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Abstract
Longevity risk – the risk that policyholders outlive expected mortality projections – poses
a significant challenge to the financial sustainability of pension insurance. This paper
investigates the valuation of permanent life annuities under IFRS 17, the accounting
standard that fundamentally reshaped actuarial reporting in 2023. We propose a robust
mortality model that integrates a selection factor to more accurately capture the idio-
syncratic longevity of annuity holders. Furthermore, the study quantifies the Risk Adjust-
ment (RA) for non-financial risks using the Cost of Capital (CoC) method, aligning with
Solvency II valuation principles. Our results demonstrate how precise longevity modelling
influences the Contractual Service Margin (CSM) and overall liability adequacy. These
findings offer critical insights for insurers aiming to balance product stability with the
rigorous transparency requirements of IFRS 17.
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I. Introduction

The EU insurance market is regulated by national and international directives, including
Directive 2009/138/EC on insurance and reinsurance Solvency II (2022) Directive 2006/54/
EC on equal treatment in employment Directive 2006/54/EC (2022), and IFRS 17 amend-
ments issued by the IASB (2022), IFRS 17 Insurance Contracts (2019), effective for annual
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periods beginning January 1, 2023. As noted in Shukulipa (2023), post-Brexit regulatory
changes in the UK may introduce discrepancies in longevity and insurance risk reporting
under IFRS 17.
The main objective of IFRS 17 should be, in particular, to identify for-profit and non-profit
insurance contracts and to monitor the direction of insurance contracts. Another point
should be to spread the profits of insurance companies over several accounting periods.
According to IFRS 4, it was not necessary to update the actuarial assumptions in the
provisions that arise at the time of valuing the products at the time of their introduction,
unless the contracts are onerous. These reasons led to the preparation of IFRS 17, which
should ensure better comparability of information on insurance company profitability.
According to IFRS 17, there is no reason to calculate the liability adequacy test because
the technical provisions are calculated based on the most up-to-date assumptions.
IFRS 17 replaces technical provisions with future cash flows and introduces two key con-
cepts: the contractual servicemargin and risk adjustment. Palmborg et al. (2021) align IFRS
17 with general accounting principles, proposing a computationally effective method for
valuing insurance contract portfolios and demonstrating a profit-or-loss algorithm. Yousuf
et al. (2021) provide a detailed analysis of the contractual service margin, concluding that
the choice of coverage units significantly affects its final value. England et al. (2019) explain
the riskmargin under Solvency II in relation to the IFRS 17 risk adjustment, discussing cost-
of-capital methods and risk measures applied to simulated liability distributions. Diffey
et al. (2022) examine the impact of COVID-19 on reserve validation and data challenges
under IFRS 17, while Sotona (2018) presents a mortality risk analysis and risk adjustment
calculation for death insurance under IFRS 17. Araiza et al. (2021) implement a non-life
insurance model, while Chan et al. (2021) simulate the simultaneous impact of IFRS 9 and
IFRS 17 on Taiwanese life insurers, finding that both income and equity fluctuations will
increase significantly, raising concerns about liability instability and insolvency risk. Owais
and Dahiyat (2021) assess the readiness of Jordanian insurance companies for IFRS 17
adoption, concluding that they lack sufficient capability to define its scope, assess its impact
on financial reports, and develop appropriate internal monitoring methods, urging both
insurers and regulators to improve preparedness within a defined timeframe.
IFRS 17 Insurance Contracts (2019) establishes principles for the recognition, measure-
ment, presentation, and disclosure of insurance contracts, enabling financial statement users
to assess their effect on an entity’s financial position, performance, and cash flows. Under
IFRS 17, portfolios comprise contracts subject to similar risks and managed together, and
must be divided into: (a) onerous contracts at initial recognition, (b) contracts with no
significant possibility of becoming onerous, and (c) remaining contracts. Contracts issued
more than one year apart cannot be grouped together. Recognition occurs at the earliest of:
(a) the beginning of the coverage period, (b) the date of the first policyholder payment due,
or (c) for onerous contracts, when the group becomes onerous.
The remainder of this work is organised as follows. Section II – Preliminaries provide
basic information on our analysis of longevity models, permanent life pension annuities,
the general measurement model, and its components. Section III – General Measurement
Model of Permanent Life Annuity introduces our model for the implementation of the
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IFRS 17 standard. Section IV – Conclusion concludes that incorporating longevity risk
into pension valuation enhances both client security and insurer solvency, and that IFRS 17
brings significant changes not only to actuarial calculations but also to accounting pro-
cedures and financial statements.

