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4 Good practices for developing

standard mortality tables for
retirement income arrangements

This chapter presents a set of good practices that can serve as guidance to
assist in the development and assessment of the standard mortality
assumptions used for pensioners and annuitants in the context of the
provision of retirement income.
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Mortality assumptions are crucial for the provision of any lifetime retirement income in order to ensure the
sustainability of the income stream given the amount of assets available to finance it. However, the
development of mortality tables is a complex process requiring the consideration of numerous factors and
involving many modelling decisions. There is no single correct approach to take, and a certain amount of
expert judgement is always required.

This chapter puts forward a set of good practices that can serve as guidance for the development of
standard mortality tables for pensioners and annuitants in the context of the provision of retirement income.
These principles should help to guide the process to develop mortality assumptions and to justify the
various modelling decisions made.

The guidelines presented in this chapter are organised around four broad areas that should be considered
when developing mortality assumptions. The first is accounting for the context in which the assumptions
will be developed and used. This involves understanding historical patterns and drivers of mortality,
determining the extent of granularity and standardisation needed for the assumptions, and being open to
innovative approaches, particularly when data may not be readily available. The second area is the
development of baseline mortality assumptions. This involves choosing the data on which to calibrate these
assumptions, graduating the calculated mortality rates and adjusting those assumptions to the target
population where necessary, and determining appropriate assumptions for the oldest ages. The third area
is the development of assumptions for future mortality improvements. This involves making sure that
improvements are accurately accounted for, selecting a model in line with future expectations, and
choosing the data on which to calibrate the model. The final area involves ensuring internal consistency.
Here it is important to ensure coherency and transparency in the assumptions developed. This chapter
explains the importance of each of these issues and discusses in more detail the considerations to take
into account in the development of mortality assumptions in the context of the provision of retirement
income.

4.1. Accounting for the context in which mortality assumptions are developed
and used

The development of mortality assumptions should consider contextual factors and drivers that can
influence the patterns of mortality, as well as the purpose for which they will be used, in order to ensure
that they will be accurate and appropriate for their use. Having an understanding of historical patterns and
the drivers of mortality will aid in forming expectations about what will happen going forward. The purpose
of the assumptions will influence the preference for more or less granularity and standardisation, as these
preferences could differ depending on whether the assumptions are being used, for example, to establish
reserves or calculate retirement income. In addition, the techniques to model mortality are constantly
evolving, so the development of assumptions and the assessment of their appropriateness should remain
open to innovative approaches that could improve their accuracy.

4.1.1. Understand historical patterns to inform future expectations

Understanding the trends in mortality and life expectancy is important to inform decisions regarding the
selection and calibration of the models used to develop mortality assumptions. Economic and political
contexts as well as societal trends can influence the historical trend of mortality, and changing contexts
mean that certain historical experience may not always be an appropriate base for future expectations.
Understanding the specific drivers of mortality in these contexts can help to inform whether observed trends
will continue or whether changes are likely, providing a rationale for longer-term expectations regarding an
acceleration or deceleration of improvements in life expectancy. In addition, an analysis of patterns for
different groups of the population can aid in determining whether expectations might be different for the
pensioner or annuitant population of interest.
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Economic context can have a material influence on the speed of mortality improvement, particularly for
countries that are rapidly developing. Current OECD countries who were lagging behind the OECD
average life expectancy in the 1960s have since gained significant ground as they developed economically
and their life expectancy caught up with the level observed in other OECD countries. Chile, Colombia,
Costa Rica, and Korea, whose life expectancies at birth lagged at least 10 years behind the then-OECD
average, have since caught up to the current OECD average life expectancy of just over 80 years, with
Korea even exceeding this level (OECD, 2021p1). Indeed, life expectancy is highly correlated with
economic development, as Figure 4.1 clearly shows. Once the life expectancy of developing countries
reaches that of economically advanced countries, the rapid growth will be likely to slow to the rate observed
in the latter countries rather than continuing its rapid progression indefinitely into the future.

Figure 4.1. Life expectancy and GDP per capita, 2018
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Note: GDP per capita is measured in 2011 international dollars, which corrects for inflation and cross-country price differences.
Source: Data from “Life Expectancy” Published Online at OurWorldInData.org: https://ourworldindata.org/life-expectancy

Political context can also influence the direction of trends in life expectancy. Shifts in political regimes, for
example, can lead to clear breaks in historical patterns. The trends in life expectancy of Eastern European
and Baltic countries illustrate the influence of the political context. Figure 4.2 shows that after years of
stagnation, many of these countries experienced accelerated increases in life expectancy following the
collapse of the Soviet Union, breaking with earlier observed trends.
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Figure 4.2. Life expectancy at birth in selected Eastern European countries, 1950-2019
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Source: Data from “Life Expectancy” Published Online at OurWorldinData.org: https://ourworldindata.org/life-expectancy

Breaks in historical mortality patterns may also be temporary. The COVID-19 pandemic led to significant
excess mortality over 2020 and 2021. However, these spikes in mortality should largely be anomalous,
with mortality levels returning to their pre-COVID-19 levels and trajectory. As such, it may be prudent to
omit these years from any calibration of mortality going forward, as these high levels of mortality are not
expected to continue for those who have survived the pandemic. Indeed, in response to the pandemic, the
latest mortality projections model developed by the Continuous Mortality Investigation (CMI) in the
United Kingdom allows users change the weight given to specific years in the calibration of the model
(CMI, 2021p2)).

