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ABSTRACT
The general principles for determining the financial performance of a com-
pany is that revenue is earned as goods are delivered or services provided,
and that expenses in the period are made up of the costs associated with
this earned revenue. In the insurance industry, premium payments are typ-
ically made upfront, and can provide coverage for several years, or be paid
manyyearsbefore the coverageperiod starts. Theassociated costs areoften
not fully known until many years later. Hence, complexity arises both in
determining how a premium paid should be earned over time, and in valu-
ing the costs associatedwith this earnedpremium. IFRS17 attempts to align
the insurance industry with these general accounting principles. We bring
this new accounting standard into the realm of actuarial science, through
a mathematical interpretation of the regulatory texts, and by defining the
algorithm for profit or loss in accordance with the new standard. Further-
more, we suggest a computationally efficient risk-basedmethod of valuing
a portfolio of insurance contracts and an allocation of this value to subport-
folios. Finally, we demonstrate the practicability of these methods and the
algorithm for profit or loss in a large-scale numerical example.
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1. Introduction

The accrual method for calculating profit or loss has for a long time been the standard method used
when large companies prepare their financial statements. Hence, profit or loss is calculated as the
difference between revenue and expenses, where revenue is earned as goods are delivered or ser-
vices are provided, and expenses should match revenue, i.e. expenses are recognised in the period
in which the associated revenue is recognised. This is different from the more basic cash method
of calculating profit or loss, where revenue is recognised when cash is received and expenses when
cash is paid. Naturally, the total profit or loss over the lifetime of a company is the same irrespec-
tive of method, but the method used will determine how profit or loss is allocated to different time
periods. Since the main objective of financial statements of listed companies is to provide investors
with the information they need tomake informed economic decisions, the accrual method is the pre-
scribed method in both International Financial Reporting Standards (IFRS) and Generally Accepted
Accounting Practices (GAAP).

For some industries, the accrual method and the cash method for calculating profit or loss would
give similar results, even in the short run. This is generally not the case in the insurance industry,
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due to the inherent nature of insurance products. In an insurance contract, an insurer agrees to com-
pensate a policyholder in case of an insured event occurring. In exchange, the policyholder pays a
premium in advance of the provision of coverage. When the contract is issued, the claim payments
are uncertain in amount or timing, or both. The premium payment, the coverage period, and the
payments due to claims in this coverage period can occur at different time points, sometimes many
years apart. Hence, to recognise premium payments as revenue and claims payments as costs accord-
ing to when they are paid would not accurately reflect the profit or loss in the period in question for
insurance products, and would therefore be misleading.

For some types of insurance products, insurance coverage is typically purchased for one year at
a time. Hence, to determine when the premium is earned is a fairly standard matter. Complexity
arises when the total claims costs due to coverage provided during one reporting period only are
fully determined several years later for some product lines. To faithfully represent the economics
of this type of contract, the total claims cost somehow need to be measured and recognised in the
period in which the premium is earned, i.e. as coverage is provided. For other types of insurance
products, claims are generally paid as they are incurred, but on the other hand a premium payment
often providesmany years of coverage, and can be paid several years before the coverage period starts.
Hence, the premium payment and any claims payments and other costs associated with the coverage
that this premium provides need to be taken into account in order to derive a net liability value,
i.e. an estimate of the profit or loss for the contract. This should be earned over the coverage period,
since this is when services are provided. One also needs to take into account that when the coverage
period is long, facts and circumstances might change in such a way that the net liability value changes
compared to the estimated value at the time a contract is issued, and decide how this type of changes
should affect profit or loss in the period, as well as the estimate of the remaining profit or loss for the
contract.

As described in IASB (2017b), there is currently considerable variation in financial reporting
practices in different jurisdictions for the insurance industry. The measurement of contracts and
recognition of revenue also varies greatly compared to other industries, where accrual accounting
as above is the general standard. The need for a consistent framework for accounting of insurance
contracts has long been recognised, now resulting in IFRS 17, which provides a systematic way of
recognising unearned profit over time.

1.1. Introducing IFRS 17

In the current European solvency regulatory framework, Solvency II, the concept of risk-based val-
uation of liabilities is one of the cornerstones in determining the solvency positions of insurance
companies. In the coming years, risk-based valuation of liabilities will also need to be incorporated in
how companies measure their financial position and performance, as the new international financial
standard for insurance contracts, IFRS 17, comes into force.

The current accounting standard for insurance contracts, IFRS 4, is an interim standard, which sets
someminimum requirements on the accounting policies in different jurisdictions, but apart from this
allows considerable variation in financial reporting practices. Themain objectives of IFRS 17 is thus to
make accounting practices more consistent over different jurisdictions as well as making the financial
statements of insurance companies more informative. It is stressed in IASB (2017a) that financial
statements should ‘provide relevant information that faithfully represents . . . [insurance] contracts’
and should ‘reflect true underlying financial positions or performance arising from these insurance
contracts’, in contrast to many current accounting practices that e.g. do not use current estimates of
all cash flows, require no explicit risk measurement, or disregards the time value of money in the
valuation (§ BC14 in IASB 2017b).

In Solvency II, market-consistent valuation is based on a cost-of-capital approach, and
the formula and parameters used for the calculation are prescribed by the regulation (see
DIRECTIVE 2009/138/EC n.d andCommissionDelegated Regulation (EU) 2015). In IFRS 17, which
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is principles based, there is much more freedom to choose what valuation technique to use, but the
general principles are largely consistent with the ones in Solvency II. It is thus up to each com-
pany to choose the appropriate technique reflecting the true economics of its insurance contracts.
Furthermore, in IFRS 17 the financial performance of a company will be linked to the valua-
tion of its insurance liabilities, and this link is missing in Solvency II, which focuses solely on
solvency.

The requirements in IFRS 17 raise questions regarding how to compute the risk adjustment
for non-financial risk, defined as ‘the compensation that the entity requires for bearing the uncer-
tainty about the amount and timing of the cash flows that arises from non-financial risk’ (§ 37 in
IASB 2017a), which is part of the insurance liability value. Other considerations are how to calcu-
late the confidence level that this risk adjustment corresponds to, as well as how to allocate the risk
adjustment to a potentially large number of groups of contracts. With this new accounting standard
for insurance contracts, the decisions made on these topics will influence, not only the financial posi-
tion of the company at a certain date, but also the financial performance of the company for many
years to come, since it directly affects the revenue streams presented by the company in its financial
statements.

1.2. Our objective

Our objective is to present how tomeasure the financial performance of an insurer in accordancewith
IFRS 17 and demonstrate in terms of a realistic numerical example how the computational challenges
may be handled efficiently. Throughout the paper we will disregard any costs not directly related to
servicing contracts and we will only consider contracts that generate cash flows that are independent
of financial asset values. In order to measure the financial performance of an insurer in accordance
with IFRS 17, the following four components need to be determined:

Stochastic model. The policies written generate future payments to policyholders at random times
and of random sizes. Groups of policies are therefore associated with stochastic cash flows and we
must decide on a joint model for these stochastic cash flows.

Valuation method. In order to determine how much of the premium income can be considered as
earned premium income resulting in profit or loss, the aggregate liability cash flowmust be valued and
revalued over time. We emphasise that it is the aggregate stochastic liability cash flow that is subject
to capital requirements and possibly other capital costs for the insurer. Therefore we must decide on
a method for valuation of aggregate stochastic cash flows.

Allocation method. Given that we assign a value to the aggregate liability cash flow, we must decide
on how much of this value should be allocated to different groups of policies in order to determine
profit or loss for these groups. Therefore, in addition to a risk-based valuationmethodwemust decide
on a risk-based allocation method.

Profit and loss algorithm. Given a joint stochastic model for liability cash flows, a valuationmethod
for the aggregate liability cash flow, and an allocation method defining how the aggregate liability
value should be split into contributions to this value for a partition of all policies into groups of poli-
cies, an accounting method defines profits and losses over time and across groups. We demonstrate
that the IFRS 17 accounting standard defines an algorithm that, given a valuation method and an
allocation method, defines profits and losses of groups of policies over time.

We emphasise that the four components above can be regarded as independent. Whereas IFRS 17
essentially defines the profit and loss algorithm, the stochastic model, the valuation method, and the
allocationmethod can be chosen independently. That is, youmay replace the valuation and allocation
methods advocated here by your preferred choices (given a convincingmotivation for doing so)! This
is further highlighted in the organisation of the paper (see Section 1.3), which defines the profit and
loss algorithm in terms of general liability values before defining the chosen valuation method and
allocation method.
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1.3. Organisation of the paper

This paper is organised as follows. Section 2 presents the liability cash flows and the different liabil-
ity values that are key ingredients in the analysis of financial performance. Section 3 formalises the
algorithm for financial performance of an insurer in accordance with IFRS 17. Section 4 presents val-
uation of aggregate insurance liability cash flows and allocation of these values to cash flows that are
part of the aggregate cash flow. Section 4.1 presents multi-period cost-of-capital valuation, similar
to what was developed in Möhr (2011) and Engsner et al. (2017) and presents explicit valuation and
allocation formulas that hold exactly when cash flows and covariates representing the flowof informa-
tion follow aGaussian process. Section 5 presents a life-insurance example that demonstrates how the
computational challenges that result from a large-scale implementation of an IFRS 17 financial per-
formance analysis can be handled. Moreover, based on a standard mortality model with parameters
estimated on data from the Human Mortality Database we illustrate properties of the valuation and
allocation method and the IFRS 17 profit and loss algorithm for a life-insurance portfolio of realistic
size. Palmborg et al. (2020) provide further details on the IFRS 17 profit and loss algorithm, compu-
tational details left out in the life-insurance example, and technical arguments on the allocation of an
aggregate value to groups of contracts.