II. Preliminaries

In this section, we offer basic information on dynamic mortality models with respect to
longevity risk, lifetime pension models, and essential information on the general measure-
ment model including a calculation of the risk adjustment for non-financial risk and its
components.

Longevity models

Our model incorporates a dynamic longevity component forecasting mortality and survival
probabilities by age and year, following the methodology of the Austrian Actuarial Associa-
tion Kainhofer et al. (2006), itself inspired by the German Association of Actuaries Pasdika
et al. (2005). Population mortality is first forecast, then adjusted by selection factors to
obtain pensioner-specific mortality. Life insurers and pension funds typically require mor-
tality projections up to age 110–120, with high-age mortality modelled separately from
adult mortality. For adults, standard dynamic models include the Lee-Carter model Lee and
Carter (1992), the Cairns-Blake-Dowd (CBD) model Cairns et al. (2006), and regression-
based approaches Heathcote and Higgins (2004), with an overview provided in Villegas
et al. (2018). For pension insurance, high-age mortality is the primary focus. Dynamic
models for this range are scarce; most popular approaches specify a one-dimensional para-
metric function of age at a fixed point in time, calibrated on data up to around age 100
and informed by assumptions about the biodemographic limit Pitacco et al. (2009). The
joint modelling of mortality across both age and time dimensions has been explored in
only a limited number of studies Gavrilov and Gavrilova (1979); Gavrilova and Gavrilov
(2011); Bongaarts (2005). Time dynamics can be introduced either by directly including
a time variable or by allowingmodel parameters to evolve over time,with a general unifying
formula derived in Zimmermann (2017).

Our implementation

Clearly, a long-term prediction of the evolution of mortality will always be accompanied
by a great deal of subjectivity and uncertainty, and expert judgment has a strong role. We
are only concerned with pension ages over 62 years old. The data used in our prediction of
the Slovakian population were downloaded from the Human Mortality Database (2019).
Data from 1992–2019 are used.
The following notation is used. The time is denoted 𝑡. The age is indicated by 𝑥. The force
of mortality in a given age and time is denoted by 𝜇(𝑥, 𝑡), probability of death 𝑞(𝑥, 𝑡), and
central death rate 𝑚(𝑥, 𝑡).
As both Pasdika et al. (2005) and Wilmoth et al. (2007) support a logistic type of models
and the Human Mortality Database applies the Kannistö’s model to smooth old age data,
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we decided to assume the Kannistö’s specification with time-varying parameters in discrete
one-year time steps for the force of mortality.

𝜇(𝜂𝑥,𝑡 ) =
1

1 + exp(−𝜂𝑥,𝑡 )
(1)

where
𝜂𝑥,𝑡 = 𝑎𝑡 + 𝑏𝑡𝑥. (2)

The parameters 𝑎𝑡 and 𝑏𝑡 are fitted independently at each historical time for 𝑡 = 1992,
1993, . . . , 2019 using observations of age 𝑥 ∈ 62, 63, . . . , 95 years. The fitted curves of the
force of mortality are for selected years shown in Figure 1 on the left.

