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SUMMARY

This paper proposes a system for the automatic adjustment 
of pension benefits taking into account the mortality risk of the 
dependency level of the beneficiary. To that end, a simplified 
multi-state Markov chain model is included and the probability 
of death is estimated based on the experience of excess mortali-
ty rates. Thus, pension benefits increase in the new state as the 

cost of care increases. The paper does not seek to give a so-
lution for severe or highly-dependent beneficiaries, but tries to 
make social sense of the benefit received and adapt it to their 
life expectancy: they receive more when they most need it. The 
development of the factor is applied to the Spanish mortality 
experience (PEM/F2000).

KEYWORDS / Elderly / Pension Evaluation / Pension Schemes / Sustainability Factor /
Received: 09/13/2017. Modified: 01/08/2018. Accepted: 01/09/2018.

J. Iñaki De La Peña. Actuary. Ph.D. in Economics and Actuarial Sciences, University of the 
Basque Country (UPV/EHU), Spain. Professor, UPV/EHU, Spain. Address: Departamento de Economía Financiera I, Facultad de 
Economía y Empresa, UPV/EHU. Avenida Lehendakari Agirre 83. 48015-Bilbao. Spain. e-mail: jinaki.delapena@ehu.es

María-Cristina Fernández-Ramos. Actuary. Ph.D. in Economics and Actuarial Sciences, 
UPV/EHU. Professor, School of Education, Junta de Castilla y León, Spain.

Noemí Peña-Miguel. Economist. Ph.D. in Economics, UPV/EHU. Professor, UPV/EHU, Spain.

LONG TERM CARE PENSION BENEFITS 
COVERAGE VIA CONVERSION FACTOR BASED 

ON DIFFERENT MORTALITY RATES: MORE 
MONEY AS AGE GOES ON

J. IÑAKI DE LA PEÑA, MARÍA-CRISTINA FERNÁNDEZ-RAMOS AND 
NOEMÍ PEÑA-MIGUEL

tes among dependents as the determinant 
for the correction factor. This new model 
has many practical implications, as it can 
be implemented without much difficulty 
and at no additional cost. This enables 
coverage to be universalized in private 
capitalisation-type pension plans. Howe- 
ver, it does increase the cost of social se-
curity systems funded on a pay-as-you-go 
basis.

Warning: Long-Term Care is Coming

In 2005 the World Bank 
extended the 3-pillar protection scheme 
that it had introduced in the 1990s to a 
5-pillar scheme by adding a ‘zero pillar’ 

based on non-contributory pensions and a 
‘fourth pillar’ based on informal or in-
tra-family transfers (Holzmann and Hinz, 
2005) for the care of dependents. Howe- 
ver, there are good reasons to set up col-
lective schemes to enable this last pillar 
to be completed (Miyazawa et al., 2000; 
Barr, 2010; Zuchandke et al., 2010; Co- 
lombo et al., 2011; Forder and Fernández, 
2011; Guillén and Comas-Herrera, 2011; 
Colombo and Mercier, 2012): the cost of 
dependency is very high, particularly at 
higher dependency levels; there is consid-
erable uncertainty as to the duration and 
extent of the care needed by dependents; 
there are individual insurance schemes 
that cover this uncertainty; public-sector 

his paper seeks to help 
draw up a flexible de-
sign for pensions for de-

pendents that can help reduce the costs 
of their situation while precisely increas-
ing the amounts that they receive. This 
requires a system for the automatic ad-
justment of pension benefits taking into 
account the dependency level of the ben-
eficiary, where pension benefits increase 
in the new state as the cost of care in-
creases. To that end, we propose a model 
with a benefit correction factor that in-
cludes a specific mortality rate for de-
pendents, thus enabling to adapt the ben-
efits to the profile of each beneficiary. 
Special attention is paid to mortality ra- 
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coverage tends to offer services with pre-
defined support, in terms of money or 
service, in line with the degree of depen-
dency of each individual; and the cre-
ation of a public system would help in-
crease efficiency in all-round coverage.

