


Scope of the data 
Data for the observation period 1970 up to and including 2014 are used for the
modelling. The most recent mortality rates from 2015 for the Netherlands are available
and have therefore been added. There is no reason to change the starting point of the
observation period. From 1970 onwards, there has been a stable development in the
mortality rates (see also graphs 1 and 2). With the period chosen, historic data are used
for a period of 45 years (from 1970 onwards). 
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6.1 Mortality data 
Mortality data for the Netherlands and Europe
The point of departure for the present model is the stochastic model, introduced two years
ago. This means that, in addition to mortality in the Netherlands, use was also made of
data regarding the development of mortality in a number of other European countries.
From 1970 onwards, the differences in mortality probabilities between a number of
European countries have clearly decreased. In addition, a rising trend is observable in the
development of life expectancy in these countries. In this regard, see graphs 1 and 2. 

For this reason, it was decided to base the projection for the Netherlands on the
developments in comparable European countries. This ensures that the projection will not
depend exclusively on data relating to the Netherlands, in which specific fluctuations may
have occurred in the past, which do not necessarily say anything about future
developments. The assumption is that the long-term increase in life expectancy in the
Netherlands can be predicted more precisely by including a broader European population.
The successive projections are also expected to be more stable than they would be if only
data pertaining to the Netherlands were assumed.  

European mortality data 
The projection model makes use of European mortality data of countries whose Gross
Domestic Product (GDP) lies above the European average. GDP is regarded as a measure of
the wealth of a country. There is a positive correlation between prosperity and ageing: the
higher the level of wealth, the older people become. The Netherlands is amongst the
countries whose level of wealth is high and whose GDP is above the European average. On
the basis of this criterion, the mortality data of the following European countries were
included: Belgium, Denmark, Germany, Finland, France, Ireland, Iceland, Luxembourg,
Norway, Austria, United Kingdom, Sweden and Switzerland. Where mention is made in the
remainder of this publication to Europe or West Europe, these countries are meant. 

Relative to Projection Table AG2014, two amendments have been made to the data in
addition to supplementing the data with recent data. Instead of only including England
and Wales, it was decided to include the United Kingdom as a whole. The selection
criterion is based on countries in Europe with an above-average GDP. The GDP for separate
countries within the United Kingdom cannot be derived easily, but it is possible to derive
GDP for the United Kingdom as a whole. This means extending the dataset to include
Northern Ireland and Scotland, as part of the United Kingdom. In addition, it was decided
to include the mortality figures of the former East Germany from 1990 onwards (because
East Germany became part of Germany from that moment onwards). As a result of these
changes, the dataset has been extended, while the average observed life expectancy in
the dataset has fallen slightly. 
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Graph 2 Convergence of period life expectancy in a number of European countries,
women at birth 

Graph 1 Convergence of period life expectancy in a number of European countries,
men at birth 
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Sources for mortality data 
The Human Mortality Database (HMD) was used for the data, supplemented by data from
Eurostat for the years and countries for which no data was available in the HMD. For 2015,
data from Statistics Netherlands was used as the data pertaining to the Netherlands. The
information from these sources is regularly supplemented and is sometimes adjusted with
retrospective effect for earlier years. The dataset used, in the form of mortality figures and
exposures for both the Netherlands and the total group of West-European countries, can
be found on the Association’s website and in total contains more than 100 million cases
of death. The effect of these changes on life expectancy is made visible in chapter 8. 

6.2 Assumptions of the model 
Most important assumptions of the model 

• The development of life expectancy in the Netherlands in the long term is based on 
the observed development of life expectancies in European countries with GDP above
the European GDP average. 

• No separate cohort effects (including the effects of smoking behaviour) have been 
included because this increases the complexity of the model considerably. 

• For ages over 90, the mortality probabilities are extrapolated using the Kannistö 
method. 

• Only publicly available data have been used. 

Projection Model AG2014 is the point of departure
The point of departure for the present model is the stochastic model used for Projection
Table AG2014. This is a multi-population mortality model, as proposed by Lee and Li, with
a two-stage approach to estimating the necessary parameters (see Appendix A). In
addition, the European trend is estimated for each sex using the Lee-Carter model. 

The Lee-Carter mortality model is then used again to reflect the deviation of the
Netherlands from the common trend. By combining the data from different, but
comparable countries, a more robust model emerges with more stable trends and a
smaller sensitivity to the calibration period used. 

The model is based on four stochastic processes: 
a) the development of mortality in Europe for men;
b) the development of the deviation of mortality in the Netherlands relative to Europe 

for men; 
c) the development of mortality in Europe for women; 
d) the development of the deviation of mortality in the Netherlands relative to Europe 

for women; 

For developments a) and c) in Europe, a random-walk-with-drift model is used. For
developments b) and d) in the Netherlands, a first-order auto-regressive process without
a constant is used. The latter means that the development of mortality in the Netherlands
is expected to follow the European trend in time. The four processes are estimated jointly
in order also to estimate the correlations between the various processes. The joint
implementation of this final step is a change relative to the estimation procedure used for
Projection Table AG2014. 

For mortality in Europe, data up to and including 2014 is available and for mortality in the
Netherlands data is available up to and including 2015. To estimate the four stochastic
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processes together, it is necessary to apply the same historic data period. European
observations for 2015 have therefore been extrapolated on the basis of the data available
up to and including 2014 (see Appendix A). 

For higher ages (above the age of 90 years), there are relatively few observations. This can
result in large fluctuations in the estimates of mortality probabilities. For this reason, the
mortality tables are ‘closed’. This means that for ages over 90, the mortality probabilities
are estimated using an extrapolation method. As in the case of the previous projection life
table, the Kannistö method was chosen for Projection Table AG2016. 

Appendix A contains a full description of the stochastic model used, including the method
used to estimate this model. In combination with the dataset. Projection Table AG2016
can be reconstructed exactly. 

Amendment relative to the model from 2014 
The correlations between men and women are also included now in the estimates of the
AG2016 model. In the previous model, the stochastic processes a) and b) for men
mentioned earlier were estimated jointly, as were processes c) and d) for women.
However, the processes for men, on the one hand, and women, on the other hand, were
estimated separately from each other. In simulating future scenarios, the correlations
between these processes were therefore set at nil. The data, however, suggests a positive
correlation between the developments in mortality rates of men and women. Intuitively
this is logical. It enhances the quality of the projection life table if these correlations are
included in the estimate of the model.