Throughout Sections 2 and 3, the presentation is in terms of general liability values, corresponding
to the fulfilment cash flows in IFRS 17. The risk adjustment for non-financial risk is part of the liability
value, and is made explicit in Section 4.

2. Liability cash flows and values

Consider an integer i0 < 0, the set of time points T := {i0 − 1, i0, . . .} and the set of time periods
T+ := {i0, i0 + 1, . . .}. Contracts issued during time period t ∈ T+ are issued in the time interval
(t − 1, t]. Let current time be time 0. For t ∈ T , let Grt be the set of groups that are part of the out-
standing liability at time t. Each group of contracts is associated to an issuing period but there may be
several groups associated to the same issuing period. For example, contracts issued during the same
periodmight be grouped according to their product line or profitability profile. For each group g there
exist t0 = t(g)0 and τ = τ (g) such that g /∈ Grt0−1, g /∈ Grt0+τ , and g ∈ Grt for t = t0, t0 + 1, . . . , t0 +
τ − 1. t0 is the time of initial recognition of the group (see Remark 2.1), and τ is a positive inte-
ger chosen so that all contracts in the group are terminated after at most τ periods after t0. When a
contract is terminated the insurance obligation is fulfilled, e.g. due to lapses, or the end of the decumu-
lation phase for annuities. Whenever t0 and τ appear without superscript (g) it is implicitly assumed
that the group to which they correspond is clear from the context or refers to an arbitrary but fixed
group.

Let I(g)t denote the incremental net cash flow for group g in time period t, i.e. in the time interval
(t − 1, t]. Let P(t,g) denote the net premium income during period t, adjusted for any other cash flows
in this period, for contracts belonging to group g at time t, issued during this period. To avoid double
counting, I(g)t does not include net premium income from contracts belonging to group g that are
issued in period t, but can include premium income for contracts belonging to group g that have been
issued in previous periods, if this premium income is within the contract boundary (see Remark 2.2).
If the premium income is not within the contract boundary it is viewed as a new contract, and hence
is included in P(t,g) if this new contract belongs to group g. By definition, I(g)t0 = 0, since all cash flows
in period t0 will be included in P(t0,g).

Let X(t) be the cash flow that corresponds to the outstanding liability as seen from time t (in run-
off):

X(t) :=
∑
g∈Grt

(
I(g)t+1, . . . , I

(g)
tmax

)
, tmax := max

g∈Grt
(t(g)0 + τ (g)).
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Let L(t) denote the value of the outstanding liability cash flow as seen from time t, and let L(t,g) denote
the liability value allocated to group g, i.e.

L(t) =
∑
g∈Grt

L(t,g).

If g /∈ Grt , then L(t,g) = 0. Note that L(t,g) is a part of the value L(t) of the sum X(t) that is allocated
to one of its terms X(t,g) := (I(g)t+1, . . . , I

(g)
tmax). Table 1 illustrates incremental liability cash flows and

groups of contracts for the special case when i0 = −5, τ = 5 for all groups, and there is a single
group per issuing period.

The outstanding liability cash flows can be partitioned into cash flows that correspond to insured
events that have not yet occurred, and cash flows that correspond to insured events that have already
occurred, including occurred claims that are not yet reported. The liability for remaining coverage,
denoted by L(t,g)

RC , is defined as the liability value for group g at time t allocated to the former, and
the liability for incurred claims, denoted by L(t,g)

IC , is defined as the liability value for group g at time t
allocated to the latter. Hence,

L(t,g) = L(t,g)
RC + L(t,g)

IC .

Let L(t,g)
SP denote the liability value for remaining coverage allocated to services provided between t

and t+ 1 for group g, and L(t,g)
FS the liability value allocated to future service (after t+ 1) for group g,

as seen from time t, hence

L(t,g)
RC = L(t,g)

SP + L(t,g)
FS .

The liability values assigned to cash flows are computed by some method that takes the time value
of money into account. It is common to handle this by considering discounting in terms of a money
market account numeraire. From a modelling point of view, the parameters of the short rate model
corresponding to the moneymarket account should be such that the discount factors from themodel
agree with the given set of discount factors. In our context we need to consider liability values that

Table 1. Incremental liability cash flows illustrated for i0 = −5, τ = 5 for all groups, and a single group per issuing period. Since
there is a single group per issuing period each group can be identified with the issuing period: Gr0 = {−4;−3;−2;−1; 0}. The
outstanding liability cash flow X(0) at time 0 corresponds to the vector of sums along the anti-diagonals of the cells coloured gray.
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are computed using discounting that depends on the discount factors that were realised at different
times (the times of initial recognition of the various contract groups). To that end, let L(t,g)

RC,t0 denote
the liability value for remaining coverage for group g at time t measured at the discount rates at time
t0 ≤ t, where t0 is the time of initial recognition of group g. This corresponds to setting the parameters
of the short-rate model for themoneymarket account numeraire to ensure consistency with discount
factors at the time of initial recognition of a group of contracts. Similarly to L(t,g)

RC,t0 , let L
(t,g)
FS,t0 denote

the liability value allocated to future service for group g as seen from time tmeasured at the discount
rates at time t0. Furthermore, let dt0,t denote the discount factor between t0 and t, known at time t0.
Note that L(t0,g)

RC,t0 = L(t0,g)
RC , L(t0,g)

FS,t0 = L(t0,g)
FS and dt0,t0 = 1.

Remark 2.1 (Initial recognition): Initial recognition of a group of contracts is defined as the earliest
of the following three dates: the beginning of the coverage period of the group; the date when the first
payment from a policyholder in the group becomes due; and, for an onerous group, when the group
becomes onerous (§ 25 in IASB 2017a). A group of contracts is onerous at initial recognition if the
value of the outstanding liability cash flow for the group exceeds any cash flows for the group at that
date (e.g. premium income received), resulting in a net outflow for the group (§ 47 in IASB 2017a).
Hence, if the insurer has reason to believe that a contract group is onerous (due to e.g. pricing), this
needs to be determined as the contracts are issued, by calculating the value of the outstanding liability
cash flow at that date.

Remark 2.2 (Contract boundary): In IFRS 17 premiums are within the contract boundary if the
insurer can force the policyholder to pay them, or if the insurer has to accept future premium pay-
ments from the policyholder, without being able to reprice the contract or change the benefit level
to fully reflect the risks of the policyholder or the risks of the portfolio that the contract in question
belongs to (§ 34 in IASB 2017a).

3. Formalising financial performance in IFRS 17

The key principles whenmeasuring the financial performance of a company in accordance with IFRS
17 is that insurance contracts need to be divided into groups which should be valued as the sum of
the fulfilment cash flows and the contractual servicemargin, the former being ‘a risk-adjusted present
value of the future cash flows . . . consistent with observable market information’ and the latter ‘an
amount representing the unearned profit in the group ’ (§ IN6 in IASB 2017a). Hence, in contrast to
Solvency II, IFRS 17 does not allow the company to recognise unearned future profit as a gain when
the group of contracts is initially recognised. Instead the profit from the group will be recognised
over the period that insurance coverage is provided, and as it is released from risk. However, the
contractual service margin cannot be negative, i.e. if a group is or becomes loss-making, this loss will
be recognised immediately.

The procedure for determining the financial position of a company can be summarised as
follows:

(a) Divide contracts into groups according to product line, profitability, and date issued (contracts
in the same group have to be issued within one year of each other).

(b) Valuation of the outstanding insurance liability as ‘estimates of future cash flows, . . . an
adjustment to reflect the time value of money and the financial risks related to the future
cash flows, . . . and a risk adjustment for non-financial risk’ (§ 32 in IASB 2017a).

(c) Allocate the aggregate insurance liability value to each group of contracts.
(d) Determine the contractual service margin, if any, as the amount that ensures that the initial

recognition of a group of contracts does not result in any gain. Hence the sumof the insurance
liability value allocated to the group, the contractual servicemargin, and any cash flows arising
from the contracts at that date should be equal to zero (§ 38 in IASB 2017a).
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(e) In subsequent measurement, the contractual service margin at the end of the period, for each
group, consists of the contractual service margin at the beginning of the period, adjusted for
new contracts added to the group, if any; interest accreted on the contractual service margin
in the period; the change in the liability value due to future service allocated to the group;
and allocation of part of the contractual service margin to profit or loss in the period (§ 44 in
IASB 2017a).

Note that the definition of the initial contractual service margin as the amount that makes the sum
in step (d) equal to zero is only valid when the sum of the liability value and the net cash flows is non-
negative. A negative net cash flow here corresponds to a net inflow (e.g. premium payments), and a
positive net cash flow corresponds to a net outflow. This means that the contractual service margin
cannot be negative. If the sum of the liability value and the net cash flows is positive, this amount will
instead be the value of the loss component at initial recognition (§ 47 in IASB 2017a).

The profit or loss of a company consists of:

(i) The part of the contractual service margin allocated to profit or loss in step (e) above, if any.
(ii) Experience adjustments, i.e. the difference between ‘the estimate at the beginning of the

period of the amounts expected to be incurred in the period and the actual amounts incurred
in the period’ (Appendix A in IASB 2017a).

(iii) The release from risk in the period, i.e. the change in the risk adjustment for non-financial
risk due to services provided in the period.

(iv) The loss component at initial recognition for onerous groups of contracts, or any increase or
reversal of the loss component at subsequent measurement.

(v) The change in the outstanding liability value and contractual service margin due to the effect
of the time value of money and changes in the time value of money.

