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Introduction
» Advanced Pricing Techniques (APT) GIRO working party was created
in 2012

» 22 members working in three work streams with a focus on motor
insurance market

— Use of GLM
— Telematics pricing

— Conversion/Elasticity modelling
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The UK motor insurance market has made
overall profits only twice in the past thirty years

105% 105.2%
106.1%

115%

Net combined ratio

125%
Reported NCR*

==Adjusted NCR*

135%

Source: S&P and working party’s interpretation
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With the dominance of price comparison websites,
there is almost perfect competition in the market
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Conversion elasticity modelling
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Big data — the rise of the data analyst?

statistician
Search term

data scientist
Search term

data analyst big data

Search term ‘ Search term

Source: google.com
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Despite the significant evolution of the market,
pricing techniques haven’t changed much
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There are a wide range of quoted premium on the

market, while similar pricing techniques are used

throughout market.
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Background to Generalised Linear Models
What are Generalised Linear Models?

A Generalised Linear Model (GLM) is a statistical model
intended to relate an observed or dependent variable (Y)
to a linear combination of predictors (n).

The formulation is typically in terms of three components:
1. Random component

Each observation of Y is independent and is from one of P. McCullagh and
the exponential family of distributions. fie i elcer

2. Systematic component
A linear combination of the predictors gives the linear

predictor, n = X L] Data

3. Link function

The relationship between the random and systematic
components is specified via a link function, g, such that
EY) =gi(n)

14 October 2013 Page

Topic 1: Credibility and GLM

« Alinterview question: Your chief underwriter has read in the news
that postcode XYZ have more claims and asked you to add it as a
new level in the postcode grouping. What should you do?

‘“ ' ! .| Newaddress: | - '
e (ars &motoring - .

MWoney Home | Markets | Saving & banking | Ivesting | Bl | Cars | Hobdays | Cards & oans | Pensions | Mortgages & home | Experts | Forums

Postcode lottery: We moved 175
yards — and our car insurance

I VDistanc
doubled!

r A ]
Thisis M*NEY...

B1ITE OF TH

By LAUREN THOMPSON
UPDATED: 00:34, 11 January 2012 o

[ f| snarc J o7 | Twcct 3+ 1 )l &) Share = 21 Shments

A family saw their car insurance more than double after moving less than
175 yards down the road.

Source: Thisismoney.com
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Either Zero or Full Credibility is given to rating

factors
ZF‘@E::@

Apply credibility blending in GLM

- Credibility theory can be used to blend results

Following on from our previous example, suppose an insurer begins writing policies
on a new postcode XYZ

They will have no data from existing policies on which to base their price, and only
sparse data for the first few months once they start writing these policies

One solution would be to use a credibility weight which is updated as we get more
data from policies of Ferrari Enzo drivers

How do you calculate the credibility factor Z?
- Acredibility factor can be used to blend predicted averages produced
by different models (with different rating factors)

There is no standard way of calculating the credibility factor — it can be calculated
based on

Volume
Standard deviation / Variance
p-value.

14 October 2013 Page
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Generalised linear mixed models (GLMMs)
provide a potential solution

* GLMMs are an extension to GLM, in which the linear predictor
contains random effects to allow for connection between data in
addition to the usual fixed effects.

* It provides a convenient way of applying credibility blending within

GLM.
yi=Xi3+Zb;i+¢

|

Random
effect

14 October 2013 15

GLMM produces fewer extreme predictions -
example

Distribution of model prediction
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GLMM produces fewer extreme predictions —

by risk
Comparison of MSE
0.5%
0.4%
w 0.3% -
g
0.2% +
0.1% - |
0.0% -
1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 Avg
Risk ID
BGLM EGLMM
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Topic 2: dependence of unrelated risk profiles

* GLMs impose a linear structure on the data — the mean of the model
output is calibrated to be equal to the mean of your sample data

* The GLM will do this for each factor used in the model (e.g. driver
age Old/Young, car age New/Old)

New car  Old car

Young driver | Number of claims 100 100
Avg claim size () | 8,000 5,000

Old driver Number of claims 100 100
Avg claim size (E) | 3,000 1,000

» This builds a dependency on the claims experience of each segment
into the results

+ Additionally, the GLM builds a dependency on the number of
observations in each segment into the results

14 October 2013 Page
18
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Example of a simple GLM

* We start by building a simple GLM on the dataset below, which
consists of four policies each with two rating factors: ‘Driver Age’ and
‘Car Age’.

» Each policy has had a single claim of differing severity. We use the
GLM to get a prediction of average loss severity for each policy.