Figure 1: Left – The fitted curves of the force ofmortality are for selected years. Right – Selection
factors (5) for men (solid line) and women (dashed line)

Source: Own processing

The time series of the parameter estimates are fitted independently with the constant
ARIMA(1,1,0) models, and forecasts are made for future years. For the parameter 𝑎𝑡 , the
logarithmic transformation was applied prior to forecasting. As stated in Kainhofer et al.
(2006), the linear trend of mortality decrease has been stable for decades now. “However,
a perpetual extrapolation with a high constant trend leads to vanishing death probabilities
and thus unreasonably high life expectancy in the far future. To avoid this problem, we thus
propose a long-term trend reduction, which leads to a reasonable limiting life expectancy
and a non-vanishing limiting death probability in the limit 𝑡 → ∞”.
The trend reduction factor is not based on data. We take over this adjustment and reduce
the trend using

𝑧𝑡 =
1

1 +
(
𝑡−1992
𝑡1/2

) , (3)

where half-time 𝑡1/2 is set to 100 years. This means that we assume that after 𝑡1/2 = 100
years, the trend is reduced by 50%. The reduction factor 3 is applied to the future linear
trend for both parameters 𝑎𝑡 and 𝑏𝑡 . The resulting fitted force of mortality as a function of
age is shown in Fig. 2.
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Figure 2: Forecasts of parameters 𝒂𝒕 and 𝒃𝒕 with trend reduction (solid line) and without trend
reduction (dashed line)

Source: Own processing

The package R Mortality Laws was used to fit the Kannistö’s model for each year observed,
Pascariu (2019). The R package forecast was used to perform ARIMA forecasts Hyndman
and Khandakar (2008). The estimate of the probability of death at one year 𝑞𝑥,𝑡 at a discrete
age 𝑥 and a discrete time 𝑡 is constructed as

𝑞𝑥,𝑡 = 1 − exp(−𝜇𝑥,𝑡 ). (4)

We adopted the Cannistö stochastic mortality model for longevity risk modeling in IFRS 17
and pension annuity valuation because it:

1. captures both deterministic mortality improvements and stochastic period effects,
essential for IFRS 17’s probability-weighted cash flow requirements Haberman and
Renshaw (2013);

2. models age-specific and cohort effects, reflecting heterogeneous aging patterns in
pension populations while maintaining analytical tractability; and

3. generates realistic mortality scenarios for confidence interval estimation and tail risk
assessment of long-duration annuity liabilities Cairns et al. (2011), aligning with
IFRS 17 and Solvency II regulatory expectations.

Selection factor
Facultative pension programs typically exhibit strong selection effects, as annuitants have
different mortality than the general population. Due to the absence of publicly available
Slovakian market data, we adopt the selection factors from Kainhofer et al. (2006), derived
from pooled data of over 20 German insurance companies by Gen Re and Munich Re.
These factors are defined across different age intervals, such as
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𝑠𝑥 =



𝑓1 for 𝑥 ≤ 𝑐1

𝑓1 − ( 𝑓2 − 𝑓1) ×
𝑥 − 𝑐1
𝑐2 − 𝑐1

for 𝑐1 ≤ 𝑥 ≤ 𝑐2

𝑓2 + (1 − 𝑓2) ×
(𝑥 − 𝑐2)2

(𝑐3 − 𝑐2)2
for 𝑐2 ≤ 𝑥 ≤ 𝑐3

1 for 𝑥 ≥ 𝑐3

(5)

where 𝑓1, 𝑓2 are constants and 𝑐1, 𝑐2, 𝑐3 are breaks of the age intervals shown in Tab. 1.
Function (5) is plotted in Fig. 1 on the right.
The resulting prediction of the shift between the death probability estimates 𝑞𝑥,2019 and
𝑞𝑥,2069 is shown in Figure 3.

Permanent Life Annuity
We offer the determination of the amount of the permanent monthly immediate annuity
in the same sense as in Špirková et al. (2023). This means that the insurer will pay these
annuities until the death of the insured life. If the policyholder dies before the date of
the insurer’s obligation to perform the pension insurance contract, the amount of the
single premium paid under the terms of this contract will be reduced by the amount of
the insurer’s eligible expenses related to the payment of the premium amount in cash.
Following the death of the beneficiary, survivors are not entitled to any benefit or other
financial compensation. This means that the product includes a permanent monthly annuity
and does not include an increase in pension or survivors’ benefits.

