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Coherent mortality forecasting: the weighted multilevel
functional principal component approach

A Traditional independent mortality forecasting methods (Lee-Miller model,
FDA model) tend to result in divergent forecasts for subpopulations

A Under closely related social, economic and biological backgrounds,
mortality patterns of subpopulations within one large population are
expected to be non-divergent in long run

A Desirable to model their mortality rates simultaneously while taking into
account the heterogeneity among them
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Multilevel FPCA

A In practice, sometimes a set of functional data comprise a number of
subsets with strong correlations

A A two-way functional ANOVA model:
Oh( (@ -(@ (W wi w

A Using the Karhunen-Loéve (KL) expansion:
G BT %’ @ 0r@ BT k% (0
A Model expressed as:
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Estimate the principal components

EU (o) —-Bj dp(e) ‘) - (@) @) ‘fo) - (®)
o (who) ——BB & (@) 'f0) - (@) & (@) 'fo) - (@)
U (ohd) 0 (whw) 0 (Gho)

A Decompose 0 (¢ hh) to obtain _  h %S (&)

A Decompose 0 (¢ ) to obtain _  h%s$ (¢
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Weighted MFPCA for coherent mortality forecasting

A Observed {ooth ((b)}, assume a underlying function "Q, w with error:
WR(W) "G(w) , 7 ® QRp
A Incorporate weight into MFPCA, 0 Il p | , a geometrically decaying
weightwitht I p

A The entire weighted MFPCA model:

Wr(®) ¢ (@) T R%S 7 @ [ RR%S P(@) L R © Qpr

A Independent possibly non-stationary ARIMA models to extrapolate each of
I M p ; a univariate ARMA model with stationary restriction to

extrapolate each of {r A B R }WQ o8 &
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Weighted MFPCA for coherent mortality forecasting

27 >Hr denote the h-step ahead forecastoff (5 andl ( )z denote the h-
step ahead forecast of [ ¢ yx;

A The h-step ahead forecast of w, (¢) is obtained as:
Q @ @ T %o T Ra%s ()

A The forecasting variance can be obtained by adding up the variance of each
component:

0ty @) . (@ O g % VTR ( NN (N
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Coherent forecasting for the male and female mortality In
the UK

A The smoothed log death rates for male and female in the UK from 1950 to

2010, viewed as functional data series
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Coherent forecasting for the male and female mortality In
the UK

A Level-one decomposition:

Overall mean
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Coherent forecasting for the male and female mortality in
the UK
A Level-two decomposition:

Male deviation from overall mean
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