The modelling of the correlation between the four processes is improved by estimating
them together and including all the correlations between the processes a), b) and d)
referred to above. The correlations between the various processes are represented in the
following diagram: 

The correlation between (the annual changes in relation to) West-European men and the
deviation of men in the Netherlands relative to West Europe is positive. In the case of
women, this correlation is negative, but this does not mean that the correlation between
changes in relation to West-European women and women in the Netherlands is negative.
A negative correlation may be the consequence of changes in mortality in the Netherlands
which generally have the same sign as changes in West Europe, but on average are less
large. If there has been a large positive change in West Europe and a smaller positive
change for the Netherlands, the difference (i.e. the change in the Netherlands less the
change in West Europe) is, after all, negative.

The effect of these changes on life expectancy has been made visible separately in 
chapter 8. 
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6.3 Summary of the changes in the Projection Table AG2016 
relative to AG2014 
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AG2014

Dataset including England and Wales,
excluding the former East German 

Dataset for Europe up to and including
2009, forecast up to and including 2013 

Dataset for the Netherlands up to and
including 2012 and provisional data for
2013 

Only the correlation between Europe and
the deviation for the Netherlands have
been included explicitly, not between
men and women

AG2016

Dataset with the United Kingdom
replacing only England and Wales and
including the former East Germany from
1990 onwards 

Dataset for Europe up to and including
2014, forecast for 2015 

Dataset for the Netherlands up to and
including 2015 

All possible correlations between Europe
and the deviation in relation to the
Netherlands and between men and
women which were included explicitly 

Following the publication of Projection Table AG2014, a number of interested parties
in the sector posed the question whether the (stochastic) uncertainty resulting from
that model was not too small. The Mortality Research Committee asked a number of
experts explicitly for their views regarding the uncertainty in the model used. This
did not result in proposals for adjustments to the model on the basis of explicit
quantifiable scenarios, about which there was consensus amongst experts and
which could be estimated using publicly available data. For this reason, the
structure of the model has not changed. We have stated below precisely which
uncertainty the model includes and which it does not include. 

7.1 Extrapolation from the past 
In essence, the model used extrapolates not only mortality developments, but also the
variability (volatility) of these. In other words, the mortality projections are based on the
assumption that observed developments in the past, on average, will continue into the
future. In the same way, the model also extrapolates the volatility in the development of
mortality in the past. In other words, just as the parameters for the trend are estimated
on the basis of observed developments in the past, so the same applies to the volatility
parameters.

In doing so, the AG2016 model, like the AG2014 model, gives an insight into the degree of
volatility, as observed in the past in the development of mortality.

Conceptually, of course, it is possible that the trend will be broken in 2017, which will
cause this volatility to increase or fall. It is also possible for the trend to change
permanently. In the projection, the Committee has opted to assume that a trend break
such as this will not occur. A trend break such as this does not appear to have occurred
during the past 40 years amongst the European population considered. The many positive
medical developments and improvements in nutrition and lifestyles appear to have had a
major, but gradual, impact. 

7.2 No parameter and model uncertainty 
It is important to note that the uncertainty intervals presented in this publication do not
take into account uncertainty in relation to parameters or the model. In other words,
these intervals take the chosen model and the estimated parameters as the point of
departure. The future deviations of the best estimate may be larger or smaller because
mortality trends may occur which now cannot be foreseen, for instance due to exceptional
medical and socio-economic developments. These developments may result in a future
spread of mortality around the best estimate which may be different to the model-based
spread calculated on the basis of historic data. 
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In the scientific literature methods are provided for formalising parameter and model
uncertainty. In relation to parameter uncertainty, it can be noted that due to the
enormous quantity of data (more than 100 million deceased with a total exposure of more
than 11 billion) this may be expected to be small for a given model. Including model
uncertainty requires the specification of a class of alternative models. There is only limited
literature on this and for this reason it has been decided for the time being not to include
this in this publication.

7.3 Distinction between uncertainty in mortality probabilities 
and uncertainty in mortality figures 

The above means that the uncertainty in the observed mortality figures will also be small.
In addition to the uncertainty in the mortality probabilities, after all, there is also
uncertainty in the actual number of people deceased in the light of these mortality
probabilities. If, for instance, we consider a group of 100,000 people with a mortality
probability of exactly 1% (on the basis of the assumption we have made of a Poisson
distribution for individual mortality) the expected number of deceased is 1,000 and the
symmetrical 95% confidence interval [938;1062]. This does not mean that the underlying
mortality probability has suddenly become uncertain and has changed from 1% to an
unknown value somewhere between 0.938% and 1.062%. It only means that we were
not able to observe the mortality probability without measurement noise due to the small
number of observations. 

The volatility in the mortality figures reported by Statistics Netherlands cannot therefore
simply be used to make statements about uncertainty in the underlying mortality
probabilities. The AG2016 model explicitly takes this into account in the estimation
method.

However, whoever wishes to estimate the future uncertainty in the pension or insurance
portfolio must also take into account the uncertainty in individual cases of mortality after
simulating the possible parts for future mortality probabilities. As a result, the distribution
in portfolio results will increase. 
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2 – Core projection
2015-2060: High
population growth in
the short term.
Statistics Netherlands,
December 2015
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This chapter gives the results of Projection Table AG2016. The results are compared
with those of Projection Table AG2014. The effect on the level of the provisions has
been calculated on the basis of a number of sample funds.  With these sample
funds, it is possible to assess of the effect on other pension funds. In addition, the
AG2016 projection is offset against the historic developments and are placed in the
perspective of the most recent projection of Statistics Netherlands 
(CBS 2015-2060).2

8.1 Observations in relation to AG2014 
The overview below provides an insight into the AG2014 projection of life expectancy for
2014 and 2015 and shows how these life expectancies correlate with the observed life
expectancies for the respective years. In addition, the table gives an insight into the
projection of life expectancies for 2015 and 2016. Period life expectancy is used for this,
since by doing so comparisons can be made for life expectancy in a specific observation
year. 