Specific policy initiatives can also affect life expectancies. For example, increased health care expenditure
is strongly correlated with higher life expectancies, as seen in Figure 4.3. As such, policy initiatives that
aim to increase public health care spending, such as the introduction of universal health care, should have
a positive impact on life expectancy trends. Other policies aim to encourage more healthy behaviours,
which can also have a direct impact on life expectancy. Cigarette taxes, for example, have been effective
at reducing the prevalence of smoking, particularly for young adults and lower socio-economic groups
(Sharbaugh et al., 2018;3;; Wilkinson et al., 2019p;).
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Figure 4.3. Life expectancy and health care expenditure, 2014
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Note: Total health care expenditure per capita is adjusted for price differences between countries and for inflation and measured in international
dollars.
Source: Data from “Life Expectancy” Published Online at OurWorldInData.org: https://ourworldindata.org/life-expectancy

An understanding of the specific drivers underlying the observed historical patterns can better inform future
expectations and provide a rationale for why changes could be expected. In many countries, reduced
improvements in mortality from cardiovascular diseases have been a large driver in the overall slowdown
in improvements observed over the last decade in many high-income countries (OECD/The King's Fund,
20205)). Furthermore, while declining smoking rates were contributing to rapid mortality improvements,
rising obesity as well as increased rates of diabetes are now offsetting some of these gains. Increased
mortality from dementia at the oldest ages is also a concern, and is contributing to these negative trends.
In Canada and the United States, deaths from drug overdoses have been a significant driver of the
slowdown in mortality improvements (Ye etal., 2018p); Case and Deaton, 2017(7). In Mexico, the
stagnation of life expectancy since around 2000 has been mainly due to high rates of violence and
homicide (Alvarez, Aburto and Canudas-Romo, 2019jg)). Identifying the direction of these types of drivers
can provide an indication of whether long-term improvements could be higher or lower than historical trends
imply.

The evolution of the distribution of lifespans can provide some insight as to where there is the most room
for future improvement, the extent to which the maximum lifespan may be increasing, and the extent of
longevity inequalities within the population. Where the left side of the distribution has decreased
substantially, mortality improvements are more likely to shift to older ages where there is more room for
additional improvements. A rightward shift of the distribution over time would indicate that the maximal age
of survival is still increasing. A compression of the curve around the modal age of death would indicate a
reduction in the variance of lifespans and therefore a likely reduction of longevity inequalities within the
population. For example, Figure 4.4 shows a significant decrease in deaths below age 65 in Japan since
1960, accompanied by an increase in both the modal and maximal age of death.
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Figure 4.4. Distribution of the age at death in Japan, 1960-2018
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Source: Data from the Human Mortality Database: www.mortality.org.

Looking at the patterns of mortality improvements for different subgroups of the population will provide
clearer insight as to any underlying inequalities in longevity and how longevity trends may differ across
population subgroups. Some jurisdictions, such as Denmark, the United Kingdom and the United States,
have seen the differences in life expectancy across socio-economic groups increasing over the last
decades (Cairns, 2019p9;; Wen, Cairns and Kleinow, 2020;10;; Case and Deaton, 2017(7;). This is relevant
to pensioner and annuitant populations, who tend to be from higher socio-economic groups, as they may
experience more rapid mortality improvements than observed on average for the general population.
Changes in certain mortality drivers could also imply a change in any underlying inequalities in the
population. In many countries, the lower life expectancy of more disadvantaged populations is linked to
unhealthy behaviours and habits such as smoking, lack of exercise, or drug use (Cairns, 2019g;
Geronimus et al., 201911}; Tarkiainen et al., 2011112)). It would therefore be likely that any improvement in
these negative trends would be accompanied by a reduction in longevity inequalities across socio-
economic groups.

4.1.2. Determine the granularity of assumptions given the availability of data and the
purpose for which the assumptions will be used

Mortality experience can vary widely across different subgroups of the population. As such, mortality
assumptions often differentiate between select groups. The level of granularity of assumptions will depend
on the relevance of the indicator, the data available on which to calibrate the assumptions, as well as the
purpose for which they will be used.

