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Introduction

Contractual profiles and risk sources for LTC coverages has been widely
analyzed in the literature
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E. Pitacco (2016). “Premiums for long-term care insurance packages: Sensitivity with respect to biometric assumptions”. In:
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A. W. Shao, M. Sherris, and J. H. Fong (2017). “Product pricing and solvency capital requirements for long-term care
insurance”. In: Scandinavian Actuarial Journal 2017.2, pp. 175-208

M. Denuit, N. Lucas, and E. Pitacco (2019). “Pricing and reserving in LTC insurance”. In: Actuarial aspects of long term care.
Springer, pp. 129-158

V. D'Amato, S. Levantesi, and M. Menzietti (2020). “De-risking long-term care insurance: V. D'Amato et al.”. In: Soft
Computing 24.12, pp. 8627-8641

A. Piscitelli (2025). “Addressing Long-Term Care Risk Through Pension-Linked Insurance in the Italian Context: A Stochastic
Approach Using Severance Pay Scheme”. In: The Workshop on New perspectives in Mathematical and Statistical Methods for
Actuarial Sciences and Finance. Springer, pp. 249-260
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Introduction

Traditional valuation approach = More extensive valuation system

Enterprise Risk Management (ERM)

A. G. Longley-Cook (1998). “Risk-adjusted economic value analysis”. In: North American Act. J. 2.1, pp. 87-98
D. F. Babbel and C. Merrill (1998). “Economic valuation models for insurers”. In: North American Act. J. 2.3, pp. 1-15
C. Piney (2003). “Applying utility theory to risk management”. In: Project Management Journal 34.3, pp. 26-31

N. Wang (2007). “Optimal investment for an insurer with exponential utility preference”. In: Insurance: Mathematics and
Economics 40.1, pp. 77-84

F. W. Lai and M. K. Shad (2017). “Economic Value Added Analysis for Enterprise Risk Management”. In: Global Business and
Management Research: An International Journal 9.1s

A. Gu, F. G. Viens, and B. Yi (2017). “Optimal reinsurance and investment strategies for insurers with mispricing and model
ambiguity”. In: Insurance: Mathematics and Economics 72, pp. 235-249

M. Dacorogna (2018). “A change of paradigm for the insurance industry”. In: Annals of Actuarial Science 12.2, pp. 211-232

E. Pitacco (2020). ERM and QRM in Life Insurance: An Actuarial Primer. Springer
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Introduction

@ Forward-looking evaluation of profit flows
@ Measure of model risk arising from uncertainty on technical bases

@ Risk-adjusted extension via a CRRA utility function

E. Di Lorenzo, G. Piscopo, A. Roviello, and M. Sibillo (2026). “A Risk-Adjusted Analysis
of LTC Insurance”. In: Applied Stochastic Models in Business and Industry 42.4, e70123
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Model assumptions

@ Homogeneous portfolio of LTC coverages (age x, healthy)

Three-health states (healthy, functional dependent, dead)
@ No recovery

Focus on the benefit period

Pre-funded plan (single premium M) with LTC coverage starting at a
contractually stipulated age

Predetermined and constant benefits B
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Individual’'s financial flows

- (1 + r]_)
o N-1+n)(l+nrn)—B
'na\\\/Dep‘
Health ealth
NN (1+n) ——  N-(1+n) (1+n)
A Dead
I/OQ‘/ \
s,
Yo, N-(1+n) (1+n)
&[n‘(l‘Fﬁ)—B]'(l*'fz)
- (1 + I’1) - B _
Functiona”y Dep. [rl . (]_ + rl) _ B] . (1 + r2) - B

Roviello Alba (U. Napoli Federico II) A Risk-Adjusted Analysis of LTC insurance 6 /19



Portfolio’s financial flows

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

t—1 N(x) Tt-1 t—1
Fe=N)-N-JJA+rm) = > D B-Xeg- [J(A+r)+B-Xeg
T=1 d=1 Lt=1 t'=1

1 if Qg is true
Xt,d =

)

0 otherwise

Qg ={Std =2|5t-1d =1V Ss_14 =2}

*s¢,d = 1 means healthy and s; ¢ = 2 means functionally dependent
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Projection risk

When evaluating F;, the insurer relies on a specific table, assuming it
accurately represents future outcomes.
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Projection risk

When evaluating F;, the insurer relies on a specific table, assuming it
accurately represents future outcomes.

Z={Z1,25,---,Z;, -+, Zk} finite set of random scenarios

pY(Q:.4) = p(Q.4]Z;) probability given the scenario Z; for j =1,--- , K.

