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Introduction

Homogeneous portfolio of LTC coverages (annual benefit for not
self-sufficiency)

Analysis of the financial sustainability considering systematic risk
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The contract

Model assumptions:

Homogeneous portfolio of LTC coverages (age, healthy);

Three-health states (healthy, not self-sufficient, dead);

No recovery;

Focus on the benefit period;

Pre-funded plan with LTC coverage starting at a contractually
stipulated age;

Predetermined and constant benefits.
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Individual’s financial flows
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Portfolio’s financial flows

N(x) insureds of age x at t = 0

Ft = N(x) · Π ·
t−1∏
τ=1

(1 + rτ )−
N(x)∑
d=1

[
t−1∑
τ=1

B · Xτ,d ·
t−1∏
t′=τ

(1 + rt′) + B · Xt,d

]

Xτ,d =


1 if Ωτ,d is true

0 otherwise

Ωτ,d := {sτ,d = 2|sτ−1,d = 1 ∨ sτ−1,d = 2}

∗st,d = 1 means healthy and st,d = 2 means not self-sufficient
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Systematic risk

S = {S1,S2, · · · , Sj , · · · ,SK} finite set of random scenarios

p(j)(Ωτ,d) = p(Ωτ,d |Sj) probability given the scenario Sj for j = 1, · · · ,K .

What if the insurer make an incorrect choice
to evaluate future outcomes and how to manage ambiguity??

E (Ft |Sj) conditional expected periodic profit

σα,S(t) = Var[(E (Ft |Sj))Kj=1, α] weighted variance of expected
periodic profit with α = (α1, · · · , αK ) with αj ∈ [0, 1] and

∑
j αj = 1

degree of confidence
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Example

Assumptions

Three possible scenarios: S = {Sh, Sm, Sl};
Starting age: x = 70;

Time interval: [2013, 2044];

Annual benefit payout: B = 24000€;

Single premium: Π = 34250€ according to Sm;

Technical discount rate: r ′ = 2, 5%;

N(x) = 100;

L. Di Falco and P. De Angelis (2016). Assicurazioni sulla salute: caratteristiche, modelli attuariali e basi tecniche. il Mulino
ANIA (2019). Invalidità e inabilità di tipo previdenziale: evidenze osservate, modelli attuariali e base demografica. Tech. rep.
Studi demografici, http://www.ania.it/it/servizi/studi-e-rapporti\bibrangedashdemografici.html
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Example

Conditional expected periodic profit with r = r′
Conditional expected periodic profit with r < r′
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Example
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Risk-adjusted expected utility

Yearly gain/loss function:

Yt,k := E [Ft−1|Sk ] · (1 + rt−1)−
N(x)∑
d=1

B · Xt,d

CRRA utility function:

U(Yt,k) =
Y 1−γ
t,k

1− γ

Expected utility of gain/loss: Ut,k = Epk [U(Yt,k)]
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Risk-adjusted expected utility

Risk-adjusted expected utility:

Uht ,k = ht · Ut,k

where ht ∈ [0, 1] is the risk index

ht = h(ξα(t), νt) = e−ξα(t)(1−νt)

where

ξα(t) =

√
σw ,S(t)

µw (t)
with µw (t) =

K∑
k=1

E (Ft |Sk) · wk

and νt is a time-dependent risk score associated by the insurer.
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Example

Variation index for α1 = (0.1, 0.8, 0.1), α2 = (0.8, 0.1, 0.1), α3 = (0.1, 0.1, 0.8)
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Example

Variation index for α1 = (0.1, 0.8, 0.1),
α2 = (0.8, 0.1, 0.1), α3 = (0.1, 0.1, 0.8)

νt = 1 for t ∈ [2013− 2033];

νt = 0.7 for t ∈ [2034− 2040];

νt = 0.5 for t ∈ [2041− 2044].
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Example

Uht ,k = ht · Ut,k = ht · Epk [U(Yt,k)] risk-adjusted expected utility

Utility and risk-adjusted utility for γ = 0.5
Utility and risk-adjusted utility for γ = 0.9
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Thank you!
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