In all contexts, age and gender are the most relevant variables to consider when deciding the granularity
of assumptions. At a minimum, mortality assumptions systematically account for differences in mortality
across age, as mortality generally increases exponentially with age. Mortality also differs significantly
between genders, with females normally having lower mortality than males at all ages within the same
population group. At birth, women in OECD countries can expect on average to live around five-and-a-half
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years longer than males, but this difference can even exceed ten years (OECD, 2021(1;). Women aged 65
can expect to live over three years longer than their male counterparts in the OECD (OECD, 2022;13)).
Given these differences, age and gender are the most common variables by which to differentiate mortality
assumptions.

Variables indicating the socio-economic status of the individual may also be relevant, as higher socio-
economic groups tend to have significantly higher life expectancy than those in lower socio-economic
groups, even at older ages (OECD, 2016y14)). Furthermore, pensioner and annuitant populations tend to
have a higher socio-economic level than the general population on average, with populations of voluntary
annuitants typically demonstrating the largest differences from the population average. Common indicators
used to differentiate among socio-economic groups for standard mortality tables are the level of pension
income, the type of worker (e.g. blue or white collar), or geographical location.

Other indicators may aim to differentiate among types of beneficiaries. This could involve setting separate
assumptions for members of public schemes and private schemes, or whether the pensioner is the original
beneficiary or the surviving beneficiary. The extent to which mortality differs between these groups may
depend on the particular context in which these schemes operate.

Mortality assumptions may also vary by some indicator of health. Distinct mortality assumptions are often
used for smokers or for disabled populations, for example.

Developing separate assumptions for different groups requires sufficient data on which to base these
assumptions. In many cases, there may not be sufficient data even if there is some evidence of substantial
differences in mortality. For example, female disabled and male survivor beneficiaries tend to both be very
small populations compared to the same groups of the opposite gender, largely driven by the historically
male-dominated labour force covered by asset-backed pension arrangements. Where there is insufficient
data, approximations may be used to adjust the mortality assumptions for other groups. For example, the
CPM mortality tables in Canada provide factors to adjust the base mortality rates to the desired income
band. In Peru, the mortality of the female disabled population is derived from the general population
mortality based on the percentage of excess mortality that the male disabled population demonstrates.

The appropriate level of granularity also depends on the purpose for which the mortality assumptions will
be used. Mortality assumptions used to determine retirement incomes are often unisex so as to not
disadvantage women. In certain contexts, the use of socio-economic variables may also be considered
discriminatory. On the other hand, income or health measures could be used as a way to increase the
retirement income for more disadvantaged populations.

Mortality assumptions used for the purpose of calculating liabilities and reserves to secure future retirement
incomes may be more granular so as to ensure a more accurate estimation of the level of assets needed
to be set aside to finance future retirement incomes. As such, even if unisex mortality assumptions are
used to calculate retirement incomes, the calculation of reserves usually relies upon separate assumptions
for each gender. To capture the socio-economic gradient of mortality, assumptions used for reserving are
also often based on pension amounts rather than individual lives.

The level of granularity of assumptions may also be different for the base assumptions and the mortality
improvement assumptions. Mortality improvement assumptions usually only distinguish between ages and
gender, whereas base mortality assumptions can vary by several additional variables.

4.1.3. Allow for flexibility to adapt assumptions where appropriate for their purpose

The level of standardisation required for mortality assumptions will depend in part on the purpose for which
they are used. Standard mortality tables may serve as a basis for calculating retirement incomes or reserve
requirements, or they may serve as a benchmark or reference from which to tailor assumptions to a specific
population.
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The use of standard mortality assumptions may be preferable where there is a need for consistency and
comparability. This may be the case, for example, where standard assumptions are used to calculate the
allowed level of programmed withdrawal, as in Chile, or where used for financial reporting or tax purposes,
as in the United States.

Nevertheless, more accuracy may be preferred where the mortality assumptions are needed to value
liabilities or for risk management purposes. Here, entities should be able to adapt the standard
assumptions to better reflect the mortality of their actual pensioner or annuitant population if they can justify
a different level of mortality based on experience. While many jurisdictions require standard tables as a
minimum basis for valuation, this could potentially discourage providers from creating products to serve
markets with lower life expectancies. Therefore, providers should ideally be able to adjust the standard
assumptions in either direction so long as it is justifiable. Chile and Denmark take this approach, and
providers are required to justify any deviation in assumptions from the benchmark mortality rates
established by the supervisor.

4.1.4. Be open to innovative approaches

It may not always be possible or desirable to use traditional approaches to model mortality and develop
standard mortality tables. The modelling of mortality is an evolving field, with new approaches being
developed to overcome challenges relating to a lack of data or experience, or to better align assumptions
with realistic expectations.

