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Abstract

In Western Europe, convergence has been observed in old-age mortality, and convergence in
mortality between countries is likely thanks to common socio-economic policies, similar progress in
medical technology, and shared importance of certain life style factors over time. However, mortality
forecasts for single populations will in the long run lead to divergent outcomes, contrary to what
would be expected based on historical trends. Therefore, different coherent forecasting methods are
introduced, in which “coherent” refers to non-divergent forecasts for subpopulations within a larger
population. A crucial question is the identification of the countries which determine the basic

mortality trend that will be applied to other countries.

The purpose of this research is to analyse the sensitivity of projected mortality based on different
coherent forecasting methods and the sensitivity of the outcome due to the selection of the

countries to take as a group.

Data from several countries on all-cause mortality and population numbers by sex, age (0, 1-4, 5-9,
..., 90-94, 95+), and year (1950-2009) will be obtained through the Human Mortality Database. The
different coherent forecasting methods are the Li-Lee method and a coherent functional method. We
will make out-of-sample forecasts up to 2050 to test the sensitivity of the method and choice of

countries, and within-sample forecast to see how accurate the results will be.

We expect that mortality forecasts for countries with historically a more linear mortality trend are
more accurate, regardless which countries are taken as a group. For countries with less linear trends,

we expect an important impact of the choice of the group of countries.



1. Introduction

With the rapid population aging, mortality forecasting is becoming important. Mortality forecasts are
valuable for social security programs and are often used to predict the sustainability of pension
schemes. Forecasts of future mortality levels, especially among the elderly, are important in enabling

governments to provide for health and other needs of their societies.

The importance of mortality forecasts has resulted in the development of numerous models for
mortality modelling and forecasting (for reviews see Pollard 1987; Tabeau 2001; Wong-Fupuy and
Haberman 2004; and Booth and Tickle 2008). The majority of these methods can be classified under
the extrapolative methods, which make use of the regularity typically found in both age patterns and
trends over time, with the Lee-Carter method (Lee and Carter 1992) becoming the dominant method
of mortality forecasting. The Lee-Carter method summarizes mortality by age and period for one
single population into an overall time trend, an age component, and the extent of change over time
by age (Lee and Carter 1992). It forecasts probability distributions of age-specific death rates using

standard time series procedures.

One of the strengths of the Lee-Carter method, and extrapolation methods more in general, is its
robustness in situations where age-specific log mortality rates have linear trends (Booth et al. 2006).
However, there are examples of countries which have less linear trends, such as the Netherlands,
Denmark and Norway. If the trend is not linear, the forecasted mortality could be very different

depending on the fitting period (Stoeldraijer et al. 2013).

Another important issue is that mortality forecasts using extrapolation methods based on
information of each country separately, might result in divergence, contrary to historic trends. In
Western Europe, convergence has been observed in old-age mortality (Janssen, Mackenbach and
Kunst 2004), and convergence between countries is likely thanks to common socio-economic
policies, similar progress in medical technology, and shared importance of certain life style factors
over time. Furthermore, it is likely that mortality levels of countries with similar mortality evolutions

continue to evolve in parallel.

To overcome the latter issue, coherent forecasting methods are introduced, where “coherent” refers
to non-divergent forecasts for sub-populations within a larger population (Li and Lee 2005). The idea
behind coherent forecasting is that mortality forecasts for countries with similar mortality

developments will not diverge radically, but also that structural differences between groups will
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remain, such as the consistently higher mortality for men than for women. An additional benefit of
coherent forecasting is that the more linear trends for some countries might provide better
information about the future direction of the mortality trends in other countries with less linear
trends. The experiences in other countries can thus be used to create a broader empirical basis for

the identification of the most likely long-term trend.

A crucial question in any coherent forecasting method is which countries will determine the central
tendency, or basic mortality trend, that will be applied to other countries (henceforth the main
group). Li and Lee (2005) concluded that using a larger group of similar populations is useful in
assessing the mortality trend for an individual country. A more formal analysis, however, has not

been performed yet, whereas differences can be expected to be large.

Until now, to our knowledge, two main coherent forecasting methods have been proposed in the
international scientific literature. Li and Lee (2005) extended the Lee-Carter model (Lee and Carter
1992) by taking into account the mortality experiences in other countries. Short-term differences in
mortality are preserved, but in the long term, the age-specific death rates within the group of
countries are limited to a constant ratio to one another. The coherent functional data (CFD) method
of Hyndman, Booth and Yasmeen (2013) involves forecasting interpretable product and ratio
functions of rates using the functional data paradigm introduced in Hyndman and Ullah (2007). These
methods are very different and their outcomes have — so far - not yet been compared with each

other.