Figure 3: The resulting forecast of the shift between the estimates of the probability of death
𝒒𝒙,2019 and 𝒒𝒙,2069

Source: Own processing
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Table 1: Constants used in function (5)

Sex 𝑓1 𝑐1 𝑓2 𝑐2 𝑐3

Males 0.8 40 0.51 60 100
Females 0.8 40 0.55 60 100

Source: Kainhofer et al. (2006)

First, we give the basic notation as follows.
∗ 𝑆 – accumulated sum, single premium in monetary units (m.u.), we use the euro
throughout the text,

∗ 𝑃(𝑧) – discounting factor using a basic risk-free spot rate curve 𝑅(𝑧) (as a % p.a.)
with volatility adjustment as of January 31, 2022, EIOPA (2022),

𝑃(𝑧) =
(
1 + 𝑅(𝑧)

100%

)−𝑧
, (6)

∗ 𝑥 – retirement age, in years,
∗ 𝜔 – maximum age to which a person can live to see (with respect to used life tables:
𝜔 = 110 years,

∗ 𝛼1 – initial costs as a % of the first yearly annuity,
∗ 𝛼2 – initial costs as an absolute amount (in m.u.) independent of an accumulated
sum,

∗ 𝛽 – administrative costs as % p.m. from technical provisions on the immediate
geometrically increasing annuity, respectively.

The values used in our model are: 𝛼1 = 20%, 𝛼2 = 200 euros, and 𝛽 = 0.1%.

We give a formula for the calculation of the monthly pension annuity of this product in the
form Špirková et al. (2023)

MP𝑥 =

𝑆 ×
(
1 − 𝐴1

𝑥:1/12

)
− 𝛼2

12 ×
(
𝑎
(12)
𝑥 + 𝛼1

100%
+ 𝛽

100%
×

12×(𝜔−𝑥+1)∑︁
𝑡=1

𝑡
12

��𝑎 (12)
𝑥

) (7)

where
∗ 𝑆 – an accumulated sum that represents a single premium of the product;
∗ 𝐴1

𝑥:1/12
– an expected present value of the benefit in the amount of 1 mu in the case

of the beneficiary’s death during the first month of retirement;

𝐴1
𝑥:1/12

= 1
12
𝑞𝑥 × 𝑃

(
1
12

)
; (8)
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∗ 𝑎
(12)
𝑥 – the expected present value of immediate benefits of the whole life in the

amount of 1
12 m.u., 12× per year, under the condition that the client is alive;

𝑎
(12)
𝑥 =

12×(𝜔−𝑥+1)∑︁
𝑡=1

1
12

× 𝑡
12
𝑝𝑥 × 𝑃

( 𝑡

12

)
; (9)

∗ 𝑡
12 |𝑎

(12)
𝑥 – the expected present value of the deferred annuities for 𝑡 = 1, 2, . . . , 12 ×

(𝜔 − 𝑥 + 1), that is,

𝑡
12 |𝑎

(12)
𝑥 =

1
12

×
12×(𝜔−𝑥+1)∑︁

𝑟=𝑡

𝑟+1
12
𝑝𝑥 × 𝑃

(
𝑟 + 1
12

)
. (10)

Therefore, the total sum of the provisions is as follows
12×(𝜔−𝑥+1)∑︁

𝑡=1

𝑡
12 |𝑎

(12)
𝑥 .

The best estimate of future cash flows
According to the standard, insurance companies will have to regularly update their assump-
tions. These updated assumptions will already be included in future cash flow estimates
at the beginning of subsequent insurance contract measurement. The insurance company
shall include in the valuation of a group of insurance contracts all future cash flows within
the contract boundary of each contract in the group. Future cash flows can also be estimated
at a higher level of segmentation, and then fulfilment cash flows are assigned to individual
groups of insurance contracts. The present value of future cash flows using the risk-free
interest rate is given by

