calculated as the average of
the differential distances in Column (12) for the current and subsequent observations.

Column (16) estimates the fuel consumption associated with each observation, which is calculated as the average of
the differential fuel amounts in Column (13) for the current and subsequent observations.

Column (17) represents the number of turns taken at high speed (as identified in Table 4.2) that occurred at each
obsetvation.

Column (18) represents the number of heavy braking incidents (as identified in Table 4.2) that occurred at each
obsetvation.

Raw DBD describes a relatively limited number of conditions, but resources are available to paint
a richer portrait. A simple yet valuable distinction to the actuary might be on-roading versus off-
roading. However, GPS coordinates are often imprecise (e.g., due to interference from buildings), so
a large percentage of driving may incorrectly appear to be “off-road.” In response, algorithms are
available to “snap” coordinates to their nearest road segment. Map vendor data may then be used to
identify the type of road (e.g., freeways, arterials, or local roads) or speed limit for each segment.
Real-time traffic services are also available. GPS and time stamps may even be used to access
temperatures, precipitation, or other weather information. Studies into these effects are promising,
but a dearth of weather stations in the vicinities of driving may limit the success of such efforts. Due
to the costs of licensing third-party data and different levels of refinement between raw telematics
and third party databases, actuaries may find linking such information to the DBD to be difficult.
Simpler calculations may also be performed. Distances between driving locations and journey origins
may be a useful check on traditional rating variables such as radius of operation, and may be
calculated using publicly available algorithms. Alternatively, ISO proposed a simple, patent-pending
metric to describe the riskiness of driving locations in terms of the average garaging loss costs of
encompassing territories. In summary, analysis of DBD need not be limited to raw information

collected using telematics.

Maintaining a quality database involves more than simply processing incoming DBD. ASB ASOP
No. 23 advises that the actuary should identify “data values that are materially questionable or
relationships that are materially inconsistent.””® An abnormally low number of observations may
indicate that an insured has installed his device incorrectly or hacked into his own data stream.

Frequent “gaps” in the data or large numbers of events may be signs of technological defect.

% From ASOP No. 23, page 4.
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Insurance claims which do not have corresponding DBD events (e.g., intense g-force) may represent
fraud. Such issues should be pursued with the insured, TSP, or claims adjuster as appropriate.
Automated checks and corrective measures may also be applied to the data. Observed speeds or
distances may be compared to those implied by incremental mileage-to-time ratios or GPS
coordinates, respectively. Missing or unreasonable values may be estimated using data from adjacent
observations. For example, when a vehicle shifts from idling into drive, its location may be estimated
from the previous observation, since which time it has not moved. In contrast, fuel consumption
could be estimated using interpolation between the previous and subsequent records’ fuel
consumption, since fuel is burned while idling. The actuary will not have opportunity to review
every record of DBD but should exercise “professional judgment” in determining whether the data

is of “sufficient quality to perform [the] analysis.””

The aggregate database of DBD may contain observations for several highly similar journeys. It
may not be necessary, or desirable from a privacy perspective, to separately identify each one. Dates
may be expressed simply as weekdays, weekends, or holidays, while times may be categorized (e.g.,
early morning, Ante Meridiem (AM) peak, etc.) by the expected degree of traffic congestion. GPS
coordinates, which many companies do not even collect for privacy or other reasons, may be
discarded after they are used to determine road type, weather, or other qualitative and quantitative
information. Conditions such as speed and acceleration may not be retained to the exact miles per
hour (MPH) or hundredth of a g-force,, since riskier cases have been separately identified as events.
Cumulative totals are somewhat redundant to incremental totals and may be expressed as broader
ranges. A one-way analysis of the DBD may be used to identify logical groupings of the data. Table
4.4 presents Table 4.3 in a slightly different format which better preserves privacy. This approach is
consistent with the Law of Large Numbers: “As the volume of similar, independent exposure units

increases, the observed experience will approach the “true” experience.””’

36 Ibid., page 5.
37 From Werner and Modlin, page 216.
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Table 4.4 — De-identified DBD

O @ €) ) ®) ©) v
Cumulative Totals
Obs. Date Time Road Weather Minutes Miles Gallons
Holiday =~ AM Peak Local Partially Cloudy 0 0 0
1 Holiday =~ AM Peak Local Partially Cloudy (0,5] 0 (0,0.25]
2 Holiday =~ AM Peak Local Partially Cloudy (0,5] 0 (0,0.25]
2.1 Holiday =~ AM Peak Local Partially Cloudy (0,5] 0 (0,0.25]

2.1 Holiday =~ AM Peak Local Partially Cloudy (0,5] (0,5] (0,0.25]
3 Holiday =~ AM Peak Local Partially Cloudy (0,5] (0,5] (0,0.25]