The outlook for the fu-
ture is not expected to improve 
(Campbell et al., 2009; Colombo et al., 
2011) since: the number of elderly people 
is set to increase in most countries, fami-
ly support for dependents will tend to 
disappear as families have fewer chil-
dren, demand for better coverage and 
care in old age is set to increase, and 
there will be technological changes that 
will enable dependents to be cared for in 
their own homes.

Until the passing of the 
Dependency Act (Ley de Dependencia) 
in Spain there was no state-wide assur-
ance of coverage of this type. Germany 
and France have offered such coverage 
on a universal basis since 1995 and 1997, 
respectively (IMSERSO, 2004), and it 
has also been introduced in other coun-
tries including Japan (Campbell et al., 
2009, 2010), Luxembourg (Colombo 
et al., 2011), the Netherlands (Schut and 
Van den Berg, 2010) and South Korea 
(Wook-Kim and Jun-Choi, 2013; Chon, 
2014). The system in Germany is coordi-
nated in a highly complex manner but in 
the case of France the level of coordina-
tion is low. In Spain, Law 39/2006 on 
the promotion of personal autonomy and 
care for persons in situations of depen-
dency (Ley, 2006) establishes three levels 
of dependency which, as in the other 
countries mentioned, are funded by the 
state, by regional communities or by as-
sociations of interested parties. The three 
levels of dependency established in the 
Spanish legislation regulating dependency 
are the following:

i. Basic level: essential coverage is pro-
vided with funding from the general na-
tional administration.
ii. Supplementary level: supplementary 
aid can be provided by Spain’s devolved 
regional authorities (‘autonomous com-
munities’). To that end agreements are 
drawn up between the general national 
administration and the regions.
iii. Improvement level: private sector aid 
is envisaged.

This legislation estab-
lishes a scalable system of benefits on 
three levels that cannot be funded by the 
public sector alone because of its impli-
cations for the financial sustainability of 
public pension systems (Casado and 
López, 2001; OCDE, 2005, 2006; Ro- 
dríguez, 2007; Puga et al., 2011): its cost 

could be as high as 9.5% of GDP by 
2060 (De la Maisonneuve and Oliveira, 
2015). As a result, private sector cover-
age for dependency is envisaged in the 
legislation itself (Fernández-Ramos and 
De La Peña, 2013).

Literature Review

The first step in de-
signing private long-term care (LTC) 
coverage (Herranz et al., 2008) is to es-
tablish precisely what kind of coverage 
is provided. Services related to everyday 
activities (Calmus, 2013) or benefits can 
be offered, and the latter can take the 
form of capital payments or regular in-
come. Services and financial benefits 
can also be combined (Colombo et al., 
2011), involving both the public and pri-
vate sectors (Chen, 2001; De La Peña, 
2003) to improve their effectiveness. 
Schemes may also be free to decide 
what kind of care they finance (Da Roit 
et al., 2007; Da Roit and Le Bihan, 
2010; Damiani et al., 2011).

This normally entails 
offering a set of measures that meets all 
the needs of the dependent rather than 
conventional service coverage (Arksey 
and Kemp, 2008) such as use of a resi-
dence (De la Peña, 2000a), thus provid-
ing higher levels of satisfaction and bet-
ter monitoring of dependents.

Da Roit and Le Bihan 
(2010) classify the coverage in services in 
kind (found for instance in the Ne- 
therlands or Sweden) or financial benefits 
for all-round dependency coverage plans 
(France) or for caring of dependents 
(Austria, Germany and Italy). Both are 
provided for chronic illness or physical or 
mental disability, so as to help achieve 
and maintain an optimal level of function-
ing (Worrall and Chaussalet, 2015).