PVFCF𝑡 =

𝑇∑︁
𝑠=𝑡

FCF𝑠 × 𝐷 (𝑡, 𝑠) (11)

where

𝐷 (𝑡, 𝑠) =
(
𝑠−1∏
𝑢=𝑡

(
1 +

𝑅 𝑓 (𝑢, 𝑢 + 1)
100%

))−1
∗ FCF𝑠 – Future Cash Flows in the month 𝑠,
∗ 𝑅 𝑓 – forward risk-free rate curve from 𝑢 to 𝑢 + 1 expressed from the EIOPA risk-
free spot curve with volatility adjustment as of January 31, 2022, EIOPA (2022), (as
a % p.m.),

∗ 𝑇 = 12 × 𝑁, 𝑁 – a number of insurance periods (months).

Using the risk-free interest rate, we applied a simplification because an insurance premium
for illiquidity should be added. IFRS 17 introduces a new asset-side item of insurance
acquisition cash flows for groups of insurance contracts, provided that a systematic and
rational method is used, but only in specific cases.
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∗ acquisition costs paid before initial recognition of a group of contracts to which they
belong to,

∗ acquisition costs paid for insurance contracts that are expected to arise from renewals
of the insurance contracts.

An insurance company should use a systematic and rational method even if it does not
generate acquisition cash flows but reports them as costs as part of the PAA method. Simi-
larly, acquisition costs that have measured the liability using another IFRSwill be generated.
Acquisition costs may also be recognised before the group of insurance contracts to which
they relate is valued.

Risk adjustment for non-financial risk

The IFRS 17 standard introduces new values that insurance companies will have to report.
They are risk adjustment and contractual service margin. The adjustment for risk for
nonfinancial risk represents uncertainty in cash flows resulting from insurance contracts.
Uncertainty resulting from financial and operational risks is not included in it. Risk adjust-
ment includes risks such as longevity risk, mortality risk, lapse risk, and risk of expenses
and inflation. England et al. (2019) give the explanation of the risk margin according to
Solvency II in relation to the risk premium according to IFRS 17. The risk adjustment
can be calculated, for example, by the Value-at-risk, Cost of Capital (CoC) methods, the
conditional value-at-risk method, or as an adjustment to assumptions. The Cost of Capital
method is a well-known and transparent method within Solvency II (2022). Insurance
companies use this method to calculate the risk margin. We apply this method to a portfolio
of insurance contracts for a lump sum lifetime pension that includes a longevity risk. We use
the shocks that Solvency II determines for selected risks to express the amount of capital
required in ourmodelling. The risks that have an impact on pension insurance are especially
longevity risk, and the risk of the costs of this life insurance. The correlation coefficients
between these risks are shown in Table 2. The longevity risk correlates with the cost risk.
In IFRS 17, the exact calculation technique for RA is not given, but an insurance company
that uses a technique to calculate RA other than using the confidence level must disclose the
calculation technique used and the confidence interval corresponding to the results of this
technique. Solvency II shock scenarios must be interpolated assuming some distribution
around the best estimate parameter to determine the risk adjustment at a confidence level
other than 99.5%. The parameters listed in Solvency II are calibrated to the “average
European insurance company”, and therefore it is possible that certain shock scenarios
overestimate or underestimate the risk of the insurance company. We have worked with
the shock scenario values that Solvency II offers with a confidence level of 99.5%, that is,
a 20% decrease in mortality and a 10% increase in expenses, with a further 1% increase in
inflation. Based on these shock scenarios, we have expressed the value of additional capital
using solvency capital requirements.
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Table 2: Correlation matrix
Correlation matrix

i
j

mortality expense

mortality 1 0.25

expense 0.25 1
Source: The author’s work according to Solvency II (2022)

The capital requirement for life insurance expresses the minimum value of the own re-
sources that the insurance company must have. We calculate SCR for individual risks as
the difference in the present value of cash flows in the basic model and in the model with
increased risk of longevity or costs with inflation. The value of SCR for reduced mortality
is derived from the difference between the present value of the remaining net cash flows
of the base model and the present value of the net cash flows of the model with reduced
mortality,

