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The aim of the current PhD research was to evaluate mortality forecasting in the 

context of non-linear past mortality trends. Having accurate and high-quality 

mortality forecasts has become increasingly important due to the general increase 

in life expectancy and the social consequences of this (ageing, health care, 

housing, social security, pensions).

The majority of current methods of mortality forecasting are extrapolative in 

nature; that is, they extend a past mortality trend by assuming that both age 

patterns and trends remain regular over time. Compared with other forecasting 

approaches, the extrapolative methods are highly objective; i.e., they reduce the 

role of subjective judgment involved in mortality forecasting. However, particularly 

in situations in which past trends have been non-linear, like in the Netherlands, the 

use of an objective extrapolative method will be more problematic. Among the 

potential approaches for improving mortality forecasts when the trends are 

non-linear trends are making explicit adjustments for the distorting effects of 

smoking on mortality trends, and using the more linear trends of other countries as 

the underlying long-term mortality trend. However, both of these approaches 

require the inclusion of more subjective information in the mortality forecast. 

Whether only “objective” extrapolation methods should be employed even in cases 

of non-linearity, or whether it is preferable to include additional information, even 

if doing so introduces additional subjectivity, is an important topic of debate. To 

address this question, it is essential to evaluate mortality forecasting approaches in 

the context of non-linear past mortality trends. 

Most previous studies employed purely quantitative evaluations of mortality 

forecasting models that focused solely on their accuracy, or they evaluated purely 

objective forecasting approaches that are less relevant for non-linear trends. 

Moreover, most of these studies did not evaluate the sensitivity of future mortality 

to explicit assumptions; i.e., to the specific choices that are explicitly stated in a 

method, such as the choices of the length of the fitting period and of the jump-off 

rates.

This PhD research evaluates mortality forecasting methods and forecasting 

approaches, both from a quantitative and qualitative perspective. Furthermore, the 

sensitivity of future mortality based on different explicit assumptions is assessed. 

Moreover, different elements of a mortality forecasting approach that deals with 

non-linear past mortality trends are evaluated (e.g., the forecasting of smoking-

attributable mortality, a model that forecasts mortality coherently). 

This PhD thesis includes a careful study of past mortality trends. Although the focus 

of the thesis is mainly on the Netherlands, mortality trends in other Northwest 
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European countries are also studied to create a broader empirical basis. The 

emphasis here is on how different mortality trends (especially linear versus 

non-linear trends) were affecting the performance of different mortality forecasting 

methods, both quantitatively and qualitatively. 

This PhD thesis not only contributes to the debate on the degree of subjectivity in 

mortality forecasting, but the findings of this research are used to evaluate, 

validate, and further improve the mortality forecasts of Statistics Netherlands. 

The study is guided by the following research questions:

1) In a context in which mortality trends are non-linear, how does the choice of the 

mortality forecasting method and the explicit assumptions affect future 

forecasted mortality?

2) How can future levels of smoking-attributable mortality be formally estimated?

3) Which model should be used when the goal is to forecast mortality coherently , 

namely by taking into account the mortality experiences of other countries?

4) How can mortality forecasts be adjusted to take into account more recently 

observed data? 

After the introductory chapter, the empirical chapters 2 through 5 address the 

research questions above. In Chapter 6, the main findings of the PhD thesis as a 

whole are summarised and discussed. 

Chapter 2 reviewed the different mortality forecasting methods and their 

assumptions in Europe, and assessed their impact on projections of future life 

expectancy for the Netherlands. More specifically, (i) the current methods used in 

official mortality forecasts in Europe were reviewed; (ii) the outcomes and the 

assumptions of different projection methods within the Netherlands were 

compared; and (iii) the outcomes of different types of methods for the Netherlands 

using similar explicit assumptions, including the same historical period, were 

compared. The findings of a review of the current methods indicated that most 

statistical offices in Europe use simple linear extrapolation methods, but that 

countries with less linear trends employ other approaches or different assumptions. 

