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Introduction

Background:
« Human longevity continues to increase
« Mortality improvements in different populations are correlated
* Life insurers: 1. mortality risk hedge 2. more accurate mortality prediction for small populations

* Predict the mortality for multiple populations and find the potential relationships

We propose a new hybrid neural network approach for estimating and predicting the mortality
rates of multiple populations

* Includes economic conditions into mortality prediction (e.g., Hanewald, 2011)

« Combines convolutional neural network (CNN) layers and a long short-term memory
(LSTM) structure



Multi-Population Mortality Modeling

Li and Lee model (Li and Lee, 2005)

log(m(x, t, 7)) = al(x, i) + B(x)K(7) + b(x, )iz, i) + e(x, 1, 7), 0<r=<T.

GDP-LL model (Boonen and Li, 2015)
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Our proposed model:
1. Uses a hybrid neural network structure — CNN + LSTM
2. Finds linear and non-linear relationships between mortality and GDP

3. Predicts gross domestic product (GDP) per capita and mortality rates simultaneously for
multiple populations



Our proposed model

o Convolutional layer
produces new feature values

by convolution operation

between the raw input data

Pooling layer
— produces a lower dimension
— matrix

LSTM

Input Layer 1D CNN with ReLU Pooling Layer LSTM layer Output Layer .
learns long-term dependencies



Correlations

Data: Human Mortality Database (HMD) for the years 1971 to 2018
Real GDP per capita data are obtained from the World Bank

Country
LVA
IRL
ISR

EST

SVN
CHE
BGR
ELE

RUS

GPD growth: average over years Life Expectancy Correlation between mortality and GPD per capita

1971-1980 1981-1990 1991-2000 1971-2000 1971 2000 A2000-1971 Age 30 Male Age30Female Age 60 Male Age 60 Female

3374 3374 70.16 7031 0.15 -0.73 -0.51 -0.79 -0.66

475 3.63 7.03 315 7113 7634 541 -0.47 -0.67 -0.93 -0.04

532 3.79 6.12 307 71.72 T893 123 -0.20 -0.07 -0.70 -0.71

4909 4909 6901 7042 0.51 -0.61 -0.41 -0.86 -0.76

1.85 1.85 6883 7341 65.58 -0.68 -0.50 -0.92 -0.81

130 2723 122 158 73.13 7948 6.33 -0.77 -0.78 -0.93 0.90

235 -2.08 0324 J0.87 71466 0.79 -0.63 -0.50 -0.36 -0.82

-0.87 -0.87 7009 6891 -1.18 -0.39 -0.43 -0.26 -0.68

-3.00 -3.62 -3.36 6838 6348 -2.89 0.02 0.30 -0.44 -0.64

Note: Countries are ordered by GDP growth average between 1971 and 2000



MSE for Mortality rates predictions

Data: Human Mortality Database (HMD) for the years 1971 to 2018
Real GDP per capita data are obtained from the World Bank
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Mortality rates estimation and prediction

Data: Human Mortality Database (HMD) for the years 1971 to 2018
Real GDP per capita data are obtained from the World Bank
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Conclusion

We propose a hybrid neural network model for multi-population mortality
prediction

* Uses a hybrid neural network structure — CNN + LSTM

« Make better prediction of mortality by finding linear and non-linear relationships between
mortality and GDP

* Predicts gross domestic product (GDP) per capita and mortality rates simultaneously for
multiple populations
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