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Appendix Text 1: Data 
 
Pre-processing steps 
The WHO uses demographic methods to assess the completeness of death registration 
data for each country.1 Ninety-six percent of country-year-sex combinations in our 
analysis had a completeness of 90% or higher, with the remaining ones having 
completeness between 70% and 90%. We adjusted the number of deaths by the extent of 
under-registration (which is the inverse of completeness) for each country, year and sex.  
 
Five countries had some missing data: Romania and Spain had one year of missing data, 
Germany two, Hungary six and Portugal nine (Table in main paper). As a pre-processing 
step, we imputed the missing years by linear interpolation between the death rates of 
adjacent years.  
 
Some researchers have found that smoothing death rates before fitting models reduces the 
projection error.2, 3 Therefore, we investigated the effect of smoothing death rates before 
fitting our models. We tested the following approaches to smoothing: 

• Smoothing log-transformed death rates using a simple unweighted 5-year moving 
average. 

• Smoothing log-transformed death rates using a 5-year moving average, giving the 
central year of the average three times the weight of the outermost years, and the 
two years adjacent to the centre two times the weight of the outermost years. 

• No smoothing. 
 
We found that the projections using unweighted smoothing had the smallest projection 
error (calculated as described in Appendix Text 4). Therefore, we used this approach to 
smooth the data before model fitting.  
 
 
  

3



Appendix Text 2: Model ensemble 
 
As described in the main text, we developed an ensemble of 21 models for projecting 
age-specific death rates, which were in turn used to calculate projected life expectancy. 
These models were formulated to incorporate established features of death rates in 
relation to age and birth cohort, and over time, as well as statistical considerations such as 
the extent of smoothing over age and birth cohort, and how much weight to give older 
data points compared to more recent ones. Specifically, for a given country and sex, the 
number of deaths in age group 𝑎 and year 𝑡 follows a Poisson distribution 
 

Deaths𝑎𝑎~ Poisson(𝑚𝑎𝑎 ⋅ Population𝑎𝑎) , 
 
where 𝑚𝑎𝑎 is the death rate. In all of our models, log-transformed death rates were 
modelled as a sum of components that may depend on time, age and cohort, as described 
below. See Appendix Table 5 for a summary table of models in the ensemble. 
 
 
Age-time models  
These models contain terms to capture the overall level and rate of change of mortality, 
as well as age-specific offsets that allow each age group’s mortality level and trend to 
deviate from the common terms. Log-transformed death rates are modelled as  
 

log(𝑚𝑎𝑎) = 𝜃0 +  𝜃𝑎 + 𝛽0𝑡 + 𝛽𝑎𝑡 + 𝜈𝑎𝑎 + 𝜀𝑎𝑎  ,  
 
where 𝜃0 is the common intercept for death rates across age groups; 𝛽0 quantifies the 
common trend across ages. 𝜃𝑎 and 𝛽𝑎 measure deviation from the common level and 
trend, respectively, by age group.  
 
The choice of prior on these age-specific terms determines the level of borrowing of 
strength and smoothing over age. We defined two versions of this model: one with an 
independent and identically-distributed (IID) structure 𝜃𝑎 ~IID 𝒩�0,𝜎𝜃𝑎

2 �,   𝛽𝑎 ~IID 𝒩�0,𝜎𝛽𝑎
2 � 

and one with a first-order random walk structure 𝜃𝑎~ 𝒩�𝜃𝑎−1,𝜎𝜃𝑎
2 �,𝛽𝑎~ 𝒩�𝛽𝑎−1,𝜎𝛽𝑎

2 �. 
The first-order random walk allows borrowing of strength across adjacent age groups and 
typically results in greater smoothness across the age groups. 
  
For each age 𝑎, the term 𝜈𝑎𝑎 is a first-order random walk over time that allows for 
nonlinearity in the age trends, beyond what is accounted for by other trend components. 
The degree of correlation among these age-specific random walks is modelled via a 
parameter 𝜌 that is estimated by the model, as detailed in a methodological reference.4 
The 𝜀𝑎𝑎 ,  modelled as 𝒩(0,𝜎𝜀2), account for additional variability in the data not captured 
by other components in the models. 
 
Age-time-cohort models  
We extended the age-time models by including an additional cohort component on trend 
which allows trends in death rates to vary by birth cohort. We did not include a cohort 
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intercept because including components for age, time and birth cohort on mortality level 
makes the estimation non-identifiable.5, 6 Log-transformed death rates were modelled as 

 
 log(𝑚𝑎𝑎) = 𝜃0 + 𝜃𝑎 + 𝛽0𝑡 + 𝛽𝑎𝑡 + 𝛽𝑐𝑡 + 𝜈𝑎𝑎 + 𝜀𝑎𝑎 . 

 
The cohort-specific slopes 𝛽𝑐 were assigned a first-order random walk prior,  
𝛽𝑐~𝒩�𝛽𝑐−1,𝜎𝛽𝑐

2 �, allowing trends in adjacent birth cohorts to be more similar than in 
those born in different eras. The remaining terms were the same as in the age-time 
models above. 
  