The lack of available or reliable data can be a major hurdle in the development of mortality tables,
particularly for small pensioner or annuitant populations. Overcoming this limitation typically involves a
significant amount of expert judgement. However, emerging techniques for data analysis, such as machine
learning, are starting to be used to improve mortality estimates where data is lacking and to reduce the
reliance on expert judgement alone.

Machine learning techniques are also starting to be applied to the calibration of existing mortality models
to improve mortality estimates. These techniques can aid in the selection of data or the optimisation of
parameters to improve the model’s fit and the accuracy of the modelled mortality rates, for example.

4.2. Establishing baseline mortality assumptions

Baseline mortality assumptions reflect the current level of mortality, without accounting for expected
mortality improvements in the future. The calibration of these assumptions should be on a population that
is as similar as possible to the pensioner or annuitant population to whom they will apply. Where the
population is not the same due to a lack of available data, adjustments are needed to align the assumptions
to the target population. The calibration of baseline mortality assumptions also requires assumptions
around the pattern of mortality across ages, and in particular for older ages where less data is available.
As such, model selection should aim to smooth and extrapolate observed data across ages in line with
expectations, up to some maximum age that is set to ensure that the mortality assumptions apply to all
surviving pensioners or annuitants.

4.2.1. Calibrate assumptions for baseline mortality on data that is as similar as possible
to the target population

Mortality differs widely across different populations groups, so it is important to calibrate baseline mortality
assumptions on data that reflects the actual mortality of the target pensioner or annuitant population to
whom the assumptions will apply. Ideally, assumptions will rely on data from the target population itself.
However, these populations are sometimes too small to reliably calibrate assumptions, so larger
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populations for whom more data is available are often used. In this case, adjustments may be needed to
ensure that the calibrated assumptions will reflect the expected mortality of the target population.

At a minimum, assumptions should rely upon mortality data from the same jurisdiction as the target
population, as the differences in life expectancy across countries can be large. Among OECD countries,
life expectancy at age 65 ranges from 17.9 years in Hungary to 24.6 year in Japan for women, and from
13.6 years in Lithuania to 20.2 years in Iceland for men (OECD, 2022p3). This is a difference of
over six years for both genders, which is very significant when assessing how long retirees can expect to
live and how much they will need to finance their retirement.

Life expectancy also varies significantly across groups within a given jurisdiction, so the calibration of
assumptions should rely upon a population within the jurisdiction that is representative of the target
population, where possible. Pensioners and annuitants in particular tend to be better off than the general
population on average, and as such tend to have life expectancies higher than the general population. In
practice, baseline mortality assumptions for pensioner or annuitant populations tend to result in life
expectancies at age 65 of around 2 to 2.5 years higher on average than the general population.” Where
these populations are smaller relative to the general population, as tends to be the case for annuitant
populations, these differences can be even larger.

One approach to account for these differences is to rely upon a proxy population that demonstrates the
same characteristics as the target population to calibrate baseline mortality assumptions. This approach
can be useful when the target population is a specific subset of a population for which data is available. In
Lithuania, for example, the public annuity provider created in 2020 uses mortality assumptions based on
mortality data for higher-earning pensioners covered by the public system to proxy the expected mortality
of new annuitants.

However, accurately defining a proxy population may be difficult given the data available, so lacking data
for the target population, the general population most often serves as the basis for the calibration of
baseline mortality assumptions. Where the general population is not representative of the target
population, adjustment factors — or selection factors — are also needed to account for the lower expected
mortality of the pensioner or annuitant population. These factors are normally based on the observed
magnitude of differences in mortality between the pensioner or annuitant population and the general
population in other jurisdictions where data is more readily available.

Calibrating selection factors on experience in other jurisdictions nevertheless requires some caution, as
the level of coverage of any given type of scheme in a specific jurisdiction can substantially affect the size
of the selection factor. Figure 4.5 demonstrates the negative relationship between coverage and the
magnitude of the difference in life expectancy at age 65 between the general population and the
pensioner/annuitant population. In view of this, it would not be advisable for a jurisdiction having a small
population of annuitants, for example, to base selection factors solely on the UK pensioner population,
where closer to half the population is covered.
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Figure 4.5. Relationship between coverage and extent of mortality selection at age 65
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The magnitude of selection observed typically also varies across ages and between genders. Differences
generally increase until around age 60 and decrease thereafter. Differences tend to be larger for men than
for women.

4.2.2. Graduate baseline mortality considering available data and the desired fit and
smoothness

Standard mortality tables should provide smooth estimates of mortality rates across ages. This requires
graduating the raw baseline mortality rates calculated directly from the data. The selection of the graduation
model should consider the characteristics of raw mortality rates as well as the trade-off between fit and
parsimony.