Driver Age Car Age Claim Amount (£k) Driver Age Car Age Prediction (£k)

old old 1 Old old 1.4
Old New 3 I:> Old New 2.6
Young old 5 Young Oold 4.6
Young New 8 Young New 8.4

* We will now consider two test cases to demonstrate the impact that a
change in loss experience or exposure has on model predictions.

Page

14 October 2013
19

Test Case 1. double the claim severity for the
“Old — Old” policy

 If the data is revised so that the severity of the “Old — Old” claim is doubled,
we can see that the GLM produces different predictions for all policies.

Driver Age Car Age Claim Amount Driver Age Car Age Prediction
old od (1) old old 1.4

Oold New 3 Old New 2.6

Young Old 5 Young Oold 4.6

Young New 8 Young New @
Driver Age Car Age Claim Amount
old old e *) old old 19 ()
old New 3 old New 31 (4
Young Oold 5 Young Old

51 ()
Young New 8 Young New )

Here, the predicted claims severity for “Young — New” drivers decreases.

Page

14 October 2013
20
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Test Case 2: double the number of claims in the
“Old — Old” segment

 In this test case we duplicate the “Old — Old” claim — so average claims
severity in this segment remains the same.

Driver Age Car Age Claim Amount Driver Age CarAge Prediction

old od (1) old old 14

old New 3 |:> Old New 26

Young old 5 Young old
Young New 8 Young New @
Driver Age Car Age Claim Amount
old old old old 13 ()
old Old o Old New 25 ()
old New 3 |:> Young old 25 6
Young old 5 Young New (+)
Young New 8

Once again, the predictions for all subsets change. This time the prediction for the
“Young — New” policy increases.

14 October 2013 Page
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Possible solutions: revolution vs. evolution

» Take account of the expected future business mix
» Obtain claims data from the market

+ Setting the correct assumptions for future inflation, IBNR,
expenses etc

+ An iterative modelling approach to obtain the correct
"weight"

14 October 2013 22
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An iterative modelling approach

* An iterative approach can be developed — a GLM is trained on the historical
portfolio and a price is derived from this. The results are then run through a
conversion model to get a predicted future mix of business. A second GLM
can then be run based on this revised mix of business, and so on.

Fit GLM ‘ Set price

1 !

Feed weight Conversion

model

into GLM

14 October 2013 Page
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Telematics

14 October 2013 25

The impact of telematics on pricing
depends on the product structure

« While telematics products are becoming more common,
the products offered are diverse.

* As a result, the pricing approach and use of telematics
data depends on the underlying product characteristics.

* The cost of introducing telematics products will depend on
how the data is used. The value gained is also dependent
on the pricing approach.

* We have surveyed telematics providers to understand
product characteristics, the data used and their possible
impacts on the pricing approach.

14 October 2013 26
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How will Telematics Change the Pricing Process?

Datais

transmitted via
—w mobile (( ))
j network or wifi
information about @ to insurer
their driving and
impact on pricing dGPS device

Customer receives

captures driving
behaviour data

Insurer

Actuarial pricing
analysis

D

Large quantity
of data needs to
be analysed and
mostly

analytical
information

discarded.

Telematics pricing and
driving behaviour output

Growth in telematics providers
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Insurers

14/10/2013

14



14/10/2013

How important is the additional
information for pricing motor insurance?

Cost of
analysing
telematics data

Value of
additional
insight

The value of the data depends on the product proposition

The product and pricing methods vary
significantly

« What impact does the data have on the pricing process?

* We conducted a survey of 14 providers of telematics
insurance products, including some non-UK insurers.

* We reviewed policy documents to understand product
features as well as the data used to price policies.

» The diversity of products and methods used to price
policies was striking, and the analytical requirements
depend on the product offering, the premium terms and
the data used in the pricing process.

30
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Data used in pricing

» For all 14 insurers reviewed, there wasn’t one driving data metric
used by all of them.

* Most insurers use speed data for pricing, while very few analyse
the type of road, the time without a break and the number of
accidents measured in the data.

Data used for pricing
{n=14 insurers)

=
[=]
L

Number of providers

=T ST R ]
P T T T

Speed

Hard braking

Acce leration

Time on the road

Location

Distance driven

Harsh cornering

Mumber of journeys

Types of road used

Driving without a
break

Mumber of acddents

Source: Policy documents from telematics providers. 31

Telematics Data

How is the data used?

» To calculate insurance premiums based on actual driving
information.

» To validate insurance claims, e.g. verifying the location
and speed at the time of accident.

» To provide theft tracking services, or any other services
that may require the use of a telematics device.

» To give insight into driving behaviors to support ongoing
insurance product developments.