Piecewise-linear age-time and age-time-cohort models  
Death rates in more recent years may be better predictors of future mortality trends than 
those in earlier years, which may nonetheless be informative about levels of mortality in 
relation to age or country. We implemented models to consider this possibility, using a 
piecewise linear trend component. Specifically, we added a knot at time 𝐾 to the trend 
term, and estimated the slopes as two segments that connect at this knot. In the model 
specification above, instead of a single parameter for the common slope 𝛽0, we used two 
parameters, 𝛽0

(1) and 𝛽0
(2), and replaced the term 𝛽0𝑡  in the equation for log(𝑚𝑎𝑎) by  

 

�
𝛽0

(1)𝑡,                                 if 𝑡 ≤ 𝐾,
𝛽0

(1)𝐾 + 𝛽0
(2)(𝑡 − 𝐾),     if 𝑡 > 𝐾.

  

 
We also replaced the age and cohort slopes with similar piecewise linear terms. When 
projecting death rates, it is the second segment of the slope 𝛽0

(2) that determines the 
overall change of mortality over time. For each age-time model and each age-time-cohort 
model, we used two piecewise linear versions, one placing the knot 6 years and the other 
10 years before the end of the data respectively. These two knot placements were chosen 
so that the two models were as distinct as possible, while still allowing for enough data 
on both sides of the knot to estimate all the parameters. 
 
Weighted likelihood age-time and age-time-cohort models 
A second way to allow more influence from more recent data than earlier ones is to 
multiply the likelihood function by a time-dependent decay function.7 These weights 
decay exponentially in time, as a function of a positive parameter 𝜆 which determines the 
rate of decay. Specifically, data 𝑛 years before the end are assigned weight (1 − 𝜆)𝑛 
(normalised so that weights sum to 1), so that more recent data receive the largest weight 
and early data receive little weight. We used a 𝜆 equal to 0.05, which is small enough to 
distinguish these models from the unweighted ones, and large enough to still let the older 
data have some impact on the model parameters. We defined a weighted-likelihood 
version of each age-time model and each age-time-cohort model. 
  
Hyper-priors 
We used weakly informative priors so that parameter estimation was driven by the data.8 
The hyper-priors were defined on the logarithm of the precisions of the random effects, 
for example on log (1/𝜎𝜃2). These were modelled as logGamma(𝛼,𝛽) distributions with 
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shape 𝛼 = 1 and rate 𝛽 = 0.001. The same hyper-priors were used for all precision 
parameters of the random effects in all models described above. For the common slopes 
and intercepts, we used 𝒩(0, 1000). 
 
Lee-Carter models 
A popular model for mortality forecasting is the one introduced by Lee and Carter, used 
initially in the USA.9 In this model, the logarithm of death rates is estimated as 
 

log(𝑚𝑎𝑎) = 𝜃𝑎 +  𝛽𝑎𝛾𝑡 + 𝜀𝑎𝑎 ,  
 
where 𝜃𝑎 reflects average age-specific death rates over time, 𝛽𝑎 captures variation of 
mortality across age and 𝛾𝑡 captures variation across time, while 𝜀𝑎𝑎 is a zero mean term 
that accounts for additional variability. The 𝛽𝑎𝛾𝑡 term is calculated using principal 
component decomposition, together with a first-order random walk over time.9, 10 We 
also implemented extensions that used multiple principal components, 𝛽𝑎

(1)𝛾𝑡
(1) + ⋯+

𝛽𝑎
(𝑘)𝛾𝑡

(𝑘), which are able to capture more information across age and time. We included in 
our family of models the original Lee Carter model as well as extensions with up to 5 
principal components (𝑘 = 1, … 5). 
 
Implementation 
All models were fitted using the R software (version 3.2.5).11 The Lee-Carter models 
were fitted using the methods outlined in Girosi and King,10 and their projection 
distributions were obtained by sampling draws using the estimated mean and variance 
from the model. All other models were fitted using integrated nested Laplace 
approximation,12 implemented in the R-INLA software (version 0.0-1455098891).13 We 
took a number of draws from the posterior distribution of age-specific death rates under 
each model proportional to the weight of that model, and pooled the draws to obtain the 
posterior distribution of age-specific death rates under the BMA. These projected death 
rates were then used to give the posterior distributions of the projection under the BMA 
of life expectancy at birth and at aged 65 and the probability of dying under age 70. 
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Appendix Text 3: Calculating life expectancy 
 
