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Abstract 
The increase in longevity risk is leading to serious challenges for economies. Industries such as 
insurance and pensions, which are most closely related to the management of the risks of an 
aging population, have for a number of years experienced direct effects of this kind. To 
counterbalance this, they have developed techniques for constructing mortality tables in order 
to project the future trends of life expectancy at birth and thus reduce the level of uncertainty 
that this market by its nature involves. Developed countries have led technical improvements 
for constructing these tables, while Latin American countries have lagged behind significantly 
in this respect. Given that these countries cannot yet develop tables weighted by social and 
medical aspects, it is highly probable that this situation will continue. That is why this study 
aims to construct a forecast for mortality rates, based on projection models of the ARMA (p, q) 
type and non-parametric contrast methodology. The study is based on the case of Chile, which 
provides most information for constructing a model for a Latin American country. The 
estimates show that the official mortality tables in Chile could include significant lags by 2050, 
which will have major negative effects on the pension and insurance industry, in the 
hypothetical case that they were not updated. In another exercise, using the mortality table 
estimated in this work, we found that if pensions in Chile are not to lose their purchasing 
power, the contribution rate would have to be increased by 8 percentage points in the case of 
men and 4 in the case of women. Given that Chile is the best developed country in the region 
with respect to mortality tables, the negative effects on the rest of Latin America could be even 
more worrisome. 
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1. Introduction 
In the second half of the last century, the world began to show clear signs of major 
demographic changes that would affect the way labor markets and, in the final analysis, the 
economy itself, behaved. One of these changes is the greater longevity of life expectancy. As 
progress has been made in health, nutrition, government health policies and lifestyles, life 
expectancy has increased substantially. At the start of the 20th century the average life 
expectancy was barely over 30, and was below 50 even among the highest-income groups 
(Prentice, 2006). As a consequence of that, this average increased to 48 years mid-way 
through the century, and currently is estimated to be over 66 years, with a figure of over 80 in 
some countries.  

Although these average figures still show major contrasts between different geographical areas, 
particularly between the so-called developed and lower-income countries, it is also true that a 
very swift process of convergence is underway as the social and medical progress spreads. In 
fact, in the last 30 years the number of people who live to 60 years or over has doubled and it 
is expected to double again by 2050, when this age group will be larger than the population 
under the age of 14.  

The transition to an economic reality with longer-living populations involves important 
challenges for the economy as a whole, although in a particularly direct way for those 
industries that have focused their objective on the coverage of risks associated with old age, 
such as pensions and insurance. The "risk" of living longer does not appear to have reached its 
limit yet, so it incorporates an element of uncertainty with respect to gauging the products 
offered correctly. A key element when it comes to designing insurance products (and thus 
adjusting their respective prices) to address the risk associated with inactive old age, is to have 
well designed mortality tables with projections that can provide the best possible balance 
between the needs of buyers and sellers. 

Developed countries were the first to note the pressures from an aging society, which began 
to make inroads first on the public finances, and then on the private insurance industries 
themselves. However, developing countries are converging at an increasingly fast pace. In the 
1950s, the gap between life expectancy at birth for these two groups of countries was around 
20 years; it has now been narrowed to around 5 years. The richest countries were the first to 
make significant innovations in the design of mortality tables, and they were updated 
constantly. The most advanced countries such as Germany even include social and bio-medical 
information to fine-tune their estimates. Latin America has lagged behind this progress. It could 
be said that only in the last decade have serious steps been taken to improve the tables, with 
the inclusion of dynamic tables. Chile has taken the lead in this respect. Nevertheless, they still 
lag behind significantly because of the methodologies used, which cannot include the whole 
range of factors that interact in the projections of mortality tables.  

With this in mind, this paper includes an econometric analysis designed to reveal the potential gap 
produced by the mortality tables currently used in Latin America. For this purpose we have focused 
on the case of Chile, because it is the country with most information available for making the 
necessary calculations. In general, the problems found in the study suggest that the challenges that 
could be facing other mortality tables in the region could be bigger, bearing in mind that Chile is the 
country that has worked most seriously and for the longest time on this subject. 

A difficulty for Latin American countries in general, and Chile in particular, is that they do not 
have sufficient past information on mortality trends to construct their own long-term tables. 
One way of dealing with this is to compare the information available in these countries' tables 
with that of other countries for which we have more information. We can use sample 
equivalence tests to identify those that offer the greatest similarities. 
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In our case, the sample equivalence analysis uses non-parametric tests that compare the level 
of mortality (sign test), form (runs test) and the existence of a similar pattern between both 
tables ( χ2 test). The application of these tests will allow us to determine which country has 
mortality tables that are statistically comparable to the Chilean, N years ahead/behind. The 
study also includes the additional condition that the equivalence of the tables must be stable 
and prolonged over time, to ensure that this equivalence is not limited to a chance episode in 
time. The model projects the mortality rates in Chile using the ARMA (p, q) methodology for 
each of the 101 ages and for each gender, with a total of 202 regressions. 

As will be seen in the study, there are significant differences between the official tables and 
those given by our estimates. Finally, the work calculates the economic impact of the use of 
inadequate mortality tables. 

After this introduction, the second section reviews how far Latin America has progressed in the 
development of mortality tables. The third section discusses different types of methodologies 
for projecting mortality tables. Section 4 presents the estimates made to calculate the 
projected mortality tables for Chile and compare them with those currently used. Section 5 
demonstrates the economic effects of using inadequate mortality tables; and finally, the last 
section presents the main conclusions of the study. 

2. Mortality tables in Latin America and 
longevity risk 
Demography is the science that studies human populations, their characteristics and their 
dynamics. The first works to deal with statistical demographic data were developed by Ibn 
Khaldun (1332-1406). However, the science only finally took off in the United Kingdom with 
the works of John Graunt in the 17th century and Robert Malthus in the 18th. 