Holiday = AM Peak  Freeway  Partially Cloudy (0,5] (0,5] (0,0.25]
Holiday = AM Peak  Freeway  Partially Cloudy (0,5] (0,5] (0,0.25]
6 Holiday = AM Peak  Freeway  Partially Cloudy (0,5] (0,5] (0,0.25]

[SATNE N

6.1 Holiday =~ AM Peak  Freeway  Partially Cloudy (5,10] (0,5] (0,0.25]
6.2 Holiday =~ AM Peak Arterial Partially Cloudy (5,10] (0,5] (0,0.25]
7 Holiday =~ AM Peak Arterial Partially Cloudy (5,10] (0,5] (0,0.25]

8 Holiday =~ AM Peak  Arterial Partially Cloudy (5,10] (0,5] (0,0.25]
8.1 Holiday = AM Peak  Arterial Partially Cloudy (5,10] (0,5] (0,0.25]
8.1 Holiday =~ AM Peak  Arterial Partially Cloudy (5,10] (0,5] (0,0.25]

9 Holiday =~ AM Peak Arterial Partially Cloudy (5,10] (0,5] (0,0.25]
Holiday =~ AM Peak Arterial Partially Cloudy (5,10] (0,5] (0,0.25]

Column (1) indicates whether each observation is recorded on a Weekday, Weekend, or Holiday.

Column (2) indicates the time of day during which each observation is recorded. “AM Peak” is defined by Jun as
occurring between the hours of 6:00 AM and 9:00 AM, Local Time.

Column (3) represents the type of road being traveled at each observation. This is obtained by linking the GPS
coordinates in Columns (3) and (4) of Table 4.3 to a map database, similar to Jun.

Column (4) represents the weather conditions at each observation. This is obtained by linking the date, time, and
GPS coordinates from Columns (1) through (4) of Table 4.3 to a weather database.

Column (5) expresses Column (5) of Table 4.3 in ranges of five minutes.
Column (6) expresses Column (6) of Table 4.3 in ranges of five miles.

Column (7) expresses Column (7) of Table 4.3 in ranges of 0.025 gallons.
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Table 4.4 (Continued)

®) ©) (10) (1) (12) 3% a4 )
Over/Under Incremental Totals
Obs. Speed Speed Limit Status Seconds Miles Gallons ~ Turns Brakes
- - Parked
1 - - Idling 0:00:30 0.000 0.025 0 0
2 - - Idling 0:00:45 0.000 0.026 0 0
2.1 - - Idling 0:00:15 0.000 0.001 0 0
2.1 [0,25] [-17.5,-125)  Driving 0:00:15 0.040 0.001 0 0
3 (17.5,225] [-25,25] Driving 0:00:45 0.276 0.004 0 0
4 (47.5,525] [-17.5,-125) Driving 0:01:00 0.710 0.012 0 0
5 (62.5,67.5] [-25,25] Driving 0:01:00 0.993 0.016 0 0
6 (57.5,625] [-75,-25)  Driving 0:00:45 0.694 0.010 0 0
6.1 (525,575] [-125,-7.5) Driving 0:00:23 0.261 0.005 1 0
6.2  (425,475] (25,75] Driving 0:00:15 0.174 0.004 0 1
7 (27.5,32.5] [-25,25] Driving 0:00:38 0.428 0.011 0 0
8 (325,375] [-75,-25)  Driving 0:00:53 0.606 0.017 0 0
8.1 [0,25] (-0, -27.5) Driving 0:00:23 0.265 0.007 0 0
8.1 - - Idling 0:00:08 0.000 0.002 0 0
9 - - Idling 0:00:08 0.000 0.002 0 0
- - Parked

Column (8) expresses the speed from Column (8) of Table 4.3 in ranges of 5 MPH. Speed is not generally
applicable when the vehicle is parked or idling.

Column (9) compares the speed from Column (8) of Table 4.3 to the speed limit and expresses the difference in
ranges of 5 MPH. Speed limits are obtained by linking GPS coordinates from Columns (3) and (4) of Table 4.3 to a
traffic laws database.

Column (10) replicates Column (10) of Table 4.3.
Columns (11) through (15) replicate Columns (14) through (18) of Table 4.3, respectively.