In this scenario, LTC 
coverage may be considered as an ex-
tension of health insurance (Costa-Font 
et al., 2014) and can protect beneficia-
ries from the risk of outliving the re-
sources available to them following their 
retirement (Warshawsky, 2012). Accor- 
dingly, we propose to link LTC cover-
age with retirement pensions so as to 
extend their effect (Murtaugh et al., 
2001; Warshawsky, 2007; Forder and Fer- 
nández, 2011; Zhou-Richter and Gründl, 
2011; Brown and Warshawsky, 2013). In 
an earlier paper, Pitacco (2002) pro-
posed to include LTC insurance within 
the public pension scheme by introduc-
ing an improved pension funded with 
contributions deducted from public re-
tirement pensions.

In the field of private 
initiative, a distinction is drawn between 

natural coverage and LTC (Davidoff, 
2009; Brown and Warshawsky, 2013), 
with problems of dependency being alle-
viated with products suited to demand. 
The combination of different benefits 
(Spillman et al., 2003) simplifies matters 
and includes an important aspect of re-
tirement pensions which is usually dealt 
with separately: an acknowledgement of 
the potential need for dependency care, 
resulting in higher benefits being paid 
when the beneficiary is dependent. This 
approach is proposed by Habermann and 
Pitacco (1999) and Pitacco (2013) as a 
combination of retirement income and 
higher income on becoming dependent.

However, the problem is 
how to fund such a system: as stated 
(Pitacco, 2002, 2013), it is envisaged that 
the relevant premiums would be subtract-
ed from retirement pensions. By contrast, 
other authors (Winklevoss, 1993; De La 
Peña, 2000b) propose an approach that 
does not increase the total cost of cover-
age under the plan but does adapt bene-
fits to the dependents new state: an ac- 
tuarial correction (Winklevoss, 1993) or 
actuarial reduction (De La Peña, 2000b) 
factor, used in both cases for early 
retirement.

In the public field, 
Worrall and Chaussalet (2015) are of the 
opinion that there is a clear need to as-
sess how the demand and cost of LTC 
will evolve over the coming years. 
However, producing accurate forecasts 
of the demand for LTC is highly com-
plex. In any case, in a pure pay-as- 
you-go model, any change in the pen-
sion will affect directly the contribution 
rate. The notional defined contribution 
(NDC) scheme (Barr, 2006) divided the 
state pay-as-you-go (PAYG) scheme into 
two components: a notional financial ac-
count operating on a PAYG basis but 
replicating a funded defined contribu-
tion (FDC) scheme, and a factor as re-
distribution element.

The NDC schemes cur-
rently in place focus mainly on old-age 
pensions, but their application can be ex-
tended to other contingencies, such as 
LTC. The idea of combining retirement 
and LTC annuities comes naturally to ac-
tuarial thinking as a way of improving 
the diffusion of LTC insurance coverage 
and finding fair protection and financial 
sustainability in the long term¸ without 
shifting too large a financial burden onto 
future generations (Colombo and Mercier, 
2012).

Methodology

Nowadays, publicly-run 
LTC schemes recognize at least three 
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degrees of dependence. Dependents are 
categorized into several levels of depen-
dence according to their inability to per-
form a given number of activities in daily 
living. This classification has a direct ef-
fect on the amount of benefit paid. 
However, established degrees of depen-
dence and their legal definition differ no-
tably from country to country. This can 
be illustrated by looking at the examples 
of Austria (Fleischmann, 2015), France 
(Biessy, 2015), Germany (Rothgang, 
2010) and Spain (Bolancé et al., 2013). Ne- 
vertheless, the uncertainty surrounds the 
timing of becoming dependent (LTC inci-
dence rates by age) and yearly deteriora-
tion probabilities by age (probabilities of 
moving to a worse state of dependence).

The present model in-
cludes realistic demography because it 
takes into account an age and health sta-
tus schedule of mortality and the worse 
state of dependence. We assume that 
when the beneficiary becomes a severe or 
high-level dependent at age x the amount 
of the benefit is automatically increased 
by a percentage λx

d ,  which helps to pay 
for dependency care services. Dependent 
persons are assumed to be unable to re-
cover their previous health status (active 
or autonomous), following the irreversible 
illness-death model (Andersen and Kei- 
ding, 2002). Before becoming beneficiaries, 
the contributions have been for retirement, 
death and invalidity coverage, and the rea-
sons for state change may be death or inva-
lidity when is working and death when is 
receiving benefits (Figure 1).