Population censuses are the main source of demographic information. Although censuses have 
been held in various cultures for thousands of years with the aim of making tax collection 
easier, modern censuses arose at the start of the 19th century in European countries such as 
the United Kingdom and Sweden. The biggest census project in Latin America was launched 
when the Inter-American Statistical Institute (IASI) launched its Census of the Americas (COTA) 
program, which was followed a large number of countries in the region in 1950. The delay in 
the availability of statistics, combined in many cases the need for better technical skills on the 
part of specialists in some countries, has led to a lag in the availability of information such as 
mortality tables that are needed to develop actuarial science. 

In Chile, until 2004 the RV-85 mortality tables were used, as established by Circular No. 656 
of the pension manager supervisor Superintendencia de Administradoras de Fondos de 
Pensiones (AFP)

1
. These tables were originally designed to be applied to the US population, but 

were adjusted using CELADE data from the 1982 census. 

However, starting in 2000 the RV-85 tables began to show signs of being out of date for the 
calculation of life expectancy. This deficiency led to the AFP Supervisor (Pension Supervisor) and 
Supervisor of Securities and Insurance to construct the RV-2004 mortality tables. The new tables 
updated the calculation of the programmed retirement benefits and life annuities using the data of 
retirement pensioners for the period 1995-2003, inclusive. Using adjustment and graduation 
techniques, they determine the probable life expectancy of future pensioners. The most notable 
result is that the RV-2004 tables showed the RV-85 had underestimated life expectancy. For 
example, the life expectancy of women aged 60 increased by up to 3.06 years with the new 
tables. In the case of men the error was not as large, at around 0.51 years below the real figure. 

                                                                                                                                                                   
1 For more details, see: http://www.spensiones.cl/redirect/files/normativa/circulares/CAFP656.pdf  
http://www.safp.cl/safpstats/stats/files/normativa/circulares/CAFP1314.pdf, and the press release: 
http://www.svs.cl/comunicados/com_20041116-01.pdf.  

http://es.wikipedia.org/wiki/Ibn_Jald%c3%ban
http://es.wikipedia.org/wiki/Ibn_Jald%c3%ban
http://es.wikipedia.org/wiki/John_Graunt
http://es.wikipedia.org/wiki/Thomas_Malthus
http://www.spensiones.cl/redirect/files/normativa/circulares/CAFP656.pdf
http://www.safp.cl/safpstats/stats/files/normativa/circulares/CAFP1314.pdf
http://www.svs.cl/comunicados/com_20041116-01.pdf
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Colombia had been using the same mortality table for pensioners since 1994 (RV89, based on 
the data for 1989). In 2000, the Colombian banking supervisor Superintendencia Bancaria de 
Colombia issued Circular 071/2000

2
 requesting information on the mortality of active 

contributors, pensioners, the disabled and people with invalidity, with the aim of preparing up-
to-date mortality tables. An analysis of these data revealed that these tables had to be updated, 
and in 2010 Resolution 1555/2010

3
 resolved to replace the RV89 with the RV08 tables. 

As in the case of Chile, the updated tables in Colombia revealed that life expectancy had been 
underestimated. The RV08 calculated a life expectancy for women aged 60 of 27 years, while the 
calculations of the National Administrative Department of Statistics (DANE) put the figure at around 
22, a difference of 5 years. In the case of men, the difference was not as great, at 3.3 years. 

Peru had since 1993 used the Chilean RV85 tables, but after 13 years, in 2006, Resolution 
354/2006 approved the use of modified Chilean RV-2004 tables. More recently, Resolution 
17728/2010 included as obligatory the use of RV-2004 tables modified and adjusted to the 
Peruvian experience

4
. 

The mortality tables used to calculate life annuities in the Mexican social security system are 
prepared by the National Insurance and Finance Commission, which is the regulator and 
supervisor of pension insurers. From 1997 to 2008 they used mortality tables called EMSSA 
97 (Mexican Social Security Active Experience), based on a study projecting mortality prepared 
by the National Population Council (CONAPO) for the period 1990-2030. They were broken 
down by gender, but did not take into account improvements in mortality. 

In 2007 a statistical analysis of the observed mortality of pensioners with life annuities was 
carried out for the period 1997-2006. This showed a greater survival rate than expected. As a 
result, in 2009 it was decided to adopt the dynamic mortality tables called EMSSA 2009, 
which take into account improvements in forecast life expectancy for the coming years, in 
accordance with the demographic trend for increased longevity, and using the study of 
projected mortality in Mexico for the period 2005-2050 carried out by CONAPO.  

Chart 1 sums up the different methodologies used to calculate mortality tables in Chile, Peru, 
Colombia and Mexico. Chilean and Colombian tables are clearly better positioned, against an 
ideal benchmark of methodologies for tables based on social and bio-medical aspects, which 
would ensure a better estimate of life expectancy and its future development. 

  

                                                                                                                                                                   
2: For more details see Circular 071/2000: 
http://www.superfinanciera.gov.co/Normativa/PrincipalesPublicaciones/boletinminhda/2000/548-1000/ce071.rtf  
3:  http://www.superfinanciera.gov.co/NormativaFinanciera/Archivos/r1555_10.doc  
4:  For more details see the following resolutions:  
http://intranet1.sbs.gob.pe/IDXALL/SEGUROS/DOC/RESOLUCION/PDF/0309-1993.R.PDF  
http://intranet1.sbs.gob.pe/IDXALL/SEGUROS/DOC/RESOLUCION/PDF/0354-2006.R.PDF  
http://intranet1.sbs.gob.pe/IDXALL/SEGUROS/DOC/RESOLUCION/PDF/17728-2010.R.PDF  

Chart 1 
Calculation methodologies of mortality tables in Latin America at the age of 65 years old 

 
Source: BBVA Research 

Case of Peru

Case of Chile
and Colombia

Calculated by the
national statistical
institutes

Using the tables calculated
by the official population
censuses, usually each
10 years. Significant
deviations can be made
in intercensal estimates

Adoption of the tables of
a similar country entering
an adjustment of
more/less x years

To do permanent work
on exploitation of
administrative data of
the members of the system

Weighted tables
by socio-biometric
aspects

http://www.superfinanciera.gov.co/Normativa/PrincipalesPublicaciones/boletinminhda/2000/548-1000/ce071.rtf
http://www.superfinanciera.gov.co/NormativaFinanciera/Archivos/r1555_10.doc
http://intranet1.sbs.gob.pe/IDXALL/SEGUROS/DOC/RESOLUCION/PDF/0309-1993.R.PDF
http://intranet1.sbs.gob.pe/IDXALL/SEGUROS/DOC/RESOLUCION/PDF/0354-2006.R.PDF
http://intranet1.sbs.gob.pe/IDXALL/SEGUROS/DOC/RESOLUCION/PDF/17728-2010.R.PDF
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3. Projection methodologies for 
mortality tables 
The first works to project mortality can be traced back to 1875, when the Swiss astronomer H. 
Gylden fitted a straight line over a sequence of general mortality rates of the Swiss population 
for the period 1750-1870 and then extrapolated it as a projection (Pitacco et al., 2009). 
Following the classification of models used by Camarda (2008) we can mainly distinguish 
parametric and non-parametric models.  

