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ÿ
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=

(
X

1

,···
,
X

k )
fi(

x)=
E
P #

S

1 --
X

=
x $=

E
P

X

#
S

1 |
x $

Insurance
pricing

is
not

only
data

driven,it
is

also
essentially

m
odeldriven

(see
Pricing

G
am

e)

@
f
r
e
a
k
o
n
o
m

e
t
r
i
c
s

f
r
e
a
k
o
n
o
m

e
t
r
i
c
s

f
r
e
a
k
o
n
o
m

e
t
r
i
c
s
.
h
y
p

o
t
h
e
s
e
s
.
o
r
g

3



A
r
t

h
u

r
C

h
a

r
p
e
n

t
i
e
r

,
I
n

s
u

r
a

n
c

e
:

R
i
s
k

P
o

o
l
i
n

g
a

n
d

P
r

i
c

e
S

e
g

m
e
n

t
a
t

i
o

n
-

2
0
1
7

I
n

s
u

r
a
n

c
e

P
r
i
c
i
n

g
i
n

a
N

u
t
s
h

e
l
l

Prem
ium

is
fi

=
E
P

X

#
S

1 $

It
is

datadriven
(or

portfolio
driven)

since
P

X

is
based

on
the

portfolio.

c
l
i
c
k

t
o

v
i
s
u
a
l
i
z
e

t
h
e

c
o
n
s
t
r
u
c
t
i
o
n

@
f
r
e
a
k
o
n
o
m

e
t
r
i
c
s

f
r
e
a
k
o
n
o
m

e
t
r
i
c
s

f
r
e
a
k
o
n
o
m

e
t
r
i
c
s
.
h
y
p

o
t
h
e
s
e
s
.
o
r
g

4



A
r
t

h
u

r
C

h
a

r
p
e
n

t
i
e
r

,
I
n

s
u

r
a

n
c

e
:

R
i
s
k

P
o

o
l
i
n

g
a

n
d

P
r

i
c

e
S

e
g

m
e
n

t
a
t

i
o

n
-

2
0
1
7

I
n

s
u

r
a
n

c
e

P
r
i
c
i
n

g
i
n

a
N

u
t
s
h

e
l
l

Prem
ium

is
fi¥

E #
S

1 |
X

=
x $=

E
C

N

ÿ

i
=

1

Y

i -----
X

=
x D

=
E

[
N

|
X

=
x]·E

[
Y

i |
X

=
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approxim
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] È
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ÈÈ+
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ÈÈ
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decom
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=
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S|
X

] È
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ÈÈ
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] È
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C
onsider

fi

1

=
E #

S

1 $
and

fi

2 (
x)=

E #
S

1 |
X

=
x $

O
bserve

that
E #

fi(
X

) $=
ÿx
œ

X
fi(

x)·P[
x]

=
ÿx
œ

X
1

fi(
x)·P[

x]+
ÿx
œ

X
2

fi(
x)·P[

x]

•
Insured

w
ith

x
œ

X
1

:
choose

Ins1
•

Insured
w

ith
x

œ
X

2 :
choose

Ins2

Ins1:
ÿx
œ

X
1

fi

1 (
x)·P[

x]”=
E[

S|
X

œ
X

1 ]

Ins2:
ÿx
œ

X
2

fi

2 (
x)·P[

x]=
E[

S|
X

œ
X

2 ]
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f
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f
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f
r
e
a
k
o
n
o
m

e
t
r
i
c
s
.
h
y
p

o
t
h
e
s
e
s
.
o
r
g

13

20
30

40
50

60
70

80
90

0.00 0.05 0.10 0.15 0.20

Age of the D
river

Claims Annual Frequency



A
r
t

h
u

r
C

h
a

r
p
e
n

t
i
e
r

,
I
n

s
u

r
a

n
c

e
:

R
i
s
k

P
o

o
l
i
n

g
a

n
d

P
r

i
c

e
S

e
g

m
e
n

t
a
t

i
o

n
-

2
0
1
7

P
r
i
c
e

D
i
�

e
r
e
n

t
i
a
t
i
o
n

,
a

T
o
y

E
x
a
m

p
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=
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Experienced

Senior
Total
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(2,000)
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(500)
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(3,000)
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Total
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82.3

82.3
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90
40

m
arket

82.3
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82.3
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82.3
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p
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Share
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)
33.9%
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none
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.6%
)
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11.6%

X

1
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)
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55.8%
X
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15
.1%

)
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1 ◊
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to

get
price

di�erentiation
see

discrim
inant

analysis,Fisher(1936)

“In
hum
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sociala�airs,discrim

ination
is

treatm
ent

or
consideration

of,or
m

aking
a

distinction
in

favor
ofor

against,a
person

based
on

the
group,class,or

category
to

w
hich

the
person

is
perceived

to
belong

rather
than

on
individualattributes”

(wikipedia)

For
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C
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an
ordered

sam
ple

{
y

1

,···
,
y

n }
of

incom
es,

w
ith

y

1

Æ
y

2

Æ
···Æ

y

n ,then
Lorenz

curve
is

{
F

i

,
L

i }
w

ith
F

i =
i

n

and
L

i =
q

ij
=

1

y

j

q
nj
=

1

y

j

W
e

have
observed

losses
y

i and
prem

ium
s

‚fi(
x

i ).
C

on-
sideran

ordered
sam

ple
by

the
m

odel,see
Frees,M

eyers
&

Cum
m

ins
(2014),‚fi(

x

1 )
Ø

‚fi(
x

2 )
Ø

···Ø
‚fi(

x

n ),then
plot

{
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,
L

i }
w
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i =
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L
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q
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=
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j

q
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=
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j
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Income (%)
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→
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Losses (%)
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←
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less risky
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f
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C
onsider

the
case

of
a

death
insurance

contract,
that

pays
1

ifthe
insured

deceased
w

ithin
the

year.
fi(

x)=
E #

T

x

Æ
t+

1|
T

x

>
t $

—
N

o
price

discrim
ination

fi
=

E[
fi(

X
)]

