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This paper examines the possibility of including cash-for-care benefits in life care 
annuities (LCAs) to help retired couples cope with the cost of long-term care (LTC). 
It aims to assess how much it would cost to add an extra stream of payments to 
annuities for couples should either or both require LTC. We present an actuarial 
method based on array calculus to value this type of LCA. The impact of introducing 
the LTC contingency on the annuity is assessed by comparing the initial benefits in 
both cases. The difference in the initial benefit arises due to the annuity factors used 
to compute the benefits. We also analyse how willing couples would be to choose this 
type of LCA. Using Australian LTC transition probability data for a realistic 
calibration and assuming independence of the risks involved, we numerically 
illustrate the model and the theoretical findings implied. The paper highlights the 
importance of reporting the expected years both spouses will be alive (joint life 
expectancy) and the expected years the surviving spouse will be a widow(er) 
(survivor life expectancy) broken down by health state, given that this information 
makes the computation of the actuarial factors transparent and provides highly useful 
information to help the couple understand the need to be protected against the cost of 
LTC services. 
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Life care annuities to help couples cope with the cost of long-term care 
1.-Introduction 

Eling and Ghavibazoo (2019) document the exponential growth of academic 
interest in long-term care (LTC) insurance by showing the number of papers and citations 
from the Web of Science. They conclude that new methods and products are needed in 
order to finance increased LTC expenditure. These include life care annuities (Murtaugh 
et al., 2001; Spillman et al., 2003; Brown & Warshawsky, 2013; Chen et al., 2021a), 
reverse mortgages (Ahlstrom et al., 2004; Ji et al., 2012; Alai et al., 2014; Andrews & 
Oberoi, 2014; Rickayzen et al., 2021), variable life care annuities with guaranteed 
lifetime withdrawal benefits (Hsieh et al., 2017), personal care savings bonds (Mayhew 
& Smith, 2014) and the embedding of LTC insurance costs in pre-existing public pay-as-
you-go defined benefit (DB) or notional defined contribution (NDC) pension schemes 
(Pla-Porcel et al., 2016 and 2017; Vidal-Meliá et al., 2020), to name just a few proposals. 

This paper deals with life care annuities (LCAs), which are lifetime annuities in which 
the LTC benefit is defined in terms of an uplift with respect to the basic amount. In return 
for the payment of a premium (either in a lump sum or collected over time), the LCA 
provides a stream of fixed-income payments for the lifetime of the annuitant. It also 
provides an extra stream of payments if the annuitant requires LTC. In other words, an 
LCA bundles an annuity and LTC insurance into a single product.  

There are many reasons for wanting LTC insurance, such as to protect resources or leave 
an inheritance, to not burden others with nursing home bills, to be able to choose the type 
of care and where it is received, to enjoy peace of mind, to be independent of outside 
support and/or to protect a spouse/domestic partner or dependent(s) (NAIC, 2019). Most 
people would prefer to receive LTC in their known physical and social environment if 
their care needs are moderate, but residential care if they are more extensive (Lehnert et 
al., 2019).  

As we will see later in this paper, the idea of LCAs has not been addressed from the 
perspective of a married or cohabiting couple. An LCA for couples (LCAc) implies that 
the amount paid depends on the health state of both the annuitant and the co-annuitant, 
i.e. benefits are dependent on the joint mortality and morbidity of two lives, typically a 
married or cohabiting couple.  

As far as the main types of life annuity for couples are concerned (Brown & Poterba, 
2000; Vidal-Meliá & Lejárrega, 2006; Pitacco, 2017; Dickson et al., 2019), there are two 
that would normally be used by the state or a private insurer, both of which enable the 
mortality and disability risks of each member of the couple to be transferred: a joint LCA 
with a last survivor payout rule (LCAc1), or an LCA with a reversionary payout rule 
(LCAc2). 

1) Joint life care annuity with a last survivor payout rule (LCAc1). This is a contract 
whereby the insurer/the state undertakes to pay a periodic amount while both members of 
the couple are alive and in an able state, and a fraction of this amount when one of them 
has died and for as long as the other is alive. If at least one of the partners requires LTC1, 
an uplift with respect to the basic amount is added. Benefit payouts from LTC insurance 
                                                            
1 Typically a distinction is made between two types of care: at-home and institutional. At-home LTC refers 
to the care an elderly person receives in their own home, while institutional LTC refers to the care provided 
in a specialized institution. 
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are typically triggered when the individual (i.e. the insured person) becomes functionally 
disabled or chronically ill and requires long-term support in various facets of living. 
Entitlement to LTC benefits depends on a mandatory medical assessment of the 
individual's ability to perform the basic activities of daily living2 (ADLs) and the 
instrumental activities of daily living3 (IADLs). If both members are alive and both 
require LTC, the amount of the uplift will be greater.  

2) Life care annuity with a reversionary payout rule (LCAc2). With this type of LCA, a 
periodic payment is made to the primary annuitant, which they receive until they die. An 
extra stream of payments is also provided if the primary annuitant requires LTC. On the 
death of the primary annuitant, their spouse/partner, assuming they have survived until 
this date, will start to receive an amount calculated as a fraction (usually two-thirds or a 
half) of what the deceased annuitant was receiving, whether or not they require LTC. The 
periodic payment is not modified if the co-annuitant dies or becomes dependent before 
the death of the primary annuitant.   

The difference between an LCAc1 and an LCAc2 is not only actuarial. They also have 
very different economic interpretations. With an LCAc1, both members have entitlement 
to receive a periodic payment and the benefit is treated jointly. This is important, given 
that most studies of intra-household resource allocation focus on consumption and 
income and have found that differences arise depending on whether it is the primary 
annuitant or both that has access to and/or control of the resources. The more equal the 
access and control, the more balanced the income use and the household financial 
decisions (Grabka et al., 2015) 
With an LCAc2, only one member of the couple has entitlement to income from the 
annuity and the other is a mere dependent. This product is a type of reversionary annuity 
that includes LTC coverage. 
With both these types of annuity, the payments cease with the second death. 
So what would make it preferable to follow a couples approach rather than an individual 
approach when acquiring an LCA? It seems clear (as shown in Appendix 2) that – 
assuming actuarially fair markets, excluding the loading for contingencies and ignoring 
expenses and fees – the purchase of an LCA by each member of the couple would be 
equivalent to the purchase of an LCA for couples (LCAc1). However, there are various 
reasons why it would be preferable to buy an LCA for couples instead of an individual 
LCA for each partner. Policyholders would opt for the LCA for couples in a single 
contract because it is cheaper insofar as it avoids too much diversification in the 
contractual documents by presenting the coverage in the same policy. The expenses 
loading and safety loadings are also lower. 

                                                            
2 ADLs are used to measure a person’s functional state. They are the basic tasks that must be accomplished 
every day in order for an individual to thrive: bathing, continence, dressing, eating, toileting and 
transferring. Demographic factors such as age and sex have a strong influence on ADL limitations. In 
addition, poorer health conditions such as presenting a body mass index some distance away from the 
expected average or being diagnosed with a mental condition, Parkinson’s, cancer, problems with the 
musculoskeletal system or other physical diseases increase the likelihood of becoming dependent (Fuino et 
al., 2020) 
3 While ADLs include basic self-care tasks such as bathing, IADLs require more complex planning and 
thinking. They involve the skills and abilities needed to perform certain day-to-day tasks associated with 
an independent lifestyle. There are typically 8 IADL focus areas, these being telephoning, laundry and 
dressing, shopping and running errands, using transport, meal preparation, medication management, 
housekeeping activities and ability to manage finances. 
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The paper is organized as follows. After this introduction, Section 2 briefly reviews the 
main literature on the issue of bringing together the retirement and LTC contingencies 
and highlights the fact that the idea of LCAs for couples has not yet been addressed in 
any detail. Section 3 presents the methodology for valuing a synthetic LCA for couples 
that relies on the illness-death multistate framework, in which transitions are modelled 
from the initial healthy state of both members of the couple to the absorbing death state. 
The impact of introducing the LTC contingency on the annuity for couples is assessed by 
comparing the initial benefits in both cases – it appears that the difference arises due to 
the annuity factors used to compute the benefits. We also analyse the annuitants’ 
willingness to choose this type of LCA for couples. Section 4 shows the results obtained 
for a numerical example representative of the model developed in the previous section. 
The paper ends with some concluding comments, policy recommendations, future 
research needs, bibliographical references and three appendices. The first of these 
develops the main multiyear transition probabilities, the second establishes the link 
between two single LCAs and an LCA for couples, while the third provides detailed 
information on the LCA with the reversionary payout rule (LCAc2). 

2.-Literature review: bringing together the retirement and LTC contingencies 
The idea of combining the retirement and LTC contingencies is not new. The link 

between old-age income and LTC has long been acknowledged in the literature. 
Christopherson (1992) launched the idea of an annuity that, increasing with the severity 
of the disability, could serve as a new design for social security benefits. Similarly, 
Scanlon (1992) suggested a programme that would provide a cash payment or indemnity 
benefit to pensioners with specified levels of disability. In the UK, Nuttall et al. (1994) 
proposed that when pensioners retired, they should be allowed to defer a certain fraction 
of their pension in return for the right to an increase in benefit in the event that they or 
their spouse should require LTC. 
Chen (1994) suggested that a social insurance programme could be created to provide 
basic LTC coverage by diverting a small portion of a retiree's social security cash benefits 
for LTC. She called this trade-off plan "social security long-term care". Some years later, 
she (Chen, 2001 and 2003) added more detail to her original proposal by proposing a 
more widespread use of the insurance principle for both private and public sector 
programmes, linking several pre-existing sources of funds in each sector so as to increase 
the efficiency with which these resources could be used. Her suggestion relied on building 
a three-legged stool for financing LTC that would begin with the creation of a compulsory 
social insurance programme for a basic amount of LTC coverage. This would then be 
supplemented on a voluntary basis by private LTC insurance coverage and personal 
savings. 
As a way of improving LTC insurance coverage, Pitacco (2002) put forward the idea of 
establishing an LTC scheme embedded in the retirement pension system, specifically the 
introduction of enhanced pension annuities (EPA) funded by contributions. For a single 
premium of a given amount, the “price” of the LTC coverage would be a reduction in the 
amount of the initial retirement pension. Forder & Fernandez (2011) also suggested that 
linking LTC insurance to retirement pensions would be a good way of extending 
coverage. 
Costa-Font et al. (2014) argued that LTC finance should be considered part of an overall 
retirement strategy rather than just an extension of health insurance, even if it were 
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possible to separate the goals of consumption smoothing (retirement) from insurance 
(LTC). 
As far as private insurance is concerned, various researchers (e.g. Getzen, 1998; 
Murtaugh et al., 2001; Davidoff, 2009; Brown & Warshawsky, 2013) have proposed 
financial defined contribution (FDC) schemes in which LCAs are designed to deal with 
the major problems that arise in the currently separate markets for life annuities and LTC 
insurance. Murtaugh et al. (2001) examined the implications of the positive correlation 
of mortality and disability in order to produce an immediate income annuity combined 
with LTC coverage at retirement age. They showed that by combining the two products 
they could reduce the cost of both and make them available to more people by reducing 
adverse selection in the income annuity and minimizing the need for medical 
underwriting in the LTC coverage. For Spillman et al. (2003), a combined benefit could 
simplify and integrate two aspects of retirement planning that were often treated 
separately. They acknowledged that the possibility of needing LTC was just one of the 
contingencies that retirement planning should take into account. Brown and Warshawsky 
(2013) carried out a new empirical examination of LCA. After analysing disability and 
mortality risk across several dimensions (involving numerous demographic and health 
characteristics), their main findings were that different risk groups at age 65 had similar 
projected LTC expenses, but that the level-periodic premium structure of most LTC 
insurance policies created incentives for individuals to be separated into different risk 
pools according to observable characteristics, thereby justifying the underwriting 
observed in the market. 
More recently, Lambregts & Schut (2020) have shown that similar factors hinder the 
uptake of both LTC insurance and annuities. They find that uptake is lowered through 
substitution by social security, adverse selection, nonstandard preferences and limited 
rationality due to low financial literacy and unawareness of risk. They conclude that an 
integrated product (LCA) is unlikely to solve other aspects that limit uptake. In particular, 
their results show that uptake for integrated products is likely to remain concentrated 
among wealthier and subjectively healthier individuals. 
Wu et al. (2022) measure potential purchasers' interest in LTC income insurance by 
collecting the stated preferences of a representative sample of over 1,000 Australian pre-
retirees. Their results show that LTC income insurance is seen as complementary to 
informal care and is attractive to seniors who plan to rely on family members for extensive 
care. Those with access to extensive informal care feel they need 25-37% more health-
contingent income per year than those without. Women who expect to rely exclusively 
on extensive care from family members are willing to buy more cover than men. 
Tennyson et al. (2022) examine household decisions on long-term care insurance (LTCI) 
purchases through a bargaining lens. LTCI purchase is a discrete decision and spouses’ 
opinions on the subject may differ greatly. The cost of buying LTCI is typically borne by 
both spouses, but the benefits go disproportionately to women, who are more likely to 
need LTC for themselves and benefit from the asset protection and other support LTCI 
offers in the event their husband needs care. The paper’s findings suggest that intra-
household decision-making is important for health care choices and is therefore important 
for the welfare of older men and women in developed countries. 
For most retirement planners, financial advisors and pension benefit actuaries, retirement 
and LTC planning often go hand-in-hand (Yakobosky, 2002; Kenny et al., 2017). This is 
a logical extension of the rationale underlying all pension arrangements, which is to 
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provide an adequate income to meet retirement needs regardless of the retiree’s state of 
health. Moreover, in a household’s life-cycle planning there is a natural focal point for 
LTC needs (Rickayzen, 2007). This is when people are approaching or have just reached 
retirement and, given finite resources, are seriously considering how to arrange their 
financial future for possibly the last time. 
The idea of embedding a public LTC insurance scheme in a notional defined contribution 
(NDC)4 pensions framework has been explored by Pla-Porcel et al. (2016), who look into 
the notion of introducing LCAs. Their model takes into account the health status of retired 
pensioners and distinguishes between those that are healthy, i.e. living independently at 
home or in sheltered accommodation, and those that are dependent, i.e. needing help with 
ADLs.  
Tanaka (2016) proposes a redesign of the social security LTC pension in Japan that 
involves introducing a pension benefit increase mechanism that would depend on the 
level of care needed by beneficiaries. 
Another paper by Pla-Porcel et al. (2017) assesses the cost of converting retirement 
benefit into an LCA with graded benefits using a pre-existing public PAYG pension 
scheme. Their analysis provides insights into how much it would cost to introduce these 
annuities into a preexisting framework.  
Vidal-Meliá et al. (2019) extend the models devised by Pla-Porcel et al. (2016, 2017) by 
analysing the issue of gender redistribution. Generally speaking, converting retirement 
benefit into an LCA with graded benefits within a pre-existing public PAYG pension 
scheme using gender-neutral annuity factors involves a big increase in ex-ante gender 
redistribution compared to a system without LTC coverage. 
Another paper by Vidal-Melía et al. (2020) analyses whether it would be both possible 
and desirable to use an NDC scheme to provide retirement and graded LTC benefits to 
help pensioners cope with the cost of LTC. Their proposal aims to provide partial 
coverage of the LTC costs incurred by retirement pensioners. The provision of LTC 
would be viewed as one of the pillars of multi-pillar public schemes. The authors extend 
the model devised by Pla-Porcel et al. (2016) by adding two new features: an LTC benefit 
graded according to the annuitant's degree of disability, and a minimum pension for both 
contingencies. The introduction of these features makes the modelling framework more 
realistic, enhances the political attractiveness of the proposal and reveals the crucial role 
played by biometric assumptions should the model be put into practice. 
Finally, Chen et al. (2021a) examine a life annuity product with an embedded care option 
that potentially provides additional financial support to dependent persons. To evaluate 
the care option, they determine the minimum price that an annuity provider would require 
and how willing the policyholder would be to pay for it. To assess this willingness, they 
use individual utility functions that take the policyholder’s condition into account.  
None of the papers cited in this literature review deal with the issue of an LCA for couples 
(LCAc), which is why we are convinced that our paper is timely. As far as we know, only 
                                                            
4 An NDC pension scheme is a PAYG pension plan that mimics a funded defined contribution plan. It 
works in much the same way as having ordinary savings in the bank. Contributors continue to pay for 
today’s pensioners, but their contributions are also credited to notional accounts that attract a (notional) rate 
of return tied to wage growth or overall economic growth rather than providing a return on specific financial 
assets. When contributors retire, the amount of their individual pension benefit is based on the notional 
capital they have each accumulated, which is converted into an annuity following a formula based on life 
expectancy at their retirement age. 
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two papers – Rickaizen (2007) and more recently Shao et al. (2017) – describe an 
insurance product for couples with LTC coverage, although without technical details. The 
product most similar to an LCA for couples is that described by Rickaizen (2007), the so-
called disability-linked last-survivor annuity. As the name implies, this is a last survivor 
annuity, but the income level depends on the health state of both of the individuals 
involved. Shao et al. (2017), on the other hand, investigate the premiums for shared LTC 
insurance issued to couples. The n-year shared LTC insurance pools the couple’s LTC 
insurance into one policy and increases the maximum benefit period for the pooled policy 
to 2n.  
The present paper helps to fill a gap in the literature because, as far as we are aware, the 
costs and main implications of transforming retirement benefit into an LCA for couples 
have not yet been explored in detail. 

3.-The model for valuing a notional LCA for couples 
We use array calculus to value two types of LCA for couples (LCAc). Specifically, we 
use a discrete-time Markov multistate model for a couple in which no more than one 
transition is assumed for each annuitant each year. This type of model considers the 
previous visited state to be the relevant information for determining the future state. The 
age of the primary annuitant at the start of the contract is denoted by 𝑥𝑥 and that of the co-
annuitant by 𝑦𝑦; 𝜔𝜔 and 𝜔𝜔′ are the maximum respective lifespans for – in this specific case 
– the annuitant (male) and the co-annuitant (female)5. We assume that the survival 
probabilities are stochastically independent, i.e. the death of one member of the couple 
does not affect the survival probability of the other. Insurance practice conventionally 
assumes independence between couples’ lives for computational convenience despite the 
fact that a certain dependence between them has been described and highlighted in the 
literature for some time now6. This is a subject for future research. 
The maximum number of years between the time that the LCAc is purchased and the 
maximum length of life can be expressed as 𝑇𝑇 = 𝑚𝑚𝑚𝑚𝑥𝑥{𝜔𝜔 − 𝑥𝑥,𝜔𝜔′ − 𝑦𝑦}, and since it is a 
discrete model of uniform annual periods, the time reference is given by 𝑘𝑘 ∈
{0,1,2,⋯ ,𝑇𝑇}. We assume that at the time of inception, 𝑘𝑘 = 0, 𝑥𝑥 and 𝑦𝑦 are alive and 
healthy (able). 

For the sake of simplicity, in this section our model considers only one level of 
dependence (severe), 𝑑𝑑, and the space state is completed with active (able), 𝑚𝑚, and death, 
𝑓𝑓. As we will see in Section 4, the numerical illustration is performed taking into account 
four states of dependence. The couple’s health dynamics rely on the illness-death 
multistate framework, in which transitions are modelled from the initial healthy state of 
both members of the couple to the absorbing death state. As in Hubener et al. (2014), we 
ignore all changes in the family state – such as a divorce or a new partnership after one 
of the partners has died – other than those driven by mortality and morbidity. We also 
ignore expenses and fees.  

                                                            
5 Obviously other couple combinations are possible. 
6 To name just a few, see the papers by Young et al., 1963; Parkes et al., 1969; Parkes & Brown, 1972; 
Frees et al., 1996; Denuit & Cornet, 1999; Ji et al., 2011; Spreeuw & Owadally, 2013; and Ji & Zhou, 2019. 
Dependence within a couple is often influenced by any of three factors: (1) catastrophic events that affect 
both lives (instantaneous dependence), (2) the impact of spousal death (short-term dependence or the 
broken-heart factor), and (3) the long-term association due to a common lifestyle. According to Dufresne 
et al. (2018), the gender of the older member of the couple also has an influence on the level of dependence 
between lifetimes. 
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The set of direct possible transitions is 𝒯𝒯 = {𝑖𝑖 ∈ 𝒮𝒮, 𝑗𝑗 ∈ 𝒮𝒮 ∶  𝑖𝑖 → 𝑗𝑗}. Table 1 shows the yearly 
transition probabilities that form the discrete one-year transition matrix Π𝑥𝑥+𝑘𝑘:𝑦𝑦+𝑘𝑘

𝑖𝑖→𝑗𝑗 =
ℙ[𝒮𝒮(𝑘𝑘 + 1) = 𝑗𝑗 | 𝒮𝒮(𝑘𝑘) = 𝑖𝑖]. 