Note that step (e), (ii), (ii), and (v) are only valid in the case of a contractual service margin at the
beginning of the period. If the contractual service margin at the beginning of the period is zero and
there is instead a loss component, the development in the period will only give rise to a contractual
service margin at the end of the period if the loss component is first fully reversed. When there is a
loss component at the beginning of the period, a proportion of the estimate at the beginning of the
period in step (ii), of the release from risk in step (iii), and of the change due to the time value of
money in step (v), will instead adjust the loss component. Hence, in order to avoid double counting,
only the remaining part of these amounts will be included in step (ii), (iii), and (v). Furthermore, note
that the estimate at the beginning of the period in step (ii) together with the release from risk in step
(iii) is the same as the liability value for remaining coverage allocated to services provided, L(t)

SP .
Let CSM(t,g) denote the contractual service margin and LC(t,g) the loss component at time t for

group g. The definition of the contractual service margin and the loss component as mathematical
objects is as follows.We use the notation x+ := max(x, 0) and x− := max(−x, 0) = −min(x, 0). The
definition involves weights W(g)

t such that, for a given time t and group g, W(g)
t represents the pro-

portion of the unearned profit at time t for group g that is allocated to profit or loss in periods > t.
Therefore, 1 − W(g)

t represents the proportion of the unearned profit at time t for group g that is allo-
cated to profit or loss in period t.W(g)

t is a [0, 1]-valued random variable known at time t. Similarly,
the weightU(g)

t appearing in the definition is known at time t.U(g)
t represents an allocation of certain

changes in the liability value in period t, between the loss component and the liability value excluding
the loss component (see Remark 3.2).

Definition 3.1 (Algorithm for calculating CSM and LC): Consider a sequence of groups (Grt)t∈T
and sequences (W(g)

t )t∈T and (U(g)
t )t∈T , where W

(g)
t is [0, 1]-valued and W(g)

t = 0 for g /∈ Grt . Fix
(t, g) ∈ T+ × ∪s∈T Grs.
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If g /∈ Grt−1, then set CSM(t−1,g) := 0 and LC(t−1,g) := 0.
If g ∈ Grt−1 ∪Grt , CSM(t−1,g) ≥ 0 and LC(t−1,g) = 0, then set

�1 := dt0,t−1

dt0,t
CSM(t−1,g) +dt0,t−1

dt0,t
L(t−1,g)
FS,t0 − L(t,g)

RC,t0 + P(t,g) (1)

and set CSM(t,g) := W(g)
t �+

1 and LC(t,g) := �−
1 .

If g ∈ Grt−1 ∪Grt , CSM(t−1,g) = 0 and LC(t−1,g) > 0, then set

�2 := − LC(t−1,g) −U(g)
t

(
L(t,g)
RC − L(t−1,g)

RC + dt0,t−1

dt0,t
L(t−1,g)
FS,t0 − L(t,g)

RC,t0

)
, (2)

�3 := −�−
2 + dt0,t−1

dt0,t
L(t−1,g)
FS,t0 − L(t,g)

RC,t0 + P(t,g) (3)

and set CSM(t,g) := W(g)
t �+

3 and LC(t,g) := �−
3 .

The underlying principles for the development of the contractual service margin is that changes
in the liability value only adjust the contractual service margin to the extent that these changes relate
to future service, and that the contractual service margin is measured at discount rates locked in at
initial recognition.

Remark 3.1 (Change in the liability value relating to future service): The term dt0,t−1
dt0,t

L(t−1,g)
FS,t0 −

L(t,g)
RC,t0 appearing in (1), (2) and (3) in Definition 3.1 is the change in the liability value relating to

future service in the period, measured at the discount rates determined at initial recognition of the
contracts, and excluding any effect of the time value of money, since this effect is not seen as relating
to future service in IFRS 17 (see § B97 in IASB 2017a). Note that L(t−1,g)

FS,t0 is the liability value at t−1
(measured at the t0-discount rates) allocated to cash flows after time t, and unwinding the discount
one period is captured by multiplying with dt0,t−1

dt0,t
. Hence dt0,t−1

dt0,t
L(t−1,g)
FS,t0 is the liability value at time t

for cash flows after t, measured at the t0-discount rates, but where all non-financial assumptions are
based on the information at time t−1, while L(t,g)

RC,t0 is the liability value at time t for cash flows after t,
measured at the t0-discount rates, where all non-financial assumptions have been updated to include
the information in period t.

In order for the definition of the contractual service margin CSM(t,g) and the loss component
LC(t,g) to make economic sense, the weightsW(g)

t andU(g)
t in Definition 3.1 must be suitably chosen.

The weights W(g)
t correspond to quantities that are derived from so-called coverage units. Precise

details are found in Section 3.1 below. For further details on the expressions in (1), (2), and (3), see
Section A.1 in Palmborg et al. (2020).

Remark 3.2 (WeightsU(g)
t ): The change in the liability value due to services provided and the change

in the liability value due to the effect of the time value of money should be allocated between the
loss component and the liability value excluding the loss component (§§ 50–51 in IASB 2017a). The
weightU(g)

t in (2) in Definition 3.1 represents this allocation. In IASB (2017c) this weight has been set
to LC(t−1,g) /L(t−1,g)

RC . Assuming that P(t,g) ≥ 0, that L(t,g)
RC ≥ 0, that L(t,g)

RC > 0 implies that L(t,g)
FS ≥ 0,

for all t, and disregarding any difference between liability values measured at current discount rates
and measured at discount rates determined at t0, this choice of weight leads to the desirable prop-
erties that LC(t,g) = 0 when L(t,g)

RC = 0, that LC(t−1,g) /L(t−1,g)
RC ∈ [0, 1], and thus ensures that the loss

component satisfies the requirement LC(t0+τ ,g) = 0. We have used this suggested choice of weight in
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the numerical examples in Section 5. However, we emphasise that it is possible to construct situations
where this choice of weight can lead to strange behaviour for the loss component, see Section A.3 in
Palmborg et al. (2020).

Remark 3.3 (Termination of CSM and LC): Definition 3.1, together with a suitable choice of
weight U(g)

t , ensures that the contractual service margin and the loss component equal zero at
the end of the coverage period, i.e. that CSM(t0+τ ,g) = 0 and LC(t0+τ ,g) = 0. Note that L(t0+τ ,g)

RC =
L(t0+τ−1,g)
FS,t0 = L(t0+τ ,g)

RC,t0 = 0, and P(t0+τ ,g) = 0. Hence, if CSM(t0+τ−1,g) ≥ 0 and LC(t0+τ−1,g) = 0,

then �1 = dt0,t0+τ−1
dt0,t0+τ

CSM(t0+τ−1,g) ≥ 0 in (1), hence LC(t0+τ ,g) = 0, and CSM(t0+τ ,g) = 0 since

W(g)
t0+τ = 0. If instead CSM(t0+τ−1,g) = 0 and LC(t0+τ−1,g) > 0, then �2 ≥ 0 in (2), under the

requirement that U(g)
t0+τ ≥ LC(t0+τ−1,g) /L(t0+τ−1,g)

RC , from which it follows that �3 = 0 in (3), thus
LC(t0+τ ,g) = CSM(t0+τ ,g) = 0.

Remark 3.4 (Initial recognition): Note that L(t0−1,g)
RC = CSM(t0−1,g) = LC(t0−1,g) = 0, and L(t0,g)

RC,t0 =
L(t0,g)
RC . Thus, the somewhat odd discount factor dt0,t0−1 appearing in (1) at initial recognition can be

defined arbitrarily, since it is multiplied by zero. Furthermore, since no unearned profit should be
allocated to profit or loss at initial recognition of the group it is required that 1 − W(g)

t0 = 0. Thus, at
initial recognition:

CSM(t0,g) = (
P(t0,g) − L(t0,g)

RC
)+,

LC(t0,g) = (
L(t0,g)
RC − P(t0,g)

)+.
Profit or loss in reporting period t for group g, P&L(g)

t , is defined as follows in terms of the
contractual service margin and loss component in Definition 3.1.

Definition 3.2 (Profit or loss): Profit or loss determined at time t for reporting period t and group
g of contracts is given by

P&L(g)
t := L(t−1,g) + CSM(t−1,g) +P(t,g) − (L(t,g) + CSM(t,g)) − I(g)t . (4)

Remark 3.5 (Long time P&L): For a group of contracts initially recognised at time t0, where all
claims are paid by time t0 + τ , the total profit or loss for the group over its lifetime is given by

t0+τ∑
t=t0

P&L(g)
t =

t0+τ∑
t=t0

P(t,g) −
t0+τ∑
t=t0

I(g)t , (5)

i.e. the net premium income minus the sum of the net liability cash flows for the group. This follows
immediately from the definitions of the involved quantities, see Definition 3.1 and Remark 3.3. Any
other proposed definition of P&L(g)

t for which (5) does not hold would be seriously flawed.

Remark 3.6 (Loss component): Note that the loss component LC(t,g) does not appear explicitly in
Definition 3.2. Instead, the loss component is part of the liability value, i.e. any changes in the loss
component will be included in the difference L(t−1,g) − L(t,g). This means that changes in the loss
component in the period will directly affect profit or loss in the period. An increasing loss compo-
nent will affect profit or loss negatively, and vice versa. Since the loss component is already taken into
account in both the financial position and performance of the company through the computation
of the liability value, one might wonder why it is necessary to track the loss component through the
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algorithm in Definition 3.1. The reason is that the loss component is needed in order to determine
if a currently onerous group gives rise to a contractual service margin at the end of the period. Here
we get to one of the key principles in IFRS 17 regarding how unearned profit versus unearned losses
should be treated. The definition of profit or loss in Definition 3.2 ensures that losses for groups of
contracts are recognised immediately in the reporting period in which a previously profitable group
becomes onerous, i.e. whenCSM(t−1,g) > 0 andLC(t,g) > 0, or an onerous group becomesmore oner-
ous, i.e. when LC(t,g) > LC(t−1,g). At the same time, the appearance of the change in the contractual
servicemargin inDefinition 3.2 together with its development inDefinition 3.1 ensure that for a prof-
itable group of contracts a proportion of the unearned profit is recognised later, due to appearance of
the weight factorW(g)

t .

