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1. Highlights

1.1 Institute and Faculty of Actuaries (IFoA) announces three major research initiatives in mortality and longevity

The IFoA aims to address some of the bigger, global issues in actuarial science over a number of years through a research partnership of the actuarial professions, academics and practitioners. 

In August 2015 the IFoA’s Research and Thought Leadership Committee (RTLC) published a discussion document “The Key Questions for Actuarial Science” which captured the views of the community on the major challenges in actuarial science.  To address some of these challenges, the IFoA published a Call for Research seeking proposals for large scale research programmes.

Three world-class programmes were selected:

· Modelling, Measurement and Management of Longevity and Morbidity Risk - The development of a new generation of mortality and morbidity models, with a specific focus on the drivers for mortality

· Use of Big Health and Actuarial Data for understanding Longevity and Morbidity - The development of new statistical and actuarial methods in the use of Big Data, in the context of health and wider applications. Press release here.
· Minimising longevity and investment risk while optimising future pension plans - Future pension products that meet customer needs, balancing stability, performance and cost.

1.2 IAA Country Report on the UK (pdf): Kriszti Halay, November 2015
Fourteen pages of useful info on UK demographics, mortality research, protection insurance, retail longevity protection, and key references. Prepared for the IAA MWP.

1.3 2015 Winter Deaths hit (period) life expectancies
2015 saw the largest rise in the number of recorded deaths in England and Wales in over a decade (Headlines below from Office for National Statistics (UK), April 2016)
· A spike in the number of deaths in the England and Wales peaked in early January 2015
· Higher mortality lasted for the winter period 

· But deaths remained slightly above the five-year average for the rest of the year

· The increase in 2015 was the largest year-on-year percentage increase seen since the change from 1967 to 1968 (6.3%)
· Driven largely by increased mortality in over 75s (83%)
· Dementia, Alzheimer’s and respiratory diseases (including flu) were the biggest causes  
· A similar spike was experienced in many of Europe’s countries (not so much in the cold countries!) (EuroMomo, European Monitoring of Excess Mortality for Public Health Action)
The provisional result was a reduction (from 2014 to 2015) of period expectation of life for males of 0.2 years at ages 0, 65, 75, 85 and 95, and reduction for females of 0.2, 0.4, 0.3, 0.3 and 0.3 respectively. 
Could this be the beginning of a trend? In 2016, (to 29 April), deaths are running at around 3.8% above the 5-year average (ignores effect of population change). (Office for National Statistics)
All of this juxtaposed interestingly with reports resulting from the 2014 based projections:
(Cohort) Life expectancy at older ages is the highest it’s ever been.  (Public Health England)
Details at: Recent Trends in Life Expectancy at Older Ages: Update to 2014 February 2016


Additional resources:

The role of excess winter mortality in recent years Stephen Richards (Longevitas)
Excess Winter Mortality in England and Wales: 2014/15 (Provisional) and 2013/14 (Final) (Latest release) 25 November 2015: data by sex, age, region and cause of death. (Office for National Statisics)
Provisional analysis of death registrations: 2015 (Latest release) 7 April 2016 (Office for National Statisics)
Analysis of provisional 2015 death registrations data by sex, cause, age, region and local authority
Weekly Mortality monitoring in Europe (EuroMomo, European Monitoring of Excess Mortality for Public Health Action)

1.4 Access to relevant research, including firewalled papers

Some academic papers on Mortality and Longevity are firewalled, but members of the Institute and Faculty of Actuaries (IFoA) can access many, including those in the North American Actuarial Journal and the Annals of Actuarial Science, via the Athens information portal.  Details of the journals that can be accessed are here, together with further sources of actuarial research. Log in to Athens here.
There is a full extract of papers on mortality and longevity in the Appendix to this paper.

What has changed is that if you are a non-member researching in actuarial science, a member of another actuarial body or an academic for example, access can be granted on a case by case basis: contact the library for more details.
Additionally, the IFoA’s Youtube channel has a number of presentations recorded at meetings.


1.5 The Human Mortality Database (HMD) 
The HMD is a unique open- access collection of detailed mortality and population data for 38 countries with relatively complete and reliable vital registration and census data. By the end of 2014, the HMD was cited as a data source in: over 1,000 journal articles; 142 books or book chapters; 300 technical reports and scientific working papers. At the IFoA Mortality Seminar in February 73% of attendees said that the HMD is important or very important to their work.

After fifteen years of continuous funding from the U.S. National Institutes of Health, the HMD is about to lose financial support from the U.S Government due to budget cuts and a reorientation of priorities away from large research instruments and infrastructures. The HMD is now seeking users‘ input, collaborations and additional funding to support further developments. For further information, contact Magali Barbieri at hmd@mortality.org
2. UK papers, presentations and articles

2.1 IFoA Mortality Research Steering Committee (MRSC)
Longevity Bulletin No 7: Modelling edition, November 2015
This focuses on how different modelling techniques can be used to more accurately track longevity trends. It explores some of the reasons why we are living longer, identifies causes of ageing, but also looks at the possibility of drugs being designed to treat ageing.
Longevity Bulletin No 8: Antibiotic Resistance edition, May 2016 Due out on 19th May ahead of London seminar (see 4. Forthcoming Events)
Work on the IFoA Mortality Research Hub has commenced
It is intended to provide information on past and future events (conferences etc), access to the Mortality Data Directory and to all issues of the Longevity Bulletins. Further ideas welcome.


Mortality and Longevity Seminar Feb 2016
Presentations are here (all freely available as pdf):
CMI research update (Tim Gordon, chair, CMI Executive Committee)
Developments in Longevity Risk Transfer (Richard Wellard)
The rise and future of longevity (James W Vaupel)
Hot topics in mortality and longevity research (Joseph Lu, chair, Mortality Research Steering Committee)
How might a longevity expert add value under Freedom and Choice? (Andrew Kenyon)
Longevity five years on: has anyone made any money yet? (Tim Smith)
Longevity Reinsurance Q&A (Martin Lockwood)
Longevity Risk Transfer (Douglas Anderson)

2.2 Continuous Mortality Investigation; full news here
The CMI published its newsletter:
https://www.actuaries.org.uk/learn-and-develop/continuous-mortality-investigation/cmi-news
The most recent outputs issued by the CMI are:

· Working Paper 85 contains the initial report from the High Age Mortality Working Party – an area of mortality that is of increasing importance to pension schemes and insurance companies. There is an accompanying reading list. Both freely available. 


· Working Paper 87 contains what we think are the first-ever published results of the mortality experience of enhanced annuities. The dataset is believed to cover a substantial proportion of the market. You must be an Authorised User to access this.
Self-administered pension schemes (SAPS) mortality
· Working Paper 86  gives the latest review of the experience in the SAPS database with information on the differences in experience between industries and on the variability of experience within each industry group. You must be an Authorised User to access this.

· Working Paper 88  presents an analysis of the mortality experience of data received by 30 June 2015, covering the period 2007 to 2014.  You must be an Authorised User to access the full paper, although an executive summary is available to all.
The Future of the CMI Mortality Projections Model (pdf).  Presentation at consultation meetings by the CMI Mortality Projections Committee: 26 Oct 2015
2.3 Other IFoA initiatives
IFoA is launching a New IFoA working party: Impact of E-cigarettes on Insurance Products. The aim is to: look at the emergence of e-cigarettes and its impact on insured lives and to assess the impact on mortality and morbidity risk and identify any emerging trends. This WP is currently looking for volunteers.  
For details of the more than 100 IFoA Research Working Parties see here.

2.4 Office for National Statistics
National Population Projections: 2014-based reference volume, series PP2. 30 March 2016.
National population projections provide an indication of the future size and age structure of the UK and its constituent countries based on a set of assumptions of future fertility, mortality and migration, including a number of variant projections based on alternative scenarios.
· the UK population is projected to increase by 9.7 million over the next 25 years, from an estimated 64.6 million in mid-2014 to 74.3 million in mid-2039; assumed net migration accounts for 51% of the projected increase

· the population is projected to continue ageing, with the average (median) age rising from 40.0 years in mid-2014 to 42.9 by mid-2039

Guides on the methods used by ONS to calculate demographic statistics:
national life tables  
period and cohort life expectancy figures and 
the graduation method used for English Life Tables, No 17 (pdf)
The 21st Century Mortality Files: 2001-2014  November 2015. The 21st Century Mortality Files are a record of mortality in England and Wales from 2001 onwards. The files consist of an aggregated database of deaths by age-group, sex, year and underlying cause, and include populations for England and Wales.
Trend in life expectancy at birth and at age 65 by socio-economic position based on the National Statistics Socio-economic Classification, England and Wales: 1982—1986 to 2007—2011 (Latest release)
Life Expectancy at Birth and at Age 65 by Local Areas in England and Wales: 2012 to 2014 (Latest release)
Life Expectancy at Birth and at Age 65 by Local Areas in England and Wales: 2011 to 13
Provisional analysis of death registrations: 2015 (Latest release)
2.5 Other

StMoMo: An R Package for Stochastic Mortality Modelling, A M Villegas et al. February 2016
Defines a framework that embeds the vast majority of stochastic mortality projection models proposed to date. Introduces a new R package, called StMoMo that provides tools for fitting stochastic mortality models, assessing their goodness of fit and performing mortality projections. 

Parameter risk in time-series mortality forecasts, T Kleinow and S J Richards. February 2016
“An important tool for risk-management and solvency purposes is a stochastic projection model for mortality. We show that ARIMA models can be better representations of mortality time-series than simple random-walk models…. We also consider the sometimes-overlooked issue of parameter risk in time-series models.”
A healthier way to de-risk: The introduction of medical underwriting to the defined benefit de-risking market: Pensions Institute: Debbie Harrison and David Blake. February 2013.
Reviews the fast growing market for medically-underwritten bulk annuities to date, with around 60 transactions and over £1bn of pension scheme liabilities insured. 3% of bulk annuities (by premium) under £100m were medically underwritten in 2013, 10% in 2014 and over 15% in the first half of 2015.
Mis-estimation risk: measurement and impact  S. J. Richards, discussed at Edinburgh, February 2016. Paper to appear in British Actuarial Journal.  Video here (login required).
The methodology applies to any risk which can be modelled statistically, and examples are given for annuity portfolios and pensions in payment. 
Multi-population mortality models: Fitting, Forecasting and Comparisons: V Enchev, T  Kleinow & A J G Cairns. Scandinavian Actuarial Journal. (http://dx.doi.org/10.1080/03461238.2015.1133450 for  full abstract)
Reviews a number of multi-population mortality models: variations of the Li & Lee model, and the common-age-effect (CAE) model of Kleinow. Using data from six countries, compares and ranks the models’ fitting qualities and develops forecasting models that produce non-diverging, joint mortality rate scenarios. Finds that the CAE model fits best.
How long will your members live for? Understanding and managing longevity risk, WillisTowersWatson.
Full slide presentation from a 2016 longevity Seminar (with permission)

Stephen Richards reviews how well the CMI projections from 2002 performed in the decade after their release (Longevitas.co.uk)
2016 Roundtable Series – The economic, societal and human cost of antimicrobial resistance, British Society for Antimicrobial Chemotherapy: Videos and slides from meeting February 2016

The potential impact of antibiotic-resistant strains of certain pathogens: Gavin Ritchie (Longevitas.co.uk)
Examples of mortality improvements going into reverse for certain sub-populations in the US: Gavin Ritchie (Longevitas.co.uk)
Forecasting with penalty functions, part 3: Iain Currie (Longevitas.co.uk)
A new take on a rather old method of graduation: Iain Currie (Longevitas.co.uk)
A variety of articles of interest to mortality practitioners: Longevitas (Longevitas.co.uk)
3. International papers, presentations, articles and websites

3.1  International Actuarial Association (IAA)

IAA Mortality Working Group (MWG) The aim of the MWG is to provide insights and knowledge with respect to mortality and trends in mortality.
Meetings are held twice a year in line with IAA Council and Committee meetings. After each meeting we issue an Update – now published in ten languages. 
The MWG Information Base aims to provide basic information about a dozen areas of interest, aimed at people coming into the field, students and non-specialist with an interest in the subject. It needs to be kept up to date and the MWG will welcome offers to assist with this. An Editorial Committee has been set up.
Country Report on the UK: Kriszti Halay, see “Highlights 1.2” above
3.2  IAA Population Issues Working Group 
Determination of Retirement and Eligibility Ages: Actuarial, Social and Economic Impacts. Aalabaf-Sabaghi et al.
This presents the case, for defined benefit pension plans and social security programmes to consider increasing the eligibility age for retirement: - and considers some of the issues that need to be taken into account before/whilst making any changes.