The age range over which the baseline mortality rates are calibrated may inform the choice of graduation
model. The Gompertz model is a simple model that captures the typically observed pattern of an
exponential increase in mortality with age. However, this pattern is most appropriate for ages above around
65. If the graduation needs to extend to younger ages, variations on the Gompertz model that account for
differing patterns at young and middle ages may be more appropriate for smoothing mortality across all
ages. The Gompertz-Makeham model better reflects excess mortality at middle ages, while the Heligman-
Pollard better captures mortality patterns for younger ages.

Alternative models, such as the Whittaker-Henderson model, can fit the pattern of the raw data more
closely and across years as well as ages, but at the expense of parsimony. The Whittaker-Henderson
model is commonly used to smooth baseline mortality assumptions for standard tables, but involves fitting
significantly more parameters compared to simpler models. It also requires more judgment to set the user-
defined parameters, such as those regulating the smoothness of the graduated mortality rates. Statistical
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tests, in particular information criteria, can aid in the selection of the appropriate model to balance the
trade-off between fit and parsimony.

Where the same population is the basis to calibrate both baseline mortality assumptions and future
mortality improvements, it is possible to use a fully integrated model that fits past mortality and
simultaneously projects it into the future. In selecting these types of models, the trade-off between fit and
parsimony remains applicable.

4.2.3. Consider the expected pattern of mortality when extrapolating assumptions to the
oldest ages

It is necessary to extrapolate the graduated rates for old ages to derive the mortality assumptions for the
oldest ages — e.g. beyond age 90 or 95 — as the data at these ages are normally insufficient to calibrate
mortality rates. The model chosen to do this should result in a plausible pattern of mortality at the oldest
ages, in line with any trends observed at the national or regional level.

There are conflicting views regarding the pattern of mortality at the oldest ages, particularly ages over 110
where there is insufficient data on which to base any robust analysis. One side argues that mortality rates
continue increasing exponentially with age, while the other side argues that mortality rates eventually
plateau at around age 110 (Gavrilov, Gavrilova and Krut'’ko, 2017116;; Gampe, 2010177). In practice, both
views are taken in the development of standard mortality tables. Those taking the former view most
commonly use some variation of the Gompertz model to extrapolate mortality to the oldest ages. For the
latter view, a logistic model such as the Kannisto model is often used.

The selected model should result in a pattern of mortality at the oldest ages that is consistent with
expectations and available evidence. The extrapolated mortality rate should not reach 1 at an age below
the desired maximum age (see the following guideline). If assuming that mortality rates ultimately plateau,
most available evidence suggests that the force of mortality plateaus between around 0.7 and 1.2, which
translates into an annual probability of dying of around 50% to 70%.

Input parameters to calibrate the model can also influence the pattern of the extrapolated rates to shape
them in the desired direction. These parameters can include the age range over which the model is
calibrated, the constraints imposed such as the maximum age, or any external (e.g. population) mortality
table referenced.

4.2.4. Set the maximum age of the mortality table to ensure that assumptions will apply
to all members of the target population

The mortality table should cover all of the ages that the target population includes, in particular the oldest
of the population. If the target population includes individuals aged 115, the mortality table should include
mortality assumptions at least to this age.

In practice, mortality tables normally assume an ultimate age beyond which there will be no survivors for
the sake of practicality, regardless of the view taken on the pattern of mortality at the oldest ages. This
ensures the ultimate run-off of any pension or annuity liabilities.

The ultimate age assumed, however, should be inclusive of everyone included in the target population to
which assumptions apply. This is not always the case. Several standard mortality tables in OECD
jurisdictions assume an ultimate age of 110 or lower, whereas individuals over this age may exist.
Assumptions are still needed to apply to these oldest individuals regardless of how the mortality tables are
used, whether to value liabilities or to calculate a retirement income.
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Most standard mortality tables in OECD jurisdictions assume a maximum age of at least 120. Globally, no
individual over the age of 120 is currently alive, and only one person has been verified as ever reaching
an age older than 120.2

Nevertheless, this does not necessarily mean that the ultimate age of survival cannot be higher. Patterns
in the evolution of distribution of lifespans of a population can inform assumptions regarding the maximum
age of the mortality table. If this distribution has been shifting rightward, it could indicate that the maximum
age of survival may still be increasing, thereby justifying a higher ultimate age than the oldest observed
survivor.

4.3. Developing assumptions for future mortality improvements

Assumptions for mortality improvements capture the expected future improvements in life expectancy by
reducing the baseline mortality rates. Mortality tables need to include assumptions for future improvements
to avoid underestimating the life expectancy of pensioners and annuitants, which would result in setting
aside insufficient assets to secure future retirement incomes. The model chosen to project future mortality
rates should be able to reflect future expectations regarding mortality trends, while remaining as
transparent as possible for users to understand. The historical data used to calibrate the model to estimate
future trends in mortality should be stable in terms of demographic characteristics and be as representative
as possible of the target population.