SCR𝑚
𝑡 = PVFCF𝑡 − PVFCF𝑚

𝑡 (12)

where
∗ SCR𝑚

𝑡 – Solvency Capital Requirement – mortality, the value of additional capital
in the shock scenario with decreased mortality in the month 𝑡,

∗ PVFCF𝑚
𝑡 – Present value of Future Cash Flows – mortality, the present value of

future cash flows after the application of the mortality shock in the month 𝑡,
∗ PVFCF𝑡 – Present value of future cash flows in the month 𝑡;

SCR𝑒
𝑡 = PVFCF𝑡 − PVFCF𝑒

𝑡 , (13)

where
∗ SCR𝑒

𝑡 – Solvency Capital Requirement – life expenses with inflation, the value of
additional capital in the shock scenario with increased expenses with inflation in the
month 𝑡,

∗ PVFCF𝑒
𝑡 – Present value of Future Cash Flows – life expenses with inflation, the

present value of future cash flows after the application of the expenses shock in the
month 𝑡,

∗ PVFCF𝑡 – Present value of future cash flows in the month 𝑡.

The value of the total solvency capital requirement in year 𝑡 expressed by the mortality
shock and the expenses shock is determined by the formula in Solvency II

SCR𝑡 =

√︃
SCR2

𝑚,𝑡 + SCR2
𝑒,𝑡 + 2 × 𝜌 × SCR𝑚,𝑡 × SCR𝑒,𝑡 , (14)
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where
∗ 𝜌 = 0.25 – the correlation parameter for the life insurance risk model presented in
Table 2.

Of the total capital amount, we define 6 as the capital rate cost. It should be emphasised
that the insurance company can choose a percentage other than 6. It can be chosen based
on an internal assessment of the cost of capital. We express the cost of capital:

CoC𝑡 = SCR𝑡 ×
𝑖CoC

12 × 100%
(15)

where
∗ 𝑖CoC – the annual cost of capital rate.

We will subsequently express the risk adjustment as the present value of the cost of capital
by formula

RA𝑡 =

𝑇∑︁
𝑗=𝑡

CoC 𝑗

𝑗−1∏
𝑢=𝑡

(
1 +

𝑅 𝑓 (𝑢, 𝑢 + 1)
100%

) (16)

When calculating risk adjustment, we chose the Cost of Capital method and confidence
level VaR (Value at Risk) of 99.50%, as stated in the Solvency II Directive for simplicity.
This method is suitable according to IFRS 17 also under Palmborg et al. (2021). The
VaR percentile represents the probability that the actual result for the selected time period
will be less than the VaR value and therefore equal to the target confidence level. The
risk adjustment is defined as the difference between the VaR and the best estimate, which
represents the present value of future cash flows as part of the fulfilment cash flows.

Contractual Service Margin
The contractual service margin CSM represents unearned profit from insurance contracts,
recognised through technical provisions for future services. It is carried on the balance
sheet and gradually released to the income statement as revenue over the coverage period,
and must be fully written off upon contract termination.
Since CSM cannot be negative, unprofitable contracts instead recognise a loss component
LC directly in the profit and loss statement. However, the insurer must monitor the potential
return to profitability, as this would reinstateCSM reporting and require tracking of specific
loss components.
The CSM at initial recognition equals the positive difference:

∗ Financial income from insurance contracts and
∗ financial expenses from insurance contracts, discount, and risk adjustment.

To calculate CSM, it is necessary to determine the previous two components, namely, the
present value of future cash flows and the risk adjustment. The value of money in time
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is expressed in the present value of future cash flows by discounting. The longevity risk
and the risk resulting from the uncertainty of these cash flows are expressed in the risk
adjustment. We expressed the value CSM at time 𝑡 = 1 in the GMM model as follows.

CSM1 = PVFCF1 − RA1 (17)

The release of CSM must be implemented by the insurance company based on the identi-
fication of the coverage units CU. These coverage units can be expressed in different ways.
We chose the calculation based on the assured sum, which covers the risk of insurance
contracts. Coverage units are expressed as the product of the number of policies in force
(NoP) and the annuity amount payable (AAP). Another way of calculating can be, for
example, through the insurance premium or the insurance period.