—
Perfect

discrim
ination

fi(
x)

—
Im

perfect
discrim

ination
fi

≠
=

E[
fi(

X
)|

X
<

s]and
fi

+

=
E[

fi(
X

)|
X

>
s]

c
l
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k
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c
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f
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f
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f
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In
a

com
petitive

m
arket,insurers

can
use

di�erent
sets

ofvariables
and

di�erent
m

odels,e.g.
G

LM
s,

N

t |
X

≥
P

(
⁄

X

·
t)

and
Y

|
X

≥
G(

µ

X

,
Ï)

‚fi
j (

x)=
‚E #

N

1 --
X

=
x $· ‚E #

Y

--
X

=
x $

=
exp( ‚–

T

x)
¸

˚˙
˝

P
o

i
s
s
o

n
P

(
⁄

x

) ·
exp( ‚—

T

x)
¸

˚˙
˝

G
a

m
m

a
G

(
µ

X

,
Ï

)

that
can

be
extended

to
G

A
M

s,

‚fi
j (

x)=
exp

A
d

ÿk
=

1 ‚s
k (

x

k ) B

¸
˚˙

˝
P

o
i
s
s
o

n
P

(
⁄

x

)

·exp
A

d

ÿk
=

1 ‚
t

k (
x

k ) B

¸
˚˙

˝
G

a
m

m
a

G
(
µ

X

,
Ï

)

orsom
e

Tweedie
m

odelon
S

t (com
pound

Poisson,see
Tweedie

(1984))conditional
on

X
(see

C.&
D

enuit(2005)orKaasetal.(2008))or
any

other
statisticalm

odel

‚fi
j (

x)
w

here
‚fi

j

œ
argm

in
m

œ
F

j
:X

j æ
R I

n

ÿ

i
=

1

¸(
s

i

,
m

(
x

i )) J
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For
som

e
loss

function
¸:R

2

æ
R

+

(usually
an

L

2

based
loss,

¸(
s
,
y)=

(
s

≠
y)

2

since
argm

in{E[
¸(

S
,
m

)]
,

m
œ
R

}
is

E(
S),interpreted

as
the

pure
prem

ium
).

For
instance,consider

regression
trees,forests,neuralnetworks,or

boosting
based

techniques
to

approxim
ate

fi(
x),and

various
techniques

for
variable

selection,such
as

LA
SSO

(see
Hastie

etal.
(2009)

or
C.,Flachaire

&
Ly

(2017)
for

a
description

and
a

discussion).

W
ith

d
com

petitors,each
insured

ihas
to

choose
am

ong
d

prem
ium

s,
fi

i =
!‚fi

1 (
x

i )
,···

,‚fi
d (

x

i ) "
œ
R

d+ .
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e
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sim

ilar
others,“birds

ofa
feather

flock
together”

from
M

oody
(2001)

Race,SchoolIntegration
and

Friendship
Segregation

in
Am

erica
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So
far,risk

classes
are

based
on

covari-
ates

X
,correlated

(causale�ect?)
w

ith
claim

s
occurence

(or
severity).

W
hy

not
consider

clusters
in

(social)
networks,too?

A
lotofcofounding

variables
(age,pro-

fession,location,etc.)

See
InsPeerexperience.
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U
sed

already
on

credit
(see

cnn
or

or
digitaltrends)

E.g
Lenddo

or
Lendup

It
does

m
ean

that
hom

ophily
can

be
seen

asa
substituteto

standard
credit‘explana-

tory’variales...

@
f
r
e
a
k
o
n
o
m

e
t
r
i
c
s

f
r
e
a
k
o
n
o
m

e
t
r
i
c
s

f
r
e
a
k
o
n
o
m

e
t
r
i
c
s
.
h
y
p

o
t
h
e
s
e
s
.
o
r
g

48



A
r
t

h
u

r
C

h
a

r
p
e
n

t
i
e
r

,
I
n

s
u

r
a

n
c

e
:

R
i
s
k

P
o

o
l
i
n

g
a

n
d

P
r

i
c

e
S

e
g

m
e
n

t
a
t

i
o

n
-

2
0
1
7

I
n

f
o
r
m

a
t
i
o
n

a
n

d
N

e
t
w

o
r
k
s

B
ut

other
kinds

ofnetworks
can

be
used,e.g.

(genealogical)
trees

See
Ewen

G
allic’s

ongoing
work

(actinfo
chair).
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See
GeneralD

ata
Protection

Regulation
(EU

2016/679):
w

hataboutaggregation
?

C
onsider

a
population

{1
,···

,
n}

and
a

partition
{I

1

,···
,I

k }
(e.g.

geographical
areas

Z
),w

ith
respective

sizes
{
n

1

,···
,
n

k }.
Set

Y

j =
1n

j

ÿiœ
I

j

Y

i .

For
continous

covariates,set
X

k
,
j =

1n

k

ÿiœ
I

j

X

k
,
i ,

For
categoricalvariables,consider

the
associate

com
position

variable
X

k
,
j =

(
X

k
,
1

,
j

,···
,
X

k
,
d

k
,
j )

w
here

X

k
,
¸
,
j =

1n

k

ÿiœ
I

j

1(
X

k
,
i =

¸).

See
e.g.

C.&
Pigeon

(2016)
on

m
icro-m

acro
m

odels
and

Enora
B

elz’s
ongoing

work.
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See
Verbelen,Antonio

&
Claeskens(2016)

and
Antonio

&
C.(2017)

on
G

PS
data
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