Dependency benefits as 
such are paid when participants are al-
ready receiving other benefits (retirement, 
invalidity), because lower levels of depen-
dency do not fall under dependency bene-
fits and if dependency ensues while 
working, initially they would become dis-
abled persons receiving the pension of in-
validity. This means that the main techni-
cal requirement is to know the probabili-
ty of death of beneficiaries while classed 
as dependents, which limits the duration 
of payments.

In the actuarial literature 
on mortality there is unanimous agreement 
that the mortality rate among dependents 
d qx

m( )  is different from and higher than 

the general mortality rate qx
m( )  as ex-

pressed in the standard tables used by in-
surance agencies to assess normal risks, 
and clearly substantially higher than the 
mortality rate for autonomous beneficiaries 
a qx

m( )( )  (Sánchez et al., 2008). So, the fol-
lowing relation ratio is accepted:

d qx
m > qx

m > a qx
m( )

These probabilities are 
used to work out the lifelong annuities of 
severe and high-level dependents.

The study starts from a 
simplified form of the multi-state transi-
tion model (Haberman and Pitacco, 1999) 
that describes probabilities of transition 
between various states; working, retired 
(autonomous), retired (dependent), invalid 
(autonomous), invalid (dependent) and de-
ceased (Figure 1). This is a discrete mod-
el with various states for an annual peri-
od, where it is assumed that there will be 
no more than one transition per year and 
there are no returns to previous states.

Being
a px+k

a( ) :  probability of a working individu-
al aged x+k reaching age x+k+1 as a 
worker,
a qx+k

i( ) :  probability of a working individual 
aged x+k becoming an invalid before reach-
ing age x+k+1, while exposed also to other 
causes of transition (death and retirement),
a qx+k

m( ) :  probability of a working individual 
aged x+k dying before reaching age x+k+1, 
while exposed also to other causes of tran-
sition (invalidity and retirement), and
a qx+k

r( ) :  probability of a working individu-
al aged x+k retiring before reaching age 
x+k+1, while exposed also to other causes 
of transition (death and invalidity), the 
following equivalence is obtained when-
ever x+k is lower than the retirement age 
(x+k<xr) for a worker:

a px+k
a( ) + a qx+k

i( ) + a qx+k
m( ) + a qx+k

r( ) =1

which is true for the whole period of ac-
tivity (retirement age depends on the law 
in every country).

For the invalidity period,
i px+k

i( ) :probability of an invalid individual 
aged x+k reaching age x+k+1 as an invalid,
i qx+k

m( ) probability of an invalid individual 
aged x+k dying before reaching age 
x+k+1, while exposed also to other causes 
of transition (dependency),
i qx+k

d( ) probability of an invalid individual 
aged x+k becoming a dependent before 
reaching age x+k+1, while exposed also 
to other causes of transition (death).

where for an age x+k at which the be- 
neficiary receives invalidity benefits it 
holds that

i px+k
i( ) + i qx+k

m( ) + i qx+k
d( ) =1

Similarly, as from retire-
ment age,
r px+k

r( ) :  probability of a retired individual 
aged x+k reaching age x+k+1 as a retiree,
r qx+k

m( ) :  probability of a retired individual 
aged x+k dying before reaching age 
x+k+1, while exposed also to other causes 
of transition (dependency), and
r qx+k

d( ) :  probability of a retired individual 
aged x+k becoming a dependent before 
reaching age x+k+1, while exposed also 
to other causes of transition (death), the 
following is obtained:

r px+k
r( ) + r qx+k

m( ) + r qx+k
d( ) =1

All that remains to be 
determined is the following for depen-
dents is
d px+k

d :  probability of a dependent aged x+k 
reaching age x+k+1 as a dependent, and
d qx+k