The purpose of this research is to analyse the sensitivity of forecasted mortality based on (i) the two
abovementioned main coherent forecasting methods and (ii) the selection of the main group. We will

do so for France and the Netherlands.

We expect that mortality forecasts for countries with historically a more linear mortality trend (like
France) are more accurate and less sensitive, regardless which main group is taken. For countries
with less linear trends (such as the Netherlands), we expect an important impact of the choice of the

main group.



2. Data & Methodology

2.1 Data

Data on all-cause mortality and population numbers by sex, age (0, 1-4, 5-9, ..., 90-94, 95+), and year
(1970-2009) were obtained through the Human Mortality Database (accessed January 16, 2014). All
countries, spanning the period 1970-2009, from the Human Mortality Database were included in the
analysis, except for Iceland and Luxembourg because of their small numbers and zero deaths for

some age groups. This results in a total of 30 countries.

2.2 Coherent forecasting methods
2.2.1 The Li-Lee method

The Li-Lee method (Li and Lee 2005) is an extension of the Lee-Carter method (Lee and Carter 1992).
In essence, the Lee-Carter method is applied twice: first to all populations combined, and then to the

residuals.
The model for all populations combined is given by

h(M, )=A +BK, +E, 1)

where M, denotes the death rate at age x and year t of all populations combined, A equals the
average over time of In (M ‘.t ), B is the set of age-specific constants that describe the relative rate
of change at any age, K, denotes the underlying time development and E,  the residual error. B,

and K, are found using Singular Value Decomposition under the assumptions Z B,=1 and

X

Z K, = 0. After estimation, K is adjusted to fit the observed life expectancy (Lee and Miller 2001)

t

and extrapolated using a random walk with drift.

The model for the residuals is given by

)-8, - B.K, DI+, "

where m . denotes the death rate of population i, a ; equals the average over time of In (mxvm)

X

and B, K, are the estimates from the first equation. b’; is the set of age-specific constants that
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res res

describe relative rate of change at any age, k,; denotes the underlying time development and ¢,

the residual error. Again, Singular Value Decomposition is used to estimate b and k. . k5 is

X,i t,i
extrapolated using an autoregressive model (AR(1) or a higher order model if ktr’eiS does not converge

to a constant).

The estimates are combined into one model for the population concerned:

In (mx,t,i): ax,i + BXKI + bresklr,eis + Ex,t,i (3)

X,i

2.2.2 The CFD method

The coherent functional data (CFD) method (Hyndman, Booth and Yasmeen 2013) can be viewed as a

generalization of the Li-Lee method, with the difference that the CFD method use up to six principal

res

components (B, and b,; are the first principal components of model (1) and (2)), more general

extrapolation models and smoothing. It involves forecasting interpretable product and ratio

functions of rates using functional time series models introduced in Hyndman and Ullah (2007).

First, the death rate m_ . for population i at age x and year t are smoothed using weighted

penalized regression splines (Wood 1994):

In (mx’tvi ) =1In (fx,t,i )+ o, .& (4)

X, 6,09 x,t,i

where f . is an underlying smooth function. &, allows the amount of noise to vary with age x .

Then the products ( p, , ) and ratios (r, , ;) of the smoothed rates for each population i are defined:

X,t,i

171

[‘ |
= f o andr, . =f ./
px,t L - x,t,lJ X,t,i X, t,i px,t (5)

These products and ratios are then modelled using functional time series models, which are

estimated using the weighted principal components algorithm of Hyndman and Shang (2009):

K
In(px,t):ﬂp,x+zﬂt,k¢x,k +ex,t
k=1 (6a)
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In (rx,t,i ) =Mt Z Ve xui ¥ Woki
1=1 (6b)

where x4 and y . arethe meansof p, and r respectively, ¢, , and y . are the principal

X,t,i? X,k

components obtained from decomposing p,, and r respectively, and g, and y,, are the

x,t,i 7

corresponding principal component scores. e, and w,_ ., are the error terms.

Forecasts are obtained by forecasting each coefficient g,,, .. , g, and y .., ., 7.,
independently. g ., .. , B, are forecasted using autoregressive integrated moving average
(ARIMA) models. y, ., ..., 7, are forecasted using any stationary autoregressive moving average

(ARMA) or autoregressive fractionally integrated moving-average (ARFIMA) process.

