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ABSTRACT

This paper examines the possibility of embedding public long-term care (LTC)
insurance within the retirement pension system, i.e. introducing life care annu-
ities into a notional defined contribution framework. To do this, we develop a
multistate overlapping generations model that includes the so-called survivor
dividend and give special attention to the assumptions made about mortality
rates for dependent persons and LTC incidence rates, which largely determine
the contribution rate assigned to LTC. The proposed model could be of interest
to policymakers because it could be implemented without too much difficulty,
it would universalize LTC coverage with a “fixed” cost, and it would discour-
age politicians from making promises about future LTC benefits without the
necessary funding support.
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1. INTRODUCTION

As Costa-Font and Font-Villalta (2009) point out, the ageing of the European
population calls for insurance mechanisms to be extended to finance new social
risks, such as that of needing long-term care (LTC) as one gets older.

Despite the inevitable uncertainty surrounding projections, De la Maison-
neuve and Oliveira (2013) suggest there will be a rapidly rising trend in public
health care expenditure over the next 50 years. Starting from around 6%ofGDP
in 2010, the combined public health and LTC expenditure for The Organisation
for Economic Co-operation and Development (OECD) countries is projected
to reach 9.5% in 2060 in the optimistic scenario assuming that policies will act
more strongly than in the past to rein in some of the expenditure growth. In
the worst scenario, which assumes no stepped-up policy action, spending could
reach 14% of GDP.
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There are some very good reasons (Miyazawa et al., 2000; Barr, 2010;
Zuchandke et al., 2010; Colombo et al., 2011; Forder and Fernández, 2011;
Colombo and Mercier 2012; Guillén and Comas-Herrera, 2012) for creating
collective LTC coverage mechanisms to complement family and volunteer care
arrangements:

• The cost of care can be high, thus placing a significant burden on users,
especially those living on low incomes or with high levels of dependency.

• There are significant uncertainties about the need for LTC that individu-
als have to consider, especially the time when the need will come about,
its duration and its intensity. It is understandable that they will want to
cover this risk, but the costs can be high and access limited when covered
exclusively by private insurance.

• Mechanisms for pre-paying and pooling LTC costs, such as LTC insur-
ance, allowances and targeted assistance, provide an answer to high un-
certainty and high cost.

• Social insurance systems give service users a right or an entitlement to a
pre-defined level of support (in services or cash) depending on the person’s
need.

• The perception of financial security in relation to LTC needs to increase
in all segments of the population.

• The introduction of public LTC insurance would probably increase effi-
ciency in a moral hazard economy.

LTC as a contributory contingency has been provided in theGerman contrib-
utory pension system since the mid-1990s. Other OECD countries with public
LTC arrangements include Japan (Campbell et al., 2010), Korea (Chon, 2014),
the Netherlands (Schut and Van den Berg, 2010) and Luxembourg (Colombo
et al., 2011).

The German contributory LTCI system is a very valuable benchmark to fol-
low in the field of public LTC arrangements. The LTCI Act of 1994 (Rothgang,
2010) established social LTCI and mandatory private LTCI in Germany, which
together cover almost the whole population. Statutory Health Insurance affili-
ates became members of the social LTCI scheme, and those with private health
insurance were obliged to buy private LTCI. Social LTCI financing follows the
pay-as-you-go (PAYG) principle. It is funded almost exclusively by contribu-
tions and, according to Colombo et al. (2011), retirees are also required to con-
tribute depending on how much pension they receive. LTCI benefits are set by
law, whereas privatemandatory LTCI is a partially-funded scheme. Beneficiaries
can choose between home care, day and night care and nursing home care. In
home care, there is a choice between in-kind benefits for community care and
cash benefits. Cash benefits are given directly to the dependent person, who can
choose whether to pass the money on to a family caregiver1.

With regard to the issue of linking the retirement and LTC contingencies,
Chen (1994) proposed the creation of a social insurance program to provide
basic LTC coverage by diverting a small portion of a retiree’s social security
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cash benefits for LTC. She called this trade-off plan “social security long-term
care”. Some years later, Chen (2001) provided more detail to her original pro-
posal by suggesting a more widespread use of the insurance principle for both
private and public sector programs, linking several pre-existing sources of funds
in each sector so as to increase the efficiency with which these resources could
be used. More specifically, her suggestion relies on building a three-legged stool
for financing LTC that would begin with the creation of a compulsory social in-
surance program for a basic amount of LTC coverage. This programwould then
be supplemented on a voluntary basis by more private LTC insurance coverage
and personal savings.

As a way of improving the diffusion of LTC insurance coverage, Pitacco
(2002) proposed the establishment of an LTC insurance scheme embedded in
the retirement pension system, specifically the introduction of enhanced pen-
sion annuities (EPA) funded with contributions. For a given amount of single
premium, the “price” of the LTC coverage is a reduction in the amount of the
initial retirement pension. Forder and Fernandez (2011) also suggest that link-
ing LTC insurance to retirement pensions is a good way to extend coverage.

Costa-Font et al. (2014) observed that LTC finance needs to be considered
as part of an overall retirement strategy rather than just a simple extension of
health insurance, even if one can separate the goals of consumption smoothing
(retirement) from insurance (LTC).

In the field of private insurance, as proposed by Warshawsky (2007, 2012)
and Brown and Warshawsky (2013) for financial defined contribution schemes
(FDCs), the life care annuity (LCA) is designed to deal with major prob-
lems in the currently separate markets for life annuities and LTCI. This is a
prominent idea among specialists (Davidoff, 2009) because the combination of
both insurance arrangements can alleviate problems not only of supply (selec-
tion) but also of demand (liquidity) in these markets. According to Pestieau
and Ponthiere (2011), the problems of private LTC can be described using
the concept of the LTC insurance puzzle2. For Spillman et al. (2003), a com-
bined benefit simplifies and integrates two aspects of retirement planning of-
ten treated separately. It embodies a recognition that the potential for needing
LTC is just one of the contingencies that retirement planning should take into
account.

Ventura-Marco and Vidal-Meliá (2016) explore the idea of integrating old-
age and permanent disability into a generic notional defined contribution
(NDC) framework. An NDC scheme, according to a widely disseminated defi-
nition, is a PAYG system that deliberately mimics an FDC by paying an income
stream whose present value over a person’s expected remaining lifetime equals
the amount accumulated at retirement3. Consequently, the idea of integrating
retirement and LTC annuities comes naturally to actuarial thinking, especially
after dealing with disability insurance.

Finally, demand for LTC is highly age-related, although elderly people are
not the only target group. Less than 1% of those under 65 use LTC, while after
that age the probability of LTC use increases rapidly. According to Colombo
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et al. (2011), pressures on LTC costs are anticipated to grow for at least four
reasons: (1) the number of older people is increasing in many countries, (2) tra-
ditional family supports are being eroded due to fewer children, more women
working and changing societal models which are likely to contribute to a decline
in the availability of informal caregivers and lead to an increase in the need for
paid care, (3) individuals are increasingly demanding better and more respon-
sive social-care systems and (4) technological change enhances the possibilities
of LTC services at home but may require care to be organized in a different way.

In short, it is difficult to hide the real importance of this topic. The future
of LTC will involve greater demand and higher spending on services which, in
line with actuarial principles, requires a good funding model. To put in another
way (Colombo andMercier, 2012), the right balance needs to be found between
fair protection and financial sustainability in the long run4̧ without shifting too
large a financial burden onto future generations.

The aim of this paper is to explore the possibility of embedding a public
LTC insurance scheme within the retirement pension system, specifically by in-
troducing EPA into an NDC framework. As Pitacco (2013; 2014) explains, an
EPA is a LCA paid as a pension benefit, in which the uplift is financed by a re-
duction (with respect to the basic retirement pension) of the benefit paid while
the policyholder is healthy.