Table 1: Discrete one-year transition matrix 

Starting 
state, 𝑖𝑖 

Ending state, 𝑗𝑗 

𝒂𝒂𝒂𝒂 𝒂𝒂𝒂𝒂 𝒂𝒂𝒂𝒂 𝒂𝒂𝒂𝒂 𝒂𝒂𝒂𝒂 𝒂𝒂𝒂𝒂 𝒂𝒂𝒂𝒂 𝒂𝒂𝒂𝒂 𝒂𝒂𝒂𝒂 

𝒂𝒂𝒂𝒂 𝑝𝑝𝑥𝑥+𝑘𝑘:𝑦𝑦+𝑘𝑘
𝑎𝑎𝑎𝑎  𝑞𝑞𝑥𝑥+𝑘𝑘:𝑦𝑦+𝑘𝑘

𝑎𝑎𝑎𝑎→𝑎𝑎𝑎𝑎  𝑞𝑞𝑥𝑥+𝑘𝑘:𝑦𝑦+𝑘𝑘
𝑎𝑎𝑎𝑎→𝑎𝑎𝑎𝑎  𝑞𝑞𝑥𝑥+𝑘𝑘:𝑦𝑦+𝑘𝑘

𝑎𝑎𝑎𝑎→𝑎𝑎𝑎𝑎  𝑞𝑞𝑥𝑥+𝑘𝑘:𝑥𝑥+𝑘𝑘
𝑎𝑎𝑎𝑎→𝑎𝑎𝑎𝑎  𝑞𝑞𝑥𝑥+𝑘𝑘:𝑦𝑦+𝑘𝑘

𝑎𝑎𝑎𝑎→𝑎𝑎𝑎𝑎  𝑞𝑞𝑥𝑥+𝑘𝑘:𝑥𝑥+𝑘𝑘
𝑎𝑎𝑎𝑎→𝑎𝑎𝑎𝑎  𝑞𝑞𝑥𝑥+𝑘𝑘:𝑥𝑥+𝑘𝑘

𝑎𝑎𝑎𝑎→𝑎𝑎𝑎𝑎  𝑞𝑞𝑥𝑥+𝑘𝑘:𝑦𝑦+𝑘𝑘
𝑎𝑎𝑎𝑎→𝑎𝑎𝑎𝑎  

𝒂𝒂𝒂𝒂 𝑞𝑞𝑥𝑥+𝑘𝑘:𝑦𝑦+𝑘𝑘
𝑎𝑎𝑎𝑎→𝑎𝑎𝑎𝑎  𝑝𝑝𝑥𝑥+𝑘𝑘:𝑦𝑦+𝑘𝑘

𝑎𝑎𝑎𝑎  𝑞𝑞𝑥𝑥+𝑘𝑘:𝑦𝑦+𝑘𝑘
𝑎𝑎𝑎𝑎→𝑎𝑎𝑎𝑎  𝑞𝑞𝑥𝑥+𝑘𝑘:𝑦𝑦+𝑘𝑘

𝑎𝑎𝑎𝑎→𝑎𝑎𝑎𝑎  𝑞𝑞𝑥𝑥+𝑘𝑘:𝑦𝑦+𝑘𝑘
𝑎𝑎𝑎𝑎→𝑎𝑎𝑎𝑎  𝑞𝑞𝑥𝑥+𝑘𝑘:𝑦𝑦+𝑘𝑘

𝑎𝑎𝑎𝑎→𝑎𝑎𝑎𝑎  𝑞𝑞𝑥𝑥+𝑘𝑘:𝑦𝑦+𝑘𝑘
𝑎𝑎𝑎𝑎→𝑎𝑎𝑎𝑎  𝑞𝑞𝑥𝑥+𝑘𝑘:𝑦𝑦+𝑘𝑘

𝑎𝑎𝑎𝑎→𝑎𝑎𝑎𝑎  𝑞𝑞𝑥𝑥+𝑘𝑘:𝑦𝑦+𝑘𝑘
𝑎𝑎𝑎𝑎→𝑎𝑎𝑎𝑎  

𝒂𝒂𝒂𝒂 𝑞𝑞𝑥𝑥+𝑘𝑘:𝑦𝑦+𝑘𝑘
𝑎𝑎𝑎𝑎→𝑎𝑎𝑎𝑎  𝑞𝑞𝑥𝑥+𝑘𝑘:𝑦𝑦+𝑘𝑘

𝑎𝑎𝑎𝑎→𝑎𝑎𝑎𝑎  𝑝𝑝𝑥𝑥+𝑘𝑘:𝑦𝑦+𝑘𝑘
𝑎𝑎𝑎𝑎  𝑞𝑞𝑥𝑥+𝑘𝑘:𝑦𝑦+𝑘𝑘

𝑎𝑎𝑎𝑎→𝑎𝑎𝑎𝑎  𝑞𝑞𝑥𝑥+𝑘𝑘:𝑦𝑦+𝑘𝑘
𝑎𝑎𝑎𝑎→𝑎𝑎𝑎𝑎  𝑞𝑞𝑥𝑥+𝑘𝑘:𝑦𝑦+𝑘𝑘

𝑎𝑎𝑎𝑎→𝑎𝑎𝑎𝑎  𝑞𝑞𝑥𝑥+𝑘𝑘:𝑦𝑦+𝑘𝑘
𝑎𝑎𝑎𝑎→𝑎𝑎𝑎𝑎  𝑞𝑞𝑥𝑥+𝑘𝑘:𝑦𝑦+𝑘𝑘

𝑎𝑎𝑎𝑎→𝑎𝑎𝑎𝑎  𝑞𝑞𝑥𝑥+𝑘𝑘:𝑦𝑦+𝑘𝑘
𝑎𝑎𝑎𝑎→𝑎𝑎𝑎𝑎  

𝒂𝒂𝒂𝒂 𝑞𝑞𝑥𝑥+𝑘𝑘:𝑦𝑦+𝑘𝑘
𝑎𝑎𝑎𝑎→𝑎𝑎𝑎𝑎  𝑞𝑞𝑥𝑥+𝑘𝑘:𝑦𝑦+𝑘𝑘

𝑎𝑎𝑎𝑎→𝑎𝑎𝑎𝑎  𝑞𝑞𝑥𝑥+𝑘𝑘:𝑦𝑦+𝑘𝑘
𝑎𝑎𝑎𝑎→𝑎𝑎𝑎𝑎  𝑝𝑝𝑥𝑥+𝑘𝑘:𝑥𝑥+𝑘𝑘

𝑎𝑎𝑎𝑎  𝑞𝑞𝑥𝑥+𝑘𝑘:𝑦𝑦+𝑘𝑘
𝑎𝑎𝑎𝑎→𝑎𝑎𝑎𝑎  𝑞𝑞𝑥𝑥+𝑘𝑘:𝑦𝑦+𝑘𝑘

𝑎𝑎𝑎𝑎→𝑎𝑎𝑎𝑎  𝑞𝑞𝑥𝑥+𝑘𝑘:𝑦𝑦+𝑘𝑘
𝑎𝑎𝑎𝑎→𝑎𝑎𝑎𝑎  𝑞𝑞𝑥𝑥+𝑘𝑘:𝑦𝑦+𝑘𝑘

𝑎𝑎𝑎𝑎→𝑎𝑎𝑎𝑎  𝑞𝑞𝑥𝑥+𝑘𝑘:𝑦𝑦+𝑘𝑘
𝑎𝑎𝑎𝑎→𝑎𝑎𝑎𝑎  

𝒂𝒂𝒂𝒂 0 0 0 0 𝑝𝑝𝑥𝑥+𝑘𝑘:𝑦𝑦+𝑘𝑘
𝑎𝑎𝑎𝑎  0 𝑞𝑞𝑥𝑥+𝑘𝑘𝑎𝑎→𝑎𝑎 0 𝑞𝑞𝑥𝑥+𝑘𝑘

𝑎𝑎→𝑎𝑎 

𝒂𝒂𝒂𝒂 0 0 0 0 0 𝑝𝑝𝑥𝑥+𝑘𝑘:𝑦𝑦+𝑘𝑘
𝑎𝑎𝑎𝑎  0 𝑞𝑞𝑦𝑦+𝑘𝑘𝑎𝑎→𝑎𝑎 𝑞𝑞𝑦𝑦+𝑘𝑘

𝑎𝑎→𝑎𝑎 

𝒂𝒂𝒂𝒂 0 0 0 0 𝑞𝑞𝑥𝑥+𝑘𝑘𝑎𝑎→𝑎𝑎 0 𝑝𝑝𝑥𝑥+𝑘𝑘:𝑦𝑦+𝑘𝑘
𝑎𝑎𝑎𝑎  0 𝑞𝑞𝑥𝑥+𝑘𝑘

𝑎𝑎→𝑎𝑎 

𝒂𝒂𝒂𝒂 0 0 0 0 0 𝑞𝑞𝑦𝑦+𝑘𝑘𝑎𝑎→𝑎𝑎 0 𝑝𝑝𝑥𝑥+𝑘𝑘:𝑦𝑦+𝑘𝑘
𝑎𝑎𝑎𝑎  𝑞𝑞𝑦𝑦+𝑘𝑘

𝑎𝑎→𝑎𝑎 

𝒂𝒂𝒂𝒂 0 0 0 0 0 0 0 0 1 

Source: Own 

At any particular point in time the couple will be in one of nine possible different health 
states: 𝒮𝒮 = {𝑚𝑚𝑚𝑚,𝑚𝑚𝑑𝑑,𝑑𝑑𝑚𝑚,𝑑𝑑𝑑𝑑,𝑚𝑚𝑓𝑓, 𝑓𝑓𝑚𝑚,𝑑𝑑𝑓𝑓, 𝑓𝑓𝑑𝑑, 𝑓𝑓𝑓𝑓}. The first component of each letter pair (a = 
able, d = dependent, f = deceased) refers to the state of the primary annuitant (x), and the 
second to the state of the co-annuitant (y). Thus the first state (aa, in which both members 
are able) can lead immediately to any of the other states, and the final state (ff, in which 
both members are deceased) can come about from any of the other states. However, any 
state in which one of the members is deceased (𝑚𝑚𝑓𝑓,𝑓𝑓𝑚𝑚,𝑑𝑑𝑓𝑓, 𝑓𝑓𝑑𝑑), for example, will 
obviously have fewer options for future changes. The main probabilities are: 

𝑝𝑝𝑥𝑥+𝑘𝑘:𝑦𝑦+𝑘𝑘
𝑖𝑖 : the probability that a couple with the primary annuitant aged 𝑥𝑥 + 𝑘𝑘, 𝑘𝑘 ∈

{0,1,⋯ ,𝜔𝜔 − 𝑥𝑥} and the co-annuitant aged 𝑦𝑦 + 𝑘𝑘, 𝑘𝑘 ∈ {0,1,⋯ ,𝜔𝜔′ − 𝑦𝑦} will continue one 
year more in the same state. 

𝑞𝑞𝑥𝑥+𝑘𝑘:𝑦𝑦+𝑘𝑘
𝑖𝑖→𝑗𝑗 : the probability that a couple currently in state 𝑖𝑖, with the primary annuitant aged 
𝑥𝑥 + 𝑘𝑘 and the co-annuitant aged 𝑦𝑦 + 𝑘𝑘, will be in status 𝑗𝑗 one year later. This notation is 
only valid if both members are alive in state 𝑖𝑖. 

If one of the members is dead in state 𝑖𝑖, the notation is similar to that for individuals.  

𝑞𝑞𝑥𝑥+𝑘𝑘
𝑖𝑖→𝑗𝑗 : the probability that the primary annuitant (in state 𝑖𝑖) aged 𝑥𝑥 + 𝑘𝑘 will reach age 𝑥𝑥 +
𝑘𝑘 + 1 in status 𝑗𝑗. 

𝑞𝑞𝑦𝑦+𝑘𝑘
𝑖𝑖→𝑗𝑗 : the probability that the co-annuitant (in state 𝑖𝑖) aged 𝑦𝑦 + 𝑘𝑘 will reach age 𝑦𝑦 + 𝑘𝑘 +

1 in status 𝑗𝑗. 

It is obvious that 𝑝𝑝𝑥𝑥+𝑘𝑘:𝑦𝑦+𝑘𝑘
𝑎𝑎𝑎𝑎 = 1, given that the death of both members of the couple is an 

absorbing state.  
As Table 1 shows, the model explicitly takes the “recovery assumption” into account. 
This is certainly controversial in most European countries because the possibility of 
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recovery is generally disregarded given the prevailing chronic character of LTC 
disability7 (see for example Helms et al., 2005; Van der Gaag et al., 2013; Pitacco, 2014 
and 2016; and Albarrán-Lozano et al., 2017). More recently, using Swiss data, Fuino & 
Wagner (2018) have reported very small probabilities of recovery transitions of less than 
0.05%. 
Pla-Porcel et al. (2017) analysed the effect on the cost of the annuity of ruling out the 
recovery assumption. They used three sets of biometric assumptions and concluded that 
the impact is very small. 
Multi-year transition probabilities can be derived from one-year transition probabilities 
(Appendix 1) by following the procedure described in Pitacco (2014), i.e. using recurrent 
Chapman-Kolmogorov equations  
After developing the key probabilities and adapting the methodology used by Pla-Porcel 
et al. (2016, 2017) to the case of two lives, we can build the model for determining the 
actuarial factor for LCAc1 �𝐴𝐴𝐴𝐴𝑥𝑥:𝑦𝑦

𝐿𝐿𝐿𝐿𝐴𝐴𝐿𝐿1�.  

The benefits corresponding to each of the couple’s possible states are: 

𝑏𝑏1(𝑘𝑘) =

⎩
⎪
⎪
⎪
⎨

⎪
⎪
⎪
⎧

𝑏𝑏 𝑖𝑖𝑓𝑓 𝑗𝑗 ∈ {𝑚𝑚𝑚𝑚};  𝑏𝑏𝑏𝑏𝑏𝑏ℎ 𝑚𝑚𝑎𝑎𝑖𝑖𝑎𝑎𝑎𝑎 𝑚𝑚𝑎𝑎𝑑𝑑 𝑚𝑚𝑏𝑏𝑎𝑎𝑎𝑎
𝑏𝑏 ∙ (1 + 𝜉𝜉) 𝑖𝑖𝑓𝑓 𝑗𝑗 ∈ {𝑚𝑚𝑑𝑑}; 𝑚𝑚𝑏𝑏𝑎𝑎𝑎𝑎 𝑚𝑚𝑎𝑎𝑑𝑑 𝑑𝑑𝑎𝑎𝑝𝑝𝑎𝑎𝑎𝑎𝑑𝑑𝑎𝑎𝑎𝑎𝑏𝑏
𝑏𝑏 ∙ (1 + 𝜉𝜉)
𝑏𝑏 ∙ (1 + 𝜉𝜉′)
𝑏𝑏′ = 𝑏𝑏 ∙ 𝜈𝜈
𝑏𝑏′′ = 𝑏𝑏 ∙ η
𝑏𝑏′ ∙ (1 + 𝜉𝜉)
𝑏𝑏′′ ∙ (1 + 𝜉𝜉)

0

𝑖𝑖𝑓𝑓
𝑖𝑖𝑓𝑓
𝑖𝑖𝑓𝑓
𝑖𝑖𝑓𝑓
𝑖𝑖𝑓𝑓
𝑖𝑖𝑓𝑓
𝑖𝑖𝑓𝑓

𝑗𝑗 ∈ {𝑑𝑑𝑚𝑚};𝑑𝑑𝑎𝑎𝑝𝑝𝑎𝑎𝑎𝑎𝑑𝑑𝑎𝑎𝑎𝑎𝑏𝑏 𝑚𝑚𝑎𝑎𝑑𝑑 𝑚𝑚𝑏𝑏𝑎𝑎𝑎𝑎 
𝑗𝑗 ∈ {𝑑𝑑𝑑𝑑};  𝑏𝑏𝑏𝑏𝑏𝑏ℎ 𝑑𝑑𝑎𝑎𝑝𝑝𝑎𝑎𝑎𝑎𝑑𝑑𝑎𝑎𝑎𝑎𝑏𝑏

𝑗𝑗 ∈ {𝑚𝑚𝑓𝑓};  𝑤𝑤𝑖𝑖𝑑𝑑𝑏𝑏𝑤𝑤𝑎𝑎𝑤𝑤 (𝑚𝑚𝑏𝑏𝑎𝑎𝑎𝑎) 𝑚𝑚𝑎𝑎𝑑𝑑 𝑑𝑑𝑎𝑎𝐿𝐿𝑎𝑎𝑚𝑚𝑑𝑑
𝑗𝑗 ∈ {𝑓𝑓𝑚𝑚};𝑑𝑑𝑎𝑎𝐿𝐿𝑎𝑎𝑚𝑚𝑑𝑑𝑎𝑎𝑑𝑑 𝑚𝑚𝑎𝑎𝑑𝑑 𝑤𝑤𝑖𝑖𝑑𝑑𝑏𝑏𝑤𝑤 (𝑚𝑚𝑏𝑏𝑎𝑎𝑎𝑎)

𝑎𝑎𝑑𝑑

𝑗𝑗 ∈ {𝑑𝑑𝑓𝑓};𝑤𝑤𝑖𝑖𝑑𝑑𝑏𝑏𝑤𝑤𝑎𝑎𝑤𝑤 (𝑑𝑑𝑎𝑎𝑝𝑝𝑎𝑎𝑎𝑎𝑑𝑑𝑎𝑎𝑎𝑎𝑏𝑏) 𝑚𝑚𝑎𝑎𝑑𝑑 𝑑𝑑𝑎𝑎𝐿𝐿𝑎𝑎𝑚𝑚𝑑𝑑𝑎𝑎𝑑𝑑
𝑗𝑗 ∈ {𝑓𝑓𝑑𝑑};  𝑑𝑑𝑎𝑎𝐿𝐿𝑎𝑎𝑚𝑚𝑑𝑑𝑎𝑎𝑑𝑑 𝑚𝑚𝑎𝑎𝑑𝑑 𝑤𝑤𝑖𝑖𝑑𝑑𝑏𝑏𝑤𝑤 (𝑑𝑑𝑎𝑎𝑝𝑝𝑎𝑎𝑎𝑎𝑑𝑑𝑎𝑎𝑎𝑎𝑏𝑏)

𝑗𝑗 ∈ {𝑓𝑓𝑓𝑓}; 𝑏𝑏𝑏𝑏𝑏𝑏ℎ 𝑑𝑑𝑎𝑎𝐿𝐿𝑎𝑎𝑚𝑚𝑑𝑑𝑎𝑎𝑑𝑑

 [1.] 

The structure of the LCAc1 benefits has been designed in accordance with the standard 
literature (Brown & Poterba, 2000; Hubener et al., 2014; Luciano et al., 2016; Pitacco, 
2017). It is assumed that for the absorbing state, 𝑓𝑓𝑓𝑓 (extinction of the couple), there is no 
benefit. 

Generally speaking as regards LCAs, the LTC benefit is defined in terms of an uplift (𝜉𝜉 
for one dependent member or 𝜉𝜉′ if both members require LTC) with respect to the basic 
payment, 𝑏𝑏. This initial benefit 𝑏𝑏 is paid from retirement onwards as long as both members 
of the couple remain in their initial state, but is replaced by the LTC annuity benefit – 𝑏𝑏 ∙
(1 + 𝜉𝜉), 𝑗𝑗 ∈ {𝑚𝑚𝑑𝑑,𝑑𝑑𝑚𝑚} or 𝑏𝑏 ∙ (1 + 𝜉𝜉′),  𝑗𝑗 ∈ {𝑑𝑑𝑑𝑑} – in the case of a successful LTC claim while 
both members are alive.  
Should one member of the couple die while in the initial state, the benefit is reduced to 
𝑏𝑏′, 𝑗𝑗 ∈ {𝑚𝑚𝑓𝑓} or 𝑏𝑏′′, 𝑗𝑗 ∈ {𝑓𝑓𝑚𝑚}. The surviving member will usually receive a certain 
percentage (𝜈𝜈,η ) of the original payout, and this is called the survivor benefit ratio or 
reduction factor. It is typical that in the coverage of widowhood risk by the pension 
system – at least in the case of non-means-tested survivor's pension – when one member 
                                                            
7 According to Nusselder et al., (2019) the main causes of LTC disability are the following:  heart disease, 
cerebrovascular accident, peripheral vascular disease (PVD), cancer, chronic non-specific lung diseases 
(CNSLD), musculoskeletal diseases, Alzheimer’s and Parkinson’s disease, other neurological diseases 
(multiple sclerosis and other unspecific neurological problems), depression and anxiety, other mental 
diseases (autism, schizophrenia and other unspecified psychiatric impairments), diabetes mellitus and 
accidents. 



9 

 

of a couple dies, the living standard does not necessarily decrease even though the 
household income falls, because requirements are reduced by the death of one spouse. 
The living standard (income per consumption unit) corresponds to household income 
divided by the number of consumption units in the household, this being 1 for a person 
living alone and 1.5 for a couple according to the standard scale used in France and other 
European countries8 (Bonnet & Hourriez, 2012) 
The uplifts can be financed during the entire accumulation period by contributions or 
premiums higher than those needed to purchase initial benefit 𝑏𝑏.  

Figure 1: Possible transitions to a better health state 

 
Source: Own 

When the recovery assumption is admitted (see Section 4), the amount of the annuity will 
have to be reduced if the couple makes a transition to a better health state (Figure 1). 
The expected benefits to be paid out at time 𝑏𝑏 + 𝑘𝑘, where 𝑘𝑘 ∈ {1,2,⋯ ,𝑇𝑇} and without 
taking into account the indexation of benefits in payment, are obtained from the following 
vector product, i.e. the matrix row of annual benefits (𝐵𝐵1) and the transposed vector of 
multiyear transition probabilities ( 𝑀𝑀𝑥𝑥:𝑦𝑦

𝑡𝑡
𝑘𝑘 ): 

𝐵𝐵1  ∙ 𝑀𝑀𝑘𝑘 𝑥𝑥:𝑦𝑦
𝑏𝑏

 

[2.] 
= 

𝑏𝑏 ∙ 𝑝𝑝𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎

𝑘𝑘 + 𝑏𝑏 ∙ (1 + 𝜉𝜉) ∙ 𝑝𝑝𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎

𝑘𝑘 + 𝑏𝑏 ∙ (1 + 𝜉𝜉) ∙ 𝑝𝑝𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎

𝑘𝑘 + 𝑏𝑏 ∙ (1 + 𝜉𝜉′) ∙ 𝑝𝑝𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎 + 𝑏𝑏′ ∙ 𝑝𝑝𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎
𝑘𝑘𝑘𝑘  

+ 
𝑏𝑏′′ ∙ 𝑝𝑝𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎
𝑘𝑘 + 𝑏𝑏′ ∙ (1 + 𝜉𝜉) ∙ 𝑝𝑝𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎
𝑘𝑘 +  𝑏𝑏′′ ∙ (1 + 𝜉𝜉) ∙ 𝑝𝑝𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎
𝑘𝑘  

The process for obtaining the actuarial factor involves the valuation at time 𝑏𝑏 of the 
couple’s lifetime benefits taking into account the financial factor �𝐴𝐴𝑘𝑘 = �1+𝛼𝛼

1+𝐺𝐺
�
𝑘𝑘
�, which 

depends on 𝛼𝛼 (indexation of benefits/pension in payment) and 𝐺𝐺 (technical interest rate 
or wage bill growth depending on the type of pension system), and then: 

                                                            
8 With the standard scale, the surviving spouse's income needs to be two-thirds of the couple's income for 
their living standard to be maintained. 

x ( ) y ( )

x ( ) y ( )

x ( ) y ( )

x ( ) y ( )

𝐴𝐴𝐴𝐴𝑥𝑥:𝑦𝑦
𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿1 = �𝐵𝐵1 ∙ 𝑀𝑀𝑘𝑘 𝑥𝑥:𝑦𝑦

𝑏𝑏
∙ 𝐴𝐴𝑘𝑘

𝑇𝑇

𝑘𝑘=0

 

[3.] = 

�𝑏𝑏 ∙ 𝑝𝑝𝑘𝑘 𝑥𝑥:𝑦𝑦 
𝑎𝑎𝑎𝑎 ∙ 𝐴𝐴𝑘𝑘

𝑇𝑇

𝑘𝑘=0

 + �𝑏𝑏 ∙ (1 + 𝜉𝜉) ∙ � 𝑝𝑝𝑘𝑘 𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎 + 𝑝𝑝𝑘𝑘 𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎 � ∙ 𝐴𝐴𝑘𝑘
𝑇𝑇

𝑘𝑘=1

 

+ 
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where: 

𝑏𝑏 ∙ ä𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎𝛼𝛼 = 𝑏𝑏 ∙ ∑ 𝑝𝑝𝑘𝑘 𝑥𝑥:𝑦𝑦 

𝑎𝑎𝑎𝑎 ∙𝑇𝑇
𝑘𝑘=0 𝐴𝐴𝑘𝑘: the present value of the basic payment of a lifetime pension 

payable in advance while both members remain in the able state, indexed at rate 𝛼𝛼 with a 
technical interest rate equal to 𝐺𝐺9. We assume that all payments are made regularly in 
advance, i.e. at the beginning of the respective time intervals (years). 

𝑏𝑏 ∙ 𝐴𝐴𝑥𝑥:𝑦𝑦
 𝑎𝑎𝑎𝑎 

𝜉𝜉
𝛼𝛼 =  ∑ 𝑏𝑏 ∙ (1 + 𝜉𝜉) ∙ 𝑝𝑝𝑘𝑘 𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎 ∙𝑇𝑇
𝑘𝑘=1 𝐴𝐴𝑘𝑘: the present actuarial value of an LCAc1 that 

supplements the initial benefit (𝑏𝑏) by percentage 𝜉𝜉 while the couple remain in state 𝑗𝑗 ∈
{𝑚𝑚𝑑𝑑} (the primary annuitant able, the co-annuitant dependent). 

𝑏𝑏 ∙ 𝐴𝐴𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎

𝜉𝜉
𝛼𝛼 =  ∑ 𝑏𝑏 ∙ (1 + 𝜉𝜉) ∙ 𝑝𝑝𝑘𝑘 𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎 ∙𝑇𝑇
𝑘𝑘=1 𝐴𝐴𝑘𝑘: the present actuarial value of the LCAc1 that 

supplements the initial benefit (𝑏𝑏) by percentage 𝜉𝜉 while the couple remain in state 𝑗𝑗 ∈
{𝑑𝑑𝑚𝑚} (the primary annuitant dependent, the co-annuitant able). 