We used deaths and population in 5-year age groups from 0-4 years to 80-84 years and 85 
years and older. We calculated life expectancy using age-specific death rates by applying 
life table methods.14, 15 Life expectancy calculations need an estimate of the average 
number of years lived by those who die in each five-year age group as well as those who 
are 85 years of age and older. For the youngest age group (0-4 years), we used UN life 
tables (from WPP 2012) and projected the last available year forward as a flat line to 
2030.  In practice, since the countries in our analysis have low child mortality, our life 
expectancy estimates are not sensitive to changes and variations in the number of years 
lived by those who die in the youngest age group. For the average number of years lived 
by those who die in the 5-year age groups 5-9 to 80-84 we used the methods presented by 
Preston et al. (Chapter 3).14 We used the Kannisto-Thatcher method to expand the 
terminal (85 years and older) age group of the life table.16 This method is designed for 
use in low-mortality populations and is used by the UN Population Division, the WHO,15 
and the Human Mortality Database.17 
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Appendix Text 4: Measuring the performance of Bayesian model average projections 
 
To measure the performance of the model average, we withheld 22 recent years of data. 
We withheld a significant portion of the data to validate our approach in a test that is 
analogous to its actual task of medium-term projection, and is also supported by findings 
in other studies.2, 18 We used the remaining data to produce BMA projections for this 
withheld period, as described in the methods section of the main paper, and examined 
how well the BMA projections reproduce the withheld data. We used the 24 countries 
with data over the 1960-2010 period (Table in main paper) for this test, because their 
long time series of data allowed withholding some years and yet having sufficient data 
for generating BMA projections. The steps for measuring the performance of BMA 
projections are described below and the results are provided in Appendix Figure 3 and 
Appendix Table 1. 
 
Step A1: Measuring the bias of projections from individual models 
We used the first 16 years of data (1960-1975) to estimate model parameters, which we 
then used to project for 1976-1988 (i.e., 13 years, the same period length as used to 
calculate model weights when producing the final projections as described in the main 
paper), and measured the projection bias of individual models as described in the main 
paper. 
 
Step A2: Calculating model weights 
We used the projection bias in life expectancy over the withheld data in Step A1 to 
calculate model weights as described in the main paper.  
 
Step A3: Calculating the BMA projections 
We used the data for 1960-1988 to estimate model parameters, and used them to project 
for 1989-2010. We calculated the BMA projections over 1989-2010 using the model 
weights from Step A2.  
 
Step A4: Evaluating the performance of BMA projections  
We compared the BMA projections with the withheld data to calculate the projection 
bias. In addition, we calculated the projection bias of the model with the smallest 
projection bias in Step A1 over the same period (1989-2010) (that is, the model with 
largest weight) to see how the BMA projection performs relative to the best model for 
each country and sex. The average (across all 24 countries in our performance testing 
analysis) BMA projection bias was smaller than that of the best model for both sexes 
(Appendix Figure 3). 
 
We also tested if the BMA, as well as the best model, performed differentially better or 
worse for shorter vs. longer term projections. To do so, we repeated the above steps 
allowing the withheld data length to vary from 1 year (2010) to 22 years (1989-2010), 
coinciding with shorter vs. longer projection periods. We determined the best model for 
each combination of country, sex and validation period. As the length of the validation 
period increased, the relative advantage of the BMA compared to the best model 
increased (Appendix Figure 3). This progressively improved performance of the BMA 
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likely occurs because death rates in any country have trends whose properties vary over 
time, and hence in the longer term are better captured by the average of a portfolio of 
models than by a single model.  
 
Projection data coverage 
We also report the 90% coverage of projections, which measures how well the posterior 
distributions of estimated life expectancies coincide with the observed death rates, for the 
1989-2010 validation period. If projected life expectancies and their uncertainties are 
well estimated, the estimated 90% credible intervals should cover 90% of the withheld 
data points. Coverage estimates took into account the variations both due to the Bayesian 
model parameters and due to the stochastic nature of death counts; the latter was dealt 
with by adding in Poisson variation.19, 20 Results are shown in Appendix Table 1.   
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Appendix Text 5: Metric used to measure projection error 
 
We measured projection performance in out-of-sample tests using withheld years of data, 
as described in Step 1 in the main paper and in Appendix Text 4. Model performance can 
be measured using bias (sum of the differences between the withheld data and the 
projected values) or deviation (sum of the absolute value of these differences). Bias and 
deviation can both be calculated for death rates or for life expectancy at birth. We 
calculated the projection performance using the bias in life expectancy at birth. The 
choice was motivated by the fact that life expectancy is our primary outcome, rather than 
age-specific rates, and that life expectancy at birth is a single quantity that combines the 
death rates of all age groups in a coherent manner. To investigate the sensitivity of 
projection errors to our choice of metric, we compared bias in life expectancy at birth to 
(i) bias in the logarithm of death rates and (ii) deviation in life expectancy at birth.  
 
Comparing projection bias in life expectancy to projection bias in death rates 
We calculated projection bias for both life expectancy and age-specific death rates by 
subtracting projections from withheld data. Projection bias in death rates was calculated 
by averaging projection bias in logarithm of age-specific death rates across age groups. 
We used the logarithm of death rates in order to account for the large variation of death 
rates across age groups, and avoid the oldest age groups (with orders of magnitude higher 
mortality than the younger ones) dominating the projection error. The comparison 
between bias in life expectancy and bias in log-transformed death rates showed that these 
two metrics are highly correlated (Appendix Figure 6).  
 