The implied model for each population is given by

K L

In (fx,t,i ) =1In (px,l Mot ) SHo T HoG T Z BowPi + z Veri¥ani T T Wy (7)

k=1 1=1

2.3 Analysis

The Li-Lee method and the CFD method are applied to France and the Netherlands, producing out-of-
sample mortality forecasts up to 2050 and within-sample mortality forecast for the period 1990-
2009. We choose the Netherlands given the relatively non-linear past development in mortality and
France given the relatively past linear mortality development. We use several selections of the main
group of countries to perform the forecasts: a large group of countries, ‘similar’ countries (based on
the life expectancy at birth in 2009), and close neighbours (Western Europe). The countries belonging
to the three groups are:

- Group 1: all countries (Australia, Austria, Belarus, Belgium, Bulgaria, Canada, Czech Republic,
Denmark, England & Wales, Estonia, Finland, France, Hungary, Ireland, Italy, Japan, Latvia,
Lithuania, Netherlands, Norway, Poland, Portugal, Russia, Slovakia, Spain, Sweden,
Switzerland, Taiwan, U.S.A., Ukraine).

- Group 2: ten countries with the highest life expectancy at birth in 2009 (men and women
combined) (Australia, Canada, France, Italy, Japan, Netherlands, Norway, Spain, Sweden,

Switzerland).



- Group 3: Western Europe (Austria, Belgium, Denmark, England & Wales, Finland, France,

Ireland, Italy, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland).

We use the observed values for 2009 as the jump-off rates for both methods. The forecasts are made
for each sex independently and for the sexes combined. For reference purposes, individually
estimated forecasts for France and the Netherlands are also included in the results. The individually
estimated forecasts are made with the Lee-Carter method (Lee and Carter 1992, LC method) and

independent functional time series models (Hyndman and Ullah 2007, FD method).

The forecasts are made with the program R. For the method of Hyndman, Booth and Yasmeen (2013)

we used the Demography package for R (Hyndman 2010).

3. Results

For both the Netherlands and France, the life expectancy at birth increased over the period 1970-
2009 (Figure 1). For France, the trend is almost a straight line, whereas for the Netherlands there are
periods with a strong increase and periods with a moderate increase. The trend and level for France
is similar to the trend and level for the countries in Western Europe (group 3) and to the trend for
the ten countries with the highest life expectancy at birth (group 2), but the life expectancy for
France lies below the life expectancy of group 2 over the whole period. The trend for the Netherlands
is similar to the trend for all countries together (group 1), but at a higher level. The life expectancy in
the Netherlands is higher than the life expectancy of group 2 in the 1970s and just below the life

expectancy of group 3 in the later period.

Independent of which coherent forecasting method is used, the lower life expectancy of group 1
results in the lowest future life expectancy for France and the Netherlands when group 1 is used as
the main group (Table 1). For women, and men and women together, using group 2 gives the highest
future life expectancy, independent of the method. For men, using group 3 and the CFD method
gives the highest future life expectancy. Using the Li-Lee method, the highest future life expectancy is

given using group 2.

From the results of the Li-Lee forecasts (Figure 1a), it follows that when the trend of the group is
similar to the development of the country (looking at the life expectancy at birth), the Li-Lee forecast
is almost equal to a Lee-Carter forecast. For instance, for the Netherlands the trend in life expectancy

at birth is similar to the trend in life expectancy at birth for group 1 (although on a lower level). The
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Lee-Carter forecast for the Netherlands is almost equal to the Li-Lee forecast with group 1. The trend
in France is similar to the trend of group 3, and the Lee-Carter forecast and Li-Lee forecast with group
3 are similar as well. The Li-Lee forecasts also show that a more positive past trend of the group
compared to the country, leads to a higher future life expectancy, while a more positive past trend of
the country compared to the group, leads to a lower future life expectancy. Furthermore, there is
wider range in the future life expectancy at birth for France (2.74 years) compared to the
Netherlands (2.23 years). This is surprising because the trend in life expectancy for France is more

linear then for the Netherlands.

The range in future life expectancy at birth using the CFD model is much smaller than the range using
the Li-Lee model (Figure 1b). For both France and the Netherlands, this does not hold for the future
life expectancy for men: in this case, the range using the CFD model is wider than the range using the
Li-Lee model (Table 1). Using the functional data model without coherence (FD model), the future life
expectancy for France is similar to the future life expectancy for France using the CFD model
(especially to the future life expectancy of group 3), but for the Netherland the future life expectancy

using the FD model is clearly lower than the future life expectancy using the CFD model (Figure 1b).

