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D
ata

scien
ce,

d
ata

an
alytics

an
d
b
ig

d
ata

“W
hilst

the
fundam

entals
of

analyzing
data

have
not

changed,
our

approach
to

collating
and

understanding
data,

creating
accessible

and
useful

inform
ation,

developing
skill

sets
and

ultim
ately

transform
ing

huge
and

ever-grow
ing

rep
ositories

of
data

into
actionable

insights
for

our
em

ployers,
shareholders

and
our

com
m
unities

m
ore

generally
has

entered
a
new

paradigm
.”

S
ource:

A
S
T
IN

B
ig

D
ata/D

ata
A
nalytics

W
orking

P
arty

-
P
hase

1
P
ap

er
-
A
pril

2015
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D
ata

scien
ce,

d
ata

an
alytics

an
d
b
ig

d
ata

“D
ata

captured
and

stored
by

industry
doubles

every
year

and
90%

+
of

all
data

in

existence
has

b
een

created
during

the
last

2
years.

M
ost

of
this

is
unstructured

data

such
as

em
ails,

tw
eets

and
videos

-
every

m
inute

w
e
send

204m
em

ails,
generate

1.8m
F
aceb

ook
likes,

send
278k

T
w
eets,

up-load
200k

photos
to

F
aceb

ook
and

100

hours
of

video
to

Y
ouT

ub
e.”

S
ource:

A
S
T
IN

B
ig

D
ata/D

ata
A
nalytics

W
orking

P
arty

-
P
hase

1
P
ap

er
-
A
pril

2015
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A
ctu

arial
fu
n
ctio

n
s

T
he

actuary
plays

a
central

role
in

data
analysis

and
predictive

m
odeling:

⇤
insurance

pricing
and

product
developm

ent;

⇤
reserving

and
accounting;

⇤
risk

m
anagem

ent
and

N
at

C
at

m
odeling;

⇤
m
arketing;

⇤
social

and
p
olitical

process.
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In
su
ran

ce
pricin

g
an

d
pro

d
u
ct

d
evelo

p
m
en

t

∗
C
lassical

actuarial
pricing:

G
L
M

w
ith

a
s
m
a
l
l
n
u
m
b
e
r
o
f
s
e
l
e
c
t
e
d
t
a
r
i
↵
c
r
i
t
e
r
i
a:

∗
D
ata

analytics
and

telem
atic

data
w
ith

c
o
n
t
i
n
u
o
u
s
d
a
t
a
c
o
l
l
e
c
t
i
o
n
:

S
ource:

W
eidner

et
al.

(E
A
J
2016)
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P
erso

n
alized

h
ealth

&
m
ortality

d
ata

∗
C
ollection

of
p
e
r
s
o
n
a
l
i
z
e
d
health

and
m
ortality

data.

∗
B
etter

m
edical

know
ledge

ab
out

risk
drivers,

e.g.,
old-age

research.

∗
M
ain

questions
ab

out
causality

requires
i
n
t
e
r
d
i
s
c
i
p
l
i
n
a
r
y
r
e
s
e
a
r
c
h.

M
ale O

bserved N
um

ber of D
eaths

Years
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R
eservin

g
an

d
acco

u
n
tin

g

∗
A
ggregate

claim
s
triangles:

i
/
j

0
1

2
3

4
5

6

2007
1’052

1’321
1’700

1’971
2’298

2’645
3’003

2008
808

1’029
1’229

1’590
1’842

2’150

2009
1’016

1’251
1’698

2’105
2’385

2010
948

1’108
1’315

1’487

2011
917

1’082
1’484

2012
1’001

1’376
C
i,j

predicted

2013
841

∗
Individual

claim
s
histories:

6



R
isk

m
an

ag
em

en
t
an

d
N
at

C
at

m
o
d
elin

g

∗
N
atural

hazard
m
odeling:

∗
P
hysical

m
odels,

collection
of

sensor
data,

statistical
m
odels,

etc.

∗
E
�
ciency:

run-tim
e
is
crucial

(earthquake:
1
m
inute

(?)
of

reaction
tim

e).

∗
C
ivil

engineering:
building

code,
catastrophe

sim
ulation,

etc.
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A
ctu

arial
fu
n
ctio

n
s

∗
Insurance

pricing
and

product
developm

ent

∗
R
eserving

and
accounting

∗
R
isk

m
anagem

ent
and

N
at

C
at

m
odeling

∗
M
arketing

A
ll
these

actuarial
fi
elds

go
through

m
assive

changes:

⇤
T
hese

changes
are

data
driven.

⇤
Is
the

actuarial
profession

ready
for

these
changes?

⇤
H
ow

can
the

R
com

m
unity

supp
ort

the
actuarial

profession
in

these
changes?