m :  probability of a dependent aged x+k 
dying before reaching age x+k+1, where, of 
course, the sum is one at age x+k:

d px+k
d + d qx+k

m + =1

In our model, if a factor  
λx
d is applied when a beneficiary becomes 

dependent, then only the probability of 
death while classed as a dependent re-
mains to be determined. The probabilities 
of suffering from severe and high-level 
dependency have been determined in var-
ious studies (Fernández-Ramos, 2015), on 
the basis of which life expectancy figures 
for individuals in the severest states of 
dependency have been calculated. The ex-
cess mortality rate for dependents over 
and above the general mortality rate can 
be expressed via a multiplicative correc-
tion factor θ:

d qx
m = θ⋅qx

m

This correction may va- 
ry from one age group to another, though 
MacDonald and Pritehard (2001) state 
that a fixed correction factor fits the 
mortality rate of high-level dependents 
better than any other approach. However, 
this tends to overestimate mortality rates 
for younger dependents and underesti-
mate those for older dependents. It is 
therefore better to use an additive adjust-
ment (ε) on the general mortality rate, Figure 1. Probabilities of transition.
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considering age as an independent vari-
able in a functional form (Rickayzen and 
Walsh, 2002):

d qx
m = qx

m +ε where ε = f x( )

This shows that mortali-
ty rates increase in line with the level of 
dependency and are lower at younger 
ages, and that no excess mortality applies 
in the case of less severe dependency 
(Leung, 2003).

On that basis, Sánchez 
et al. (2008) determined the probabilities 
of death among severe and high-level de-
pendency in Spain. They found that the 
gap between excess mortality and general 
mortality rates decreases from age 96 on-
wards. To reflect this effect, they include 
a variation in Rickayzen and Walsh 
(2002) formula based on a mixed correc-
tion factor applied to general mortality so 
as to model mortality among dependents. 
In that mixed correction factor, an addi-
tive modification is included under the 
expression used by Rickayzen and Walsh, 
and a multiplicative correction factor is 
applied to the general mortality rates to 
reflect the decrease in differences in ab-
solute mortality figures in the highest 
ages on the table:

d qx
m =

qx
m +

δ
1+ γxi−x

∀xi < 95

qx
m ⋅ 1+β( )+ δ

1+ γxi−x
∀xi < 95

⎧

⎨
⎪⎪

⎩
⎪
⎪

where d: maximum value to be incorpo-
rated in line with the age at which fig-
ures converge asymptotically, g: slope 
factor, xi: age at the point of inflection 
where the curve changes from convex to 
concave, and b: multiplicative correction 
factor applied to general mortality.

Once the probability of 
death of severe and high-level dependents 
is known, the correction factor to be ap-
plied is

λx
d =

h=x
w

li−x
px
m∑

h=x
w

h−x

d px
m∑
=
ex
m

d ex
m

and if the financial revaluation factor is 
incorporated, the correction factor for de-
pendency is

λx
d =

h=x
w

h−x
px
m ⋅βh−x ⋅vh−x∑

h=x
w

h−x
d px

mβh−x ⋅vh−x∑
=
Vä 1;β( )x

m

dVä 1;β( )x
m

where b: pension revaluation factor, v: fi-
nancial revaluation, Vä 1;β( )x

m :  actuarial 
value of a prepayable annuity that varies 
in geometrical progression at a ratio β, 

valued at age x and payable so long as 
the beneficiary remains alive, and 
dVä 1;β( )x

m : actuarial valule of a prepay-
able annuity that varies in geometrical 
progression at a ratio b, valued at age x 
and payable so long as the beneficiary 
dependent remains alive.

In this manner, becoming 
an LTC recipient means that the amount 
of retirement pension is automatically in-
creased by a certain percentage to help to 
pay for care services.