To achieve our aim, we develop a multistate overlapping generations model
(MOLG) that includes the so-called survivor dividend (SD) (also known as in-
heritance gains), i.e. the distribution of the account balances of participants who
do not survive to retirement to the accounts of surviving contributors on a birth
cohort basis. Special attention is given to the assumptionsmade aboutmortality
rates for dependent persons and LTC incidence rates, which largely determine
the contribution rate assigned to LTC. The proposed model has many practi-
cal implications for policymakers because it could be implemented without too
much difficulty, it would universalize LTC coverage with a “fixed” cost, and it
would discourage politicians from making promises about future LTC benefits
without the necessary funding support. As far as we know, the model proposed
is an innovation in this field and we have been unable to find similar models in
the economic literature.

The structure of the paper is as follows. After this introduction, Section 2
presents a multistate OLG model that integrates retirement and LTC annuities
into a generic NDC framework. For the sake of clarity, this section is divided
into three subsections dealing with (1) the determination of the year in which
the system reaches a mature state, (2) the definition and determination of the
SD, and (3) the effect that the introduction of the new contingency would have
on the initial retirement pension and the contribution rate if it were decided to
maintain the amount of the initial retirement pension. Section 3 shows a nu-
merical illustration representing a generic NDC pension system with retirement
and LTC annuities. The paper ends with the conclusions, possible directions
for future research and an appendix in which the mortality rate for dependent
persons used in the numerical example is detailed.
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2. THE MODEL

This section extends the actuarial overlapping generations model (MOLG) de-
veloped by Boado-Penas and Vidal-Meliá (2014) and Vidal-Meliá et al. (2015)
to include an LTC annuity. In our context, the MOLG can be defined as a
multi-state non-homogeneous Markov process in which inhomogeneity is al-
ready given because we work with participants of different ages in the context
of overlapping generations and also with different patterns of transitions be-
tween states for a given range of ages. However, this inhomogeneity does not
fully apply when the economically active population increases or decreases over
time.

The model incorporates insurance innovation into the NDC framework by
integrating retirement and LTC annuities. Yakoboski (2002) states that, among
LTC policyholders, the probability of becoming dependent and needing LTC is
an integral part of retirement planning. Likewise, Murtaugh et al. (2001) ob-
serve that the risks of LTC needs and retirement (longevity) are negatively cor-
related, creating a selection-based supply-side complementarity that reinforces
the demand-side argument for combining the two products. There is therefore
increasing consensus among economists that bundling LTCI with illiquid annu-
ities may broaden the appeal of both.

To a great extent, the model includes realistic demography (Bommier and
Lee, 2003) insofar as it takes into account an age and health status schedule
of mortality and the uncertainty that surrounds the timing of becoming depen-
dent (LTC incidence rates by age). It also allows for changes in population and
for a large number of generations of contributors and pensioners (active and
dependent) to coexist at each moment in time.

The model brings an actuarial approach to the accounting framework for
organizing, summarizing and interpreting data on transfer systems and the life
cycle developed in Lee (1994); Willis (1988) and Arthur and McNicoll (1978),
which to some degree inspired the models developed by Settergren and Mikula
(2005); Boado-Penas et al. (2008); Vidal-Meliá et al. (2009); Vidal-Meliá and
Boado-Penas (2013) and Ventura-Marco and Vidal-Meliá (2014).

In the model, the affiliates contribute to both retirement and LTC contin-
gencies. The state of dependency is linked to retirement ages. There is a defined
contribution rate (fixed over time), θa , to cover both contingencies. It is assumed
that contributions and benefits are payable yearly in advance.

As too much specificity would further complicate the notation and calcu-
lations and reduce the transparency of the results, only one level of depen-
dency is considered and dependent persons are thus assumed to be unable to
recover their previous health status (active or autonomous)5. Becoming depen-
dentmeans that the amount of the retirement pension is automatically increased
by a certain percentage, ξ, to help to pay for care services, i.e. those dependent
on care obtain additional cash to hire the required services as they see fit. The
model uses LCA (Pitacco, 2014) in which LTC benefit is defined in terms of an
uplift with respect to the basic pension (b). The basic pension b is paid out from
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FIGURE 1: Life care annuity (LCA).

FIGURE 2: Enhanced pension annuity (EPA).

retirement onwards and is replaced by the LTC annuity benefit, b ·(1+ξ), in the
case of an LTC claim. The uplift can be financed during the whole accumulation
period by contributions higher than those needed to purchase the basic pension
b (see Figure 1).

The EPA is an LCA in which the uplift is financed by a reduction (with re-
spect to basic pension b) of the benefit paid while the pensioner is healthy. Thus,
the reduced benefit, bh , is paid out as long as the retiree is healthy, while the up-
lifted benefit, b · (1 + ξ), will be paid in the case of an LTC claim. Logically,
bh < b < b · (1 + ξ) (see Figure 2).

The system does not provide a minimum pension and the age giving entitle-
ment to retirement pension, xe + A, is fixed. We also assume that participants’
lives last (ω − 1 − xe) periods, where (ω − 1) is the highest age to which it is
possible to survive and xe is the earliest age of entry into the system.
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As regards the supplementary amount for dependency, it is assumed that the
ages that give entitlement are to be found in age interval [xe + A+ 1, ω − 1].

The contribution base grows at an annual rate of g and the economically ac-
tive population increases or decreases over time at an annual rate of γ , affecting
all groups of contributors equally. Thus, the system’s income from contributions
(wage bill growth) also grows (decreases) at rate G = (1 + g) · (1 + γ ) − 1.

When the system reaches the mature state t = ω − xe − A years from incep-
tion, A generations of contributors and ω − (xe + A) generations of pensioners
coexist at each moment in time. Being in a mature state means that the system is
stabilized and paying benefits to all generations of retirement pensioners (active
and dependent).

The model includes the so-called “survivor dividend”, Vidal-Meliá et al.
(2015), i.e. the account balances of participants who do not survive to retire-
ment are distributed as inheritance capital to the accounts of the surviving par-
ticipants on a birth cohort basis.

The initial retirement pension basically depends on the value of the accu-
mulated notional account, the expected mortality of the cohort in the year the
contributor reaches retirement, the expected LTC incidence rates by age, the
stipulated percentage increase in the amount of the retirement pension if the
retiree becomes dependent, the expected mortality of dependent persons and a
notional imputed future indexation rate, α, i.e. pensions in payment increase or
decrease at an annual rate of α.

The NDC system is considered to be in a mature state. As we will see later,
the main implications of this are that it pays full benefits to all generations of re-
tirement pensioners, the dependency ratio (Pensioners/Contributors), drt, stabi-
lizes, and the financial ratio (Average Pension/Average Contribution Base), f rt,
is constant due to the fact that the average pension and average contribution
base both evolve at the rate of variation in wages. Hence, the total contribution
rate (θt) that ensures equality between contribution revenue and pension expen-
diture is constant over time. The explicit consideration of the SD6 guarantees
equivalence between themacro (balanced) contribution rate, θt, and the credited
individual contribution rate, θa.

Now that the main assumptions have been given, for the sake of clarity this
section is divided into three subsections dealing with (1) the determination of
the year in which the system reaches a mature state, (2) the definition and de-
termination of the SD and (3) the effect of introducing the new contingency on
the initial retirement pension and its impact on the contribution rate if it were
decided to maintain the amount of the initial retirement pension.

2.1. Description of the system and determination of the year in which it reaches
a mature state

Figure 3 shows the relationships (transitions) between the various collectives
(states) that will be separated in the model. The difference between this model
and the one found in Boado-Penas and Vidal-Meliá (2014) (Figure 4) is that a
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FIGURE 3: NDC with LTC.

FIGURE 4: NDC.

new state-dependent — is introduced, along with the new relationships shown
by dotted lines in the diagram. The model accounts for the health status of re-
tired pensioners and distinguishes between individuals who are active, i.e. pen-
sioners living independently at home or in sheltered accommodation, and de-
pendent, i.e. pensioners needing help with ADLs.

We work with a simplified type of multiple state transition model (Haber-
man and Pitacco, 1999, and Pitacco, 2014), which is a probability model that
describes a subject’s movements between various states: contributors (active)
(a), retired (healthy) (r ), retired (dependent, i.e. care recipient) (d) and deceased
( f ). The model is close to actuarial practice (Montesquieu, 2012).
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From a pension mathematics point of view, the model can be seen as a
multi-state non-homogeneous Markov process, {S(t), t ∈ Z

+}, where S(t) is
the random variable that represents the process state at time t with values
in a finite state space S = {a, r, d, f } and a set of direct transitions T =
{(a, r), (a, f ), (r, d), (r, f ), (d, f )}, where each transition is an ordered pair.
Therefore, pair (S,T) is the multiple state model used.