The final step in constructing the database is to associate DBD with traditional insurance data
(e.g., premiums and losses). One way to do this is to assign every claim to the observation which
immediately precedes it, e.g., one with intense g-force. This may prove challenging because claims

are not typically recorded in second-by-second detail, and DBD may become irretrievable if
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telematics devices are damaged in accidents. Another limitation of this approach is that such
observations may only be as frequent (or infrequent) as accidents themselves. Alternatively, actuaries
may associate each claim with all the DBD observations that occur during the policy period. This
assumes that every moment a vehicle is operated has some impact on its loss propensity. Either of
these two approaches supports frequency and severity modeling, because every observation indicates
whether or not a claim occurs and, if so, for what amount. If the actuary prefers a pure premium
approach, he or she may pro-rate losses to DBD observations based on time, mileage, or fuel
consumption, all of which were noted by Dorweiler as potential exposure media for auto. He or she
may also consider pro-rating premiums and building a loss ratio model, which would effectively
control for the effect of existing rating variables. A more sophisticated approach to account for
those effects would be to associate exposure information with the DBD and analyze for interactions.
For example, less experienced vehicle operators who partake in risky behaviors may present greater
risk than more experienced ones with similar behavioral patterns. Merging traditional insurance data
with DBD enables the actuary to take the next step of analyzing the effects of driving behavior on

loss experience. The next section looks at how actuaries may act upon this information.

5. APPLICATIONS

There are many potential applications for DBD, including pricing, scoring, underwriting, claims,
and others. For actuaries, the endgame is certainly pricing. Actuaries generally already have an
informed estimate of the proper aggregate cost of insurance for a group of risks based on traditional
methods, but DBD has the potential to make rating individual risks more granular and accurate than
ever before. New rating variables can be integrated into old rating schemes as additional variables or
by replacing traditional variables. These new rating variables may serve as more accurate measures of
the same rating criteria or they may substitute something not previously measurable by using a
conventional proxy. For example, in commercial auto the “radius of operations” rating variable is
used as an estimate of how much a vehicle is operated since vehicles that tend to be driven further
from the garaging location tend to be driven more than vehicles that stay within a smaller radius.
This variable can be replaced with a more accurate and verifiable measure of the actual mileage
driven and an indicator of how far the vehicle strays from its garaging location based on GPS data.
These can help differentiate not only between vehicles used close to and far from the garaging

location, but, among these, which are used more frequently than others. Ultimately, total mileage
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may prove to be more indicative of loss propensity and may supersede distance from the garaging

location.

As another example, measurements based on variables that are more closely related with the
aggressiveness of the driver, such as speeding and hard braking, could replace traditional proxies like
driver age. Younger drivers may tend to be more aggressive, but when actuaries know what
agegressive driving looks like in the data, they can apply surcharges only to those drivers exhibiting
such behaviors, whether they are youthful or not, instead of an entire class of drivers comprised of
operators with varying driving habits. Also, replacing proxies with variables that may be perceived as
more causative, while not necessary under ASB ASOP No. 12, should be well received by
consumers, who appreciate transparency in rating and desire to know what they can do to affect
premiums. This is also true for regulators, who value fairness and accuracy in rating. DBD may also
be used to create an entirely new, independent UBI rating plan without reliance on traditional plans

or variables.

Other applications for DBD include scoring and underwriting. Scoring is useful for condensing
multiple pieces of information into a single number. A credit score, for example, combines
information about an individual’s payment and delinquency history, credit utilization, length of
credit history, and type of credit into a single number ranging from 300 and 850 (for the Fair Isaac
Corporation (FICO) score in the United States) to represent the creditworthiness, or likelihood of
default, of that individual.™ At a glance, a financial institution can make a decision about whether or
not to extend a loan to an individual, and if so at what rate, based on the expected risk of that
person defaulting on the loan. A similar driving behavior score could be developed to summarize
the plethora of information contained in DBD and other linked databases. And, similar to the use of
credit scoring in personal insurance since the 1990s, a driving behavior score could be used as a
rating variable instead of building a model to account for all of the components that make up the
score. Actuaries should be wary, however, of the fact that a score, a single number, while indicative
of overall risk, does not tell as complete a story as the individual components. And if the underlying
composition of the score differs from company to company, scores may not be portable for use in
rating or even to indicate how risky one driver is when compared to others or with respect to the

producer’s own underwriting criteria.

38 See Gutner or visit FICO.com.
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Regarding the use of DBD in underwriting, behavior data, as individual components or as scores,
may be used to make decisions about whether or not to cover a risk or which tier, premium,
standard, substandard, etc., to place a risk in for pricing. It may take some time for UBI programs
and models to gain acceptance from consumers and regulators for pricing, but in the meantime
there is no reason that the information cannot be used in underwriting to help place insureds with

similar risks for traditional rating.

Another underwriting application of DBD is in verification of rating parameters to prevent
premium leakage. Insurers require policyholders to complete an application form before providing
coverage and often upon renewal as well. When insureds complete the application form honestly
and accurately, the premium charged represents the best estimate of expected loss for that insured.
Insureds may on occasion complete the application forms inaccurately if they don’t know the exact
answer to a question or if they think it will help reduce the premium. Many questions on an
application form, such as annual mileage driven, garaging address, business/pleasure use, and
distance to work, whether a vehicle is parked in a garage or on the street overnight, etc. could be

verified with the use of DBD to ensure that risks are being charged a fair premium.

