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Abstract 
This paper provides an extension of the stochastic Li-Lee model used in the Netherlands to determine 
projection mortality tables. In short the rationale of the model is that the future mortality rates for a 
country are estimated by using the trend in mortality rates of a larger group of countries, the peer 
group. For the Netherlands, the peer group contains the deaths and exposures of all European countries 
with a GDP above the European average. Subsequently, an extra set of parameters is computed to 
measure the difference between the trend in mortality rates of the peer group and that of the country 
of interest. This model results in a stable mortality projection that can be applied all over Europe 
depending on the choice for the peer group. Especially for countries with a smaller population and lesser 
data the model could help to get more stable mortality projections, but also for countries with bigger 
populations the use of a broader dataset might be beneficial. 

In this paper an extension of the model with a third dataset is investigated. The objective of this 
extension is to not only include European and country specific data, but to be able to create projection 
mortality tables calibrated on portfolio specific data of an insurer or pension fund. Using this extended 
model results in a projection mortality table that incorporates time varying experience rates, therefore 
application of separate experience factors to the projection table to estimate the population mortality 
are no longer required. Before experience mortality models can be applied insurers and pension funds 
face certain challenges, such as testing the functionality of the model and the availability of data. These 
challenges are addressed in this paper.  
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1. Introduction 
The life expectancy of humans increased tremendously over the last century and statistics show that life 
expectancy is still increasing[1]. This is a global trend, however, life expectancy per country differs. The 
inhabitants of developed countries experience a higher life expectancy than those living in less developed 
countries. In the developed countries, people have better hygiene and in general a healthier lifestyle. This, 
combined with the improvements realized in healthcare, results in higher life expectancies. 
 
The trend of increasing life expectancy is also applicable to the Netherlands. For insurance companies and 
pension funds this development is important since part of their products provide payments until death of 
the policyholders. To determine the Best Estimate of Liabilities (i.e. the probability weighted average of 
the future cash flows), interest rates and mortality rates are the most important assumptions. Therefore, 
models to predict the development in mortality rates are required. In the Netherlands, most insurance 
companies and pension funds apply the projection mortality table published by the Royal Dutch Actuarial 
Association (AG) in 2016 (AG2016[1]). This mortality table provides forecasts that include future mortality 
improvements. The AG2016 mortality table is based on Dutch mortality data as well as mortality data of 
European countries with a similar level of welfare. The source of the data is the Human Mortality Database 
(HMD) complemented with data from Eurostat and Statistics Netherlands (CBS). 
 
The AG2016 model generates a projection table for the mortality figures of the population in the 
Netherlands. Experience learns that mortality rates observed in a portfolio from insurance companies or 
pension funds could deviate from those of the Dutch population. Therefore, experience factors based on 
the observed mortality figures in the portfolios of insurance companies or pension funds are applied to 
the population mortality tables. Currently it is common use in the Netherlands to apply an age-dependent 
factor to the mortality rates. This factor does not take into account expected improvements in mortality 
rates and is time-independent. Applying the age-dependent factor to the mortality table leads to a loss of 
accuracy in the predicted mortality. 
 
An alternative for this approach is to include portfolio specific data in the calibration of the projection 
model. The outcome of the model would then reflect the characteristics of the portfolio. This could further 
improve the accuracy of the projection tables for the portfolio and make the application of time-
independent experience factors redundant. The extension of the population mortality model (AG2016) to 
the portfolio mortality model is described in this paper. 
 
The paper starts by describing the data required to calibrate the model to create an experience projection 
table. Then a model description of the AG2016 model is provided, followed by explaining the required 
extensions to include experience mortality figures in the projection table. Section 4 shows the results of 
using an experience projection table to determine life expectancies. This paper concludes by describing 
the possible applications of the model. 