Table 1 Period life expectancy at birth 

Table 2 Period life expectancy at the age of 65 

The new observations since the AG2014 projection show a strong fall in mortality rates in
2014, as a result of which period life expectancy increases. In 2015, however, we see an
increase in mortality rates, as a result of which life expectancy once again decreases. 
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2013
2014
2015
2016

2013
2014
2015
2016

Men Women

Observed
79.4
79.9
79.7

AG2014
79.5
79.7
79.9

AG2016

79.8
80.0

AG2014
83.1
83.2
83.4

2013
2014
2015
2016

2013
2014
2015
2016

Men Women

Observed
18.0
18.5
18.2

AG2014
18.0
18.2
18.3

AG2016

18.2
18.4

AG2014
21.0
21.1
21.2

AG2016

21.0
21.1

Observed
83.0
83.3
83.1

Observed
21.0
21.2
20.9

AG2016

83.1
83.3



In the next graph, the development of period life expectancy at birth is provided for the
period up to and including 2050. Up to and including 2015, the graph is based on
observed mortality figures and for the period thereafter on the AG2016 projection. 

Graph 3 Period life expectancy for the Netherlands and selected European countries 

The fact that the period life expectancy of women in the Netherlands is still below the life
expectancy of women in selected European countries, as it was in the previous projection
is visible in graph 3. The life expectancy of men in the Netherlands, however, as in the
case of AG2014, is above the life expectancy of men in the selected European countries.   

8.2 From AG2014 to AG2016 
To provide more insight into the differences between the former and the new projection
life table, cohort life expectancy is used. All future mortality developments are included in
the cohort life expectancy. The impact on cohort life expectancy for the start year 2016 is
shown below step-by-step in relation to:
1. AG2014;
2. the inclusion of the correlation between men and women; and 
3. the new dataset. 

Table 3 Cohort life expectancy in 2016 

The inclusion of the correlation between men and women results in the case of men in a
decrease in life expectancy and in the case of women in an increase. The update of the
dataset results in an increase in life expectancy in the case of men and a slight decrease in
the case of women. The table shows that the life expectancy of men does not change on

balance. In the case of women, life expectancy at birth increases by 0.5 years, while life
expectancy in the case of women aged 65 increases by 0.1 per year. 

The point of departure of the model is that the mortality trend in the Netherlands is
expected to converge towards the mortality trend in West-European countries of similar
wealth. The present life expectancy at birth of men in the Netherlands is higher than that
of men in West Europe. In the case of women, the opposite is true. Women in the
Netherlands have lower life expectancy at birth than women in West Europe. The
difference in life expectancy between women in the Netherlands and women in West
Europe is greater than in the case of men. In addition, the mortality trend in the case of
men is more in line with the West-European trend. This all contributes to the fact that
women show a relatively strong improvement in life expectancy in comparison to men.
The inclusion of the correlation between men and women apparently reinforces this
effect. 

8.3 Future life expectancy 
The Projection Table AG2016, as in the case of AG2014, offers the possibility of calculating
future life expectancies. Future cohort life expectancies for the start years 2016, 2041 and
2066 are shown in table 4. 

Table 4 Future cohort life expectancy 

It once again appears from the figures stated above that the model implies that life
expectancy for men and women will continue to increase, slightly more quickly for men
than for women. As a result, the difference in life expectancy between men and women
will fall. 

8.4 Projection in perspective 
The developments in period life expectancy at birth for AG2014, AG2016 and CBS2015-
2060 are compared in graph 4. The fact that the AG2016 projection for women in the
Netherlands converges towards the projection for women in the selected West-European
countries is visible. 

The AG2016 projection for men shows the same development as AG2014; the trend lies
close to the trend in West-European countries, as a result of which the difference over
time remains fairly constant. In the case of CBS2015-2060, a limited fall in life expectancy
can be observed in the case of men compared to AG2016. Life expectancy in 2050 on the
basis of CBS2015-2060 is slightly lower than in the case of AG2016. 
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AG2014
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Update dataset
AG2016

Men
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23.2
25.7

Women
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26.2
28.4

difference
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At birth At the age of 65 Start year 
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2041
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Graph 4 Development of period life expectancy at birth 

Graph 5 shows the development of period life expectancy at the age of 65. 

Graph 5 Development of period life expectancy at the age of 65 

The cohort life expectancies for AG2014, AG2016 and CBS2015-2060 are stated in table 5.
The differences in cohort life expectancy at the age of 65 between AG2016 and CBS2015-
2016 are small. 

Table 5 Cohort life expectancy at birth and at the age of 65 for the year 2016

8.5 Link between life expectancy at the age of 65 and the 
retirement age in the first and second tiers 

The Raising of the State Pension Age and Standard Pension Retirement Age Act (Wet
verhoging AOW-en pensioenrichtleeftijd) of 12 July 2012 links the retirement age in the
first tier (the state old-age pension or ‘AOW’) and the standard retirement age in the
second tier (the employer’s pension) to period life expectancy. In accordance with the Act
of 4 June 2015 in relation to the accelerated gradual increase in the State Pensions age3, a
decision must be taken at the latest on 1 January 2017 to determine whether the State
Pension age is increased in 2022 from 67 years to 67 years and three months.

Increases in the retirement age take place in steps of three months and depend on the
level of the macro average remaining period life expectancy at the age of 65 (L), as
estimated by Statistics Netherlands relative to a value of 18.26 and the difference
between the retirement age applicable up until that moment and 65 years. The reference
value of 18.26 has been determined by law and is based on observations of Statistics
Netherlands in the period 2000-2009. 

If it is expected that L for 2022 will be greater than 20.51 years, an increase in the
commencement date of the state old-age pension by a quarter of a year (0.25) is
necessary (after all, (20.51 – 18.26) – (67 – 65) = 0.25). According to Projection Table
AG2016, L will indeed exceed this value in 2022. This expectation is in line with the most
recent projection by Statistics Netherlands from 2015 and a decision will have to be taken
in respect of this increase in 2022 at the latest on 1 January 2017. After this, the same
method will be applied annually, whereby it will be necessary to determine whether an
increase in the State Pension age pension by a quarter of a year will or will not take place. 

If the macro average remaining period life expectancy at the age of 65 years is also
estimated for the years after 2022, the following years are determined in which the
commencement date of the state old-age pension is expected to increase by a full year. To
simplify the calculation, the macro average remaining life expectancy is determined below
as the weighted average of the life expectancy of men and women. In practice, a more
exact weighting may possibly be assigned, as a result of which women will be assigned a
slightly higher weighting. The impact of this is small.