2.1.1. Yearly transition probabilities. The discrete multi-state model, consid-
ering the time unit to be one year, can be expressed as a four-state non-
homogeneous time-discrete Markov chain, where no more than one transition
within the year is assumed.

The most important yearly transition probabilities, forming the stochastic
one-year transition matrix, are:

Paa
xe+k : Probability that a contributor aged xe + k will reach age xe + k + 1

being a contributor.
Paf
xe+k : Probability that a contributor aged xe + k will die during the year.
Par
xe+k : Probability that a contributor aged xe+kwill be retired one year later.
Prrxe+k : Probability that a retired person (active) aged xe + k will reach age
xe + k+ 1 in the same state.
Prdxe+k : Probability that a retired person (active) aged xe + k will reach age
xe + k+ 1 in a state of dependency.
Pr fxe+k: Probability that a retired person (active) aged xe+kwill die during the
year.
Pdd
xe+k : Probability that a retired person (dependent) aged xe + k will reach

age xe + k+ 1 in the same state.
Pd f
xe+k Probability that a retired person (dependent) aged xe+kwill die during

the year.

As we are working with Markov processes, from now on we apply classic re-
current Chapman–Kolmogorov equations to obtain the corresponding multi-
year transition probabilities.

The demographic-financial structure at any moment t from the start of the
system is given by formulas 1 to 24:

2.1.2. Age.

Contributors′ ages︷ ︸︸ ︷
xe, xe+1, xe + 2, . . . . . . . . . , xe+A− 1, xe+A,

Pensioners′ ages (dependency)︷ ︸︸ ︷
xe+A+1, . . . . . . . . . , w − 1︸ ︷︷ ︸
Pensioners′ ages (retirement)

(1)
The state of dependency implies having at least one year as a healthy retired,

therefore the first age at which an individual could be dependent is xe + A+ 1.
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2.1.3. Number of contributors by age at time t.

l(xe,t) = l(xe,1) · (1 + γ )t−1, l(xe,+1,t) = l(xe+1,1) · (1 + γ )t−1

, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,

l(xe+A−1,t) = l(xe+A−1,1) · (1 + γ )t−1
(2)

where l(xe+k,1+k) = l(xe,1) · (1 + γ )k · kPxewith kPxe being the stable-in-time ratio
between the number of individuals aged xe and xe + k years. Stable ratios or
probabilities include the decrements due to death associated with each age. It is
a different matter when it comes to considering decrements or new entries due
to migratory movements, these being included in parameter γ .

2.1.4. Average wage (average contribution base) by age at time t.

y(xe, t) = y(xe, 1) · (1 + g)t−1,

y(xe + 1, t) = y(xe + 1, 1) · (1 + g)t−1,

, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,

y(xe + A− 1, t) = y(xe + A− 1, 1) · (1 + g)t−1

(3)

The demographic framework above implies that the age-wage structure only
undergoes proportional changes. The slope of the age-wage structure is con-
stant.

2.1.5. Number of retired people (active) by age at time t.

lr(xe+A,t) = lr(xe+A,1) · (1 + γ )t−1,

lr(xe+A+1,t) = lr(xe+A+1,2) · (1 + γ )t−2

, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,

lr(w−1,t) = lr(w−1,t−1) · (1 + γ )1

(4)

where lr(xe+A+k,1+k) = lr(xe+A,1) · kPrrxe+A, with kPrrxe+A being the probability that a
retired individual (active) aged xe + Awill reach age xe + A+ k being active.

2.1.6. Number of retired people by age at time t.

ld(xe+A+1,t) = ld(xe+A+1,2) · (1 + γ )t−2,

ld(xe+A+2,t) = ld(xe+A+2,3) · (1 + γ )t−3,

, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,

ld(w−1,t) = ld(w−1,t−1) · (1 + γ )1

(5)

where ld(xe+A+k,1+k) = lr(xe+A,1) · kPrdxe+A, i.e. the number of retired (active) people
of age xe + A in year (t = 1) who after k periods are in a state of dependency.
This can be calculated as the product of the initial group of retired people in
activity and the probability that a retired person (active) aged xe + Awill reach
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age xe + A+ k as a dependent (kPrdxe+A):

kPrdxe+A =
k∑
t=1

t−1Prrxe+A · Prdxe+A+t−1︸ ︷︷ ︸
t−1/Prdxe+A

·k−t Pdd
xe+A+t =

k∑
t=1

t−1/Prdxe+A ·
k−1∏
r=t

Pdd
xe+A+r (6)

with t−1/Prdxe+A being the probability that a retired person (healthy) aged xe +
A will reach age xe + A+ t − 1 in the same state but in year t will become
dependent, i.e. the probability that a retired person (active) aged xe + A will
become dependent at age xe + A+ t − 1.

2.1.7. The yearly probability of dying for retired people (active and dependent).
From retirement age onwards, xe + k ≥ xe + A, the yearly probability of dying
for retired people (general retired population) can be calculated as a weighted
average of the probabilities of dying for both collectives, the weighting being the
LTC and active prevalence rates:

Pensioners︷ ︸︸ ︷
qxe+k = λxe+k︸ ︷︷ ︸

LTC prevalence rate

·
Dependent persons︷ ︸︸ ︷

Pd f
xe+k + (1 − λxe+k)︸ ︷︷ ︸

Active prevalence rate

·
Active persons︷ ︸︸ ︷

Pr fxe+k

(7)
Formula (7) implies that the following probabilities also hold:

Pensioners︷ ︸︸ ︷
Pxe+k =

λxe+k︷ ︸︸ ︷
ld(xe+k,t)

lr(xe+k,t) + ld(xe+k,t)
·
Dependent persons︷ ︸︸ ︷

Pdd
xe+k +

(1−λxe+k)︷ ︸︸ ︷
lr(xe+k,t)

lr(xe+k,t) + ld(xe+k,t)
·

Active persons︷ ︸︸ ︷
Prxe+k + Prdxe+k

Prxe+k = Prrxe+k + Prdxe+k = 1 − Pr fxe+k
Pxe+k + qxe+k = 1

Pdd
xe+k = 1 − Pd f

xe+k
(8)

where:

λxe+k: LTC prevalence rate for the group aged xe + k, which is the ratio
between the number of dependent persons and the total retired population
(active+dependent persons) aged xe + k. It is important to highlight that for
the group aged xe + A the LTC prevalence rate is equal to 0.
qxe+k: Probability that a retired person aged xe + k will die within the year.
Pxe+k: One year survival probability for a retired person aged xe + k.
Prxe+k: Probability that a retired person (active) aged xe + k will reach age
xe + k+ 1 in the same state or as a dependent person.

It is well documented (Pitacco, 2012, but also Rickayzen, 2007, and Rickayzen
and Walsh, 2002) that the mortality of disabled and dependent people contains
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an “extra-mortality” term and can be represented either as a specific mortality
(using the appropriate numerical tables or parametric mortality laws) or via ad-
justments to the standard age pattern of mortality. The “extra-mortality” term
is very difficult to model and could have serious consequences if it were over-
estimated because this would mean an underestimation of the LTC liabilities,
as LTC are “living” benefits. The opposite would be true if the mortality of
dependent people were underestimated.

The average initial pension (with SD) for an individual aged x + A in year
t, enhanced by percentage ξ if the active person becomes dependent, P̄(r,d)

(xe+A,t),
can be expressed as

P (r,d)

(xe+A,t) =

Expenditure on pensions=Liabilities to new pensioners=KacT
(xe+A,t)︷ ︸︸ ︷

θa ·∑A−1
k=0 l(xe+k,k+t−A) · y(xe+k,k+t−A) · (1 + G)A−k

l(xe+A,t) · [ärαxe+A + ξ Ardα
xe+A]

=
K
ac
(xe+A,t)

ärαxe+A︸ ︷︷ ︸
Active persons

+ ξ Ardα
xe+A︸ ︷︷ ︸

Dependent persons

,

(9)

where

ärαxe+A: Present value at age xe + A of 1 monetary unit of a lifetime pension
payable in advance while the individual is healthy, indexed at rate α with a
technical interest rate equal to G7.