3.3 Publicly available mortality risk investigation sites

Health warning! Professor Sir David Spiegelhalter, recently elected an Honorary Fellow, presented the IFoA Spring Lecture at which he criticised the standard of communication of risk to the public (presentation here). In his post he leads a small team that attempts to improve the way in which the quantitative aspects of risk and uncertainty are discussed in society.
Following their The Lancet paper 5 year mortality predictors in 498 103 UK Biobank participants: a prospective population-based study, Ganna and Ingelsson, Lancet August 2015; the authors have set up a website, UbbLE UK Longevity Explorer which they hope will improve the awareness of individuals about their own health, and will also be used by researchers and to inform public health policy and advice. 
All bona fide researchers can apply to use the UK Biobank resource for health related research that is in the public interest.
SEER (US Cancer stats) website is worth looking at; it has an interactive tool, as well as a wealth of Cancer related intelligence, animations and downloadable software for calculations.

Survival statistics of Japanese association of Clinical Cancer Centres aims to help patients understand their health; what kind of disease they have, which treatment is the most suitable, how possible is recovery, which doctor at which hospital is the best, and so on.
3.4  Other
Medical error—the third leading cause of death in the US, MA Makary and M Daniel, British Medical Journal May 2016
Medical error is not included on death certificates or in rankings of cause of death. The authors assess its contribution to mortality and call for better reporting. “If medical error was a disease, it would rank as the third leading cause of death in the US”.

Rising morbidity and mortality in midlife among white non-Hispanic Americans in the 21st century, A Case and A Deaton, Proceedings of the National Academy of Sciences (USA), December 2015.
“This paper documents a marked increase in the all-cause mortality of middle-aged white non-Hispanic men and women in the United States between 1999 and 2013. This change reversed decades of progress in mortality and was unique to the United States; no other rich country saw a similar turnaround. The midlife mortality reversal was confined to white non-Hispanics ….. and was largely accounted for by increasing death rates from drug and alcohol poisonings, suicide, and chronic liver diseases and cirrhosis.”

The Association Between Income and Life Expectancy in the United States, 2001-2014, R Chetty et al, Journal of the American Medical Association, April 2016
Higher income was associated with greater longevity throughout the income distribution. The gap in life expectancy between the richest 1% and poorest 1% of individuals was 14.6 years for men and 10.1 years for women. Inequality in life expectancy increased over time and varied substantially across local areas.
Lifespan Weighed Down by Diet (Obesity will reverse lifespan) D Ludwig, JAMA, 4 April 2016
“Obesity and poor-quality diet predispose to all of the major chronic diseases, but these risks have been mitigated over the past few decades by an increasingly powerful and expensive array of treatments……. The data from the latest CDC report suggest that a tipping point has been reached beyond which technological advances may no longer compensate.”

Mortality monitoring in Europe
The EuroMOMO website publishes weekly bulletins of the all-cause mortality levels in up to 19 European countries or regions of countries. 

Modelling Socio-Economic Differences in the Mortality of Danish Males Using a New Affluence Index, A J G Cairns et al. April 2016 (Heriot-Watt University)
Divides the population into ten socio-economic subgroups using a new measure of affluence that combines wealth and income. Introduces and tests a new multi-population mortality model.
Emergence of plasmid-mediated colistin resistance mechanism MCR-1 in animals and human beings in China: a microbiological and molecular biological study: Yi-un Liu, Yang Wang et al. The Lancet: Infectious Diseases, February 2016.
“The emergence of MCR-1 heralds the breach of the last group of antibiotics, polymyxins, by plasmid-mediated resistance. Although currently confined to China, MCR-1 is likely to emulate other global resistance mechanisms such as NDM-1. Our findings emphasise the urgent need for coordinated global action in the fight against pan-drug-resistant Gram-negative bacteria.”

Longevity in the Caribbean (Der Aktuar)
A brief article on page 10 covers the increasing life expectancy in the Caribbean.

Alison O’Connell is now publishing a blog in which she covers some longevity topics.
Includes an article that ought to be more widely published to the UK general public: Why do we underestimate how long we might live?
Jay Olshansky’s company, Lapetus, launched its Life Insurance Underwriting system, Chronos, which aims to predict life events in real time, combining: Facial Analytics, Biodemography and Dynamic Questioning. He will be speaking at the Symposium in September.
Observations on Mortality Improvement - A Comparison of Nations (SCOR view, March 2016)
Article on mortality improvement rates for the US; compares them to similar data from four European countries, and concludes that 2011 may have marked a slow-down in annualized mortality improvement
4. Forthcoming events

4.1 International Mortality and Longevity Symposium 2016 7-9 September 2016, Royal Holloway, University of London, UK
This conference will provide a multi-disciplinary forum for the exchange of information on the latest relevant research, and also an opportunity to learn about established knowledge from a range of different disciplines, all with the aim of better understanding and managing this complex yet critical subject.

The themes for this event are:

1. How will population longevity develop in the future in your defined country or internationally?

2. New evidence or analyses of historical morbidity and mortality patterns.

3. What would disrupt current mortality trends?

4. How will Big Data and 'internet of things' contribute to mortality trends and analyses?

5. New techniques for mortality and longevity analyses and forecasting.

6. Implication of mortality and morbidity trends.

Booking here. (Open to non IFoA members who will need to create a website user account first by clicking “Register”)

4.2 Antibiotic Resistance: An Evolving Threat, IFoA London, 24 May 2016 (Sold out, but will be recorded and available here)
This inter-disciplinary event will outline the scale and impacts of the factors driving antibiotic resistance and the risk associated consequences; and present ideas on what government, health practitioners, businesses and the actuarial profession can do to address this global problem. 

4.3 Twelfth International Longevity Risk and Capital Markets Solutions Conference: 29th & 30th September 2016, Chicago, Hosts: Society of Actuaries and Pensions Institute, Cass.
“The key themes of Longevity 12 will be product innovation, sidecars, and data reliability challenges and timeliness.”
Registration for the L12 conference is now open.

4.4 Sixth Living to 100 Symposium, January 4 – 6 2017, Orlando, Florida
………………………………To conclude………………….…………
Mortality is inevitable, but if you are looking for the best place to die, perhaps look at the Economist Intelligence Unit’s 2015 Quality of Death Index, a measure of the quality of palliative care in 80 countries around the world. The UK ranks first, due to comprehensive national policies, the extensive integration of palliative care into the National Health Service, a strong hospice movement, and deep community engagement on the issue. Australia and New Zealand take second and third place, with the US in 9th place and Canada in 11th.
………………………………About this note………………….…………
This is a note for the UK Actuarial profession and others, and for the International Actuarial Association (IAA). The last six-monthly report is here
The most recent UK version of the report from the IAA Mortality Working Group is here
The web page for the Institute and Faculty of Actuaries Mortality Research Hub is here.

See below for a Reading list of articles on mortality provided by the IFoA Library Services

Brian Ridsdale
May 2016
br@ridsdales.com
Appendix:  Reading list of journal articles on mortality/longevity, 2015 to March 2016
Compiled by the Institute and Faculty of Actuaries Library service
THE ACTUARY

Salt, Hilary (2015). Illuminating longevity. [magazine article]. 

The Actuary (2015) April : 28-29. [RKN: 75190]

In light of UK pensions reform, Hilary Salt offers advice on how actuaries should explain to people the complexities surrounding their life expectancy

Internet URL: http://www.theactuary.com/archive/2015/ 

Paulson, Mark (2015). A smoke screen. [magazine article]. 

The Actuary (2015) October : 24-26. [RKN: 75399]

What can smoking tell us about future mortality improvements

Internet URL: http://www.theactuary.com/archive/2015/ 

ANALES DEL INSTITUTO DE ACTUARIOS ESPAÑOLES (Epoca 3a)

Betzuen Zalbidegoitia, Amancio; Betzuen Álvarez, Amaia Jone (2015). La posibilidad de un indice de longevidad para la Unión Europea bajo las directrices de Solvencia II. . 

Anales del Instituto de Actuarios Españoles (Epoca 3a) (2015) 21 : 73-106. [RKN: 47662]

Article in Spanish

We believe that a proper calibration and a well-defined algorithm are necessary for the construction of an adequate longevity index, regarding a given country or population, but the adequacy of a generalised longevity index it is less clear to us. Further to this, in our view, the use of a longevity index benchmark is not always suitable. At the same time, while the mathematical model is important for the process of obtaining the index. Our investigations advocate the importance of the data collection source justification, the data cleansing and improvement, as well as, the analysis of the data. Our work follows the guidelines set by Solvency II regarding the risk of an aging population and we understand that is the way to build a LifeMetrics that meets best-estimate´s requirements of objectivity, transparency, robustness and accuracy. With the aim of simplifying the results of the research done, we only present the results for three countries which we consider the most significant ones, such as: England and Wales, USA and Germany. We obtained an index of longevity for those three different countries using HMD database in order to use data from their own government statistics entity. We have found that the differences between the results obtained for each country applying its own model and those obtained by us using the Lee-Carter model, are slightly insignificant, what indicates that our Lee-Carter model is acceptable enough. Therefore, we have used this model for the construction of a longevity index for four new countries, such as: Italy, Spain and Japan. Once all the results were obtained using homogeneous criteria for each of the countries observed, and after the analysis of the estimation of the evolution of mortality and its improvement through the calendar years, we found that the improvement in mortality is not homogeneous. It is not distributed equally, nor by gender, nor by age sections, or by calendar year, nor has the same percentage of  improvement in each country analysed. The outcome of our research allows us to conclude that, a common index for all the European Union countries would not reflect, with sufficient guarantee, the longevity risk features of each European country. We also believe that, a longevity index should not represent a static scenario, as it would appear from the document submitted by Life and Longevity Markets Association (LLMA), it rather should extend to a dynamic scenario with the aim to reduce the risk of an aging population that generates long term benefits’ payments in the future. The periodic calculation of a longevity index does not seem the best solution. Following these guidelines we have built a longevity index for Spain, taking into account the guidelines of Solvency II related to the risk of aging. As a result of our research, we conclude that a unique and dramatic increase of mortality improvement is not advisable. The improvement is not constant; it depends on the age and calendar year considered in the estimation. And we also add that it also depends on the contractual timing of the event. In addition, apart from the purge we have carried out through all the steps when obtaining the data and the results of the research, we have also analyzed the volatility of the results of the mortality improvement over the recent calendar years, obtaining results that we could qualify as very acceptable. These represents an additional guarantee of the reliability of the longevity index we obtained.