Some speculate that DBD could be used to determine how many different people regularly use a
vehicle, based on how different individual driving habits may be, to verify that the number of named
insureds on a policy is correct. Driving behavior data could notify an insurer of potential mid-term
policy changes, such as a change of address, before the policyholder contacts the insurer.
Applications like this start to push the boundaries of what DBD and UBI are capable of providing
to insurers. In order to realize the potential, actuaries, statisticians, and other data scientists will need
to carefully and thoroughly analyze behavior data to transform it into valuable information. As was
seen with the use of credit for insurance, the first movers may gain expertise that solidifies their

position for years to come.

Outside of rating and underwriting, driving behavior data could be used for claims. For example,
if a device installed in a vehicle is capable of cellular transmission and is monitoring the vehicle’s
acceleration and deceleration, it could detect and immediately report when there is a large change in
deceleration, indicative of a collision. This is called first notice of loss (FNOL). With FNOL,
policyholders can get the help they need more quickly than if they have to seek it themselves. In
severe accidents, where people may be incapacitated, automatic notification of an emergency could
be the difference between life and death. FNOL has the potential to increase satisfaction among

policyholders while decreasing short- and long-term costs for both bodily injury and property
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damage. The faster a claimant is diagnosed and treated for injuries, the less expensive payments tend
to be. Similarly, insurers spend millions of dollars per year in vehicle storages costs as a result of
delayed notification of claims and the average payout for claims reported more than a day after an

accident is 20% higher than those reported within a day.”

Device data could also be used for claim adjustment and fraud prevention. It has been estimated
that over 40% of reported bodily injury claims result from fraudulent or exaggerated injuries and
that about 20% of every claim payment is attributed to soft fraud.” If the devices could be used to
help recreate the conditions of an accident, insurers could be given more accurate assessments based
on soft-tissue and kinematics studies to determine the authenticity of a claim and to help make
estimates of claim payments. Just knowing which claims to deny or investigate helps ensure that

resources are being used as effectively as possible.

DBD has non-insurance uses as well. Some applications include making improvements to
infrastructure safety and better vehicle traffic planning. Claim and GPS data could be used to
determine safety levels of roads and intersections. Additional lights or signs could be installed to
help prevent accidents. Congested areas and roads around them could be improved to add new lanes
or change traffic patterns to help traffic flow more smoothly and consistently. It is arguable that
repurposing DBD for applications like these also has an effect on insurance, as improving safety and
trip quality may ultimately reduce accidents due to road and driving conditions or driver attitudes,
which reduces overall claim payments. However, before data can be repurposed, there are a few

regulatory hurdles that must be considered.

Not all states have passed laws related to vehicle telematics, but those that have generally declared
that data from the devices is owned by the owner of the vehicle, not the insurer. Therefore, use of
the data for any purpose depends on agreement with the policyholder. This can be easily
accomplished with the policy itself as long as the policyholder is made aware of the implications that
come with installing a telematics device in a vehicle and transmitting data to the insurer.
Alternatively, while many states have decided that telematics data can be used for rating, especially
when regulators feel that DBD is indicative of causal behaviors and promotes fairness in rating,
some that explicitly allow DBD to be used for rating may prefer that it only be used for premium
discounts. Still, other states, like California, have restrictions on which data can be used. California

does not allow the use of GPS location data for rating, but encourages the use of mileage. For now,

% From Diamond Management & Technology Consultants analysis cited in Blumer.
40 From Brockett, pages 245-246.
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policyholders that agree to transmit data to an insurer do so because they believe they will get a
benefit from doing so, such as premium discounts and other real-time services, and it should not be

difficult to find a market for insurers to begin testing or rolling out UBI programs.

6. CONCLUSIONS

It has long been known that DBD allows insurers to achieve unique goals in pricing,
underwriting, and loss control or mitigation. However, such data also presents unique challenges and
risks. One way to address these roadblocks is through a sound data management strategy. In making
the decision to work with DBD, actuaries should be mindful of privacy and intellectual property
rights. Once they have committed to UBI, infrastructure should be designed to cost-effectively
capture and transmit required information to the insurer and/or insured, with appropriate security
measures taken along the way. Telematics is the data collection mechanism that best supports these
objectives. As DBD is collected, it should be organized, enriched with third-party information, and
de-identified or consolidated to better enable traditional actuarial functions. Automated checks and
professional judgment should be used to ensure data is of sufficient quality for analyses. The
resulting database serves as the starting point for various UBI applications. Regulatory and
technological breakthroughs can only increase DBD’s prevalence in an industry that has thus far

been reluctant to fully embrace its possibilities.
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