There is a clear difference between the Li-Lee results and CFD results with respect to the age
distribution. At higher ages the range in the death rate in 2050 is much smaller for the CFD forecasts
than for the Li-Lee forecasts, while it is reversed at younger ages (Figure 2). Especially the range of
the CFD forecasts at ages 0, 1, and 5 is high. There is also a clear increase in range between ages 25
and 35 for the CFD forecasts. The range for the Li-Lee forecasts is more equal over the ages, but the

difference between France and the Netherlands is larger.

Within-sample forecasts do not indicate a best model. The results depend on the country, the sex,

the main group and the length of the future period chosen.

4. Conclusion

The forecasts for France, using the Li-Lee and CFD method, show a life expectancy at birth between
86.3 and 89.1 years in 2050. For the Netherlands, the life expectancy at birth is between 86.3 and
87.9 years. The range of the life expectancy at birth in 2050 of the CFD forecasts is much smaller than
the range of the Li-Lee forecasts (sexes combined). However, this does not hold for the forecasts for

men.



The choice of the main group has a clear effect on the forecasted mortality, and seems to be larger
than the choice of the method. However, the effect does not seem to depend on the amount of

linearity in the observed data.
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Figures

Figure 1 Life expectancy at birth, observations (1970-2009) and the two coherent forecasts compared

(2010-2050), men and women together, the Netherlands and France
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Table 1 Life expectancy at birth in 2050 using individual and coherent forecast methods, women,

men, and men and women together, the Netherlands and France

Women Men Total

The Netherlands Lee-Carter 86.91 83.61 85.68
Li-Lee Group 1 87.04 83.68 85.70
Group 2 89.58 85.39 87.93

Group 3 88.40 84.87 86.81

Mean 88.34 84.65 86.81

(range) (2.54) (1.71) (2.23)

FD 86.38 86.04 85.11
CFD Group 1 87.17 84.20 86.35
Group 2 89.05 85.64 87.02

Group 3 88.45 86.28 86.78

Mean 88.22 85.37 86.72

(range) (1.88) (2.08) (0.67)

France Lee-Carter 90.89 85.04 88.19
Li-Lee Group 1 89.36 83.44 86.32
Group 2 91.75 85.50 89.06

Group 3 90.48 85.12 88.05

Mean 90.53 84.69 87.81

(range) (2.39) (2.06) (2.74)

FD 90.69 84.47 87.72
CFD Group 1 88.20 83.93 86.81
Group 2 89.93 85.42 87.54

Group 3 89.08 86.28 87.34

Mean 89.07 85.21 87.23

(range) (1.73) (2.35) (0.73)

Group 1 = all 30 countries; Group 2 = 10 countries with highest life expectancy at birth in 2009;

Group 3 = 14 western European countries
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Figure 2 Range in the death rate in 2050 by age (divided by the non-coherent forecast at each age

group)
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Appendix

Table 1 Life expectancy at birth in 2009

‘ Country Life expectancy at birth in 2009
Women Men Total
Australia 84.17 79.73 81.96
Austria 82.84 77.44 80.22
Belarus 76.34 64.63 70.42
Belgium 82.41 77.15 79.83
Bulgaria 77.23 70.09 73.59
Canada 83.40 79.02 81.26
Czech Republic 80.26 74.15 77.24
Denmark 81.00 76.83 78.94
England & Wales 82.39 78.28 80.39
Estonia 80.05 69.74 75.11
Finland 83.12 76.51 79.85
France 84.45 77.79 81.19
Hungary 78.20 70.18 74.26
Ireland 82.22 77.26 79.74
Italy 84.21 79.21 81.81
Japan 86.49 79.62 83.13
Latvia 77.53 67.47 72.66
Lithuania 78.51 67.11 72.84
Netherlands 82.63 78.55 80.67
Norway 83.03 78.62 80.86
Poland 79.90 71.48 75.70
Portugal 82.45 76.41 79.49
Russia 74.65 62.68 68.61
Slovakia 78.95 71.36 75.20
Spain 84.56 78.49 81.55
Sweden 83.28 79.31 81.33
Switzerland 84.19 79.64 82.00
Taiwan 82.08 75.96 78.86
U.S.A. 81.03 76.14 78.63
Ukraine 74.79 64.32 69.56
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