The approaches employed in the Netherlands include the use of explanatory 

models, the separate projection of smoking- and non-smoking-related mortality, 

and the projection of the age profile of mortality. There are, however, clear 

differences in the explicit assumptions used in these approaches, and the resulting 

e0 in 2050 varies by approximately six years. Using the same historical period 

(1970-2009) and the observed jump-off rates, the findings generated by different 

methods result in a range of 2.1 years for women and of 1.8 years for men. For 

e65, the range is 1.4 years for men and 1.9 years for women. These findings 



222    

suggest that the choice of explicit assumptions is more important than the choice 

of the forecasting method.

In Chapter 3, a formal estimation of future levels of smoking-attributable mortality 

up to 2050 was proposed for the total national populations of England and Wales, 

Denmark, and the Netherlands. An update and an extension of the descriptive 

smoking epidemic model were provided in the estimation. A two-step method for 

estimating the future smoking-attributable mortality fraction was presented: (i) 

lung cancer mortality was projected by extrapolating age-period-cohort trends 

(1950-2009), while using the observed convergence among men and women of 

smoking prevalence and past lung cancer mortality levels as input; and (ii) other 

causes of death attributable to smoking were added by applying a simplified 

version of the indirect Peto–Lopez method to the projected levels of lung cancer 

mortality. The smoking-attributable mortality fractions (SAF) for men in 2009 were 

found to be 19% (44,872 deaths) in England and Wales, 22% (5,861 deaths) in 

Denmark, and 25% (16,385 deaths) in the Netherlands. In our projections, these 

fractions declined to 6%, 12%, and 14%, respectively, in 2050. The SAF for women 

peaked at 14% (38,883 deaths) in 2008 in England and Wales, and is expected to 

peak in 2028 in Denmark (22%) and in 2033 in the Netherlands (23%). By 2050, 

declines to 9%, 17%, and 19%, respectively, are foreseen. The use of different 

indirect methods for estimating the SAF in 2050 yielded ranges of 1–8% in England 

and Wales, 8–13% in Denmark, and 11–16% in the Netherlands for men; and of 

7–16%, 12–26%, and 13–31%, respectively, for women. 

In Chapter 4, different coherent forecasting methods were evaluated in terms of 

their accuracy (fit to historical data), robustness (stability across different fitting 

periods), subjectivity (sensitivity to the choice of the group of countries), and 

plausible outcomes (smooth continuation of trends from the fitting period). The 

coherent forecasting methods we investigated were as follows: the co-integrated 

Lee-Carter (CLC) method, the Li-Lee (LL) method, and the coherent functional data 

(CFD) method. The methods were applied to data from France, Italy, the 

Netherlands, Norway, Spain, Sweden, and Switzerland in order to generate 

forecasts up to 2050; and the results were compared to those of the individual 

Lee-Carter (LC) method. Of the three coherent forecasting methods evaluated, the 

CFD method was found to perform best on the accuracy measures. However, after 

the CFD method’s higher number of parameters was controlled for, the differences 

disappeared. Both the CLC and the LL methods were found to be robust. The CLC 

method (for women) and the LL method (for men) were shown to be the least 

sensitive to the choice of the group of countries. The LL method generated the most 

plausible results, as it showed a convergence of future life expectancy levels that 

was in line with the fitting period and the smooth pattern of age-specific 
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improvements. This finding could imply that the LL method, which performed best 

in terms of robustness, subjectivity, and plausibility, provided a better fit than the 

CFD method, which had better accuracy (model fit).