2. Data 
This paper starts by describing the data used to calibrate the model. As indicated in the introduction, 
starting point of the experience mortality model is the AG2016 model. For calibration, this model uses 
two datasets; Dutch and (Western) European1 information on deaths and exposures. The exposures (𝐸𝐸𝑥𝑥𝑥𝑥) 
represent the annual number of people in the population per age and gender within the monitored group. 
The deaths (𝐷𝐷𝑥𝑥𝑥𝑥) represent the number of people in the population per age and gender that were 
deceased in a specific year of observation. This information is required to determine the mortality rates. 
 
An important characteristic of the AG2016 model is the inclusion of data of a selection of European 
countries (peer group), which aims to make the resulting Dutch mortality projections more stable. The 
goal of the peer group is to have a group with a rather constant improvement in life expectancy, which is 
similar to the trend observed for the country of interest. For the Netherlands in specific the peer group is 
constructed of European countries with an above average gross domestic product (GDP). The above 
average GDP is used as the metric, because there is a relation between the level of mortality rates within 
a country and the level of the GDP. Only data of European countries is used, because these countries are 
considered to have similar living circumstances. The advantage of using a peer group is that including an 
additional year of observations should not lead to large differences in the projection table, which is an 
advantage for insurance companies and pension funds as their Best Estimate of Liabilities for which they 
use the mortality figures will be more stable. 
 
For the AG2016 mortality tables, mortality data from 1970 to 2014 for European countries and 1970 to 
2015 for the Netherlands is used. A distinction is made between male and female data to create mortality 
tables per gender. The historic data covers the ages 0 to 90, because for the higher ages only a limited 
number of observations is used. Therefore, the model uses a technique to calculate mortality rates for 
the higher ages. This technique is explained in the model description. 
 
The experience mortality model in this paper uses three different levels of data: 
• European data: deaths and exposures obtained from the Human Mortality Database (HMD) for all 

countries part of the group with a comparable GDP.  
• Dutch data: deaths and exposures obtained from HMD and CBS.  
• Portfolio data: deaths and exposures for a specific portfolio of policyholders. In this paper dummy 

portfolios are used which were generated based on the Dutch data. More details on these portfolios 
are provided in the remaining of this section. 

  
The European and Dutch data used throughout this paper is the same as used for the AG2016 model. The 
addition in the experience mortality model is the use of portfolio specific data. For the purpose of this 
paper dummy data is generated to simulate a portfolio of an insurance company or pension fund. Via the 
created portfolios it is tested whether the deviation of the mortality rates in the portfolio compared to 
the entire Dutch population can be modelled such that the experience mortality factors are directly 
included in the projected mortality rates. If this is possible the separate application of age-specific factors 
would become redundant and the accuracy of the estimates could be improved. 
 
 
 

                                                           
1 The countries included are: Belgium, Denmark, Germany, Finland, France, Ireland, Iceland, Luxembourg, Norway, 
Austria, United Kingdom, Sweden and Switzerland.  



Generation portfolio specific deaths and exposures 
To test the extended mortality projection model, data for five portfolios is created. All portfolios consist 
of mortality data (deaths and exposures) per age and gender for 1970 to 2015. An overview of the 
characteristics per portfolio is provided in table 1. All of the portfolios are smaller in size than the Dutch 
population, because a portfolio is considered a subset of the Dutch data. Furthermore, it is assumed that 
the mortality rates in a portfolio differ from the mortality rates of the entire Dutch population. Therefore, 
the dataset of the Netherlands is adjusted to create datasets with different characteristics. For example, 
the first portfolio created represents a dataset with experience factor 1.6. The interpretation of this 
experience factor is that it is expected that the mortality rates in the portfolio are on average 60% higher 
than the mortality rates observed for the Netherlands. With this portfolio it is tested whether the model 
indeed generates mortality tables with higher mortality rates and therefore lower life expectancies.  
 
An objective of including experience factors in the mortality projection tables is to preserve the accuracy 
in the mortality projections. This means that the experience factors should also develop over time. The 
experience factors could therefore differ per age and year of observation. For being able to test this 
requirement of the model, portfolio data is created that include mortality developments that differ from 
the developments for the entire Dutch population. For example, the deaths and exposures for portfolio 2 
are until age 70 the same as for portfolio 1. However, the experience factor for the ages above 70 are 
lower. With this adjustment it is aimed to test mortality improvements for higher ages compared to the 
population data. Therefore, for this portfolio it is expected that the resulting life expectancy is higher than 
that for portfolio 1. 
 
