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Abstract 

This paper assesses and compares multi-factor continuous time affine mortality models applied to age-cohort 
mortality curves that are well suited for theoretical and practical application in finance and insurance. Models 
based on Gaussian distributed mortality rates, as well as the Cox-Ingersoll-Ross (CIR) process allowing for Gamma 
distributed mortality rates, are compared, also quantifying the probability of negative rates in the Gaussian 
models. In particular, we introduce the Gaussian Arbitrage-Free Nelson-Siegel (AFNS) mortality model 
incorporating level, slope and curvature factors. The models have appealing features including efficient estimation 
and computation. We estimate models using age-cohort data to capture cohort effects more effectively and in 
order to explain the variability in cohort mortality curves in the continuous time framework. The models allow for 
Poisson variation in the model estimation using the Kalman filter. The affine mortality models facilitate the 
derivation of closed-form survivor curves allowing for efficient valuation of mortality-linked claims. The models 
can also incorporate factor dependence allowing for age-dependence in the mortality curves. Importantly we 
show that the Gaussian independent factor AFNS model performs very well in explaining and forecasting cohort 
mortality. 
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About The Society of Actuaries 

With roots dating back to 1889, the Society of Actuaries (SOA) is the world’s largest actuarial professional 

organization with more than 31,000 members. Through research and education, the SOA’s mission is to advance 

actuarial knowledge and to enhance the ability of actuaries to provide expert advice and relevant solutions for 

financial, business and societal challenges. The SOA’s vision is for actuaries to be the leading professionals in the 

measurement and management of risk. 

The SOA supports actuaries and advances knowledge through research and education. As part of its work, the SOA 

seeks to inform public policy development and public understanding through research. The SOA aspires to be a 

trusted source of objective, data-driven research and analysis with an actuarial perspective for its members, 

industry, policymakers and the public. This distinct perspective comes from the SOA as an association of actuaries, 

who have a rigorous formal education and direct experience as practitioners as they perform applied research. The 

SOA also welcomes the opportunity to partner with other organizations in our work where appropriate. 

The SOA has a history of working with public policymakers and regulators in developing historical experience studies 

and projection techniques as well as individual reports on health care, retirement and other topics. The SOA’s 

research is intended to aid the work of policymakers and regulators and follow certain core principles: 

Objectivity: The SOA’s research informs and provides analysis that can be relied upon by other individuals or 

organizations involved in public policy discussions. The SOA does not take advocacy positions or lobby specific policy 

proposals. 

Quality: The SOA aspires to the highest ethical and quality standards in all of its research and analysis. Our research 

process is overseen by experienced actuaries and non-actuaries from a range of industry sectors and organizations. 

A rigorous peer-review process ensures the quality and integrity of our work. 

Relevance: The SOA provides timely research on public policy issues. Our research advances actuarial knowledge 

while providing critical insights on key policy issues, and thereby provides value to stakeholders and decision 

makers. 

Quantification: The SOA leverages the diverse skill sets of actuaries to provide research and findings that are driven 

by the best available data and methods. Actuaries use detailed modeling to analyze financial risk and provide 

distinct insight and quantification. Further, actuarial standards require transparency and the disclosure of the 

assumptions and analytic approach underlying the work. 
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