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Introduction - Aim of the paper

We propose a novel methodology for assessing capital requirement for mortality and
longevity risk of equity-linked policies. To this end, starting from the framework
defined in [Clemente et al., 2022] and [Wiithrich, 2010], we consider:
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We propose a novel methodology for assessing capital requirement for mortality and
longevity risk of equity-linked policies. To this end, starting from the framework
defined in [Clemente et al., 2022] and [Wiithrich, 2010], we consider:

o a portfolio of homogeneous equity-linked policies;
o the volatility of the sums insured inside the cohort;

@ a matrix approach that allows us to simulate a large number of scenarios in an
extremely short time.
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longevity risk of equity-linked policies. To this end, starting from the framework
defined in [Clemente et al., 2022] and [Wiithrich, 2010], we consider:

o a portfolio of homogeneous equity-linked policies;

o the volatility of the sums insured inside the cohort;

@ a matrix approach that allows us to simulate a large number of scenarios in an

extremely short time.

We are therefore able to identify two components of demographic risk: the

idiosyncratic one and the trend-related one. For both, we are capable of calculating
the Solvency Capital Requirement.
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Introduction - Aim of the paper

We propose a novel methodology for assessing capital requirement for mortality and
longevity risk of equity-linked policies. To this end, starting from the framework
defined in [Clemente et al., 2022] and [Wiithrich, 2010], we consider:

o a portfolio of homogeneous equity-linked policies;
o the volatility of the sums insured inside the cohort;

@ a matrix approach that allows us to simulate a large number of scenarios in an
extremely short time.

We are therefore able to identify two components of demographic risk: the

idiosyncratic one and the trend-related one. For both, we are capable of calculating
the Solvency Capital Requirement.

Solvency Capital Requirement
@ Risk measure: Value-at-Risk
@ Level of confidence: 99.5%

@ Time horizon: 1 year
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Figure: A graphical representation of the book entries in a generic year t and considering an annual
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The Cohort VaPo approach

The theoretical framework

Claims Development

Cash-flows definition

We examine a cohort composed (at the inception) of Iy policyholders. Considering a
generic valuation instant t, we define X(t) = [XT]T:t _._p Where each element X; is
defined as follows:

—Xin if 7 =1t,
Xy = X0t — X" ift <1 <n, @
xeut ifr=n
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The theoretical framework

Cash-flows definition

We examine a cohort composed (at the inception) of Iy policyholders. Considering a
generic valuation instant t, we define X(t) = [XT]T:t _._p Where each element X; is
defined as follows:

—Xin if =t
Xy = X0t — X" ift <1 <n, @
xeut ifr=n
where
X2 = (ST ARy U )
and ) .
X = (S,)T-1- U7 3)
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Example: Out-flows representation

We defined
X:_zut = (Srfl)T . AE—I . U‘I(Zut, T (4)
or, analogously,
]IID,T—I
]ID
X_?ur = (51’7_1 5277_1 SIO,T—I) . 2,7—1 | . U.,C_’Ut’ T (5)
D
I[/0,7'71
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Example: Out-flows representation

We defined
X:_zut = (Srfl)T . AE—I . U‘I(Zut, T (4)
or, analogously,
]IID,T—I
]ID
X_?ur = (51’7_1 5277_1 SIO,T—I) . 2,7—1 | . U.,C_’Ut’ T (5)
D
I[/0,7'71

o (Sr—1)Tis a [y x 1 vector of insured sums,
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The theoretical framework

Example: Out-flows representation

We defined
X:_Jut = (Srfl)T . AE—I . U‘I(Zut, T (4)
or, analogously,
]IID,T—I
]ID
X_fur = (51’7_1 5277_1 SIO,T—I) . 2,7—1 | . U.,C_’Ut’ T (5)
D
I[/0,7'71

@ (S;—1)Tis a Iy x 1 vector of insured sums,

° Af_l is a Ip x 1 T-adapted matrix of insurance technical variables which
elements are i.i.d. Bernoulli r.v. ]If,771 (with k € [1, p]) with parameters equals
to the r.v. probabilities the beneficiaries become eligible for benefit in [T — 1, 7],
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Example: Out-flows representation

We defined
X = (S,1)T - Ay - Uzt )

or, analogously,
]ID

1,7—1
D

I
X = (Str1 Spro1 o Speoa)- | 27U [LusT (5)

D
I[/0,7'71

@ (S;—1)Tis a Iy x 1 vector of insured sums,

° Af_l is a Ip x 1 T-adapted matrix of insurance technical variables which
elements are i.i.d. Bernoulli r.v. ]If,771 (with k € [1, p]) with parameters equals
to the r.v. probabilities the beneficiaries become eligible for benefit in [T — 1, 7],

° <U$Ut’ t) o, is a G-adapted stochastic process and represents the process of
te(0,n

the financial portfolio 142“t used to replicate the outflow at time 7;
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The Cohort Valuation Portfolio construction (1/2)