 

Name  Test objective Average 
experience factor 

Deviation in trend compared to 
developments for Dutch population 

Portfolio 1 Lower life expectancy 1.6 No 
Portfolio 2 Lower life expectancy 

with different trend 
1.5 Yes, until age 70 the data is equal to 

portfolio 1. After age 70 the 
experience factor decreases to reflect 
improvements in mortality rates for 
higher ages. 

Portfolio 3 Lower life expectancy 
with different trend 

1.8 Yes, historic data until 1995 is equal to 
portfolio 1. For the years after 1995, 
the experience factor increases to 
reflect deteriorations in mortality 
rates. 

Portfolio 4 Higher life expectancy 0.65 No 
Portfolio 5 Higher life expectancy 

with different trend 
0.60 Yes, until age 70 the data is equal to 

portfolio 1. After age 70 the 
experience factor decreases to reflect 
improvements in mortality rates for 
higher ages. 

Table 1 Overview of used portfolios 

To compare the portfolios, the experience factor of the portfolio compared to the Netherlands is defined: 
 

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑓𝑓𝑓𝑓𝐸𝐸𝑓𝑓𝑓𝑓𝐸𝐸𝑥𝑥𝑥𝑥 = (𝐷𝐷𝑥𝑥𝑥𝑥𝑃𝑃𝑃𝑃/𝐸𝐸𝑥𝑥𝑥𝑥𝑃𝑃𝑃𝑃) /(𝐷𝐷𝑥𝑥𝑥𝑥𝑁𝑁𝑁𝑁/𝐸𝐸𝑥𝑥𝑥𝑥𝑁𝑁𝑁𝑁) 
 



A ratio larger than 1 indicates that the portfolio has on average a higher amount of deaths relative to the 
exposure than observed in the Dutch population. A ratio smaller than 1 indicates a lower amount of deaths 
in the portfolio. Table 1 summarizes the characteristics of the portfolios that are used in this paper. 



3. Model description 
The model used to generate a mortality projection table that includes experience mortality is an extended 
version of the AG2016 model. Therefore, in this section the AG2016 model will be described first. Followed 
by a description of the extension to include experience mortality figures in the projections. 
 

3.1. The AG2016 model 
The AG2016 model is a stochastic model, which means that besides generating a mortality table based on 
current mortality figures, this model also generates projections for mortality rates in the future. The 
resulting mortality projection table takes into account the developments in life expectancy and enables 
the assessment of uncertainty in the development of life expectancy. 
 
The model for AG2016 is extensively described by AG. In this paper a brief summary of the model 
description as provided by AG is given. For more details on the model we refer to the publication of AG[1]. 
 
The projection table provides the best estimate one-year mortality probabilities 𝑞𝑞𝑥𝑥(𝑓𝑓) with 𝐸𝐸 ∈
{0, 1, 2, … , 120} the age and 𝑓𝑓 ∈ {2016, 2017, … , 2066} the year of observation. 𝑞𝑞𝑥𝑥(𝑓𝑓) gives the mortality 
probability in year 𝑓𝑓 of a person age 𝐸𝐸, that was born in 𝑓𝑓 − 𝐸𝐸. Next to the mortality tables for the best 
estimate, the model is able to determine mortality tables for different confidence levels via the 
stochasticity.  
 