Comparing projection bias to projection deviation 
We calculated projection deviation in life expectancy using the absolute differences 
between projected and withheld data. Comparing projection bias to projection deviation 
in life expectancy showed that these metrics are highly correlated (Appendix Figure 7). In 
other words, model projections tend to lie either above the test data or below the test data 
for all years, rather than fluctuate through it. Therefore, the model weights would be 
similar using either metric. 
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Appendix Figure 1: Absolute projection bias (A) and ranking of absolute projection bias 
(B) for the 21 models in the ensemble (numbered from 1 to 21 as shown in Appendix 
Table 5) and 35 analysis countries. The projection bias for each model and country is the 
difference between the projected life expectancy and withheld data averaged over all 13 
years of withheld data.  

13



Women Men

AUS
AUT
BEL
BGR
CAN
CHE
CHL
CZE
DEU
DNK
ESP
FIN

FRA
GBR
GRC
HRV
HUN

IRL
ITA

JPN
KOR
MEX
MKD
NLD
NOR
NZL
POL
PRT
ROU
SGP
SRB
SVK
SVN
SWE
USA

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Model

C
ou

nt
ry

 (
IS

O
 c

od
e)

1

2

3

4

5

Absolute
life expectancy
bias (years)

14



Women Men

AUS
AUT
BEL
BGR
CAN
CHE
CHL
CZE
DEU
DNK
ESP
FIN

FRA
GBR
GRC
HRV
HUN

IRL
ITA

JPN
KOR
MEX
MKD
NLD
NOR
NZL
POL
PRT
ROU
SGP
SRB
SVK
SVN
SWE
USA

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Model

C
ou

nt
ry

 (
IS

O
 c

od
e)

Worst

Best

Model
rank

15



Appendix Figure 2: Model weights for the 21 models in the ensemble (numbered from 1 
to 21 as shown in Appendix Table 5) and 35 analysis countries. Each model was assigned 
a weight of exp(-|Projection bias|); the 21 weights were normalised to sum to 1. The 
projection bias for each model and country is the difference between the projected life 
expectancy and withheld data averaged over all 13 years of withheld data.   
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Appendix Figure 3: Projection bias in life expectancy at birth by length of validation 
period. The average projection bias from the model average is compared with that 
resulting from the best model for each country, sex and validation period. The data used 
in the graph is the average projection bias across all countries for validation periods of 1-
22 years.  
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Appendix Figure 4: Trends in life expectancy at birth. The black dots indicate observed 
data (linearly interpolated for the four countries with some missing data as detailed in 
Appendix Text 1). The grey-shaded areas show levels of credible intervals around the 
median, from 10% (dark grey) to 95% (light grey). 
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Appendix Figure 5: Women’s (A) and men’s (B) probability of dying before 70 years of 
age in 2010 and 2030. The left panel shows the posterior distribution of the probability of 
dying before 70 years of age and its median value for each country. The right panel 
shows the probability distribution for each country’s ranking. See Appendix Table 4 for 
numerical values. 
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Appendix Figure 6: Comparison of projection bias in life expectancy at birth vs 
projection bias in log-transformed death rates. Each point corresponds to one country and 
one model. 
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Appendix Figure 7: Comparison of projection deviation vs projection bias for life 
expectancy. Each point corresponds to one country and one model. 
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Appendix Table 1: Ninety percent coverage of life expectancy projections in validation 
analyses. The percentage measures the proportion of observed (but withheld) data points 
which lie within the 90% credible interval of the BMA projections of life expectancy at 
birth (over the 1989-2010 validation period, as described in Appendix Text 4).  

Country Men Women 

Australia 95.5% 95.5% 
Austria 100% 100% 
Belgium 100% 100% 
Canada 100% 100% 
Chile 90.9% 100% 
Denmark 45.5% 100% 
Finland 100% 100% 
France 100% 72.7% 
Hungary 59.1% 59.1% 
Ireland 100% 100% 
Italy 100% 100% 
Japan 54.5% 86.4% 
Mexico 100% 100% 
Netherlands 100% 100% 
New Zealand 86.4% 81.8% 
Norway 9.1% 100% 
Poland 27.3% 36.4% 
Portugal 95.5% 100% 
Romania 54.5% 36.4% 
Spain 100% 100% 
Sweden 100% 100% 
Switzerland 90.9% 95.5% 
United Kingdom  100% 100% 
United States of America 100% 100% 

All countries 83.9% 90.2% 
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Appendix Table 2: Life expectancy at birth in 2010 and 2030. 