𝑏𝑏 ∙ 𝐴𝐴𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎

𝜉𝜉′
𝛼𝛼 =  ∑ 𝑏𝑏 ∙ (1 + 𝜉𝜉′) ∙ 𝑝𝑝𝑘𝑘 𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎𝑇𝑇
𝑘𝑘=1 ∙ 𝐴𝐴𝑘𝑘: the present actuarial value of the LCAc1 that 

supplements the initial benefit (𝑏𝑏) by percentage 𝜉𝜉′ while both members remain 
dependent, 𝑗𝑗 ∈ {𝑑𝑑𝑑𝑑}  

𝑏𝑏′ ä 𝑦𝑦⏟
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑

| 𝑥𝑥⏟
𝑑𝑑𝑎𝑎𝑎𝑎𝑎𝑎𝑑𝑑

               𝑎𝑎𝛼𝛼 = ∑ 𝑏𝑏′ ∙ 𝑝𝑝𝑘𝑘 𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎 ∙ 𝐴𝐴𝑘𝑘:𝑇𝑇

𝑘𝑘=1  the present value of the reduced basic payment, 𝑏𝑏′, of 

a lifetime pension payable in advance while the primary annuitant is able and the co-
annuitant deceased, i.e. the couple is in state 𝑗𝑗 ∈ {𝑚𝑚𝑓𝑓} 

𝑏𝑏′ 𝐴𝐴𝑦𝑦|𝑥𝑥
   𝑎𝑎 

𝜉𝜉
𝛼𝛼 = ∑ 𝑏𝑏′ ∙ (1 + 𝜉𝜉) ∙ 𝑝𝑝𝑘𝑘 𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎𝑇𝑇
𝑘𝑘=1 ∙ 𝐴𝐴𝑘𝑘: the present actuarial value of the LCAc1 that 

supplements the reduced basic payment, 𝑏𝑏′, by percentage 𝜉𝜉   while the primary annuitant 
is dependent and the co-annuitant deceased, i.e. the couple is in state 𝑗𝑗 ∈ {𝑑𝑑𝑓𝑓} 

                                                            
9 Unless otherwise stated, all actuarial values are computed using these rates. 

�𝑏𝑏 ∙ (1 + 𝜉𝜉′) ∙ 𝑝𝑝𝑘𝑘 𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎

𝑇𝑇

𝑘𝑘=1

∙ 𝐴𝐴𝑘𝑘  + �𝑏𝑏′ ∙ 𝑝𝑝𝑘𝑘 𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎 ∙ 𝐴𝐴𝑘𝑘

𝑇𝑇

𝑘𝑘=1

+ �𝑏𝑏′′ ∙ 𝑝𝑝𝑘𝑘 𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎 ∙ 𝐴𝐴𝑘𝑘

𝑇𝑇

𝑘𝑘=1

 

+ 

�𝑏𝑏′ ∙ (1 + 𝜉𝜉) ∙ 𝑝𝑝𝑘𝑘 𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎

𝑇𝑇

𝑘𝑘=1

∙ 𝐴𝐴𝑘𝑘  + �𝑏𝑏′′ ∙ (1 + 𝜉𝜉) ∙ 𝑝𝑝𝑘𝑘 𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎 ∙ 𝐴𝐴𝑘𝑘

𝑇𝑇

𝑘𝑘=1

 

= 
𝑏𝑏 ∙ ä𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎𝛼𝛼 + 𝑏𝑏′ ∙ ä𝑦𝑦|𝑥𝑥
   𝑎𝑎𝛼𝛼 + 𝑏𝑏′′ ∙ ä𝑥𝑥|𝑦𝑦

   𝑎𝑎𝛼𝛼 + 𝑏𝑏 ∙ � 𝐴𝐴𝑥𝑥:𝑦𝑦
 𝑎𝑎𝑎𝑎 

𝜉𝜉
𝛼𝛼 + 𝐴𝐴𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎
𝜉𝜉
𝛼𝛼 + 𝐴𝐴𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎
𝜉𝜉′
𝛼𝛼 � 

+ 
𝑏𝑏′ ∙ 𝐴𝐴𝑦𝑦|𝑥𝑥

    𝑎𝑎 +𝜉𝜉
𝛼𝛼 𝑏𝑏′′ ∙ 𝐴𝐴𝑥𝑥|𝑦𝑦

    𝑎𝑎 
𝜉𝜉
𝛼𝛼  

= 

𝑏𝑏 ∙

⎝

⎜
⎛

ä𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎𝛼𝛼���

𝑏𝑏𝑏𝑏𝑡𝑡ℎ
𝑎𝑎𝑏𝑏𝑎𝑎𝑎𝑎

+ 𝐴𝐴𝑥𝑥:𝑦𝑦
 𝑎𝑎𝑎𝑎 

𝜉𝜉
𝛼𝛼 + 𝐴𝐴𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎
𝜉𝜉
𝛼𝛼 + 𝐴𝐴𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎
𝜉𝜉′
𝛼𝛼
���
𝑏𝑏𝑏𝑏𝑡𝑡ℎ

𝑎𝑎𝑎𝑎𝑑𝑑𝑎𝑎𝑑𝑑𝑎𝑎𝑎𝑎𝑑𝑑𝑡𝑡⎠

⎟
⎞

���������������������������
𝑏𝑏𝑏𝑏𝑡𝑡ℎ 𝑎𝑎𝑎𝑎𝑖𝑖𝑎𝑎𝑎𝑎

 

+ 

𝑏𝑏′ ( ä𝑦𝑦|𝑥𝑥
    𝑎𝑎𝛼𝛼

���
𝑎𝑎𝑏𝑏𝑎𝑎𝑎𝑎

+ 𝐴𝐴𝑦𝑦|𝑥𝑥
    𝑎𝑎)𝜉𝜉

𝛼𝛼�����������
𝑤𝑤𝑖𝑖𝑎𝑎𝑏𝑏𝑤𝑤𝑎𝑎𝑤𝑤

+ 𝑏𝑏′′ ∙ ( ä𝑥𝑥|𝑦𝑦
   𝑎𝑎𝛼𝛼

���
𝑎𝑎𝑏𝑏𝑎𝑎𝑎𝑎

+ 𝐴𝐴𝑥𝑥|𝑦𝑦
   𝑎𝑎

𝜉𝜉
𝛼𝛼 )�����������

𝑤𝑤𝑖𝑖𝑎𝑎𝑏𝑏𝑤𝑤
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𝑏𝑏′′ ä𝑥𝑥|𝑦𝑦
   𝑎𝑎𝛼𝛼 = ∑ 𝑏𝑏′′ ∙ 𝑝𝑝𝑘𝑘 𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎 ∙ 𝐴𝐴𝑘𝑘:𝑇𝑇
𝑘𝑘=1  the present value of the reduced basic payment, 𝑏𝑏′′, of a 

lifetime pension payable in advance while the co-annuitant is able and the primary 
annuitant deceased, i.e. the couple is in state 𝑗𝑗 ∈ {𝑓𝑓𝑚𝑚} 

𝑏𝑏′′ 𝐴𝐴𝑥𝑥|𝑦𝑦
   𝑎𝑎

𝜉𝜉
𝛼𝛼 = ∑ 𝑏𝑏′′ ∙ (1 + 𝜉𝜉) ∙ 𝑝𝑝𝑘𝑘 𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎𝑇𝑇
𝑘𝑘=1 ∙ 𝐴𝐴𝑘𝑘: the present actuarial value of the LCAc1 that 

supplements the reduced basic payment, 𝑏𝑏′′, by percentage 𝜉𝜉   while the co-annuitant is 
dependent and the primary annuitant deceased, i.e. the couple is in state 𝑗𝑗 ∈ {𝑓𝑓𝑑𝑑} 
3.1.-The cost of adding an extra stream of payments to annuities for couples if one 
or more of the annuitants requires LTC. 
To assess the cost of including cash-for-care benefits if any of the annuitants were to 
require LTC services, we use the so-called “coverage ratio”. This shows in present value 
the number of equivalent monetary units needed to determine the initial LCAc benefit for 
each monetary unit of the initial basic annuity for couples (without LTC coverage). To 
calculate this we need to compare the initial benefits awarded in both cases: the basic 
annuity for couples and the extended annuity for couples with LTC coverage. 
By analogy with Pla-Porcel et al. (2016, 2017) and given that: 

ä𝑥𝑥:𝑦𝑦
𝛼𝛼 = ä𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎 + 𝐴𝐴𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎 + 𝐴𝐴𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎 + 𝐴𝐴𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎𝛼𝛼𝛼𝛼𝛼𝛼𝛼𝛼  

[4.] ä𝑦𝑦|𝑥𝑥
𝛼𝛼 = ä𝑦𝑦|𝑥𝑥

    𝑎𝑎 + 𝐴𝐴𝑦𝑦|𝑥𝑥
    𝑎𝑎𝛼𝛼𝛼𝛼  

ä𝑥𝑥|𝑦𝑦 = ä𝑥𝑥|𝑦𝑦
    𝑎𝑎 + 𝐴𝐴𝑥𝑥|𝑦𝑦

    𝑎𝑎𝛼𝛼𝛼𝛼𝛼𝛼  

for a joint LCA with a last survivor payout rule (LCAc1), the value of the coverage ratio 
(𝐿𝐿𝐶𝐶𝑡𝑡𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿1) can be expressed as: 

𝐿𝐿𝐶𝐶𝑡𝑡𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿1 =
𝐴𝐴𝐴𝐴𝑥𝑥:𝑦𝑦

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿1�����

𝐿𝐿𝑑𝑑𝑑𝑑𝐴𝐴𝑖𝑖𝑡𝑡𝑦𝑦
𝑤𝑤𝑖𝑖𝑡𝑡ℎ

𝐿𝐿𝑇𝑇𝐿𝐿 𝐿𝐿𝑏𝑏𝑎𝑎𝑎𝑎𝑤𝑤𝑎𝑎𝑐𝑐𝑎𝑎

𝐴𝐴𝐴𝐴𝑥𝑥:𝑦𝑦
𝐿𝐿1���

𝐿𝐿𝑎𝑎𝑎𝑎𝐶𝐶𝐶𝐶𝑖𝑖𝐿𝐿 𝑎𝑎𝑑𝑑𝑑𝑑𝐴𝐴𝑖𝑖𝑡𝑡𝑦𝑦
𝑤𝑤𝑖𝑖𝑡𝑡ℎ𝑏𝑏𝐴𝐴𝑡𝑡

𝐿𝐿𝑇𝑇𝐿𝐿 𝐿𝐿𝑏𝑏𝑎𝑎𝑎𝑎𝑤𝑤𝑎𝑎𝑐𝑐𝑎𝑎

=
𝐴𝐴𝐴𝐴𝑥𝑥:𝑦𝑦

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿1

𝑏𝑏 ∙ ä𝑥𝑥:𝑦𝑦
𝛼𝛼 + 𝑏𝑏′ ∙ ä𝑦𝑦|𝑥𝑥

𝛼𝛼 + 𝑏𝑏′′ ∙ ä𝑥𝑥|𝑦𝑦
𝛼𝛼  

[5.] 

= 

1 + 𝜉𝜉 ∙
� 𝐴𝐴𝑥𝑥:𝑦𝑦

𝑑𝑑𝑚𝑚 + 𝐴𝐴𝑥𝑥:𝑦𝑦
𝑚𝑚𝑑𝑑 + 𝜈𝜈 ∙ 𝐴𝐴𝑦𝑦|𝑥𝑥

    𝑑𝑑 + η ∙
𝛼𝛼𝛼𝛼𝛼𝛼

𝐴𝐴𝑥𝑥|𝑦𝑦
    𝑑𝑑𝛼𝛼 �

ä𝑥𝑥:𝑦𝑦
𝛼𝛼

+ 𝜈𝜈 ∙ ä𝑦𝑦|𝑥𝑥
𝛼𝛼

+ η ∙ ä𝑥𝑥|𝑦𝑦
𝛼𝛼  

+ 

𝜉𝜉′ ∙
𝐴𝐴𝑥𝑥:𝑦𝑦
𝑑𝑑𝑑𝑑𝛼𝛼

ä𝑥𝑥:𝑦𝑦
𝛼𝛼

+ 𝜈𝜈 ∙ ä𝑦𝑦|𝑥𝑥
𝛼𝛼

+ η ∙ ä𝑥𝑥|𝑦𝑦
𝛼𝛼  

= 
1 + 𝜉𝜉 ∙ (𝑑𝑑𝑥𝑥𝐿𝐿𝑇𝑇𝐿𝐿𝐿𝐿𝐿𝐿1𝑡𝑡 + 𝑑𝑑𝑦𝑦𝐿𝐿𝑇𝑇𝐿𝐿𝐿𝐿𝐿𝐿1𝑡𝑡) + 𝜉𝜉′ ∙ (𝑑𝑑𝑥𝑥𝑦𝑦𝐿𝐿𝑇𝑇𝐿𝐿𝐿𝐿𝐿𝐿1𝑡𝑡) 

where 𝑑𝑑𝑥𝑥𝐿𝐿𝑇𝑇𝐿𝐿𝐿𝐿𝐿𝐿1𝑏𝑏, 𝑑𝑑𝑦𝑦𝐿𝐿𝑇𝑇𝐿𝐿𝐿𝐿𝐿𝐿1𝑏𝑏 and 𝑑𝑑𝑥𝑥𝑦𝑦𝐿𝐿𝑇𝑇𝐿𝐿𝐿𝐿𝐿𝐿1𝑏𝑏  represent the actuarial cost of 
covering LTC for the couple in each possible state of dependence as a proportion of the 
total cost of a classical joint annuity without LTC coverage, i.e. the higher the resulting 
values of 𝑑𝑑𝑥𝑥𝐿𝐿𝑇𝑇𝐿𝐿𝐿𝐿𝐿𝐿1𝑏𝑏, 𝑑𝑑𝑦𝑦𝐿𝐿𝑇𝑇𝐿𝐿𝐿𝐿𝐿𝐿1𝑏𝑏 and 𝑑𝑑𝑥𝑥𝑦𝑦𝐿𝐿𝑇𝑇𝐿𝐿𝐿𝐿𝐿𝐿1𝑏𝑏, the lower the amount of the basic 
benefit of the joint LCA with a last survivor payout rule (LCAc1). These values do not 
take uplifts into account, only biometric assumptions. 
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Given that 𝜉𝜉 > 0, 𝜉𝜉′ > 0, 𝑏𝑏′ > 0 y 𝑏𝑏′′ > 0, it is easy to see that 𝐴𝐴𝐴𝐴𝑥𝑥:𝑦𝑦
𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿1 > 𝐴𝐴𝐴𝐴𝑥𝑥:𝑦𝑦

𝐽𝐽𝐿𝐿𝐿𝐿1  and 
obviously 𝐿𝐿𝐶𝐶𝑡𝑡𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿1 > 1. 
An analysis of the coverage ratio shows the key parameters that determine the amount of 
the initial benefit (both members of the couple are able) when LTC is included: 
1.-The higher the value assigned to any 𝜉𝜉, 𝜉𝜉′, the lower the amount of the initial benefit 
for the LCAc. It is easy to see that for all 𝜉𝜉, 𝜉𝜉′ = 0, 𝐿𝐿𝐶𝐶𝑡𝑡 = 1,  given that 
�𝐴𝐴𝐴𝐴𝑥𝑥:𝑦𝑦

𝐿𝐿𝐿𝐿𝐴𝐴𝐿𝐿1 = 𝐴𝐴𝐴𝐴𝑥𝑥:𝑦𝑦
𝐽𝐽𝐴𝐴𝐿𝐿1�, i.e. the amount of the periodic payment is not increased when either 

member of the couple becomes dependent. 

2.-The higher the probability of the couple becoming dependent for a given age, 𝑝𝑝𝑥𝑥:𝑦𝑦
𝑗𝑗

𝑘𝑘 , 
the lower the amount of the initial pension of the LCAc benefit. 

3.-The higher the survival probability of the couple in the state of dependence, 𝑝𝑝𝑘𝑘 𝑥𝑥:𝑦𝑦 
𝑎𝑎𝑎𝑎 , the 

lower the amount of the initial pension of the LCAc benefit. 
4.-However, following Brown & Poterba’s (2000) reasoning regarding the relationship 
between a joint annuity with a last survivor payout rule (JA) and a single life annuity, an 
LCA for couples can be structured to perfectly replicate a combination of individual 
LCAs by adjusting the survivor benefit ratios10 (Appendix 2). 

3.2.-The actuarial factor when the operating rule for indexing benefits in payment 
is α=G 
If the operating rule for indexing benefits in payment is 𝛼𝛼 = 𝐺𝐺, then the financial factor is 
𝐴𝐴 = 1. This is especially interesting because the actuarial factor for both types of LCAc 
can be expressed using the joint and survivor life expectancy of active couples 
disaggregated into healthy and unhealthy life years. Such measures are potentially useful 
to those designing or evaluating policies affecting older couples and to those couples 
making decisions about retirement, savings and long-term care (Compton & Pollak, 2021) 

By analogy with Pla-Porcel et al. (2016, 2017), if we substitute 𝐴𝐴 = 1 in formula [3.] we 
get: 

𝐴𝐴𝐴𝐴𝑥𝑥:𝑦𝑦
𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿1[𝛼𝛼=𝐺𝐺] = 𝑏𝑏 ∙ ��1 + 𝑎𝑎𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎 � + (1 + 𝜉𝜉) ∙ �𝑎𝑎𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎 + 𝑎𝑎𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎 � + �1 + 𝜉𝜉′� ∙ 𝑎𝑎𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎� 

[6.] + 
𝑏𝑏′ ∙ ��1 + 𝑎𝑎𝑦𝑦|𝑥𝑥

    𝑚𝑚� + (1 + 𝜉𝜉) ∙ 𝑎𝑎𝑦𝑦|𝑥𝑥
    𝑑𝑑� + 𝑏𝑏′′ ∙ ��1 + 𝑎𝑎𝑥𝑥|𝑦𝑦

𝑚𝑚 � + (1 + 𝜉𝜉) ∙ 𝑎𝑎𝑥𝑥|𝑦𝑦
    𝑑𝑑� 

From Formula [6.] we can get the average time the couple will spend in the various (non-
absorbing) states until the death of both members (extinction of the couple) (𝑎𝑎𝑥𝑥:𝑦𝑦�����

1 ):  

𝑎𝑎𝑥𝑥:𝑦𝑦�����
1 = 𝑎𝑎𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎�
𝑎𝑎𝑏𝑏𝑎𝑎𝑎𝑎

+

⎝

⎛𝑎𝑎𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎 + 𝑎𝑎𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎�������
𝑏𝑏𝑑𝑑𝑎𝑎𝑦𝑦 𝑏𝑏𝑑𝑑𝑎𝑎
𝑎𝑎𝑏𝑏𝑎𝑎𝑎𝑎 ⎠

⎞ + 𝑎𝑎𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎�

𝑎𝑎𝑎𝑎𝑑𝑑𝑎𝑎𝑑𝑑𝑎𝑎𝑎𝑎𝑑𝑑𝑡𝑡

���������������������
𝑗𝑗𝑏𝑏𝑖𝑖𝑑𝑑𝑡𝑡 𝑎𝑎𝑖𝑖𝑎𝑎𝑎𝑎 𝑎𝑎𝑥𝑥𝑑𝑑𝑎𝑎𝐿𝐿𝑡𝑡𝑎𝑎𝑑𝑑𝐿𝐿𝑦𝑦=𝑎𝑎𝑥𝑥:𝑦𝑦

 [7.] 

+ 

                                                            
10 The opposite is generally not true, basically because of transaction costs and actuarially unfair life annuity 
markets that would result in products with an excessively expensive final price. 
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�𝑎𝑎𝑦𝑦|𝑥𝑥
    𝑎𝑎 + 𝑎𝑎𝑦𝑦|𝑥𝑥

    𝑎𝑎����������
𝑤𝑤𝑖𝑖𝑎𝑎𝑏𝑏𝑤𝑤𝑎𝑎𝑤𝑤=𝑎𝑎𝑥𝑥 −𝑎𝑎𝑥𝑥:𝑦𝑦

+ �𝑎𝑎𝑥𝑥|𝑦𝑦
𝑎𝑎 + 𝑎𝑎𝑥𝑥|𝑦𝑦

    𝑎𝑎����������
𝑤𝑤𝑖𝑖𝑎𝑎𝑏𝑏𝑤𝑤=𝑎𝑎𝑦𝑦 −𝑎𝑎𝑥𝑥:𝑦𝑦

���������������������
𝐶𝐶𝐴𝐴𝑤𝑤𝑎𝑎𝑖𝑖𝑎𝑎𝑏𝑏𝑤𝑤 𝑎𝑎𝑖𝑖𝑎𝑎𝑎𝑎 𝑎𝑎𝑥𝑥𝑑𝑑𝑎𝑎𝐿𝐿𝑡𝑡𝑎𝑎𝑑𝑑𝐿𝐿𝑦𝑦

 

= 
𝑎𝑎𝑥𝑥:𝑦𝑦�����
1 = 𝑎𝑎𝑥𝑥 + 𝑎𝑎𝑦𝑦 − 𝑎𝑎𝑥𝑥:𝑦𝑦 

We see that Formula [7.] can be broken down into health state (active or dependent) and 
number of survivors, where: 

𝑎𝑎𝑥𝑥: life expectancy for the primary annuitant aged x. 

𝑎𝑎𝑦𝑦: life expectancy for the co-annuitant aged y. 

𝑎𝑎𝑥𝑥:𝑦𝑦: the expected years that both spouses will be alive, i.e. joint life expectancy. 

𝑎𝑎𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎 : the expected years that both spouses will be alive and in an able state.  

𝑎𝑎𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎 : the number of years that the primary annuitant is likely to spend free of activity 

limitation while the co-annuitant requires LTC services. 

𝑎𝑎𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎 : the number of years that the co-annuitant is likely to spend free of activity limitation 

while the primary annuitant requires LTC services. 

𝑎𝑎𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎 : the expected years that both spouses will be alive and requiring LTC.  

𝑎𝑎𝑦𝑦|𝑥𝑥
    𝑎𝑎: the expected years that the primary annuitant is likely to spend free of activity 

limitation after the death of the co-annuitant.   

𝑎𝑎𝑦𝑦|𝑥𝑥
    𝑎𝑎: the expected years that the primary annuitant is likely to need LTC services after 

the death of the co-annuitant.   

𝑎𝑎𝑥𝑥|𝑦𝑦
    𝑎𝑎: the expected years that the co-annuitant is likely to spend free of activity limitation 

after the death of the primary annuitant. 

𝑎𝑎𝑥𝑥|𝑦𝑦
    𝑎𝑎: the expected years that the co-annuitant is likely to need LTC services after the death 

of the primary annuitant. 

As formula [7.] shows, the couple’s life expectancy until extinction can be broken down 
into two components: the expected years both will be alive (joint life expectancy) and the 
expected years the surviving spouse will be a widow(er) (survivor life expectancy). 

It should be stressed that Formula [7.] is only true at the time of inception (see Tables 4 
to 7 in Section 4). 

3.3.-Analysing people’s willingness to purchase LCA for couples 
This section will analyse how willing people might be to acquire (accept) an LCA for 
couples, specifically an LCAc1 as opposed to a joint annuity with survivor payout rule 
(JAc1), the closest financial-insurance product without LTC coverage. To a large extent 
we follow the methodology proposed by Chen et al. (2021a, 2021b). Generally speaking, 
when deciding whether or not to buy an LCAc1, if the couple can compare different 
situations they buy a JAc1. The couple is assumed to have standard preferences and full 
rationality due to high financial literacy and is risk adverse, i.e. they base their decisions 
on the (discounted) expected lifetime utility. We also assume that the couple’s subjective 
perceptions concerning transition probabilities coincide with the information available to 
the insurer/sponsor on the subject. 
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Adding the LTC contingency means that (1) the premium (the contribution) has to be 
greater for an LCAc1 (𝐴𝐴𝐴𝐴𝑥𝑥:𝑦𝑦

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿1) than for a JAc1 (𝐴𝐴𝐴𝐴𝑥𝑥:𝑦𝑦
𝐽𝐽𝐴𝐴𝐿𝐿1), and (2) the (discounted) 

expected lifetime utility for the couple also has to be greater in the case of purchasing an 
LCAc1 than a JAc1. 
(1) The actuarial pricing technique for the couple means that in the end the risk 
loading fee, 𝐴𝐴𝑥𝑥:𝑦𝑦, for adding the LTC coverage is: 

𝐴𝐴𝑥𝑥:𝑦𝑦 = 𝐴𝐴𝐴𝐴𝑥𝑥:𝑦𝑦
𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿1 − 𝐴𝐴𝐴𝐴𝑥𝑥:𝑦𝑦

𝐽𝐽𝐿𝐿𝐿𝐿1  
= [8.] 