To create these mortality probabilities, the AG2016 model applies the Li-Lee[2] model for both sexes 𝑔𝑔 ∈
{𝑀𝑀,𝐹𝐹}. The Li-Lee model is not described by mortality probabilities directly, but provides the force of 
mortality 𝜇𝜇𝑥𝑥,𝑥𝑥. However, from this model the 𝑞𝑞𝑥𝑥,𝑥𝑥 can be easily extracted by applying the following 
formula: 

𝑞𝑞𝑥𝑥,𝑥𝑥 = 1 − 𝐸𝐸−∫ 𝜇𝜇𝑥𝑥+𝑠𝑠,𝑡𝑡+𝑠𝑠𝑑𝑑𝑑𝑑
1
0 = 1 − 𝐸𝐸−𝜇𝜇𝑥𝑥,𝑡𝑡  

 
The Li-Lee model used is: 

ln�𝜇𝜇𝑥𝑥,𝑥𝑥
𝑔𝑔 � = ln�𝜇𝜇𝑥𝑥,𝑥𝑥

𝑔𝑔,𝐸𝐸𝐸𝐸� + ln�𝜇𝜇𝑥𝑥,𝑥𝑥
𝑔𝑔,𝑁𝑁𝑁𝑁� 

ln�𝜇𝜇𝑥𝑥,𝑥𝑥
𝑔𝑔,𝐸𝐸𝐸𝐸� = 𝐴𝐴𝑥𝑥

𝑔𝑔 + 𝐵𝐵𝑥𝑥
𝑔𝑔𝐾𝐾𝑥𝑥

𝑔𝑔 
ln�𝜇𝜇𝑥𝑥,𝑥𝑥

𝑔𝑔,𝑁𝑁𝑁𝑁� =𝛼𝛼𝑥𝑥
𝑔𝑔 + 𝛽𝛽𝑥𝑥

𝑔𝑔𝜅𝜅𝑥𝑥
𝑔𝑔 

 
where 𝜇𝜇𝑥𝑥

𝑔𝑔(𝑓𝑓) is the force of mortality for the group of interest with sex 𝑔𝑔. In the case of the AG2016 model 
the Dutch population is the group of interest for which mortality probabilities are generated. 𝜇𝜇𝑥𝑥

𝑔𝑔,𝐸𝐸𝐸𝐸(𝑓𝑓) is 
the force of mortality for a peer group of European countries and 𝜇𝜇𝑥𝑥

𝑔𝑔,𝑁𝑁𝑁𝑁(𝑓𝑓) is the quotient of the two and 
represents the deviation for the Netherlands relative to the peer group.  
 
For the time-dependent factors in the equations above, 𝐾𝐾𝑥𝑥

𝑔𝑔 and 𝜅𝜅𝑥𝑥
𝑔𝑔, time-series models are used for the 

extrapolation. Given the nature of the different time-series there is a certain amount of correlation 
assumed. Therefore, the coefficients of the different time-series are not estimated separately. In the time-
series projections stochastic variables that are independently and identically distributed can be used for 
generating mortality projections.  
 

3.2. Model extensions 
As shown in the above description of the model, the AG2016 model uses two datasets to generate 
mortality projection; data on the Dutch population and data on the selected European population. The 



experience model uses a third dataset to calibrate the model. This third dataset consist of the portfolio 
specific data. In the remaining of this paper, this dataset is referred to as portfolio data indicated by 𝑃𝑃𝐹𝐹 
in the model equations. To include the portfolio data in the model, the Li-Lee model is extended: 

ln�𝜇𝜇𝑥𝑥,𝑥𝑥
𝑔𝑔 � = ln�𝜇𝜇𝑥𝑥,𝑥𝑥

𝑔𝑔,𝐸𝐸𝐸𝐸�+ ln�𝜇𝜇𝑥𝑥,𝑥𝑥
𝑔𝑔,𝑁𝑁𝑁𝑁� + ln�𝜇𝜇𝑥𝑥,𝑥𝑥

𝑔𝑔,𝑃𝑃𝑃𝑃� 
ln�𝜇𝜇𝑥𝑥,𝑥𝑥

𝑔𝑔,𝑃𝑃𝑃𝑃� =𝑓𝑓𝑥𝑥
𝑔𝑔 + 𝑏𝑏𝑥𝑥

𝑔𝑔𝑘𝑘𝑥𝑥
𝑔𝑔 

 
In this model, 𝜇𝜇𝑥𝑥

𝑔𝑔,𝑃𝑃𝑃𝑃(𝑓𝑓) represents the deviation in mortality data for the portfolio compared to the 
Netherlands and European peer group. 
 