Country 
 

Men Women 

2010 2030 2010 2030 
Australia 80.10 (79.89-80.19) 84.00 (80.27-87.95) 84.53 (84.46-84.64) 87.57 (84.86-90.43) 
Austria 77.73 (77.50-77.87) 81.40 (78.56-85.40) 83.21 (82.90-83.33) 86.22 (81.65-88.32) 
Belgium 77.35 (77.07-77.46) 80.88 (76.38-83.80) 82.76 (82.57-82.87) 85.64 (81.10-87.98) 
Bulgaria 70.21 (68.56-70.34) 74.07 (67.88-80.80) 77.33 (76.93-77.45) 78.87 (77.51-84.06) 
Canada 79.41 (78.70-79.50) 83.89 (80.01-87.87) 83.94 (83.40-84.04) 87.09 (84.11-90.02) 
Chile 76.74 (76.09-76.86) 80.74 (76.23-84.05) 82.95 (81.73-83.08) 86.89 (80.71-90.20) 
Croatia 73.10 (72.72-73.27) 77.80 (72.78-85.25) 79.80 (79.50-79.92) 83.19 (80.06-88.92) 
Czech Republic 74.36 (74.24-74.51) 79.51 (75.90-81.98) 80.63 (80.46-80.74) 84.42 (80.98-86.93) 
Denmark 77.22 (77.06-77.34) 82.53 (78.46-86.36) 81.33 (80.86-81.48) 84.95 (81.10-91.50) 
Finland 76.72 (76.47-76.87) 81.05 (78.76-84.56) 83.30 (83.12-83.45) 86.43 (81.27-88.35) 
France 77.93 (77.78-78.09) 81.74 (76.89-85.83) 84.86 (84.61-85.15) 88.55 (84.64-91.28) 
Germany 77.91 (77.74-77.97) 81.96 (78.54-85.58) 82.81 (82.73-82.86) 85.86 (81.46-87.13) 
Greece 77.89 (77.25-78.01) 80.59 (76.90-84.28) 82.63 (82.24-82.75) 84.82 (80.31-88.70) 
Hungary 70.65 (70.53-70.75) 78.18 (72.04-85.12) 78.42 (78.31-78.53) 81.74 (78.33-86.91) 
Ireland 77.96 (77.70-78.14) 83.22 (78.69-87.74) 82.59 (82.34-82.77) 86.15 (81.70-91.02) 
Italy 78.94 (78.50-78.99) 82.82 (78.36-85.92) 84.18 (83.90-84.23) 87.28 (83.45-89.29) 
Japan 79.44 (79.24-79.48) 82.75 (78.91-84.61) 86.66 (86.04-86.96) 88.41 (84.22-92.60) 
Macedonia 
(TFYR) 72.29 (71.69-72.54) 74.65 (71.39-80.85) 76.47 (76.23-76.73) 77.83 (75.35-83.88) 

Mexico 73.15 (73.00-73.23) 76.15 (70.82-78.95) 78.91 (78.57-78.98) 82.96 (77.89-88.09) 
Netherlands 78.91 (78.77-79.01) 83.69 (79.29-86.91) 82.85 (82.74-83.00) 85.39 (82.17-87.89) 
New Zealand 79.01 (78.82-79.20) 83.59 (76.35-89.14) 82.80 (82.66-83.00) 85.96 (80.36-91.73) 
Norway 78.69 (78.52-78.85) 83.16 (78.01-86.65) 83.08 (82.94-83.23) 85.55 (81.87-88.75) 
Poland 71.86 (71.79-71.93) 77.21 (73.04-81.68) 80.40 (80.32-80.47) 84.01 (80.47-87.55) 
Portugal 76.71 (76.53-76.81) 81.68 (77.62-86.21) 83.14 (82.98-83.23) 87.52 (83.24-91.90) 
Romania 70.12 (69.98-70.21) 74.21 (68.78-82.68) 77.46 (77.18-77.55) 81.24 (78.15-87.85) 
Serbia 70.25 (69.91-70.39) 73.37 (70.67-78.37) 75.71 (75.22-75.83) 78.27 (75.99-84.07) 
Singapore 75.87 (75.67-76.05) 79.57 (76.56-84.04) 81.54 (81.12-81.71) 84.81 (80.92-89.27) 
Slovakia 71.62 (71.49-71.78) 76.98 (74.31-80.85) 79.25 (79.14-79.38) 82.92 (80.21-86.87) 
Slovenia 75.88 (75.62-76.11) 82.26 (78.76-89.88) 82.68 (82.48-82.90) 87.42 (82.38-95.86) 
South Korea 77.11 (76.86-77.19) 84.07 (79.17-88.74) 84.23 (84.13-84.30) 90.82 (83.91-98.70) 
Spain 78.66 (78.59-78.72) 83.47 (80.45-89.72) 84.83 (84.60-84.89) 88.07 (85.08-92.33) 
Sweden 79.55 (79.39-79.66) 82.52 (80.03-86.35) 83.49 (83.39-83.58) 85.98 (83.34-87.94) 
Switzerland 80.01 (79.87-80.14) 83.95 (79.71-87.79) 84.59 (84.47-85.08) 87.70 (83.53-90.09) 
United Kingdom 78.34 (78.25-78.39) 82.47 (79.65-84.79) 82.32 (81.96-82.37) 85.25 (81.66-87.23) 
United States of 
America 76.52 (76.45-76.55) 79.51 (76.22-82.78) 81.24 (81.01-81.27) 83.32 (79.83-85.39) 
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Appendix Table 3: Life expectancy at age 65 years 