ärαxe+A =
w−xe−A−1∑

k=0

kPrrxe+A · Fk (10)

F = [ 1+α
1+G ]: An indexation factor which depends on α (indexation of pensions

in payment) and G.
KacT

(xe+A,t): Total accumulated notional capital at time t for all individuals who
reach age xe + A. The notional account is an accumulation of the contri-
butions made, the survivor dividend distributed and the returns generated
over the participant’s working life.The survivor dividend means that account
balances of participants who do not survive to retirement are distributed as
inheritance capital to the accounts of survivors on a birth cohort basis.
K
ac
(xe+A,t): Average accumulated notional capital at time t for individuals aged

xe + A.

K
ac
(xe+A,t) = KacT

(xe+A,t)

l(xe+A,t)
(11)

kPrdxe+A: Probability that a retired person (active) aged xe + Awill reach age
xe + A+ k in a state of dependency (this expression was developed earlier in
Formula (6)).
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ξ Ardα
xe+A: Present actuarial value, for an active person aged xe + A, of the LTC

annuity or enhanced pension that supplements one monetary unit of the
initial retirement pension with percentage ξ . The enhanced benefit is paid
from the moment the active person becomes dependent and for as long as
they remain in a state of dependency. The pension in payment is indexed at
rate α and the present value is computed using a technical interest rate equal
to G.

ξ Ardα
xe+A = (1 + ξ) ·

w−xe−A−1∑
k=1

k−1/Prdxe+A · ädα
xe+A+k · Fk (12)

ädα
xe+A+k: Present value at age xe + A of 1 monetary unit of a lifetime pension

payable in advance while the individual remains dependent, indexed at rate α

with a technical interest rate equal to G.

ädα
xe+A+k =

w−xe−A−1∑
t=k

t−kPdd
xe+A+k · Fk−t (13)

The particular case of F = 1, i.e. α = G, is especially interesting be-
cause the average initial pension (Formula (9)) can be expressed using the
life expectancy of active persons disaggregated into healthy and unhealthy life
years:

P (r,d)

(xe+A,t) = K
ac
(xe+A,t)

1 + errxe+A︸ ︷︷ ︸
healthy life years

+ (1+ ξ)· erdxe+A︸ ︷︷ ︸
unhealthy life years

=
KacT

(xe+A,t)

l(xe+A,t)·

⎡
⎢⎢⎢⎢⎢⎣(1+errxe+A)+(1+ξ)·

∑w−xe−A−1

k=1
k−1Prrxe+A · Prdxe+A+k−1 · (1 + edxe+A+k)︸ ︷︷ ︸

erdxe+A

⎤
⎥⎥⎥⎥⎥⎦

,
(14)

where

erxe+A = errxe+A + erdxe+A : Life expectancy for active persons aged xe + A. This
can be broken down into the health status (active or dependent) they can
expect to experience. It should be emphasized that this relationship is only
true at the age of retirement.
errxe+A : Dependency-free life expectancy (or “healthy life years”) is defined as
the number of years an active person aged xe + A is likely to spend free of
activity limitation. The concept is also referred to as active life expectancy
based on the ability to perform ADLs without human assistance.
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erdxe+A : Dependency life expectancy (or “unhealthy life years”) is defined as
the number of years an active person aged xe + A is expected to spend with
activity limitation.
edxe+A+k : Life expectancy for dependent persons aged xe + A+ k, assuming
that edxe+A+k < erxe+A+k.

The amount of the initial retirement pension awarded to pensioners in year t is

P̄(r,d)

(xe+A,t) = P̄(r)
(xe+A,t). (15)

For the following years, k ∈ {1, 2, . . . , ω − 1}, the benefit will depend on the
health status of the pensioner, i.e. whether the retiree is healthy, S(xe+A+k) = r ,
or has become dependent, S(xe + A+ k) = d. For k = 1, we have

P̄(r,d)

(xe+A+1,t+1) =

⎧⎪⎨
⎪⎩
P̄r(xe+A+1,t+1) if S(xe + A+ 1) = r |S(xe + A) = r

P̄d
(xe+A+1,t+1) if S(xe + A+ 1) = d|S(xe + A) = r

0 if S(xe + A+ 1) = f |S(xe + A) = r
(16)

and for k ≥ 2 onwards

P̄(r,d)

(xe+A+k,t+k) =

⎧⎨
⎩
P̄r(xe+A+k,t+k) if S(xe + A+ k) = r |S(xe + A+ k− 1) = r
P̄d

(xe+A+k,t+k) if S(xe + A+ k) = d|S(xe + A+ k− 1) = r
P̄d

(xe+A+k,t+k) if S(xe + A+ k) = d|S(xe + A+ k− 1) = d{
0 if S(xe + A+ k) = f |S(xe + A+ k− 1) = r
0 if S(xe + A+ k) = f |S(xe + A+ k− 1) = d

(17)

With population growth of γ = 0, once the individual joins the labour mar-
ket they will continue working non-stop until retirement age. The only exit from
the labour market is early death. Therefore, there are A different contribution
pathways that will determine A different pensions, as contributors might be
working for 1 year, 2 years. . . , A years.

l(xe+A,t) =
A∑

c=1

l(xe+A,c,t); KacT
(xe+A,t) =

A∑
c=1

Kac
(xe+A,c,t) · l(xe+A,c,t) (18)

K̄ac
(xe+A,t) =

KacT
(xe+A,t)︷ ︸︸ ︷∑A

c=1
Kac

(xe+A,c,t) · l(xe+A,c,t)

l(xe+A,t)
, (19)

where

l(xe+A,c,t) : Number of individuals who retire at age xe + A and have been
contributing for the last c years at time t.
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Kac
(xe+A,c,t) : Accumulated notional capital at time t for one individual aged

xe + Awho has been contributing for the last c years.

The average pension for individuals who retire at the ordinary retirement age,
P̄(r,d)

(xe+A,t), is a weighted average of the Adifferent pensions once settled. To deter-
mine this benefit, the system does not take into account the contributions made
(if any) by the contributor before joining the scheme:

P̄(r,d)

(xe+A,t) =
∑A

c=1 P
(r,d)

(xe+A,c,t) · l(xe+A,c,t)

l(xe+A,t)
. (20)

The total amount of pensions paid in year t is

A∑
c=1

P(r,d)

(xe+A,c,t) · l(xe+A,c,t) ·
[
t−1∑
k=0

kPrrxe+A · Fk + (1 + ξ)·
t−1∑
k=1

kPrdxe+A · Fk

]
(21)

In the financially sustainable NDC framework, spending on pensions has to
be equal to the aggregate income from contributions according to balanced rate
θt :

θt ·
A−1∑
k=0

l(xe+k,t)·y(xe+k,t)︸ ︷︷ ︸
Revenues=

P̄(r,d)

(xe+A,t) ·

l(xe+A,t)·[ärαxe+A+ξ Ardα
(xe+A)]︷ ︸︸ ︷⎡

⎣w−xe−A−1∑
k=0

lr(xe+A+k,t) · Fk + (1 + ξ) ·
(

w−xe−A−1∑
k=1

ld(xe+A+k,t) · Fk

)⎤⎦
︸ ︷︷ ︸

Expenditure on pensions

(22)
This leads to:

θt ·
A−1∑
k=0

l(xe+k,t)·y(xe+k,t)︸ ︷︷ ︸
Aggregate contributions

= P̄(r,d)

(xe+A,t) · l(xe+A,t) · [ärαxe+A + ξ Ardα
xe+A

]︸ ︷︷ ︸
Liabilities to new pensioners

=
KacT

(xe+A,t)︷ ︸︸ ︷
l(xe+A,t) · K̄ac

(xe+A,t)