Remark 3.7 (Liability for incurred claims): Note that it is the change in the total liability value,
L(t−1,g) − L(t,g) that appears in Definition 3.2. At the same time, the algorithm for calculating the
contractual service margin in Definition 3.1 only depends on the liability for remaining coverage.
Hence, the liability for remaining coverage affects profit or loss in period t both directly through the
change in the liability value, L(t−1,g)

RC − L(t,g)
RC , and indirectly through the change in the contractual ser-

vice margin, CSM(t−1,g) −CSM(t,g), while the liability for incurred claims only affects profit or loss
through the change in the liability value, L(t−1,g)

IC − L(t,g)
IC . This is a natural consequence of that the lia-

bility for incurred claims is the liability value allocated to cash flows corresponding to insured events
that have already occurred, hence it relates to past or current service, and the contractual service
margin should only be adjusted for changes in the liability value that relate to future service.

Remark 3.8 (Alternative definition of P&L): In IASB (2017a) profit or loss is defined in a way that
is not obviously equivalent to Definition 3.2. We prove the equivalence in Proposition A.1 in Section
A.2 in Palmborg et al. (2020) and choose the more intuitive expression for P&L(g)

t in Definition 3.2.

3.1. Coverage units

TheweightsW(g)
t appearing in the definition of the contractual servicemargin are essential quantities

since profit or loss is defined in terms of the contractual service margin. The weights are derived
from so-called coverage units. The estimation of coverage units for the group should ensure that the
release of the contractual service margin into profit or loss is in accordance with how services are
provided. The number of coverage units in a group correspond to ‘the quantity of coverage provided
by the contracts in the group, determined by considering for each contract the quantity of the benefits
provided under a contract and its expected coverage duration ’ (§ B119 in IASB 2017a). No further
details are provided in IASB (2017a), hence it is largely up to the judgement of the insurer. Minimal
guidance is provided in IASB (2017b), apart from that IASB rejected allocating the contractual service
margin based on the pattern of expected cash flows (§ BC279 in IASB 2017b). Our interpretation of
coverage units is as follows:

Let B(g,k)
s be the quantity of the benefits provided under the kth contract in group g in period s, and

let T(g,k)
t be the time until the coverage period ends for the contract as seen from time t, taking non-

negative integer values. We define the coverage units CU(t,g,k)
s in period s, as seen from time t ≤ s,

as

CU(t,g,k)
s := B(g,k)

s I{T(g,k)
t >s−t−1},

where I is the indicator function. CU(t,g,k)
t is known at time t. Note that for T(g,k)

t = 0, CU(t,g,k)
t =

B(g,k)
t are the last coverage units provided under the contract, since CU(t,g,k)

t denotes the coverage
units provided in (t − 1, t]. The coverage unit CU(t,g)

s is the sum of the coverage units CU(t,g,k)
s over

the index k.
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W(g)
t is defined as the ratio of the expected remaining number of coverage units at time t over

the lifetime of the group to the total number of coverage units for the group. The latter is the sum of
the number of coverage units provided in reporting period t and the expected remaining number of
coverage units at time t. We write

W(g)
t := Et[

∑t0+τ
s=t+1 CU

(t,g)
s ]

CU(t,g)
t +Et[

∑t0+τ
s=t+1 CU

(t,g)
s ]

,

where Et[·] denotes the expectation conditional on information up to time t. For convenience we let
ERCU(t,g) := Et[

∑t0+τ
s=t+1 CU

(t,g)
s ] and write

W(g)
t := ERCU(t,g)

CU(t,g)
t +ERCU(t,g)

.

For one contract, omitting the indices g and k, note that if Bs is known at time t for s = t + 1, . . . , t0 +
τ , then

Et

[ t0+τ∑
s=t+1

CU(t)
s

]
=

t0+τ∑
s=t+1

BsEt[I{Tt>s−t−1}] =
t0+τ∑
s=t+1

BsPt(Tt > s − t − 1).

Furthermore, if Bs := B for s = t + u + 1, . . . , t0 + τ and zero otherwise, where B is known at time t
and 0 ≤ u ≤ t0 + τ − t − 1, then

Et

[ t0+τ∑
s=t+1

CU(t)
s

]
= B

t0+τ−t∑
s=u+1

Pt(Tt > s − 1).

Note that if u = 0, then the above expectation equals BEt[Tt], i.e. the expected remaining cover-
age units at time t for the contract is the constant quantity of benefits times the expected coverage
duration.

We still need amore precise definition of the quantity of benefits Bt and the time until the coverage
period ends Tt . To that end, we use the opinions of the IFRS 17 Transition Resource Group (TRG)
(IASB 2018) as guidance when making the following definitions. For the case when the coverage
period starts at time t, or has started before time t, we want Et[Tt] to be the expected remaining
coverage period for the contract. Hence Tt should take into account lapses and cancellations, as well
as deaths and other insured events to the extent that they affect the remaining coverage period (e.g. a
contract that is terminated after the insured event occurs). This means that, depending on the type
of contract under consideration and the contract terms, Tt can be fixed as seen from time t, or it can
be a random variable.

To define the quantity of the benefits Bt is more complex, since there are many different product
types and contract terms. The definition needs to be consistent with § B119 in IASB (2017a) which
states that the allocation of the contractual service margin to profit or loss in each period should
reflect the services provided under the group in that period. The services provided to a contract in
one period is the coverage in the form of economic compensation if the insured event occurs in that
period.Hence, as noted by the TRG in IASB (2018), the quantity of the benefits should be based on the
claims payment in case of a valid claim, which is not the same as the amount that the insurer expects to
pay out per contract. Some possible methods for determining Bt mentioned in IASB (2018) are using
themaximum contractual cover for the contract in each time period, or using the benefit amount that
the policyholder is expected to receive if the insured event occurs in each time period. The former
method might be appropriate for some life-insurance contracts, where a fixed benefit payment is
specified in the contract terms and paid out if the insured person is still alive at some future time point.
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This is how we have defined Bt in the examples provided below and in Section 5. The latter method
might be appropriate when no maximum contractual cover is specified. As an example, consider a
contract which provides income when the policyholder is unable to work due to disability, and the
benefit the policyholder receives depends on policyholder’s salary before the insured event occurs.
For this type of contract the quantity of the benefits for future reporting periods can be determined
as the current salary adjusted for some measure of inflation. Another way to determine the quantity
of the benefits for a group of contracts with no maximum contractual cover specified could be to use
some simple model for the claim severity, i.e. the average payment per claim, based on historical data
for similar contracts, and incorporating a trend component or inflation as needed.

There are also cases where a maximum contractual cover is specified, but using it to determine
Bt might not be appropriate. E.g. consider a group of contracts consisting of some contracts with a
very high maximum contractual cover, and others with a much lower maximum contractual cover,
but where the historical claim severity is similar for both contract types. In this case, it might be more
suitable to define the quantity of the benefits based on a model for the claim severity rather than
the contractual maximum cover, since the very high maximum cover for some of the contracts has
essentially no economic effect on the performance of the group. It is up to each insurer to judge how
Bt should be defined in each specific case, to ensure that the number of coverage units in each period
reflects the services provided.

When a contract is terminated ahead of time (due to e.g. lapse of the contract or death of the policy-
holder), the number of expected remaining coverage units that would have remained had the contract
not been terminated needs to be derecognised from the group (§ 76 in IASB 2017a). Our interpre-
tation of derecognition of coverage units is that the coverage units provided in the period should
be adjusted in a similar manner. This ensures that part of the contractual service margin related to
the derecognised contract is recognised in profit or loss for the period. Hence, if contract k in group
g is derecognised in period t, we let ERCU(t,g,k) = 0. The number of expected remaining coverage
units that are derecognised is given by Et[

∑t0+τ
s=t+1 B

(g,k)
s I{T̃(g,k)

t >s−t−1}], where T̃
(g,k)
t denotes the time

until the coverage period ends for the contract as seen from time t, had the contract not been ter-
minated in period t. Hence, we let the coverage units provided in the period be given by CU(t,g,k)

t =
Et[
∑t0+τ

s=t B(g,k)
s I{T̃(g,k)

t >s−t−1}]. Thus the total number of coverage units for the contract is the same as
it would have been had the contract not been terminated, but due to the derecognition of the contract
the full number of coverage units are provided in the period, and none remain at the end of the period.

The number of coverage units provided in period t and the expected remaining number of cov-
erage units at time t for some life-insurance contracts are defined below. We consider a group g of
N(g)
t−1 contracts at time t−1. For the kth contract of the group, let CU(g,k)

t and ERCU(t,g,k) denote the
corresponding coverage units and expected remaining coverage units and set

CU(t,g)
t :=

N(g)
t−1∑

k=1

CU(t,g,k)
t , ERCU(t,g) :=

N(g)
t∑

k=1

ERCU(t,g,k) .

In the three examples below, consider the kth insured person in group g, x periods old at time t, whose
remaining lifetime is Tx,t .