In the most generic way, here we define with U2" the portfolio of financial instruments
to replicate the outflow XP“t. The UP!t portfolio can be understood as a linear
combination of weights y°* of financial instruments available on the market M:

Ut = 3yt (6)
ieM
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The Cohort Valuation Portfolio construction (1/2)

Step 1: Choice of financial instruments

In the most generic way, here we define with U2" the portfolio of financial instruments
to replicate the outflow XP“t. The UP!t portfolio can be understood as a linear
combination of weights y"“t of financial instruments available on the market M:

uout Z yout Z/IO’Ut (6)
ieM

Step 2: Determination of the number of portfolio shares to be held to replicate the
cash flows

It is necessary to identify the best estimate of the number of such instruments that
the insurance company must hold to replicate the general future cash flows X4).
Coherently with [Wiithrich, 2010], we have:

X(t) >—>VaPot (X(t)) =
=E(S:|T)"-E [(A(Lt) o A(ﬁ)) |7—t] ULy (7)
—E(S|T)T-E[(AL) 7] -1y
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Claims

The Cohort Valuation Portfolio (VaPo) construction (2/2)

Step 3: The account principle to evaluate financial instrument

This last step presents an accounting principle which associates a monetary value to
each financial instrument. We choose to use a fair value valuation consistent with the
Solvency Il framework. We indicate this accounting principle with &€ with t € [0, n]
and we define the accounting value of the cash-flows as

X() = Q¢ (X(r)) = & (VaPor (X(r))) = Re
= E(Se|7)"-E[(Afy 0 A% ITe] - & (uthy) ®)
e [(at) 7] )
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The Cohort Valuation Portfolio (VaPo) construction (2/2)

Step 3: The account principle to evaluate financial instrument

This last step presents an accounting principle which associates a monetary value to
each financial instrument. We choose to use a fair value valuation consistent with the
Solvency Il framework. We indicate this accounting principle with &€ with t € [0, n]
and we define the accounting value of the cash-flows as

X() = Q¢ (X(r)) = & (VaPor (X(r))) = Re
= E(Se|7)"-E[(Afy 0 A% ITe] - & (uthy) ®)
e () 7] (o)

Filtrations

F = (Ft)¢epo,n is the filtration containing all information
T = (Tt)te[o e is the filtration containing demographic information ©)
' 9

G= (gt)tE[O s is the filtration containing financial information

T and G are independent w.r.t. the probability measure P
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The theoretical framework

Claims Development Results (CDRs) - Definition

The starting point therefore coincides considering the quantity Vi1 (value generated
by the portfolio composed of reserves and inflows of year t) defined as

Vion = (87 E [(Afy o AB) 7] - gty

(10)
In t+1
—(S)T-E [( (t+1 ) {7’] (t4+1)
We define the Claims Development Result (CDR) CDR:1 as
CDRes1 = Vi1 — X2 — Reqa (11)
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Claims Development Results

Claims Development Results (CDRs) - Definition

The starting point therefore coincides considering the quantity Vi1 (value generated
by the portfolio composed of reserves and inflows of year t) defined as

Vion = (87 E [(Afy o AB) 7] - gty

1 (10)
In
- (St)T -E [( (t+1 ) {7—] t+1)
We define the Claims Development Result (CDR) CDR:1 as

CDRt1 = Vi1 — X2 — Reqa (11)
We then introduce the quantity 7A2t+1 that represents the best estimate in t+ 1
under the assumption that the technical risk is conditioned on the information
contained in 7;.
Hence, we split the CDR in two components as follows:

CDRIS = Vi1 — X2 — Rea (12)
and R

CDRIIY™ = Re1 — Ren (13)
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CDR Idiosyncratic

It is possible to define the idiosyncratic risk as

CDR!is — [E (st o Afm) —E (st o AE|7}+1>]T g (14)
where 141 = (Uffl’ el 5t+1) with 811 best estimate rate of a policyholder of the

cohort calculated in t 4+ 1 with technical bases estimated in t.
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CDR Idiosyncratic

It is possible to define the idiosyncratic risk as

CDR!is — [E (st o Afm) —E (st o AE|7}+1>]T g (14)
where 141 = (Uffl’ el 5t+1) with 811 best estimate rate of a policyholder of the

cohort calculated in t + 1 with technical bases estimated in t.
By means of the tower property,

E (CDRt"fﬂ]—}) -0 (15)
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CDR Idiosyncratic

It is possible to define the idiosyncratic risk as

CDR!is — [E (st o Afm) —E (st o AE|7}+1>]T g (14)
where 141 = (Uffl’ el /St+1) with 811 best estimate rate of a policyholder of the

cohort calculated in t + 1 with technical bases estimated in t.
By means of the tower property,

E (CDRt"fﬂ]—}) -0 (15)
Moreover, it is possible to prove
) _ _1\2
Var (CDR{S’;‘{Sm) - (/t. Gert - (L= Gere) -8 412 (si) -aéx+t) CE (12,1]G¢)