Finally, in Chapter 5, six different options for the jump-off rates were evaluated and 

their effects on the robustness and the accuracy of the mortality forecasts were 

examined. As the jump-off rates, we examined the use of the model values, the 

observed values in the last year, and the averaged over the last couple of years for 

data from eight European countries (Belgium, Finland, France, the Netherlands, 

Norway, Spain, Sweden, and United Kingdom, 1960-2014 period). The future life 

expectancy at age 65 was calculated for different fitting periods and jump-off rates 

using the Lee-Carter model, and the accuracy (mean absolute error) and the 

robustness (standard deviation of the change in projected e65) of the results were 

examined. The findings of the analysis showed that which jump-off rates were 

chosen clearly influenced the accuracy and robustness of the mortality forecast, 

albeit in different ways. For most of the countries, using the last observed values as 

the jump-off rates resulted in the most accurate method, due in part to the 

estimation error of the model in recent years. The most robust method was 

obtained when using an average of observed years as jump-off rates. The more 

years that were averaged, the higher the degree of robustness; but the level of 

accuracy decreased with more years averaged. These results imply that the best 

strategy for matching mortality forecasts to the most recently observed data 

depends on the goal of the forecast, the country-specific past mortality trends, and 

the model fit.

The results of the empirical chapters of this thesis show that for countries with 

non-linear mortality trends, like the Netherlands, mortality forecasting approaches 

and assumptions were used that differ from the simple linear extrapolation 

methods that are commonly used by national statistical offices. The choice of the 

explicit assumptions proved more important than the choice of the forecasting 

approach. Because the inclusion of additional information on the smoking 

epidemic or on the mortality experiences of other countries is generally known to 

diminish the effect of the length of the historical period, doing so is expected to 

result in a more robust forecast. One way that additional information on the 

smoking epidemic could be included was by separately forecasting smoking-

attributable mortality. The age-period-cohort methodology developed in this thesis 

– informed by assumptions derived from the smoking epidemic model and a 

careful study of past trends – proved valid for this purpose. When the mortality 

experiences of other countries by means of coherent mortality forecasting is 

included, it was found that the Li-Lee method outperformed the co-integrated 

Lee-Carter method and the coherent functional data method in terms of robustness, 
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subjectivity, and plausibility. Another important explicit assumption was the choice 

of the jump-off rates. It was found that the choice of the jump-off rates clearly 

influenced the accuracy and the robustness of the mortality forecast, albeit in 

different ways. Therefore, it was concluded that which strategy was best depended 

on the goal of the forecast, the country-specific past mortality trends, and the 

model fit.

All in all, this PhD thesis found that forecasting mortality when the trends were 

non-linear involved more than the direct (linear) extrapolation of past mortality 

trends. Even though including additional information (like data on the smoking 

epidemic and/or on the mortality experiences of other countries) made the method 

more subjective, it also made the method less dependent on an important explicit 

assumption: namely, the historical period. This insight is important, because this 

PhD thesis has also demonstrated that explicit assumptions play an essential role in 

mortality forecasts. However, before any information is added to mortality 

forecasting models, a careful examination of past trends should be undertaken, 

and a careful assessment of the pros and cons of its inclusion should be performed.

The results of this PhD thesis have a number of implications for mortality 

forecasting in general. First, the strong effect of explicit assumptions (including the 

main group of countries that will be included in coherent mortality forecasting) 

should be underlined. A more important role must be assigned to explicit 

assumptions than is currently the case. Ideally, stochastic forecasts should also 

incorporate the levels of uncertainty associated with different explicit assumptions. 

Furthermore, new forecasting methods should be evaluated based not only on 

their accuracy, but on other more qualitative criteria, such as the robustness, 

subjectivity, and plausibility of their outcomes. It should be noted that the most 

appropriate method can differ depending on the forecasting application/goal. For 

example, a long-term forecast requires a different approach than a forecast for the 

short term. It is therefore advisable to explicitly mention the forecasting 

application/goal. In addition, it is essential to remain flexible when forecasting 

mortality. Both mortality trends and their determinants are constantly changing, as 

is our knowledge of them. Moreover, new forecasting methodologies are 

constantly being developed. These developments are important to take into 

account when forecasting mortality. 