CU𝑡 = NoP𝑡 × AAP𝑡 (18)

The amortisation factor (Af ) represents the percentage by which CSM is released until the
entire amount is released at the end of the insurance period. We express it as follows.

Af 𝑡 =
CU𝑡∑12×𝑁

𝑡=1 PVCU𝑡

(19)

In subsequent periods, CSM is expressed according to the value of its release, as follows.

CSM𝑡 = CSM𝑡−1 ×
(
1 − Af 𝑡

)
(20)

where

∗ CSM𝑡−1 – Contractual Service Margin in the previous period,
∗ Af 𝑡 – Amortization factor in the current period.

The difference between actuarial neutrality and individual retirement incentives has a direct
impact on the Contractual Service Margin (CSM) and risk adjustment under IFRS 17. This
is because socio-economic variations in “incentive-neutrality” create significant uncer-
tainty regarding the fulfilment of cash flows for longevity-linked annuity contracts, Christl
and Kucsera (2019).

III. General Measurement Model of Permanent Life Annuity

The IFRS 17 standard requires the use of the GMM method for long-term insurance con-
tracts. The GMMmethod can also be used in the case of reinsurance contracts, as stated in
more detail by Zelinová et al. (2022). To estimate the permanent life annuity for a 62-year-
old person, we used the GMMmethod, which is suitable for this. The number of insurance
contracts was 2,000; therefore, we could better show the impact of longevity risk on the
new values that need to be reported and then compile the financial statements.
The risk adjustment is a value created at the beginning of insurance contracts and is released
throughout the insurance period. Figure 4 shows the development of RA throughout the
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insurance period, exactly 49 years or 588 months. The risk adjustment decreases as the
risk of insurance contracts decreases. As mentioned above, we have included the longevity
risk and the risk of expense and inflation in RA. Figure 5 illustrates the release of risk
adjustment.

Figure 4: Risk Adjustment

Source: Own processing

Figure 5: Release of Risk Adjustment

Source: Own processing
Remark 1. The significant hump on the Release Risk Adjustment value curve is caused by the hump
on the risk-free spot rate curve with volatility adjustment as of January 31, 2022, EIOPA (2022).

The goal of the standard is the immediate identification of onerous contracts, and the im-
possibility of creating a negative CSM is one of the tools to achieve this goal. Figure 7
shows the development of CSM throughout the insurance period. The release of CSM and
the amortisation factor are shown in Figure 6. The amount for the release of CSM repre-
sents the profit attributed to the insurance contracts in the respective month. The release
of CSM is performed according to the amortisation factor, which is expressed on the basis
of coverage units in that month.
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Figure 6: Release Contractual Service Margin

Source: Own processing

Figure 7: Contractual Service Margin at the End of Period

Source: Own processing

These insights are vital for insurers seeking to navigate the complexities of longevity
risk while complying with the rigorous standards of IFRS 17. Furthermore, the findings
reflect the growing influence of artificial intelligence and digitalization in shaping modern
business and management research Dvouletý et al. (2025), offering a pathway for more
automated and precise actuarial reporting.
In Tables 3 and 4 we give the main financial statements at the end of the first month. The bal-
ance sheet and income statement are given according to the requirements of IFRS 17. The
income statement is divided into the insurance service result and the income and expenses
of the insurance finance. The new values added there are Release of Risk Adjustment and
Release of Contractual Service Margin. New values have also been added to the balance
sheet. Insurance acquisition cash flows on the asset side and on the liability side. Present
Value of Future Cash Flows, Risk adjustment and Contractual Service Margin. Both tables
show values with and without the selection factor.
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Table 3: Income statement in euros. SF – selection factor
Income statement First month First month

with SF without SF

Insurance Service Result 75,609 155,532

Insurance revenue 144,152 231,670
Contractual Service Margin Release 74,381 151,513
Risk Adjustment Release 1,229 4,019
Expected Claims 55,579 63,175
Expected Expenses 12,963 12,963
Insurance Service Expense −68,542 −76,138
Claims incurred −55,579 −63,175
Fulfilment expenses incurred −12,963 −12,963
Insurance Finance Income and Expenses 37,326 25,396
Interest accretion on PVFCF 37,326 25,396
Profit and Loss 112,936 180,928