Implementing the Model: Results of an 
Application to Spain

Mortality rates among 
dependents are usually calculated on the 
basis of general mortality statistics (Pito- 
cco, 2002). Sánchez et al. (2008) calcu-
late them for d, g, b and xi with an ordi-
nary least squares procedure for the gross 
values for high-level dependency estimat-
ed for Spain (Table I). They are based on 
PERM/F-2000P dynamic tables for Spain 
(DGS, 2000) fitted to HID 98-01 statis-
tics for France (Bontout et al., 2002).

As can be seen in 
Table II, life expectancy at age 65 differs 
considerably for autonomous individuals 
and severe and high-level dependents. 
Most people classed as dependents are 
aged over 65, so the life expectancy of 
not only autonomous beneficiaries but 
also dependents needs to be factored into 
pension calculations, as otherwise the life 
expectancy of elderly people would be 
overestimated.

The application of these 
calculations to severe and high-level de-
pendents in line with their year of birth, 
becoming dependent at ages 65, 70, 75 

TABLE II
LIFE EXPECTANCY AND CORRECTION FACTORS AT AGES 

65, 70, 75 AND 80 ACCORDING TO COHORT AND SEX
Age 65

COHORT
ex
m d ex

m λx
d − ex − λx

d − äx −
Men Women Men Women Men Women Men Women

1950 23.56 28.05 6.00 8.28 3.927 3.388 4.494 3.611
1955 24.16 28.65 6.03 8.32 4.010 3.444 4.579 3.664
1960 24.76 29.21 6.05 8.36 4.091 3.496 4.663 3.715
1965 25.33 29.74 6.08 8.39 4.170 3.546 4.745 3.763
1970 25.90 30.24 6.10 8.42 4.247 3.593 4.824 3.808

Age 70

COHORT
ex
m d ex

m λx
d − ex − λx

d − äx −
Men Women Men Women Men Women Men Women

1950 19.81 23.54 5.18 7.45 3.827 3.158 4.625 3.465
1955 20.35 24.09 5.20 7.50 3.910 3.211 4.717 3.517
1960 20.89 24.61 5.23 7.55 3.992 3.261 4.807 3.567
1965 21.41 25.10 5.26 7.59 4.072 3.309 4.894 3.615
1970 21.92 25.56 5.28 7.62 4.150 3.354 4.980 3.660

Age 75

COHORT
ex
m d ex

m λx
d − ex − λx

d − äx −
Men Women Men Women Men Women Men Women

1950 16.32 19.19 4.62 6.74 3.536 2.845 4.477 3.202
1955 16.80 19.67 4.65 6.80 3.613 2.891 4.565 3.250
1960 17.27 20.13 4.68 6.86 3.688 2.936 4.651 3.295
1965 17.72 20.57 4.71 6.91 3.761 2.978 4.735 3.337
1970 18.17 20.99 4.74 6.96 3.833 3.018 4.816 3.378

Age 80

COHORT
ex
m d ex

m λx
d − ex − λx

d − äx −
Men Women Men Women Men Women Men Women

1950 13.19 15.08 4.22 6.06 3.129 2.491 4.108 2.869
1955 13.59 15.49 4.26 6.13 3.192 2.527 4.181 2.906
1960 13.97 15.87 4.29 6.19 3.255 2.562 4.252 2.941
1965 14.35 16.24 4.33 6.26 3.315 2.596 4.322 2.975
1970 14.72 16.59 4.36 6.31 3.374 2.628 4.389 3.008

Based on PE-2000 tables.

TABLE I
EXCESS MORTALITY FACTORS FOR 

DEPENDENTS
Factors Men Women

d 0.245 0.165
g 1.135 1.09
xi 62.50 58.61
b 0.1142 0.0962

Source: Sánchez et al. (2008).
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and 80, shows pension increases of prac-
tically threefold in all cases. If expectan-
cy as regards payment of the various 
funding flows is applied as a correction 
factor in all cases, the value that results 
is higher than that calculated on the ba-
sis of life expectancy. However, if this 
correction factor is taken into account 
throughout the lifetime of each benefi-
ciary, i.e. not only in retirement, then 
substantial changes are found. At young-
er ages the correction factor has values 
of just over one, in sharp contrast with 
the values found from retirement age 
onwards.