Internet URL: http://www.actuarios.org/espa/web-nueva/publicaciones/anales/anales.htm 

Godínez Olivares, Humberto; Boado Penas, Carmen (2015). An alternative pension reform for Spain based on optimisation techniques. . 

Anales del Instituto de Actuarios Españoles (Epoca 3a) (2015) 21 : 107-134. [RKN: 47663]

Article in English

The aim of this paper is to twofold: to design an alternative reform of the Spanish contributory retirement pension system based on optimal strategies to restore liquidity through changes in the key variables of the system (the contribution rate, retirement age and/or indexation of pensions) and at the same time to assess the reformed Spanish system with the focus on its liquidity in the long run. These optimal strategies, which we call Automatic Balancing Mechanisms (ABMs), calculate the optimal path of these  variables over time and absorb fluctuations in longevity, fertility rates, life expectancy, salary growth or any other kind of uncertainty faced by the pension system.

Internet URL: http://www.actuarios.org/espa/web-nueva/publicaciones/anales/anales.htm 

ASTIN BULLETIN

Aase, Knut K (2015). Life insurance and pension contracts I: The time additive life cycle model. . 
ASTIN Bulletin (2015) 45 (1) : 1-47. [RKN: 74375]

We analyze optimal consumption in the life cycle model by introducing life and pension insurance contracts. The model contains a credit market with biometric risk, and market risk via risky securities. This idealized framework enables us to clarify important aspects of life insurance and pension contracts. We find optimal pension plans and life insurance contracts where the benefits are state dependent. We compare these solutions both to the ones of standard actuarial theory, and to policies offered in practice. Implications of this include what role the insurance industry may play to improve welfare. The relationship between substitution of consumption and risk aversion is highlighted in the presence of a consumption puzzle. One problem related portfolio choice is discussed the horizon problem. Finally, we present some comments on longevity risk and cohort risk.

DOI: http://dx.doi.org/10.1017/asb.2014.26 (access via Athens login http://www.openathens.net/)

Donnelly, Catherine (2015). Actuarial fairness and solidarity in pooled annuity funds. .
ASTIN Bulletin (2015) 45 (1) : 49-74. [RKN: 74376]

Various types of structures that enable a group of individuals to pool their mortality risk have been proposed in the literature. Collectively, the structures are called pooled annuity funds. Since the pooled annuity funds propose different methods of pooling mortality risk, we investigate the connections between them and find that they are genuinely different for a finite heterogeneous membership profile. We discuss the importance of actuarial fairness, defined as the expected benefits equalling the contributions for each member, in the context of pooling mortality risk and comment on whether actuarial unfairness can be seen as solidarity between members. We show that, with a finite number of members in the fund, the group self-annuitization scheme is not actuarially fair: some members subsidize the other members. The implication is that the members who are subsidizing the others may obtain a higher expected benefit by joining a fund with a more favorable membership profile. However, we find that the subsidies are financially significant only for very small or highly heterogeneous membership profiles.

DOI: http://dx.doi.org/10.1017/asb.2014.18  (access via Athens login http://www.openathens.net/)

Christiansen,Marcus C; Spodareva, Evgeny; Unselda, Verena (2015). Differences in European mortality rates: a geometric approach on the age–period plane. . 
ASTIN Bulletin (2015) 45(3) : 477-502. [RKN: 75225]

Age and period are the most widely used parameters for forecasting mortality rates. Empirical mortality rate differences in multiple populations often show strong geometric patterns on the two-dimensional age–period plane. The idea of this paper is to take these geometric patterns as the starting point for the development of forecasts. A parametric approach is presented and discussed which uses simple techniques from spatial statistics. The proposed model is statistically parsimonious and yields forecasts that are consistent with the historical data and coherent for multiple populations.

DOI: http://dx.doi.org/10.1017/asb.2015.13  (access via Athens login http://www.openathens.net/)

Devolder, Pierre; Melis, Roberta (2015). Optimal mix between pay as you go framework and funding for pension liabilities in a stochastic framework. . ASTIN Bulletin (2015) 45(3) : 551-575. [RKN: 75227]

This paper addresses the financing of public pensions in a stochastic environment. Traditionally, funded and unfunded pension schemes have been viewed as opposite solutions for the first pillar of public pensions. However, more recently countries as Sweden and Poland have explored mixed solutions that combine pay-as-you-go (PAYG) with funding mechanisms. The aims of this paper are to examine the rationality of such a combination using portfolio theory arguments and to find the optimal split of the contributions between the two systems. We first introduce the classical deterministic model leading to the well-known Samuelson–Aaron rule according to which diversification is never optimal. We then introduce different stochastic models in which the main processes (wage growth, population growth, financial rate of return) are random. In particular, we obtain conditions on parameters to justify diversification and explicit optimal sharing between PAYG and funding. We also introduce the possibility of investing in several financial assets and explore the impact of introducing systematic longevity risk.

DOI: http://dx.doi.org/10.1017/asb.2015.14  (access via Athens login http://www.openathens.net/)

Arnold-Gaille, Séverine; Sherris, Michael (2016). International cause-specific mortality rates: new insights from a cointegration analysis. . 

ASTIN Bulletin (2016) 46(1) : 9-38. [RKN: 47829]

This paper applies cointegration techniques, developed in econometrics to model long-run relationships, to cause-of-death data. We analyze the five main causes of death across five major countries, including USA, Japan, France, England & Wales and Australia. Our analysis provides a better understanding of the long-run equilibrium relationships between the five main causes of death, providing new insights into similarities and differences in trends. The results identify for the first time similarities between countries and genders that are consistent with past studies on the aging processes by biologists and demographers. The insights from biological theory on aging are found to be reflected in the cointegrating relations in all of the countries included in the study.

DOI: http://dx.doi.org/10.1017/asb.2015.24  (access via Athens login http://www.openathens.net/)

Chuliá, Helena; Guillén, Montserrat; Uribe, Jorge M (2016). Modeling longevity risk with generalized dynamic factor models and vine-copulae. . 

ASTIN Bulletin (2016) 46(1) : 165-190. [RKN: 47834]

We present a methodology to forecast mortality rates and estimate longevity and mortality risks. The methodology uses generalized dynamic factor models fitted to the differences in the log-mortality rates. We compare their prediction performance with that of models previously described in the literature, including the traditional static factor model fitted to log-mortality rates. We also construct risk measures using vine-copula simulations, which take into account the ependence between the idiosyncratic components of the mortality rates. The methodology is applied to forecast mortality rates for a population portfolio for the UK and to estimate longevity and mortality risks.
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BRITISH ACTUARIAL JOURNAL (BAJ)
French, Declan; O'Hare, Colin (2016). From atheoretical to informed mortality modelling. . 

BAJ (2016) 21(1) : 95-96. [RKN: 47307]

Summary of presentation to the IFoA, Belfast, 26 January 2015

A recent period of low inflation and low interest rates has highlighted the importance of mortality risk to actuarial practice. In order to better understand changing patterns of mortality, the profession has recognised the need to gain insights from other disciplines and established the Mortality Research Steering Group. Our recent research funded by an Institute and Faculty of Actuaries (IFoA) Pump-priming grant follows this research agenda by incorporating insights from demography, health economics, epidemiology and financial econometrics to mortality modelling.
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Hammond, Robert J; Baxter, Steven; Bramley, Richard; Kakkad, A; Mehta, S; Sadler, M (2016). Considerations on state pension age in the UK. .  - London:  Institute and Faculty of Actuaries, - 35 pages.

BAJ (2016) 21(1) : 165-203. [RKN: 46244]

Paper presented to IFoA, Edinburgh, 16 March 2015

State Pension Age (SPA) is an issue of topical interest in the UK at the time of writing due to the

Government’s plans to link SPA at future dates to estimates of the projected longevity of the population.

This paper considers the background to the current position, how the linkage is proposed to work, other

factors that may need to be considered and some changes in the proposed State pension regime that

could be alternatives to, or complementary with, a changing SPA.
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BULLETIN FRANÇAIS D'ACTUARIAT

Croix, Jean-Charles; Planchet, Frédéric; Therond, Pierre-E (2015). Mortality: a statistical approach to detect model misspecification. . 

Bulletin Français d'Actuariat (2015) 15 (no. 29) : 115-130. [RKN: 47393]

The Solvency 2 advent and the best-estimate methodology in future cash-flows valuation lead insurers to focus particularly on their assumptions. In mortality, hypothesis are critical as insurers use best-estimate laws instead of standard mortality tables. Backtesting methods, i.e. ex-post modeling validation processes, are encouraged by regulators and rise an increasing interest among practitioners and academics. In this paper, we propose a statistical approach (both parametric and non-parametric models compliant) for mortality laws backtesting under model risk. Afterwards, a specification risk is introduced assuming that the mortality law is subject to random variations. Finally, the suitability of the proposed method will be assessed within this framework. Solvency 2 mortality cusum detection SPRT
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EUROPEAN ACTUARIAL JOURNAL

Antonio, Katrien; Bardoutsos, Anastasios; Ouburg, Wilbert (2015). Bayesian Poisson log-bilinear models for mortality projections with multiple populations. . 

European Actuarial Journal (2015) 5(2) : 245-281. [RKN: 47570]

Life insurers, pension funds, health care providers and social security institutions face increasing expenses due to continuing improvements of mortality rates. The actuarial and demographic literature has introduced a myriad of (deterministic and stochastic) models to forecast mortality rates of single populations. This paper presents a Bayesian analysis of two related multi-population mortality models of log-bilinear type, designed for two or more populations. Using a larger set of data, multi-population mortality models allow joint modelling and projection of mortality rates by identifying characteristics shared by all sub-populations as well as sub-population specific effects on mortality. This is important when modeling and forecasting mortality of males and females, regions within a country and when dealing with index-based longevity hedges. Our first model is inspired by the two factor Lee–Carter model of Renshaw and Haberman (Insurance Mathematics and Economics (2003) 33(2): 255-272) and the common factor model of Carter and Lee (International Journal of Forecast (1992) 8:393-411). The second model is the augmented common factor model of Li and Lee (Demography (2005) 42(3): 575-594). This paper approaches both models in a statistical way, using a Poisson distribution for the number of deaths at a certain age and in a certain time period. Moreover, we use Bayesian statistics to calibrate the models and to produce mortality forecasts. We develop the technicalities necessary for Markov Chain Monte Carlo ([MCMC]) simulations and provide software implementation (in R) for the models discussed in the paper. Key benefits of this approach are multiple. We jointly calibrate the Poisson likelihood for the number of deaths and the times series models imposed on the time dependent parameters, we enable full allowance for parameter uncertainty and we are able to handle missing data as well as small sample populations. We compare and contrast results from both models to the results obtained with a frequentist single population approach and a least squares estimation of the augmented common factor model.

DOI: http://dx.doi.org/10.1007/s13385-015-0115-6  (access via Athens login http://www.openathens.net/)

Gao, Huan; Mamon, Rogemar; Liu, Xiaoming (2015). Pricing a guaranteed annuity option under correlated and regime-switching risk factors. . 