Using this model to generate a mortality projection table results in mortality probabilities specific for the 
portfolio of which the data was used as an input. A difficulty in projecting the mortality figures is that very 
limited data is available for ages above 90 years. Therefore, applying the above model for these ages will 
result in volatile outcomes. The experience mortality model therefore applies another technique to 
generate an adequate estimate for the development in mortality probabilities for ages above 90 years. 
The technique applied is the Kannistö[4] closure method which is further described by the AG[1]. In short, 
this method uses the forces of mortality of the ages 80-90 to determine the force of mortality for the ages 
91-120 via extrapolation. In the projection table the maximum age assumed is 120. 
 

3.3. Measures of life expectancy 
The result of applying the above methodology is a mortality projection table that includes experience 
mortality for the specific portfolio. The owner of the portfolio, for example pension funds or insurance 
companies, could use the experience projection table to determine their Best Estimate Liabilities. The 
experience projection table could also be used to determine the average life expectancy of individuals in 
the portfolio. For projection mortality tables a distinction is made between period life expectancy and 
cohort life expectancy. The period life expectancy is the more traditional way of calculating life 
expectancies. It is calculated by using the mortality probabilities of one period; only the mortality 
probabilities of one calendar year are used to determine the life expectancy. This means that in the case 
of period life expectancy only the future developments in mortality rates for the year of interest are taken 
into account, the other future developments are neglected.  
 
The cohort life expectancy includes the projected improvements in mortality figures in the life expectancy. 
The cohort life expectancy is determined by using the diagonal mortality probabilities in the experience 
projection table. The difference is illustrated in table 2. As this life expectancy includes the expected 
improvements in life expectancy, the cohort life expectancy is higher than the period life expectancy. This 
is only the case when improvements in mortality figures are expected. The cohort life expectancy is 
considered to be a better reflection of the actual life expectancy of individuals if there are changes in the 
mortality rates over time. At the other hand the period life expectancy contains less uncertainty, because 
it involves only one year of mortality rates and can, for example, be useful for testing the model.   



 
 

 2018 2019 2020 2021 … 
Age 0 Period 

Cohort 
    

Age 1 Period Cohort    
Age 2 Period  Cohort   
Age 3 Period   Cohort  
….. Period    Cohort 

Table 2 Illustration of determining period and cohort life expectancy. 

  



4. Results 
This section aims to provide insight in the possible outcomes of applying the experience mortality model. 
For that purpose, the model is applied to the five portfolios. These portfolios have a different mortality 
pattern than the population in the Netherlands, therefore they could be used to test whether the 
experience model indeed generates mortality probabilities that differ from those of the entire population 
of the Netherlands.  
 
Besides testing whether the experience model generates mortality rates that include experience factors, 
the section also covers a comparison of the experience factors of the experience mortality model as 
described in this paper with other techniques to determine experience factors. The purpose of this 
comparison is to determine whether forecasting experience factors leads to different outcomes than 
more simple models. The other techniques to determine experience factors that will be used for testing 
are the 2-stage experience mortality model and the simple experience model. The 2-stage experience 
mortality model is similar to the model as described in this paper (3-stage model), but does not have an 
intermediate step for the Dutch population. Thus this model uses European mortality data in the first step 
and portfolio specific data in the second step. The simple experience model uses the mortality rates of 
the AG2016 in combination with time-independent experience rates. The time-independent experience 
rates per age are determined as an average over the entire available period for the portfolio. In the 
Netherlands this simple method applied over a shorter time frame is observed often in the market.  
 
The table below provides an overview of the five portfolios used throughout this section. A more extensive 
description was provided in the data section.  
 