𝜉𝜉 ∙ �𝑏𝑏 ∙ 𝐴𝐴𝑥𝑥:𝑦𝑦
𝑑𝑑𝑚𝑚 + 𝑏𝑏 ∙ 𝐴𝐴𝑥𝑥:𝑦𝑦

𝑚𝑚𝑑𝑑 + 𝑏𝑏′ ∙ 𝐴𝐴𝑦𝑦|𝑥𝑥
    𝑑𝑑 + 𝑏𝑏′′ ∙

𝛼𝛼𝛼𝛼𝛼𝛼
𝐴𝐴𝑥𝑥|𝑦𝑦

    𝑑𝑑𝛼𝛼 � +  𝜉𝜉′ ∙ 𝑏𝑏 ∙ 𝐴𝐴𝑥𝑥:𝑦𝑦
𝑑𝑑𝑑𝑑𝛼𝛼

  

otherwise a reduction would be needed in the initial amount of benefit corresponding to 
the initial healthy state of both members of the couple, i.e. b<1. In this case, 𝐴𝐴𝐴𝐴𝑥𝑥:𝑦𝑦

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿1 =
𝐴𝐴𝐴𝐴𝑥𝑥:𝑦𝑦

𝐽𝐽𝐿𝐿𝐿𝐿1 

(2) The couple is willing to pay an extra-premium (𝐴𝐴�𝑥𝑥:𝑦𝑦) to add LTC coverage to the 
JAc1, since such an addition leads to greater utility: 

𝐴𝐴�𝑥𝑥:𝑦𝑦 = 𝐴𝐴𝐴𝐴�𝑥𝑥:𝑦𝑦
𝐿𝐿𝑇𝑇𝐿𝐿𝐿𝐿1 − 𝐴𝐴𝐴𝐴𝑥𝑥:𝑦𝑦

𝐽𝐽𝐿𝐿𝐿𝐿1 = 𝑄𝑄 ∙ 𝐴𝐴𝐴𝐴𝑥𝑥:𝑦𝑦
𝐽𝐽𝐿𝐿𝐿𝐿1 − 𝐴𝐴𝐴𝐴𝑥𝑥:𝑦𝑦

𝐽𝐽𝐿𝐿𝐿𝐿1 = (𝑄𝑄 − 1) ∙ 𝐴𝐴𝐴𝐴𝑥𝑥:𝑦𝑦
𝐽𝐽𝐿𝐿𝐿𝐿1 [9.] 

where the 𝐴𝐴𝐴𝐴�𝑥𝑥:𝑦𝑦
𝐿𝐿𝑇𝑇𝐿𝐿𝐿𝐿1 value is the couple’s subjective assessment of a given LCAc1, i.e. the 

value that would make the policyholder (the couple) utility-indifferent to choosing 
between an LCAc1 and a JAc1 at an actuarially fair price. To link [9.] with the couple’s 
utility we introduce quantity 𝑄𝑄, referred to as a utility indifference number, which denotes 
the number of JAc1 contracts that would make the couple indifferent – in terms of the 
expected discounted lifetime utility it would represent to them – to choosing between 
buying (accepting) an LCAc1 and these 𝑄𝑄 JAc1 contracts: 

𝔼𝔼�𝑈𝑈𝑥𝑥:𝑦𝑦
𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿1� ≡ 𝔼𝔼�𝑄𝑄 ∙ 𝑈𝑈𝑥𝑥:𝑦𝑦

𝐽𝐽𝐿𝐿𝐿𝐿1� [10.] 
where: 

𝔼𝔼�𝑈𝑈𝑥𝑥:𝑦𝑦
𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿1� = 𝑈𝑈𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎 [𝑏𝑏] ∙ ä𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎

𝜌𝜌
𝛼𝛼 + 𝑈𝑈𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎 [(1 + 𝜉𝜉) ∙ 𝑏𝑏] ∙ 𝐴𝐴𝑥𝑥:𝑦𝑦
 𝑎𝑎𝑎𝑎 

𝜌𝜌
𝛼𝛼  

[11.] 

+ 
 𝑈𝑈𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎 [(1 + 𝜉𝜉) ∙ 𝑏𝑏] ∙ 𝐴𝐴𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎 +𝜌𝜌

𝛼𝛼  𝑈𝑈𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎 [(1 + 𝜉𝜉′) ∙ 𝑏𝑏] ∙ 𝐴𝐴𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎
𝜌𝜌
𝛼𝛼  

+ 
 𝑈𝑈𝑦𝑦|𝑥𝑥

   𝑎𝑎 [𝑏𝑏′] ∙ ä𝑦𝑦|𝑥𝑥
    𝑎𝑎 +𝜌𝜌

𝛼𝛼 𝑈𝑈𝑦𝑦|𝑥𝑥
   𝑎𝑎 [(1 + 𝜉𝜉) ∙ 𝑏𝑏′] ∙ 𝐴𝐴𝑦𝑦|𝑥𝑥

    𝑎𝑎
𝜌𝜌
𝛼𝛼  

+ 
 𝑈𝑈𝑥𝑥|𝑦𝑦

    𝑎𝑎[𝑏𝑏′′] ∙ ä𝑥𝑥|𝑦𝑦
    𝑎𝑎

𝜌𝜌
𝛼𝛼 + 𝑈𝑈𝑥𝑥|𝑦𝑦

    𝑎𝑎[(1 + 𝜉𝜉) ∙ 𝑏𝑏′′] ∙ 𝐴𝐴𝑥𝑥|𝑦𝑦
    𝑎𝑎

𝜌𝜌
𝛼𝛼  

and 

𝔼𝔼�𝑄𝑄 ∙ 𝑈𝑈𝑥𝑥:𝑦𝑦
𝐽𝐽𝐿𝐿𝐿𝐿1� = 𝑈𝑈𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎 [𝑄𝑄 ∙ 𝑏𝑏] ∙ ä𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎

𝜌𝜌
𝛼𝛼 + 𝑈𝑈𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎 [𝑄𝑄 ∙ 𝑏𝑏] ∙ 𝐴𝐴𝑥𝑥:𝑦𝑦
 𝑎𝑎𝑎𝑎 

𝜌𝜌
𝛼𝛼  

[12.] 

+ 
 𝑈𝑈𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎 [𝑄𝑄 ∙ 𝑏𝑏] ∙ 𝐴𝐴𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎 +𝜌𝜌

𝛼𝛼  𝑈𝑈𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎 [𝑄𝑄 ∙ 𝑏𝑏] ∙ 𝐴𝐴𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎
𝜌𝜌
𝛼𝛼  

+ 
 𝑈𝑈𝑦𝑦|𝑥𝑥

   𝑎𝑎 [𝑄𝑄 ∙ 𝑏𝑏′] ∙ ä𝑦𝑦|𝑥𝑥
    𝑎𝑎 +𝜌𝜌

𝛼𝛼 𝑈𝑈𝑦𝑦|𝑥𝑥
   𝑎𝑎 [𝑄𝑄 ∙ 𝑏𝑏′] ∙ 𝐴𝐴𝑦𝑦|𝑥𝑥

    𝑎𝑎
𝜌𝜌
𝛼𝛼  

+ 
 𝑈𝑈𝑥𝑥|𝑦𝑦

    𝑎𝑎[𝑄𝑄 ∙ 𝑏𝑏′′] ∙ ä𝑥𝑥|𝑦𝑦
    𝑎𝑎

𝜌𝜌
𝛼𝛼 + 𝑈𝑈𝑥𝑥|𝑦𝑦

    𝑎𝑎[𝑄𝑄 ∙ 𝑏𝑏′′] ∙ 𝐴𝐴𝑥𝑥|𝑦𝑦
    𝑎𝑎

𝜌𝜌
𝛼𝛼  
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where 𝑏𝑏 = 1. The alternative would be to receive a lower periodic benefit in initial health 
state 𝑏𝑏 < 1, but maintaining the same value of expected utility as with the joint annuity 
with survivor payout rule11. 

In [11.] and [12.], 𝜌𝜌 stands for the subjective pure rate of time preference, which captures 
the couple’s time preferences.  
The utility functions, on the other hand, depend on the couple’s health state and have 
mathematical properties that are strictly monotone increasing and strictly concave with 
respect to the periodic benefit. In addition, given that the utility provided by a given 
benefit when any member makes a transition to a state of dependence is reduced, they 
fulfil the following relationships:  

𝑈𝑈𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎 [𝑏𝑏] ≥ 𝑈𝑈𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎 [𝑏𝑏] = 𝑈𝑈𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎 [𝑏𝑏] ≥ 𝑈𝑈𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎 [𝑏𝑏] [13.] 
  

𝑈𝑈𝑦𝑦|𝑥𝑥
   𝑎𝑎 [𝑏𝑏′] ≥ 𝑈𝑈𝑦𝑦|𝑥𝑥

   𝑎𝑎 [𝑏𝑏′] [14.] 
  

𝑈𝑈𝑥𝑥|𝑦𝑦
    𝑎𝑎[𝑏𝑏′′] ≥ 𝑈𝑈𝑥𝑥|𝑦𝑦

    𝑎𝑎[𝑏𝑏′′] [15.] 

and furthermore, for the case of non-negative utility functions, the respective marginal 
utility functions12 fulfil also: 

𝜕𝜕𝑈𝑈𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎 [𝑏𝑏]
𝜕𝜕𝑏𝑏

≥
𝜕𝜕𝑈𝑈𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎 [𝑏𝑏]
𝜕𝜕𝑏𝑏

=
𝜕𝜕𝑈𝑈𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎 [𝑏𝑏]
𝜕𝜕𝑏𝑏

≥
𝜕𝜕𝑈𝑈𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎 [𝑏𝑏]
𝜕𝜕𝑏𝑏

 [16.] 

𝜕𝜕𝑈𝑈𝑦𝑦|𝑥𝑥
   𝑎𝑎 [𝑏𝑏′]
𝜕𝜕𝑏𝑏′

≥
𝜕𝜕𝑈𝑈𝑦𝑦|𝑥𝑥

   𝑎𝑎 [𝑏𝑏′]
𝜕𝜕𝑏𝑏

 [17.] 

𝜕𝜕𝑈𝑈𝑥𝑥|𝑦𝑦
    𝑎𝑎[𝑏𝑏′′]
𝜕𝜕𝑏𝑏′′

≥
𝜕𝜕𝑈𝑈𝑥𝑥|𝑦𝑦

    𝑎𝑎[𝑏𝑏′′]
𝜕𝜕𝑏𝑏′′

 [18.] 

which means that the couple profits proportionally more with an extra income unit as long 
as both members are able as opposed to when either both or one of them require LTC 
services. The relations [16.] to [18.] are reversed for the case of non-positive utility 
functions. 
It is assumed that all the benefit the couple receives from the LCA, regardless of their 
health state, is consumed in the same period. 

We can find the 𝑄𝑄∗ that fulfils [10.] and, according to its conceptual interpretation, 
provides the nexus between the couple’s assessment of LCAc1 and the actuarially fair 
price of JAc1: 

𝐴𝐴𝐴𝐴�𝑥𝑥:𝑦𝑦
𝐿𝐿𝑇𝑇𝐿𝐿𝐿𝐿1 = 𝑄𝑄∗ ∙ 𝐴𝐴𝐴𝐴𝑥𝑥:𝑦𝑦

𝐽𝐽𝐿𝐿𝐿𝐿1 [19.] 

where, under the conditions outlined, it holds that 13 

𝑄𝑄∗ ∈ (1, (1 + 𝜉𝜉′)) [20.] 
By substituting [19.] into [9.], we get 

𝐴𝐴�𝑥𝑥:𝑦𝑦 = 𝑄𝑄∗ ∙ 𝐴𝐴𝐴𝐴𝑥𝑥:𝑦𝑦
𝐽𝐽𝐴𝐴𝐿𝐿1 − 𝐴𝐴𝐴𝐴𝑥𝑥:𝑦𝑦

𝐽𝐽𝐴𝐴𝐿𝐿1 = (𝑄𝑄∗ − 1) ∙ 𝐴𝐴𝐴𝐴𝑥𝑥:𝑦𝑦
𝐽𝐽𝐴𝐴𝐿𝐿1 [21.] 

                                                            
11 In this case, quantity 𝑞𝑞 denotes the number of LCAc1 contracts that would make the couple indifferent – 
in terms of the expected utility it would represent for them – to choosing between the JAc1 contract and 
these 𝑞𝑞 ∙ 𝐿𝐿𝐿𝐿𝐴𝐴𝐿𝐿1 contracts. The value of 𝑞𝑞 is determined by 𝔼𝔼�𝑞𝑞 ∙ 𝑈𝑈𝑥𝑥:𝑦𝑦

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿1� ≡ 𝔼𝔼�𝑈𝑈𝑥𝑥:𝑦𝑦
𝐽𝐽𝐿𝐿𝐿𝐿1�. 

12 For further details, interested readers can consult the paper by Chen et al. (2021a). 
13 The proof is similar to that shown in Appendix A. Proof of Proposition I in Chen et al. (2021a). 
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𝐴𝐴�𝑥𝑥:𝑦𝑦 in [21.] can be interpreted as being the maximum premium the couple would be 
willing to pay to add LTC coverage to the JAc1 contract, i.e. an upper bound for the 
possible application of a safety loading by the insurer. 
The decision rule to choose whether an LCAc1 is attractive when the risk loading is taken 
into account is as follows: 

An extra premium, 𝐴𝐴𝑥𝑥:𝑦𝑦, that is higher than 𝐴𝐴�𝑥𝑥:𝑦𝑦 – i.e. the minimum premium (the 
additional contributions) required by the insurer (state) exceeds the maximum premium 
the couple is willing to pay – would prevent the couple from purchasing an LCAc1. In 
theory at least, the couple would choose the LCAc1 as long as 𝐴𝐴𝑥𝑥:𝑦𝑦 ≤ 𝐴𝐴�𝑥𝑥:𝑦𝑦, i.e. if the state 
or provider required an extra premium or additional contribution, 𝐴𝐴𝑥𝑥:𝑦𝑦, that was smaller 
than or equal to what the couple was willing to pay (accept) for the LTC coverage: 𝐴𝐴�𝑥𝑥:𝑦𝑦. 
Given that 𝐴𝐴𝑥𝑥:𝑦𝑦 ≤ 𝐴𝐴�𝑥𝑥:𝑦𝑦 involves a positive difference between 𝐴𝐴�𝑥𝑥:𝑦𝑦 and 𝐴𝐴𝑥𝑥:𝑦𝑦: 

𝐴𝐴�𝑥𝑥:𝑦𝑦 − 𝐴𝐴𝑥𝑥:𝑦𝑦 = (𝑄𝑄∗ − 1) ∙ 𝐴𝐴𝐴𝐴𝑥𝑥:𝑦𝑦
𝐽𝐽𝐿𝐿 − �𝐴𝐴𝐴𝐴𝑥𝑥:𝑦𝑦

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿1 − 𝐴𝐴𝐴𝐴𝑥𝑥:𝑦𝑦
𝐽𝐽𝐿𝐿� = 𝑄𝑄∗ ∙ 𝐴𝐴𝐴𝐴𝑥𝑥:𝑦𝑦

𝐽𝐽𝐿𝐿 − 𝐴𝐴𝐴𝐴𝑥𝑥:𝑦𝑦
𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿1 ≥ 0 [22.] 

It easy to see that an equivalent decision rule to [22.] is: 

𝑄𝑄∗ ≥
𝐴𝐴𝐴𝐴𝑥𝑥:𝑦𝑦

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿1

𝐴𝐴𝐴𝐴𝑥𝑥:𝑦𝑦
𝐽𝐽𝐿𝐿 ≡ 𝐿𝐿𝐶𝐶𝑡𝑡𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿1 [23.] 

or alternatively:  

𝑄𝑄∗

𝐿𝐿𝐶𝐶𝑡𝑡𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿1
≥ 1 [24.] 

In short, the couple will be willing to add LTC coverage if the welfare gain is higher than 
the incremental cost of purchasing the LTC.  
As is usual in the literature, we assume that the primary annuitant and co-annuitant have 
constant relative risk aversion (CRRA) utility functions and that both members are in the 
healthy state (𝑚𝑚𝑚𝑚): 

𝑈𝑈𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎 [𝑏𝑏] =

1
1 − 𝛾𝛾

∙ �
𝑏𝑏
𝜙𝜙
�
1−𝛾𝛾

 [25.] 

where ∈  [0,∞),  𝛾𝛾 ≠ 1. This parameter is the Arrow-Pratt coefficient, representing both 
risk aversion and the inverse of the elasticity of intertemporal consumption substitution. 
If 𝛾𝛾= 0, the couple is indifferent to risk, and the greater the value of 𝛾𝛾, the greater the risk 
aversion, i.e. the risk tolerance is lower. Note that if 𝛾𝛾 ∈  [0,1),  the utility function is 
positive, and if 𝛾𝛾 > 1, the utility function is negative. For the assumption that 𝛾𝛾 = 1 we 
have the Bernoulli logarithmic utility function. 

The total consumption is normalized by the scaling factor (𝜙𝜙), which depends on family 
size 𝑎𝑎.  
Given that the CRRA function fulfils [13.] to [18.], we need to introduce what are known 
as “payment weighting factors”, (𝜃𝜃;𝜑𝜑),  to reduce the value of the utility functions 
according to the couple’s state of dependence:  

𝑈𝑈𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎 [(1 + 𝜉𝜉) ∙ 𝑏𝑏] = 𝑈𝑈𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎 [(1 + 𝜉𝜉) ∙ 𝑏𝑏] =
𝜃𝜃

1 − 𝛾𝛾
∙ �

(1 + 𝜉𝜉) ∙ 𝑏𝑏
𝜙𝜙

�
1−𝛾𝛾

 [26.] 
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Assuming symmetry in the state of dependence of both members of the couple: 

𝑈𝑈𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎 [(1 + 𝜉𝜉) ∙ 𝑏𝑏] = 𝑈𝑈𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎 [(1 + 𝜉𝜉) ∙ 𝑏𝑏] =
𝜃𝜃 ∙

1 − 𝛾𝛾
∙ �

(1 + 𝜉𝜉) ∙ 𝑏𝑏
𝜙𝜙

�
1−𝛾𝛾

 [27.] 

In the case that both members require LTC services:  

𝑈𝑈𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎 [(1 + 𝜉𝜉′) ∙ 𝑏𝑏] =

𝜑𝜑
1 − 𝛾𝛾

∙ �
(1 + 𝜉𝜉′) ∙ 𝑏𝑏

𝜙𝜙
�
1−𝛾𝛾

 [28.] 

where the relationships between payment weighting factors are 1 > 𝜃𝜃 ≥  𝜑𝜑 > 0 if 𝛾𝛾 ∈
(0,1], in which case the utility function is positive, and 1 < 𝜃𝜃 ≤  𝜑𝜑 if 𝛾𝛾 > 1, in which 
case the utility function is negative (Chen et al., 2021a)14. 
If we consider the states in which only one member of the couple is alive, 
{𝑚𝑚𝑓𝑓,𝑓𝑓𝑚𝑚,𝑑𝑑𝑓𝑓, 𝑓𝑓𝑑𝑑}, with 𝜙𝜙 = 1, the payment weighting factors being 𝑘𝑘𝑥𝑥 ∈ (0,1) and 𝑘𝑘𝑦𝑦 ∈
(0,1) for the primary annuitant and co-annuitant respectively, and under the assumption 
that the enhanced benefits should compensate for the loss of utility in the states of 
dependence, it is reasonable to assume that: 

𝑈𝑈𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎 [𝑏𝑏 ∙ (1 + 𝜉𝜉)] = 𝑈𝑈𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎 [𝑏𝑏 ∙ (1 + 𝜉𝜉)] ≥ 𝑈𝑈𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎 [𝑏𝑏] [29.] 

  
𝑈𝑈𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎 [𝑏𝑏 ∙ (1 + 𝜉𝜉′)] ≥ 𝑈𝑈𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎 [𝑏𝑏 ∙ (1 + 𝜉𝜉)] [30.] 
  

𝑈𝑈𝑦𝑦|𝑥𝑥
   𝑎𝑎 [𝑏𝑏′ ∙ (1 + 𝜉𝜉)] ≥ 𝑈𝑈𝑦𝑦|𝑥𝑥

   𝑎𝑎 [𝑏𝑏′] [31.] 
  

𝑈𝑈𝑥𝑥|𝑦𝑦
    𝑎𝑎[𝑏𝑏′′ ∙ (1 + 𝜉𝜉)] ≥ 𝑈𝑈𝑥𝑥|𝑦𝑦

    𝑎𝑎[𝑏𝑏′′] [32.] 
 

Based on the power utility functions described above, we can find the 𝑄𝑄∗ that fulfils [10.]: 

𝔼𝔼�𝑈𝑈𝑥𝑥:𝑦𝑦
𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿1� = 𝑄𝑄1−𝛾𝛾 ∙ 𝔼𝔼�𝑈𝑈𝑥𝑥:𝑦𝑦

𝐽𝐽𝐿𝐿 � [33.] 

𝑄𝑄∗ = �
𝔼𝔼�𝑈𝑈𝑥𝑥:𝑦𝑦

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿1�
𝔼𝔼�𝑈𝑈𝑥𝑥:𝑦𝑦

𝐽𝐽𝐿𝐿 �
�

1
1−𝛾𝛾

= �
𝑁𝑁𝑁𝑁𝑚𝑚𝑎𝑎𝑤𝑤𝑚𝑚𝑏𝑏𝑏𝑏𝑤𝑤
𝐷𝐷𝑎𝑎𝑎𝑎𝑏𝑏𝑚𝑚𝑖𝑖𝑎𝑎𝑚𝑚𝑏𝑏𝑏𝑏𝑤𝑤

�
1

1−𝛾𝛾
 [34.] 

where, in the case of utility functions [25.] to [28.], we get 
𝑁𝑁𝑁𝑁𝑚𝑚𝑎𝑎𝑤𝑤𝑚𝑚𝑏𝑏𝑏𝑏𝑤𝑤 

[35.] 

= 

�
𝑏𝑏
𝜙𝜙
�
1−𝛾𝛾

∙ � ä𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎

𝜌𝜌
𝛼𝛼 + 𝜃𝜃 ∙ �(1 + 𝜉𝜉)�1−𝛾𝛾 ∙ � 𝐴𝐴𝑥𝑥:𝑦𝑦

 𝑎𝑎𝑎𝑎 
𝜌𝜌
𝛼𝛼 + 𝐴𝐴𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎
𝜌𝜌
𝛼𝛼 � + 𝜑𝜑 ∙ �(1 + 𝜉𝜉′)�

1−𝛾𝛾
∙ 𝐴𝐴𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎
𝜌𝜌
𝛼𝛼 � 

+ 
ä𝑦𝑦|𝑥𝑥

    𝑎𝑎 +𝜌𝜌
𝛼𝛼  𝑘𝑘𝑥𝑥 ∙ �(1 + 𝜉𝜉) ∙ 𝑏𝑏′�1−𝛾𝛾 ∙ 𝐴𝐴𝑦𝑦|𝑥𝑥

    𝑎𝑎
𝜌𝜌
𝛼𝛼  

+ 
 ä𝑥𝑥|𝑦𝑦

    𝑎𝑎
𝜌𝜌
𝛼𝛼 + 𝑘𝑘𝑦𝑦 ∙ �(1 + 𝜉𝜉) ∙ 𝑏𝑏′′�1−𝛾𝛾 ∙ 𝐴𝐴𝑥𝑥|𝑦𝑦

    𝑎𝑎
𝜌𝜌
𝛼𝛼  

and 
𝐷𝐷𝑎𝑎𝑎𝑎𝑏𝑏𝑚𝑚𝑖𝑖𝑎𝑎𝑚𝑚𝑏𝑏𝑏𝑏𝑤𝑤 

[36.] = 

                                                            
14 Alternative expressions to [26.], [27.] and [28.] can be found in Chen et al. (2021b), where the two 
payment weighting factors fulfil the relationship 0 < 𝜑𝜑 ≤  𝜃𝜃 < 1. 