European Actuarial Journal (2015) 5(2) : 309-326. [RKN: 47572]

A Markov-modulated affine framework for dependent risk factors is proposed to value a guaranteed annuity option (GAO). Concentrating on the important effect of volatilities, both diffusion components of the interest and mortality rates are driven by a finite-state continuous time Markov chain. We derive an explicit solution to the price of a pure endowment by solving a system of linear ordinary differential equations with the aid of the forward measure. Utilising the endowment-risk-adjusted measure with pure endowment as the corresponding numéraire, we provide an efficient and accurate formula in obtaining the GAO price. Such valuation efficiency and accuracy were demonstrated through numerical experiments. We benchmark our results with those of the Monte-Carlo simulation method and show significant differences in standard errors and computing times.
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Terzioglu, M Kenan; Sucu, Meral (2015). Gompertz-Makeham parameter estimations and valuation approaches: Turkish life insurance sector. . 

European Actuarial Journal (2015) 5(2) : 447-468. [RKN: 47577]

For participating life insurance, the objective of insurance companies is to control the investments of policyholders by considering changing market conditions within the scope of risk management and increase their returns. Given that insurance companies compete in the market with participating life insurance, insurers and academicians attempt to develop this product. This paper compares net premium valuation and paid-up valuation methods used in the valuation of participating life insurance contracts in Turkey. The development of a single endowment policy with a level premium payment has been modeled as a time-continuous Markov chain model. Mortality in Turkey has been determined by calculating the parameter values of the Gompertz-Makeham function. It has been observed that insurance companies would not face valuation losses using the paid-up valuation method, even though policyholders stopped premium payments before the policy term. Moreover, compared with other valuation methods, the paid-up valuation method has been found to offer freedom of investment.
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Jongerius, Agnes; Jurriëns, Paul (2015). European parliamentarian Agnes Jongerius on working longer: 'Make the retirement date flexible'. [magazine article]. 

The European Actuary (2015) 5(2) April : 1-3. [RKN: 47189]

 ‘It is logical to link the retirement age to average longevity,’ according to Agnes Jongerius. She represents the Dutch Labour Party (Partij van de Arbeid) in the Progressive Alliance of Socialists and Democrats in the European Parliament. An interview on employment, policy in relation to the elderly and later retirement ‘But employees must also be able to determine the age at which they feel they have worked long enough.’
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Houben, Servaas (2015). Longevity in the Caribbean - the end of La Dolce Vita?. [magazine article]. 

The European Actuary (2015) 6(1) October : 10-11. [RKN: 47563]

For the past decades, longevity risk has been a concept which seemed to circumvent the Caribbean: lack of adequate healthcare, natural disasters, and the joy of life have all been suggested as explanation for this phenomena. (Un?)fortunately, also life expectations have improved in the Caribbean leaving pension funds and insurance companies with significant challenges: due to lack of data and relatively small populations, the impact of random events, and sample error can be significant. Furthermore, distinguishing between life expectancy of the insured and uninsured parts of the population becomes even harder when taking into account the relatively high level of immigration. How can governments, insurance companies and pension funds prepare for these upcoming changes?
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Scott, Jason S (2015). The longevity annuity: an annuity for everyone?. . - 9 pages.

Financial Analysts Journal (2015) 71(1) : 61-69. [RKN: 75283]

As of 2005, U.S. individuals had an estimated $7.4 trillion invested in IRAs and employer-sponsored retirement accounts. Many retirees will thus face the difficult problem of turning a pool of assets into a stream of retirement income. Purchasing an immediate annuity is a common recommendation for retirees trying to maximize retirement spending. The vast majority of retirees, however, are unwilling to annuitize all their assets. This research demonstrates that a “longevity annuity,” which is distinct from an immediate annuity in that payouts begin late in retirement, is optimal for retirees unwilling to fully annuitize. For a typical retiree, allocating 10–15 percent of wealth to a longevity annuity creates spending benefits comparable to an allocation to an immediate annuity of 60 percent or more.  Reprinted from Financial Analysts Journal, vol. 64, no. 1 (January/February 2008): 40–48.

Cook, Kirsten A; Meyer, William; Reichenstein, William (2015). Tax-efficient withdrawal strategies. . - 14 pages.

Financial Analysts Journal (2015) 71(2) : 16-29. [RKN: 75288]

The authors considered an individual investor who holds a financial portfolio with funds in at least two of the following accounts: a taxable account, a tax-deferred account, and a tax-exempt account. They examined various strategies for withdrawing these funds in retirement. Conventional wisdom suggests that the investor should withdraw funds first from the taxable account, then from the tax-deferred account, and finally from the tax-exempt account. The authors provide the underlying intuition for more tax-efficient withdrawal strategies and demonstrate that these strategies can add more than three years to the portfolio’s longevity relative to the strategy suggested by the conventional wisdom.

GENEVA PAPERS ON RISK AND INSURANCE

Kraut, Gunther; Richter, Andreas (2015). Insurance regulation and life catastrophe risk: treatment of life catastrophe risk under the SCR standard formula of Solvency II and the necessity of partial internal models. . 

Geneva Papers on Risk and Insurance (2015) 40(2) : 256-278. [RKN: 47200]

The regulatory regime in Europe is undergoing a fundamental change that will serve as a benchmark for the regulators in other countries. This paper analyses the influence of regulation imposed by Solvency II on life catastrophe risk management activities. The interplay of extreme mortality risks and risk management activities is demonstrated, and the special characteristics of different causes of life catastrophe risk are identified. The advice of the Committee of European Insurance and Occupational Pensions Supervisors, now the European Insurance and Occupational Pensions Authority, regarding the life catastrophe risk sub-module of the solvency capital requirement standard formula is to apply a unified single mortality catastrophe shock scenario. We show that this approach does not properly reflect life catastrophe risk and that it potentially prevents the recognition of more sophisticated risk management instruments for the solvency capital requirement calculation. As a result of this analysis, proposals are made for how these shortcomings can be resolved by using a simple generic partial internal model. This model facilitates the recognition of non-proportional risk transfer techniques and thus provides incentives for their use. We show that these proposals are in line with and relevant to the current trend towards the potential development of a more liquid market for extreme mortality risks.
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Guillemette, Michael A; Martin, Terrance K, Jr; Cummings, Benjamin F; James, Russell N, III (2016). Determinants of the stated probability of purchase for longevity insurance. . 

Geneva Papers on Risk and Insurance (2016) 41(1) : 4-23. [RKN: 47736]

We study the determinants of the stated probability of purchase for a deferred annuity that pays out at age 80 or 85, which we reframe as “longevity insurance”, using the Survey of Household Financial and Risk Management. Our results indicate that younger cohorts and women are more likely to express a desire to purchase longevity insurance in the future. The stated probability of purchase for longevity insurance was lower for respondents with greater home equity and higher coefficients of relative risk aversion. Our results may be of particular interest to policymakers, annuity companies and retirement plan providers.
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Arnold-Gaille, Séverine; del Carmen Boado-Penas, Maria; Godínez Olivares, Humberto (2016). Longevity risk in notional defined contribution pension schemes: a solution. . 

Geneva Papers on Risk and Insurance (2016) 41(1) : 24-52. [RKN: 47737]

Notional defined contribution pension schemes (NDCs) aim at reproducing the logic of a financial defined contribution plan under a pay-as-you-go framework. Of particular interest is how the accumulated capital of a deceased person is used when the death occurs prior to retirement. While in most countries this accumulated capital (called survivor dividend, SD) is kept by the scheme, in Sweden it is distributed among the same cohort survivors. This paper aims to analyse to what extent the SD kept by most NDCs can be used to cover an unexpected longevity increase. We develop formulas under different assumptions (constant or according to Lee-arter mortality improvements) to calculate the maximum mortality decrease a scheme can cover if the SD is not distributed. We also apply the formulas using Polish, Latvian and Swedish life tables and show that the non-distribution of the SD is a potential solution to cover the longevity risk of NDCs.
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Gatzert, Nadine; Klotzki, Udo (2016). Enhanced annuities: drivers of and barriers to supply and demand. . 

Geneva Papers on Risk and Insurance (2016) 41(1) : 53-77. [RKN: 47738]

Enhanced annuities pay higher pensions than standard annuities in case of a reduced life expectancy and are very prominent in the U.K. insurance market but not in other markets. The aim of this paper is to study drivers of and barriers to supply and demand of enhanced annuities as well as potential market implications of their introduction, including implications for the standard immediate and deferred annuity markets, annuitisation rates and the so-called cannibalisation effect, which may arise within the portfolio of standard annuities because of the enhanced annuity offering. The analysis is based on a comprehensive literature review and an empirical survey in the German life insurance market, which is also intended to offer insight for other industrialised countries with a similar situation in regard to the demographic development and an increasing need for private pensions.
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Pitacco, Ermanno (2016). Guarantee structures in life annuities: a comparative analysis. . 

Geneva Papers on Risk and Insurance (2016) 41(1) : 78-97. [RKN: 47739]

Life annuities constitute a large category of insurance and pension products, ranging from conventional annuities (immediate or deferred) to longevity-linked life annuities, sharing the aim of providing living benefits. The analysis of the guarantee structure aims at singling out the risks taken by the annuity provider, in particular the longevity risk, and the possibility of sharing these risks between annuitant and annuity provider.
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Tanaka, Shuji (2016). A proposal for redesigning social security: long-term care pension. . 

Geneva Papers on Risk and Insurance (2016) 41(1) : 98-117. [RKN: 47740]

I propose to replace the automatic adjustment system of pension benefits, embedded in the 2004 reform of the Japanese public pension scheme, with one providing for specific required care levels and thus assure the logical financial adjustment of long-term care insurance (LTCI) and public pensions. For this purpose, I introduce a multi-state Markov chain model and estimate the transition matrix combining the existent local experience data and nationwide public data. The following policy effect will be anticipated. If an LTCI beneficiary falls into a certain required care status, his or her required care benefit will need to be upgraded and the individual expense burden will increase. A similar approach is proposed by annuity products in the private sector such as the QLAC (qualified longevity annuity contract) in the U.S. and “life care pensions” in Britain.
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Chan, Wai-Sum; Li, Johnny Siu-Hang; Zhou, Kenneth Q; Zhou, Rui (2016). Towards a large and liquid longevity market: a graphical population basis risk metric. . 

Geneva Papers on Risk and Insurance (2016) 41(1) : 118-127. [RKN: 47741]

Pension plan sponsors and annuity providers can offload their longevity risk exposures by trading securities that are linked to broad-based mortality indexes. However, a hedge constructed in this way is subject to population basis risk, arising from the difference in mortality improvements between the hedger’s population and the reference population to which the security is linked. To address this problem, which is believed to be a major obstacle to market development, in this paper we contribute a graphical population basis risk metric. The graphical metric allows market participants to not only visually evaluate the extent of population basis risk, but also determine the most appropriate reference population. We illustrate this concept with a hypothetical example.
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GENEVA RISK AND INSURANCE REVIEW

Fong, Joelle H (2015). Beyond age and sex: enhancing annuity pricing. . - 38 pages.

Geneva Risk and Insurance Review (2015) 40(2) : 133-170. [RKN: 75217]

This paper examines the use of more extensive risk classification and its impact on annuitisation values in consumer markets with mortality heterogeneity. Prices of U.S. retail annuities do not currently reflect buyers’ attributes other than age and sex. I qualitatively assess a number of proposed underwriting factors and show that the factors chosen can robustly predict mortality heterogeneity in a hazards framework. The relative value of annuities across demographic groups converges considerably under finer-grained pricing, but the change in consumers’ well-being is asymmetric. Shorter-lived annuitants gain about 30 per cent in financial and utility-adjusted terms, whereas longer-lived annuitants experience losses of 16 per cent.