Table 6 Estimate of the development of the State Pension age 

The increase in the standard retirement age in the second tier is based on the same
formula as the State Pension age, although, in accordance with the Act, it is necessary to
anticipate an expected increase in life expectancy at an earlier stage. It is a legal
requirement that a change to the standard retirement age must be announced at least
one year prior to this change taking effect and that for this purpose the macro average
remaining life expectancy at the age of 65 must be taken into account that is expected 10
years after the calendar year in which the change is made. This means, for instance, that
an change to the standard retirement age in 2018 must be announced before 1 January
2017 on the basis of the macro average remaining life expectancy at the age of 65 in
2028. 
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3 – In full: Act of 
4 June 2015 amending
the General Old-age
Pensions Act, the
Salary Tax Act 1964,
the Raising of the State
Pension Age and
Standard Pension
Retirement Age Act, the
Obligatory
Occupational Pension
Scheme Act and Other
Fiscal Measures in
2015 in Relation to the
Accelerated Gradual
Increase in the State
Pension age. 



Given the present low interest rate, we have also provided an indication of the effects on
the basis of a fixed interest rate of 1% in table 8. The interest rate has an impact on the
ultimate effect due to the long-term liabilities. In the case of an actuarial discount rate of
1%, the low interest rate results in an additional increase in the impact. 

Table 8 Impact on the provisions (actuarial discount rate 1%) for the model portfolios
for the transition from AG2014 to AG2016 (difference AG2016 minus AG2014,
expressed in AG2014). The separate percentages, as stated in relation to the types of
pension, retirement pension and survivor’s pension, do not add up to the percentages,
as stated in the combination of a retirement pension and survivor’s pension. This is
because the provisions of the various types of pension are different. 
■ RP = retirement pension   SP = survivor’s pension

These sample funds contain a combination of rights to a retirement pension and a partner’s
pension. Tables 9, 10 and 11 show the effect on the provision for these various types of
pension. 

Tables 9, 10 and 11 Impact on the provisions (actuarial discount rate of 3% and 1%)
for the various types of pension and ages in the transition from AG2014 to AG2016
(difference AG2016 minus AG2014, expressed as a percentage of AG2014) 

In the case of higher pension ages (for instance, 67 years), the effects are almost the same as
those based on a retirement age of 65 years. 
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On the basis of the Projection Table AG2016, L is expected to increase to such a degree
that in 2018 a standard retirement age of 68 years will apply. The most recent projection
by Statistics Netherlands dating from 2015 shows that this increase will be necessary in
2019. At the latest on 1 January 2017, in accordance with the Act, a decision will have to
be taken with regard to any increase in the standard retirement age in 2018 on the basis
of the most recent forecast by Statistics Netherlands.

In general, it can be concluded that the Association’s present projections do not deviate
much from the projections by Statistics Netherlands, as a result of which the present
expectation is that differences in future State Pension age (AOW) and retirement pensions
will not be very great. 

8.6 Effects on the provisions 
In order to analyse the effects of Projection Table AG2016 on the technical provisions of
pension portfolios, six sample funds were constructed. These are three funds with male
members and three funds with female members. For each sex, a young, old and average
fund was constructed. The last fund is the average of the first two funds. These sample
funds were determined partly on the basis of concrete portfolios. 

In addition to a retirement pension, the sample funds contain a latent survivor’s pension
and a survivor’s pension in payment. In the case of the male portfolios, it is assumed that
payments of the survivor’s pension in payment relate to female partners. In the case of
the female portfolios, the opposite is the case. The types of pension used are a retirement
pension, commencing at the age of 65, and a survivor’s pension of the ‘unspecified
partner’ form with a partner frequency of 100%. 
A fixed age difference of three years between the male and female partner is assumed,
whereby it is also assumed that the male is older than the female. The actuarial discount
rate applied amounts to 3%, so that the effects are comparable to the previous
publication (AG2014), in which an interest rate of 3% was assumed. 

Table 7 Impact on the provisions (actuarial discount rate 3%) for the model
portfolios for the transition from AG2014 to AG2016 (difference AG2016 minus
AG2014, expressed as a percentage of AG2014). The separate percentages, as stated
in relation to the types of pension, retirement pension and survivor’s pension, do
not add up to the percentages, as stated in the combination of a retirement pension
and survivor’s pension. This is because the provisions of the various types of
pension are different. 
■ RP = retirement pension   SP = survivor’s pension

Although the retirement age has now been increased to 67 years, large parts of the
pension liabilities are still based on a retirement age of 65.

It is possible to conclude from table 7 that the differences, in terms of the provision, are
small in the case of men. In the case of an average dataset, the provision increases by
approximately 0.2%. In the case of women, the impact is greater (an average increase of
0.5%). Depending on the composition of the pension fund, the increase will amount to a
minimum of 0.1% and a maximum of 0.6% on the basis of an actuarial discount rate 
of 3%. 

Projection Table AG2016 Outcomes 24

Men

Old
-0.2%
0.8%
0.1%

Old
0.6%

-0.7%
0.4%

Women

Average
0.7%

-1.0%
0.5%

Young
1.0%

-1.6%
0.6%

Young
-0.1%
1.4%
0.3%

Cover

RP (65)
SP
RP+SP

Men

Old
-0.2%
1.1%
0.3%

Old
0.9%

-1.1%
0.6%

Women

Average
1.1%

-1.4%
0.7%

Young
1.3%

-2.1%
0.9%

Young
-0.1%
1.8%
0.4%

Cover

RP (65)
SP
RP+SP

Average
-0.1%
1.5%
0.3%

Age 
25
45
65
85

Women 
1.5%
1.1%
0.2%

-0.8%

Men 
-0.2%
-0.1%
-0.1%
-1.0%

Women 
1.8%
1.3%
0.3%

-0.9%

Actuarial discount rate 3% Actuarial discount rate 1%

Retirement pension (65 years)

Men 
-0.2%
-0.1%
-0.1%
-1.0%

Age 
25
45
65
85

Women 
-6.0%
-2.4%
-0.1%
-0.8%

Men 
3.6%
2.8%
1.4%
0.0%

Women 
-6.0%
-2.6%
-0.3%
-0.9%

Actuarial discount rate 3% Actuarial discount rate 1%

Retirement pension (65 years)

Men 
3.2%
2.5%
1.2%
0.1%

Age 
25
45
65
85

Women 
0.0%

-0.1%
-0.1%
-1.0%

Men 
0.6%
0.6%
0.3%

-0.9%

Women 
-0.1%
-0.1%
-0.1%
-1.0%

Actuarial discount rate 3% Actuarial discount rate 1%

Survivor’s pension in payment

Men 
0.3%
0.4%
0.2%

-0.8%

Average
-0.2%
1.1%
0.2%



9.1 Simulating the value of the liabilities 
The best-estimate value of the liabilities can be obtained by assuming that future
mortality probabilities will develop according to the model comparisons in Appendix A,
whereby all disturbances are set at nil. It is also possible to simulate scenarios in which
the disturbances are generated stochastically by means of a multivariate normal
distribution.