Name  Test objective  
Portfolio 1 Lower life expectancy  
Portfolio 2 Lower life expectancy 

with different trend 
 

Portfolio 3 Lower life expectancy 
with different trend 

 

Portfolio 4 Higher life expectancy  
Portfolio 5 Higher life expectancy 

with different trend 
 

Table 3 Summary overview of portfolios 

 
The first step in generating results is to create a comparison of the cohort life expectancy of the different 
portfolios and that of the Dutch population. Subsequently, the outcome in life expectancy is determined 
based on the three models described above. This comparison provides insight in the sensitivity of the 
different models towards the different portfolios. Finally, the models are evaluated using performance 
measures. Not all portfolios are presented in each subsection, only those that provide the most valuable 
insights are shown. 
 

4.1. Cohort life expectancy of the portfolios 
In graph 1 the cohort life expectancy of four portfolios in comparison to the Dutch population is provided. 
The life expectancy of portfolio 3, which is comparable to portfolio 1 and 2, is omitted, because the results 
are very similar to portfolio 1 and 2. Portfolio 3 is used in the analysis in the remainder of this section.  
 



The expected life expectancy per year of the respective portfolios is determined by using the model as 
described in section 3. Portfolio 1 and 2 show a decrease in life expectancy compared to the Dutch 
population, which is in line with the increase in mortality rates by applying the experience factor of 1.6. 
The outcome of portfolio 1 has a larger difference, because portfolio 2 has a diminishing impact of the 
experience factor for the higher ages. The other two portfolios (4 and 5) show the opposite impact. In this 
case, portfolio 5 with the improvement of the mortality rates for the higher ages, results in the most 
extreme outcomes, because this reflects a further improvement in the mortality rates. The remaining life 
expectancy at age 65, which is interesting for insurance companies and pension funds with obligations to 
provide income after this age, results in a similar picture and is therefore not included in the report. 
 
It is concluded that the outcomes of the model depend on the portfolio selected. The movements relative 
to the other portfolios and the Dutch population correspond to our expectations based on the experience 
factors.  

 

Figure 1 Comparison of cohort life expectancy at birth for males (left) and females (right) for the population and 4 portfolios. 

  

4.2. Comparison of three experience mortality models 
As described before, to investigate the sensitivity of the model towards different portfolios, a comparison 
is made with the output of two other experience mortality models. For this comparison portfolio 1, 3 and 
5 are selected, because together these cover the most important differences in the input data and 
therefore provide the most useful information. Therefore, portfolio 2 and 4 are not shown in this section. 
The outcomes of these portfolios are similar to (a combination) of the outcomes for the other portfolios.   
 
The following three models are used throughout this section. 
1. 3-stage experience mortality model (as described in section 3). 
2. 2-stage experience mortality model. 
3. Simple experience mortality model. 
 



Portfolio 1 

 
Figure 2 Difference between cohort life expectancy at birth of the population (AG2016) and the different experience mortality 
models for portfolio 1. 

Graph 2 displays the difference between the cohort life expectancy at birth of the population (AG2016) 
and the cohort life expectancy of each of the experience mortality models for portfolio 1. The positive 
deltas indicate that the life expectancies that include experience factors are lower than the life expectancy 
of the population. The outcomes of the models for males are relatively close to each other, while a larger 
difference is observed for females in case of the simple model. This model results in the highest delta for 
females, which indicates that the simple model is the most sensitive to applying the portfolio 
characteristics. In absolute terms the delta is larger for males than for females. 
 
Both graphs show that the differences are decreasing over time. Thus, the life expectancies of the 
portfolio converge towards the population life expectancy. The steeper the slope of the line, the stronger 
the convergence is. This convergence was expected upfront since it is characteristically for the Li-Lee 
model that the outcomes converge to the trend of the larger portfolio. In this case the trend of the 
European and Dutch population is based on the biggest populations. Therefore, the trend of the portfolio 
converge to this trend. 



 
Portfolio 3 

 
Figure 3 Difference between cohort life expectancy at birth of the population (AG2016) and the different experience mortality 
models for portfolio 3. 