(23)
It can therefore be said that the system’s aggregate contributions at t are equiv-
alent to the present actuarial value of the pensions awarded in that year (com-
mitments that the system takes on with pensioners who have just retired), i.e.
the accumulated notional capital of all the individuals who reach age xe + A in
year t. This is in line with the Swedish NDC model, in which each monetary
unit contributed is paid out in the form of retirement benefit.
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Once the system reaches the mature state, the dependency ratio, drt, stabi-
lizes.Meanwhile, the financial ratio, f rt, is constant due to the fact that the aver-
age pension and average contribution base both evolve at the rate of variation in
wages. Hence, the total contribution rate, θt, that ensures equality between con-
tribution revenue and pension expenditure is constant over time. Consequently,
the contribution rate, also called the macro contribution rate, is the product of
the demographic dependency ratio and the financial ratio (the system’s average
replacement rate):

θt = drt · f rt = θt+1 = · · · = θ = P̄

W̄
· R
C

= P̄r · (R− D) + P̄d · D
W̄ · C . (24)

2.2. Definition and determination of the survivor dividend

All income from contributions is considered to be paid out in the form of retire-
ment and LTC benefits, although not necessarily to the individual whomade the
contributions. The SD is the distribution of the account balances of participants
who do not survive to retirement to the accounts of surviving contributors on a
birth cohort basis, which is in line with the principle of actuarial fairness. In this
aspect, we follow the current Swedish NDC model, but we could have followed
other alternatives for distributing these inheritance gains8.

Among the countries withNDC systems (Sweden, Latvia, Poland and Italy),
only Sweden uses the SD to calculate the initial amount of the retirement pen-
sion. In the other three countries, no use of this money is identified and it im-
plicitly becomes a component of general public revenues. In Poland and Latvia,
these revenues provide a source of finance for other insurance commitments
with no specified source, for example the legacy costs from the old system. Both
countries decided to introduce funded components and as a result the revenue
of the PAYG pillars were reduced by contributions being transferred to funded
accounts, so the inheritance gains help to cover this double payment burden9.

Following the notation introduced by Boado-Penas and Vidal-Meliá (2014),
the mathematical expression for the accumulated SD at retirement age (xe + A)

at time t for an individual who belongs to the initial group and has therefore
contributed since entering the system, Dac

(xe+A,A,t), is the difference between the
credited capital, Kac

(xe+A,A,t), which includes the contributions and indexation on
contributions of members from the same cohort who died, and the individual
credited notional capital, Ki

(xe+A,A,t) :

Dac
(xe+A,A,t) = Kac

(xe+A,A,t) − θa ·
A−1∑
k=0

y(xe+k,k+t−A) · (1 + G)A−K

︸ ︷︷ ︸
Ki

(xe+A,A,t)

=
A−1∑
k=0

D(xe+k,k+t−A) · (1 + G)A−k. (25)
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The accumulated dividend at the age of retirement, assuming that the con-
tributor enters the system at age xe + s, will be

Dac
(xe+A,A−s,t) = Kac

(xe+A,A−s,t) − θa ·
A−1−s∑
k=0

y(xe+k,k+t−A) · (1 + G)A−K

︸ ︷︷ ︸
Ki

(xe+A,A,−s,t)

=
A−s∑
k=1

D(xe+k,k+t−A) · (1 + G)A−s−k. (26)

The average accumulated dividend at age xe + A, taking into account the
different A contribution profiles, can be calculated as follows:

D̄ac
(xe+A,t) =

∑A
c=1 D

ac
(xe+A,c,t)·l(xe+A,c,t)

l(xe+A,t)
= K̄ac

(xe+A,t) − K̄i
(xe+A,t) =

1
l(xe+A,t)

·

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

Accumulated contributions (including deceased persons)︷ ︸︸ ︷
θa ·

A−1∑
k=0

l(xe+k,k+t−A) · y(xe+k,k+t−A) · (1 + G)A−k

− θa ·
A∑

c=1

Ki
(xe+A,c,t) · l(xe+A,c,t)︸ ︷︷ ︸

Accumulated contributions (survivors)

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

=

1
l(xe+A,t)

·
[
θa ·

A−1∑
k=0

N(xe+k,t) · y(xe+k,t)−θα ·
A−1∑
k=0

y(xe+k,k+t−A) · (1 + G)A−k · l(xe+A,t)

]
.

(27)

2.3. The cost of introducing the LTC contingency into the system and its effect
on the initial retirement pension

The relationship between the credited contribution rate and the balanced rate
according to (9) and (7) is

θα ·

∑A−1
k=0 l(xe+k,t)·y(xe+k,t)︷ ︸︸ ︷∑A−1

k=0
l(xe+k,k+t−A) · y(xe+k,k+t−A) · (1 + G)A−k

l(xe+A,t) · (ärαxe+A + ξ Ardα
xe+A

) · l(xe+A,t) · (ärαxe+A + ξ Ardα
xe+A

)
︸ ︷︷ ︸

Expenditure on pensions=

θt ·
A−1∑
k=0

l(xe+k,t) · γ(xe+k,t)︸ ︷︷ ︸
System′s revenues

(28)
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Therefore, it is straightforward to observe that both rates coincide: θa = θt.
It would be interesting to study the impact of the introduction of the LTC

contingency on the initial retirement pension. To do this, we need to compare
the initial annuities awarded in both cases: the NDC scheme with a retirement
annuity and the NDC scheme with retirement and LTC annuities. The accumu-
lated notional capital at time t for the cohort of retired persons aged xe + A is
the same under both schemes:

θa ·
A−1∑
k=0

l(xe+k,k+t−A) · y(xe+k,k+t−A) · (1 + G)A−k. (29)

The difference is given by the LTC coverage. If we define the following an-
nuity factors:

AF(xe+A) = äα
xe+A, the annuity factor of the NDC system without LTC cov-

erage, and AFLTC
(xe+A) = äα

xe+A + ξ Ardα
xe+A, the annuity factor of the system with

LTC coverage— the average initial pension in both systems can be expressed as

Annuity without LTC coverage︷ ︸︸ ︷
P̄(xe+A,t) = θa ·

∑A−1
k=0 l(xe+k,k+t−A)·y(xe+k,k+t−A)·(1+G)A−k

l(xe+A,t)
· 1
AF(xe+A)

,

>

P̄(r,d)

(xe+A,t)︸ ︷︷ ︸
Annuity with LTC coverage

= θa ·
∑A−1

k=0 l(xe+k,k+t−A)·y(xe+k,k+t−A)·(1+G)A−k

l(xe+A,t)
· 1
AFLTC

(xe+A)

.

(30)

Given that ξ > 0, it is easy to see that AF(xe+A) < AFLTC
(xe+A).

Under theNDC framework it is logical that the initial amount of the annuity
with LTC coverage would be lower than the amount of the annuity without it.
The so-called “coverage ratio”, CRt, is the link between both types of annuity.
The difference in the amounts basically depends on the mortality ratio between
dependent and active persons, i.e. the extra-mortality added for dependent per-
sons, the probability of becoming dependent and the level of the enhanced pen-
sion to help to pay for LTC services, or in other words the value assigned to ξ .
The coverage ratio indicates in present value the number of equivalentmonetary
units needed to determine the initial pension under the integrated scheme (re-
tirement and LTC) for each monetary unit of the initial pension under the basic
scheme (retirement only). If the equivalence is maintained, the integrated NDC
scheme remains financially balanced given that the initial pension is reduced ac-
cording to the coverage ratio. Under the above assumptions, the coverage ratio
can be expressed as

CRt = AFLTC
(xe+A)

AF(xe+A)

= 1 + ξ · Ardα
xe+A

ärαxe+A︸ ︷︷ ︸
Weight of the LTC

contingency = LTCWt

= 1 + ξ · LTCWt. (31)
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It is important to highlight that (ξ Ardα
xe+A > Ardα

xe+A), given that ξ > 0. In the
integrated system, the initial pension is reduced according to the inverse of the
coverage ratio:

P̄(xe+A,t) ·

1/CRt︷ ︸︸ ︷[
1

1 + ξ · LTCWt

]
= P̄(xe+A,t) ·

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
1 −

Effect of the LTC
contingency on the

initial pension︷ ︸︸ ︷
ξ · LTCWt

1 + ξ · LTCWt

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

= P̄(r,d)

(xe+A,t).