3.1 Models for projecting mortality tables 
We will now briefly discuss each of the models used to project mortality tables. However, we 
first have to define some general measurements of mortality that will be used later: 

Let us define X  as a random non-negative and continuous variable that describes the future 
life span of individuals. Three functions characterize and describe the distribution of X : the 
function of probabilistic density, the function of survival and the risk rates (or mortality risk 
rates). 

The survival function is defined as the probability that an individual will survive more than x

years, using the formula: 

Equation 1 

x

dttfxXxS )()Pr()(

 

Equation 1 is in turn the complement of the cumulative distribution function, i.e.: 

Equation 2 

)(1)( xFxS
  

Using Equation 1 and Equation 2 we get  

 

Equation 1 

)(́)( xSxf
 

Another fundamental function is the "risk function", which measures the probability that a 
certain event may occur to an individual over time; in our case it is the probability that an 
individual dies. 

The probability that an individual over the age of 35 will not live longer than 75 years is given 
by the following conditional probability: 

 
 

 

 

In general terms, the outcome probability (risk function) is the limit of the conditional 
probability when the interval becomes infinitely small, i.e.  
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Equation 4 
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The last equivalence is given using Equation 3 and the derivation rule for logarithmic functions. 

Using Equation 4 we can derive an identity that relates the survival function )(xS  to the risk 

function )(xh  

Equation 5 
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S(x)= exp[ -H(x) ] 

 

Equation 
x

duuhxH
0

)()(  is called the cumulative risk function. 

Next we will describe each of the models. 

3.2 Parametric models: 

3.2.1 Age-based models 
Gompertz (1825): Gompertz was one of the first to model mortality as a level of risk. He 
observed that in the age range of 30 to 80, mortality risk increased exponentially as age 
increased. He therefore suggested that the level of risk should be modeled as follows: 

 

xbeaxh )(  

 

Where x  is the age of the individual with relation to a baseline age, 0a  is the mortality rate 

at age "0" (generally 30 years), and 0b  is the rate of increase in mortality per extra year of 

life.  

Using Equation3 and Equation 5 we can derive the density function for the Gompertz 
distribution. 

Equation 6 

 

 

 

Equation 7 
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Makeham (1860): Makeham extended Gompertz's equation by including a constant that 
absorbed the mortality risk that is independent of age: 

 

 

In this case as well, following the same procedure as above, we can derive the probability 
density function: 

Equation 8 

 

 

 

This model, as in the case of Gompertz, only models mortality for adult ages. The models 
presented below aim to model the special characteristics of all ages, i.e. the high rate of infant 
mortality, which falls drastically in the initial years of life; a bottoming-out during youth and 
adulthood and an upturn in mortality after 80 years. 

The models of Perks (1932), Thatcher (1999): logistic models have been among the main 
models proposed for the behavior of mortality rates at ages of 80 and over. Perks was the first 
to propose a logistic modification to the Gompertz-Makeham models. The modified equation is:  

Equation 9  

 

 

 

As we can see, this function covers that of Makeham (when 0  ) and that of Gompertz 
(when 0   and 0c ). The model proposed by Thatcher is similar to that of Perks. 

3.2.2 Models that describe the behavior of all age groups 
Heligman and Pollard (1980) have constructed a model that aims to describe the behavior of 
the mortality rate in all age groups: 

Equation 10  

 

 

Where A, B, ...., H are the parameters of the model. This parametrization makes the 
calculation difficult, and it is also difficult to give a meaning to the estimated parameters. 

Siler (1983) proposed a model that integrates 3 models of mortality to describe the behavior of 
all the age groups with 5 parameters. Anson (1988) proposed a fifth-degree polynomial to 
represent the mortality risk rates in humans.  

3.2.3 Age and time-based models 
The above models only captured the fact that the mortality rate will change as age increases. 
In this section, we will comment the models that have been developed to include the time 
dynamic of mortality rates 

3.2.3.1 Relational models 

These models relate a reference (standard) mortality rate, for example that obtained using the 
Gompertz model, to the mortality rate of the population at time "t" and a specific age. 
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Himes et al. (1994) proposed a relational model of the type: 

 

 

Where )(xY j  is the logistic transformation of the mortality rates for each age x,  is the 

component of mortality independent of age and time, xI  is a variable dummy for age x, tJ  is 

a variable dummy for the year analyzed, x  is the age-specific mortality rate that is 

independent of the passage of time, t  is the mortality rate corresponding to time (such as 

due to progress in questions of health). 

3.2.3.2 The Age-Period-Cohort Model (APC) 

These models are developed with the aim of separating out changes in the mortality rate due 
to three demographic coordinates: age, period and cohort. 

Mathematically this model suggests that the natural logarithm of the mortality rates may be 
represented as follows: 

Equation 11 

 

 

 

 

 

mx ,...,1  

Tt ,...,1  

1,...,1 Tmc  

 

The problem with this model is that of the total 2m+2n-1 parameters to be calculated (in other 
words, m parameters for age, plus T parameters for time and m+T-1 parameters for the 
cohorts), only 2m+2n-4 are identifiable (if we estimate m-1 parameters of age, the m can be 
obtained as a linear combination of the others, as is the case with time and the cohort, so we 
have 3 parameters that are linear combinations of the previous ones). 