Table 12 gives as an example for 10,000 such scenarios the average and the quantiles for
95%, 97.5% and 99.5% for the Pension Liabilities Provision. For this purpose, the average
model portfolios comprising men and women are used with a fixed actuarial discount rate
of 3% and 1%. The outcomes are expressed relative to the best-estimate values. 

Table 12 Results of the simulation of provisions based on 3% for model portfolios
(men and women averaged) 
■ RP = retirement pension   SP = survivor’s pension

In the case of a 1% actuarial discount rate, the distribution in the results is greater. 

Table 13 Results of the simulation of provisions based on 1% for model portfolios
(men and women averaged)
■ RP = retirement pension   SP = survivor’s pension

The distribution resulting from the simulations strongly resembles a normal distribution.
As is apparent from the above tables, the spread of the various types of pensions is
considerably higher, in particular in the case of the retirement pension for men and the
survivor’s pension for women. 

Simulations based on Projection Table AG2014 show a comparable distribution for the
retirement pension, but the survivor’s pension results in a much higher standard
deviation: in the case of an actuarial discount rate of 3%, this is equal to 3.4% in the case
of AG2014, as compared to 1.6% in the case of AG2016. This considerable reduction
relates to the inclusion of the correlation between the mortality of men and women in the
AG2016 model. 
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The use of a stochastic model offers opportunities in relation to the analysis of
mortality risks. In particular, it is possible to obtain an insight into the variability of
the value of the liabilities of insurance portfolios. 

Since the Projection Table AG2016 is based on a stochastic model, it is possible to draw
conclusions on the spread of future mortality probabilities around the best estimate. In
essence, the model used extrapolates not only mortality developments, but also the
variability (volatility) of these. This volatility is consequently representative of uncertainty,
such as occurred in the past. 

It is important to note that the uncertainty intervals presented in this publication do not
take into account uncertainty in relation to parameters or the model. In other words,
these intervals take the assumed model and the estimated parameters as the point of
departure. 

In this chapter, several possible applications of the stochastic model are mentioned by
way of illustration. The results stated in this chapter are based on the same model
portfolios as those referred to in chapter 8. 

In the first application, we consider the value of the liabilities for all possible
developments of future mortality probabilities. Where the best estimate value of the
liabilities can be estimated by using the best-estimate mortality probabilities, we have
considered the possible development in mortality probabilities on the basis of the
likelihood that they will occur, as shown by the stochastic model. This gives an insight into
the possible increase in the total run-off of liabilities, for instance, in the 95% quantile. 

A second application relates to the stochastic distribution of the best-estimate portfolio
value, based on an horizon of 1 year. In this regard, consideration is only given to
possible shocks during the first year and the best estimate is subsequently used. In other
words, shocks in subsequent years are set at nil. This application shows what can happen
in a year and the increase in the liabilities which results from this. 

Finally, we show a third application in which the stochastic model is used to determine
confidence intervals in relation to life expectancy. 

In case of the above applications, no conclusions are drawn with regard to the
consequences for the calculation of the buffers created in accordance with Solvency II.
Basing the amount of capital to be tied up for mortality risk exclusively on the distribution
resulting from the stochastic model could result in underestimating the required capital.
The stochastic model, after all, does not take into account parameter uncertainty, nor
model uncertainty. 
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Outcomes of the simulation for the provision for pension liabilities 
(in relation to the best estimate) - 3% interest 

Standard deviation
Quantiles
50%
95%
97.5%
99.5%

RP
2.2% 

100.0%
103.6%
104.2%
105.4%

SP
1.6%

100.0%
102.6%
103.2%
104.2%

RP + SP
1.3%

100.0%
102.2%
102.5%
103.3%

RP
1.5%

100.0%
102.5%
102.9%
103.9%

SP
2.0%

100.0%
103.3%
104.0%
105.3%

RP + SP
1.3%

100.0%
102.1%
102.5%
103.3%

Men Women

Results of the simulation of provisions based on 1% for model portfolios 
(men and women averaged)

Standard deviation
Quantiles
50%
95%
97.5%
99.5%

RP
2.7%

100.0%
104.4%
105.2%
106.7%

SP
1.8%

100.0%
102.9%
103.6%
104.7%

RP + SP
1.7%

100.0%
102.7%
103.2%
104.2%

RP
1.9%

100.0%
103.1%
103.6%
104.7%

SP
2.6%

100.0%
104.3%
105.2%
107.0%

RP + SP
1.7%

100.0%
102.7%
103.2%
104.2%

Men Women



9.2 Simulating the best-estimate value in a year’s time 
An alternative measure of uncertainty arises if one is interested in the distribution of the
best-estimate value of the portfolio with an horizon of 1 year. This arises from a
calculation of the best estimate for 2017, after simulating the uncertainty of the coming
year (in other words, simulation of the disturbances for t=2016). 

All the disturbances for the years after 2016 are therefore set at nil. The results of this are
stated in the table below. 

Table 14 Results of the one-year simulation of provisions (actuarial interest rate of
1% and 3%) for model portfolios (men and women averaged) 

These outcomes show that the spread in the case of a one-year simulation is much lower,
as might be expected) than in the case of a simulation for all years.  

9.3 Simulating life expectancy 
Finally, we show applications here of the stochastic model in which the simulated
scenarios are used to reflect the uncertainty in the projection of life expectancy. 

Graph 8 Confidence interval in relation to the best estimate of the period life
expectancy of men and women in the Netherlands 

Graph 8 shows that the uncertainty in the projection of period life expectancy, as
expected, increases as the projection lies further in the future. 
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Since the correlation for the European trend is large and positive (about 90%),
compensatory effects arise in the simulation when determining the value of the Provision
for Pension Liabilities for the survivor’s pension. 