In this comparison data of portfolio 3 is used. The difference with portfolio 1 is the increasing experience 
factor after 1995. Comparing graph 3 with the graph of portfolio 1 (graph 2) shows that the discontinuity 
in the trend causes larger differences in absolute terms, but also an increasing gap between the outcomes 
of the different models. Indicating that the models show a different sensitivity towards a discontinuity in 
the trend in comparison to the Dutch mortality model, which is in line with our expectation. This is 
investigated further in the performance test in the next section. 
 
Portfolio 5 

 
Figure 4 Difference between cohort life expectancy at birth of the population (AG2016) and the different experience mortality 
models for portfolio 5. 

Portfolio 5 has an increasing life expectancy compared to the population and contains a discontinuity in 
the experience factor for higher ages. In graph 4 it is observed that the differences between the models 
do no longer move in parallel, but show a divergence. Given the decreasing nature of the difference, all 



models still converge to the Dutch population life expectancy, but the convergences rate differ between 
the models. 
 
The analysis shows that the gap between the outcomes of the models is typically larger if there is a 
discontinuity in the trend compared to the Dutch input data. For all portfolios and models the differences 
are decreasing over time and thus the portfolio life expectancy converges towards the population life 
expectancy. In general the simple model results in the most extreme outcomes and is thus the most 
sensitive to the inclusion of portfolio specific data. 
 

4.3. Performance analysis 
Performance analyses should be used to determine the most appropriate model for a portfolio. These 
tests are portfolio specific. This section provides an example of such analysis by using the backtesting 
framework for portfolio 3. This portfolio is selected, because it contains a discontinuity in the historic 
trend. In reality it is often observed that the history of the portfolio contains discontinuous points at which 
there was, for example, a change in the administration of insurance company. By testing this portfolio, it 
is a first-step in the investigation whether such history can be used by this model. For backtesting the 
period life expectancy is used, because there is insufficient data available to determine the realized cohort 
life expectancy. 
 
As indicated above portfolio 3 is used for the backtesting. For this portfolio data on the deaths and 
exposures is available over the period 1970-2015. Typically the entire time span is used to estimate the 
model. However, for the backtesting part of the available observations will not be used for the calibration 
of the model but to determine the realization. This enables a comparison of the estimation and realization 
for a certain year and thereby is useful to validate the outcomes of the model.  
 
For portfolio 3 five different timeframes are used within the backtest, each of these timeframes has the 
same starting year (1970). While the last year of observations used from the dataset (jump-off year) varies 
from 2010 to 2014. 
 
For backtesting, the so-called contracting horizon backtest[3] is performed. In this backtest for all five 
timeframes the period life expectancy in 2015 is determined. To validate the adequacy of the outcome of 
the model for the different datasets, the results are compared with the observed mortality rates in 2015 
in the original portfolios. 
 
Before the backtest is carried out, the period life expectancy for the three models is compared for 
portfolio 3. In graph 5 it is observed that on the short term the outcome of the simple model is higher 
than the 2-stage and 3-stage model, while in the long run this model results in a lower life expectancy. 
This differs from the outcomes presented for the cohort life expectancy due to the fact that period life 
expectancies are determined based on mortality rates within one year, while cohort life expectancies also 
take into account future developments. For insurance companies and pension funds it is important to 
include future mortality developments in their projections to limit the probability of under- or 
overestimating the Best Estimate of Liabilities. 
 



 
Figure 5 Comparison of period life expectancy at birth for males (left) and females (right) for the three different models on 
portfolio 3. 

Contracting horizon backtest 
For the contracting horizon backtest it is expected that the forecasted values converge towards the 
realized value, because the closer the estimation period comes to the year of interest, the closer the 
estimate will come to the realization. Intuitive this means that the model might deviate more from the 
realization over a longer time frame, while for a shorter estimation horizon it is expected that the value is 
closer to the realization. The results displayed for males show that the forecasts of each model are 
relatively stable for the different jump-off years. For males age 65 the outcome of the 2-stage and 3-stage 
model are closer to the realization and show a slight convergence towards this value. However, the graph 
at birth shows that the simple model provides relative stable forecasts that are close to the realization. 
This graph also shows that the 3-stage model provides the largest underestimation of the life expectancy. 