As a result of the research within this PhD thesis, several components of the 

mortality forecasting approach of Statistics Netherlands were closely evaluated, 

validated, and – if necessary – improved. Based on this thesis, the following 

components were validated: (i) the projection of smoking-attributable mortality by 

means of the age-period-cohort model applied to lung cancer mortality; (ii) the 
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use of the Li-Lee method over the other coherent forecasting methods. This 

validation does not apply exclusively to the mortality forecast of Statistics 

Netherlands, but also more generally. The forecasting method used for smoking-

attributable mortality can be applied as well to other countries in the final stage of 

the smoking epidemic. As a result of the findings in this PhD thesis, the jump-off 

rates are modified in the mortality forecast by Statistics Netherlands since 2014 to 

improve both the accuracy and the robustness of the mortality forecast. More 

generally, the findings of this PhD research demonstrate how important it is that 

the mortality forecasts of Statistics Netherlands are adjusted in response to 

scientific developments and recent mortality trends, not only in the Netherlands, 

but in surrounding countries as well.

Including data on the smoking epidemic and on the mortality experiences of other 

countries in the mortality forecasts by Statistics Netherlands resulted in higher 

future life expectancy values, and – especially for women – added non-linearity in 

the future mortality trends. The first observation can be linked to the impact of the 

smoking epidemic on the historical increase in life expectancy and because the 

recent non-smoking-attributable mortality trends in the Netherlands have been less 

positive than the average trends in certain other countries. The latter is the result of 

a projected increase in smoking-attributable mortality, followed by a decline. In 

addition, the mortality forecasting methodology by Statistics Netherlands is more 

robust resulting in fewer changes between the outcomes of the yearly published 

forecasts. 

Based on the above findings, this PhD thesis offers the following recommendations 

for the various users of mortality forecasts, including the government, planning 

bureaus, and actuarial companies. First, it is essential that users are aware of the 

implications of the new mortality forecasting methodology by Statistics 

Netherlands. For example, if long-term life expectancy is projected to be higher 

than it was in previous forecasts, users might conclude that the reserves for 

mortality-linked products or payments should be higher for a longer period of 

time, or be delayed to a later date. The outcomes of the new mortality forecasts of 

Statistics Netherlands also affect the official population forecasts for the 

Netherlands issued by Statistics Netherlands. For example, if the forecasted life 

expectancy is higher, the extent of ageing will also be higher than previously 

expected. When applying the outcomes of the mortality forecasts (and, 

subsequently, the population forecasts), users should keep in mind that these 

measures (like life expectancy at birth) are averages of the population, and will not 

apply to all segments of the population, as there are very large differences in life 

expectancy based on, for instance, socio-economic status. Users should be aware of 

this diversity within the population. A flexible attitude towards the outcomes of 
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mortality forecasts is required of users, as the results of a given mortality forecast 

will change in response to new mortality developments, new underlying factors, 

new knowledge about mortality developments, and new methodologies.

The data-driven approach of this PhD thesis, as well as the extensive evaluation, 

have led to important new insights on mortality forecasting. For future research on 

mortality forecasting in the context of non-linear mortality trends, the evaluation 

of other countries with non-linear mortality trends, such as Eastern European 

countries, would be important. Furthermore, attention is needed for other potential 

sources of non-linearity in addition to the smoking epidemic, which might 

influence current and future mortality trends. Examples include excessive alcohol 

consumption (Eastern Europe) or obesity. In addition, future research might explore 

a wider range of mortality forecast outcome measures (such as the variability of 

the age at death) not only in order to evaluate the mortality forecasts more 

comprehensively, but to improve upon the methods themselves. Moreover, it would 

be an important way forward in mortality forecasting if more attention is paid to 

heterogeneity within populations. While important advances in mortality 

forecasting have been made, mortality forecasts that are disaggregated beyond 

age, sex, and region are almost non-existent. Finally, closer collaboration between 

the academic and practical world, but also between different disciplines (such as 

demographic and actuarial sciences), is important to further develop the field of 

mortality forecasting. 
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