 

3.2.3.3 The Lee-Carter model 

Lee and Carter (1992) reduced the complexity of the ATC model presented above and 
transformed it into a bilinear one (i.e. adding a multiplicative interaction between the 
demographic dimensions that affect mortality).  

Equation 12 
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The variance of  xt   is assumed constant for all ages and periods (this assumption is relaxed 

in some variants of this model). 

This model requires additional restrictions for its calculation. Commonly 
T

t xtx m
n 1

)ln(
1

 is 

imposed, so we focus the model on the average mortality rates for the period under analysis. 

Using this restriction, we can interpret that x  represent the fixed effect of age or deviations 

with respect to the mean observed over time. t  is a mortality rate that varies over time. 

This is one of the most commonly used models for a variety of demographic purposes and it is 
considered as the standard model for modeling and predicting mortality rates.  

 

What is attractive about the model is that the mortality rate obtained t  sums up the "global" 
trend. The procedure used for the projection is as follows: 

1) Calculate txx y,,    

2) Model t  as an ARIMA process 

3) With the estimated ARIMA model, project the values of t   

4) Use the estimated values of xx y  together with the projections of t  to obtain the 
projected mortality rates. 

As we will see in the following section our model could be classified within this last group 
(parametric age-period models). 

4. Description of the methodology 
applied in this study  
For the projection exercises, the mortality rates were estimated using ARMA(p, q) models for 
each of the 101 ages and for each gender, with a total of 202 ARMA(p,q)regressions: 

Equation 13 

(1-Φ1B – Φ2B
2
 - … ΦpB

p
)yt = (1+θ1B + θ2B

2
 + θpB

p
)ut + α + βt + λt

2
 + δt

3
 

Where ty  represents the Naperian logarithm of the mortality rate for the population of a certain 

age and sex, B  is the lag operator (Byt = Yt-1), t  represents the time trend and tu is the part 

not captured by the ARMAX model. We assume that tu  is duly stationary, in other words the 

average independent of the time and equal to zero and the autocovariance of order s are only 

affected by the lapse of time between the periods and do not depend on the time. 

In simple terms, we assume that there is a dynamic that can be estimated, and that consists of 
two parts: 1) a deterministic trend that may be approximated by a mathematical equation; and 
2) a stochastic trend whose trajectory is influenced by the past values of the mortality rate and 
present and past innovations.  

The first part of this dynamic (the deterministic trend) is considered in the ARMAX model as an 
exogenous explanatory variable (X), while the second "stochastic trend" is modeled with an 
autoregressive moving-average model. 

The above two paragraphs can be shown in algebraic terms. 
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Solving Equation 11 and carrying out basic algebraic manipulations we obtain the variation of 
the mortality rate ( ty ): 

yt = ( 1yt-1 + 2yt-2 + … + pyt-p ) +(1 + 1B + 2B
2
 + … + pB

p
) ut +α + βt + t

2
 + t

3 

yt-1 = ( 1yt-2 + 2yt-3 + … + pyt-p-1 ) +(1 + 1B + 2B
2
 + … + pB

p
) ut-1 +α + β(t-1) + (t-1)

2
 + (t-1)

3 

yt-1 = ( 1 yt-1+ 2 yt-2 …+ p yt-p )+( ut+ 1 ut-1+ 2 ut-2+ …+ p ut-p-1)+(β+ (2t-1)+ (3t
2
-3t+1)) 

 
Variación Tendencia estocástica Tendencia determinista 
tasa de 
mortatlidad 

 

We do not impose a specific functional formula to estimate the deterministic trend; rather, we 
select a formula that adapts best to the data (we test within all the linear, quadratic and cubic 
equations). This selection is carried out using the Schwarz information criterion, which is 
consistent, i.e. for large samples it will tend to select the correct model if the assumptions are 
correct. 

In algebraic terms the Schwarz criterion is: 

Equation 14 

SBIC = ln (
2
) + (k/T) ln T 

 

 

However, for the purposes of the calculation we will use an equivalent formula. 

Equation 15 

 

 

 

Equation 15 is obtained using the fact that 0)( tuE , which implies 
T

u
T

t

t

12

ˆ

ˆ  ; in 

addition, as for all the models analyzed T  is a constant, the only variation being k , 

minimizing equation 15 is equivalent to minimizing equation 14. 

4.1. Non-parametric tests. Sample equivalence test. The Chilean 
case 
As we commented above, when a determined country does not have reliable information 
available on mortality rates, it can adopt those of another country as its own, assuming that 
the two populations are similar. The differences in life expectancy may be adjusted by 
advancing/delaying the years with which the current mortality of the country in question is 
compared. 

This methodology would not be appropriate for the case of Chile, as the country already has its 
own mortality tables (RV2004 and RV2009) that have been prepared following a major 
technical effort. However, RV04 and RV09, which are updated every five years, do not have a 
sufficient statistical history to project the relevant improvement factors in the long term.  

The goal is therefore to project the Chilean mortality tables to measure the longevity risk that 
may occur in the future. To do so, we will compare the current mortality tables of Chile with 
those countries that have tables of sufficient quality and regularity of information so that by 

T
T

k
uSBIC

T

t

t lnˆln
1
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projecting the tables of the country in question, we can obtain ones for Chile, under certain 
criteria of sample equivalence.  

Forfar et al. (1988) have proposed a classic method of comparing mortality tables associated 
with different experiences. We can use this to establish the criterion that would allow us to 
state that two mortality tables of two different countries are statistically equivalent. The authors 
propose non-parametric tests that compare the level of mortality (signs test), the form 
(runs test) and the existence of a similar pattern between both tables (χ2 test). The 
application of these tests will allow us to check what country presents mortality tables that are 
statistically comparable to the Chilean, N years ahead/behind. 

We also apply an additional condition: that the equivalence of the tables must be stable and 
prolonged over time, so that this equivalence is not limited to a casual episode in time. 

Based on the experiences of mortality in Chile (TCH) and in the country used for comparison 

(TPC), for which there are survivor series  
TCH

xR  and 
TPC

xR   to age x, where the total number 

of deaths at age x is 
TPC

x

TCH

xx AAA , the probability of death would therefore be  

TCH

x

TCH

xTCH

x R

A
q  and  TPC

x

TPC

xTPC

x R

A
q  respectively. 