Example 3.1 (Survival benefit): Consider an insurance contract with survival benefit B, paid if the
insured person is still alive at time u + t. If the insured person is alive at time t, then

CU(t,g,k)
t := 0, ERCU(t,g,k) := BPt(Tx,t > u)

If the insured person dies in period t, then

CU(t,g,k)
t := BPt(Tx,t > u), ERCU(t,g,k) := 0
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Example 3.2 (Life annuity I): Consider a life annuity during the decumulation phase, with benefit
B paid out at the beginning of each period if the insured person is alive. If the insured person is alive
at time t, then

CU(t,g,k)
t := B, ERCU(t,g,k) := B

∞∑
s=1

Pt(Tx,t > s − 1)

If the insured person dies in period t, then

CU(t,g,k)
t := B

∞∑
s=0

Pt(Tx,t > s − 1), ERCU(t,g,k) := 0

Example 3.3 (Life annuity II): Consider a life annuity during the accumulation phase, with benefit
B paid out at the beginning of each period after time u+ t if the insured person is still alive. For
this type of contract the total number of coverage units is B

∑∞
s=1 P(Tx,t > u + s − 1): If the insured

person is alive at time t, then

CU(g,k)
t := 0, ERCU(t,g,k) := B

∞∑
s=1

Pt(Tx,t > u + s − 1)

If the insured person dies in period t, then

CU(g,k)
t := B

∞∑
s=1

Pt(Tx,t > u + s − 1), ERCU(t,g,k) := 0

4. Valuation of liability cash flows and allocation to subgroups

In IFRS 17 the valuation of insurance liabilities should consist of the fulfilment cash flows and the con-
tractual service margin. The fulfilment cash flows consist of estimates of future cash flows, and a risk
adjustment for non-financial risk. The estimate of future cash flows is defined as ‘the expected value
(ie the probability-weighted mean) of the full range of possible outcomes’, and it should be adjusted
‘to reflect the time value of money and the financial risks related to the future cash flows’ (§§ 32–33 in
IASB 2017a). This is similar to the definition of the technical provisions in Solvency II, which consists
of a best estimate and a risk margin (Article 77, §§ 1–2 in DIRECTIVE 2009/138/EC n.d). However,
there is a difference between the valuation in the two regulations. In Solvency II, the risk margin
‘shall be such as to ensure that the value of the technical provisions is equivalent to the amount that
insurance and reinsurance undertakings would be expected to require in order to take over and meet
the insurance and reinsurance obligations’ (Article 77, § 3 in DIRECTIVE 2009/138/EC n.d). In IFRS
17, the risk adjustment for non-financial risk is defined as an adjustment ‘to reflect the compensation
that the entity requires for bearing the uncertainty about the amount and timing of the cash flows
that arises from non-financial risk’ (§ 37 in IASB 2017a), and it should reflect the fact that insurers
‘generally fulfil insurance contracts directly over time by providing services to policyholders, rather
than by transferring the contracts to a third party’ (§ BC17 in IASB 2017b). Hence, in IFRS 17 it is the
company’s own perspective that should be taken into account, rather than that of a reference under-
taking. In most other aspects, the definition of the risk adjustment is consistent with the principles
underlying the calculation of the risk margin. However, in Solvency II the method for calculating the
risk margin is prescribed by the regulation, which states that it should be ‘calculated by determining
the cost of providing an amount of eligible own funds equal to the Solvency Capital Requirement
necessary to support the insurance and reinsurance obligations over the lifetime thereof’ (Article 77,
§ 5 in DIRECTIVE 2009/138/EC n.d), and furthermore it specifies a formula for the calculation as
well as certain parameter values. This is in contrast to IFRS 17 where there is no specification of what
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technique should be used as long as the risk adjustment has some general characteristics (see further
§ B91 in IASB 2017a).

The risk margin in Solvency II has been criticised for lacking a proper definition and theoretical
foundation, which is addressed in e.g. Möhr (2011). Through the framework developed in Engsner
et al. (2017), building on the setup in Möhr (2011), a multi-period cost-of-capital value is computed,
and given certain assumptions explicit computations are possible. This cost-of-capital valuation is
consistent with the requirements on the risk adjustment in IFRS 17, if taking the company’s own
perspective on the level of the cost-of-capital rate and risk aversion, and not that of a reference under-
taking. We choose to present the cost-of-capital value V0, corresponding to the fulfilment cash flows
in IFRS 17, without separating it into components. For the case when the explicit components of the
liability value are required, the risk adjustment can be identified as the second term (the

∑
-term)

in (9). Similarly, the risk adjustment allocated to a specific group of contracts corresponds to the
second term in (10).

4.1. Multi-period cost-of-capital valuation

We value an aggregate insurance liability by considering a hypothetical transfer of the liability to a
subsidiary, whose sole purpose is to manage the run-off of the liability. Hence, the subsidiary is a
financially separate entity, but is owned by the original entity, and thus has the same view on risk
and the compensation required for bearing that risk as the parent entity. Note that this construction
is in line with the hypothetical transfer to a reference undertaking in Solvency II. We use the term
subsidiary to emphasise that the view on risk and compensation should be the company’s own, not
that of a third party.

We consider a money market account numeraire, and express values and cash flows via this
numeraire. The evolution of the money market account is determined by a short-rate model that
is assumed consistent with a given set of discount factors.

The liabilities considered throughout this paper are entirely non-replicable by financial instru-
ments and therefore we do not need to consider any replicating portfolio that may be transferred
along with the liability except for a numeraire position: an amount of cash invested fully in themoney
market account. The liability can be identifiedwith a stochastic cash flowX = (Xt)

τ
t=1, where τ corre-

sponds to the time τ periods after the transfer has occurred when the run-off is complete. Time t = 0
here stands for the actual valuation time when the hypothetical transfer of the liabilities is considered.
By considering a discrete-time liability cash flow we implicitly make the simplifying assumption that
cash flows occur only at the preset finite set of times.

Along with the transfer of the liability, a cash amount V0 is transferred to the subsidiary. V0 is the
amount that the parent entity would require as compensation for bearing the non-financial risks in
the subsidiary. Consequently,V0 is defined as the value of the liability cash flowX. In order to compute
the compensation for bearing the risks in the subsidiary, and thus V0, capital costs throughout the
run-off must be considered. Capital costs originate from the need for the subsidiary to hold buffer
capital. This buffer capital is not necessarily the same as the regulatory required capital, instead it is
the amount of capital that the risk averse owner requires the subsidiary to hold to ensure that it can
fulfil the obligations to policyholders in most situations. What is meant by most situations, and thus
the amount of buffer capital required, is based on the degree of risk aversion of the parent entity. On
the other hand the owner of the subsidiary does not need to fulfil the obligations to the policyholders
in all situations. More precisely, the owner of the subsidiary has limited liability which here means
that if the required buffer capital turns out to be insufficient to meet the obligations to policyholders,
then the subsidiary may be terminated at no further cost upon transferring the buffer capital to the
policyholders.

In order to make the arguments leading to the valuation of the liability cash flow in run-off pre-
cise, we consider the following mathematical setup. Let (Ht)

τ
t=0, with H0 := {∅,�}, be the run-off

filtration representing the flow of information throughout the run-off of the liability. The cash flow X
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is assumed adapted to (Ht)
τ
t=0 but this filtration may be larger than the filtration generated by X. For

any t = 1, . . . , τ , let Vt denote the value of the remaining liability cash flow at that time. Obviously,
Vτ := 0 since the run-off is complete at time τ . Let RCt denote the required capital at time t.

At the time of the transfer of the liability from the insurer to the subsidiary, the subsidiary receives
V0 but is required to hold capital RC0 > V0. Hence, the parent entity injects RC0 −V0 in order to
operate the subsidiary. At time 1 the policyholders demand X1 and, given the information available
at that time, the value of the remaining liability cash flow beyond time 1 isV1. Taking limited liability
into account the payoff at time 1 for the owner of the subsidiary on the initial investment RC0 −V0 is
therefore (RC0 −X1 − V1)

+. However, the capital injection RC0 −V0 at time 0 would only be made
available if the expected rate of return on this investment was sufficiently attractive:

E[(RC0 −X1 − V1)
+] − (RC0 −V0)

RC0 −V0
= η0 (6)

for some cost-of-capital rate η0, which is determined by the parent entity, based on its required rate
of return on capital invested in the subsidiary. The same reasoning holds at any time during the
run-off, conditional on that the subsidiary has not been terminated at an earlier time. Therefore,
the acceptability criterion at time t corresponding to (6) reads

Vt = RCt − 1
1 + ηt

E[(RCt −Xt+1 − Vt+1)
+ | Ht]. (7)

If we were to assume, in line with the Solvency II regulatory framework, that at any time t the capital
requirement is defined in terms of the conditional 99.5%-quantile of theXt+1 + Vt+1, conditional on
Ht , written

RCt := VaR99.5%(Xt+1 + Vt+1 | Ht), (8)

then, upon replacing RCt by the expression in (8) and noting that Vτ := 0, we have arrived at a non-
linear backward recursion for determining the value V0 of the original liability. Notice that IFRS 17
does not prescribe the use of this specific risk measure.

Solving the backward recursion for (Vt)
τ
t=0 numerically is in general a challenging task. However,

under the strong assumption that the liability cash flow together with other variables generating the
filtration can be described by a Gaussian process, and that the cost-of-capital rates (ηt)

τ−1
t=0 are non-

random, an explicit formula can be derived for V0:

V0 = E[R] +
τ−1∑
t=0

ct
(
Var

(
R | Ht

)− Var
(
R | Ht+1

))1/2
, (9)

where R := ∑τ
t=1 Xt and in case the risk measure is chosen as in (8):

ct = �−1(0.995) − 1
1 + ηt

(
0.995�−1(0.995) + ϕ(�−1(0.995))

)
,

where � and ϕ denote the distribution and density function, respectively, of a standard normal ran-
dom variable. If instead of VaR99.5%(· | Ht) the risk measure Expected Shortfall at the level 99% is
used, ES99%(· | Ht),

ct = ϕ(�−1(0.99))
0.01

− 1
1 + ηt

(
ϕ(�−1(0.99))

0.01
�

(
ϕ(�−1(0.99))

0.01

)
+ ϕ

(
ϕ(�−1(0.99))

0.01

))
.

Notice again that IFRS 17 does not prescribe the use of this specific risk measure.
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SinceV0 is non-random the expression (9) may look strange. However, due to the special property
of conditional (co)variances for the multivariate normal distribution, the conditional variances in (9)
are indeed non-random.