Figures 2, 3 and 4 show 
the different values that the correction 
factor would take if it were extended to 

an individual’s whole lifetime as a bene-
ficiary of a pension scheme. The last few 
years of life show high values due pre-
cisely to the short life expectancy of se-
vere dependents if they become benefi-
ciary at those ages.

As occurs with the cor-
rection factor with actuarial income when 
life expectancy alone is used, the value 
of the factor increases by less than dou-
ble in the period of dependency benefits. 
Subsequently, the figure rises gradually 
as retirement age approaches until it in-
creases threefold After retirement age the 
figure begins to drop, but then increases 
markedly at ages where the life expectan-
cy of severe dependents becomes substan-
tially shorter (from age 90 onwards).

This is in contrast with 
the values already obtained from retire-
ment age onwards. It is also noteworthy 
that in a breakdown of beneficiaries by 
sex (Figure 5) at pre-retirement ages the 
correction factor for women is higher than 
for men. This situation is reversed after 
retirement age, where the figure for men 
is substantially higher than for women.

Discussion

This simpler approach is 
the one used in public social welfare pro-
visions to link pensions with the life ex-
pectancy of pensioners. Several countries, 
such as Sweden, Poland, Latvia or 
Norway, have systems in which individu-
als receive benefits according to their es-
timated life expectancy and to the contri-
butions that they have made. This mecha-
nism was introduced in Spain (De las 
Heras et al., 2014) through the estimation 
of life expectancy at retirement age. On 
the one hand, this enables individuals to 
accumulate more entitlements and thus 
obtain higher pensions by extending their 
working lives (European Commission, 
2012) in the case of retirement benefits. 
On the other hand, it re-establishes the 
balance at individual level between con-
tributions paid and pension received, 
which tends to break down as life expec-
tancy increases. Individuals in different 
cohorts thus receive similar yields for 
their efforts in terms of contributions 
(Meneu et al., 2013).

Some authors assert that 
coverage for dependency is already inte-
grated into planning at retirement 
(Yakowosky, 2002), so the likelihood of 
becoming a dependent is already factored 
into the income to be received; however, 
others assert that dependency and the 
mortality of autonomous beneficiaries are 
negatively correlated (Murtaugh et al., 
2001; Webb, 2009), so a natural selection 
of demand for each product is created. 
What is certain is that the factors in-
volved include age and state of health, 
and there is uncertainty concerning the 
time when beneficiaries become depen-
dents (Bommier and Lee, 2003). Studies 
of populations in the UK (Ainslie, 2000; 
Rickayzen, 2007) and in Norway (Elling- 
sen, 2010) have found that mortality for 
dependents is proportional to the level of 
care needed and to their age.

This is where the study 
presented here constitutes a step forward: 
given the uncertainty as to the time when 
beneficiaries become severe or high-level 
dependents, a factor is introduced that au-
tomatically increases the pension received 
by beneficiaries (retirement, invalidity or 
death benefits) when they transition to a 

Figure 2. Breakdown by gender of the correction factor for life expectancy λx
d / λy

d .

Figure 3. Correction factor with actuarial income for dependency broken down by age and ge-
neration (men).
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state of severe or high-level dependency, 
taking into account the differences in 
mortality rates between autonomous bene-
ficiaries and dependent beneficiaries.

Conclusions

The model has many 
practical implications, and can be imple-
mented with little difficulty and no addi-
tional cost, enabling coverage to be uni-
versalized in capitalization-based private 
pension schemes. Such schemes are cur-
rently designed according to hypotheses 
based on a general mortality rate for their 

beneficiaries that do not factor in specific 
mortality rates for severe or high-level 
dependents. Including the correction fac-
tor suggested here, together with the ta-
bles for mortality among dependents, 
means that dependency benefits can be 
included with no need to increase costs 
or contributions.