(32)
An analysis of the coverage ratio gives us a better understanding of the key

parameters that determine the amount of the initial pension when the LTC con-
tingency is included:

1. The higher the value assigned to ξ , the lower the amount of the initial
pension in the integrated scheme. It is easy to see that if ξ = 0, CRt = 1
given that (äα

xe+A = ärαxe+A + 0Ardα
xe+A), i.e. the amount of the pension is not

increased when the healthy retiree becomes dependent.
2. The higher the probability of becoming dependent for a given age,

Prdxe+A+t−1, and/or the higher the probability of survival for dependent
persons, k−t Pdd

xe+A+t, the lower the amount of the initial pension. Un-
der the assumption made for formula (7), it can be demonstrated that

äα
xe+A = ärαxe+A+ Ardα

xe+A, and thus the LTC ratio, LTCWt = Ardα
xe+A

äα
xe+A

, expresses

the actuarial cost that the LTC contingency represents out of the total
costs (retirement and dependency), i.e. the higher the resulting value of
the LTCWt, the lower the amount of the initial pension in the integrated
scheme.

3. For the particular case of F = 1, i.e. α = G, the content of the previ-
ous paragraph becomes even clearer given that the LTC ratio, LTCWt =
erdxe+A

1+exe+A
, can be expressed as a ratio of life expectancy depending on health

status. The higher the number of expected “unhealthy life years”, the lower
the amount of the initial pension.

It is also worth thinking about what the new contribution rate, θ∗
a , should be in

order to maintain the initial retirement pension. This new rate can be computed
taking into account the following formula:

P̄(xe+A,t) = θ∗
a ·∑A−1

k=0 l(xe+k,k+t−A) · y(xe+k,k+t−A) · (1 + G)A−K

l(xe+A,t)
· 1

ärαxe+A + ξ Ardα
xe+A

.

(33)
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If the developed expression of P̄(xe+A,t) (the first part of formula (30)) is substi-
tuted into formula (33), it is easy to get θ∗

a as a function of CRt :

θ∗
a = θa ·

CRt︷ ︸︸ ︷[
ärαxe+A + ξ Ardα

xe+A

äα
xe+A

]
= θa · CRt = θa ·

⎛
⎜⎜⎜⎜⎝1 +

Effect of the LTC
contingency on the
contribution rate︷ ︸︸ ︷
ξ · LTCWt

⎞
⎟⎟⎟⎟⎠ (34)

Finally, it would also be useful to analyse the effect of the SD on the system’s
financial equilibrium. If the amount of the pension is determined from the indi-
vidual notional capital without considering the SD, then the new balanced con-
tribution rate, θ∗

t , and the credited individual contribution rate, θa, are different
because the retirement benefits are lower than they strictly could be (because
the SD is not distributed among the survivors).

The relationship between both rates can be determined taking into account
the notional capital accumulated (with and without the SD) at the retirement
age (xe + A) of an individual who belongs to the initial group and has therefore
contributed since entering the system:

with SD︷ ︸︸ ︷
Kac

(xe+A,A,t) =
[[

θa ·
A−1∑
k=0

y(xe+k, k+t−A)

]
+

A∑
k=1

D(xe+k, k+t−A)

]
· (1 + G)A−k,

Ki
(xe+A,A,t)︸ ︷︷ ︸

without SD

= θa ·
A−1∑
k=0

y(xe+k, k+t−A) · (1 + G)A−k.

(35)
The initial pension in each case will be

with SD︷ ︸︸ ︷
P̄(xe+A,t) = Kac

(xe+A,A,t)

l(xe+A, t)
· 1
ärαxe+A+ξ Ardα

xe+A
,

P̄i
(xe+A,t)︸ ︷︷ ︸

without SD

= Ki
(xe+A,A,t)

l(xe+A,t)
· 1
ärαxe+A+ξ Ardα

xe+A
.

(36)

As already stated in Section 2.2, the individual credited capital with SD is
the sum of the individual credited capital without SD plus the accumulated SD
at retirement age, Kac

(xe+A,A,t) = Ki
(xe+A,A,t) + Dac

(xe+A,A,t), so the increase in the
initial pension is due to the so-called dividend effect, as shown in the following
expression:

P̄(xe+A,t) = P̄i
(xe+A,t) ·

⎛
⎜⎜⎜⎝1 +

Det︷ ︸︸ ︷
Dac

(xe+A,A,t)

Ki
(xe+A,A,t)

⎞
⎟⎟⎟⎠ , (37)
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which is the same result reached by Vidal-Meliá et al. (2015) for the classic NDC
scheme and Ventura-Marco and Vidal-Meliá (2016) for the integrated NDC
model with old-age and permanent disability.

The dividend effect can also be expressed as

Det = P̄(xe+A,t)

P̄i
(xe+A,t)

− 1 = K̄ac
(xe+A,t)

K̄i
(xe+A,t)

− 1 = θa

θ∗
t

− 1, (38)

where θ∗
t is the new balanced contribution rate if the amount of the pension is

determined from the individual notional capital without considering the SD.

3. NUMERICAL ILLUSTRATION

This section shows the results obtained for a numerical example representative
of the model developed in the previous section. For this, we use closed-form
expressions. To be specific, we use three alternative sets of assumptions — a
low-cost or optimistic scenario (I), a normal or central scenario (II) and a high-
cost or pessimistic scenario (III) — and present the main values that make up
the system’s equilibrium. These include the contribution rates assigned to each
contingency, the dependency ratio, the financial ratio, the effect of introducing
the new contingency on the initial retirement pension and the impact on the con-
tribution rate if it were decided to maintain the amount of the initial retirement
pension. Special attention is given to the assumptions made about mortality
rates for dependent persons and LTC incidence rates, which largely determine
the contribution rate assigned to LTC.

The main assumptions made for this numerical example are:

• Individuals can join the labour market from age xe = 16 onwards.
• The credited contribution rate, θa, is constant and equal to 16%.
• The fixed retirement age for all individuals is xe + A= 65, i.e. the highest

age that individuals can join the labour market is 64.
• The contribution bases, g, grow at an annual cumulative rate of 1.6%, and

the economically active population of all ages, γ , grows at an annual rate
of 1%.

• A realistic income profile is assumed, similar to the one used in Sweden
when making an assumption about the average individual’s life earnings.
It is a long-observed concave income profile typical of developed coun-
tries.With this income pattern, yearly earnings increasemore rapidly than
the average (g) from ages 16 to 36, more slowly than the average from 37
to 51, remain constant in real terms from 52 to 58, and generally decrease
from 59 to retirement.

• The retirement pension, once settled, is constant in real terms (α = 0).
• ξ=1, i.e. becoming dependent means that the amount of the retirement

pension doubles.
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FIGURE 5: Morbidity (incidence and prevalence) and mortality rates. (Color online)

• The mortality table10 used for the general population is the same as for
Japan in 2009.

• The LTC incidence rates used are obtained from Helms (2003) and corre-
spond to “Custodial Insurance, Japan”.

• The mortality table used for dependent persons are derived from the data
provided by Artı́s et al. (2007) (see Appendix).

The normal or central alternative (II) is based on these assumptions. Scenarios
I and III are derived from Scenario II by modifying the LTC incidence rates and
the yearly probabilities of dying for dependent persons:

Optimistic (I): The LTC incidence rates are 50% lower than those for the base
scenario, while the yearly probability of dying for a dependent person aged
65 is 20% higher than in the base scenario and will also grow faster (5.20%
annually) than in the base scenario (5.16%).
Pessimistic (III): The LTC incidence rates are 50% higher than those for the
base scenario, while the yearly probability of dying for a dependent person
aged 65 is the same as in the base scenario but will grow more slowly (4.50%
annually) than in the base scenario (5.16%).

Figure 5 shows the morbidity and mortality rates under the three alternative
scenarios broken down into four graphs:
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1. Yearly probability of dying for dependent persons (top left). This is in-
creasing with age for all three scenarios.

