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Motivation

Motivation

Costs for insurers due to policy termination (lapse/surrender): acquisition
expenses, loss of premium income and associated investment/technical profits

Costs due to hidden information (adverse selection), e.g., ‘good’ risks more
likely to lapse/surrender than the ‘bad’ risks

Our focus

contract design and (endogenous) renewal/termination
dynamics of renewal/termination
representation in terms of ‘frailty process’ (immediate interpretation in case of
Life, similar for P&C)
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Motivation

Literature

P&C

Testing for adverse selection: Chiappori (2000), Abbring et al. (2003),
Einav/Finkelstein (2011)...

Contract design with adverse selection: Rothschild/Stiglitz (1976),
Janssen/Karamychev (2005)...

Life

Deterministic setting, no contract design: Jones (1998), Valdez (2001)

Adverse selection at inception: Finkelstein/Poterba (2004), Einav et al.
(2010)...

Dynamic policyholder behavior in VA: Milevsky/Salisbury (2005), Chen et al.
(2008), Bacinello et al. (2010)...

Empirical evidence

P&C: Chiappori/Salaniè (2000) Kim et al. (2009), Shi at al. (2011)...

Life: Albert, Bragg, Bragg (1997), Hayes (2008), He (2011)
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Motivation

Findings

Framework for endogenous selection driven by the contract features

Jointly allow for endogenous and exogenous termination

Gauge the strength of dynamic adverse selection

Implications for optimal contract design and fair pricing

pricing measure as frailty-adjusted historical/baseline measure
contract design shapes risk adjustment via endogenous adverse selection
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Setup

Cox setting

Filtered probability space (Ω,F ,F = (Ft)t∈T ,P)

F ) G ∨H

G = (Gt)t∈T provides information regarding all the relevant risk factors

H = (∨mi=1H
i
t)t∈T captures the actual occurrences of claims and

terminations/surrenders

With T := [0, T ]
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Setup

Claims occurrence

m contracts, single exposure insured (in case of life contracts think of individuals
aged x0 at inception)

(τi)i=1,··· ,m are the claims arrival times (i.e., individuals’ random times of
deaths)

(N i
c)i=1,··· ,m with N i

c(t) = 1τ i≤t a F-adapted process representing the claims
occurrence indicator

(µi)i=1,··· ,m are G-predictable claim intensities

(µi)i=1,··· ,m different processes, same law

policyholder i can observe the realization of µi, the insurer cannot (hidden
information)
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Setup

Termination/surrender times

θi = θ̄i ∧ θi is the policyholder’s termination time

θ̄i is obtained endogenously (American option exercise)

(θi)i=1,··· ,m are the individuals’ exogenous termination times

(N i
w)i=1,··· ,m with N i

w(t) = 1θi≤t a F-adapted process representing
individual’s exogenous termination indicator

(λi)i=1,··· ,m are the G-predictable termination intensities
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Setup

Average claim intensity

σi = τ i ∧ θi ∧ T is the individual’s exit time

(N i
σ)i=1,··· ,m with N i

σ(t) = 1σi≤t a F-adapted process representing
individual’s exit indicator

µ̄(t) :=
∑

m
i=1

µi(t)(1−Ni
c(t−))∑

m
i=1

(1−Ni
c(t−)) is the average claim intensity of the population

µ̄p(t) :=
∑

m
i=1

µi(t)(1−Ni
σ(t−))∑

m
i=1

(1−Ni
σ(t−)) is the average claim intesity of the portfolio

(not population)

We can think at µ̄ as the intensity associated with a stopping time τ

Symmetrically µ̄p is the intensity associated with a stopping time τp
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Dynamic Adverse Selection

Claim probability

We want to quantify the divergence between the two probabilities of accident
at any point in time

P(τp ≤ T |Gt ∨Ht) and P(τ ≤ T | Gt ∨Ht)

We then want to explain the divergence in terms of contractual features (i.e.,
endogenize the divergence as a result of contract design)

We will then introduce a frailty representation that is useful for valuation
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Dynamic Adverse Selection

Measures of divergence

An example: Csiszàr’s family (Vonta and Karagrigoriou, 2010)

