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Introduction
Ye)

Classic multi-state model

@ State process (X:)t>o0.

e When insurance events occur.
e Example: Pure jump Markov process.

o Information FX = o(Xs : s < t).

@ Accumulated payments (B(t))¢>0-

e Specified in insurance contract.
o Incrementally adapted: B(t) — B(s) is ]—"(X

S’t]—measurable.

@ Prospective reserve (V/(t))>o0.

V(t) = E Utoo - <— /t r(v)dv) dB(s)| f;<]
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Introduction
oe

Research problem

V(t) =E [foo exp (— fts r(v)dv) dB(s) ‘ .7-?(}

t

Problem: Information F not fully available at time t due to reporting
and processing delays = Reserve V/(t) cannot be used directly.

Focus of presentation:
@ lllustration of the problem.
@ Outline of mathematical approach.

@ QOverview of results.
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lllustration
@000

Classic multi-state model

Simple example: Total permanent disability insurance.
o State process: X; € {a,i,d}.

[ dead d]< [ active a] >[ disabled ’]

@ Contractual payments:

7T premium rate
B(dt) = ml(x,_=a) dt + b Na;(dt). b : disability sum
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lllustration
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Available information

@ Temporal databases:

o Valid time: When events occurred (historical information).
o Transaction time: When events were observed (rollback information).

Observation Valid From Valid Till Entered Superseded
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lllustration
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Available information

@ Example: Timeline for one insured.

1 Occurence: & Award: @ Reject: @
Transaction 1
Valid 1
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lllustration
000®

How to reserve?

@ Question: What to reserve in different situations?

o Observed states: {no report, reported, disabled, dead}.
o Modeled states: {active, disabled, dead}.

e Role of classic reserve V7?:

V(t) = E Utoo exp (— /t r(v)dv) dB(s) ‘ f;<]

@ Answer: Derive IBNR and RBNS reserves for multi-state models.
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Approach
O

Approach for multi-state models

e Fundamental challenge: Contractual payments B are valid time
objects, while data are transaction time objects.

Novel methods

Model distribution
of X given observed
information

Keep knowledge
of contractual
specification of B

Approach 1:

Non-life insurance methods

Model distribution
of observed
payments directly

Discard knowledge
of contractual
specification of B

Approach 2:
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Approach
oce

Approach for multi-state models

Approach 1: Keep B structure.
Approach 2: Discard B structure.

@ Approach 1 may lead to more powerful and explanatory models.

e Incorporate more structure known a priori.

e Parametric specification may be supported by physical reasoning.
e Handle strong temporal dependencies of running payments.

e Allows use of established multi-state life insurance theory.

e Mathematically tractable?

@ We pursue Approach 1.

Oliver Lunding Sandqvist PFA Pension and University of Copenhagen



Model construction

© Introduce observed state process and payments.
© Define corresponding present value and reserves.

© Link to classic reserve.

@ Model elements overview:

Valid time  Transaction time
State process Xs X!
Payment process B(dt) B(dt)
Present value P(t) P(t)
Information FX Fi
Prospective reserve | V/(t) V(t)
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Link to classic reserve

@ For notational convenience, assume no interest (r = 0).

. . a.s.
@ Basic structure assumption: XJ° =" X.

Theorem: Representation of transaction time present value.

P(t) = P(t) + (B(t) — B(t)).

Two fundamental differences between V and V:

© )V/(t) additionally reserves to previously wrongly settled payments
before time t.

© V(t) conditions on observable filtration F;. V/(t) conditions on
partially observable filtration FZ.
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Results
00@0

Example: Total permanent disability

@ Simple relation between P and P does not always transfer to simple
relation between V' and V.

@ Reserves (non-essential terms omitted):

t
Vienr(t) = / bP(no report at time t | disabled at time s)u,;(s)ds
0

Vrens(t) = P(Reported claim is awarded | F;) b.

@ Similar results can be derived for more complicated disability
insurance products.
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Estimation

@ Time of analysis ¢ > 0.
@ Estimate IBNR-factor
P(no report at time t | disabled at time s) = P(Delay > t — s)

using i.i.d. observations (Delay;)i—1 ., right-truncated at time
c — disability-time;.

@ Estimate RBNS-factor

P(Reported claim is awarded | F;)

e.g. using logistic regression with pseudo-observations.

@ Estimate hazards adjusted for IBNR- and RBNS effects: adjust
O/E-rates with RBNS-factor and (IBNR-factor) 1.
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Thank you for your attention!
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