By way of illustration, graphs 6 and 7 show the distribution of the simulated values for
the retirement pension, survivor’s pension and the combination of both types of pension
relative to the best estimate. This relates to the model portfolio for men (average) and an
actuarial discount rate of 3%. Graph 6 shows the distribution for AG2016, graph 7 for
AG2014. 

Graph 6 Distribution of outcomes for the simulation of the provision (actuarial
discount rate 3%) for the model portfolio of men (average) around the best estimate

Graph 7 Distribution of outcomes for the simulation of the provision (actuarial
discount rate 3%) for the model portfolio of men (average) around the best estimate
in accordance with AG2014 
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Distribution of the Provision for Pension Liabilities in accordance with AG2016 

85% 90% 95% 100% 105% 110% 115% 

Combination 

Survivor’s pension

Retirement pension  

85% 90% 95% 100% 105% 110% 115% 

Distribution of the Provision for Pension Liabilities in accordance with AG2014 

Combination 

Survivor’s pension

Retirement pension 

65 

70 

75 

80 

85 

90 

1970 1980 1990 2000 2010 2020 2030 2040 2050 

Period life expectancy at birth 

Men 

Women 

Observations Netherlands  

95% confidence interval 

Observations European (selection)  

Projection Netherlands  
Projection European selection 

One-year shock (in relation to the best estimate) 

Standard deviation
Quantiles
50%
95%
97.5%
99.5%

1%
0.4%

100.0%
100.7%
100.8%
101.1%

3%
0.4%

100.0%
100.6%
100.7%
101.0%

1%
0.4%

100.0%
100.6%
100.7%
100.9%

3%
0.3%

100.0%
100.5%
100.6%
100.8%

Men Women



Graph 9 below shows the uncertainty in cohort life expectancy of men and women in the
Netherlands in 2016. 

Graph 9 Confidence interval around the best estimate of cohort life expectancy for
men and women in the Netherlands in 2016 

Graph 9 shows that the uncertainty decreases as age increases. This is due to the fact that
the number of years for which an estimate is made decreases as age increases. In
addition, the fact that life expectancy first decreases up to an age of approximately 
60 years and then increases is visible. Two effects play a role in this. A person who is older
has already survived a period, as a result of which life expectancy increases with age. In
addition, someone who is younger will benefit more from expected future improvements
in mortality. 

It should be noted that in the confidence intervals shown we only take into account
uncertainty in future mortality probabilities and do not consider individuals. Since the
mortality probabilities for (for instance) a 90-year-old change little over time, we observe
hardly any differences in his or her expected age at death if we simulate all sorts of
possible future scenarios with our model. However, this means, of course, that the
moment of death of an individual 90-year-old is known now. Little uncertainty in
mortality probabilities above this age does not imply, after all, that there is little
uncertainty about the actual moment of death for an individual. 
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APPEND IX  A
Projection Model AG2016 

Technical description 

 
1. Terms and definitions  
 
The projection table shows per sex for the ages  and years  

 the best estimate for the one-year mortality probabilities . This is the 
probability that someone who is alive on 1 January of year t and who was born on 1 January of year 

 will be deceased on 1 January of year . The model also allows the user to draw up a 
projection for the years after 2066. 
  
The mortality probabilities are not modelled immediately; instead we specify the  
corresponding force of mortality (or 'hazard rate') . We assume that   
for all 1.  
 
As a result of this  

 
 
 
Each dynamic model that is described in terms of the force of mortality  can therefore be 
described in terms of one-year mortality probabilities using the above formula. 
 
2. Dynamic model 
 

For ages up to and including 90 years,  with , the Li-Lee1 model is used 

for both sexes :  
 

 

 

 

  

 

 

with a trend factor for each sex, age and years  defined by the time series  
 

 

 

 

 

where  is the force of mortality for the population of the Netherlands (with sex ),  the 

force of mortality for a peer group of West-European countries and the quotient of the two (i.e. 

the deviation for the Netherlands relative to the peer group). This means that a random walk with drift 
model is assumed for the time series of the peer group and a first-order autoregressive model, without 
a constant term, for the time series of the deviation for the Netherlands.  
 
The stochastic variables are independent and identically distributed (i.i.d.) 
and have a four-dimensional normal distribution with a mean (0,0,0,0) and a given 4x4 covariance 
matrix . 
 

 
3. Closure of the table  
 

For ages above 90 years,  with , the Kannistö closure method is used, 

which is based on a logical regression using the table for ages . The number 

of ages  on which the regression is based is therefore , the average of these ages is 

 and the sum of the squares of the deviation is .  

 

Closure using the Kannistö technique means that for  
 

. 

 
where  and are respectively the logical and inverse logical functions.  
 

 

 
and the regression weights are given by  
 

 

 
If a mortality probability is required for an age greater than 120, it is assumed to be equal to the 
mortality probability for the age of 120.  
 
4. Best estimates for mortality probabilities and life expectancy  
 
Since we identify the best estimates for future values of the time series with the most likely outcomes, 

these correspond to the series for  and , which are obtained by filling in 

 for all values of . The covariance matrix  is therefore not required to generate these best 
estimates, but is necessary to carry out simulations which may help in analysing uncertainty in relation 
to the best estimates.  
 

 under the 

assumption that this person was born on 1 January of year  (with  and ) and assume 
that someone who dies within a calendar year on average is still alive during the calendar year for six 
months, we find for this so-called cohort life expectancy:  
 

 

 
Note that according to this  The 
probability that the person at time  is still alive is, after all, the product of mortality probabilities 

 for all years s between  and , whereby every year the person not only ages by a year 
older, but we also have to take into account on each occasion a new column in the mortality 
table. This last effect is not included in the period life expectancy:   
 

 

 
which suggests that the mortality probabilities of today (time ) will no longer change over time. This 
results in an incorrect impression of life expectancy and although this period life expectancy is often 

, this is incorrect.  
1 Li, N. and Lee, R. (2005) Coherent Mortality Forecasts for a Group of Populations: An Extension of the Lee-Carter Method. Demography 42(3), 
pp. 575-594.
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was assumed that for the given exposures the observed deaths2  have a Poisson distribution 

and that the expectation of is equal to the force of mortality to be modelled. We have 

suppressed sex and the designations EUR/NL in this notation. 
 