_ (16)
where S5 ; is the quadratic average of the sums insured.
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Algorithm for CDR7$™

@ Using train data available at time t, fit a projection model to forecast expected
mortality rates for the residual coverage period (gx+t, .-, Gx+t4+n—1);

@ Estimate the uncertainty around the central estimates, e.g. by a number H of
iterations of a bootstrapping methodology, obtaining the distribution of the r.v.
Qx+t;

© In each simulation, generate the deaths of the policyholders from /I Bernoulli r.v.;

@ In each simulation h =1, ...H, build a new train data set DB:’Jrl composed by the
train data set used at step 1 and by the one-year mortality rates obtained at step
2 in the simulation h.

@ In each simulation, re-fit the mortality model selected at step 1 on the new train
dataset DB[’H, enriched with additional information simulated under real-word
probabilities, and estimate new expected mortality rates for the residual coverage

period at time t + 1.

@ Calculate U t+1 and U™ 1 simulating the underlying financial variables Uy 1;

(t+2) (t+1)
@ Compute for each simulation CDR::_I’e"d;
@ Calculate
SCRrieng = —min [ CDR{T™™ : Fepgre (CORIT™™) > 05%) (17
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Numerical results

The characteristics of the cohort & the market ones

Table: Model parameters

Characteristics Value

Type of policy Endowment

Number of policyholders in t =0 10,000

Cohort age 50

Policies duration 10 years

1st order demographic base 2nd order gy increased of 20%
2nd order demographic base Lee-Carter applied on 1852-2019 Italy data
Risk-free rate Constant and equals to 2%
Guaranteed rate igar 1%

Average sum insured 100,000

Coeff.Var. of sy 2
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Alternative Mortality Models

SCR - Alternative Mortality Models
x=50, n=10, t=1

1400k €

1200k €

1000k €

800k €

600k €

400k €

200k €

Idiosyncratic Trend

Model I LC I cBD M RH
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Numerical results

Different Durations

SCR - Different durations
x=50, model=LC, t=1

5000k €

4000k €

3000k €

2000k €

1000k €

Idiosyncratic Trend

Duration M n=10 M n=20 M n=30 M n=40
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Numerical results

Different Ages and Durations

1400k €

1200k €

1000k €

800k €

600k €

400k €

200k €

Ok €

G.P. Clemente,

SCR - Different ages

n=10, model=LC, t=1

Idiosyncratic

Trend

Age M x=50 Ml x=35 M x=20

F. Della Cort

SCR - Different durations
x=50, model=LC, t=1

5000k €

4000k €

3000k €

2000k €

1000k €

ok €

Idiosyncratic Trend

Duration Ml n=10 M n=20 M n=30 M n=40
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Numerical results

Conclusions (1/2)

The proposed model incorporates the market-consistent actuarial valuation provided
by Solvency Il and effectively computes the key characteristics of both components of
demographic risk: idiosyncratic and trend. The model shows a punctual performance

when applied to a single cohort of policyholders.
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The proposed model incorporates the market-consistent actuarial valuation provided
by Solvency Il and effectively computes the key characteristics of both components of
demographic risk: idiosyncratic and trend. The model shows a punctual performance

when applied to a single cohort of policyholders.

Additionally, it can be extended to assess the riskiness of portfolios composed of
multiple cohorts, serving both as a valuable model point and in the Own Risk and
Solvency Assessment (ORSA) context.
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Numerical results

Conclusions (1/2)

The proposed model incorporates the market-consistent actuarial valuation provided
by Solvency Il and effectively computes the key characteristics of both components of
demographic risk: idiosyncratic and trend. The model shows a punctual performance

when applied to a single cohort of policyholders.

Additionally, it can be extended to assess the riskiness of portfolios composed of
multiple cohorts, serving both as a valuable model point and in the Own Risk and
Solvency Assessment (ORSA) context.

One notable advantage of the model is its efficient computational framework,
leveraging matrix notation to significantly reduce computation times. By utilizing this
approach, actuarial calculations can be performed more swiftly, facilitating timely
analysis and decision-making processes.
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Conclusions (2/2)

Some elements that will be explored are:
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Numerical results

Conclusions (2/2)

Some elements that will be explored are:
@ The dependence between cohorts,

@ The dependence between idiosyncratic risk and trend risk,
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Numerical results

Conclusions (2/2)

Some elements that will be explored are:
@ The dependence between cohorts,
@ The dependence between idiosyncratic risk and trend risk,

@ The possibility of obtaining the CDRtTi”d characteristics in a closed formula.
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Numerical results

Conclusions (2/2)

Some elements that will be explored are:
@ The dependence between cohorts,
@ The dependence between idiosyncratic risk and trend risk,
@ The possibility of obtaining the CDRtTi”d characteristics in a closed formula.
o To consider other types of guarantees, e.g., Cliquet
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Thanks for your attention!
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