8



L
eg

al
an

d
m
arketin

g
issu

es

●
A
lot

of
(unstructured)

data
is
available

in
the

internet,
social

m
edia,

etc.

●
P
ersonal

data
is
collected

by
several

stakeholders
(data

has
a
value).

●
P
rivacy

is
an

issue
(and

legislation
lags

b
ehind).

●
C
ollection

of
telem

atic
data:

�
voluntariness;

�
often

only
younger

drivers
(for

reputational
and

m
arketing

reasons);
�

price
reduction

of
20%

m
otivates

70%
of

young
drivers

to
install

drive
recorder!

⇤
V
olum

e
is
too

sm
all

to
do

statistical
analysis

(see
b
elow

).
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O
n
-g
o
in
g
ch

an
g
es

in
g
en

eral
in
su
ran

ce

M
any

general
insurance

m
arket

leaders
re-structure

their
actuarial

organization.

⇤
C
lassical

actuarial
pricing

departm
ents

are
split

into
3
sub-units:

(1)
pricing

using
classical

m
ethods

(like
G
L
M

w
ith

classical
tari↵

criteria);

(2)
data

science
and

data
analytics

(not
necessarily

actuaries
and

statisticians);

(3)
fi
nancial

controlling
and

business
developm

ent.

⇤
C
om

p
etence

of
sim

plifying
com

plex
data

for
decision

m
akers

is
split

into
di↵

erent
sub-units/m

odules
(and

di↵
erent

disciplines).

⇤
A
ctuaries

and
statisticians

lose
infl

uence
if
they

do
not

com
p
ete

in
the

new
fi
elds!10



D
ata

scien
ce

an
d
d
ata

an
alytics:

m
o
d
elin

g
to
o
ls

●
linear

regression
(and

correlation)
analysis,

principal
com

p
onent

analysis
(P

C
A
)

●
generalized

linear
m
odels

(G
L
M
),
generalized

additive
m
odels

(G
A
M
)

●
classifi

cation
and

regression
trees

(C
A
R
T
)

●
b
ootstrap

aggregating
(bagging),

random
forests

●
b
oosting,

supp
ort

vector
m
achine

(S
V
M
)

●
F
ourier

analysis,
hidden

M
arkov

m
odels,

particle
fi
lters

●
B
ayesian

netw
orks,

m
achine

learning,
etc.

T
hese

(statistical)
techniques

have
in

com
m
on

that
they

all
try

to
extract

the

relevant
features

and
try

to
m
easure

their
infl

uence
on

the
resp

onse.
11



D
ata

scien
ce

an
d
d
ata

an
alytics:

featu
res

D
eterm

ine
the

structural
function

f
,
such

that
w
e
can

w
rite

resp
onse

Y
as

Y=
f(

x

1
,
.
.
.
,
x

p )+
"
,

for
features

x

i
and

a
(centered)

m
easurem

ent
error

".

M
ain

q
u
estio

n
s:

●
W
hat

are
the

relevant
features

x

i
to

b
e
included

(w
ith

predictive
p
ow

er)?

●
W
hat

does
the

structural
function

f
look

like?

●
H
ow

can
features

x

i
b
e
constructed

from
(continuous)

data?

●
W
hat

if
the

resp
onse

Y
is
rather

a
dynam

ic
process

(p
otentially

non-stationary)?12



Issu
e
in

in
su
ran

ce

A
ll
this

sounds
rather

sim
ple

and
seem

s
to

have
b
een

done
already...

...
w
e
highlight

som
e
issues

in
insurance

pricing
and

reserving.
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C
lassifi

catio
n
an

d
reg

ressio
n
tree

(C
A
R
T
)

●
C
A
R
T

from
R
package

r
p
a
r
t
on

m
otor

insurance
data.

●
C
rucial

is
the

appropriate
tree

size:
statistics

and
predictive

p
ow

er?
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C
laim

s
freq

u
en

cies
in

g
en

eral
in
su
ran

ce
(1
/
2
)

●
P
articular

di�
culty

in
general

insurance
claim

s
frequency

m
odeling:

�⇒
yearly

claim
s
frequencies

are
(very)

low
.

●
A
ssum

e
that

the
num

b
er

of
claim

s
N

of
a
given

p
olicy

N∼
P
o
i
s
s
o
n(
�
v)
,

w
ith

yearly
claim

s
frequency

�=
9
%

and
yearly

exp
osure

at
risk

v=
1.

●
T
his

p
olicy

has
a
standard

deviation
(pure

random
ness)

of

V
a
r(
N)

1�2= √
9
%=

3
0
%
.