Country 
 

Men Women 

2010 2030 2010 2030 

Australia 19.36 (19.05-19.44) 22.19 (18.73-26.01) 22.32 (22.25-22.41) 24.60 (22.27-27.56) 

Austria 17.67 (17.44-17.78) 20.03 (17.19-23.67) 21.09 (20.75-21.19) 23.43 (19.40-25.49) 

Belgium 17.46 (17.07-17.55) 19.83 (15.76-22.23) 21.07 (20.85-21.16) 23.31 (18.74-25.66) 

Bulgaria 13.64 (12.88-13.73) 15.87 (12.58-21.99) 16.90 (16.46-16.98) 17.85 (16.83-22.64) 

Canada 19.05 (18.19-19.12) 22.57 (18.41-26.47) 22.18 (21.62-22.26) 24.62 (22.16-27.93) 

Chile 17.90 (17.19-18.02) 20.14 (15.97-23.84) 21.79 (20.58-21.91) 24.50 (19.67-28.26) 

Croatia 14.47 (14.03-14.60) 17.19 (12.83-25.18) 18.04 (17.70-18.14) 20.56 (17.82-26.92) 

Czech Republic 15.32 (15.23-15.49) 18.71 (15.59-20.80) 18.82 (18.66-18.92) 21.79 (18.58-24.13) 

Denmark 16.95 (16.83-17.06) 20.42 (16.64-24.15) 19.64 (19.15-19.76) 22.22 (18.33-28.88) 

Finland 17.36 (16.99-17.48) 19.98 (17.30-23.05) 21.30 (21.03-21.42) 23.81 (18.54-25.66) 

France 18.62 (18.42-18.78) 21.47 (17.83-24.69) 23.02 (22.73-23.18) 26.05 (22.43-29.01) 

Germany 17.73 (17.57-17.78) 20.66 (17.79-23.94) 20.78 (20.69-20.82) 23.14 (19.49-24.44) 

Greece 18.06 (17.41-18.15) 20.11 (15.86-24.05) 20.15 (19.63-20.26) 21.76 (17.84-26.35) 

Hungary 14.06 (13.97-14.14) 17.53 (13.88-24.68) 18.07 (17.96-18.15) 20.03 (16.60-24.63) 

Ireland 17.52 (17.31-17.68) 21.69 (17.18-26.12) 20.63 (20.40-20.78) 23.41 (18.70-28.47) 

Italy 18.04 (17.65-18.08) 20.63 (16.38-23.51) 21.75 (21.42-21.79) 24.12 (20.93-26.27) 

Japan 18.79 (18.57-18.87) 21.07 (17.70-22.98) 24.34 (23.64-24.69) 25.92 (21.93-29.56) 
Macedonia 
(TFYR) 13.61 (13.26-13.77) 14.53 (12.50-19.90) 15.51 (15.22-15.70) 16.00 (14.41-22.42) 

Mexico 16.94 (16.84-17.01) 18.33 (15.56-21.99) 19.58 (19.34-19.64) 22.75 (18.63-28.90) 

Netherlands 17.72 (17.53-17.80) 21.47 (17.78-24.46) 20.94 (20.83-21.10) 22.99 (19.66-25.00) 

New Zealand 18.80 (18.60-18.96) 22.52 (15.88-27.68) 21.24 (21.11-21.42) 23.68 (19.27-30.19) 

Norway 17.80 (17.65-17.94) 21.04 (16.77-24.33) 20.92 (20.80-21.04) 22.86 (18.94-25.73) 

Poland 14.92 (14.81-14.97) 18.08 (14.85-22.36) 19.33 (19.20-19.38) 22.02 (17.95-25.34) 

Portugal 17.27 (17.15-17.35) 20.21 (16.53-24.26) 20.97 (20.84-21.06) 24.39 (20.13-28.61) 