For the purpose of applying non-parametric tests, we will begin by defining the null hypothesis 
and the alternative hypothesis. The null hypothesis is that there is no difference between the 
mortality of the group (TCH) and the mortality of the comparative country (TCP) (in other 
words, any difference between the mortality of the two populations is due to the sample or 
chance). The alternative hypothesis is that there is a difference between the two sets of data. 
Thus if it is rejected, it means that the data do not come from the same population. In this 
work, we have chosen a determined level of significance of 0.05, with one or two tails, as 
indicated. 

The specific statistical form of test is selected according to each test. Most of the tests used are 

based on the hypothesis that the number of deaths at each age x XA , can approximate a 

normal distribution, for 5XA , which may not occur for extreme ages. If this does not occur, 

the ages must be grouped together until the hypothesis is verified. That is why the data have 

been grouped together for ages 84X . 

Once the test statistic has been determined, we formulate the decision rule. This involves 

determining a number that separates the region where 0H  is not rejected from the region of 

rejection. This number is called the critical value and is determined by using the probability 

distribution associated with the test statistic, as well as the level of significance. 

The decision rule is that it is not rejected if the calculated value of the test statistic is lower than 

the critical value. Essentially, this rule indicates that if there are major differences between the 

two mortality experiences, the null hypothesis 0H should be rejected. Otherwise, the 

hypothesis is not rejected. 

4.1.1. Signs test 

In this test, the difference between the probability of death at age x, 
TPC

X

TCH

x qq  is calculated 

for each of the populations TCH and TPC. 

The null hypothesis 0H  is that there is no difference between the mortality of group TCH (the 

mortality of the Chilean population) and the mortality of the group in the comparative country 
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(TPC). In other words, any difference in terms of the level of mortality of the comparison 
populations is due to the sampling. 

The alternative hypothesis is that there is a difference between the two sets of data. If 0H  is 

rejected, means that the data do not come from the same population.  

For the purpose of determining whether to reject 0H , a level of significance is chosen. In our 

case a level of significance of 0.05 with two tails is selected.  
 

The number of positive signs (NP) is chosen as the test statistic. On the hypothesis that it is 
true, there will be an equal probability (p=50%) of the differences being positive or negative. 
NP therefore follows a binomial distribution of N parameters, where in our case N is the 
number of age classes and p=50%: 

 
 

 
 

 

 

For the purposes of determining whether to reject 0H ,a level of significance of 5% has been 

chosen, and 0H  is rejected if P(NP = r) ≤ 0,025  or if P(NP = r ≥ 0,025.. In other words, the 

hypothesis that the mortality of each population is similar for very low values or very high for 

positive signs. 

4.1.2. Runs test 

In this test, the null hypothesis 0H  establishes that there is no difference in the form of the 

mortality table for the group TCH and the mortality of group TCP (in other words, any 

difference between the mortality of the two populations is due to the sampling). The alternative 

hypothesis 1H  is that there is a difference between the two sets of data. Thus if it is rejected, it 

means that the data do not come from the same population. 

This test also calculates the difference between the probabilities of death at age x
TPC

X

TCH

x qq , 

for each of the populations TCH and TPC and it is verified whether the signs of the difference 

are positive or negative. 

Let 1n  be the number of positive signs and 2n  the number of negative signs, with  

Nnn 21 . The test statistic chosen is the number of groups with one or more consecutive 

deviations of the same sign (NR), which can be expressed as: 

If r=2k (if it is even): 

 
 

  

P(NP = r) = , r = 0, 1, 2 ... NN!

r! (N - r)!

1

2N

E[NP] =
N
2

y V[NP] =
N
4

P(NR = r) =
2(n1 - 1) !

(k - 1)! (n
1
- k)!

(n
2
- 1) !

(k - 1)! (n
2
- k)!

n
1
! n

2
!
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If r=2k+1 (if it is odd): 

 
 
 
 

The average number of runs is determined by:  

 
 
 

And its variance is: 

 
 
 

For the purposes of determining whether to reject 0H , a level of significance of 5% has been 

chosen and 0H   is rejected if P(NP = r) ≤ 0,025 or if P(NP = r ≥≥ 0,025. 

4.1.2 The chi2 test 2  

In this test, the null hypothesis 0H establishes that there is no difference between the mortality 

of the group TCH and the mortality of group TCP (in other words, any difference between the 

mortality of the two populations is due to the sampling). The alternative hypothesis 1H  is that 

there is a difference between the two sets of data. If 0H  is rejected, it means that the data do 

not come from the same population. 

The following ratios are calculated for the purpose of applying the chi-squared test:  

 

 

  and   

 

The test statistic is given by the following expression: 

χ2 = [(ZX
TCH

)
2
 + (ZX

TPC
)
2] 

 

 

If 0H  is true, the test statistic 
2
 follows a chi-squared distribution with N degrees of freedom. 

For the purposes of determining whether to reject 0H , a level of significance of 5% has been 

chosen and therefore 0H  is rejected if 05.02
.  

4.2 The data 
The most extensive information available on mortality tables is included in the Human Mortality 
Database (HMD). The HMD5 represents a joint effort between the Department of Demography 
at the University of California, Berkeley and the Max Plank Institute for Demographic Research 
to prepare and compile detailed data on population and mortality and made available for the 
whole scientific community. Currently there is information for 37 countries, including Chile. 

                                                                                                                                                                   
5 (http://www.mortality.org/) 

P(NR = r) = +
(n1 - 1)!
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Wilmoth et al. (2007) offer a broad and detailed description of the methodology used in the 
database. 

According to Canudas-Romo (2008) the historical mortality series for Chile included in the 
HMD covers the period from 1992 to 2005. The author states that the main reasons for 
restricting the HMD series to the period since 1992 is that only in the last two censuses of 
1992 and 2002 is the level of incorrect age information under 3%, and at least 90% of the 
deaths during this period were certified by a doctor. 