●
W
e
need

9
0
0=

3
0

2
such

indep
endent

(and
identically)

distributed
p
olicies

to
see

a
structural

di↵
erence

to
a
yearly

claim
s
frequency

of
� ′=

8
%

(for
confi

dence
b
ounds

of
1
standard

deviation)!
⇤

N
um

b
er

of
features

x

i
that

explain
�=

�(
x

1
,
.
.
.
,
x

p )?
15



C
laim

s
freq

u
en

cies
in

g
en

eral
in
su
ran

ce
(2
/
2
)

●
S
eparation

of
system

atic
from

random
com

p
onent

is
di�

cult
for

low
frequency

problem
s:

analyze
(1)

bias
2,

(2)
estim

ation
variance,

(3)
process

variance

E� �
N−

�̂
v �

2�= �
�
v−

E[
�̂]
v �

2+
v

2
V
a
r �
�̂ �+

V
a
r(
N)

.

●
M
ethods

are
often

not
robust

against
sm

all
changes

in
data:

�
problem

atic
in

pricing
process

due
to

yearly
changes

in
prem

ium
;

�
problem

atic
for

accounting
fi
gures,

for
instance,

in
claim

s
reserving;

�
m
ayb

e
fi
ne

in
m
arketing

and
airfare

pricing.

●
C
lassical

features
m
ay

have
a
sm

oothing
e↵

ect,
im

prove
predictive

p
ow

er
and

supp
ort

interpretation.

⇤
U
se

hybrid
m
ethods

that
com

bine
classical

features
w
ith

big
data

features.

16



P
ractical

exp
erien

ce
ab

o
u
t
telem

atic
(b
ig
)
d
ata

●
Q
uality

of
data

is
often

(disapp
ointing)

p
oor:

�
installed

devices
do

not
w
ork

prop
erly;

�
frequency

of
data

subm
ission

is
not

su�
cient

(and
costly);

�
volum

e
of

p
ortfolio

is
not

su�
cient

b
ecause

insurance
claim

s
have

low
frequency.

●
D
ata

cleaning
is
costly

and
extensive

(uses
80%

+
of

the
tim

e).

●
G
raphical

tools
are

m
issing/p

oor.

●
R
A
M

needs
to

b
e
large.

/
A
vailability

of
data

for
research

is
an

issue:
data

has
a
value.

/
T
ools

and
techniques

of
professional

providers
are

not
accessible.

17



C
laim

s
reservin

g

●
C
laim

s
reserving

is
a
dynam

ic
process

and
features

m
ay

also
b
e
dynam

ic.

●
O
ften

there
is
a
lot

of
judgm

ent
and

hum
an

b
ehavior

involved.

●
P
redictions

should
b
e
robust

(accounting
fi
gures).

●
N
on-stationarity,

cyclicality
and

dep
endence

is
an

issue
in

the
data:

�
em

ergence
of

new
phenom

ena
like

w
hiplash

claim
s;

�
culture

of
claim

s
handling

units;
�

dep
endence

on
econom

ic
factors,

for
instance,

related
to

m
ental

diseases;
�

legal
changes;

local
holidays,

etc.

18



G
en

eral
in
su
ran

ce
co

m
p
an

y’s
b
alan

ce
sh
eet

assets
as

of
31/12/2013

m
io.

C
H
F

debt
securities

6’374
equity

securities
1’280

loans
&

m
ortgages

1’882
real

estate
908

participations
2’101

short
term

investm
ents

693
other

assets
696

total
assets

13’934

liabilities
as

of
31/12/2013

m
io.

C
H
F

claim
s
reserves

7
’1
8
9

provisions
for

annuities
1’178

other
liabilities

and
provisions

2’481
share

capital
169

legal
reserve

951
free

reserve,
forw

arded
gains

1’966

total
liabilities

&
equity

13’934

C
laim

s
reserves

are
the

biggest
p
osition

on
the

balance
sheet

of
a
generalinsurance

com
pany!

S
ource:

A
nnual

R
ep
ort

2013
of

A
X
A
-W

interthur
V
ersicherungen

A
G

19



N
o
n
-statio

n
arity

in
claim

s
rep

ortin
g

⇤
S
m
arter

things
than

aggregated
claim

s
reserving

triangles...

20



D
ata

issu
es

in
claim

s
rep

ortin
g

⇤
S
m
arter

things
than

aggregated
claim

s
reserving

triangles...

21



H
ow

can
th
e
R

co
m
m
u
n
ity

su
p
p
ort

actu
aries?

●
D
evelop

new
(and

b
etter)

graphical
tools.

●
P
rovide

supp
ort

in
education

of
data

analytics
and

statistics.

●
R
un-tim

e
and

cost
e�

cient
coding

and
procedures

(R
A
M

is
an

issue).

●
B
etter

docum
entation

of
the

R
packages:

m
any

packages
do

not
run

the
describ

ed
algorithm

s...

●
Insurance

adapted
illustrations

and
exam

ples.

●
O
p
en

access
data

to
develop

and
test

tools.

D
o
not

m
iss

the
connection,

the
change

has
already

started!
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