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Abstract

This research aims to refine the classical RH mortality model by incorporating a Compositional Data
approach, enabling more precise measurement and forecasting of longevity risk against the backdrop
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of population aging. The methodological core involves applying CLR transformation to convert con-
strained mortality distribution data—characterized by a fixed-sum constraint—into an uncon-
strained Euclidean space for subsequent modeling. An empirical analysis of male mortality data
from Spain and Australia demonstrates that the CoDa-RH model achieves superior performance rel-
ative to both the traditional LC and standard RH models, as measured by key evaluation metrics
including MAE and Aitchison distance. The proposed model not only enhances predictive accuracy
but also exhibits improved alignment with historical data and reflects a more pronounced trend of
mortality improvement, leading to higher life expectancy forecasts. In its final application, the
model is employed to estimate the actuarial present value of life annuities. The results indicate a
larger longevity risk exposure under the CoDa-RH framework, offering pension and insurance sec-
tors a more reliable quantitative tool for risk management.
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Figure 1. Parameter estimation of the LC model and CoDa-LC model for Australian males
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Figure 2. Parameter estimation of the RH model and CoDa-RH model for Australian males
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Figure 3. Predicted results of actuarial present value of lifetime survival annuities for Spanish males
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Figure 4. Predicted results of actuarial present value of lifetime survival annuities for Australia males
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