18 

 

�
𝑏𝑏
𝜙𝜙
�
1−𝛾𝛾

∙ � ä𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎

𝜌𝜌
𝛼𝛼 + 𝜃𝜃 ∙ � 𝐴𝐴𝑥𝑥:𝑦𝑦

 𝑎𝑎𝑎𝑎 
𝜌𝜌
𝛼𝛼 + 𝐴𝐴𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎
𝜌𝜌
𝛼𝛼 � + 𝜑𝜑 ∙ 𝐴𝐴𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎
𝜌𝜌
𝛼𝛼 � 

+ 
ä𝑦𝑦|𝑥𝑥

    𝑎𝑎 +𝜌𝜌
𝛼𝛼  𝑘𝑘𝑥𝑥 ∙ (𝑏𝑏′)1−𝛾𝛾 ∙ 𝐴𝐴𝑦𝑦|𝑥𝑥

    𝑎𝑎
𝜌𝜌
𝛼𝛼 + ä𝑥𝑥|𝑦𝑦

    𝑎𝑎
𝜌𝜌
𝛼𝛼 + 𝑘𝑘𝑦𝑦 ∙ (𝑏𝑏′′)1−𝛾𝛾 ∙ 𝐴𝐴𝑥𝑥|𝑦𝑦

    𝑎𝑎
𝜌𝜌
𝛼𝛼  

Given the decision rule established in [24.], the couple’s willingness to buy (choose) an 
LCAc1 depends on several parameters, the most important being risk aversion, transition 
probabilities, the design of the uplifts, the indexation rule for benefits in payment, the rate 
of time preference, the technical interest rate and the value of the payment weighting 
factors. 

4.- Numerical illustration. 
This section shows the results obtained for a numerical example representative of the 
model developed in the previous section for valuing a notional LCA for couples and also 
analyses their willingness to purchase it. We present this to give readers a clearer idea of 
how we assess the cost of adding an extra stream of payments to annuities for couples 
should either or both of them come to require LTC, subject to a predefined structure of 
uplifts. An additional purpose of this section is to convey an idea of how variable the 
results can be depending on the type of LCA for couples used, the rule of indexation 
applied, the uplift structure chosen and the initial health state of the couple. We also 
explore the couple’s willingness to purchase (accept) an LCAc1. 

4.1.-Basic assumptions and data description. 

We use data for Australia (Hariyanto et al., 2014a and 2014b). However, the exercise 
should be viewed simply as an illustration for policymakers because the structure of the 
uplifts and decreases, the rate used for discounting pension wealth and the way we use all 
the other parameters are fairly arbitrary. We also want to make it clear in this section that 
the results can vary greatly depending on the set of assumptions used.  
In practice, people are categorized into several levels of dependence according to their 
inability to perform a given number of ADLs and IADLs. The data we use can be 
considered quite realistic, since Hariyanto et al. (2014a, 2014b) provide five health states 
for each sex: one healthy and four dependent on care (with core activity limitation in their 
terminology). In state 𝑚𝑚, the individual is able or active with no activity limitation. 
The four levels of core activity limitation are determined based on whether a person needs 
help, has difficulty or uses aids or equipment with any of the core activities 
(communication, mobility and self-care). A person's overall level of core activity 
limitation is determined by their highest level of limitation in these activities. 

In state 𝑑𝑑1, the individual has mild limitations. In state 𝑑𝑑2, the individual has moderate 
limitations. They need no help but have difficulty with a core activity task. In state 𝑑𝑑3, 
the individual has severe limitations. In state 𝑑𝑑4, the individual has profound limitations. 
They are unable to do, or always need help with, a core activity task. The data source 
gives no information about transitions between care received at home and care received 
in institutions. 
Tables 2 and 3 show life expectancy in years at age 67 and the percentage of that life 
expectancy likely to be spent in each of the above states for males and females 
respectively. The results show clear differences in mortality by sex and health state and 
contain no surprises. 
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The gender gap in life expectancy at age 67 is 3.25 years for the healthy group, while for 
the dependent persons, females outlive males by between 3.17 and 3.72 years. 

Table 2: Life expectancy in years at age 67 and percentage of life 
expectancy likely to be spent in each of the states (males). 

States 𝒂𝒂 𝒂𝒂𝟏𝟏 𝒂𝒂𝟐𝟐 𝒂𝒂𝟑𝟑 𝒂𝒂𝟒𝟒 Total 

𝒂𝒂 9.19 2.80 1.28 0.91 1.93 16.12 
57.02% 17.39% 7.95% 5.66% 11.97% 100% 

𝒂𝒂𝟏𝟏 5.35 6.15 1.42 0.99 2.03 15.94 
33.55% 38.56% 8.91% 6.24% 12.74% 100% 

𝒂𝒂𝟐𝟐 2.64 4.07 5.29 1.18 2.27 15.44 
17.07% 26.33% 34.29% 7.63% 14.68% 100% 

𝒂𝒂𝟑𝟑 0.86 1.60 2.55 5.27 2.14 12.42 
6.93% 12.88% 20.52% 42.41% 17.26% 100% 

𝒂𝒂𝟒𝟒 0.25 0.52 0.91 2.33 5.18 9.19 
2.67% 5.68% 9.86% 25.37% 56.42% 100% 

Source: Own based on data from Hariyanto et al. (2014a, 2014b) 
NB: The totals will not necessarily equal the sums of the rounded components 

As can be calculated by moving across the top line in Table 2, healthy males at age 67 
will average 6.93 years of activity limitation over the rest of their lives, i.e. 42.98% of 
their remaining life expectancy (16.12 years) is expected to be spent in some state of 
dependence. For healthy females, 9.13 years will be spent in states with some type of 
activity limitation, i.e. 47.14% of their remaining life expectancy (19.37 years) is 
expected to be spent in some state of dependence (Table 3). 

Table 3: Life expectancy in years at age 67 and percentage of life 
expectancy likely to be spent in each of the states (females). 

States 𝒂𝒂 𝒂𝒂𝟏𝟏 𝒂𝒂𝟐𝟐 𝒂𝒂𝟑𝟑 𝒂𝒂𝟒𝟒 Total 

𝒂𝒂 10.24 2.13 1.56 1.43 4.01 19.37 
52.86% 11.01% 8.06% 7.37% 20.71% 100% 

𝒂𝒂𝟏𝟏 5.77 5.81 1.76 1.56 4.20 19.11 
30.18% 30.43% 9.22% 8.19% 21.99% 100% 

𝒂𝒂𝟐𝟐 2.77 3.83 5.55 1.86 4.58 18.58 
14.90% 20.61% 29.84% 10.01% 24.64% 100% 

𝒂𝒂𝟑𝟑 0.93 1.57 2.74 5.92 4.57 15.72 
5.89% 9.96% 17.42% 37.67% 29.07% 100% 

𝒂𝒂𝟒𝟒 0.27 0.54 1.04 3.01 8.05 12.91 
2.08% 4.18% 8.04% 23.29% 62.40% 100% 

Source: Own based on data from Hariyanto et al. (2014a, 2014b) 
NB: The totals will not necessarily equal the sums of the rounded components 

Level-4 dependent males aged 67 will average 8.94 years of activity limitation over the 
rest of their lives, i.e. 97.33% of their remaining life expectancy (9.19 years) is expected 
to be spent in some state of dependence. It is estimated that this group of annuitants will 
spend 56.42% of their remaining life expectancy in the same state of disability (Table 2). 
For dependent females, 12.64 years will be spent in states with some type of activity 
limitation, i.e. 97.92% of their remaining life expectancy (12.91 years) is projected to be 
spent in some state of dependence. It is expected that those with level-4 dependence at 
age 67 will spend 62.40% of their remaining life expectancy in the most severe state of 
disability (Table 3). 
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For the age range as a whole, the time expected to be spent in any state of dependence is 
higher for females than for males, and this is true irrespective of the initial health state. 
Such a pattern is indicative of the so-called “male-female health-survival paradox”, a 
phenomenon seen in developed countries in which women experience greater longevity 
but higher rates of disability and poor health than men (Nusselder et al., 2019; Nielsen et 
al., 2021) 
From a demographic point of view, the data obtained from Hariyanto et al. (2014a, 2014b) 
are coherent because life expectancy decreases when an individual’s disability state 
worsens. A study performed using Japanese data shows the same pattern (Tanaka, 2016). 
It is assumed that coordinated retirement behaviour exists within the couple. According 
to Michaud et al. (2020), there is clear evidence that retirement decisions within couples 
are interdependent, with a significant proportion of spouses retiring at approximately the 
same time irrespective of their age difference (“joint retirement”). Joint retirement 
decisions depend on several factors, such as pension system incentives, each spouse’s 
level of income and wealth, age differences between couples, the preference for spending 
leisure time together, health and possible roles in caring for other dependents (Cetin, 
2021).  
The couples we form are defined by age, gender and health state. For a set of couples 
where we list a variety of different initial ages for the annuitant (male) and the co-
annuitant (female), Table 4 sets out the average time in years and percentages that the 
couple is likely to spend in each of the states before the death of the second life.  

Table 4: The average time in years (𝒆𝒆𝒙𝒙:𝒚𝒚�����
𝟏𝟏 ) and percentages that a couple is likely to 

spend in each of the states before the death of the second member.  

Couple 
(𝒙𝒙,𝒚𝒚) 𝒆𝒆𝒙𝒙:𝒚𝒚�����

𝟏𝟏  

Joint life expectancy Survivor life expectancy 

Healthy Only one 
healthy Dependent Widower Widow 

𝑎𝑎𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎  𝑎𝑎𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎  𝑎𝑎𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎  𝑎𝑎𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎  𝑎𝑎𝑦𝑦|𝑥𝑥
    𝑎𝑎 𝑎𝑎𝑦𝑦|𝑥𝑥

    𝑎𝑎 𝑎𝑎𝑥𝑥|𝑦𝑦
𝑎𝑎  𝑎𝑎𝑥𝑥|𝑦𝑦

    𝑎𝑎 
(70,65) 22.84 5.43 1.66 2.88 2.22 0.54 1.30 3.08 5.72 

% 100 23.77 7.27 12.61 9.72 2.36 5.69 13.49 25.04 
(67,67) 22.42 5.86 2.35 2.41 2.46 0.98 2.06 1.97 4.32 

% 100 26.14 10.48 10.75 10.97 4.37 9.19 8.79 19.27 
(67,64) 24.17 6.35 2.11 2.90 2.43 0.73 1.60 2.75 5.30 

% 100 26.27 8.73 12.00 10.05 3.02 6.62 11.38 21.93 
(67,62) 25.48 6.65 1.96 3.23 2.37 0.59 1.33 3.37 5.99 

% 100 26.10 7.69 12.68 9.30 2.32 5.22 13.23 23.51 
(65,60) 27.31 7.54 2.17 3.49 2.47 0.61 1.35 3.55 6.15 

% 100 27.61 7.95 12.78 9.04 2.23 4.94 13.00 22.52 
Source: Own based on data from Hariyanto et al. (2014a, 2014b) 

NB: The totals will not necessarily equal the sums of the rounded components 

Table 4 also shows for these particular couples the expected years both spouses will be 
alive (joint life expectancy) and the expected years the surviving spouse will be a 
widow(er) (survivor life expectancy), broken down by health state. We calculate joint and 
survivor life expectancies from individual age-specific mortality rates but cannot take into 
account the correlation in mortality rates between husbands and wives. Evidence suggests 
that the age-specific mortality rates of married individuals are lower than those of 
unmarried individuals both because those that marry tend to be healthier and because 
marriage has protective effects (Compton & Pollak, 2021). Our calculations ignore these 
effects and assume that the age-specific mortality rates for individuals are independent of 
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their marital status. This assumption could over- or undervalue our estimation of (𝑎𝑎𝑥𝑥:𝑦𝑦�����
1 ), 

but this (small) error decreases when the age difference between spouses increases 
(Dufresne et al., 2018). Taking marital status and the protective effects of marriage into 
account when calculating joint and survivor life expectancies would require detailed 
longitudinal data on couples.  

For our benchmark couple, the male is 3 years older than the female on average  (𝑥𝑥 =
67,𝑦𝑦 = 64) and it is assumed that the annuitant (male) and the co-annuitant (female) are 
67 and 64 years old respectively and both are healthy (able) when they become 
beneficiaries. It can be seen that the expected length of time before the death of the second 
life is 24.17 years, this being the sum of the joint (the average time in years before the 
death of the first life) and survivor life expectancy, which are 13.79 and 10.38 years 
respectively. During this period only 6.35 years are expected to be spent with both lives 
in the healthy state, i.e. 26.27% of the expected time until the extinction of the couple. 
For this initially healthy couple, 14.34 years will be spent in states with some type of 
activity limitation (for at least one of them), i.e. 59.32% of their remaining life expectancy 
(24.17 years) is expected to be spent in some state of dependence. The expected length of 
time that both spouses will be alive and requiring LTC is 2.43 years, 10.05% of the 
average time in years before the death of the second life.  
As would be expected, the younger the couple, the lower the percentage of time they 
would likely spend in any situation of dependence. 
Given that the data used provide four states of dependence, the information we showed 
in Table 4 can be given in greater detail: 

Table 5: The average time in years (and percentages) that the couple will spend in 
situations of dependence when only one member is healthy, while both are alive 

(𝒆𝒆𝒙𝒙:𝒚𝒚
𝒂𝒂𝒂𝒂+𝒆𝒆𝒙𝒙:𝒚𝒚

𝒂𝒂𝒂𝒂 ) 
Couple 
(𝒙𝒙,𝒚𝒚) Total 

Annuitant  Co-annuitant  
𝑎𝑎𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎  𝑎𝑎𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎1 𝑎𝑎𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎2 𝑎𝑎𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎3 𝑎𝑎𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎4 𝑎𝑎𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎  𝑎𝑎𝑥𝑥:𝑦𝑦
𝑎𝑎1𝑎𝑎 𝑎𝑎𝑥𝑥:𝑦𝑦

𝑎𝑎2𝑎𝑎 𝑎𝑎𝑥𝑥:𝑦𝑦
𝑎𝑎3𝑎𝑎 𝑎𝑎𝑥𝑥:𝑦𝑦

𝑎𝑎4𝑎𝑎 
(70,65) 4.54 1.66 0.57 0.43 0.26 0.4 2.88 1.3 0.54 0.36 0.68 

% 100 36.56 12.56 9.47 5.73 8.81 63.44 28.63 11.89 7.93 14.98 
(67,67) 4.76 2.35 0.75 0.56 0.37 0.67 2.41 1.12 0.48 0.31 0.49 

% 100 49.37 15.76 11.76 7.77 14.08 50.63 23.53 10.08 6.51 10.29 
(67,64) 5.01 2.11 0.72 0.54 0.33 0.51 2.9 1.33 0.57 0.38 0.62 

% 100 42.12 14.37 10.78 6.59 10.18 57.88 26.55 11.38 7.58 12.38 
(67,62) 5.19 1.96 0.7 0.52 0.31 0.43 3.23 1.46 0.63 0.42 0.72 

% 100 37.76 13.49 10.02 5.97 8.29 62.24 28.13 12.14 8.09 13.87 
(65,60) 5.66 2.17 0.79 0.59 0.34 0.45 3.49 1.59 0.7 0.47 0.73 

% 100 38.34 13.96 10.42 6.01 7.95 61.66 28.09 12.37 8.30 12.90 
Source: Own based on data from Hariyanto et al. (2014a, 2014b) 

NB: The totals will not necessarily equal the sums of the rounded components 

As Table 5 shows, the number of expected years the couple is likely to spend with only 
one annuitant in an able state and the other in any of the dependence states can be broken 
down into eight possible outcomes. As will be seen later, it is important to detail these 
because each outcome could involve a different level of benefit for the couple.     
As regards our benchmark couple indicated by the shaded cells, for 42.12% of the 
expected time they are likely to spend in the situation shown in Table 5 the annuitant will 
be active (2.11 years) and for 57.88% of the time the co-annuitant will also be active (2.9 
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years). These figures naturally very much depend on the characteristics of the couple (the 
combination of gender and age). 
Table 6 breaks down into sixteen possible states the average time in years that the couple 
is likely to spend with both spouses being care-dependent. The shaded cells correspond 
to the benchmark couple. 

 Table 6: The average time in years that the couple will spend with both partners 
requiring LTC services (𝒆𝒆𝒙𝒙:𝒚𝒚

𝒂𝒂𝒂𝒂 ) 
Couple 
(𝒙𝒙,𝒚𝒚) 

𝑎𝑎𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎  𝑎𝑎𝑥𝑥:𝑦𝑦

𝑎𝑎1𝑎𝑎1 𝑎𝑎𝑥𝑥:𝑦𝑦
𝑎𝑎1𝑎𝑎2 𝑎𝑎𝑥𝑥:𝑦𝑦

𝑎𝑎1𝑎𝑎3 𝑎𝑎𝑥𝑥:𝑦𝑦
𝑎𝑎1𝑎𝑎4 𝑎𝑎𝑥𝑥:𝑦𝑦

𝑎𝑎2𝑎𝑎1 𝑎𝑎𝑥𝑥:𝑦𝑦
𝑎𝑎2𝑎𝑎2 𝑎𝑎𝑥𝑥:𝑦𝑦

𝑎𝑎2𝑎𝑎3 𝑎𝑎𝑥𝑥:𝑦𝑦
𝑎𝑎2𝑎𝑎4 

(70,65) 2.22 0.26 0.19 0.14 0.26 0.12 0.09 0.07 0.13 
(67,67) 2.46 0.27 0.20 0.16 0.37 0.12 0.09 0.08 0.18 
(67,64) 2.43 0.28 0.21 0.16 0.30 0.13 0.10 0.07 0.15 
(67,62) 2.37 0.29 0.22 0.15 0.26 0.13 0.10 0.07 0.13 
(65,60) 2.47 0.31 0.23 0.16 0.26 0.14 0.11 0.08 0.13 
Couple 
(x.y) 𝑎𝑎𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎  𝑎𝑎𝑥𝑥:𝑦𝑦
𝑎𝑎3𝑎𝑎1 𝑎𝑎𝑥𝑥:𝑦𝑦

𝑎𝑎3𝑎𝑎2 𝑎𝑎𝑥𝑥:𝑦𝑦
𝑎𝑎3𝑎𝑎3 𝑎𝑎𝑥𝑥:𝑦𝑦

𝑎𝑎3𝑎𝑎4 𝑎𝑎𝑥𝑥:𝑦𝑦
𝑎𝑎4𝑎𝑎1 𝑎𝑎𝑥𝑥:𝑦𝑦

𝑎𝑎4𝑎𝑎2 𝑎𝑎𝑥𝑥:𝑦𝑦
𝑎𝑎4𝑎𝑎3 𝑎𝑎𝑥𝑥:𝑦𝑦

𝑎𝑎4𝑎𝑎4 

(70,65) 2.22 0.08 0.06 0.05 0.10 0.18 0.13 0.11 0.26 
(67,67) 2.46 0.08 0.06 0.05 0.13 0.15 0.11 0.11 0.30 
(67,64) 2.43 0.09 0.07 0.05 0.11 0.18 0.13 0.12 0.27 
(67,62) 2.37 0.09 0.07 0.05 0.10 0.19 0.14 0.12 0.25 
(65,60) 2.47 0.10 0.08 0.06 0.10 0.19 0.15 0.12 0.25 

Source: Own based on data from Hariyanto et al. (2014a, 2014b) 
NB: The totals will not necessarily equal the sums of the rounded components 

Table 7 breaks down into eight possible states the average time in years (and its 
percentage as a proportion of the total years) that the couple is likely to spend with only 
one annuitant alive and also care-dependent. The shaded cells correspond to the 
benchmark couple. 

Table 7: The average time in years (and percentage) that the couple will spend with only 
one member alive and requiring LTC services (𝒆𝒆𝒚𝒚|𝒙𝒙

    𝒂𝒂;  𝒆𝒆𝒙𝒙|𝒚𝒚
    𝒂𝒂) 

Couple 
(𝒙𝒙,𝒚𝒚) Total 

Annuitant  Co-annuitant  
𝑎𝑎𝑦𝑦|𝑥𝑥

    𝑎𝑎 𝑎𝑎𝑦𝑦|𝑥𝑥
    𝑎𝑎1 𝑎𝑎𝑦𝑦|𝑥𝑥

    𝑎𝑎2 𝑎𝑎𝑦𝑦|𝑥𝑥
    𝑎𝑎3 𝑎𝑎𝑦𝑦|𝑥𝑥

    𝑎𝑎4 𝑎𝑎𝑥𝑥|𝑦𝑦
    𝑎𝑎 𝑎𝑎𝑥𝑥|𝑦𝑦

    𝑎𝑎1 𝑎𝑎𝑥𝑥|𝑦𝑦
    𝑎𝑎2 𝑎𝑎𝑥𝑥|𝑦𝑦

    𝑎𝑎3 𝑎𝑎𝑥𝑥|𝑦𝑦
    𝑎𝑎4 

(70,65) 7.02 1.3 0.41 0.21 0.17 0.51 5.72 1.1 0.8 0.89 2.93 
% 100 18.52 5.84 2.99 2.42 7.26 81.48 15.67 11.40 12.68 41.74 

(67,67) 6.38 2.06 0.68 0.34 0.27 0.77 4.32 0.76 0.54 0.65 2.37 
% 100 32.29 10.66 5.33 4.23 12.07 67.71 11.91 8.46 10.19 37.15 

(67,64) 6.9 1.6 0.52 0.26 0.21 0.61 5.3 1 0.73 0.82 2.75 
% 100 23.19 7.54 3.77 3.04 8.84 76.81 14.49 10.58 11.88 39.86 

(67,62) 7.32 1.33 0.43 0.22 0.18 0.51 5.99 1.19 0.87 0.94 2.98 
% 100 18.17 5.87 3.01 2.46 6.97 81.83 16.26 11.89 12.84 40.71 

(65,60) 7.5 1.35 0.43 0.22 0.18 0.51 6.15 1.24 0.91 0.97 3.01 
% 100 18.00 5.73 2.93 2.40 6.80 82.00 16.53 12.13 12.93 40.13 

Source: Own based on data from Hariyanto et al. (2014a, 2014b) 
NB: The totals will not necessarily equal the sums of the rounded components 

Regarding our benchmark couple, for 23.12% of the expected time they are likely to 
spend in the situation described in Table 7 the annuitant (male) will be care-dependent in 
the several states (1.6 years) and for 76.81% of the expected time the co-annuitant 
(female) will be care-dependent (5.3 years). Depending on the couple chosen, the co-
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annuitant (female) will likely spend between 67.71% and 82% of the time in the situation 
described in Table 7. 
Tables 4 to 7 clearly illustrate this statement from Tennyson et al. (2021): “The cost of 
buying LTCI is typically borne by both spouses, but the benefits of LTCI go 
disproportionately to women, who are more likely to need LTC for themselves and to 
benefit from the asset protection and other support LTCI offers in the event their husband 
needs care”….. 
The importance of reporting the data shown in Tables 4 to 7 is twofold. First, it makes 
the computation of the actuarial factors transparent, and these explicit demographic data 
are very difficult to find in the specialized literature on LCAs. And second, these data 
provide very useful information to help the couple understand the need to be protected 
against the cost of LTC services. As we saw in Table 4, the data tell us that couples will 
spend an average of between 13.6 and 15.6 years with at least one member being care-
dependent. In other words, between 57.3% and 60.7% of the couple’s life expectancy 
before the death of the second life (𝑎𝑎𝑥𝑥:𝑦𝑦�����

1 ) will be spent in states of dependence.  

In the data from Hariyanto et al. (2014a, 2014b), it is assumed that an individual in any 
state of core activity limitation can only improve by one category over a one-year period, 
if and only if they survive the year and do not then deteriorate to a more severe state of 
dependence. 
Table 8 shows the increases and decreases to be applied depending on the annuitant’s 
transitions between the various states. The diagonal of the matrix embedded in Table 8 
shows a zero value because it denotes where the individual’s health state remains 
unchanged. To give an example of a possible transition, when an active (healthy) person 
becomes dependent at level 3 (𝑚𝑚,𝑑𝑑4), the amount of the annuity doubles, given that  𝜉𝜉𝑎𝑎4 =
1.  

Table 8: The increases and decreases to be applied depending on the annuitant’s transitions 
between the various states. 