The main issue for insurers is managing the volume of data and

analysing it. We need to understand the value of different data elements
to ensure this process adds value.

32
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How valuable is the data available to

telematics insurers?

Risk factors

Car information (model,
Driver information (age,
Accident history
Price optimisation
Quality of road (curves,
Traffic density
Laws, regulations, and
Mileage '
Speed

Weather conditions
Seasonal use of car
Day and/or night use of

Standard

gricing

Telematics
pricing

RIARAKARIXHR <~ << <
ARhA S A C ASS N

Much of the value may be generated by self selection! 3

Understanding the cost of telematics data

The cost of acquiring telematics data continues to fall, however it
is still higher than that for traditional insurance.

Cost items

One off
cost

On-going

cost

Comments

Buying and installing the telematics
device in the car

Creating a process to obtain data
and setting up analytics databases
Obtaining driving data from the
telematics device

Analysing the data

Storing the data

J
J

SNS

Cost is high, but reducing

High initially, reducing as
techniques standardise and
technology costs reduce.
Depends on quantity of data

High but spread across lots
of customers

Cost is reducing, but data
quantity is still very large.

34
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Comparison of telematics product offering

Similarities Differences
v All insurers highlighted potential v Differences in product structure
savings v There are differences in specific

pricing features for similar plans e.g.

1. Renewal discounts the annual mileage limit

2. Cash back, cash rewards v' Differences in the data used for pricing
3. Discounts when you buy v Differences in the timing and extent of
products from partner premium changes
companies v' Discount methods vary markedly, e.g.:
v All encourage safer driving 1. Reward miles for good driving
2. Cash back

1. Earn cash rewards; calculate .
. 3. Partner discounts
premium

2. Reward miles if you drive well

35

Insurer 1

» Policyholder is offered a starting premium rate with no allowance for driving
behaviour. The insurer attaches the telematics device for 30 days and gets a
personalised premium rate (always a discount to the starting rate).

* The technology is not a GPS, therefore it doesn’t record the type of roads used
or location, but it does measure speed and time spent travelling.

+ After 5 more months of driving, a renewal discount is calculated which is
carried forward for future policy periods until policy expiration.

* The device is removed from the car, with no more tracking of behaviour unless
the insurer elects to re-monitor the vehicle or revise its driving behaviour
discount factors.

Insurer 1

Premium

36
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Insurer 2

Insurer offers insurance for maximum annual driving distance, charging a different
premium base on a low free annual mileage allowable.

The car is tracked using a telematics device to determine the distance travelled and
driving habits. If a policyholder travels more than the allowable distance during the policy
year, they will need to either top up the miles or earn bonus miles due to better driving
behaviour.

The allocation of bonus miles as well as the price of the top up miles is dependent on
driving habits, giving an incentive to the policyholder to improve their driving. In addition,
the company offers reward miles at renewal that can be used to buy consumer goods.

Insurer 2
110 4

105 1 M Base premium

100 B Premium fortop up miles
£
% 95 -
2
[
a0 4
85 1
30 4
37
Time (months)
Insurer 3

Product is designed to give a better deal to young drivers who drive safely.

Install GPS device to record driving behaviour, primarily speed,
acceleration and deceleration, cornering and time of day.

The premium is then adjusted every 90 days based on past driving
behaviour, with a maximum increase in one year.

At renewal, the premium is recalculated and will include a No Claim
Discount.

Insurer 3

Premiumcap

38

Time (months)

19
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Pricing Considerations

How do we use telematics data to optimise pricing?
— Enhanced claims models using driving variables

— Is price sensitivity impacted by driving patterns (e.g. high mileage => greater
price tolerance?)

— Changes in driving behaviour will impact claims risk, and therefore price
— Does the frequency of testing driving behaviour matter, or is one test enough?
To better enable traditional actuarial functions, telematics data should

be organized, enriched, and consolidated. (with support of software
such as SQL, Access)

To ensure data is of sufficient quality to analyse, regular checks and
professional judgments is required.

Need to be mindful of data privacy and protection issues.

Behavioural economics insight - information needs to be provided to the
policyholder to explain pricing outcomes (i.e. it must be clear that good
driving behaviour drives a better price). (This helps with the self
selection effect)

39

Summary

Essentially, all models are wrong, but some are
useful.

(George E. P. Box)

But what makes a useful model?

Output of model does have an significant impact on commercial
decision

Limitations of the model is fully understood and communicated
efficiently to key stakeholders

14 October 2013 40
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Expressions of individual views by members of the Institute and
Faculty of Actuaries and its staff are encouraged.

The views expressed in this presentation are those of the
presenter.

14 October 2013 41
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