Remark 4.1 (Run-off filtration): We could take the filtration (Ht)
τ
t=0 to be the filtration generated

by the cash flow (Xt)
τ
t=1. However, when considering allocation of values to n groups it is more

appropriate to consider the larger filtration generated by all the cash flows of the n groups, i.e. the
filtration generated by (X(k)

t )τt=1, k = 1, . . . , n. In many cases, there may be relevant additional infor-
mation available that can be expressed as the outcomes of a stochastic process. In any case we take
(Ht)

τ
t=0 to be the filtration generated by a d-dimensional, where d ≥ n, Gaussian process (Gt)

τ
t=1

having (X(k)
t )τt=1, k = 1, . . . , n, as (a subset of its) marginal processes.

Remark 4.2 (Alternative valuation approaches): There are easily applied alternatives to the multi-
period cost-of-capital valuation applied to the discounted outstanding liability R for which all the
analysis in this paper holds withminormodification (and interpretation) of constants. The expression
for V0 in (9) corresponds to, under the aforementioned Gaussian model assumption, the solution to
the backward recursion Vt = ϕt(Xt+1 + Vt+1), Vτ := 0, with

ϕt(Y) = ρt(Y) − 1
1 + ηt

E[(ρt(Y) − Y)+ | Ht],

where ρt is a conditional version of VaR or ES given the information corresponding toHt (notice that
here ρt is defined as operating on a loss variable rather than future net worth of a position, otherwise
ρt(Y) needs to be replaced by ρt(−Y)). For the expression for V0 in (9) to hold, the only relevant
mathematical properties of the map ϕt : Lp(Ht+1) → Lp(Ht) for p ≥ 1 (where Lp(Ht) denotes the
space ofHt-measurable random variables Y with E[|Y|p] < ∞) are the following:

if λ ∈ Lp(Ht), then ϕt(Y + λ) = ϕt(Y) + λ,

if λ ∈ [0,∞), then ϕt(λY) = λϕt(Y),

if P(Y ∈ A | Ht) = P(Ỹ ∈ A | Ht), then ϕt(Y) = ϕt(Ỹ).

Therefore, an application of the well-established standard deviation premium principle is straightfor-
ward since this corresponds to choosing p = 2 and

ϕt(Y) = E[Y | Ht] + γt Var(Y | Ht)
1/2,

where (γt)
τ−1
t=0 is some sequence of non-negative constants. This choice of ϕt satisfies all require-

ments and gives the expression for V0 in (9) with ct = γt . There are many papers on multi-period
valuation of insurance liabilities, many of which study a situation where the liability can be partly
hedged by trading in financial assets. For further details, we refer to Barigou&Dhaene (2019), Delong
et al. (2019a), Delong et al. (2019b), Engsner et al. (2020), Möhr (2011), Pelsser & Stadje (2014),
Tsanakas et al. (2013) and the references therein.

Though IFRS 17 does not prescribe any specific technique for computing the risk adjustment, there
is a requirement to disclose the confidence level that the result of the computation corresponds to (§
119 in IASB 2017a). This requirement was included in order to supply users of financial statements
with some means of comparing the risk adjustment between different companies, despite the fact of
them potentially using different techniques for the calculation. This is not to say that IASB favours
the confidence level technique over other techniques, but is instead a reflection of that the confidence
level technique is the simplest to implement and that they did not want to burden companies with
having to use more complex techniques for this benchmark in case the confidence level technique is
deemed appropriate by the individual company (§§ BC215-BC217 in IASB 2017b).
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From the Gaussian assumption follows immediately from (9) that

P(R ≤ V0) = �

⎛⎜⎝
∑τ−1

t=0 ct
(
Var

(
R | Ht

)− Var
(
R | Ht+1

))1/2
Var(R)1/2

⎞⎟⎠
and if ηt = η0 for all t then the expression simplifies further to

P(R ≤ V0) = �

(
c0

τ−1∑
t=0

(
Var

(
R | Ht

)− Var
(
R | Ht+1

)
Var(R)

)1/2)
.

It is seen that the confidence level P(R ≤ V0) is an elementary function of η0 and the variance profile,
i.e. how the conditional variance of the outstanding liability cash flow decays to zero as the run-off
progresses.

4.1.1. Allocations to contract groups
Since the risk adjustment in IFRS 17 should be based on the insurer’s own view of risk, it can reflect
diversification between different contract groups (§ B88 in IASB 2017a). Thus, many insurers would
likely want to calculate the liability value for the company as a whole. However, the total value still
needs to be allocated to a potentially large number of groups of contracts, since the measurement
requirements in IFRS 17 need to be applied at this level.

A group of contracts in IFRS 17 is defined as follows: first the portfolio level of contracts has to
be identified. A portfolio is a group of contracts ‘subject to similar risks and managed together’. The
next step is to subdivide each portfolio into a minimum of three groups depending on the estimated
profitability of each contract at initial recognition. The first group consists of contracts that are oner-
ous at initial recognition, the second group are contracts without any significant possibility of ever
becoming onerous, and the third group consists of all other contracts. Finally, a group of contracts is
only allowed to include contracts that are issued within one year of each other, hence for every future
year newly issued contracts cannot be merged with previous groups of contracts, instead new groups
will need to be formed. The group that an individual contract belongs to is decided when the con-
tract is initially recognised and does not change subsequently – hence a group of onerous contracts
can later on become profitable, and vice versa (see further §§ 14–24 in IASB 2017a).

A contract is onerous at initial recognition if the net of the fulfilment cash flows and any other
cash flows arising from the contract is negative. For a group of contracts that is onerous, an imme-
diate loss of this net value will have to be recognised in profit or loss. The allocation of the liability
value to each group of contracts is thus important, since it can both influence if a group is onerous at
initial recognition as well as if a group later on becomes onerous. For groups of contracts that are not
onerous, the allocation of the liability value will instead influence the size of the contractual service
margin (estimated future profits) for the group, which will be released into profit or loss over the life-
time of the group. Hence the allocation of the liability value to each group of contracts will directly
affect the revenue stream for the company. This is a new regulatory concept compared to Solvency II,
where the risk margin is allocated to lines of business (likely similar to the portfolio level of contracts
in IFRS 17), but no further subdivision is needed, and no connection to any financial performance of
the company is required.

IFRS 17 thus introduces a regulatory requirement on the allocation of risk being economically
sound in order to ensure that the financial performance of the company reflects the true economic
substance of the contracts. There is no other specific requirement in IFRS 17 on how the allocation
should be made, only that the company ‘is able to include the appropriate fulfilment cash flows in
the measurement of the group . . . by allocating such estimates to the groups of contracts ’ (§ 24 in
IASB 2017a). For individual companies it is likely important to have an allocation scheme that does
not introduce unnecessary instability in the future revenue streams.
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Consider n groups of contracts and write R = ∑n
k=1 Rk, where Rk = ∑τ

t=1 X
(k)
t is the sum of the

(discounted) cash flow of group k throughout the run-off of the aggregate liability. The so-called Euler
or gradient allocation of the value V0 of R attributed to Rk is given by

�(Rk,R) = E[Rk] +
τ−1∑
t=0

ct
Cov

(
Rk,R | Ht

)− Cov
(
Rk,R | Ht+1

)(
Var

(
R | Ht

)− Var
(
R | Ht+1

))1/2 . (10)

The Euler allocation of the aggregate value to contract groups is sound in the sense thatV0 = �(R,R)

is fully allocated to the contract groups and, for each group, the value �(Rk,R) allocated to the
group does not exceed the corresponding stand-alone value �(Rk,Rk) of the group’s liability cash
flow (obtained by replacing R by Rk in (9)):

n∑
k=1

�(Rk,R) = �(R,R), �(Rk,R) ≤ �(Rk,Rk).

A proof of this statement is found in Appendix C in Palmborg et al. (2020).

5. Numerical insurance valuation and allocation to groups

We consider an insurance company issuing only contracts where claims payment is contingent on the
policyholder being alive at certain future time points. We assume that the liability cash flow together
with other variables generating the run-off filtration can be described by a Gaussian process, and that
the cost-of-capital rate ηt = η0 for t = 0, 1, . . . , τ . Hence, the aggregate liability value L(0) is given
by (9) with ct = c0 for t = 0, 1, . . . , τ . Furthermore, the allocation of the value L(0) of R attributed to
Rk (i.e. allocated to group k of contracts) is given by (10). For convenience we use a discount rate of
zero across all reporting periods, i.e. we here disregard the effect of time value of money.

In order to calculate the liability value L(0) and allocate this value to the contract groups, we need
estimates of the conditional variances and covariances in (9) and (10). Since the claims payment for
all contracts are contingent on the policyholder still being alive, we need a model for the stochastic
mortality rate. To this end, we estimate parameters of the Poisson log-bilinear model for mortality
rates as proposed in Brouhns et al. (2002), where the Lee–Carter (Lee & Carter 1992) model for
mortality rates is embedded in a Poisson regression model. For the estimation we use the R package
StMoMo (Villegas et al. 2018), which defines the family of generalised age-period-cohort (GAPC)
stochastic mortality models, of which the Poisson log-bilinear model in Brouhns et al. (2002) is a
special case. The model assumes that the number of deaths Dx,t in a population aged x years during
period t satisfies

L(Dx,t | Ex,t ,μx,t) = Pois(Ex,tμx,t),

where Ex,t is the so-called exposure to risk, and μx,t is the mortality rate at age x during period t. The
mortality rate is modelled as

log(μx,t) = αx + βxκt , κt = δ + κt−1 + ξt ,

whereαxmeasures the time-independent age effect, κt is themortality trend, andβx gives the sensitiv-
ity of the predictor at age x to variations in κt. Themortality trend κt ismodelled as aGaussian random
walk with drift: δ is the drift parameter and (ξt) is an iid sequence with ξt ∼ N(0, σ 2

κ ). The param-
eter constraints

∑
t κt = 0 and

∑
x βx = 1, proposed in Lee & Carter (1992), are imposed to ensure

model identification. The model parameters are estimated from data for Swedish males for year 1985
to 2018, for ages 0-90, from theHumanMortality Database (HumanMortality Database 2018) result-
ing in estimates δ̂ ≈ −2.00, σ̂κ ≈ 1.60, and (̂αx)

90
x=0, (β̂x)

90
x=0 and (̂κt)

2018
t=1985 illustrated in Figure 1.We



SCANDINAVIAN ACTUARIAL JOURNAL 19

Figure 1. Parameter estimates for mortality model.

have chosen to exclude data for ages above 90 years in the estimation, due to data being sparse for
these ages. Instead, we will use the estimated values α̂90 and β̂90 for ages above 90 in our calcula-
tions. All estimated parameter values will be kept fixed for the future whole period modelled, i.e. no
parameter risk is included.