Romania 13.95 (13.87-14.02) 15.83 (11.78-23.62) 17.13 (16.94-17.19) 19.39 (16.82-25.63) 
Serbia 12.94 (12.72-13.03) 14.37 (12.57-18.37) 15.22 (14.88-15.30) 17.09 (15.04-23.07) 
Singapore 15.60 (15.44-15.74) 17.92 (15.42-22.69) 19.55 (19.22-19.71) 21.96 (18.63-27.20) 
Slovakia 14.09 (13.96-14.19) 17.15 (15.10-20.63) 18.01 (17.91-18.11) 20.79 (18.39-24.87) 
Slovenia 16.47 (16.26-16.68) 20.42 (17.49-28.06) 20.60 (20.42-20.77) 24.29 (19.79-33.09) 
South Korea 17.03 (16.83-17.11) 21.96 (17.61-26.74) 21.82 (21.71-21.90) 27.50 (20.31-35.72) 
Spain 18.24 (18.17-18.37) 21.19 (18.13-26.93) 22.33 (22.04-22.39) 24.77 (21.66-29.13) 
Sweden 18.26 (18.09-18.34) 20.42 (18.42-24.19) 21.08 (21.00-21.22) 23.02 (20.76-25.10) 
Switzerland 18.91 (18.80-19.01) 21.52 (17.33-25.04) 22.21 (22.11-22.67) 24.62 (20.39-26.90) 
United Kingdom 18.07 (18.00-18.11) 20.86 (17.22-23.02) 20.62 (20.23-20.66) 22.73 (18.75-24.70) 
United States of 
America 18.14 (17.90-18.16) 20.12 (16.62-22.87) 20.62 (20.32-20.64) 22.00 (18.62-24.12) 

37



Appendix Table 4: Probability of dying before 70 years of age 

Country 
 

Men Women 

2010 2030 2010 2030 

Australia 0.18 (0.17-0.18) 0.12 (0.08-0.16) 0.11 (0.11-0.11) 0.08 (0.06-0.10) 

Austria 0.23 (0.23-0.24) 0.17 (0.11-0.22) 0.12 (0.12-0.13) 0.09 (0.07-0.14) 

Belgium 0.24 (0.23-0.24) 0.17 (0.11-0.23) 0.14 (0.13-0.14) 0.10 (0.07-0.15) 

Bulgaria 0.42 (0.42-0.46) 0.33 (0.20-0.49) 0.21 (0.20-0.21) 0.18 (0.12-0.21) 

Canada 0.20 (0.20-0.21) 0.13 (0.09-0.17) 0.13 (0.13-0.13) 0.10 (0.08-0.12) 

Chile 0.26 (0.26-0.27) 0.19 (0.16-0.27) 0.15 (0.15-0.16) 0.11 (0.09-0.17) 

Croatia 0.34 (0.33-0.35) 0.23 (0.12-0.38) 0.16 (0.15-0.16) 0.11 (0.07-0.18) 

Czech Republic 0.32 (0.31-0.32) 0.20 (0.15-0.28) 0.16 (0.16-0.16) 0.11 (0.08-0.14) 

Denmark 0.23 (0.23-0.24) 0.12 (0.07-0.20) 0.16 (0.15-0.17) 0.10 (0.05-0.14) 

Finland 0.25 (0.25-0.26) 0.17 (0.09-0.21) 0.12 (0.12-0.13) 0.09 (0.06-0.12) 

France 0.24 (0.24-0.24) 0.18 (0.11-0.24) 0.12 (0.11-0.12) 0.09 (0.06-0.11) 

Germany 0.23 (0.23-0.23) 0.17 (0.12-0.22) 0.13 (0.13-0.13) 0.10 (0.08-0.14) 

Greece 0.23 (0.22-0.24) 0.19 (0.15-0.26) 0.10 (0.10-0.11) 0.08 (0.07-0.13) 

Hungary 0.43 (0.43-0.44) 0.23 (0.11-0.42) 0.22 (0.21-0.22) 0.15 (0.08-0.21) 

Ireland 0.21 (0.20-0.22) 0.13 (0.10-0.21) 0.13 (0.13-0.14) 0.09 (0.07-0.13) 

Italy 0.19 (0.19-0.20) 0.13 (0.09-0.19) 0.11 (0.11-0.11) 0.07 (0.06-0.11) 

Japan 0.20 (0.20-0.20) 0.14 (0.12-0.20) 0.10 (0.09-0.10) 0.08 (0.06-0.12) 
Macedonia 
(TFYR) 0.34 (0.34-0.36) 0.28 (0.15-0.38) 0.21 (0.21-0.22) 0.18 (0.09-0.24) 

Mexico 0.33 (0.32-0.33) 0.28 (0.24-0.38) 0.23 (0.23-0.23) 0.19 (0.15-0.27) 

Netherlands 0.19 (0.19-0.19) 0.12 (0.09-0.17) 0.13 (0.13-0.13) 0.11 (0.07-0.13) 

New Zealand 0.20 (0.19-0.20) 0.13 (0.09-0.22) 0.14 (0.13-0.14) 0.10 (0.08-0.19) 

Norway 0.19 (0.19-0.20) 0.12 (0.09-0.20) 0.12 (0.12-0.13) 0.10 (0.06-0.12) 

Poland 0.39 (0.38-0.39) 0.27 (0.18-0.37) 0.18 (0.17-0.18) 0.13 (0.08-0.16) 

Portugal 0.25 (0.25-0.25) 0.16 (0.09-0.23) 0.11 (0.11-0.12) 0.07 (0.05-0.11) 