The results 
Comparing the Chilean tables from 1992 to 2005 with those of 22 countries6 in the database 
on which there is sufficient historical information to carry out econometric projections, we have 
obtained results that allow us to make a long-term projection for the case of Chile. Table 1 
shows the countries in which the hypothesis of equivalence for the three types of tests 
proposed (signs, runs and chi) are not rejected. However, these countries would fail an 
additional condition that we have imposed on ourselves: that the equivalence relation in the 
tables should be stable over time and that it should cover a sufficient number of years. The 
only countries that comply with this condition would be New Zealand in the case of men, and 
Austria in the case of women. The dynamic generational tables for Chile are equivalent to 
Austria -4 years for men and to New Zealand -6 years for women. 

 

  

                                                                                                                                                                   
6 The countries for which we have carried out the sample equivalent tests are: Spain, Denmark, Slovenia, Portugal, Finland, Ireland, the 
United Kingdom, Germany, Belgium, New Zealand, Holland, Austria, Norway, Canada, Israel, Sweden, Australian France, Iceland, Italy, 
Switzerland and Japan.  

Table 1 
Non-parametric tests to identify similarities at the age of 65 years old 

Men /Austria 

 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 

Signs 1 1 1 0 0 1 1 1 1 1 1 1 1 
Runs test 1 0 1 1 1 0 1 1 1 1 1 1 1 
Chi 1 1 1 1 1 1 1 1 1 1 1 1 1 
Chile 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 

              

Women / New Zeland 
 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 

Signs 1 1 1 1 1 1 1 0 1 1 1 1 1 1 
Runstest 1 1 1 1 1 1 0 1 1 1 0 1 1 1 
Chi 1 1 1 1 1 0 1 1 1 1 1 1 1 1 
Chile 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 
 

1=The null hypothesis of sample equivalence is accepted. 
0=The null hypothesis of sample equivalence is rejected. 
Source: BBVA Research 
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The long-term relationship tested using the available data shows that for the period 1992-2004 
for men and 1994-2007 in the case of women, in most cases (a green "1" in Table 1 above), 
the three tests are significant and do not reject the sample equivalence hypothesis. Only in a 
few cases (a white "0") is the equivalence hypothesis rejected in one of the tests. A test of the 
robustness is that the most statistically potent test (chi) only fails in the case of women in 
1993. 

The generational tables for Austria and New Zealand have been available since 1948, so we 
can make the appropriate econometric analyses to project the tables of these countries in the 
long-term t, and thus those of Chile, with their corresponding gender lags. 

The projections based on the ARMAX model by specific ages offer a life expectancy of 90.91 
years in 2050, while the Chilean National Institute of Statistics (INE) projects a life expectancy 
at birth of 82.14 years (see Chart 2). 

If we take the official estimates of the INE (82.14) and compare it with the estimates of 
Europop for the case of Austria (86.5) the life expectancies in Chile and Austria can be seen to 
diverge by around 4 years, unlike what one would expect given the historical trend of these 
two countries. In fact, one can see in Chart 3 that starting in 1985, the difference between the 
projections of life expectancy in Austria and Chile have remained relatively constant at around 
1.6 years on average to 2008. 

 

  

Chart 2 
Life expectancy projections at the age of 65 

 
Source: BBVA Research 
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To sum up, the INE projections for Chile show a divergence in the life expectancy of Chile and 
Austria in 2050, which is contrary to the empirical evidence observed for the last 50 years, 
both in the projection carried out by Eurostat and in that carried out for this paper. These 
discrepancies and the extent of the deviation may generate uncertainty: for the insurance 
industry when calculating life annuities; and in terms of a possible insufficiency of the 
contribution rates needed to achieve an adequate replacement rate for future pensioners due 
to an underestimated life expectancy. 

5. The economic impact of the use of 
inadequate mortality tables 
A life annuity is an insurance by which, in exchange for a premium, an insurance company 
guarantees the payment of a regular income until the rights expire. This income to be paid by 
the insurance company includes payment of interest at what is called a technical interest rate. 
When the time for retirement comes, a pension saver transfers the accumulated capital in his 
or her individual capitalization account to an insurance company and the company assumes 
the financial and longevity risks associated with the product. 

The fundamental variables of the life annuity business are, first, the financial variables, interest 
rates; and second, changes in the mortality rates and, in particular, longevity risk. The 
insurance company guarantees an interest rate throughout the lifetime of the insurance. From 
the financial point of view, the insurance company therefore has to be able to invest the funds 
in financial assets that can guarantee its commitment to the insured party. 

The time horizon of the operation is also uncertain, depending basically on the life expectancy 
of the insured party. If the life expectancy of a population increases with respect to the life 
expectancy considered at the time the rates for the product were set, this would involve a loss 
for the company, as it would have to pay more monthly payments than it had initially 
calculated. Therefore, the life annuity business must take changes in the underlying variables 
into account if it is to be viable, as an unfavorable change in any of them will result in the 
amount charged being insufficient a particular moment of time. 

The product's fundamental variables have to be determined when setting the rates for life 
annuities. This involves defining the biometric bases; in other words, how the mortality of the 
population will progress over time and what interest rate will be guaranteed. Below we analyze 
in detail how a life annuity is calculated, and how the changes in the underlying variables, 
above all changes in mortality, affect this.  

Chart 3 
Convergence of the life expectancies 

 
Source: www.mortality.org 
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5.1 Setting pension levels for life annuities 
Let zx be the probability of dying at age x; the probability of dying in the following years is 
qx+1, qx+2,...., qx+h. These probabilities are published in tables derived from mortality 
studies covering a specific population. 

Let px+h be the probability of being alive at time x + h, conditioned on the individual being 
alive at time x. This probability is defined as follows: 

 
h

i

ixhx qp
0

)1(

 

Let r be the technical rate, i.e. the interest rate guaranteed in the life annuity. The discount 
factor for time h is defined as: 

 

hh
r

fd
)1(

1

 
 

The technical capital required, CTN, to buy a life annuity is defined as the current value 
discounted at the technical rate of the pension weighted by the probability of being alive. In 
general, for a person of age x this is expressed as follows: 

 
N

i

iixx fdppensionCTN
0

**

 
 

where N is the maximum age included in certain biometric bases. 