Starting state, 𝑖𝑖 Ending state, 𝑗𝑗 
𝒂𝒂 𝒂𝒂𝟏𝟏 𝒂𝒂𝟐𝟐 𝒂𝒂𝟑𝟑 𝒂𝒂𝟒𝟒 

 𝒂𝒂 0.000 0.250 0.500 0.750 1.000 
𝒂𝒂𝟏𝟏 -0.200 0.000 0.200 0.400 0.600 
𝒂𝒂𝟐𝟐  -0.167 0.000 0.167 0.333 
 𝒂𝒂𝟑𝟑   -0.143 0.000 0.143 
 𝒂𝒂𝟒𝟒    -0.125 0.000 

Source: Own 

The darker grey cells show where this transition is not possible. For example, a level-4 
dependent cannot become able within a one-year period, i.e. (𝑑𝑑4,𝑚𝑚) is not a possible 
transition.   
. 
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Table 9: The increases and decreases to be applied depending on the couple’s transitions between the various states: LCAc1 (I) 

Starting state, 𝒊𝒊 
Ending state, 𝒋𝒋 

aa ad1 ad2 ad3 ad4 d1a d2a d3a d4a d1d1 d1d2 d1d3 d1d4 d2d1 d2d2 d2d3 d2d4 
aa 0.000 0.125 0.250 0.375 0.500 0.125 0.250 0.375 0.500 0.250 0.375 0.500 0.625 0.375 0.500 0.625 0.750 
ad1 -0.111 0.000 0.111 0.222 0.333 0.000 0.111 0.222 0.333 0.111 0.222 0.333 0.444 0.222 0.333 0.444 0.556 
ad2  -0.100 0.000 0.100 0.200 -0.100  0.100 0.200 0.000 0.100 0.200 0.300 0.100 0.200 0.300 0.400 
ad3   -0.091 0.000 0.091      0.000 0.091 0.182  0.091 0.182 0.273 
ad4    -0.083 0.000           0.083 0.167 
d1a -0.111 0.000 0.111 0.222 0.333 0.000 0.111 0.222 0.333 0.111 0.222 0.333 0.444 0.222 0.333 0.444 0.556 
d2a      -0.100 0.000 0.100 0.200 0.000 0.100 0.200 0.300 0.100 0.200 0.300 0.400 
d3a       -0.091 0.000 0.091     0.000 0.091 0.182 0.273 
d4a        -0.083 0.000         
d1d1 -0.200 -0.100 0.000 0.100 0.200 -0.100 0.000 0.100 0.200 0.000 0.100 0.200 0.300 0.100 0.200 0.300 0.400 
d1d2  -0.182 -0.091 0.000 0.091     -0.091 0.000 0.091 0.182 0.000 0.091 0.182 0.273 

d1d3   -0.167 -0.083 0.000      -0.083 0.000 0.083  0.000 0.083 0.167 

d1d4    -0.154 -0.077       -0.077 0.000   0.000 0.077 

d2d1       -0.091 0.000 0.091     0.000 0.091 0.182 0.273 
d2d2          -0.167 -0.083 0.000 0.083 -0.083 0.000 0.083 0.167 
d2d3           -0.154 -0.077 0.000  -0.077 0.000 0.077 
d2d4            -0.143 -0.071   -0.071 0.000 

Source: Own 
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Table 9 (continued): The increases and decreases to be applied depending on the couple’s transitions between the various states: LCAc1 (II) 

Starting state, 𝒊𝒊 
Ending state, 𝒋𝒋 

d3d1 d3d2 d3d3 d3d4 d4d1 d4d2 d4d3 d4d4 af fa d1f d2f d3f d4f fd1 fd2 fd3 fd4 

aa 0.500 0.625 0.750 0.875 0.625 0.750 0.875 1.000 -0.500 -0.500 -0.375 -0.250 -0.125 0.000 -0.375 -0.250 -0.125 0.000 

ad1 0.333 0.444 0.556 0.667 0.444 0.556 0.667 0.778 -0.556 -0.556 -0.444 -0.333 -0.222 -0.111 -0.444 -0.333 -0.222 -0.111 

ad2 0.200 0.300 0.400 0.500 0.300 0.400 0.500 0.600 -0.600  -0.500 -0.400 -0.300 -0.200 -0.500 -0.400 -0.300 -0.200 

ad3  0.182 0.273 0.364  0.273 0.364 0.455 -0.636 -0.636 -0.545 -0.455 -0.364 -0.273 -0.545 -0.455 -0.364 -0.273 

ad4   0.167 0.250   0.250 0.333 -0.667  -0.583 -0.500 -0.417 -0.333   -0.417 -0.333 

d1a 0.333 0.444 0.556 0.667 0.444 0.556 0.667 0.778 -0.556 -0.556 -0.444 -0.333 -0.222 -0.111 -0.444 -0.333 -0.222 -0.111 

d2a 0.200 0.300 0.400 0.500 0.300 0.400 0.500 0.600  -0.600 -0.500 -0.400 -0.300 -0.200 -0.500 -0.400 -0.300 -0.200 

d3a 0.091 0.182 0.273 0.364 0.182 0.273 0.364 0.455  -0.636  -0.455 -0.364 -0.273 -0.545 -0.455 -0.364 -0.273 

d4a 0.000 0.083 0.167 0.250 0.083 0.167 0.250 0.333  -0.667   -0.417 -0.333 -0.583 -0.500 -0.417 -0.333 

d1d1 0.200 0.300 0.400 0.500 0.300 0.400 0.500 0.600 -0.600 -0.600 -0.500 -0.400 -0.300 -0.200 -0.500 -0.400 -0.300 -0.200 

d1d2 0.091 0.182 0.273 0.364 0.182 0.273 0.364 0.455 -0.636  -0.545 -0.455 -0.364 -0.273 -0.545 -0.455 -0.364 -0.273 

d1d3  0.083 0.167 0.250  0.167 0.250 0.333 -0.667  -0.583 -0.500 -0.417 -0.333  -0.500 -0.417 -0.333 

d1d4   0.077 0.154   0.154 0.231 -0.692  -0.615 -0.538 -0.462 -0.385   -0.462 -0.385 

d2d1 0.091 0.182 0.273 0.364 0.182 0.273 0.364 0.455  -0.636  -0.455 -0.364 -0.273 -0.545 -0.455 -0.364 -0.273 

d2d2 0.000 0.083 0.167 0.250 0.083 0.167 0.250 0.333   -0.583 -0.500 -0.417 -0.333 -0.583 -0.500 -0.417 -0.333 

d2d3  0.000 0.077 0.154  0.077 0.154 0.231   -0.615 -0.538 -0.462 -0.385  -0.538 -0.462 -0.385 

d2d4   0.000 0.071   0.071 0.143   -0.643 -0.571 -0.500 -0.429   -0.500 -0.429 

Source: Own 
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Table 9 (continued): The increases and decreases to be applied depending on the couple’s transitions between the various states: LCAc1 (III) 

Starting state, 𝒊𝒊 
Ending state, 𝒋𝒋 

aa ad1 ad2 ad3 ad4 d1a d2a d3a d4a d1d1 d1d2 d1d3 d1d4 d2d1 d2d2 d2d3 d2d4 
d3d1       -0.167 -0.083 0.000     -0.083 0.000 0.083 0.167 
d3d2              -0.154 -0.077 0.000 0.077 
d3d3               -0.143 -0.071 0.000 
d3d4                -0.133 -0.067 
d4d1        -0.154 -0.077         
d4d2                  
d4d3                  

d4d4                  

af                  

fa                  
d1f                  
d2f                  
d3f                  
d4f                  
fd1                  
fd2                  
fd3                  
fd4                  

Source: Own 
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Table 9 (continued): The increases and decreases to be applied depending on the couple’s transitions between the various states: LCAc1 (IV) 

Starting 
status, 𝒊𝒊 

Ending status, 𝒋𝒋 

d3d1 d3d2 d3d3 d3d4 d4d1 d4d2 d4d3 d4d4 af fa d1f d2f d3f d4f fd1 fd2 fd3 fd4 

d3d1 0.000 0.083 0.167 0.250 0.083 0.167 0.250 0.333  -0.667  -0.500 -0.417 -0.333 -0.583 -0.500 -0.417 -0.333 

d3d2 -0.077 0.000 0.077 0.154 0.000 0.077 0.154 0.231    -0.538 -0.462 -0.385 -0.615 -0.538 -0.462 -0.385 

d3d3  -0.071 0.000 0.071  0.000 0.071 0.143    -0.571 -0.500 -0.429  -0.571 -0.500 -0.429 

d3d4   -0.067 0.000   0.000 0.067    -0.600 -0.533 -0.467   -0.533 -0.467 

d4d1 -0.077 0.000 0.077 0.154 0.000 0.077 0.154 0.231  -0.692   -0.462 -0.385 -0.615 -0.538 -0.462 -0.385 

d4d2 -0.143 -0.071 0.000 0.071 -0.071 0.000 0.071 0.143     -0.500 -0.429 -0.643 -0.571 -0.500 -0.429 

d4d3  -0.133 -0.067 0.000  -0.067 0.000 0.067     -0.533 -0.467  -0.600 -0.533 -0.467 

d4d4   -0.125 -0.063   -0.063 0.000     -0.563 -0.500   -0.563 -0.500 

af         0.000  0.250 0.500 0.750 1.000     

fa          0.000     0.250 0.500 0.750 1.000 

d1f         -0.200  0.000 0.200 0.400 0.600     

d2f           -0.167 0.000 0.167 0.333     

d3f            -0.143 0.000 0.143     

d4f             -0.125 0.000     

fd1          -0.200     0.000 0.200 0.400 0.600 

fd2               -0.167 0.000 0.167 0.333 

fd3                -0.143 0.000 0.143 

fd4                 -0.125 0.000 

Source: Own 



28 

 

Once the basic (arbitrary) uplifts have been chosen – meaning those transitions from the 
able state to any other that give coherence to the uplift structure – the rule for computing 
any one of the others (the transitions from any one dependent state to another in Table 8) 
can be expressed as 

𝜉𝜉𝑖𝑖𝑗𝑗 =
�1 + 𝜉𝜉𝑎𝑎𝑗𝑗�
(1 + 𝜉𝜉𝑎𝑎𝑖𝑖)

− 1;  𝑖𝑖 ∈ {1, 2,⋯ ,4}, 𝑗𝑗 ∈ {𝑚𝑚, 1,⋯ ,4}; 𝜉𝜉𝑖𝑖𝑖𝑖 = 0  [37.] 

To give another example, the amount of benefit is reduced by 14.3% when a level-3 
dependent makes a transition to level 2 (𝑑𝑑3,𝑑𝑑2), since 𝜉𝜉32 = (1+0.5)

(1+0.75)
− 1 = −0.143. 

Since this concerns a couple, the structure of uplifts and decreases needs to be combined 
for two annuitants. It is assumed that both partners receive the same amount of benefit. 
Table 9, which is divided into four parts, shows the increases and decreases applicable to 
the couple in the case of an LCAc1. The darker grey cells indicate where a transition is 
not possible. The other shaded cells indicate that there is no change in benefit because the 
ending state and the starting state are the same or because there is a compensation between 
the benefits of both annuitants. The cells with red print show that the transition involves 
a reduction in benefit, while the green print indicates that the transition involves an uplift. 
Like in the case of an individual but based on the benefits calculated for a healthy couple 
(first rows in Table 9, parts I and II), all the other increases and decreases to be applied 
are determined by carrying out a comparison with the benefits assigned to each state 
(𝐵𝐵𝑖𝑖;  𝐵𝐵𝑗𝑗): 

𝜉𝜉𝑖𝑖𝑗𝑗∗ =
�𝐵𝐵𝑗𝑗�
(𝐵𝐵𝑖𝑖)

− 1; 𝑗𝑗 ∈ {𝑚𝑚𝑑𝑑1,𝑚𝑚𝑑𝑑2,⋯ ,𝑓𝑓𝑑𝑑4}, 𝑖𝑖 ∈ {𝑚𝑚𝑚𝑚, 𝑚𝑚𝑑𝑑1,⋯ ,𝑓𝑓𝑑𝑑4};𝐵𝐵𝑖𝑖𝑖𝑖 = 0  [38.] 

For example, the amount of benefit is increased by 33.3% when a couple in state (𝑚𝑚𝑑𝑑1), 
makes a transition to state (𝑑𝑑1𝑑𝑑3), since 𝜉𝜉𝑎𝑎𝑎𝑎1,𝑎𝑎1𝑎𝑎3 = 3

2.25
− 1 = 0.333. The transition 

from state (𝑑𝑑3𝑚𝑚) to state (𝑓𝑓𝑚𝑚) means that the previous amount of benefit is reduced by 
63.63% (𝜉𝜉𝑎𝑎3𝑎𝑎,𝑎𝑎𝑎𝑎

∗ = 1
2.75

− 1 = −0.6363). 

In principle, given the initial assumption about the couple’s health state (able), only the 
first row (Table 9, parts I and II) is used for computing the conversion factor (and the 
initial retirement benefit). As we will see later, a different row would need to be used if 
the assumption about the couple’s health were to change. 
From a social insurance perspective, if we were to put this proposal into practice, the 
design structure of the uplifts would be a key element of the system. A large uplift would 
mean a big increase in the contribution rate to keep the pension system financially sound. 
A crucial step prior to establishing the uplift structure for a given country would be to 
calculate the average yearly cost of care according to the level of dependence and the type 
of care provided. 
The actuarial valuation is gender-based given that mortality and morbidity are provided 
for each sex. The financial factor used to discount pension wealth is �𝐴𝐴𝑘𝑘 = � 1

1.02
�
𝑘𝑘
�, which 

also means that the initial benefit remains constant over time in real terms (pensions in 
payment are indexed to prices).  
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Table 10 summarizes the main assumptions and parameter values and characterizes the 
baseline case. 

Table 10: The baseline case: main assumptions and parameter values  

Notation Description Values/Source 

Biometric data 
Hariyanto et al. (2014a, 2014b). These data provide five 
health states for each gender: one healthy and four 
dependent 

Main assumptions 

Joint life care annuity with a last survivor payout rule 
(LCAc1) 
Both members of the couple are able (active) at the 
onset. 
Traditional cohabiting or married couple (male-
female). 
Gender-based actuarial valuation. 
Coordinated retirement behaviour within the couple. 
35 non-absorbing couple states (Table 9). 
Independence of risks, i.e. any possible correlation in 
mortality rates between husband and wife is ignored. 
All changes in the family state other than those driven 
by mortality and morbidity are ignored. 
We also ignore expenses and fees. 

(𝒙𝒙,𝒚𝒚) Benchmark couple Ages (67,64); we also consider the following couples: 
(70,67); (67,67); (67,62) and (65,60). 

𝝎𝝎,𝝎𝝎′ Maximum age of the 
annuitants 109 years 

𝑻𝑻 Maximum length of life 
(benchmark couple) 𝑚𝑚𝑚𝑚𝑥𝑥{𝜔𝜔 − 𝑥𝑥,𝜔𝜔′ − 𝑦𝑦}=45 years 

𝝃𝝃𝒊𝒊𝒋𝒋∗  Uplift structure 
Arbitrary; Table 9 compiled by combining the 
individual structure of increases and decreases (Table 
8) 

𝑭𝑭𝒃𝒃 Indexation rule 
The initial benefit remains constant over time in real 
terms, i.e. pensions in payment are indexed to prices; 
𝛼𝛼 = 0;  𝐺𝐺 = 0.02 ⇒ 𝐴𝐴𝑏𝑏 = 0.9804). 

𝜌𝜌 The subjective pure 
rate of time preference 𝐺𝐺 = 0.02 = 𝜌𝜌 

𝜸𝜸 Risk aversion 
coefficient 2 

𝒃𝒃 𝟐𝟐⁄  Consumption Consumption is equally shared between the partners 

𝝓𝝓 Scaling factor of 
consumption 

√2 when both members are alive, and 1 if only one of 
the members is alive 

𝜽𝜽;  𝝋𝝋 Payment weighting 
factors 

The values depend on the structure of uplifts and the 
risk aversion coefficient chosen 
Source: Own 

As mentioned earlier, the total consumption is normalized by the scaling factor (𝜙𝜙), which 
depends on family size 𝑎𝑎. For the numerical example, we apply the “square root 
equivalent scale” (OECD, 2008), which in our case is 𝜙𝜙 = √2 when both members are 
alive and 𝜙𝜙 = 1 if only one member is alive. Generally, for couples 𝜙𝜙 ∈ (1, 2), most 
authors use values of between 1.06 and 1.7. This specification assumes that consumption 
is equally shared between the partners, 𝑏𝑏 2⁄ , and that there is jointness in consumption 
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(Hubener et al., 2014). This is equivalent to the approach taken by Brown & Poterba 
(2000) under the assumption of equally weighted, identical subutility functions. 
Finally, the values of the payment weighting factors depend on the structure of uplifts and 
the risk aversion coefficient chosen. For the baseline scenario the values to use are the 
following: 

Items ad1 ad2 ad3 ad4 d1a d2a d3a d4a 
𝜃𝜃 1.1 1.2 1.3 1.4 1.1 1.2 1.3 1.4 

 
Items d1d1 d1d2 d1d3 d1d4 d2d1 d2d2 d2d3 d2d4 d3d1 d3d2 d3d3 d3d4 d4d1 d4d2 d4d3 d4d4 
𝜑𝜑 1.2 1.3 1.4 1.5 1.3 1.4 1.5 1.6 1.4 1.5 1.6 1.7 1.5 1.6 1.7 1.8 

4.2.-Results 
Table 11 below presents some selected values for the actuarial valuation of LCAc1 for 
the set of couples listed in the previous sub-section. 
Rows 1 and 2 for each couple show the values for the actuarial factors for an LCA for 
couples (LCAc1) and for a joint annuity with survivor payout rule (JAc1). The difference 
between the two is the higher value corresponding to the dependence states in the case of 
LTC coverage, i.e. being in any of these states means a higher cost for the insurer/sponsor. 
The higher the uplifts established, the greater the difference between the two actuarial 
factors. 

Table 11: Actuarial valuation of LCAc1: some selected values (basic assumptions) 
Couple 
(𝒙𝒙,𝒚𝒚) 

Actuarial  
factors Total R LTC 𝒙𝒙 𝒚𝒚 𝒙𝒙,𝒚𝒚 𝑪𝑪𝑪𝑪𝒕𝒕

𝑳𝑳𝑪𝑪𝑳𝑳𝑳𝑳𝟏𝟏 𝑩𝑩𝑪𝑪𝒕𝒕% 

(70,65) 
1.−𝐴𝐴𝐴𝐴70:65

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿1 35.18 11.74 23.44 7.62 10.31 5.51 
1.2747 21.55 2.-𝐴𝐴𝐴𝐴70:65

𝐽𝐽𝐿𝐿𝐿𝐿1 27.60 11.74 15.86 5.75 6.67 3.43 
3.−𝑑𝑑70,65𝐿𝐿𝑇𝑇𝐿𝐿𝐿𝐿𝐿𝐿1𝑡𝑡 135.13 49.02 56.87 29.24 

(67,67) 
1.−𝐴𝐴𝐴𝐴67:67

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿1 35.66 11.96 23.70 7.35 10.29 6.06 
1.2719 21.38 2.-𝐴𝐴𝐴𝐴67:67

𝐽𝐽𝐿𝐿𝐿𝐿1 28.04 11.96 16.07 5.44 6.88 3.76 
3.−𝑑𝑑6767𝐿𝐿𝑇𝑇𝐿𝐿𝐿𝐿𝐿𝐿1𝑡𝑡 134.34 45.44 57.51 31.39 

(67,64) 
1.−𝐴𝐴𝐴𝐴67:64

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿1 37.35 13.13 24.22 7.80 10.58 5.84 
1.2598 20.62 2.−𝐴𝐴𝐴𝐴67:64

𝐽𝐽𝐿𝐿𝐿𝐿1 29.65 13.13 16.51 5.87 7.00 3.65 
3.−𝑑𝑑6764𝐿𝐿𝑇𝑇𝐿𝐿𝐿𝐿𝐿𝐿1𝑡𝑡 125.76 44.69 53.29 27.78 

(67,62) 
1.−𝐴𝐴𝐴𝐴67:62

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿1 38.48 13.94 24.54 8.14 10.79 5.62 
1.2520 20.13 2.−𝐴𝐴𝐴𝐴67:62

𝐽𝐽𝐿𝐿𝐿𝐿1 30.73 13.94 16.80 6.18 7.09 3.52 
3.−𝑑𝑑6762𝐿𝐿𝑇𝑇𝐿𝐿𝐿𝐿𝐿𝐿1𝑡𝑡 120.54 44.35 50.89 25.29 

(65,60) 
1.−𝐴𝐴𝐴𝐴65:60

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿1 40.73 15.46 25.27 8.49 11.09 5.69 
1.2385 19.26 2.−𝐴𝐴𝐴𝐴65:60

𝐽𝐽𝐿𝐿𝐿𝐿1 32.89 15.46 17.43 6.48 7.36 3.59 
3.−𝑑𝑑6560𝐿𝐿𝑇𝑇𝐿𝐿𝐿𝐿𝐿𝐿1𝑡𝑡 112.78 41.95 47.63 23.20 

Source: Own. NB: The totals will not necessarily equal the sums of the rounded components 

Row 3 for each couple represents the actuarial cost of covering their LTC in each possible 
state of dependence as a proportion of the total costs of a classical joint annuity without 
LTC coverage, i.e. the higher the resulting values of 𝑑𝑑𝑥𝑥𝐿𝐿𝑇𝑇𝐿𝐿𝐿𝐿𝐿𝐿1𝑏𝑏, 𝑑𝑑𝑦𝑦𝐿𝐿𝑇𝑇𝐿𝐿𝐿𝐿𝐿𝐿1𝑏𝑏 and 
𝑑𝑑𝑥𝑥𝑦𝑦𝐿𝐿𝑇𝑇𝐿𝐿𝐿𝐿𝐿𝐿1𝑏𝑏, the lower the amount of the basic benefit for the LCAc1. As mentioned 
earlier, these values do not take uplifts into account, only biometric assumptions. 
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Table 12: The increases and decreases to be applied depending on the couple’s transitions between the various states: LCAc2 (I) 

Starting state, 𝒊𝒊 
Ending state, 𝒋𝒋 

aa ad1 ad2 ad3 ad4 d1a d2a d3a d4a d1d1 d1d2 d1d3 d1d4 d2d1 d2d2 d2d3 d2d4 
aa 0.000 0.000 0.000 0.000 0.000 0.250 0.500 0.750 1.000 0.250 0.250 0.250 0.250 0.500 0.500 0.500 0.500 
ad1 0.000 0.000 0.000 0.000 0.000 0.250 0.500 0.750 1.000 0.250 0.250 0.250 0.250 0.500 0.500 0.500 0.500 
ad2  0.000 0.000 0.000 0.000 0.250  0.750 1.000 0.250 0.250 0.250 0.250 0.500 0.500 0.500 0.500 
ad3   0.000 0.000 0.000      0.250 0.250 0.250 . 0.500 0.500 0.500 
ad4    0.000 0.000           0.500 0.500 
d1a -0.200 -0.200 -0.200 -0.200 -0.200 0.000 0.200 0.400 0.600 0.000 0.000 0.000 0.000 0.200 0.200 0.200 0.200 
d2a      -0.167 0.000 0.167 0.333 -0.167 -0.167 -0.167 -0.167 0.000 0.000 0.000 0.000 
d3a       -0.143 0.000 0.143     -0.143 -0.143 -0.143 -0.143 
d4a        -0.125 0.000         
d1d1 -0.200 -0.200 -0.200 -0.200 -0.200 0.000 0.200 0.400 0.600 0.000 0.000 0.000 0.000 0.200 0.200 0.200 0.200 
d1d2  -0.200 -0.200 -0.200 -0.200     0.000 0.000 0.000 0.000 0.200 0.200 0.200 0.200 

d1d3   -0.200 -0.200 -0.200      0.000 0.000 0.000  0.200 0.200 0.200 

d1d4    -0.200 -0.200       0.000 0.000   0.200 0.200 

d2d1       0.000 0.167 0.333     0.000 0.000 0.000 0.000 
d2d2          -0.167 -0.167 -0.167 -0.167 0.000 0.000 0.000 0.000 
d2d3           -0.167 -0.167 -0.167  0.000 0.000 0.000 
d2d4            -0.167 -0.167   0.000 0.000 