Dψ
τ,τp

(t) =

∫ ∞

t

dP(τ ≤ s| Gt ∨Ht)

ds
ψ

(
dP(τp ≤ s|Gt ∨Ht)/ds

dP(τ ≤ s| Gt ∨Ht)/ds

)
ds

=

∫ ∞

t

ψ

(
dP(τp ≤ s|Gt ∨Ht)

dP(τ ≤ s| Gt ∨Ht)

)
dP(τ ≤ s| Gt ∨Ht)

where ψ(x) continuous, differentiable and convex for x ≥ 0, and ψ(1) = 0,
ψ′(1) = 0.
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Dynamic Adverse Selection

Endogenous frailty

Contract configuration: element u ∈ U

We define
µ̄p(t;u) = µ̄(t) η̄(t;u)

At the individual level we have, on {σi > t},

µip(t;u) = µ(t) ηi(t;u) = µi(t)

ηi unobservable (for the insurer) stochastic frailty process, arising
endogenously from the contract

ηi shaped by the contract configuration u, which drives the wedge between
the population and portfolio claims intensity

Benedetti & Biffis (ICBS) Insurance Contract Design The Hague - 24/05/2013 15 / 43



Pricing Implications

Agenda

1 Motivation

2 Setup

3 Dynamic Adverse Selection

4 Pricing Implications

5 Simulation Study

6 Conclusion

Benedetti & Biffis (ICBS) Insurance Contract Design The Hague - 24/05/2013 16 / 43



Pricing Implications

Contract configuration

Agents have access to a money market account M , yielding instantaneously the
G-predictable short rate r, so that

M(t) = e
∫

t

0
r(s)ds

Insurance contracts are characterized by a quadruple (P,Bn, Bc, Bw)

Parameterized by u ∈ U

P denotes the single premium paid by the insured at inception

Bx denotes G-adapted no-claim/living (x = n), claim/death (x = c) and
termination/surrender (x = w) benefits
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Pricing Implications

Contract valuation I

The cumulative gains to the i-th insured are given by

Gi(t) = Bn(τ i−)1σi≤t +Bn(t)1σi>t

+Bc(τ i−)1τ i∧T≤t1θi>t +Bw(θi−)1θi∧T≤t1τ i>t

Under no arbitrage exists Qi ∼ P, under which M−1Gi is a (local)
Qi-martingale

As markets are incomplete, Qi is not unique

The value of the contract to insured i is

V i(t; θi) =M(t)EQi

[∫ θi∧τ i

t

M−1(s)dGi(s)
∣∣∣Ft

]
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Pricing Implications

Contract valuation II

By the conditional Poisson assumption, the pricing formula can be rewritten as

V i(t; θi) = 1τ i>tM̂(t)EQi

[∫ θi

t

M̂−1(s)dĜi(s)
∣∣∣Gt

]

= 1τ i>tV̂
i(t; θi)

V̂ i(t; θi) is the pre-death price of the contract

the fictitious money market account M̂ and cumulative gains Ĝi are given by

M̂(t) = e
∫

t

0
(r(s)+µi(s))ds

Ĝi(t) = Bn(t) +
∫ t
0
Bc(s)µi(s)ds+

∫ t
0
Bw(s−)dN i

w(s)
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Pricing Implications

Contract valuation III

However

µd will not reflect the mortality experience of the underlying pool of
policyholders

It will in general be incorrect to assume that the previous pricing formula
applies

The relevant price would instead be delivered by

V i(t; θi(u), u) = 1τ i>tM̂(t;u)EQi(u)

[∫ θi(u)

t

M̂−1(s;u)dĜi(s;u)
∣∣∣Gt

]

= 1τ i>tV̂
i(t; θi(u), u)

with

M̂(t;u) = e
∫

t

0
(r(s)+µi

p(s;u))ds

Ĝi(t;u) = Bn(t) +
∫ t
0
Bc(s)µip(s;u)ds+

∫ t
0
Bw(s−)dN i

w(s)
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Pricing Implications

Endogenous frailty and change of measure

Define the likelihood process

dQ(u)

dP

∣∣∣
Ft

= (1τ>t + η(τ ;u)1τ≤t)e
∫

τ∧t

0
µ(s)(η(s;u)−1)ds

The average portfolio survival probability becomes

P
(
τp > T

∣∣∣Gt ∨Ht

)
= E

[
e−

∫
T

t
µd|p(s;u)ds

∣∣∣Gt ∨Ht

]