Romania 0.42 (0.42-0.43) 0.33 (0.17-0.49) 0.21 (0.21-0.22) 0.15 (0.08-0.20) 
Serbia 0.42 (0.41-0.43) 0.33 (0.21-0.42) 0.24 (0.24-0.25) 0.19 (0.12-0.24) 
Singapore 0.26 (0.26-0.27) 0.18 (0.12-0.23) 0.15 (0.14-0.16) 0.10 (0.08-0.17) 
Slovakia 0.39 (0.38-0.39) 0.25 (0.17-0.32) 0.18 (0.17-0.18) 0.12 (0.08-0.15) 
Slovenia 0.27 (0.27-0.28) 0.15 (0.08-0.20) 0.13 (0.12-0.13) 0.07 (0.04-0.11) 
South Korea 0.23 (0.23-0.24) 0.12 (0.09-0.19) 0.10 (0.10-0.10) 0.05 (0.04-0.08) 
Spain 0.21 (0.21-0.21) 0.13 (0.07-0.18) 0.10 (0.09-0.10) 0.06 (0.05-0.08) 
Sweden 0.18 (0.17-0.18) 0.12 (0.09-0.15) 0.12 (0.12-0.12) 0.09 (0.07-0.11) 
Switzerland 0.18 (0.17-0.18) 0.11 (0.06-0.16) 0.11 (0.10-0.11) 0.07 (0.04-0.10) 
United Kingdom 0.21 (0.21-0.21) 0.13 (0.09-0.16) 0.14 (0.14-0.15) 0.10 (0.07-0.12) 
United States of 
America 0.27 (0.26-0.27) 0.21 (0.16-0.26) 0.17 (0.17-0.18) 0.14 (0.12-0.17) 
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Appendix Table 5: Numbered list of ensemble models. See Appendix Text 2 for detailed 
descriptions of each model. Model numbers in Appendix Figures 1 and 2 refer to the 
numbers in the first column of this table. 

Model 
number Model category 

Version 

Age terms Cohort terms 
1 Age-time IID*  
2 RW1**  
3 Age-time-cohort IID RW1 
4 RW1 RW1 
5 

Piecewise 
linear 

Knot at -6 years 

IID  
6 RW1  
7 IID RW1 
8 RW1 RW1 
9 

Knot at -10 years 

IID  
10 RW1  
11 IID RW1 
12 RW1 RW1 
13 

Weighted likelihood 

IID  
14 RW1  
15 IID RW1 
16 RW1 RW1 
17 

Lee-Carter 

1 PC†   
18 2 PC   
19 3 PC   
20 4 PC   
21 5 PC   

* IID: independent identically distributed 
** RW1: random walk order 1 
† PC: principal component 
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Appendix Table 6: Total variance of the projected life expectancy in 2030 and the 
proportion of total variance that is due to between-model variance, by country and sex. 
The total variance of life expectancy under the model average is the sum of the weighted 
average of the life expectancy variance under each model (“within-model”) and the 
weighted variance of the life expectancy mean under each model (“between-model”).21, 22  
The larger the proportion, the higher the share of projection uncertainty that is due to 
uncertainty in model choice. 

Country 

Men Women 

Total variance 
Between model as 

a proportion of 
total variance 

Total variance 
Between model as a 
proportion of total 

variance 
Australia 3.82 18% 2.45 8% 
Austria 2.98 46% 2.82 59% 
Belgium 3.69 58% 3.22 49% 
Bulgaria 10.48 50% 3.08 41% 
Canada 4.69 42% 2.66 18% 
Chile 4.12 22% 6.07 40% 
Croatia 10.47 14% 5.12 12% 
Czech Republic 2.39 21% 2.02 42% 
Denmark 5.51 51% 7.67 37% 
Finland 2.42 17% 4.13 57% 
France 4.93 66% 2.53 41% 
Germany 3.07 53% 1.96 61% 
Greece 3.54 50% 4.13 68% 
Hungary 12.27 54% 5.38 43% 
Ireland 6.70 42% 5.81 30% 
Italy 3.58 38% 2.47 30% 
Japan 2.78 52% 7.53 80% 
Macedonia 
(TFYR) 7.95 43% 6.10 29% 

Mexico 3.95 47% 6.93 16% 
Netherlands 4.72 55% 1.78 32% 
New Zealand 12.04 42% 8.21 25% 
Norway 4.99 53% 2.85 26% 
Poland 5.56 49% 3.67 37% 
Portugal 5.50 38% 4.72 40% 
Romania 13.36 27% 6.59 32% 
Serbia 5.03 58% 5.07 55% 
Singapore 3.15 7% 4.35 18% 
Slovakia 3.47 52% 2.72 29% 
Slovenia 9.34 38% 12.37 19% 
South Korea 5.20 41% 13.93 62% 
Spain 6.00 23% 3.60 15% 
Sweden 2.71 43% 1.34 24% 
Switzerland 4.36 31% 3.24 26% 
United Kingdom 1.77 41% 2.03 45% 
United States of 
America 2.54 42% 1.86 28% 
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