5.1. Portfolio of life annuities

We consider an insurance company issuing only one type of contracts, a life annuity. If the insured
person is still alive at age 65 years, a benefit of B = 1 is paid out in each reporting period until the
period when the person dies, or the period when the insured person reaches age 100 years, whichever
comes first. The annuity can be issued to individuals between the ages of 30 and 64 years. Denote the
set of ages for which the benefit B is paid out by PA := {65, . . . , 100}.

Starting at time t = −20, new customers arrive according to a marked Poisson process, where the
Poisson process has intensity λ = 3000, and the marks determine the age of the arriving customers
according to a multinomial distribution. The parameters of the multinomial distribution are deter-
mined according to the proportion of different ages (between 30 and 64) of the general population
of Sweden in year 2018 (age 30–40: 32.5%, age 41–50: 29.1%, age 51–64: 38.4%). Assuming that all
contracts are profitable at the time of issue, we have one group of contracts per issuing year.

Let N(g)
x,t be the number of active contracts of x years old individuals belonging to group g at time

t. We assume that deaths at time t of individuals conditional on the mortality rates at time t−1 are
independent events. Hence, the number of active contracts at each time point t for groups of contracts
issued before this time can be described as a nested binomial process as follows:

L(N(g)
x,t | N(g)

x−1,t−1,μx−1,t−1) = Bin(N(g)
x−1,t−1, px−1,t−1),

with px−1,t−1 := exp{−μx−1,t−1}.
We simulate one trajectory for the customer arrival process and one trajectory for the mortality

trend (κt)
0
t=−19 over 20 years. At time t = 0 the outstanding liability consists of 20 groups of contracts,

Gr0 = {−19, . . . , 0}, and the liability cash flow X := X(0) takes the form

X = B
∑
g∈Gr0

∑
x∈PA

(
N(g)
x,1 , . . . ,N

(g)
x,70

)
,

where N(g)
x,t denotes the number of x years old individuals at time t belonging to group g, under the

assumption that no new contracts are issued after time 0. At time 0, the number N(g)
x,0 of x years old
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individuals belonging to group g is considered as a (non-random) model parameter n(g)
x,0. Similarly,

at time 0, the value κ0 of the mortality trend is considered as a (non-random) model parameter. We
denote by

X(g) = B
∑
x∈PA

(
N(g)
x,1 , . . . ,N

(g)
x,70

)
, g ∈ Gr0,

the liability cash flows of the individual groups, and by

N(g)
t =

100∑
x=30

N(g)
x,t , t ∈ {1, . . . , 70},

the total number of active contracts at time t in each group.We calculate the valueL(0) of the outstand-
ing liability according to (9), L(0) = V0, and allocate this value to the groups of contracts according
to (10). The run-off filtration (Ht)

70
t=0 is here taken to be the filtration generated by the cash flows of

the 20 groups, and the total number of active contracts in each group:

H0 := {∅,�}, Ht := σ
(
X(g)
t ,N(g)

t ; g ∈ Gr0
)

∨ Ht−1, t = 1, . . . , 70.

In order to calculate the value of outstanding liability cash flows according to (9) we need to calculate
E[R] andVar(R | Ht), whereR := ∑70

s=1 Xs. Furthermore, to calculate the values allocated to contract
groups according to (10) we need to calculate Cov(R(g),R | Ht), where R(g) := ∑70

s=1 X
(g)
s . We calcu-

latemeans and covariances based on the nested binomial process for the evolutions of active contracts
over time, using the Lee–Carter model for the evolution of mortality rates. Given these means and
covariances, the use of (9) and (10) means that we are assuming that(

(X(g)
t ,N(g)

t ); g ∈ Gr0, t ∈ {1, . . . , 70}
)

is a random vector with a normal distribution. Although this is inconsistent with how the model
for the cash flows and number of active contracts is defined, it is a reasonable approximation which
enables efficient computation of all involved quantities.

The expectation E[R] of outstanding liability cash flows is given by

E[R] = B
70∑
s=1

∑
x∈PA

E[Nx,s], Nx,t :=
∑
g∈Gr0

N(g)
x,t ,

E[Nx,t | μ] = Nx−t,0

t−1∏
i=0

px−t+i,i = nx−t,0 exp
{

−
t−1∑
i=0

μx−t+i,i

}
,

where nx−t,0 = ∑
g∈Gr0 n

(g)
x−t,0. Taylor approximation yields

E[Nx,t | μ] ≈ nx−t,0 exp
{

−
t−1∑
i=0

E[μx−t+i,i]
}(

1 −
t−1∑
i=0

(
μx−t+i,i − E[μx−t+i,i]

))
.

Hence,

E[Nx,s] = E[E[Nx,s | μ]] ≈ nx−s,0 exp
{

−
s−1∑
i=0

E[μx−s+i,i]
}
,
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E[μx,t] = exp
{
αx + βx(tδ + κ0) + 1

2
β2
x tσ

2
κ

}
.

In order to calculate the variances Var(R | Ht) and covariances Cov(R(g),R | Ht) we first need to
calculate the following covariances for the model at time 0:

Cov(Xt ,Xs) = B2
∑

x,y∈PA
Cov(Nx,t ,Ny,s),

Cov(X(g)
t ,X(h)

s ) = B2
∑

x,y∈PA
Cov(N(g)

x,t ,N
(h)
y,s ),

Cov(Xt ,X
(g)
s ) = B2

∑
x,y∈PA

∑
h∈Gr0

Cov(N(h)
x,t ,N

(g)
y,s ).

The calculation of the covariances above are found in Section B.1 in Palmborg et al. (2020).
Given the covariances above we form the high-dimensional covariance matrix�(t), for the model

at time 0, of the random vector⎛⎝ 70∑
s=t+1

Xs,

( 70∑
s=t+1

X(g)
s

)
g∈Gr0

,
(
(X(g)

s )ts=1, (N
(g)
s )ts=1

)
g∈Gr0

⎞⎠ (11)

and notice that

Var(R | Ht) = Var

( 70∑
s=t+1

Xs |
(
(X(g)

s )ts=1, (N
(g)
s )ts=1

)
g∈Gr0

)
,

Cov(R(g),R | Ht) = Cov

( 70∑
s=t+1

X(g)
s ,

70∑
s=t+1

Xs |
(
(X(g)

s )ts=1, (N
(g)
s )ts=1

)
g∈Gr0

)
.

We emphasise at this point that due to the assumed multivariate normality of the random vector
in (11), these conditional variances and covariances are indeed non-random as seen from time 0.
To calculate the conditional variances and covariances needed, we use properties of the multivariate
normal distribution. For a multivariate normal vector Z ∼ Nn(μ,�), write

μ =
(

μ1:m
μm+1:n

)
, � =

(
�1:m,1:m �1:m,m+1:n

�m+1:n,1:m �m+1:n,m+1:n,

)
for m ∈ {1, . . . , n − 1}. Then the conditional distribution of (Z1, . . . ,Zm) given (Zm+1, . . . ,Zn) is
multivariate normal with mean vector

μ1:m|m+1:n = μ1:m + �1:m,m+1:n�
−1
m+1:n,m+1:n(Zm+1:n − μm+1:n),

assuming that the inverse �−1
m+1:n,m+1:n exists, and covariance matrix

�1:m|m+1:n = �1:m,1:m − �1:m,m+1:n�
−1
m+1:n,m+1:n�m+1:n,1:m.

Hence, the conditional distribution of (
∑70

s=t+1 Xs, (
∑70

s=t+1 X
(g)
s )g∈Gr0) given ((X(g)

s )ts=1, (N
(g)
s )ts=1,

g ∈ Gr0) is multivariate normal with covariance matrix

�
(t)
1:m|m+1:n = �

(t)
1:m,1:m − �

(t)
1:m,m+1:n(�

(t)
m+1:n,m+1:n)

−1�
(t)
m+1:n,1:m,

where �(t) is the covariance matrix for the random vector in (11).
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The covariance structure of the liability cash flows (Xt)
70
t=1 seen from time t = 0 is shown in

Figure 2. The left figure shows the terms (Var(R | Ht) − Var(R | Ht+1))
1/2, t = 0, . . . , 69, in the for-

mula for the outstanding liability cash flow at time t = 0. The right figure shows the correlationmatrix
for the liability cash flows (Xt)

70
t=1 seen from time t = 0.