2. Mortality ratio: dependent persons/general population (top right). This
shows the ratio between the mortality rates for dependent persons and the
general population, which in general terms decreases with age. The extra-
mortality for dependent persons is very noticeable, although much lower
than themortality rates reported by SOA (2011). Our assumption is closer
to the French experience (Montesquieu, 2012) than the US experience.

3. The LTC incidence rates for each scenario (bottom left). Generally speak-
ing the LTC incidence rate increases with the age of the individual11. LTC
incidence rates express the probability of becoming dependent within the
year and surviving as a dependent person until the end of the year. For
this reason, the rate is smoothed for much older individuals because their
probability of survival in a state of dependency is very low.

4. The age-specific LTC prevalence rates in the mature state that result from
combining the mortality rates for dependent persons and the LTC preva-
lence rates previously assumed (bottom right). As expected, the rates for
the pessimistic scenario are considerably higher than for the other scenar-
ios. The average LTC prevalence rate, λ̄x in Table 1 below, is 13.13% for
the best estimate scenario and 19.03% and 6.39% for the pessimistic and
optimistic scenarios respectively12.

TABLE 1

NDC SYSTEM WITH RETIREMENT AND LTC ANNUITIES: SOME SELECTED VALUES.

Items I-Low Cost II-Normal III-High Cost

(θt = θa) 16.00%
θ∗
t 14.42%
Det 10.93%
drt 0.3556
f rt 0.4499
äα
xe+A 14.86

θ rt 15.21% 14.45% 13.84%
θdt 0.79% 1.55% 2.16%
ärαxe+A 14.09 13.26 12.54
ξ Ardα

xe+A 1.55 3.19 4.64

(LTCWt) 5.20% 10.73% 15.60%
CRt 1.05 1.11 1.16

(CRt−1
CRt

) 4.94% 9.69% 13.50%
θ∗
a 16.83% 17.72% 18.50%

λ̄x 6.39% 13.13% 19.03%
(Pd/Pa) 6.83% 15.12% 23.50%

Baseline Scenario with G = (1.016)(1.01) − 1 = 0.0216
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FIGURE 6: Evolution of the retired population and their life expectancy by age and health status under the
three scenarios. (Color online)

Figure 6 (above) shows the evolution of the retired population and their life
expectancy by age and health status for the three scenarios. It complements Fig-
ure 5 and contains six graphs. The evolution of the retired population — active
persons, dependent persons and combined total — can be found on the left-
hand side. In the high-cost scenario, the percentage of dependent persons by
age reaches a peak of nearly 19% of the retired population for the group aged
85. These graphs are directed linked to the graph representing LTC prevalence
rates in Figure 5. The ratio between dependent and active persons, (Pd/Pa) in
Table 1 below, is 23.50% for the pessimistic scenario and 15.12% and 6.83% for
the best-estimate and optimistic scenarios respectively.
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The evolution of life expectancy for each scenario can be found on the right-
hand side of Figure 6 below. These graphs show the total life expectancy for
active persons (solid red line) broken down by health status (in activity (heavy
dotted red line) and in a state of dependency (light dotted red line)), life ex-
pectancy for dependent persons and life expectancy for the general population
(all the retired population). Life expectancy by age for the general population is
the same for all three scenarios, so the change in life expectancy for dependent
persons has a direct effect on life expectancy for the active13. In short, the higher
the LTC incidence rates and the lower themortality rates for dependent persons,
the higher the LTC prevalence rates and the higher the cost of introducing the
LTC contingency, as we can see in Table 1.

The five first items in Table 1 have the same value for all three scenarios. As
expected, the balanced contribution rate (θt) coincides with the credited contri-
bution rate (θα). Also for all three scenarios, if the SD had not been included
when calculating the initial retirement pension, a discrepancy would have arisen
between the credited contribution rate equal to 16% and the rate necessary to fi-
nance the pension, θ∗

t in this case 14.42%. The impact of the dividend effect, Det,
on the initial pension is not irrelevant, and the initial retirement pension rises by
10.93% using the Japanese mortality tables. The demographic ratio, drt, and the
financial ratio, f rt, also coincide for the three scenarios because the number of
contributors and the level of wages by age do not change even though different
scenarios are considered. And, although at first glance it may appear otherwise,
the total number of pensioners and the average pension paid to beneficiaries
(active and dependent) remain unchanged. To fully understand why both these
ratios remain unchanged in all three alternatives, we need to revisit formula (7),
which contains the key: the yearly probability of dying for retired people (general
retired population) can be calculated as a weighted average of the probabilities
of dying for both collectives, the weighting being the LTC and active prevalence
rates.

If the mortality rates for the general population are the same, then obvi-
ously äα

xe+A ( the present value at age xe + Aof one monetary unit of a lifetime
benefit payable in advance and indexed at rate α = 0, with a technical interest
rate equal to G = 0.0216) coincides for all three scenarios. Beginning with the
seventh item, θ rt , the data vary for the three scenarios. The contribution rate
assigned to enhance the retirement pension when active persons become depen-
dent, θdt , largely depends on the LTC incidence rates and mortality rates for the
disabled by age, which determine the average LTC prevalence rate, λ̄x, for each
scenario. The contribution rate assigned to LTC is nearly three times higher in
the pessimistic scenario than in the optimistic (2.16% as opposed to 0.79%), but
a similar ratio can also be found between the average LTC prevalence rates for
the extreme scenarios.

So what effect does the introduction of the new contingency have on the
amount of the initial pension? As can be seen in Table 1, (CRt−1

CRt
), in order

to maintain the system’s financial equilibrium under the assumption of an en-
hanced pension of 100%, the initial pension for the best estimate scenario has
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to be 9.69% lower than before. For the pessimistic scenario, the reduction is
13.50%, while for the optimistic scenario it is only 4.94%.

If the aim is to leave the amount of the initial pension unchanged (as if the
new contingency had not been introduced), the new contribution rate needed
to maintain the system’s financial equilibrium, θ∗

a , would have to be 17.7163%,
i.e. it would need to be increased by 1.7163% to preserve the system’s financial
equilibrium. The increases for the pessimistic and optimistic scenarios would be
2.4963% and 0.8324% respectively.

4. CONCLUSION, DISCUSSION AND FUTURE RESEARCH

Demand for LTC is highly age-related and pressures on LTC costs are antic-
ipated to grow. There are powerful rationales for creating collective coverage
LTC mechanisms to complement family and volunteer care arrangements. It
is a stylized fact that the future of LTC will involve more demand and more
spending on services, and in line with actuarial principles, this requires a good
funding model.

This paper has examined the possibility of embedding a public LTC insur-
ance scheme within the retirement pension system, specifically by introducing
LCAs into an NDC framework. AMOLGwas developed and included the SD.
Special attention was given to the assumptions made about mortality rates for
dependent persons and LTC incidence rates, which largely determine the con-
tribution rate assigned to LTC.

The genericNDC framework is inspired by the current SwedishNDCmodel,
so we have followed the principle that each monetary unit contributed is paid
out in the form of benefit. Our model relies on cash-for-care schemes and LTC
insurance, i.e. combining retirement and LTC annuities using a contributory
NDC frameworkwill help to finance the costs incurred by retirement pensioners
when they become dependent. The authors have considered LTC as a contin-
gency exclusively linked to retirement, but we are fully aware that LTC policies
are not restricted to the frail elderly and have multiple implications for society
that go beyond the scope of this paper.

The model confirms that the SD has a sound financial basis that enables
the balanced macro contribution rate applied to be the same as the individual
credited rate in the integrated model. The main implication of this result is that,
if the amount of the initial pension were determined by the individual notional
capital without considering the SD, the balanced contribution rate and the cred-
ited rate would be different because the system’s benefits would be lower than
they could be.

The model also enables us to assess the cost of introducing the LTC con-
tingency into the NDC retirement framework. This is computed from a double
perspective: the reduction in the initial retirement pension needed to maintain
the system’s financial equilibrium, i.e. using EPA, and the compulsory increase
in the contribution rate needed if it were decided to leave the amount of the
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initial retirement pension unchanged, i.e. using LCA. For a given framework,
the burden of introducing the LTC contingency critically depends on the as-
sumptions made about mortality rates for dependent persons and LTC inci-
dence rates. It can therefore be said that the insurer (i.e. the state in our model)
faces significant uncertainty regarding future costs for this contingency, and this
means it would be important to periodically provide accurate data on relevant
aspects.