INSURANCE: MATHEMATICS & ECONOMICS

Tan, Ken Seng; Blake, David; MacMinn, Richard (2015). Longevity risk and capital markets: the 2013-14 update. . 

Insurance: Mathematics & Economics (2015) 63 : 1-11. [RKN: 47347]

Introduction to all papers for Longevity Nine - the Ninth International Longevity Risk and Capital Markets Solutions Conference, Beijing, China on 6-7 September 2013 and summary of past conferences.
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Hunt, Andrew; Blake, David (2015). Modelling longevity bonds: analysing the Swiss Re Kortis bond. . 

Insurance: Mathematics & Economics (2015) 63 : 12-29. [RKN: 47348]

Paper for Longevity Nine - the Ninth International Longevity Risk and Capital Markets Solutions Conference, Beijing, China on 6-7 September 2013

A key contribution to the development of the traded market for longevity risk was the issuance of the Kortis bond, the world’s first longevity trend bond, by Swiss Re in 2010. We analyse the design of the Kortis bond, develop suitable mortality models to analyse its payoff and discuss the key risk factors for the bond. We also investigate how the design of the Kortis bond can be adapted and extended to further develop the market for longevity risk.
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Wang, Chou-Wen; Yang, Sharon S; Huang, Hong-Chih (2015). Modeling multi-country mortality dependence and its application in pricing survivor index swaps: a dynamic copula approach. . 

Insurance: Mathematics & Economics (2015) 63 : 30-39. [RKN: 47349]

Paper for Longevity Nine - the Ninth International Longevity Risk and Capital Markets Solutions Conference, Beijing, China on 6-7 September 2013

This paper introduces mortality dependence in multi-country mortality modeling using a dynamic copula approach. Specifically, we use time-varying copula models to capture the mortality dependence structure across countries, examining both symmetric and asymmetric dependence structures. In addition, to capture the phenomenon of a heavy tail for the multi-country mortality index, we consider not only the setting of Gaussian innovations but also non-Gaussian innovations under the Lee-Carter framework model. As tests of the goodness of fit of different dynamic copula models, the pattern of mortality dependence, and the distribution of the innovations, we used empirical mortality data from Finland, France, the Netherlands, and Sweden. To understand the effect of mortality dependence on longevity derivatives, we also built a valuation framework for pricing a survivor index swap, then investigated the fair swap rates of a survivor swap numerically. We demonstrate that failing to consider the dynamic copula mortality model and non-Gaussian innovations would lead to serious underestimations of the swap rates and loss reserves.
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Ai, Jing; Brockett, Patrick L; Jacobson, Allen F (2015). A new defined benefit pension risk measurement methodology. . 

Insurance: Mathematics & Economics (2015) 63 : 40-51. [RKN: 47350]

Paper for Longevity Nine - the Ninth International Longevity Risk and Capital Markets Solutions Conference, Beijing, China on 6-7 September 2013

Defined benefit pension plan sponsors have taken on greater risks for sponsoring these plans in the last several years. Due to ever increasing concerns of longevity risk and the weak economic environment, sponsors are eager to understand their pension-related risks to facilitate optimal enterprise decision-making. Borrowing an analytical framework from the life insurance and annuity industry where the amount of risk is framed in terms of the total assets required to remain solvent over a one-year period with a high level of confidence, i.e., the economic capital approach, this paper develops a benchmark risk measure for pension sponsors by obtaining a total asset requirement for sustaining the pension plan. The difference between the total asset requirement and the actual trust assets thus provides a measure of sponsor assets at risk due to plan sponsorship. Two factor-based approaches are proposed for this calculation. The first approach develops a set of pension-specific factors as if the pension plan were a group annuity. The second approach directly simulates the risk drivers of the pension plan and develops a framework for obtaining factors and calculating the pension risk given a desired confidence level. Our approach is very easy to implement and monitor in practice.
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Lin, Yijia; MacMinn, Richard D; Tian, Ruilin (2015). De-risking defined benefit plans. . 

Insurance: Mathematics & Economics (2015) 63 : 52-65. [RKN: 47351]

Paper for Longevity Nine - the Ninth International Longevity Risk and Capital Markets Solutions Conference, Beijing, China on 6-7 September 2013

To identify an appropriate pension de-risking method, this paper proposes an optimization model that minimizes the expected total pension cost subject to a conditional value at risk (CVaR) constraint on pension funding level. Using this model, we examine three pension hedging strategies, i.e., longevity hedge, buy-in and buy-out; each strategy is examined with hedging costs that include a risk premium, search and information cost, underfunding cost, and counter-party risk cost. The numerical examples demonstrate that these hedging costs have a significant impact on the hedging decision. The hedge ratio (total pension cost) decreases (increases) with the transaction cost, the counter-party default probability and the underfunding ratio. In addition, the buy-out underperforms the longevity hedge and the buy-in for underfunded plans and the longevity hedge is less sensitive to the default risk than the buy-in.
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Wan, Cheng; Bertschi, Ljudmila (2015). Swiss coherent mortality model as a basis for developing longevity de-risking solutions for Swiss pension funds: a practical approach. . 

Insurance: Mathematics & Economics (2015) 63 : 66-75. [RKN: 47352]

Paper for Longevity Nine - the Ninth International Longevity Risk and Capital Markets Solutions Conference, Beijing, China on 6-7 September 2013

Pension funds in Switzerland are exposed to longevity risk possibly to a greater extent than in many other developed economies. The ground for this is a dearth of financial products to combat longevity risk, with a lack of buy-in and very limited variety of buy-out solutions available. The solutions that do exist frequently come at a very high price and many pension funds are in deficit on a buy-out basis. From our point of view creating an approach for evaluating the longevity risk faced by each pension fund and integrating it into dynamic risk budgeting strategies will help Swiss pension funds better understand the mechanism behind different longevity de-risking solutions and decide on the most suitable as well as affordable solution for them. To develop capital market solutions for longevity hedging strategies it is crucial that both hedgers (pension funds) as well as solution providers are able to quantify the longevity risk in the framework of a holistic risk management and to develop an adequate pricing approach.

In this publication we present our stochastic coherent mortality model developed for Swiss pension funds based on the reference population of fifteen countries and discuss the robustness of the forecasts relative to the sample period used to fit the model, biological reasonableness of the forecasts and other modelling parameters as well as possible impact on results. The model has taken into account past single population modelling techniques and allows flexible age effect to capture the spread behaviour introduced by the target population. The augmented terms for the spread function are chosen based on their forecast accuracy and a coherent behaviour is expected in the long term. The idea behind is fairly simple and yields a design with both transparency and robustness. The model usage is not limited to Switzerland.
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Shao, Adam W; Hanewald, Katja; Sherris, Michael (2015). Reverse mortgage pricing and risk analysis allowing for idiosyncratic house price risk and longevity risk. . 

Insurance: Mathematics & Economics (2015) 63 : 76-90. [RKN: 47353]

Paper for Longevity Nine - the Ninth International Longevity Risk and Capital Markets Solutions Conference, Beijing, China on 6-7 September 2013

Reverse mortgages provide an alternative source of funding for retirement income and health care costs. The two main risks that reverse mortgage providers face are house price risk and longevity risk. Recent real estate literature has shown that the idiosyncratic component of house price risk is large. We analyse the combined impact of house price risk and longevity risk on the pricing and risk profile of reverse mortgage loans in a stochastic multi-period model. The model incorporates a new hybrid hedonic-repeat-sales pricing model for houses with specific characteristics, as well as a stochastic mortality model for mortality improvements along the cohort direction (the Wills-Sherris model). Our results show that pricing based on an aggregate house price index does not accurately assess the risks underwritten by reverse mortgage lenders, and that failing to take into account cohort trends in mortality improvements substantially underestimates the longevity risk involved in reverse mortgage loans.

DOI: http://dx.doi.org/10.1016/j.insmatheco.2015.03.026  (access via Athens login http://www.openathens.net/)

Horneff, Vanya; Maurer, Raimond; Mitchell, Olivia S; Rogalla, Ralph (2015). Optimal life cycle portfolio choice with variable annuities offering liquidity and investment downside protection. . 

Insurance: Mathematics & Economics (2015) 63 : 91-107. [RKN: 47354]

Paper for Longevity Nine - the Ninth International Longevity Risk and Capital Markets Solutions Conference, Beijing, China on 6-7 September 2013

This paper assesses optimal life cycle consumption and portfolio allocations when households have access to Guaranteed Minimum Withdrawal Benefit (GMWB) variable annuities over their adult lifetimes. Our contribution is to evaluate demand for these products which provide access to equity investments with money-back guarantees, longevity risk hedging, and partially-refundable premiums, in a realistic world with uncertain labor and capital market income as well as mortality risk. Others have predicted that consumers will only purchase such annuities late in life, but we show that they will optimally purchase GMWBs prior to retirement, consistent with their recent rapid uptick in sales. Additionally, many individuals optimally adjust their portfolios and consumption streams along the way by taking cash withdrawals from the products. These products can substantially enhance consumption, by up to 10% for those who experience highly unfavorable experiences in the stock market.
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Gao, Huan; Mamon, Rogemar; Liu, Xiaoming; Tenyakov, Anton (2015). Mortality modelling with regime-switching for the valuation of a guaranteed annuity option. . 

Insurance: Mathematics & Economics (2015) 63 : 108-120. [RKN: 47355]

Paper for Longevity Nine - the Ninth International Longevity Risk and Capital Markets Solutions Conference, Beijing, China on 6-7 September 2013

We consider three ways of putting forward a regime-switching approach in modelling the evolution of mortality rates for the purpose of pricing a guaranteed annuity option (GAO). This involves the extension of the Gompertz and non-mean reverting models as well as the adoption of a pure Markov model for the force of mortality. A continuous-time finite-state Markov chain is employed to describe the evolution of mortality model parameters which are then estimated using the filtered-based and least-squares methods. The adequacy of the regime-switching Gompertz model for the US mortality data is demonstrated via the goodness-of-fit metrics and likelihood-based selection criteria. A GAO is valued assuming the interest and mortality risk factors are switching regimes in accordance with the dynamics of two independent Markov chains. To obtain closed-form valuation formulae, we employ the change of measure technique with the pure endowment price as the numéraire. Numerical implementations are included to compare the results of the proposed approaches and those from the Monte Carlo simulations.
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Li, Johnny Siu-Hang; Zhou, Rui; Hardy, Mary R (2015). A step-by-step guide to building two-population stochastic mortality models. . 

Insurance: Mathematics & Economics (2015) 63 : 121-134. [RKN: 47356]

Paper for Longevity Nine - the Ninth International Longevity Risk and Capital Markets Solutions Conference, Beijing, China on 6-7 September 2013

Two-population stochastic mortality models play a crucial role in the securitization of longevity risk. In particular, they allow us to quantify the population basis risk when longevity hedges are built from broad-based mortality indexes. In this paper, we propose and illustrate a systematic process for constructing a two-population mortality model for a pair of populations. The process encompasses four steps, namely (1) determining the conditions for biological reasonableness, (2) identifying an appropriate base model specification, (3) choosing a suitable time-series process and correlation structure for projecting period and/or cohort effects into the future, and (4) model evaluation. For each of the seven single-population models from Cairns et al. (2009) [A.J.G. Cairns, D. Blake, K. Dowd, G.D. Coughlan, D. Epstein, A. Ong, I. Balevich, A quantitative comparison of stochastic mortality models using data from England and Wales and The United States, North American Actuarial Journal (2009) 13: 1-35], we propose two-population generalizations. We derive criteria required to avoid long-term divergence problems and the likelihood functions for estimating the models. We also explain how the parameter estimates are found, and how the models are systematically simplified to optimize the fit based on the Bayes Information Criterion. Throughout the paper, the results and methodology are illustrated using real data from two pairs of populations.
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Chen, Hua; MacMinn, Richard; Sun, Tao (2015). Multi-population mortality models: a factor copula approach. . 