The table below shows which data source was used per geographic area and per year as the input for 
the AG2016 model.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The data from the Human Mortality Database (HMD) was supplemented for the years after 2011 by 
data from the Eurostat database3 (EUROS). For the Dutch data for 2015, the database4 of Statistics 
Netherlands was used (Statline). In the last two databases, we find the required numbers of deaths 
per sex but not the exposures. However, these can be deduced from other quantities which are given:  
 

 : the population on 1 January in the year  aged between  and  

 

 : the number of people who died in the year , who would be between  and +1 years old 

on 31 December of year . 
 
Conversion to exposures occurs using the method determined in the protocols5 of the Human Mortality 
Database. This gives for : 
 

 

GEO 2009 2010 2011 2012 2013 2014 HMD-version

AUS Austria HMD HMD HMD HMD HMD HMD 2015.09.02

BEL Belgium HMD HMD HMD HMD EUROS EUROS 2014.01.30

DNK Denmark HMD HMD HMD HMD HMD HMD 2015.11.16

FIN Finland HMD HMD HMD HMD EUROS EUROS 2015.01.09

FRA France (metropolitan) HMD HMD HMD HMD HMD HMD 2016.05.02

GER Germany (until 1990 former territory of the FRG) HMD HMD HMD HMD HMD EUROS 2016.04.20

ICE Iceland HMD HMD HMD HMD HMD EUROS 2015.06.22

IRE Ireland HMD HMD HMD HMD HMD HMD 2015.11.20

LUX Luxembourg HMD HMD HMD HMD HMD HMD 2015.10.19

NED Netherlands HMD HMD HMD HMD EUROS EUROS 2015.07.20

NOR Norway HMD HMD HMD HMD HMD HMD 2015.08.28

SWE Sweden HMD HMD HMD HMD HMD HMD 2015.09.02

SWI Switzerland HMD HMD HMD EUROS EUROS EUROS 2014.01.27

UNK United Kingdom HMD HMD HMD HMD HMD EUROS 2015.07.29

 
5. Dataset used for calibration  
 
The parameter values in the model are determined using maximum likelihood. In doing so, mortality 
figures and exposures in West-European countries and in the Netherlands were used. In all cases it 

and for :  
 

 

  
 

 
6. Calibration method  
 

The following three steps are taken separately for the two sexes : 
 

 We take the exposures and observed deaths for the relevant Western European 

countries, with and . This concerns in all 
cases the sum of all exposures and the sum of all deaths in the respective countries, including 

the Netherlands. The parameters ,  and  were then determined in such a way that the 

Poisson likelihood function for the observed deaths is as large as possible for the given 
exposures:  

 

 

with . To obtain a unique specification of the three vectors we normalise by 

requiring the sum of the elements of  over  to be equal to  and the sum of the 

elements of  over to be equal to .  

 

 Data after 2014 are not available for all the relevant countries. For this reason, the values 

of  in the previous step are determined up to and including 2014. Linear extrapolation is 

then applied  

 

 

 The maximum likelihood method is now applied to the data for the Netherlands to determine 

 en , by means of  

 

 

with ,  (now including the year 2015) and  

as previously. Once again, normalisation takes place by requiring the sum of 

the elements in  over and  over to be respectively  and .  

 

In a fourth and final step, the four time series are used, namely to estimate 

the parameters  and matrix . On the assumption that the variables 

 are independently and identically distributed and have a four-dimensional normal 
distribution with average (0,0,0,0) and covariance matrix , we select the estimators for 

 and  in such a way6 that the likelihood of these time series is maximised. 
 
 
7. Simulation of the time series  
 

In order to be able to simulate the scenarios for the timeseries , samples from a 
normal distribution with an average of (0,0,0,0) and covariance matrix C must be generated. This can 

be done by multiplying a (row) vector  with four independently standard normally distributed 

variables by a matrix H, which satisfies the condition , in other words by means of 

. In the list of parameters in the publication and the accompanying Excel spreadsheet, a 
Cholesky H matrix has therefore also been included in addition to the covariance matrix C.   
 
  

2 Brouhns, N., Denuit, M. and Vermunt, J.K. (2002) A Poisson log-bilinear regression approach to the construction of projected lifetables. 
Insurance: Mathematics and Economics 31, pp. 373-393.

3 demo_pjan (population P) downloaded on 03/03/2016 from: 
http://ec.europa.eu/eurostat/web/population-demography-migration-projections/population-data/database
and demo_mager (sterfte C) / demo_magec (sterfte D) downloaded on 18/03/2016 from:
http://ec.europa.eu/eurostat/web/population-demography-migration-projections/deaths-life-expectancy-data/database

4 Definitive mortality figures for 2015, see  http://statline.cbs.nl/Statweb/publication/?DM=SLNL&PA=37168&D1=a&D2=1-2&D3=0%2c56-
162&D4=0&D5=60-64&HDR=G3%2cT%2cG1&STB=G2%2cG4&VW=T

5 See http://www.mortality.org/Public/Docs/MethodsProtocol.pdf 6 The working group made use of the R package, systemfit, for this with the options  method=”SUR” and methodResidCov=”noDfCor”.
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The model portfolios comprise no other forms of pension than a lifelong retirement
pension and a lifelong survivor’s pension. There are six model portfolios which distinguish
between young/average/old and male/female. Only multiples of 10 years are included as
the ages of members, pensioners and surviving dependants. 

The average dataset is defined as the average between young and old. In the case of men,
the rights resulting from male members (in other words, including widows) are included
and in the case of women the rights resulting from female members (in other words,
including widowers) are included. 

The weighted average age for the various categories is shown in table 15.

Young       Average          Old

Men
Active and dormant 49.3 50.8 53.4
Pensioners 71.7 72.9 73.7
Survivors 61.1 68.1 70.9
Women
Active and dormant 40.6 46.4 49.8
Pensioners 73.3 73.3 73.3
Survivors 55.0 62.2 64.3

Table 15 Weighted average age of the model portfolios 

The distribution in numbers is shown in tables 16 and 17. 