How the insurer may manage multiple options?
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Risk measure

The insurer assigns a certain degree of reliability to each scenario:
: K
o = (()517052,"‘ s Qjy vt ,OéK) with Zj:laj =1

02,z(t) = Varo[E(Fe| 2)]
4

measure of the variability of F;, due to the randomness of the choice of
the tables, the effects of stochastic outflows having been averaged out

M. Coppola, E. Di Lorenzo, and M. Sibillo (2003). “Stochastic analysis in life office management: applications to large annuity
portfolios”. In: Applied Stochastic Models in Business and Industry 19.1, pp. 31-42
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Risk-adjusted expected utility

@ Yearly gain/loss function:

N(x)
Yej=EFta|Z]- (1+r1)— > B-Xeg
d=1

o CRRA utility function:

yl-
U(Yey) =

o Expected utility of gain/loss: Uy ; = Ep [U(Ye;)]

A. G. Longley-Cook (1998). “Risk-adjusted economic value analysis”. In: North American Act. J. 2.1, pp. 87-98
D. F. Babbel and C. Merrill (1998). “Economic valuation models for insurers”. In: North American Act. J. 2.3, pp. 1-15

C. Piney (2003). “Applying utility theory to risk management”. In: Project Management Journal 34.3, pp. 26-31
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Risk-adjusted expected utility

Risk-adjusted expected utility:
Up.j = he - Uy j
where h; € [0, 1] is the risk index
he = h(éa(t), 1) = e~ S (0=

where

75.2(1) K
a(t) = Vo2t with pa(t) =Y E(F|Z) - a;

ta (1) =1

and v, is a time-dependent risk score associated by the insurer.

M. T. Kronborg and S. F. Jarner (2015). “Why You Should Care About Investment Costs: A Risk-Adjusted Utility Approach”.
In: Journal of Behavioral and Experimental Finance 6, pp. 56—-66

H. Schmeiser and J. Wagner (2016). “What Transaction Costs Are Acceptable in Life Insurance Products from the
Policyholders' Viewpoint?" In: The Journal of Risk Finance 17.3, pp. 277-294
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Example

Assumptions

Three possible scenarios: Z = {Z;, 2, Z3};
Starting age: x = 70;

Time interval: [2013,2044];

Annual benefit payout: B = 24000€;

Single premium: 1 = 20815€ according to Zo;
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). Invalidita e inabilita 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

Opportunity Cost Rate Scenario Final Expected Profit Mean NPV Minimum Years of Loss

Z 6.3848 x 10° 1.4017 x 10° 6.2244 x 10° 0
3,5% 2> 7.6717 x 10° 1.5249 x 10° 7.599 x 10° 0

Z3 8.8432 x 10° 1.6374 x 100 8.8263 x 10° 0

Z —7.8080 x 10* 1.0363 x 10®  —7.8080 x 10* 4
2,5% Z> 9.3132 x 10~ 10 1.1423 x 106 9.3132 x 10~ 10 0

Z3 7.1195 x 10* 1.2395 x 100 7.1195 x 10* 0

Z —5.3945 x 10° 7.5311 x 10° —5.3945 x 10° 11
1,5% 2> —5.0097 x 10° 8.4456 x 10°  —5.0097 x 10° 9

Z3 —4.659 x 10° 0.286 x 10° —4.659 x 10° 8

Table: Key summary indicators for different opportunity cost rates
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Example

0.8 T T T T T T

0.7 +

0.6 -

0.5+ 1

w 04 4

03+ E

02r 1

01t} 1

0 — = L L L L L
2013 2017 2022 2027 2032 2037 2042
Year

Variation index for a; = (0.1,0.8,0.1), ax = (0.8,0.1,0.1), a3 = (0.1,0.1,0.8)

Roviello Alba (U. Napoli Federico II) A Risk-Adjusted Analysis of LTC insurance



0.8

0.7 |-

0.6

—

— &,

0.5 -

w 0.4+

0.3

0.2

0.1 1

0
2013

Roviello Alba (U. Napoli Federico II)

2017 2022 2027
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Variation index for oy = (0.
ay =(0.8,0.1,0.1), a3 = (

2032

2037

2042

o vy =1 for t € [2013 — 2033];
o vy =0.7 for t € [2034 — 2040];

o vy = 0.5 for t € [2041 — 2044].
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Example

Up, k = he - Up i = he - Ep, [U(Y¢ k)] risk-adjusted expected utility
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Thank youl!
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