Insurance: Mathematics & Economics (2015) 63 : 135-146. [RKN: 47357]

Paper for Longevity Nine - the Ninth International Longevity Risk and Capital Markets Solutions Conference, Beijing, China on 6-7 September 2013

Modeling mortality co-movements for multiple populations have significant implications for mortality/longevity risk management. A few two-population mortality models have been proposed to date. They are typically based on the assumption that the forecasted mortality experiences of two or more related populations converge in the long run. This assumption might be justified by the long-term mortality co-integration and thus be applicable to longevity risk modeling. However, it seems too strong to model the short-term mortality dependence. In this paper, we propose a two-stage procedure based on the time series analysis and a factor copula approach to model mortality dependence for multiple populations. In the first stage, we filter the mortality dynamics of each population using an ARMA-GARCH process with heavy-tailed innovations. In the second stage, we model the residual risk using a one-factor copula model that is widely applicable to high dimension data and very flexible in terms of model specification. We then illustrate how to use our mortality model and the maximum entropy approach for mortality risk pricing and hedging. Our model generates par spreads that are very close to the actual spreads of the Vita III mortality bond. We also propose a longevity trend bond and demonstrate how to use this bond to hedge residual longevity risk of an insurer with both annuity and life books of business.
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Kleinow, Torsten (2015). A common age effect model for the mortality of multiple populations. . 

Insurance: Mathematics & Economics (2015) 63 : 147-152. [RKN: 47358]

Paper for Longevity Nine - the Ninth International Longevity Risk and Capital Markets Solutions Conference, Beijing, China on 6-7 September 2013

We introduce a model for the mortality rates of multiple populations. To build the proposed model we investigate to what extent a common age effect can be found among the mortality experiences of several countries and use a common principal component analysis to estimate a common age effect in an age-period model for multiple populations. The fit of the proposed model is then compared to age-period models fitted to each country individually, and to the fit of the model proposed by Li and Lee (2005) [N Li, R Lee, Coherent mortality forecasts for a group of populations: an extension of the Lee-Carter method, Demography (2005) 42(3): 575-594]. Although we do not consider stochastic mortality projections in this paper, we argue that the proposed common age effect model can be extended to a stochastic mortality model for multiple populations, which allows to generate mortality scenarios simultaneously for all considered populations. This is particularly relevant when mortality derivatives are used to hedge the longevity risk in an annuity portfolio as this often means that the underlying population for the derivatives is not the same as the population in the annuity portfolio.
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Li, Hongyi; de Waegenaere, Anja; Melenberg, Bertrand (2015). The choice of sample size for mortality forecasting: A Bayesian learning approach. . 

Insurance: Mathematics & Economics (2015) 63 : 153-168. [RKN: 47359]

Paper for Longevity Nine - the Ninth International Longevity Risk and Capital Markets Solutions Conference, Beijing, China on 6-7 September 2013

Forecasted mortality rates using mortality models proposed in the recent literature are sensitive to the sample size. In this paper we propose a method based on Bayesian learning to determine model-specific posterior distributions of the sample sizes. In particular, the sample size is included as an extra parameter in the parameter space of the mortality model, and its posterior distribution is obtained based on historical performance for different forecast horizons up to 20 years. Age- and gender-specific posterior distributions of sample sizes are computed. Our method is applicable to a large class of linear mortality models. As illustration, we focus on the first generation of the Lee–Carter model and the Cairns–Blake–Dowd model. Our method is applied to US and Dutch data. For both countries we find highly concentrated posterior distributions of the sample size that are gender- and age-specific. In the out-of-sample forecast analysis, the Bayesian model outperforms the original mortality models with fixed sample sizes in the majority of cases.
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Tomas, Julien; Planchet, Frédéric (2015). Prospective mortality tables: taking heterogeneity into account. . 

Insurance: Mathematics & Economics (2015) 63 : 169-190. [RKN: 47360]

Paper for Longevity Nine - the Ninth International Longevity Risk and Capital Markets Solutions Conference, Beijing, China on 6-7 September 2013

The present article illustrates an approach to construct prospective mortality tables for which the data available are composed by heterogeneous groups observed during different periods. Without explicit consideration of heterogeneity, it is necessary to reduce the period of observation at the intersection of the different populations observation periods. This reduction of the available history can arm the determination of the mortality trend and its extrapolation. We propose a model taking explicitly into account the heterogeneity, so as to preserve the entire history available for all populations. We use local kernel-weighted log-likelihood techniques to graduate the observed mortality. The extrapolation of the smoothed surface is performed by identifying the mortality components and their importance over time using singular values decomposition. Then time series methods are used to extrapolate the time-varying coefficients. We investigate the divergences in the mortality surfaces generated by a number of previously proposed models on three levels. These concern the proximity between the observations and the model, the regularity of the fit as well as the plausibility and consistency of the mortality trends.
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Gourieroux, Christian; Lu, Yang (2015). Love and death: a Freund model with frailty. . 

Insurance: Mathematics & Economics (2015) 63 : 191-203. [RKN: 47361]

Paper for Longevity Nine - the Ninth International Longevity Risk and Capital Markets Solutions Conference, Beijing, China on 6-7 September 2013

We introduce new models for analyzing the mortality dependence between individuals in a couple. The mortality risk dependence is usually taken into account in the actuarial literature by introducing special copulas with continuous density. This practice implies symmetric effects on the remaining lifetime of the surviving spouse. The new model allows for both asymmetric reactions by means of a Freund model, and risk dependence by means of an unobservable common risk factor (or frailty). These models allow for distinguishing in the lifetime dependence the component due to common lifetime (frailty) from the jump in mortality intensity upon death of spouse (Freund model). The model is applied to the pricing of insurance products such as joint life policy, last survivor insurance, or contracts with reversionary annuities. A discussion of identification is also provided.
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Milevsky, Moshe Arye; Salisbury, Thomas S (2015). Optimal retirement income tontines. . 

Insurance: Mathematics & Economics (2015) 64 : 91-105. [RKN: 47591]

See online abstract for mathematical notation

Tontines were once a popular type of mortality-linked investment pool. They promised enormous rewards to the last survivors at the expense of those died early. While this design appealed to the gambling instinct, it is a suboptimal way to generate retirement income. Indeed, actuarially fair life annuities making constant payments – where the insurance company is exposed to longevity risk – induce greater lifetime utility. However, tontines do not have to be structured the historical way, i.e. with a constant cash flow shared amongst a shrinking group of survivors. Moreover, insurance companies do not sell actuarially-fair life annuities, in part due to aggregate longevity risk. We derive the tontine structure that maximizes lifetime utility. Technically speaking we solve the Euler–Lagrange equation and examine its sensitivity to (i) the size of the tontine pool n, and (ii) individual longevity risk aversion  . We examine how the optimal tontine varies with    and nn, and prove some qualitative theorems about the optimal payout. Interestingly, Lorenzo de Tonti’s original structure is optimal in the limit as longevity risk aversion   8. We define the natural tontine   as the function for which the payout declines in exact proportion to the survival probabilities, which we show is near-optimal for all   and n. We conclude by comparing the utility of optimal tontines to the utility of loaded life annuities under reasonable demographic and economic conditions and find that the life annuity’s advantage over the optimal tontine is minimal. In sum, this paper’s contribution is to (i) rekindle a discussion about a retirement income product that has been long neglected, and (ii) leverage economic theory as well as tools from mathematical finance to design the next generation of tontine annuities.
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Liu, Yanxin; Li,  Johnny Siu-Hang (2015). The age pattern of transitory mortality jumps and its impact on the pricing of catastrophic mortality bonds. . 

Insurance: Mathematics & Economics (2015) 64 : 135-150. [RKN: 47594]

To value catastrophic mortality bonds, a number of stochastic mortality models with transitory jump effects have been proposed. Rather than modeling the age pattern of jump effects explicitly, most of the existing models assume that the distributions of jump effects and general mortality improvements across ages are identical. Nevertheless, this assumption does not seem to be in line with what we observe from historical data. In this paper, we address this problem by introducing a Lee-Carter variant that captures the age pattern of mortality jumps by a distinct collection of parameters. The model variant is then further generalized to permit the age pattern of jump effects to vary randomly. We illustrate the two proposed models with mortality data from the United States and English and Welsh populations, and use them to value hypothetical mortality bonds with similar specifications to the Atlas IX Capital Class B note that was launched in 2013. It is found that the features we consider have a significant impact on the estimated prices
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Liang, Zongxia; Ma, Ming (2015). Optimal dynamic asset allocation of pension fund in mortality and salary risks framework. . 

Insurance: Mathematics & Economics (2015) 64 : 151-161. [RKN: 47595]

In this paper, we consider the optimal dynamic asset allocation of pension fund with mortality risk and salary risk. The managers of the pension fund try to find the optimal investment policy (optimal asset allocation) to maximize the expected utility of terminal wealth. The market is a combination of financial market and insurance market. The financial market consists of three assets: cashes with stochastic interest rate, stocks and rolling bonds, while the insurance market consists of mortality risk and salary risk. These two non-hedging risks cause incompleteness of the market. By martingale method and dynamic programming principle we first derive the approximate optimal investment policy to overcome the difficulty, then investigate the efficiency of the approximation. Finally, we solve an optimal assets liabilities management(ALM) problem with mortality risk and salary risk under CRRA utility, and reveal the influence of these two risks on the optimal investment policy by numerical illustration.
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Hatzopoulos, Peter; Haberman, Steven (2015). Modeling trends in cohort survival probabilities. . 

Insurance: Mathematics & Economics (2015) 64 : 162-179. [RKN: 47596]

A new dynamic parametric model is proposed for analyzing the cohort survival function. A one-factor parameterized polynomial in age effects, complementary log–log link and multinomial cohort responses are utilized, within the generalized linear models (GLM) framework. Sparse Principal component analysis (SPCA) is then applied to cohort dependent parameter estimates and provides (marginal) estimates for a two-factor structure. Modeling the two-factor residuals in a similar way, in age–time effects, provides estimates for the three-factor age-cohort-period model. An application is presented for Sweden, Norway, England & Wales and Denmark mortality experience.
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Hunt, Andrew; Villegas, Andrés M (2015). Robustness and convergence in the Lee-Carter model with cohort effects. . 

Insurance: Mathematics & Economics (2015) 64 : 186-202. [RKN: 47598]

Interest in cohort effects in mortality data has increased dramatically in recent years, with much of the research focused on extensions of the Lee-Carter model incorporating cohort parameters. However, some studies find that these models are not robust to changes in the data or fitting algorithm, which limits their suitability for many purposes. It has been suggested that these robustness problems may be the result of an unresolved identifiability issue. In this paper, after investigating systemically the robustness of cohort extensions of the Lee-Carter model and the convergence of the algorithms used to fit it to data, we demonstrate the existence of such an identifiability issue and propose an additional approximate identifiability constraint which solves many of the problems found.
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Alai, Daniel H; Zinoviy, Landsman; Sherris, Michael (2015). A multivariate Tweedie lifetime model: censoring and truncation. . 