Effect of discount rate changes on insurance liability 0 0
Total Comprehensive Income 112,936 180,928

Source: Own processing

Table 4: Balance sheet in euros. SF – selection factor
Balance Initial End of End of
Sheet recognition the first month the first month

mortality with SF mortality without SF

Cash income 19,494,421 19,486,825
Total assets 19,494,421 19,486,825
PV FCF at inception 11,162,110
RA at inception 123,851
CSM at inception 11,038,259
PV FCF 8,294,985 5,618,465
RA 122,622 316,650
CSM 10,963,878 13,370,781

Total liability 19,381,485 19,305,897

Equity 112,96 180,928

Total liability+Equity 19,494,421 19,486,825
Source: Own processing
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The balance sheet and also the income statement are themain part of the financial statements
of insurance companies. In the balance sheet under IFRS 17, there is no longer an item of
technical provisions or deferred acquisition costs. The comparison of the income statement
shows that profitability is significantly lower when taking into account the selection factor
reflecting the economic impact of longevity risk. This reduction is mainly driven by a lower
release of the contractual service margin and lower insurance revenue, which indicates that
profits are spread over a longer period due to extended policyholder lifetimes. Although
expected claims are slightly lower in the short term, this does not reduce overall costs,
as payments are spread over a longer horizon. The balance sheet confirms this effect, as
the present value of future cash flows is substantially higher under the selection factor,
indicating increased liabilities due to longer survival. At the same time, the contractual
service margin is lower, meaning that less profit is available upfront and more is recognized
gradually over time. This leads to a decrease in equity, demonstrating an immediate negative
impact of longevity risk on the insurer’s financial position. Overall, longevity risk manifests
as higher liabilities, delayed profit recognition, and decrease current profitability and equity.
If longevity is not properly modeled, the insurer is effectively underestimating the cost of
survival, which would lead to overstated profits and capital.

IV. Conclusion

The impact of longevity risk is substantial at first in longevitymodels,where strong selection
factors were used to correct the fit of the mortality of the annuitants. This mortality based
on Kannistö’s model was consequently used to calculate insurance premiums and estimate
insurance claims. Our results lead us to the constant that the mortality based on the dynamic
longevity model is set in the correct way, but for the insurance companies it can lead to
a higher premium for annuitants. Long-term risk was also included in the calculation of the
risk adjustment for non-financial risk, which is mandatory to calculate and report according
to the principles of IFRS 17. Using the Cost of Capital method, we came to the conclusion
that the Value at Risk expressed in the 99.5% quantile can lead to high-risk adjustment
values. We worked with the assumption that the standard Solvency II formula corresponds
to the risk profile of the insurance company.We consider the Cost ofCapitalmethod suitable
for calculating the risk adjustment, but the decision on the percentile amount is up to the
actuary, who knows well the relevant risks of the portfolio for which he plans to value the
risk adjustment. If longevity risk is included in the valuation of the pension, it will provide
greater security for clients and solvency for the insurance company. The IFRS 17 standard
brings significant changes not only to actuarial calculations but also to the accounting
procedures and statements themselves. Future demographic changes are expected to have
a significant impact on longevity risk under IFRS 17. Increasing life expectancy and aging
populations may lead to longer payout periods for annuity and pension-type insurance
products. As a result, insurers may face higher fulfillment cash flows and greater uncertainty
in estimating future liabilities. Accurate modeling of mortality improvements therefore
becomes essential for reliable measurement of insurance contract liabilities. Consequently,
insurers must regularly update demographic assumptions to ensure that longevity trends
are appropriately reflected in IFRS 17 valuations.
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