Men (young)                       Men (average)                         Men (old)

Age RP SP SP RP SP SP RP SP SP 

(65) (lat.) (i.p.) (65) (lat.) (i.p.) (65) (lat.) (i.p.)
30 500 350 0 300 210 0 100 70 0
40 1200 840 0 850 595 0 500 350 0
50 2000 1400 150 1400 980 125 800 560 100
60 1800 1260 150 1800 1260 175 1800 1260 200
70 1500 800 100 1650 950 250 1800 1100 400
80 300 150 50 550 275 175 800 400 300
90 0 0 0 50 25 50 100 50 100

Table 16 Numbers of members of the model portfolios comprising men 
■ RP = retirement pension   SP = survivor’s pension

APPEND IX  B
Model portfolio 

Women (young)                Women (average)                     Women (old)

Age RP SP SP RP SP SP RP SP SP 

(65) (lat.) (i.p.) (65) (lat.) (i.p.) (65) (lat.) (i.p.)
30 750 525 0 500 350 0 250 175 0
40 1000 700 0 1000 700 0 1000 700 0
50 500 350 50 1000 700 50 1500 1050 50
60 200 140 50 800 560 100 1400 980 150
70 100 50 0 300 200 50 500 350 100
80 50 20 0 150 50 25 250 80 50
90 0 0 0 0 0 0 0 0 0

Table 17 Number of female members of the model portfolios 
■ RP = retirement pension   SP = survivor’s pension

The technical provisions for these portfolios are calculated by applying the following
assumptions: 

• the retirement age is 65; 
• the survivor’s pension is of the “unspecified partner” form up until the retirement 

date, after which it takes on the “specified partner” form; 
• the partner frequency is equal to 100% up to the retirement date; 
• the partner’s sex is not the same as that of the member; 
• within a civil partnership, the male is three years older than the female. 
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APPEND IX  C
Literature and data used 

This report assumes the data available on 20 April 2016 (Eurostat), 29 April 2016
(Statline Exposures), 12 May 2016 (Statline Observed Deaths) and 13 June 2016 (for
the HMD data). 

[1] CBS data from Statline up to and including 2015. 
Exposures-to-Risk; version of 29 April 2016. This version is the same as the version of 
20 June 2016 for the ages from 0 up to and including 90 years:
http://statline.cbs.nl/Statweb/publication/?DM=SLNL&PA=7461BEV&D1=0&D2=1-
2&D3=1-133&D4=65-66&VW=T 

Observed Deaths; version of 12 May 2016:
http://statline.cbs.nl/Statweb/publication/?DM=SLNL&PA=37168&D1=a&D2=1-
2&D3=0%2c56-162&D4=0&D5=60-64&HDR=G3%2cT%2cG1&STB=G2%2cG4&VW=T 

[2] Eurostat data; version of March 2016. 
Exposures to Risk (demo_pjan):
http://ec.europa.eu/eurostat/web/population-demography-migration-
projections/population-data/database 

Observed Deaths (demo_mager en demo_magec):
http://ec.europa.eu/eurostat/web/population-demography-migration-
projections/deaths-life-expectancy-data/database

[3] HMD-database: 
http://www.mortality.org/

[4] V. Kannisto. Development of the oldest – old mortality, 1950-1980:
evidence form 28 developed countries. Odense University Press, 1992.

[5] N. Li and R Lee. Coherent Mortality Forecasts for a Group of Populations:
An Extension of the Lee-Carter Method. Demography 42(3), pp. 575-594, 2005

State Pension age (AOW) 
The age at which a person is eligible for a state old-age pension (AOW). In years 2014 up
to the including 2021, this age will be increased gradually from 65 years to 67 years.
Further increases after this date depend on the future development of (estimated) life
expectancy. 

Best estimate 
In this publication: the most probable value of a quantity subject to coincidence, such as a
mortality probability, the value of a product or portfolio et cetera. 

CMI model. RMS model. Life Metrics projection models 
Classes of stochastic models 

Cohort life expectancy 
Life expectancy based on a projection life table. This means that the life expectancy of an
individual is based on mortality probabilities from the mortality table corresponding to
the observation year in which the respective individual has a certain age. 

Deterministic projection life table 
A projection table in which the mortality figures for future years are determined on the
basis of a model in which uncertainties are not taken into account. As a result, there is 
1 (deterministic) outcome. 

Eurostat database 
The Eurostat database (Eurostat is the statistics office of the European Union) offers a wide
range of data which can be used by governments, companies, the education sector,
journalists and the general public. 

Human Mortality Database (HMD) 
An international database with population and mortality data from more than 35
countries worldwide. 

Survivor’s pension in payment 
A form of insurance in which the surviving dependent (the co-insured) of the principal
insured receives a periodic benefit after the principal insured has died. 

Kannistö closure of the table 
A method of determining mortality probabilities at high ages through extrapolation from
mortality probabilities at lower ages. 

Latent survivor’s pension 
Type of insurance—linked to the retirement pension—whereby a provision is accumulated
from which a benefit can be paid periodically to the surviving dependant for the
remainder of his or her life after the death of the principal insured. 

APPEND IX  D
Glossary 
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Life expectancy 
In most publications, the concept of life expectancy refers to the expected (remaining) life
of a person at birth. The publication. Projection Table AG2014, refers to remaining life
expectancy because this concept applies to every age. This may relate to period life
expectancy or cohort life expectancy.

Retirement pension 
A type of insurance in which the insured member (the principle insured) receives a
periodic benefit after attaining the retirement age and for as long as he or she is alive. 

Period life expectancy 
Life expectancy based on a period table. 

Period table 
A mortality table based on observed mortality figures from one or more observation years.
The Association uses the mortality figures of five preceding calendar years for its period
tables. A period table does not take into account the developments of mortality and, in
doing so, assumes constant mortality probabilities for future years. 

Projection period 
The number of future years in which conclusions are stated about mortality figures in
accordance with the model. 

projection life table
A mortality table in which mortality figures are stated for each future year. As a result,
mortality probabilities are available for each combination of age and observation year. It
is therefore possible to calculate a remaining life expectancy for each age and for every
(future) year. 

Statline 
Statline is the public databank of Statistics Netherlands and provides figures on the
economy, the population of the Netherlands and our society. 

Stochastic model 
A model in which the future mortality probabilities are not specified but are described by
means of probability distributions.

Stochastic projection life table 
A projection table which is the outcome of the use of a stochastic model and which
therefore assumes various values for various scenarios of the coincidence variables (as can
be observed in simulations). 
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