Insurance: Mathematics & Economics (2015) 64 : 203-213. [RKN: 47599]

We generalize model calibration for a multivariate Tweedie distribution to allow for censored observations; estimation is based on the method of moments. The multivariate Tweedie distribution we consider incorporates dependence in a pool of lives via a common stochastic component. Pools may be interpreted in various ways, from nation-wide cohorts to employer-based pension annuity portfolios. In general, the common stochastic component is representative of systematic longevity risk, which is not accounted for in standard life tables and actuarial models used for annuity pricing and reserving.
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Steinorth, Petra; Mitchell, Olivia S (2015). Valuing variable annuities with guaranteed minimum lifetime withdrawal benefits. . 

Insurance: Mathematics & Economics (2015) 64 : 246-258. [RKN: 47603]

Variable annuities with guaranteed minimum lifetime withdrawal benefits (VA/GLWB) offer retirees longevity protection, exposure to equity markets, and access to flexible withdrawals in emergencies. We model how risk-averse retirees optimally withdraw from the products, balancing returns and the embedded longevity protection. Assuming reasonable individual preferences, the resulting cash flow generates a Money’s Worth Ratio of around 0.9 for our stylized VA/GLWB in the post-crisis product, considerably lower than what was offered prior to 2008. Sensitivity analyses with respect to portfolio choice, mortality, fees, and guaranteed withdrawal rates show that MWRs range from 0.80 to 1.0, with the portfolio choice making the biggest difference. For most parameter choices, the utility value of the VA/GLWB exceeds that of a similar mutual fund, but it is less than for a fixed annuity. Interestingly, VA/GLWB withdrawals in early retirement can optimally exceed contract maximum withdrawals, despite the fact that this reduces future withdrawal guarantees.
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Ahmadi, Seyed Saeed; Gaillardetz, Patrice (2015). Modeling mortality and pricing life annuities with Lévy processes. . 

Insurance: Mathematics & Economics (2015) 64 : 337-350. [RKN: 47612]

We consider the pricing of annuity-due under stochastic force of mortality. Similarly to Renshaw et al. (1996) and Sithole et al. (2000) [Sithole, T Z; Haberman, S; Verrall, R J (2000), An investigation into parametric models for mortality projections, with applications to immediate annuitants’ and life office pensioners’ data, Insurance: Mathematics and Economics 27: 285-312], the force of mortality will be defined using an exponential function of Legendre polynomials. We extend the approach of Ballotta and Haberman (2006) [Ballotta, L; Haberman, S (2006), The fair valuation problem of guaranteed annuity options: The stochastic mortality environment case, Insurance: Mathematics and Economics 38: 195-214] by conditionally adding aa-stable Lévy subordinators in the force of mortality. In particular, we focus on the Gamma and Variance-Gamma processes in order to show how Lévy subordinators can capture mortality shocks. Generalized Linear Models is used to estimate coefficients of the explanatory variables and the Lévy process. For this purpose, the coefficients of the process are obtained by maximizing the log-likelihood function. We use the mortality data of males in Japan from 1998-2011 and the U.S. from 1965–2010 in order to compare our results with the model proposed by Renshaw et al. (1996) [Renshaw, A E; S. Haberman, S; Hatzoupoulos, P (1996), The modelling of recent mortality trends in United Kingdom male assured lives, British Actuarial Journal, 2(2): 449-477]. Some preferences are indicated based on Akaike’s information criterion, Bayesian information criterion, likelihood ratio test and Akaike weights to support the proposed model. We then use a cubic smoothing spline method to fit the interest rate curve and illustrate some over (under) estimations in the prices of annuities under the structure suggested by Renshaw et al. (1996) [op. cit.].
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Dai, Tian-Shyr; Yang, Sharon S; Liu, Liang-Chih (2015). Pricing guaranteed minimum/lifetime withdrawal benefits with various provisions under investment, interest rate and mortality risks. . 

Insurance: Mathematics & Economics (2015) 64 : 364-379. [RKN: 47614]

Many variable annuity products associated with guaranteed minimum withdrawal benefit (GMWB) or its lifelong version, a guaranteed lifelong withdrawal benefit (GLWB), have enjoyed great market success in the United States and Asia. The interaction impacts among complex policy provisions and the randomness of the account value of the policy, the prevailing interest rate, as well as the mortality rate may significantly influence the evaluations of GMWBs/GMLBs, especially when the guaranteed payments are made over a long, or even a lifelong, horizon. To deal with aforementioned risk factors and policy provisions, this paper proposes a novel three-dimensional (3D) tree that can analyze how different policy provisions influence the evaluation of GMWB/GLWBs under investment interest rate, and mortality risks simultaneously. The orthogonalization method is used to convert correlated dynamics of the account value of the policy and the short-term interest rate into two independent processes that can be easily simulated by our 3D tree. Besides, the structure of our 3D tree is sophisticatedly designed to avoid the unstable (oscillating) pricing results phenomenon that has characterized many numerical pricing methods. Rigorous numerical experiments are given to analyze the interaction effects among policy provisions and the aforementioned risk factors on the evaluation of GMWBs/GLWBs.
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Butt, Adam; Khemka, Gaurav (2015). The effect of objective formulation on retirement decision making. . 

Insurance: Mathematics & Economics (2015) 64 : 385-395. [RKN: 47616]

For a retiree who must maintain both investment and longevity risks, we consider the impact on decision making of focusing on an objective relating to the terminal wealth at retirement, instead of a more correct objective relating to a retirement income. Both a shortfall and a utility objective are considered; we argue that shortfall objectives may be inappropriate due to distortion in results with non-monotonically correlated economic factors. The modelling undertaken uses a dynamic programming approach in conjunction with Monte-Carlo simulations of future experience of an individual to make optimal choices. We find that the type of objective targetted can have a significant impact on the optimal choices made, with optimal equity allocations being up to 30% higher and contribution amounts also being significantly higher under a retirement income objective as compared to a terminal wealth objective. The result of these differences can have a significant impact on retirement outcomes.
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Wu, Huiling; Zeng, Yan (2015). Equilibrium investment strategy for defined-contribution pension schemes with generalized mean-variance criterion and mortality risk. . 

Insurance: Mathematics & Economics (2015) 64 : 396-408. [RKN: 47617]

This paper studies a generalized multi-period mean-variance portfolio selection problem within the game theoretic framework for a defined-contribution pension scheme member. The member is assumed to have a stochastic salary flow and a stochastic mortality rate, and is allowed to invest in a financial market with one risk-free asset and one risky asset. The explicit expressions for the equilibrium investment strategy and equilibrium value function are obtained by backward induction. In addition, some sensitivity analysis and numerical illustrations are provided to show the effects of mortality risk on our results.
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Ekheden, Erland; Hössjer, Ola (2015). Multivariate time series modeling, estimation and prediction of mortalities. . 

Insurance: Mathematics & Economics (2015) 65 : 156-171. [RKN: 47638]

We introduce a mixed regression model for mortality data which can be decomposed into a deterministic trend component explained by the covariates age and calendar year, a multivariate Gaussian time series part not explained by the covariates, and binomial risk. Data can be analyzed by means of a simple logistic regression model when the multivariate Gaussian time series component is absent and there is no overdispersion. In this paper we rather allow for overdispersion and the mixed regression model is fitted to mortality data from the United States and Sweden, with the aim to provide prediction and intervals for future mortality and annuity premium, as well as smoothing historical data, using the best linear unbiased predictor. We find that the form of the Gaussian time series has a large impact on the width of the prediction intervals, and it poses some new questions on proper model selection.

DOI: http://dx.doi.org/10.1016/j.insmatheco.2015.09.013  (access via Athens login http://www.openathens.net/)

Ignatieva, Katja; Landsman, Zinoviy (2015). Estimating the tails of loss severity via conditional risk measures for the family of symmetric generalised hyperbolic distributions. . 

Insurance: Mathematics & Economics (2015) 65 : 172-186. [RKN: 47639]

This paper addresses one of the main challenges faced by insurance companies and risk management departments, namely, how to develop standardised framework for measuring risks of underlying portfolios and in particular, how to most reliably estimate loss severity distribution from historical data. This paper investigates tail conditional expectation (TCE) and tail variance premium (TVP) risk measures for the family of symmetric generalised hyperbolic (SGH) distributions. In contrast to a widely used Value-at-Risk (VaR) measure, TCE satisfies the requirement of the “coherent” risk measure taking into account the expected loss in the tail of the distribution while TVP incorporates variability in the tail, providing the most conservative estimator of risk. We examine various distributions from the class of SGH distributions, which turn out to fit well financial data returns and allow for explicit formulas for TCE and TVP risk measures. In parallel, we obtain asymptotic behaviour for TCE and TVP risk measures for large quantile levels. Furthermore, we extend our analysis to the multivariate framework, allowing multivariate distributions to model combinations of correlated risks, and demonstrate how TCE can be decomposed into individual components, representing contribution of individual risks to the aggregate portfolio risk.
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Sokol, Alexander (2015). A generic model for spouse’s pensions with a view towards the calculation of liabilities. . 

Insurance: Mathematics & Economics (2015) 65 : 198-207. [RKN: 47652]

We introduce a generic model for spouse’s pensions. The generic model allows for the modeling of various types of spouse’s pensions with payments commencing at the death of the insured. We derive abstract formulas for cashflows and liabilities corresponding to common types of spouse’s pensions. In particular, we show that our generic model allows for simple modeling of longevity improvements, enabling the calculation of the Solvency II capital requirements related to longevity risk for spouse’s pensions.
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Wong, Chi Heem; Tsui, Albert K C (2015). Forecasting life expectancy: evidence from a new survival function. . 

Insurance: Mathematics & Economics (2015) 65 : 208-226. [RKN: 47653]

We propose a new survival function to forecast life expectancies at various ages. The proposed model comprises the youth-to-adulthood component and the old-to-oldest-old component. It is able to closely fit adult survivorship of the US men and women in the period from 1950 to 2010. We find evidence that the forecasting performance of life expectancies by the proposed model compares favorably with those obtained from the popular Lee-Carter model (1992) and the shifting logistic model proposed by Bongaarts (2005). [J. Bongaarts, Long-range trends in adult mortality: models and projection methods, Demography (2005) 42(1): 23-49]
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Lin, Tzuling; Tsai, Cary Chi-Liang (2016). Hedging mortality/longevity risks of insurance portfolios for life insurer/annuity provider and financial intermediary. . 

Insurance: Mathematics & Economics (2016) 66 : 44-58. [RKN: 47796]

In this paper, we propose two risk hedge schemes in which a life insurer (an annuity provider) can transfer mortality (longevity) risk of a portfolio of life (annuity) exposures to a financial intermediary by paying the hedging premium of a mortality-linked security. The optimal units of the mortality-linked security which maximize hedge effectiveness for a life insurer (an annuity provider) can be derived as closed-form formulas under the risk hedge schemes. Numerical illustrations show that the risk hedge schemes can significantly hedge the downside risk of loss due to mortality (longevity) risk for the life insurer (annuity provider) under some stochastic mortality models. Besides, finding an optimal weight of a portfolio of life and annuity business, the financial intermediary can reduce the sensitivity to mortality rates but the model risk; a security loading may be imposed on the hedge premium for a higher probability of gain to compensate the financial intermediary for the inevitable model risk.
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Sanders, Lisanne; Melenberg, Bertrand (2016). Estimating the joint survival probabilities of married individuals. . 