Last but not least, it can be said that our model can easily be linked to real
practices in social security policies and could be of interest to policy makers. To
mention just a few positive features, it could be implemented without too much
difficulty, it would help to mitigate individual risk, it would universalize LTC
coverage with a “fixed” cost, it wouldmake it easy to adapt the system to chang-
ing realities, it would discourage politicians frommaking promises about future
LTC benefits without the necessary funding support, and it would encourage
actuarial fairness and stimulate contributors’ interest in the LTC contingency.

To close, based on the model presented in the paper, at least three directions
for future research can be identified:

• To adapt the actuarial balance sheet specifically designed for NDC sys-
tems to the new model with LTC and evaluate what impact the introduc-
tion of a minimum pension would have on the system’s financial equilib-
rium. NDC schemes should be supplemented with a minimum income
(pension) guarantee.

• To extend the model to take into account different levels of LTC. In prac-
tice, various degrees of dependency are usually recognized and these have
a direct effect on the amount of benefit paid. The most natural way to do
this would be to extend the states shown in Figure 3, which would obvi-
ously involve a considerable increase in the complexity of the formulas to
be obtained.

• To put the model into practice is by no means a minor topic and would
call for a new paper that would need to thoroughly address at least the
following issues: the transition rules from the old system to the integrated
NDC framework, the issue of providing aminimum pension, the relation-
ship between permanent disability and LTC, the updating of the annuity
divisors and the statistical data needed to compute the real cost of depen-
dency, the design of an appropriate yearly account statement containing
individual pension information about retirement and LTC rights, and the
advisability of adopting an automatic balance mechanism based on an
actuarial balance sheet to adapt the system to changing realities.
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NOTES

1. A cash-for-care program aims to contribute to the costs of care, but without necessarily
providing sufficient payment to buy all the care needed. Interested readers can consult the papers
by Da Roit & Le Bihan (2010), Damiani et al. (2011), Moran et al. (2013) and Schut & Van den
Berg (2010).

2. There is a very rich literature on these questions that goes beyond the scope of this paper.
Interested readers can consult Brown et al. (2012), Costa-Font & Courbage (2014) or Courbage &
Roudaut (2008) to name just a few.

3. For a general view of NDCs, see for example the papers by Auerbach & Lee (2011), Ch�loń-
Domińczak et al. (2012) and Holzmann et al. (2012). The actuarial aspects can be consulted in
Devolder et al. (2012).

4. The funding model, as Costa-Font (2010) pointed out, has to be designed in conjunction
with the prevalent social values in each country, an area that goes beyond the scope of this paper.

5. According to Pitacco (2014), the possibility of recovery can be ruled out given that this event
has a very low probability of occurrence.

6. Ventura-Marco & Vidal-Meliá (2016) demonstrate, for a generic NDCmodel with two con-
tingencies (retirement and disability), the crucial role played by the survivor dividend in maintain-
ing the system’s financial equilibrium.

7. To determine benefits, actuarial values are computed using the so-called “inception-annuity
model”, which is consistent with the MOLG framework. LTC incidence rates play an important
role in this method. Alternative methods for computing the actuarial values, mainly based on the
probability of being dependent, can be found in Pitacco (2014).

8. For example, distribution on a “population basis”, but this method could have additional
intragenerational effects which calls for further research beyond the scope of this paper.

9. See the papers by Ch�loń-Domińczak, et al. (2012), Boado-Penas & Vidal-Meliá (2014) and
Ventura-Marco & Vidal-Meliá (2015).
10. Only observed mortality rates are used and not the population structure by ages.
11. See the pattern of LTC incidence rates by age published by Broyles et al., (2010). Van der

Gaag et al., (2014) show a much higher LTC incidence rate by age than the one we present in the
pessimistic scenario.
12. The report by Mot et al. (2012) projected the (average) LTC prevalence rate within the 65+

population for four European countries (Spain, Germany, the Netherlands and Poland) in 2040.
It predicted that it would be highest in Poland (39%) and lowest in the Netherlands (17%), only
slightly lower than our pessimistic scenario.
13. See formula 7 and the values for the average probability of dying for dependent persons, P̄d f

x ,
and active persons, P̄a f

x , in Table 2 in the Appendix.
14. A similar pattern can be observed for the US experience (SOA (2011), Appendix J-7).
15. For example, for dependent persons aged 65 the mortality rate is 55.63 times higher than

for the active, whereas for individuals aged 85 the mortality rate is “only” 5.18 times higher. The
differences in mortality (Montesquieu, 2012) are much lower in the French experience. For a man
aged 85, mortality during the 2nd year of dependency is “only” 2.75 times higher than for active
lives.
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VENTURA-MARCO, M. and VIDAL-MELIÁ, C. (2016) Integrating retirement and perma-
nent disability in NDC pension schemes. Applied Economics, 48(12), 1081–1102,
DOI:10.1080/00036846.2015.1093084 Published online: 30 Sep 2015.
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APPENDIX: MORTALITY RATES FOR
DEPENDENT PERSONS

ForMontesquieu (2012), this assumption is a complex one. A classic mortality table depends
on age and gender. The mortality assumption for a dependent person requires that we take
into account the age at which the state of dependency began, as life expectancy in this case
varies according to the cause of the dependency, which is itself correlated with the age of
becoming dependent. The main causes of dependency have quite variable durations: rela-
tively short (cancer. . . ), average (rheumatism, cardiovascular disease. . . ) ormuch longer, up to
10 years (neurological problems, senile dementia). The mortality rates for the first year of de-
pendency do not increase strictly with age, but decrease until an age of about 75. In fact until
age 75 there is a preponderance of illnesses like cancer, which play out over relatively short
periods, whereas after this age the illnesses follow longer courses14. From the second year of
dependency onwards, the age factor takes over again. As the years of dependency pass, the
mortality curve flattens out, the influence of the state of dependency diminishes in favour of
that of age, long-term diseases predominate and mortality approaches general mortality.

A report by the SOA (2011) shows that the mortality rate for dependent persons is about
25 times higher than for active persons15. Our assumption is closer to the French experience
than the US experience. To complete the necessary data for computing the numerical illus-
tration, our starting point is the mortality rates for dependent persons provided in Artı́s et al.
(2007). Their data are adjusted to an exponential function, αeβx, where α and β are con-
stant parameters and x represents the age the dependent person has reached. Table 2 (below)
shows some selected values for the mortality assumptions made for dependent persons and
their implications for the active. The first item, err65(%), indicates the “healthy life years” for
an active person aged 65, and in parentheses the percentage of their life expectancy which is
likely to be spent free of activity limitation under the three alternatives.

The second item, err65(%), indicates the “unhealthy life years” for an active person aged
65, and in parentheses the percentage of their life expectancy which is likely to be spent with
some type of activity limitation under the three alternatives.
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It is worth bearing in mind that the sum of items 1 and 2 is a fixed value (18.40 years)
under the 3 alternatives, given that the mortality table for the general population is the same
for everyone. Finally, ed66 is life expectancy for dependent persons aged 66, δ̄x is the average
dependent person/general population mortality ratio, P̄d f

x is the average mortality rate for
dependent persons, and P̄a f

x is the average mortality rate for the active retired.

TABLE 2

MORTALITY ASSUMPTIONS: SOME SELECTED VALUES.

Items I-Low Cost II-Normal III-High Cost

err65(%) 17.16 (93.26) 15.85 (86.15) 14.71 (79.94)
erd65(%) 1.24 (6.74) 2.55 (13.85) 3.69 (20.06)

ed66 6.31 7.39 7.65

δ̄x 5.03 4.18 3.98

P̄d f
x 0.1919 0,1592 0.1458
P̄a f
x ∗ 0.0386 0.0278 0.0185

Base Scenario with G = (1.016)(1.01) − 1 = 0.0216
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