Source: Own 
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Table 12 (continued): The increases and decreases to be applied depending on the couple’s transitions between the various states: LCAc2 (II) 

Starting state, 𝒊𝒊 
Ending state, 𝒋𝒋 

d3d1 d3d2 d3d3 d3d4 d4d1 d4d2 d4d3 d4d4 af fa d1f d2f d3f d4f fd1 fd2 fd3 fd4 

aa 0.750 0.750 0.750 0.750 1.000 1.000 1.000 1.000 0.000 -0.500 0.250 0.500 0.750 1.000 -0.375 -0.250 -0.125 0.000 

ad1 0.750 0.750 0.750 0.750 1.000 1.000 1.000 1.000 0.000 -0.500 0.250 0.500 0.750 1.000 -0.375 -0.250 -0.125 0.000 

ad2 0.750 0.750 0.750 0.750 1.000 1.000 1.000 1.000 0.000  0.250 0.500 0.750 1.000 -0.375 -0.250 -0.125 0.000 

ad3  0.750 0.750 0.750  1.000 1.000 1.000 0.000 -0.500 0.250 0.500 0.750 1.000 -0.375 -0.250 -0.125 0.000 

ad4   0.750 0.750   1.000 1.000 0.000  0.250 0.500 0.750 1.000   -0.125 0.000 

d1a 0.400 0.400 0.400 0.400 0.600 0.600 0.600 0.600 -0.200 -0.600 0.000 0.200 0.400 0.600 -0.500 -0.400 -0.300 -0.200 

d2a 0.167 0.167 0.167 0.167 0.333 0.333 0.333 0.333  -0.667 -0.167 0.000 0.167 0.333 -0.583 -0.500 -0.417 -0.333 

d3a 0.000 0.000 0.000 0.000 0.143 0.143 0.143 0.143  -0.714  -0.143 0.000 0.143 -0.643 -0.571 -0.500 -0.429 

d4a -0.125 -0.125 -0.125 -0.125 0.000 0.000 0.000 0.000  -0.750   -0.125 0.000 -0.688 -0.625 -0.563 -0.500 

d1d1 0.400 0.400 0.400 0.400 0.600 0.600 0.600 0.600 -0.200 -0.600 0.000 0.200 0.400 0.600 -0.500 -0.400 -0.300 -0.200 

d1d2 0.400 0.400 0.400 0.400 0.600 0.600 0.600 0.600 -0.200  0.000 0.200 0.400 0.600 -0.500 -0.400 -0.300 -0.200 

d1d3  0.400 0.400 0.400  0.600 0.600 0.600 -0.200  0.000 0.200 0.400 0.600  -0.400 -0.300 -0.200 

d1d4   0.400 0.400   0.600 0.600 -0.200  0.000 0.200 0.400 0.600   -0.300 -0.200 

d2d1 0.167 0.167 0.167 0.167 0.333 0.333 0.333 0.333  -0.667  0.000 0.167 0.333 -0.583 -0.500 -0.417 -0.333 

d2d2 0.167 0.167 0.167 0.167 0.333 0.333 0.333 0.333   -0.167 0.000 0.167 0.333 -0.583 -0.500 -0.417 -0.333 

d2d3  0.167 0.167 0.167  0.333 0.333 0.333   -0.167 0.000 0.167 0.333  -0.500 -0.417 -0.333 

d2d4   0.167 0.167   0.333 0.333   -0.167 0.000 0.167 0.333   -0.417 -0.333 

Source: Own 
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Table 12 (continued): The increases and decreases to be applied depending on the couple’s transitions between the various states: LCAc2 (III) 

Starting state, 𝒊𝒊 
Ending state, 𝒋𝒋 

aa ad1 ad2 ad3 ad4 d1a d2a d3a d4a d1d1 d1d2 d1d3 d1d4 d2d1 d2d2 d2d3 d2d4 
d3d1       -0.143 0.000 0.143     -0.143 -0.143 -0.143 -0.143 
d3d2              -0.143 -0.143 -0.143 -0.143 
d3d3               -0.143 -0.143 -0.143 
d3d4                -0.143 -0.143 
d4d1        -0.125 0.000         
d4d2                  
d4d3                  

d4d4                  

af                  

fa                  
d1f                  
d2f                  
d3f                  
d4f                  
fd1                  
fd2                  
fd3                  
fd4                  

Source: Own 

 
 



34 

 

Table 12 (continued): The increases and decreases to be applied depending on the couple’s transitions between the various states: LCAc2 (IV) 

Starting 
state, 𝒊𝒊 

Ending state, 𝒋𝒋 
d3d1 d3d2 d3d3 d3d4 d4d1 d4d2 d4d3 d4d4 af fa d1f d2f d3f d4f fd1 fd2 fd3 fd4 

d3d1 0.000 0.000 0.000 0.000 0.143 0.143 0.143 0.143  -0.714  -0.143 0.000 0.143 -0.643 -0.571 -0.500 -0.429 
d3d2 0.000 0.000 0.000 0.000 0.143 0.143 0.143 0.143    -0.143 0.000 0.143 -0.643 -0.571 -0.500 -0.429 
d3d3  0.000 0.000 0.000  0.143 0.143 0.143    -0.143 0.000 0.143  -0.571 -0.500 -0.429 
d3d4   0.000 0.000   0.143 0.143    -0.143 0.000 0.143   -0.500 -0.429 
d4d1 -0.125 -0.125 -0.125 -0.125 0.000 0.000 0.000 0.000  -0.750   -0.125 0.000 -0.688 -0.625 -0.563 -0.500 
d4d2 -0.125 -0.125 -0.125 -0.125 0.000 0.000 0.000 0.000     -0.125 0.000 -0.688 -0.625 -0.563 -0.500 
d4d3  -0.125 -0.125 -0.125  0.000 0.000 0.000     -0.125 0.000  -0.625 -0.563 -0.500 

d4d4   -0.125 -0.125   0.000 0.000     -0.125 0.000   -0.563 -0.500 

af         0.000  0.250 0.500 0.750 1.000     

fa          0.000     0.250 0.500 0.750 1.000 
d1f         -0.200  0.000 0.200 0.400 0.600     
d2f           -0.167 0.000 0.167 0.333     
d3f            -0.143 0.000 0.143     
d4f             -0.125 0.000     
fd1          -0.200     0.000 0.200 0.400 0.600 
fd2               -0.167 0.000 0.167 0.333 
fd3                -0.143 0.000 0.143 
fd4                 -0.125 0.000 

Source: Own 
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Table 11 also shows the value for the coverage ratio (𝐿𝐿𝐶𝐶𝑡𝑡
𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿1), which indicates in present 

value the number of equivalent monetary units needed to determine the initial LCAc1 
benefit for each monetary unit of the initial JAc1 basic annuity for couples. This figure 
provides very important information when the new contingency is included. The premium 
– i.e. the savings accumulated at the time of retirement – for the LCAc1 would be need 
to between 23.85% and 27.47% higher than for the JAc1 depending on the ages of both 
members of the couple.  

The last column of Table 11, benefit reduction (𝐵𝐵𝐶𝐶𝑡𝑡 = �𝐿𝐿𝐶𝐶𝑏𝑏
𝐿𝐿𝐿𝐿𝐴𝐴𝐿𝐿1−1

𝐿𝐿𝐶𝐶𝑏𝑏
𝐿𝐿𝐿𝐿𝐴𝐴𝐽𝐽𝐴𝐴𝐿𝐿1 �%), tells us about the 

effect that the introduction of the LTC coverage – in this numerical example with graded 
benefit – would have on the initial benefit of the joint annuity with survivor payout rule 
(JAc1). In order to maintain the same premium (accumulated savings or contributions) 
computed for the JAc1, the initial benefit would have to be between 21.55% and 19.26% 
lower than the estimated benefit without LTC. In fact, we would be using an enhanced 
pension annuity, which is a special type of LCA in which the uplifts are financed by a 
reduction – with respect to the initial benefit – in the benefit paid while both annuitants 
are healthy.   
If our benchmark couple, for example, were to ask about the possibility of adding LTC 
coverage, the information shown in the two last columns of Table 11 could be used to test 
the attractiveness of the proposed LCA through the use of questions such as Would you 
(the couple) be willing to reduce your retirement pension by 20.62% in order to be entitled 
to LTC benefits or Would you be willing to increase your contribution rate (the premium) 
by 25.98% in order to have LTC coverage during your retirement period? 
Table 12 shows the increases and decreases to be applied depending on the couple’s 
transitions between the various states if they were to buy an LCA with a reversionary 
payout rule (LCAc2) instead of an LCAc1. 
Table 13 replicates the values shown in Table 11 but for an LCAc2. 

Table 13: Actuarial valuation of LCAc2: some selected values (basic assumptions) 
Couple 
(𝒙𝒙,𝒚𝒚) 

Actuarial  
factors Total R LTC 𝒙𝒙 𝒚𝒚 𝒙𝒙,𝒚𝒚 𝑪𝑪𝑪𝑪𝒕𝒕

𝑳𝑳𝑪𝑪𝑳𝑳𝑳𝑳𝟐𝟐 𝑩𝑩𝑪𝑪𝒕𝒕% 

(70,65) 
1.−𝐴𝐴𝐴𝐴70:65

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿2 37.52 12.15 25.36 10.41 9.52 5.44 
1.2970 22.90 2.-𝐴𝐴𝐴𝐴70:65

𝐽𝐽𝐿𝐿𝐿𝐿2 28.92 12.15 16.77 6.66 6.67 3.43 
3.−𝑑𝑑70,65𝐿𝐿𝑇𝑇𝐿𝐿𝐿𝐿𝐿𝐿2𝑡𝑡 137.98 54.83 54.92 28.23 

(67,67) 
1.−𝐴𝐴𝐴𝐴67:67

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿2 38.38 12.71 25.67 10.68 9.12 5.86 
1.2711 21.33 2.-𝐴𝐴𝐴𝐴67:67

𝐽𝐽𝐿𝐿𝐿𝐿2 30.19 12.71 17.48 6.85 6.88 3.76 
3.−𝑑𝑑6767𝐿𝐿𝑇𝑇𝐿𝐿𝐿𝐿𝐿𝐿2𝑡𝑡 137.56 53.87 54.14 29.55 

(67,64) 
1.−𝐴𝐴𝐴𝐴67:64

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿2 39.81 13.68 26.13 10.81 9.59 5.73 
1.2727 21.43 2.−𝐴𝐴𝐴𝐴67:64

𝐽𝐽𝐿𝐿𝐿𝐿2 31.28 13.68 17.60 6.95 7.00 3.65 
3.−𝑑𝑑6764𝐿𝐿𝑇𝑇𝐿𝐿𝐿𝐿𝐿𝐿2𝑡𝑡 128.63 50.82 51.14 26.66 

(67,62) 
1.−𝐴𝐴𝐴𝐴67:62

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿2 40.82 14.38 26.44 10.99 9.90 5.56 
1.2728 21.44 2.−𝐴𝐴𝐴𝐴67:62

𝐽𝐽𝐿𝐿𝐿𝐿2 32.07 14.38 17.69 7.08 7.09 3.52 
3.−𝑑𝑑6762𝐿𝐿𝑇𝑇𝐿𝐿𝐿𝐿𝐿𝐿2𝑡𝑡 123.09 49.23 49.34 24.52 

(65,60) 
1.−𝐴𝐴𝐴𝐴65:60

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿2 43.04 15.90 27.14 11.38 10.13 5.63 
1.2583 20.53 2.−𝐴𝐴𝐴𝐴65:60

𝐽𝐽𝐿𝐿𝐿𝐿2 34.20 15.90 18.31 7.36 7.36 3.59 
3.−𝑑𝑑6560𝐿𝐿𝑇𝑇𝐿𝐿𝐿𝐿𝐿𝐿2𝑡𝑡 115.18 46.32 46.31 22.56 

Source: Own. NB: The totals will not necessarily equal the sums of the rounded components 
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If the results of the actuarial factors shown in Tables 13 and 11 are compared, it can be 
seen that they are slightly higher for LCAc2 than for LCAc1. This seems logical since, 
although the couple in both cases receives the same level of initial benefit (2 monetary 
units given that both members are in the able state), the resulting benefits for most of the 
transitions from the initial state to other health states are usually higher for LCAc2 than 
for LCAc1, as can be seen when comparing Tables 9 and 12. 
Table 13 shows that if we were to use this type of annuity to cover the couple’s LTC risk, 
the savings accumulated at the time of retirement for the LCAc2 would need to be 
between 25.83% and 29.79% higher than for the JAc2 depending on the ages of both 
members of the couple. Likewise, in order to maintain the same premium as computed 
for the JAc2, the initial LCAc2 benefit would have to be reduced by between 22.90% and 
20.53%. 
From a practical social insurance perspective, the actuarial factors applied in order to add 
the couple’s LTC would need to be updated frequently (at least every three years) because 
the expected longevity of healthy and dependent persons and the transition probabilities 
between health states change over time and the rate of return applied to discount pension 
wealth is not known in advance. Obtaining timely, accurate estimations of mortality, 
transition and incidence rates is highly complex. In developed countries, government 
authorities should make an effort to construct nationally representative estimates of 
functional status transition rates. 
Another important issue is the indexation policy used. Since the actuarial factors (also) 
depend on the indexation policy, we analyse the impact on LCA provision for couples in 
the case where the operating rule for indexing benefits in payment is 𝛼𝛼 = 𝐺𝐺 = 0.02 ⇒
𝐴𝐴1 = 1 (covered wage bill, i.e. pensions in payment are updated in line with the covered 
wage bill indexation) and in the extreme (unreal) case of 𝛼𝛼 = 2𝐺𝐺 = 0.04 ⇒ 𝐴𝐴2 =
1.0196.  Does this have a significant effect on the cost of extending LTC coverage for a 
couple? The answer can be found in Table 14, which shows a comparison of results for 
the two additional cases described above and the initial indexation rule (the initial benefit 
remains constant over time in real terms, i.e. pensions in payment are indexed to prices; 
𝛼𝛼 = 0;  𝐺𝐺 = 0.02 ⇒ 𝐴𝐴𝑏𝑏 = 0.9804). 

Table14: The indexation rule and its effect on the cost of adding LTC coverage for a 
couple 

Items Cost of LTC Incremental cost of 
changing the rule 

Indexation rule %(∆𝑪𝑪𝑪𝑪𝒕𝒕𝑳𝑳𝑪𝑪𝑳𝑳𝑳𝑳𝟏𝟏 − 𝟏𝟏) 
Couple 
(𝒙𝒙,𝒚𝒚) 𝑭𝑭𝒃𝒃 = 0.9804 𝑭𝑭𝟏𝟏 = 1 𝑭𝑭𝟐𝟐 = 1.0196 𝑭𝑭𝒃𝒃 ⇒ 𝑭𝑭𝟏𝟏 𝑭𝑭𝒃𝒃 ⇒ 𝑭𝑭𝟐𝟐 

(70,65) 27.47% 30.39% 33.55% 10.63% 22.13% 
(67,67) 27.19% 30.01% 33.03% 10.37% 21.48% 
(67,64) 25.98% 28.99% 32.25% 11.59% 24.13% 
(67,62) 25.20% 28.31% 31.71% 12.34% 25.83% 
(65,60) 23.85% 27.07% 30.62% 13.50% 28.39% 

Source: Own 

The choice of indexation policy is important because the growth of benefits in real terms 
(covered wage bill indexation, 𝐴𝐴1 = 1) increases the cost of adding a couple’s LTC 
coverage, given that it benefits females insofar as they are more likely to reach greater 
ages in a worse disability state than males. Depending on the couple, the cost of moving 
from 𝐴𝐴𝑏𝑏 to 𝐴𝐴1 increases by an average of between 10.63% and 13.50%. Unsurprisingly, 
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when moving from 𝐴𝐴𝑏𝑏 to 𝐴𝐴2 the incremental cost is much higher, and depending on the 
couple it ranges from 22.13% to 28.39%. 
Given that it is considered fundamental to check the robustness of the uplift structure as 
it could explain much of the cost of converting a joint annuity with survivor payout rule 
(JAc1) into a graded joint life care annuity for couples with a last survivor payout rule 
(LCAc1), we present further results for selected uplift structures.  
Here we show five different structures (Table15), from A1 to A5. A5 has the highest ratio 
between the uplifts assigned to the most and least severe states (𝜉𝜉𝒂𝒂𝒂𝒂𝟒𝟒/𝜉𝜉𝒂𝒂𝒂𝒂𝟏𝟏), while A1 has 
the lowest. Structure B is the structure used earlier to perform the numerical example 
(benchmark). 

Table 15: Selected uplift structures for the annuitant 
Structures 𝜉𝜉𝒂𝒂𝒂𝒂𝟏𝟏 𝜉𝜉𝒂𝒂𝒂𝒂𝟐𝟐 𝜉𝜉𝒂𝒂𝒂𝒂𝟑𝟑 𝜉𝜉𝒂𝒂𝒂𝒂𝟒𝟒 𝜉𝜉𝒂𝒂𝒂𝒂𝟒𝟒/𝜉𝜉𝒂𝒂𝒂𝒂𝟏𝟏 

B 0.2500 0.5000 0.7500 1.0000 4 
A1 0.1786 0.3571 0.5357 1.4286 8 
A2 0.1136 0.2273 0.3409 1.8182 16 
A3 0.0833 0.1667 0.2500 2.0000 24 
A4 0.0658 0.1316 0.1974 2.1053 32 
A5 0.0543 0.1087 0.1630 2.1739 40 

Source: Own 

To properly compare these, we need to introduce the assumption that the sum of the uplifts 
for the four states of dependence remains unchanged (2.5). 
We use Table 15 as a starting point and apply the rule that, in order to compute the 
increases and decreases to be applied depending on the annuitant’s transitions between 
the various health states, we need to generate a new table for each different uplift structure 
(five new tables which replicate Table 8). As mentioned earlier, for a couple we need to 
combine the structure of uplifts and decreases for two annuitants. We therefore need to 
generate a new table for the couple for each of the different uplift structures (five new 
tables which replicate Table 9). For the sake of brevity, we omit the presentation of these 
tables.   
Table 16 shows how the cost of transforming a JAc1 into an LCAc1 is impacted for 
selected couples and various uplift structures. 

Table 16: Cost of transforming a JAc1 into an LCAc1 for different uplift 
structures. 

Structures/Couples (70,65) (67,67) (67,64) (67,62) (65,60) 
Basic 27.47% 27.19% 25.98% 25.20% 23.85% 
A1 30.45% 30.14% 28.53% 27.50% 25.77% 
A2 33.15% 32.82% 30.84% 29.59% 27.52% 
A3 34.41% 34.07% 31.92% 30.57% 28.33% 
A4 35.14% 34.80% 32.55% 31.14% 28.80% 
A5 35.62% 35.27% 32.95% 31.51% 29.11% 

Source: Own 

The variation in cost due to changes in the uplift structure could become notable. 
Depending on the couple and taking the basic uplift structure as a reference, the increase 
in cost could vary between ((29.11/23.85)-1)%; 22.05% for the youngest couple (65,60) 
and (35.62/27.47-1)% ; 29.66% for the oldest (70,65).  
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In short, it is safe to say that the higher the ratio between the uplifts assigned to the most 
and least severe states (𝜉𝜉𝒂𝒂𝒂𝒂𝟒𝟒/𝜉𝜉𝒂𝒂𝒂𝒂𝟏𝟏), the higher the cost of converting the annuity for 
couples. This is only to be expected, given that higher uplifts in the more severe states 
mainly benefit females due to their higher life expectancy and morbidity rates. 
From a social insurance point of view, a crucial step prior to establishing the uplift 
structure for a given country would be to calculate the average yearly cost of care 
according to the level of severity and the type of care provided. 
So what might happen if the initial health state of either or both of the annuitants is not 
able when they become entitled to receive benefits? 

As Table 17 shows, the average time in years (𝑎𝑎𝑥𝑥:𝑦𝑦�����
1 ) and percentage that the couple is 

likely to spend in each of the states before the death of the second life depends on the 
couple’s initial health state. 

Table 17: The average time in years (𝒆𝒆𝒙𝒙:𝒚𝒚�����
𝟏𝟏 ) and percentage that the couple is likely to 

spend in each of the states before the death of the second life.  

Couple 
(𝟔𝟔𝟔𝟔,𝟔𝟔𝟒𝟒) 𝒆𝒆𝒙𝒙:𝒚𝒚�����

𝟏𝟏  

Joint life expectancy Survivor life expectancy 

Healthy Only one 
healthy Dependent Widower Widow 

𝑎𝑎𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎  𝑎𝑎𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎  𝑎𝑎𝑥𝑥:𝑦𝑦
𝑎𝑎𝑎𝑎  𝑎𝑎𝑥𝑥:𝑦𝑦

𝑎𝑎𝑎𝑎  𝑎𝑎𝑦𝑦|𝑥𝑥
    𝑎𝑎 𝑎𝑎𝑦𝑦|𝑥𝑥

    𝑎𝑎 𝑎𝑎𝑥𝑥|𝑦𝑦
𝑎𝑎  𝑎𝑎𝑥𝑥|𝑦𝑦

    𝑎𝑎 
(𝑚𝑚𝑚𝑚) 24.17 6.35 2.11 2.90 2.43 0.73 1.60 2.75 5.30 
% 100 26.27 8.73 11.99 10.04 3.03 6.63 11.36 21.94 

(𝑚𝑚𝒂𝒂𝟒𝟒) 20.64 0.08 6.55 0.13 3.34 2.57 3.47 0.26 4.25 
% 100 0.37 31.72 0.61 16.17 12.46 16.80 1.27 20.61 

(𝒂𝒂𝟒𝟒𝑚𝑚) 22.76 0.08 0.10 5.99 2.10 0.07 0.85 5.93 7.64 
% 100 0.35 0.43 26.30 9.25 0.30 3.75 26.05 33.57 

(𝒂𝒂𝟐𝟐𝒂𝒂𝟐𝟐) 23.48 0.49 1.64 1.68 9.20 0.50 1.92 1.64 6.41 
% 100 2.07 7.00 7.16 39.17 2.15 8.19 6.96 27.29 

(𝒂𝒂𝟒𝟒𝒂𝒂𝟒𝟒) 17.39 0.01 0.10 0.08 6.21 0.14 2.65 0.38 7.83 
% 100 0.03 0.57 0.46 35.71 0.81 15.25 2.17 45.00 

Source: Own based on data from Hariyanto et al. (2014a, 2014b) 
NB: The totals will not necessarily equal the sums of the rounded components 

For the assumption that both members of the couple are in the most severe state of 
dependence, life expectancy until the death of the second life is only 17.39 years and the 
amount of time the couple is likely to spend in any dependence state reaches 96.42% 
(16.77). The worse the couple’s initial health state, therefore, the shorter the life 
expectancy until the death of the second life and the greater the percentage of time likely 
to be spent in states of dependence. 
As explained above, another row is needed as a starting point in Table 9 when the 
assumption about the couple’s health state is changed. For example, when the couple is 
in the worst possible health state, (𝑑𝑑4𝑑𝑑4), we need to start the calculations with the structure 
of increases and decreases corresponding to starting state i=(𝑑𝑑4𝑑𝑑4) in Table 9 (parts III 
and IV). 
Table 18 shows the actuarial valuation of LCAc1 when the initial health state of either or 
both of the annuitants is not able when they become entitled to receive benefits. We also 
show the values for the benchmark couple (67,64). 
To compute the actuarial factor of JAc1, two assumptions are examined. First, the 
insurer/sponsor does not take the couple’s health state into account to determine the 
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retirement benefit, i.e. the actuarial factor is independent of the couple's real health state 
(2.−𝐴𝐴𝐴𝐴67:64

𝐽𝐽𝐿𝐿𝐿𝐿1𝑎𝑎𝑎𝑎). And second, the actuarial factor (3.−𝐴𝐴𝐴𝐴67:64
𝐽𝐽𝐿𝐿𝐿𝐿1𝑥𝑥𝒚𝒚) is based on the mortality 

assumption driven by the couple’s health state, i.e. the insurer/sponsor knows their health 
state and uses the remaining life expectancy until the death of the second life to compute 
the annuity rate. These are commonly referred to as special-rate life annuities, impaired 
annuities or enhanced annuities (Pitacco & Tabakova, 2022). Here we apply this type of 
annuity to couples. As we saw in Table 17, given that their life expectancy is shorter than 
for an able couple, their benefit is higher. 