As can be seen in the above calculations, once the biometric bases, the technical rate and the 
amount of the pension have been set, the technical capital needed to buy a life annuity is fully 
determined. Equally, once the biometric bases, the technical rate and a certain amount of 
capital have been set, the pension payable can be deduced, as shown below: 

 

N

i

iix

X

fdP

CTN
pensión

0

*
 

 

where N is the maximum age included in certain biometric bases. 

 

5.2 Sensitivity analysis 
Once the pension or technical capital needed to buy a life annuity has been determined, the 
amount that the insurance company will pay to the insured party is established. In other 
words, the process of setting pension rates includes the establishment of the cost of the 
operation under certain biometric and market hypotheses.  

The term of the operation is uncertain and will depend on the biometrics. In addition, the 
operation of life annuities is generally very long-term, which involves a great deal of uncertainty 
associated with market variables. During the lifetime of the operation, the underlying variables 
change, and as a result the rate set initially may not be sufficient to cover the associated costs 
of the operation. 
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The following exercise analyzes how changes in the biometrics affect the pension. The baseline 
scenario is set as the pension that a man reaching retirement age at 65 will receive, taking into 
account the biometric bases of the mortality table RV2009, a technical rate of 3.5% and a 
capital saved of 100,000 monetary units. The table is then modified, multiplying the 
probabilities of mortality by a percentage and revaluing the pension while maintaining the 
other variables constant. Chart 4 shows the results obtained as follows: 

It can be seen that if we consider table RV2009 as the baseline scenario of mortality, the 
reduction in mortality (left) involves an insufficient rate and increased mortality (right) involves a 
sufficient rate. Chart 5 shows how the technical capital required varies as the mortality varies 
for a pre-set pension. 

The above chart shows that maintaining pensions constant and being able to guarantee a 
certain standard of living as mortality changes and life expectancy increases means the 
accumulated capital must necessarily increase. Once the rates and sensitivities associated with 
this process have been clarified, the object of this study is now to quantify the pension rate 
deficit for the Chilean pension system over time.  

The retirement age in Chile is 65 for men and 60 for women, so these model points were 
used for all the calculations. For the biometric bases, we used mortality tables projected from 
1954 to 2050 to determine the pension rate over time. The interest rate used is 3.5%. Chart 

Chart 4 
Losses and gains in the industry  
and pension benefits in the event of variations in mortality (in USD) 

 
Source: BBVA Research 

Chart 5 
Technical Capital in the industry  
and pension benefits in the event of variations in mortality  (in USD) 

 
Source: BBVA Research 
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6 shows how life expectancy will change for a man aged 65 and a woman aged 60 over time 
using the projections calculated in this work. 

It can be seen that although life expectancy for a man aged 65 in 1954 was 76.5, in 2050 it 
will have risen to 86. Similarly, a woman aged 60 in 1954 had a life expectancy of 78, and in 
2050 it will be 90.5. 

The increased life expectancy, or the equivalent reduction in mortality, means that for a 
specific amount of capital, the monthly income to be received by a person who retires at a 
certain point in time will be greater than the income to be received by another person who 
retires at a later time. Given the above, Chart 7 shows the differences in the pensions to be 
received by a man aged 65 and a woman aged 60 who retire between 1954 and 2050. 

A man aged 65 who retired in 1954 with 190,000 dollars saved would receive a pension of 
an annual 20,000 dollars. Currently, the same man aged 65 would receive a pension of 
16,000 dollars, and this amount would fall to 12,700 dollars in 2050. In other words, the fact 
that mortality falls over time involves a reduction of 20% in pensions over the next 40 years. 

Analogously to the above case, a woman aged 60 who retired in 1954 with savings of 
167,000 dollars would receive an annual income of 12,600 dollars. Currently this pension 
would fall to 10,300 dollars and in 2050 it will be 8,700 dollars. This represents a reduction of 
15% over the next forty years (see Chart 8). 

 

Chart 6 
Life expectancy 

 
Source: BBVA Research 

Chart 7 
Annual income for a man aged 65 (USD) 

 

Source: BBVA Research 
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In the previous section we saw that there are discrepancies in the predictions made by 
different institutions; in the specific case of Austria and Chile, it is notable that according to 
some institutions, the convergence of life expectancies in the two countries will be reversed 
over the next 40 years. This is perhaps due to different calculation methodologies. The 
question to ask, therefore, is Who is right? The risk of an incorrect answer to this question is 
very relevant for the pension industry. 

A simulation exercise shows us that a 1% deviation in the mortality tables used for calculating 
life annuities would result in losses for the industry that could amount to 60 million dollars in 
2017 (see Chart 9). These losses would be mainly due to two factors: the effect of greater 
longevity of pension savers and the effect of the use of inadequate pension rates. 

In addition, increased life expectancy could mean that pension savers in many Latin American 
countries may not be making sufficient contributions to their pension funds. An error in 
estimating this life expectancy could imply that pension savers would have to distribute their 
accumulated balances in a life annuity over a longer period of time, so their available income 
would reduce their replacement rate and thus their standard of living. 

If extra contributions were not made, future generations could see their retirement pensions 
reduced by nearly 50% due to increased life expectancy (see Chart 10). 

 

 

 

Chart 8 
The annual income of a woman aged 60 years (in USD) 

 

Source: BBVA Research 

Chart 9 
Systemic risk simulation in the use of mortality tables  
with a 1% error in the mortality tables of Chile (in million dollars) 

 

Source: BBVA Research 
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In another simulation exercise, we have calculated what the contribution rate would have to be 
in Chile to maintain the current replacement rate (see Chart 11). The contribution rate would 
have to increase by an average of 8 percentage points in the case of men and 4 percentage 
points for women on current levels. The difference by gender can be explained by the greater 
relative increase in men's life expectancy compared with women (a convergence can be 
observed between the genders), and because men have higher salaries and thus have to 
accumulate a higher capital balance to maintain the replacement rate. 

All these results point to the need to calculate good long-term dynamic mortality tables to 
mitigate the longevity risks for both the industry and pension savers. If Chile, which currently 
has the best tables in the region, is facing these risks, the need for other countries is even 
more pressing. 