4.3.1. Account for future mortality improvements in a way that reflects reasonable
expectations

Standard mortality tables need to account for future expected improvements in mortality, as they add
materially to the life expectancy of pensioners and annuitants. The way that mortality tables incorporate
improvement assumptions should accurately reflect reasonable expectations regarding the impact that
improvements will have on life expectancy.

The impact of mortality improvements on the calculation of life expectancy is significant. Mortality
improvements represent on average around 1.5 additional years of life expectancy at age 65 relative to
the life expectancy calculated using only current baseline mortality rates.?

The most realistic format with which to account for mortality improvements is a two-dimensional
improvement scale that varies by both age and time. Indeed, this is the most common format for
improvement assumptions included with standard mortality tables in the OECD. The way in which mortality
tables take mortality improvements into account should accurately reflect their expected impact on life
expectancy. In reality, mortality improvements are different across ages and emerge gradually over time.
Each year, the mortality rate at a given age usually declines compared to the previous year. Furthermore,
trends by age may not be constant over time, but may accelerate or decelerate.

Simplifications of two-dimensional improvements may be preferred in light of constraints to incorporate
two-dimensional mortality assumptions into modelling, but this should not be a prevailing constraint given
current technological capabilities. An alternative to a two-dimensional improvement scale is a
one-dimensional scale that provides improvements by age but does not vary over time. Depending on the
model used to calibrate the assumptions (e.g. extrapolative models such as the Lee-Carter model), this
may not make a material difference in calculations compared to a two-dimensional improvement scale.
However, age-shift methods that proxy the increased life expectancy of younger cohorts by simply
assuming that they have a younger age are not very accurate (e.g. assuming that a 65-year-old in
five years will have the same life expectancy as a 63-year-old today), and can become less accurate over
time.
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4.3.2. Choose a projection model compatible with future expectations taking into
account the trade-off between transparency and complexity

A variety of models are available to calibrate mortality improvement assumptions, each of which
demonstrates a range of advantages and drawbacks. Selection of the appropriate model will need to
consider expectations regarding how mortality will evolve in the future and how to best match those
expectations while minimising the level of complexity in the model. While complex models may better fit
the data and result in mortality improvement assumptions that better align with realistic expectations, they
can reduce the transparency of the model, thereby making it more difficult for the end-user to understand
how assumptions were derived.

Mortality projection models that are commonly used to derive future improvement assumptions vary in how
they reflect future expectations and are able to incorporate expert judgement. The simplest approach is to
apply a linear regression to historical mortality rates to derive the historical trend, and extrapolate this trend
going forward. Interpolative models incorporate more judgement regarding expected future trends, and
assume improvements will eventually converge to an expected long-term rate of mortality improvement.
Age Period Cohort (APC) models deconstruct the patterns of historical mortality along age, period and/or
cohort dimensions to extrapolate future mortality rates. Multi-population models extend these approaches
to simultaneously project mortality for two or more related groups.

A key question in selecting a model for projecting mortality forward is whether future mortality
improvements will reflect past experience indefinitely, or whether mortality improvements are more likely
to converge to some other rate in the long term. If taking the former view, modelling options include simple
regression models or age-period-cohort (APC) models. Both of these approaches can also be incorporated
into an interpolative model to accommodate the latter view of a convergence to a long-term rate of
improvement. A multi-population model, which is often an extension of an APC model, is another option
that can also assume convergence to a long-term rate based on some reference population.

Increased model complexity can allow the model to better account for the relationship of mortality rates
across ages. Simple regression models extrapolate future mortality improvements based on linear
regressions of log mortality rates by age (group). APC models, such as the Lee-Carter and Cairns-
Blake-Dowd models, are extrapolative models that deconstruct mortality patterns along age, period, and
potentially cohort dimensions. While APC models are more complex to fit and to explain than simple
regression models, they are better able to capture the age structure of mortality improvements and
maintain coherent mortality rates in future years. The inclusion of a cohort effect is not always justified
however, and unless historical experience suggests that mortality patterns have been very different for
specific cohorts, they may add unnecessary complexity to the model.

The level of complexity involved in interpolative models can vary widely, and is driven by the sub-models
used for the graduation and interpolation of mortality rates. Interpolative models generally involve two main
steps:

1. Smooth historical mortality experience by fitting it to a model in order to establish an initial rate of
mortality improvement by age.

2. Interpolate the initial rates of mortality improvement to a long-term rate of improvement.

Interpolative models can employ several types of the models already discussed to smooth historical
mortality experience. Both simple regressions and APC-type models can be fit to historical mortality rates
to derive smoothed historical improvement rates. In addition, models such as the Whittaker-Henderson
model, which is also common to establish baseline mortality rates, can be fit across two-dimensional
historical mortality experience. The latter model is the most complex and involves more user input to fit,
but is also able to better reflect the specific patterns in mortality observed. APC models involve less
subjectivity than models like Whittaker-Henderson, but are still able to reflect the age structure of mortality
rates, which is not possible with a simple regression model.
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The interpolation of the initial mortality improvement to a long-term rate of improvement can also involve
more or less complexity. The simplest approach is to apply a linear interpolation by age, but this ignores
any differences in the speed of convergence across time or ages. More complex approaches allow for
different convergence rates across period and cohort dimensions, or changes in the slope of convergence
over time. However, this also involves significantly more judgement in setting the parameters for
convergence.