Table 18: Actuarial valuation of LCAc1 when the initial health state of either or both of the 
annuitants is not able when they become entitled to receive benefits. Benchmark couple (67,64) 

Couple 
state 

Actuarial  
factors Total R LTC 𝒙𝒙 𝒚𝒚 𝒙𝒙,𝒚𝒚 𝑪𝑪𝑪𝑪𝒕𝒕𝑳𝑳𝑪𝑪𝑳𝑳𝑳𝑳𝟏𝟏 

(𝒂𝒂𝒂𝒂) 
1.−𝐴𝐴𝐴𝐴67:64

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿1𝒂𝒂𝒂𝒂 37.35 13.13 24.22 7.80 10.58 5.84 
1.2598 2.−𝐴𝐴𝐴𝐴67:64

𝐽𝐽𝐿𝐿𝐿𝐿1𝑎𝑎𝑎𝑎 29.65 13.13 16.51 5.87 7.00 3.65 
3.−𝐴𝐴𝐴𝐴67:64

𝐽𝐽𝐿𝐿𝐿𝐿1𝑎𝑎𝑎𝑎 29.65 13.13 16.51 5.87 7.00 3.65 

(𝑚𝑚𝒂𝒂𝟒𝟒) 
1.−𝐴𝐴𝐴𝐴67:64

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿1𝑎𝑎𝒂𝒂𝟒𝟒 36.62 2.38 34.24 4.23 20.99 9.02 1.2351 
2.−𝐴𝐴𝐴𝐴67:64

𝐽𝐽𝐿𝐿𝐿𝐿1𝑎𝑎𝑎𝑎 29.65 13.13 16.51 5.87 7.00 3.65 
3.−𝐴𝐴𝐴𝐴67:64

𝐽𝐽𝐿𝐿𝐿𝐿1𝑎𝑎𝒂𝒂𝟒𝟒 24.30 2.38 21.92 2.69 13.82 5.40 1.5074 

(𝒂𝒂𝟒𝟒𝑚𝑚) 
1.−𝐴𝐴𝐴𝐴67:64

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿1𝒂𝒂𝟒𝟒𝑎𝑎 35.05 4.90 30.15 15.19 9.19 5.76 1.1821 
2.−𝐴𝐴𝐴𝐴67:64

𝐽𝐽𝐿𝐿𝐿𝐿1𝑎𝑎𝑎𝑎 29.65 13.13 16.51 5.87 7.00 3.65 
3.−𝐴𝐴𝐴𝐴67:64

𝐽𝐽𝐿𝐿𝐿𝐿1𝒂𝒂𝟒𝟒𝑎𝑎 24.23 4.90 19.33 10.46 5.44 3.42 1.4466 

(𝒂𝒂𝟐𝟐𝒂𝒂𝟐𝟐) 
1.−𝐴𝐴𝐴𝐴67:64

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿1𝒂𝒂𝟐𝟐𝒂𝒂𝟐𝟐 41.67 2.32 39.35 5.65 10.94 22.75 1.4054 
2.−𝐴𝐴𝐴𝐴67:64

𝐽𝐽𝐿𝐿𝐿𝐿1𝑎𝑎𝑎𝑎 29.65 13.13 16.51 5.87 7.00 3.65 
3.−𝐴𝐴𝐴𝐴67:64

𝐽𝐽𝐿𝐿𝐿𝐿1𝒂𝒂𝟐𝟐𝒂𝒂𝟐𝟐 28.60 2.32 26.28 4.09 7.12 15.07 1.4567 

(𝒂𝒂𝟒𝟒𝒂𝒂𝟒𝟒) 
1.−𝐴𝐴𝐴𝐴67:64

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿1𝒂𝒂𝟒𝟒𝒂𝒂𝟒𝟒 34.32 0.37 33.95 3.94 11.04 18.97 1.1575 
2.−𝐴𝐴𝐴𝐴67:64

𝐽𝐽𝐿𝐿𝐿𝐿1𝑎𝑎𝑎𝑎 29.65 13.13 16.51 5.87 7.00 3.65 
3.−𝐴𝐴𝐴𝐴67:64

𝐽𝐽𝐿𝐿𝐿𝐿1𝒂𝒂𝟒𝟒𝒂𝒂𝟒𝟒 18.88 0.37 18.51 2.23 6.11 10.17 1.8182 
Source: Own 

NB: The totals will not necessarily equal the sums of the rounded components 

As Table 18 shows, the couple’s initial health state has a great impact on the value for the 
coverage ratio (𝐿𝐿𝐶𝐶𝑡𝑡

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿1), especially when the insurer/sponsor takes the couple’s health 
state into account to compute the actuarial factor for the JAc1. Unsurprisingly, the worse 
the couple’s initial health state, the higher the value for the coverage ratio. The 
information conveyed by this figure is important when the new contingency is included 
or when the initial health state is modified. The premium, i.e. the accumulated saving at 
the time of retirement for the LCAc1, would need to be between 45.67% and 81.82% 
higher than for the “enhanced” JAc1 depending on the couple’s initial health state. For 
all the cases analysed, adding LTC coverage would be more expensive than the 
benchmark (25.98%)  
When the insurer/sponsor does not use the remaining life expectancy until the death of 
the second life to compute the annuity rate for the JAc1, the variation in the premiums is 
much lower than before. The savings accumulated at the inception time of the LCAc1 
would need to be between 15.75% and 40.54% higher than for the JAc1, depending on 
the couple’s initial health state. In only one case (𝒂𝒂𝟐𝟐𝒂𝒂𝟐𝟐) would adding the LTC coverage 
be more expensive (40.54%) than the benchmark (25.98%).  

To conclude this part of the numerical example, Tables 19 (𝜸𝜸 = 𝟐𝟐 ) and 20 (𝜸𝜸 = 𝟎𝟎. 𝟐𝟐𝟐𝟐) 
depict some outcomes as regards the couple’s willingness to choose an LCAc1 according 
to the model seen in Section 3.3.  
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Columns 1 and 2 for each couple show the value of the actuarial factors for an LCA for 
couples (LCAc1) and a joint annuity with survivor payout rule (JAc1). Column 3 shows 
the cost of adding the LTC coverage. The 𝑄𝑄∗, in column 4 is the value that fulfils 
𝔼𝔼�𝑈𝑈𝑥𝑥:𝑦𝑦

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿1� ≡ 𝔼𝔼�𝑄𝑄 ∙ 𝑈𝑈𝑥𝑥:𝑦𝑦
𝐽𝐽𝐿𝐿𝐿𝐿1� and which, according to its conceptual interpretation, provides 

the nexus between the couple’s assessment of LCAc1 and the actuarially fair price of 
JAc1. Column 5, 𝐴𝐴�𝑥𝑥:𝑦𝑦, is the extra premium the couple would be willing to pay to add 
LTC coverage to the JAc1.  
Columns 6 and 7 show the values for the decision rule. For the base scenario, at least in 
theory, all the couples would be willing to purchase/choose an LCAc1 given that the 
indicator ( 𝑄𝑄∗

𝐿𝐿𝐶𝐶𝑡𝑡
𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿1)  is greater than 1, i.e. they would be willing to add the LTC coverage 

as long as the welfare gains were higher than the incremental cost of purchasing LTC. 
For the benchmark couple (𝒙𝒙,𝒚𝒚) = (𝟔𝟔𝟔𝟔,𝟔𝟔𝟒𝟒), we get that 𝑄𝑄∗ = 1,279, i.e. the couple is 
indifferent to choosing between receiving 𝑄𝑄∗ ∙JAc1 benefits – 𝑄𝑄∗ ∙ 𝑏𝑏 = 1,27902450 ∙
2 = 2,558049002 monetary units for the rest of their joint life and 𝑄𝑄∗ ∙ 𝑏𝑏′ = 𝑄𝑄∗ ∙ 𝑏𝑏′′ =
1,27902450 ∙ 1 = 1,27902450 u.m. in a widowhood state – and receiving the benefits 
promised by the LCAc1. As seen in Section 3.3, an alternative to the decision rule 
(𝑄𝑄∗ 𝐿𝐿𝐶𝐶𝑡𝑡𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿1⁄ ≥ 1) is 𝐴𝐴�𝑥𝑥:𝑦𝑦 − 𝐴𝐴𝑥𝑥:𝑦𝑦 = 𝑄𝑄∗ ∙ 𝐴𝐴𝐴𝐴𝑥𝑥:𝑦𝑦

𝐽𝐽𝐿𝐿𝐿𝐿1 − 𝐴𝐴𝐴𝐴𝑥𝑥:𝑦𝑦
𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿1 ≥ 0; that result in our 

numerical illustration example: 𝐴𝐴�𝑥𝑥:𝑦𝑦 − 𝐴𝐴𝑥𝑥:𝑦𝑦 = 0.569. 

Table 19: The couple’s willingness to choose an LCAc1 in the case of   
𝜸𝜸 = 𝟐𝟐. 

Couple 
(𝑥𝑥,𝑦𝑦) 𝐴𝐴𝐴𝐴𝑥𝑥:𝑦𝑦

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿1 𝐴𝐴𝐴𝐴𝑥𝑥:𝑦𝑦
𝐽𝐽𝐿𝐿𝐿𝐿1 𝐴𝐴𝑥𝑥:𝑦𝑦 𝑄𝑄∗ 𝐴𝐴�𝑥𝑥:𝑦𝑦 

𝐴𝐴�𝑥𝑥:𝑦𝑦

− 𝐴𝐴𝑥𝑥:𝑦𝑦 
𝑄𝑄∗

𝐿𝐿𝐶𝐶𝑡𝑡𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿1
 

Critical 
values 
𝜌𝜌 𝛾𝛾 

(70,65) 35.18 27.60 7.58 1.292 8.05 0.464 1.0132 0.0322 2.629 
(67,67) 35.66 28.04 7.62 1.291 8.16 0.540 1.0151 0.0343 2.777 
(67,64) 37.35 29.65 7.70 1.279 8.27 0.569 1.0152 0.0334 2.795 
(67,62) 38.48 30.73 7.75 1.270 8.31 0.562 1.0146 0.0324 2.764 
(65,60) 40.73 32.89 7.84 1.258 8.47 0.626 1.0154 0.0325 2.859 

Source: Own 

The last two columns, 𝜌𝜌 and 𝛾𝛾, show the critical values for the subjective rate of time 
preference along with the risk aversion coefficient that would make couples indifferent 
to purchasing LTC coverage, i.e. ( 𝑄𝑄∗

𝐿𝐿𝐶𝐶𝑡𝑡
𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿1 = 1). The value used for 𝜌𝜌 is 0.02 (Table 10).  

As mentioned above, the values of the payment weighting factors depend on health state 
and the risk aversion coefficient chosen. For the case of 𝜸𝜸 = 𝟎𝟎.𝟐𝟐𝟐𝟐, the values to use are 
the following: 

Items ad1 ad2 ad3 ad4 d1a d2a d3a d4a 
𝜃𝜃 0.99 0.98 0.97 0.96 0.99 0.98 0.97 0.96 

 
Items d1d1 d1d2 d1d3 d1d4 d2d1 d2d2 d2d3 d2d4 d3d1 d3d2 d3d3 d3d4 d4d1 d4d2 d4d3 d4d4 
𝜑𝜑 0.98 0.97 0.96 0.95 0.97 0.96 0.95 0.94 0.96 0.95 0.94 0.93 0.95 0.94 0.93 0.92 
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Table 20: The couple’s willingness to choose an LCAc1 for the case of   
𝜸𝜸 = 𝟎𝟎.𝟐𝟐𝟐𝟐 

Couple 
(𝑥𝑥,𝑦𝑦) 𝐴𝐴𝐴𝐴𝑥𝑥:𝑦𝑦

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿1 𝐴𝐴𝐴𝐴𝑥𝑥:𝑦𝑦
𝐽𝐽𝐿𝐿𝐿𝐿1 𝐴𝐴𝑥𝑥:𝑦𝑦 𝑄𝑄∗ 𝐴𝐴�𝑥𝑥:𝑦𝑦 

𝐴𝐴�𝑥𝑥:𝑦𝑦

− 𝐴𝐴𝑥𝑥:𝑦𝑦 
𝑄𝑄∗

𝐿𝐿𝐶𝐶𝑡𝑡𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿1
 

Critical values 
𝜌𝜌 𝛾𝛾 

(70,65) 35.18 27.60 7.58 1.281 7.75 0.172 1.0049 0.0244 0.516 
(67,67) 35.66 28.04 7.62 1.278 7.79 0.168 1.0047 0.0243 0.517 
(67,64) 37.35 29.65 7.70 1.266 7.89 0.190 1.0051 0.0244 0.544 
(67,62) 38.48 30.73 7.75 1.258 7.94 0.196 1.0051 0.0242 0.548 
(65,60) 40.73 32.89 7.84 1.245 8.05 0.210 1.0052 0.0241 0.567 

Source: Own 

The result for 𝜌𝜌 makes sense, since a higher subjective discount rate could be interpreted 
in such a way that the couple would be less patient about the future, i.e. the couple reduces 
the weighting of future transactions in the utility as a whole. Consequently, and because 
dependence on care is more likely to occur at greater ages, the willingness to choose LTC 
coverage decreases the higher the couple’s subjective discount rate. The same result was 
achieved by Chen et al. (2021a) for individuals. 
If the annuitants are less risk averse, their willingness to add LTC coverage increases and 
thus choosing an LCAc1 becomes more probable. Following the reasoning made by Chen 
et al. (2021a) for individuals, this outcome makes sense because, compared to a JAc1, an 
LCAc1 provides higher benefits in dependent states but at the same time involves a less 
smooth pattern. A more risk averse couple would prefer a smoother consumption pattern, 
and the consequence of this is that their corresponding willingness to choose the LCAc1 
diminishes. 
For reasons of completeness and given that the indexation rate for benefits in payment 
(𝛼𝛼) is a key element in most social insurance schemes, Table 21 provides the sensitivity 
analyses for this parameter for the base scenarios seen in Tables 19 and 20. 

The wide range between the upper (𝛼𝛼2) and lower (𝛼𝛼1) bounds means that the validity of 
the results shown in Tables 19-20 (willingness to choose an LCAc1) depends very little 
on this parameter.  

Table 21: Sensitivity analyses for 𝜶𝜶. Base scenarios 

Couple (𝒙𝒙,𝒚𝒚) 𝜸𝜸 = 𝟐𝟐 𝜸𝜸 = 𝟎𝟎.𝟐𝟐𝟐𝟐 
𝛼𝛼1 𝛼𝛼2 𝛼𝛼1 𝛼𝛼2 

(70,65) -0.222 0.155 -0.093 0.232 
(67,67) -0.248 0.176 -0.094 0.243 
(67,64) -0.228 0.169 -0.092 0.242 
(67,62) -0.210 0.154 -0.088 0.226 
(65,60) -0.199 0.154 -0.083 0.223 

Source: Own 

Therefore, as anticipated in Section 3.3. and under the assumption that the couple bases 
its decisions on the (discounted) expected lifetime utility – which is to a large extent 
unrealistic according to Boyer et al. (2019), Lambregts & Schut (2020) and Tennyson et 
al. (2022), given that most individuals (couples) are not well informed about their 
individual LTC risks, which makes it difficult for them to make the right LTCI decisions 
– a great number of parameters influence the couple’s willingness to buy (choose) an 
LCAc1. The most important of these are risk aversion, transition probabilities, the design 
of the uplifts, the indexation rule for benefits in payment, the rate of time preference, the 
technical interest rate, and the value of the payment weighting factors. 
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Finally, as we have seen in this paper, an LCAc is very a complex annuity and, as stated 
by Brown et al. (2017, 2021), the complexity of the annuity decision reduces people's 
ability to value it. While this complexity can be somewhat lessened by presenting the 
annuity information more transparently (in our case we have tried to do so by showing 
the joint and survivor life expectancy of active couples disaggregated into healthy and 
unhealthy life years), most of the complexity stems from having to consider how the 
annuity would alter consumption streams in different states of the world, an inherently 
complex task. 

5.- Conclusion and future research. 
 The idea of combining the retirement and LTC contingencies is not new. The link 
between old-age income and long-term care has long been acknowledged in the literature, 
but, as far as we know, only two papers – Rickaizen (2007) and more recently Shao et al. 
(2017) – describe an insurance product for couples with LTC coverage, although without 
technical details. With an LCA for couples (LCAc), the amount paid depends on the 
health state of both the annuitant and the co-annuitant, i.e. benefits are dependent on the 
joint mortality and morbidity of two lives, typically a married or cohabiting couple. This 
annuity for couples would use cash-for-care benefits to help finance the costs incurred by 
retirement pensioners when they become dependent, i.e. those dependent on care would 
obtain additional payments in order to hire the necessary services as they see fit. 
Our paper helps to fill a gap in the literature because, as far as we are aware, the costs and 
main implications of transforming retirement benefit into an LCA for couples have not 
yet been explored in detail.  

In this paper we have developed a methodology for valuing a synthetic LCA for couples 
in which their health dynamics rely on the illness-death multistate framework. Transitions 
are modelled from the initial healthy state of both members of the couple to the absorbing 
death state. The impact of introducing the LTC contingency on the couple’s annuity has 
been assessed by comparing the initial benefits in both cases – it appears that the 
difference arises due to the annuity factors used to compute the benefits. We have also 
analysed the couples’ willingness to choose this type of LCA for couples. 

Two different LCAs for couples have been explored: a joint life care annuity with a last 
survivor payout rule (LCAc1) and a life care annuity with a reversionary payout rule 
(LCAc2). As pointed out in the main text, the difference between an LCAc1 and an 
LCAc2 is not only actuarial. They also have very different economic interpretations. With 
an LCAc1, both members have entitlement to receive a periodic payment and the benefit 
is treated jointly. With an LCAc2, only one member of the couple has entitlement to 
income from the annuity, while the other is a mere dependent. This product is a type of 
reversionary annuity that includes LTC coverage. We have argued that the LCAc1 is the 
most suitable annuity for couples. 
One important aspect of our model is that it enables us to express the actuarial factor for 
both types of LCAc by using the joint and survivor life expectancy of active couples 
disaggregated into healthy and unhealthy life years. Such measures are potentially useful 
to those designing or evaluating policies affecting older couples and to those couples 
making decisions about retirement, savings and long-term care.  
On the practical side and regardless of the fact that it should be viewed simply as an 
illustration for policymakers, we use Australian LTC transition probability data to make 
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a realistic calibration and, under the assumption of independence of the risks involved, 
we numerically illustrate the model and the implied theoretical findings. 
Our analysis of the biometric data shows that:  
 For the whole range of ages, the expected time spent in any state of dependence 

is higher for females than for males, and this is true irrespective of the initial health 
state This pattern is indicative of the so-called “male-female health-survival 
paradox”, a phenomenon observed in developed countries whereby women 
experience greater longevity but higher rates of disability and poor health than 
men. 

 From a demographic point of view, the data used are coherent because life 
expectancy decreases when an individual’s disability state worsens. 

Our numerical illustration highlights the importance of reporting the expected years both 
spouses will be alive (joint life expectancy) and the expected years the surviving spouse 
will be a widow(er) (survivor life expectancy), broken down by health state. These figures 
make the computation of the actuarial factors transparent. It is very difficult to find this 
explicit demographic data in the specialized literature on LCAs. More importantly, these 
data provide very useful information to help the couple understand the need to be 
protected against the cost of requiring LTC services. On average, couples will spend 
between 13.6 and 15.6 years with at least one member being care-dependent. In other 
words, between 57.3% and 60.7% of the couple’s life expectancy before the death of the 
second life (𝑎𝑎𝑥𝑥:𝑦𝑦�����

1 ) will be spent in states of dependence. 

According to our calculations and under the assumptions made, the cost of adding an 
extra stream of payments to annuities for couples, specifically for an LCAc1, would be 
between 23.85% and 27.47% higher than for a JAc1 depending on the ages of both 
members of the couple. In order to maintain the same premium (accumulated savings or 
contribution effort) as computed for the JAc1, the initial benefit would have to be between 
21.55% and 19.26% lower. Likewise, the contribution effort at the time of retirement for 
the LCAc2 would be between 25.83% and 29.79% higher than for the JAc2, again 
depending on the ages of both members of the couple. In order to maintain the same 
premium computed for the JAc2, the initial benefit would have to be reduced by between 
22.90% and 20.53%. 
We have also examined how variable the results can be depending on the rule of 
indexation applied, the uplift structure chosen and the couple’s initial health state. The 
main conclusions regarding this aspect are the following: 
 The indexation policy is very important because the growth of benefits in real 

terms increases the cost of adding LTC coverage for a couple, given that this 
coverage benefits females most as they have a higher probability of reaching older 
ages in a worse disability state than males. 

 The variation in cost due to changes in the uplift structure could become notable. 
It would be safe to say that the higher the ratio between the uplifts assigned to the 
most and least severe states, the higher the cost of converting the annuity for 
couples. This is only to be expected, given that higher uplifts in the more severe 
states mainly benefit females due to their higher life expectancy and morbidity 
rates. 

 The worse the couple’s initial health state, the shorter the life expectancy until the 
death of the second life and the greater the percentage of time likely to be spent in 
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states of dependence. Consequently, the worse the couple’s initial health state, the 
higher the value for the coverage ratio and the higher the cost of adding LTC 
coverage.  

Another valuable lesson to be drawn from the numerical illustration is that a great number 
of parameters influence the couple’s willingness to buy (choose) an LCAc1, the most 
important of these being risk aversion, transition probabilities, the design of the uplifts, 
the indexation rule of benefits in payment, the rate of time preference, the technical 
interest rate, and the value of the payment weighting factors. As a general rule, those 
couples that are more impatient to consume and more averse to risk will be less willing 
to choose an LCAc.  
Finally, based on the model presented in this paper, at least three directions for future 
research can be identified:  
 To introduce the more realistic assumption that there is dependence between two 

lifetimes. The impact of this assumption on the annuity rate depends on several 
factors: the data set, the ages of both members of the couple, the technical interest 
rate, the structure of the benefits, the type of dependence between lifetimes… To 
give a couple of examples, Denuit & Cornet (1999) have measured the effect of 
lifetime dependencies on the present value of a widow’s pension benefit. They 
calculated that the amounts of the premium are reduced by approximately 10% 
compared to a model that assumes independence. The paper by Spreeuw & 
Owadally (2013) estimates that, for a typical joint life and survivor annuity 
(without LTC coverage), assuming independence when short-term dependence is 
prevalent results in over-pricing of about 2.3%, and that assuming dependence of 
the wrong type (i.e. long-term rather than short-term) leads to a premium that is 
too low by about 1.8%. 

 To analyse the issue of gender redistribution when using gender-neutral rates to 
compute the initial LCA benefit for couples. Generally speaking, converting 
retirement benefit into an LCA with graded benefits within a pre-existing public 
pay-as-you-go pension system using gender-neutral annuity factors involves a 
large increase in ex-ante gender redistribution compared to a system without LTC 
coverage (Vidal-Meliá et al., 2019). It would be useful to analyse the effect of 
using gender-neutral rates within the couple. 

 To obtain the optimal payouts in an LCAc1 that maximizes the couple’s 
discounted expected lifetime utility – subject to a budgetary constraint of actuarial 
fairness to choose the LCA – and to compare it with the (optimal) benefits of a 
JAc1. As an alternative programme of optimal payouts, and under the assumption 
that both members of the couple are able (active) at the onset, it could be a good 
strategy to obtain the optimal uplift structure that maximizes the difference 𝐴𝐴�𝑥𝑥:𝑦𝑦 −
𝐴𝐴𝑥𝑥:𝑦𝑦, i.e. that maximize couple’s willingness to buy (choose) an LCAc1.  
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Appendix 1: Multiyear transition probabilities 

Appendix available upon request to the authors. 

Appendix 2: Single LCAs and LCAs for couples 

Appendix available upon request to the authors.  

Appendix 3: The case of an LCAc2 

Appendix available upon request to the authors. 
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