= E
[
e−

∫
T

t
µd(s)η(s;u)ds

∣∣∣Gt ∨Ht

]

= EQ(u)
[
e−

∫
T

t
µd(s)ds

∣∣∣Gt ∨Ht

]

= Q
(
τ > T

∣∣∣Gt ∨Ht;u
)

ηi can be seen as originating from an equivalent change of measure from P to
Q(u), and its dynamics is shaped by the contract design u ∈ U
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Simulation Study

Assumptions

The short rate is constant, r = 3%

There is a penalty γ on surrender, decreasing in time

The individual force of surrender is constant and equal for all policyholders,
λi = λ = 4%

The individual force of mortality is a non-mean reverting affine process

µi = βµi(t)dt+ κdW i
d(t)

with β = 0.106 and κ = 3 · 10−4
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Simulation Study

Traditional contracts

u = (P,L,D,W ) ∈ U

The premium rate is given by

P =
DE

[∫ T
0
e−rtdNc(t)

]
+ Le−rTP(τ > T )

∫ T
0
e−rtP(τ > t)dt

Policyholder’s viewpoint is based on her own mortality experience

The insured decides to surrender at time t if

W (t) ≥ DE

[∫ T

t

e−r(s−t)dN i
c(s)| Ft

]

+ Le−rTP(τ i > T | Ft)− P

∫ T

t

e−r(s−t)P(τ i > s| Ft)ds

With, for example, W (t) = (1− γ)t P
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Simulation Study

Average Survival Curves for Traditional Contracts, as a

function of time and death benefit
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Simulation Study

Average Survival Curves for Traditional Contracts, as a

function of time and death benefit
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Simulation Study

Average Frailty Processes for Traditional Contracts, as a

function of time and death benefit
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Simulation Study

Average Frailty Processes for Traditional Contracts, whit

exogenous surrender
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Simulation Study

Variable annuity

m policyholders purchasing the same index-linked contract with
c = (Π, Bn, Bc, Bw) ∈ C

Stock price process
dS(t)

S(t)
= α dt+ σdW (t)

with α = 5% and σ = 5%

The account value of each policyholder is (φ is AMC)

dF (t)

F (t)
= (α− φ) dt+ σdW (t)

with initial condition F (0) = Π

The generic benefit is given by

Bx(t) = max{F (t),Πegx t}, x ∈ {n, c, w}
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Simulation Study

Variable annuity

The value of the contract at time t for each policyholder is given by

V i(t, θi) = EQ

[∫ θi∧τ i

t

e−r(s−t)dGi(s)|Ft

]

The fair AMC φ is set by the insurer by solving

Π = V i(0; θi) = V (0)

In a dynamic programming framework, the insured decides to surrender at
time t if

(1− γ)Bw(t) ≥ V i(t, θi)
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Simulation Study

Average Survival Curves for Variable Annuities, as a function

of time and guaranteed rate upon death
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Figure: Average Survival Curves, gw = 0% and gl = 2.5% (baseline 1)
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Simulation Study

Average Frailty Processes for Variable Annuities, as a

function of time and guaranteed rate upon death
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Simulation Study

Average Frailty Processes for Variable Annuities, whit

exogenous surrender
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Simulation Study
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Simulation Study

Average Frailty Processes for Variable Annuities, as a

function of time and guaranteed rate upon death
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Simulation Study

Average Frailty Processes for Variable Annuities, whit

exogenous surrender
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Conclusion

Conclusion

The surrender decisions shape the aggregate risk profile of the residual
policyholders’ portfolio

High sensitivity of endogenous exposure to contract design

Framework to properly analyze trade-off between endogenous and exogenous
drivers of surrender and adverse selection

Endogenous adverse selection can be captured by change of measure and
internalized by pricing functional
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Conclusion

Extensions and work-in-progress

Testing for dynamic adverse selection

Optimal contract design in P&C and health insurance

Empirical applications
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Conclusion

Thank you for your attention
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