Multi-population models are the most complex option for projecting future mortality improvements. They
nevertheless offer a potential solution to model mortality improvements for smaller populations for whom
there is not sufficient data to calibrate a model, or to ensure coherent mortality projections across several
related populations (e.g. for males and females). However, they can more be difficult to calibrate and to
understand.

Another consideration for assessing the desired model complexity is the extent to which stochastic
longevity scenarios are needed for longevity risk assessments that are consistent with the mortality tables
developed. If this is the case, APC models and their extensions (e.g. multi-population models) lend
themselves more easily to stochastic projections.

Generally, the modelling of mortality improvements for the oldest ages can adopt a simpler approach. As
with establishing baseline assumptions, there is not sufficient data at the oldest ages on which to calibrate
robust assumptions for improvements. There is mixed evidence as to whether older ages have recently
experienced positive mortality improvements, but there does seem to be consistent evidence that mortality
improvements decrease with age. A common approach for standard mortality tables is therefore to simply
assume that mortality improvements decrease to 0% at a certain age. Alternatively, the rates fitted to the
projection model can be extrapolated in each future year to cover the oldest age groups.

4.3.3. Calibrate mortality projection models on a stable population representative of the
target population

Mortality projection models should be calibrated on data from a population that is representative of the
target population, and which has not been subject to any major shocks or shifts over the historical period
selected for calibration.

As with baseline mortality assumptions, mortality improvement assumptions should be based on a
population that is related to the target population of interest. There is not normally sufficient historical data
for pensioner or annuitant populations on which to calibrate robust trends. General population mortality is
commonly used to establish mortality improvement assumptions for standard mortality tables, with the
assumption that the mortality of the pensioner or annuitant population should improve at the same rate as
the population on average. Where evidence indicates that life expectancies across socio-economic groups
are diverging, mortality improvement assumptions may include an additional selection factor to account for
the higher expected improvements of pensioner and annuitant populations.

The impact of different policies on historical demographic patterns also need to be considered. Some
policies affecting a population’s demographic composition can make it difficult to measure historical
patterns on which to base future expectations. Israel’s relatively open immigration policy, for example, has
led to high levels of immigration that reduces the stability in the demographic characteristics of the
population, which could potentially distort any measurement of historical patterns of mortality improvement
(Israeli Association of Actuaries, 20181s)). Another example is in Chile, where a reform of the pension
system in 2008 greatly expanded its coverage to lower income individuals, changing the socio-economic
composition of the pensioner population (Pensiones, 20151g)).

The historical period selected to calibrate the models used to derive improvement assumptions should not
demonstrate any major breaks in trend and overall should reflect at least near-term expectations regarding
future mortality improvement. Model calibration should therefore ideally refer to a period over which the
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average trend is relatively stable. It should also consider excluding large, anomalous shocks such as
the years demonstrating excess mortality due to COVID-19.

Model calibration should also take into account the sensitivity of the model outputs to the selection of the
historical period. Purely extrapolative models are generally more sensitive to the length of the historical
period than interpolative models where initial improvement rates are reflective of the most recent fitted
historical data.

4.4. Ensuring internal consistency

It is prudent to ensure that the mortality assumptions developed and the modelling decisions made
demonstrate a certain level of consistency. Many distinct modelling decisions have to come together to
establish the assumptions included in standard mortality tables. The resulting assumptions should be
coherent with expectations regarding the relationships across different population groups, and modelling
choices should be transparent and clearly disclosed.

4.4.1. Ensure coherency across different ages and groups

Mortality rates for different groups of the population consistently demonstrate certain relationships that the
standard mortality table should reflect. As such, itis prudent to make sure that model outputs are coherent
across different ages and population groups.

Mortality rates should generally increase monotonically with age. As a starting point, the model selected
to graduate the baseline mortality assumptions should ensure that this is the case. A model that over fits
the data, for example a Whittaker-Henderson model that does not put sufficient weight on smoothness,
may result in a ‘bumpy’ mortality curve that does not demonstrate the expected pattern of increasing
mortality with age. Mortality projections should also be coherent across ages. Projection models that do
not impose a certain age structure may eventually distort the shape of the mortality curve across ages.