The allocation to contract groups is demonstrated in Figure 3. The upper-left figure corresponds to
a 10% cost-of-capital rate, with parameters for the mortality model estimated from data for Swedish
males, as described previously. Hence in this example, we have used σκ = 1.60 as the volatility for
the mortality trend. From this figure it is clear that the liability value is just marginally larger than
the expected value of the liability cash flows. However, we would expect a larger difference in a real
world setting for a number of reasons. Firstly, in this example the only risk modelled is longevity risk,
since we assume that the only expenses for the insurer are payments to policyholders. In reality, the
insurer would also have administrative expenses, and thus be exposed to the risk that these expenses
increase more than expected over the lifetime of the portfolio. Furthermore, we have only modelled
contracts with a single premium paid upfront, and no right for the policyholder to terminate the
contract ahead of time. With periodic premium payments or a surrender value being paid out if the
contract is terminated by the policyholder, there would be uncertainty associated with future fees
drawn by the insurer, giving rise to lapse risk. Both expense risk and lapse risk should be included in
the valuation, as per the definition of non-financial risk in IASB (2017a).

Secondly, in this example we have estimated the parameters for the mortality model based on
data for the whole population of Swedish males. When valuing the outstanding liability of an insurer,
the mortality model would need to be adjusted to capture the mortality experience of the insurer,
i.e. to a much smaller population. How to go about adjusting the mortality model based on data for
a large population to the subset consisting of only insured persons, and further, to the even smaller
population of an individual insurance company, is a question in its own right. It is however reasonable
to assume that the variability in data for an insurer’s portfolio would be higher than in data for the
population as a whole.

To conclude, the risk that an individual insurer is exposed to would generally be higher than what
is captured by our example. In order to illustrate this effect in a simple manner without complicating
our model, we have adjusted the volatility parameter σκ in the mortality trend, the results of which
can be seen in Figure 3, where we also show the effect of changing the cost-of-capital rate from 10% to
20%.We emphasise that this is simply away to illustrate the effect of overall higher volatility in the cash

Figure 2. The left figure shows the terms (Var(R | Ht) − Var(R | Ht+1))
1/2, t = 0, . . . , 69, in the formula for the outstanding

liability cash flow at time t = 0. The right figure shows the correlation matrix for the outstanding liability cash flow at time t = 0.
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Figure 3. The figures show the allocation�(R(g), R), g = −19, . . . , 0, of the liability value (empty circles) and the expected value
of the outstanding liability cash flows (filled circles) at time t = 0 to the 20 groups of contracts with the following parameters: 10%
cost-of-capital rate (left), 20% cost-of-capital rate (right), σκ = 1.60 (top), and σκ = 4.81 (bottom).

flowmodel than what can be captured in our simple setting, and should not be seen as a suitable way
of adjusting the mortality model for an insurer. In fact, one can argue that the model for the mortality
trend estimated for thewhole population should be valid for smaller subsets of that population, at least
long-term. Furthermore, even if the insurer has reason to believe that its particular portfolio consists
of a certain subset of the population that would not see the same longevity improvements as the
population as awhole, this is likely difficult to ascertain statistically for a portfolio of this size. Oneway
of including the unsystematicmortality risk due to the size of the individual insurer’s portfolio is given
in Jarner & Møller (2015). In order to derive an alternative to the longevity risk calculations in the
standard formula in Solvency II, they assume that the mortality rates of each insurer is proportional
to the mortality rates for the whole insurance industry, with a mortality trend estimated based on
data for the Danish population. However, the proportionality constant is unknown and has to be
determined based on the insurer’s mortality experience over a certain time period. The unsystematic
risk is due to the fact that this proportionality constant needs to be reestimated every year.

5.2. Profit or loss for a portfolio of survival benefits

To illustrate the development of profit or loss and the contractual service margin in accordance with
IFRS 17, we consider an insurance company that at time t = 0 issues 1000 insurance contracts to
policyholders aged 50 years. The insurer make a single benefit payment B = 1 to each policyholder
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who survives until age 70. All policyholders pay the same single premium P at time t = 0, and no
new contracts are issued after this time, hence the liability consists of a single group of contracts, and
the time of initial recognition is t0 = 0. We simulate the financial performance of the company until
all contracts are terminated, which happens either when the policyholder dies, or when the benefit is
paid at time τ = 20, whichever comes first.

The financial performance is calculated through the algorithm for calculating the contractual ser-
vice margin and loss component (Definition 3.1) and profit or loss as in Definition 3.2. Since we only
have one group of contracts, we drop the superscript (g) in the following. For this simple example, we
note that L(t)

SP = 0, t = 0, . . . , τ − 2, since service is only provided at time τ (i.e. in period τ ). Further-
more, since payments are made immediately as claims are incurred (when an insured person survives
until age 70), L(t)

IC = 0.Hence, L(t) = L(t)
RC = L(t)

FS , t = 0, . . . , τ − 2, and L(τ−1) = L(τ−1)
RC = L(τ−1)

SP .We
also note that L(−1) = L(τ ) = 0.

We simulate five independent trajectories (κ
(i)
t )τt=1, i = 1, . . . , 5, for the mortality trend, and, as

in the previous example, we let the number of active contracts remaining at each time point t be
described as a nested binomial process. For the ith mortality trend trajectory and at each time point
t, the value L(i,t) of the outstanding liability is calculated according to (9) using the run-off filtration
(H(i,t)

s )τ−t
s=0 that applies to a hypothetical run-off starting at time t and finishing at time τ . Hence

L(i,t) = E[R(i,t) | H(i,t)
0 ] + c0

τ−1−t∑
s=0

(
Var(R(i,t) | H(i,t)

s ) − Var(R(i,t) | H(i,t)
s+1)

)1/2
.

We let N(i,t)
s denote the number of active contracts at time s ≥ t for a run-off starting at time t, given

a development of the mortality trend up to time t according to (κ
(i)
s )ts=1. Seen from time t, κ(i)

t and
N(i,t)
t are (non-random)model parameters. Since here we do not consider any new contracts, and the

only cash flows to the policyholders are at τ = 20, we obtain R(i,t) = N(i,t)
τ . Furthermore, the run-off

filtration (H(i,t)
s )τ−t

s=0 only depends on the development of the numberN(i,t)
t+s of contracts that are active

at time t+ s:

H(i,t)
0 = {∅,�}, H(i,t)

s = σ(N(i,t)
t+s ) ∨ H(i,t)

s−1, s = 1, . . . , τ − t.

In order to use the algorithm for CSM and LC in Definition 3.1, we also need to calculate the weights
(Ut)

τ
t=1 and (Wt)

τ
t=1. We choose U(g)

t according to IASB (2017c), see also Remark 3.2. (Wt)
τ
t=1 are

determined based on the coverage units provided in each period, and the expected remaining cov-
erage units (see Section 3.1). Since all contracts considered in this example are survival benefits, the
coverage units provided and remaining for each time point can be determined as in Example 1 in
Section 3.1, hence if the kth insured person is alive at time t, then

CU(t,k)
t := 0, ERCU(t,k) := BPt(Tx,t > 70 − x)

and if the kth insured person dies in period t, then

CU(t,k)
t := BPt(Tx,t > 70 − x), ERCU(t,k) := 0,

where Tx,t is the remaining lifetime of a randomly chosen individual who is x periods old at time t,
and

CU(t)
t :=

Nt−1∑
k=1

CU(t,k)
t , ERCU(t) :=

Nt∑
k=1

ERCU(t,k)

Assuming that the ith trajectory for the mortality trend corresponds to the observable information,
the subscript t inPt means that the probability is calculatedwith respect to themodel with parameters
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Figure 4. The left figure shows the trajectories for the mortality trend κ
(i)
t , t = 1, . . . , τ , i = 1, . . . , 5. The right figure shows the

trajectories for the accumulated number of deaths in the portfolio consisting of 1000 contracts.

(αx), (βx), δ, σκ and κ
(i,t)
0 := κ

(i)
t . To calculate the probability at time t of an individual aged x at

time t surviving until time t+ 70−x, Pt(Tx,t > 70 − x), we use the same approximations as when
calculating the liability value.

Pt(Tx,t > 70 − x) = Et

[
Pt

(
Tx,t > 70 − x | μ(i,t)

)]
= Et

[
exp

{
−

69−x∑
s=0

μ
(i,t)
x+s,s

}]

≈ exp
{

−
69−x∑
s=0

Et[μ
(i,t)
x+s,s]

}

= exp
{

−
69−x∑
s=0

exp
{
αx+s + βx+s(sδ + κ

(i,t)
0 ) + 1

2
β2
x+ssσ

2
κ

}}
.

The trajectories for the mortality trend κ
(i)
t , t = 1 . . . , τ are demonstrated in Figure 4, together

with the trajectories for the accumulated number of deaths. The profit or loss, the contractual ser-
vice margin and the loss component are shown in Figure 5. Note the different patterns of profit or
loss depending on the size of the initial premium P compared to the initial liability value L(0). The
initial premium is determined according to nP = (1 + m)L(0), where m is the margin added to the
initial liability value. The figures on the left demonstrate profit or loss, contractual service margin and
loss component when m = 0, i.e. no margin is added to the initial liability value when determining
the premium. Note that the development of the contractual service margin and loss component is
closely related to the trajectory for the mortality trend. Furthermore, the profit or loss for trajectories
where a CSM is built up is either zero or slightly above zero, until time τ = 20 when any remaining
CSM is released into profit or loss. For trajectories where we instead have a positive LC, profit or
loss can be both positive and negative, and tends to fluctuate around zero. These patterns are even
clearer in the middle figures (m = 0.1) and left figures (m = −0.1). When the contract group is very
profitable it will give rise to a positive CSM during the whole period, hence the insurer will be pro-
tected against losses since the CSM acts as a buffer against any adverse developments (as seen from
the insurer’s perspective) over the lifetime of the contracts. When the contract group is loss-making
from its recognition, this loss has to be realised immediately, and any consecutive changes will directly
affect profit or loss, leading to higher volatility in the financial performance.
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Figure 5. P&L (top), CSM and LC (bottom) for a portfolio of 1000 policyholders, with margin 0 (left), margin 10% (middle), and
margin−10% (right).
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