However, if this factor 
were to be included in a public, de-
fined-benefit system such as the pay-as-
you-go social security system or a notion-
al accounts system, it would lead to a di-
rect increase in cost equivalent to the 
amount of the increase in benefits to be 

received by pensioners classed as depen-
dents. If contributions would not increase, 
a deficit would initially result.

In any case, dependents 
seek to reduce the burden of spending 
brought on by their state. Once they be-
come dependent their expenses increase 
and the correction factor would provide 
an increased pension that would not, 
however, have to be paid directly. For in-
stance, the following alternatives are pos-
sible: i) pension increases could be used 
to refund part of the amount spent on 
care rather than being paid directly to 
beneficiaries, or ii) any surplus could 
then be added to the initial pension.

Both, public and private 
dependency coverage schemes alike, seek 
to help meet the costs that dependency 
entails for individuals, but without neces-
sarily providing all the resources needed 
to meet demands for coverage. Indi- 
viduals are provided with a set of mea-
sures that can meet their needs as depen-
dents in full: services, use of residence 
and financial benefits, thus providing 
higher levels of satisfaction and better 
monitoring of dependents.

This factor contributes 
by offering an affordable system not pre-
sented before. However, the study is not 
free of limitations that will be overcome 
in future research. The first is that the 
developed conversion factor reinforces the 
fact that biometric assumptions need to 
be estimated accurately before any deci-
sion is made to put the model into prac-
tice. Although we have found differenci-
ated mortalities betwen severe dependents 
and autonomous pensioneers, we have no 
data about the different degrees or levels 
of dependent people so as to obtain the 
transition probabilities from one stage to 
another. Also, it would be of interest to 
quantify the effect of this factor not only 
in the Spanish social security system, but 
in other countries such as France, Italy or 
Germany.
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LA PENSIÓN DE CUIDADO A LARGO PLAZO VÍA FACTOR DE CONVERSIÓN BASADO EN TARIFAS DE 
MORTALIDAD DIFERENTES: MÁS DINERO A MÁS EDAD
J. Iñaki De La Peña, María-Cristina Fernández-Ramos y Noemí Peña-Miguel

RESUMEN

en el nuevo estado, al igual que aumentan los costes del cuidado 
del dependiente. El artículo no procura dar una solución para 
beneficiarios dependientes en grado de severo o gran dependien-
te, sino que trata de dar sentido social a la pensión recibida y 
adaptarla a la esperanza de la vida: se recibe más cuando ma-
yor necesidad hay. El desarrollo de este factor es aplicado a la 
experiencia de mortalidad española (PEM/F2000)

Este trabajo propone un sistema para el ajuste automático de 
la pensión teniendo en cuenta el riesgo de mortalidad según sea 
el nivel de dependencia física o mental del beneficiario. Para 
ello se aplica un modelo multiestado simplificado de Markov 
donde la probabilidad de fallecimiento se estima por medio de 
excesos de mortalidad sobre una persona no dependiente y ba-
sada en la experiencia. Así, el importe de la pensión aumenta 
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RESUMO

na medida em que aumentam os custos de cuidado do depen-
dente. O artigo não procura dar uma solução para beneficiá-
rios com alto grau de dependência, mas sim trata de dar senti-
do social à pensão recebida e adaptá-la à expectativa de vida: 
se recebe mais quando maior necessidade existe. O desenvol-
vimento de este fator é aplicado à experiência de mortalidade 
espanhola (PEM/F2000).

Este trabalho propõe um sistema para o reajuste automático 
da pensão levando em conta o risco de mortalidade segundo o 
nível de dependência física ou mental do beneficiário. Para isto 
se aplica um modelo multiestado simplificado de Markov onde 
a probabilidade de falecimento se estima por meio de excessos 
de mortalidade sobre uma pessoa não dependente e baseada na 
experiência. Assim, o valor da pensão aumenta no novo estado, 