Male mortality should generally be higher than female mortality within the same population group. If this
pattern is not apparent in the calibration of baseline assumptions, there is likely not sufficient data on which
to develop robust assumptions. Any selection factors applied could also potentially distort the relationship
of mortality across genders. Selection factors tend to be larger for males, so there could be a risk that their
application could result in lower mortality for males than for females. The relationship between genders
could also change over time as a result of higher projected mortality improvements for males. This is a
particular risk when using extrapolative projection models, as the difference in life expectancy between
men and women in many countries has been decreasing over the last few decades, meaning that males
will have experienced higher mortality improvements than females.

The mortality for disabled populations should generally be higher than for healthy populations. This is
because their underlying deteriorated health condition often leaves them more vulnerable to death, though
this depends to a certain extent on the type of disability. A simple way to ensure that this relationship is
not distorted in the future is to assume the same mortality improvement assumptions for both the healthy
and disabled populations. This is a reasonable assumption, as the disabled population should benefit at
least as much from the medical advances and external factors that are driving continued improvements in
mortality for the healthy population.

While not an absolute constraint, evidence points to a convergence in mortality across population groups
with age, whether between genders, across socio-economic groups, or for different categories of health.
This is a result of a selection effect, whereby only the strongest and healthiest of the population survive to
the oldest ages. This means that the differences in mortality across population groups should gradually
diminish with age. The easiest way to ensure that this is the case is to reference a common mortality table
when extrapolating mortality rates for different groups to the oldest ages.
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4.4.2. Be transparent regarding modelling decisions

The modelling of mortality and development of standard mortality tables involves a considerable amount
of judgement at each step of the process. The documentation for the development of the tables should
identify areas where judgement was required and provide a rationale and justification for the modelling
decisions made. It should also include information, such as sensitivity tests, to help the user understand
the impact that the different decisions have had on the final assumptions. Ensuring transparency will help
the user to determine whether the tables are appropriate for their intended use.

4.5. Summary of guidelines

The guidelines put forward in this chapter to establish standard mortality assumptions in line with best
practices are summarised as follows:

Accounting for the context in which mortality assumptions are developed and used

When beginning to develop mortality assumptions, it is important to understand the context in which they
are developed and the purpose for which they will be used.

1. Understand historical patterns to inform future expectations — understanding the past drivers of
improvements in mortality can provide insight as to what will happen in the future and help to inform
modelling decisions to be in line with those expectations.

2. Determine the granularity of assumptions given the availability of data and the purpose for which
the assumptions will be used — assumptions may vary for different target groups, and the
appropriate granularity will depend in part on the purpose for which the assumptions are used.

3. Allow for flexibility to adapt assumptions where appropriate for their purpose — whether to require
the use of standard assumptions or to allow them to be adjusted to specific populations will depend
in part on the purpose for which the assumptions are used.

4. Be open to innovative approaches — in some contexts, standard approaches to modelling mortality
may not be possible or may be greatly improved by using emerging techniques.

Establishing baseline mortality assumptions

It is necessary to establish baseline mortality assumptions that reflect the current mortality levels of the
target population.

1. Calibrate assumptions for baseline mortality on data that is as similar as possible to the target

population — mortality levels vary significantly across population groups and the
population(s) chosen to calibrate the model should reflect the characteristics of the target
population.

2. Graduate baseline mortality considering available data and the desired fit and smoothness — the
appropriate graduation model should reflect the expected pattern of mortality across ages.

3. Consider the expected pattern of mortality when extrapolating assumptions to the oldest ages —
different models can lead to a continued increase in mortality by age or to a plateau in mortality
rates.

4. Set the maximum age of the mortality table to ensure that assumptions will apply to all members
of the target population — it should not be set at an age below the oldest living person in the target
population.
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Developing assumptions for future mortality improvements

It is necessary to establish mortality improvement assumptions that reflect the future expected decreases
in mortality over time.

1. Account for future mortality improvements in a way that reflects reasonable expectations — mortality
improvement assumptions should ideally vary across ages and over time.

2. Choose a projection model compatible with future expectations taking into account the trade-off
between transparency and complexity — the choice should consider whether improvements are
expected to converge to a long-term rate and should also aim for parsimony.

3. Calibrate mortality improvement assumptions on a stable population representative of the target
population — trends cannot be accurately measured on a population that has experienced
significant demographic change over the period or that has been subject to a major policy shock
or shift.

Ensuring internal consistency

The final mortality tables should be in line with analysis and expectations.
1. Ensure coherency across different ages and groups — mortality tables should reflect the expected
relationship of mortality rates for different populations.

2. Be transparent regarding modelling decisions — modelling decisions and judgement applied should
be clearly disclosed and justified.
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Notes

' Based on standard mortality tables in OECD member countries where available.
2 Jeanne Calment of France died in 1997 at the age of 122 years and 164 days.

3 Based on standard mortality tables for pensioners or annuitants in OECD member countries, where
available.
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