 
Figure 6 Results of the contracting horizon backtest for males age 0 and 65 for portfolio 3. 

 



The outcomes of this backtest show that the period used is too short to come to the turning point shown 
in graph 5, where the simple model results in lower estimates than the other two models. Overall it can 
be concluded that for males all models provide rather stable outcomes. For females a clearer (declining) 
trend in the forecasts is observed. 
Overall it is concluded that for the cohort life expectancy the simple model results in the most extreme 
values, while the other models result in more moderate outcomes. In general it is observed that the 
models respond very similar if there is no discontinuity in the trend compared to the Dutch dataset. The 
next section addresses the possible application of an experience mortality model and future extensions 
and improvements of the research carried out. 



5. Application 
An important challenge for insurance companies and pension funds to apply an experience mortality 
model on their portfolio is the availability of data. Typically insurance companies have information on 
their portfolio over a shorter time frame than 1970-2015 and the number of deaths per year might be 
very volatile in case of smaller portfolios. Depending on the size of the portfolio and the amount of history 
available, there are different ways to handle this challenge. One example is to select a shorter time frame 
to determine the fit for the mortality model if a sufficient amount of data is available for this shorter time 
frame. If this option is selected it has to be investigated whether using the Dutch and European mortality 
data only over the selected period does not result in unreliable outcomes. If there is insufficient portfolio 
data available to fit the model, an alternative could be to determine the experience mortality model based 
on some selection criteria that meet the characteristics of the insurance portfolio. For example, it is 
possible to create different experience projection tables for individuals with different levels of education 
or income. These tables could be used to create one new table for the insurance company by weighing 
the number of higher and lower educated individuals in the portfolio of the insurance company or pension 
fund.  
 
Before applying an experience mortality model, an insurer or pension fund has to ensure that the model 
fits with the portfolio. An example of part of the performance analysis that can be carried out is provided 
in the section backtesting, but the research carried out should be more extensive. Examples on which it 
should be extended is backtesting over a longer horizon to investigate the performance of the model on 
a longer horizon, and include statistical performance measures. Throughout this paper the best estimate 
forecasts are provided, but the model could be extended to include uncertainty. If this is done, confidence 
intervals can be constructed that provide additional insight in the likelihood of certain scenarios. 
 
Throughout this paper we have applied the model for a portfolio in the Netherlands. The model can be 
adjusted easily to other countries for which the group of European countries is considered as a good 
reference group. Therefore, it is possible for countries with similar life expectancy as the Netherlands to 
create a mortality projection table for calculating the Best Estimate of Liabilities. 



6. Conclusion 
The objective of this paper is to illustrate the use of an experience mortality model that relies on 
European, Dutch and portfolio data. The rationale behind this model is that each step in the model uses  
more granular data and therefore provides stable estimates for mortality probabilities in a specific 
portfolio. The analysis has shown that the outcomes of the model behaves in line with our expectations. 
The comparison with the two other experience mortality models show that the difference between the 
outcomes of the models depend on the portfolio that is used for the estimation. Overall it is observed 
that the application of time-independent experience factors to the Dutch mortality rates results in the 
most extreme outcomes in terms of the cohort life expectancy. This method is often used in the market 
and the question that arises is whether this does not lead to an over- or underestimation depending on 
the portfolio. By introducing the model as described in this paper, we enable insurance companies and 
pension funds to model their experience mortality more accurate. This should result in more stable 
experience factors over time, which will lead to more stable calculations of the Best Estimate of Liabilities. 
 
Before applying an experience mortality model, an insurer or pension fund should investigate what the 
most appropriate model is that provides the best reflection of the risk characteristics in the portfolio. In 
this analysis several challenges will be faced of which the most challenging will the amount of available 
data for the portfolio. 
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