6. Conclusions 
Increased life expectancy at birth poses major challenges for society, given the important 
transformations that will influence the ways in which supply and demand will interact in the 
future. Industries that are most closely linked to longevity risks, such as insurance and 
pensions, have been incorporating major changes in their business processes to allow them to 
interact as well as possible. One of the key elements of these markets is the appropriate 
projections of mortality rates, based on a set of variables that anticipate the trends in future life 
expectancy and thus to ensure a correct estimate of the risks. The "art" of constructing 

Chart 10 
Evolution in life expectancy and the pensions of the men 

 
Source: BBVA Research 

Chart 11 
Simulation of required contribution rates to maintain current rate of substitution 

 

Source: BBVA Research 

0

20

40

60

80

100

120

1
9
5

4

1
9

6
0

1
9

6
6

1
9

7
2

1
9
7

8

1
9
8

4

1
9

9
0

1
9

9
6

2
0

0
2

2
0

0
8

2
0
1

4

2
0

2
0

2
0
2

6

2
0

3
2

2
0
3

8

2
0

4
4

2
0

5
0A

ct
u
a
ri

a
l
in

co
m

e
(1

9
5
4

=
1
0

0
)

0

5

10

15

20

25

30

L
if
e

e
x
p
e
ct

a
n
cy

a
t

6
5

y
e
a
rs

o
ld

Actuarial Income Life expectancy

0

200

100

150

50

Men Women

250

1
9

5
5

1
9

6
0

1
9

6
5

1
9

7
0

1
9

7
5

1
9

8
0

1
9

8
5

1
9

9
0

1
9

9
5

2
0

0
0

2
0

0
5

2
0

1
5

2
0

1
0

2
0

2
0

2
0

2
5

2
0

3
0

2
0

3
5

2
0

4
5

2
0

4
0

2
0

5
0



 

 Page 23 

Working Paper 
Madrid, April 8, 2013 
 

mortality tables has been developed over time. It requires a detailed and ongoing analysis of all 
those aspects that affect the possibility of living longer, as well as anticipating future trends 
based on current events. A number of developed countries have developed a working history 
based on a long tradition of collecting historical mortality data, which has allowed them to 
narrow the gaps with the real situation. However, this progress has a very limited history in 
Latin America. As a result, the region is faced with major challenges in the future to 
incorporate technical progress and the information needed for the construction of improved 
tables. 

This work has used the case of Chile to reveal how the mortality tables in Latin America may 
be lagging behind reality, and the consequent economic effects on the insurance and pension 
industry. The calculations have only been made for Chile, as it is the country with most 
available information for applying the calculation methodology used in the project.  

The structure of the mortality tables in Chile has been compared with that of the 22 countries 
where there is sufficient historical information to carry out econometric projections. This 
analysis uses non-parametric tests that compare the level of mortality (signs test), the form 
(runs test) and the existence of a similar pattern between both tables (χ2 test).  

The countries that are statistically most similar to the Chilean case are New Zealand in the case 
of men and Austria in the case of women. The dynamic generational tables for Chile are 
equivalent to Austria -4 years for men and New Zealand -6 years for women. 

The long-term relationship tested using the available data shows that for the period 1992-2004 
for men and 1994-2007 in the case of women, in most cases the three tests are significant 
and do not reject the sample equivalence hypothesis. Only in a few cases is the equivalence 
hypothesis rejected in one of the tests. A test of robustness is that the statistically most potent 
test (chi) fails only in the case of women for the year 1993. The generational tables for Austria 
and New Zealand are available from 1948, which has enabled the appropriate econometric 
analyses to project the tables of these countries in the long-term; because of the equivalence 
this meant the same could be done for Chile, with the corresponding lag by gender.  

For the projection exercises, the mortality rates were calculated using ARMA(p, q) models for 
each of the 101 ages and for each gender, with a total of 202 ARMA(p,q) regressions. The 
results offer an average life expectancy (men and women) of 90.91 years in 2050, while the 
INE in Chile projects a life expectancy at birth of 82.14 years. If we take the official estimates of 
the INE (82.14) and compare them with the estimates of Europop for the case of Austria 
(86.5) it is noticeable that the life expectancy of Chile and Austria diverge by around 4 years, 
unlike what one would expect given the historical trend of these two countries. In fact, one can 
see that starting in 1985, the difference between the projected life expectancies for Austria and 
Chile have remained relatively constant at around 1.6 years on average until 2008. Thus the 
INE projections for Chile would show a divergence between the life expectancy of Chile and 
Austria in 2050 that is contrary to the observed empirical evidence over the last 50 years, in 
both the Eurostat projection and in this paper. These discrepancies and the extent of the 
deviation may generate uncertainty: for the insurance industry when calculating life annuities; 
and in terms of a possible insufficiency of the contribution rates needed to achieve an 
adequate replacement rate for future pensioners due to an underestimated life expectancy. 

A simulation exercise shows us that a deviation of 1% in the mortality tables used for 
calculating life annuities would result in losses for the industry that could amount to 60 million 
dollars in 2017. These losses would mainly be due to two factors: the effect of greater 
longevity of the pension savers and the use of inadequate pension rates. In addition, the 
increased life expectancy could imply that pension savers in many Latin American countries 
are not making sufficient contributions to their pension funds. An error in estimating this life 
expectancy would mean that pension savers would have to distribute their accumulated 
balances in a life annuity over a longer period of time, so their available income would reduce 
their replacement rate and thus their standard of living. If extra contributions were not made, 
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future generations could see their retirement pensions reduced by nearly 50% due to 
increased life expectancy. 

In another simulation exercise, we also calculated what the contribution rate would have to be 
in Chile to maintain the current replacement rate. The contribution rate would have to increase 
by an average of 8 percentage points in the case of men and 4 percentage points for women 
on current levels. The difference by gender can be explained by the greater relative increase in 
men's life expectancy compared with women (a convergence can be observed between the 
genders), and because men have higher salaries and thus have to accumulate a higher capital 
balance to maintain the replacement rate. 
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