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Purpose of your paper: Abstract 

 
Longevity risk management for guaranteed lifetime income streams requires consideration of both interest rate and 

mortality risks. This paper develops a cohort-based affine term structure model for multi-country mortality developments 

and uses an arbitrage-free multi-country Nelson-Siegel model for the dynamics of interest rates. These are used to construct 

value- based longevity indexes for multiple cohorts in two different countries that take into account the major sources of 

risks impacting life insurance portfolios; mortality and interest rates. Index based longevity hedging strategies have liquidity 

and cost benefits but are exposed to basis risk. Graphical risk metrics provide valuable visual demonstrations of the 

relationship between an insurer portfolio and hedging strategies. We demonstrate the application and effectiveness of the 

value index to longevity risk management between two countries with the aid of graphical basis risk metrics. We use 

Australia and U.K. as domestic and foreign countries, with both interest rate and mortality risk, and the male populations of 

Netherlands and France, with common interest rates and basis risk which arises only from differences in mortality risks. 

 

Synopsis:  

 
In this paper, we develop value-based longevity indexes for cohorts in different countries. Such indexes will be handy for 

quantifying changes in the costs and risks of longevity at the same time. Our focus on the value-based longevity indexes is 

practically motivated; they can be used as a basis for pricing and hedging longevity-linked securities. The index design will 

incorporate both mortality and interest rates thus taking care of all drivers of longevity-linked securities. The index is defined 

as the discounted value at time instant of lifetime income of 1 unit of currency per annum for a given cohort in domestic 

and foreign countries. We use a multi-country mortality model and the arbitrage-free Nelson-Siegel (AFNS) model for 

domestic and foreign markets.  

 

For the mortality part, we construct a multi-factor joint affine term structure mortality model on the cohort basis. Mortality 

intensities in domestic and foreign countries are affected by some common factors as well as country specific factors. For 

the interest rate part, we use the arbitrage-free Nelson-Siegel (AFNS) model developed by Christensen et al. (2011). Diebold 

and Li (2006) introduce dynamics to the yield curve model of Nelson and Siegel (1987) and show that this model provides 

good empirical fit. Christensen et al. (2011) prove that with a time-invariant yield-adjustment term the empirically successful 

dynamic Nelson-Siegel (DNS) model can be arbitrage free. The AFNS model combines the DNS factor loading structure and 

the arbitrage free property of an affine term structure model. We use the independent-factor AFNS model since it 

outperforms the correlated factor AFNS model in out-of-sample forecasts (Christensen et al., 2011).  

 

When hedging longevity risk with instruments based on value-based longevity indexes, quantifying basis risk becomes an 

important consideration. Basis risk refers to the mismatch between the experience of the hedged exposure and that of the 

underlying index. In recent years the pace of globalization has dramatically increased. Globalization of economy creates 

new markets and opportunities as well as new risk exposures. For example, longevity indexes from foreign countries may 

be used to hedge longevity risk in the domestic country when there are no local longevity indexes. The study by Li and 

Hardy (2011) shows that there is positive correlation between the mortality experiences of two different populations. 

 

This paper contributes to the literature in three important ways. First, from a modelling standpoint, the paper develops a joint 

affine term structure mortality model and thus constructs longevity indexes for different cohorts in domestic and foreign 

countries. Second, from an application standpoint, the value-based longevity indexes help to further develop an 



   

 

 

understanding of simultaneously hedging mortality risks and interest rate risks. Third, the paper examines basis risk in index-

based longevity hedges using a graphical risk metric which provides visual interpretations on the interplay between the 

portfolio to be hedged and the hedging instruments. 
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