Insurance: Mathematics & Economics (2016) 67 : 88-106. [RKN: 47854]

We estimate the joint survival probability of spouses using a large random sample drawn from a Dutch census. As benchmarks we use two bivariate Weibull models. We consider more flexible models, using a semi-nonparametric approach, by extending the independent Weibull distribution using squared polynomials. Also based on a nonparametric comparison, we find that extending the independent Weibull distribution by a squared third order polynomial shows the best performance. We illustrate our model by calculating remaining life expectancies and annuity values. We find that the husbands life expectancy at birth is generally increasing with his wifes age of death and the wifes life expectancy at birth is generally increasing with her husbands age of death. Ignoring the dependence between the remaining lifetimes of spouses may lead to an underestimation of the value of a joint annuity and an overestimation of the value of a single-life annuity, but less than suggested on the basis of the previous literature.
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JOURNAL OF PENSION ECONOMICS & FINANCE

Mitchell, Olivia S (2015). Overviewing the findings: the Technical Panel Review of the Pension Insurance Modeling System. . - 12 pages.

Journal of Pension Economics & Finance (2015) 14(2) : 115-126. [RKN: 75257]

The Pension Benefit Guaranty Corporation's (PBGC) Pension Insurance Modeling System (PIMS) is used to evaluate the financial security and resilience of the national program backstopping private defined benefit plans. The Pension Research Council of the Wharton School at the University of Pennsylvania recently convened a Technical Review Panel of experts to review key inputs, outputs, and model assumptions. Our review was intended to provide a formal evaluation of the technical adequacy of the model by outside experts. The papers herein summarize views of each expert on this project. Key findings are as follows:  The PIMS models are an important and valuable tool in modeling the Pension Benefit Guaranty Corporation's liability risk. To the best of our knowledge, there is no other model that can do a comparable job.  Nevertheless, some improvements could be integrated in the Agency's approach to modeling. Those deserving highest priority attention, in the experts’ view, include incorporating systematic mortality risk (i.e., treat mortality and longevity as stochastic variables); including new asset classes increasingly found in defined benefit plan portfolios (e.g., commercial real estate, private equity funds, infrastructure, hedge funds, and others); developing a more complex model for the term structure of interest rates; and incorporating an option value approach to pricing the insurance provided.  The Agency could also do more to communicate the range of uncertainty and potential for problems associated with the PBGC's financial status. This could include additional information including the conditional value-at-risk, and perhaps an ‘intermediate,’ ‘optimistic’, and ‘pessimistic’ set of projected outcomes, as well as the expected ‘date of exhaustion’ for assets backing pension benefits insured by the PBGC. [Includes Erratum on p125-126]
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Denuit, Michel M; Haberman, Steven; Renshaw, Arthur E (2015). Longevity-contingent deferred life annuities. . - 13 pages.

Journal of Pension Economics & Finance (2015) 14(3) : 315-327. [RKN: 75268]

Considering the substantial systematic longevity risk threatening annuity providers’ solvency, indexing benefits on actual mortality improvements appears to be an efficient risk management tool, as discussed in Denuit et al. (2011) and Richter and Weber (2011). Whereas these papers consider indexing annuity payments, the present work suggests that the length of the deferment period could also be subject to revision, providing longevity-contingent deferred life annuities.
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JOURNAL OF RISK AND INSURANCE

Fong, Joelle H; Piggott, John; Sherris, Michael (2015). Longevity selection and liabilities in public sector pension funds. . - 32 pages.

Journal of Risk and Insurance (2015) 82 (1) : 33-64. [RKN: 74380]

This article assesses the cost and risk faced by public sector, defined benefit plan providers arising from uncertain mortality, including longevity selection, mortality improvements, and unexpected systematic shocks. Using longitudinal microdata on Australian pensioners, we quantify the extent of longevity selection at both aggregate and scheme level. We also show that as the age-membership structure in a pension scheme matures, scheme-specific longevity selection risk and systematic shocks become quantitatively more important and have larger consequences for plan liabilities than aggregate selection risk or the impact of mortality improvements.

Zhou, Rui; Siu-Hang Li, Johnny; Tan, Ken Seng (2015). Economic pricing of mortality-linked securities: a Tâtonnement approach. . - 32 pages.

Journal of Risk and Insurance (2015) 82 (1) : 65-96. [RKN: 74381]

In previous research on pricing mortality-linked securities, the no-arbitrage approach is often used. However, this approach, which takes market prices as given, is difficult to implement in today's embryonic market where there are few traded securities. In this article, we tackle the pricing problem from a different angle by considering methods that are more related to fundamental economic concepts. Specifically, we treat the pricing work as aWalrasian tâtonnement process, in which prices are determined through a gradual calibration of supply and demand. We illustrate the proposed pricing framework with a hypothetical mortality-linked security and mortality data from the U.S. population.

Pai, Jeffrey; Boyd, Milton; Porth, Lysa (2015). Insurance premium calculation using credibility analysis: An example from livestock mortality insurance. . - 17 pages.

Journal of Risk and Insurance (2015) 82 (2) : 341–357. [RKN: 75139]

A major problem facing livestock producers is animal mortality risk. Livestock mortality insurance is still at the initial stages, and premium computation approaches are still relatively new and will require more research. This study seeks to provide a first step for developing a better understanding of livestock insurance as a solution to mortality risk, as it explores improved methods for livestock mortality insurance modeling procedures, and premium computation, using credibility analysis. The purpose of this study is to develop improved estimates for livestock mortality insurance premiums for Canada under a credibility framework. We illustrate our approach through one example using livestock data from 1999 to 2007.

Chen, Hua; Hsu, Wen-Yen; Weiss, Mary A (2015). The pension option in labor insurance and its effect on household saving and consumption: evidence from Taiwan. . - 29 pages.

Journal of Risk and Insurance (2015) 82(4) : 947–975. [RKN: 75433]

Starting in 2009, the Labor Insurance (LI) program in Taiwan has allowed workers to choose between pension old-age benefits and one-time old-age benefits. The introduction of the pension option not only mitigates longevity risk for workers but also provides a higher expected present value of old-age benefits to workers than the one-time benefit option (on average). Based on a lifecycle model with uncertain lifespan, we expect that workers will increase current consumption and reduce saving in response to this policy intervention. We use data from the Survey of Family Income and Expenditure in Taiwan to empirically test this prediction. In order to isolate other systematic structural changes or economic shocks from the true impact of the pension option on saving and consumption, we adopt a difference-in-differences approach in this study. Our results indicate that the implementation of pension benefits in LI lowers households' saving by 8.41 percent (NT$50,587) and raises consumption by 5.73 percent (NT$42,897) for LI workers. In addition, we find that, in general, households with less saving or consumption tend to be more responsive to this policy in terms of reducing saving or increasing consumption.

JOURNAL OF RISK AND UNCERTAINTY

Hammitt, James K; Tunçel, Tuba (2015). Preferences for life-expectancy gains: Sooner or later?. .  Springer, - 25 pages.

Journal of Risk and Uncertainty (2015) 51(1) : 79-101. [RKN: 75201]

We assess individuals’ preferences for time paths of reductions in mortality risk yielding a life-expectancy gain of about 1 month. In a survey of more than 1000 French residents, we find substantial coherence and heterogeneity. We elicit pairwise preferences between three perturbations of age- and gender-specific survival curves: transient (reduce hazard for next 10 years), additive (reduce hazard in all future years by subtracting a constant), and proportional (reduce hazard in all future years by a common fraction). The preference order implied by these pairwise responses is transitive for 85% of respondents. The most common preference orders, accounting for more than half the respondents, are strict indifference, proportional   additive   transient, and the inverse of that ranking. These are consistent with globally risk-neutral, risk-seeking, and risk-averse preferences toward longevity, respectively. Choices between one of these scenarios and a latent version that provides no risk reduction for the first 10 or 20 years are consistent with these risk postures. The mean and median consumption-discount rates are 12 and 5% per year, respectively, and the average coefficient of relative risk aversion with respect to financial gambles is about 0.5. Preferences toward the time path of mortality-risk reduction are not strongly associated with individual characteristics, although respondents who are older or exhibit higher consumption-discount rates tend to exhibit less longevity-risk aversion.

JOURNAL OF THE ROYAL STATISTICAL SOCIETY, SERIES A

Martínez Miranda, María Dolores; Nielsen, Bent; Nielsen, Jens Perch (2015). Inference and forecasting in the age-period-cohort model with unknown exposure with an application to mesothelioma mortality. . 

Journal of the Royal Statistical Society, Series A (2015) 178(1) : 29-55. [RKN: 47643]

It is of considerable interest to forecast future mesothelioma mortality. No measures for exposure are available so it is not straightforward to apply a dose-response model. It is proposed to model the counts of deaths directly by using a Poisson regression with an age-period-cohort structure, but without offset. Traditionally the age-period-cohort is viewed as suffering from an identification problem. It is shown how to reparameterize the model in terms of freely varying parameters, to avoid this problem. It is shown how to conduct inference and how to construct distribution forecasts.
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Aktekin, Tevfik; Musal, Muzaffer (2015). Analysis of income inequality measures on human immunodeficiency virus mortality: a spatiotemporal Bayesian perspective. . 

Journal of the Royal Statistical Society, Series A (2015) 178(2) : 383-403. [RKN: 47646]

Social, economic, environmental and behavioural factors impacting health are well recognized in the literature. We consider the use of various income inequality measures in addition to a poverty measure and investigate their effects on human immunodeficiency virus (HIV) mortality. In doing so, we make use of models that can capture zero inflation and spatiotemporal effects. The research is motivated by the lack of studies from an inference and modelling perspectives in explaining HIV mortality by using measures that take into account socio-economic status as well as time and location. Such a study can help policy makers to identify cases of environmental injustice and areas of outstanding health risk to assist in resource allocation problems. In our numerical example, we make use of mortality data obtained for the state of New York, estimate model parameters from a Bayesian inference perspective and discuss the implications and interpretations of various income inequality measures. The methodological novelty of our study is the introduction of a zero-inflated Poisson model that can account for both spatial and temporal effects across 5 years (2000–2004). The practical novelty of our study is its attempt to find inequality measures which can improve our understanding of HIV mortality risk. Our results indicate that, for the data at hand, if inequality is calculated on the basis of county-specific income shares rather than the whole state, HIV mortality can be better explained. In addition, accounting for temporal and spatial effects was found to contribute to our understanding of HIV mortality risk.
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Wheldon, Mark C; Raftery, Adrian E; Clark, Samuel J; Gerland, Patrick (2015). Bayesian reconstruction of two-sex populations by age: estimating sex ratios at birth and sex ratios of mortality. . 

Journal of the Royal Statistical Society, Series A (2015) 178(4) : 977-1007. [RKN: 47650]

The original version of Bayesian reconstruction, which is a method for estimating age-specific fertility, mortality, migration and population counts of the recent past with uncertainty, produced estimates for female-only populations. Here we show how two-sex populations can be similarly reconstructed and probabilistic estimates of various sex ratio quantities obtained. We demonstrate the method by reconstructing the populations of India from 1971 to 2001, Thailand from 1960 to 2000 and Laos from 1985 to 2005. We found evidence that, in India, the sex ratio at birth exceeded its conventional upper limit of 1.06, and, further, increased over the period of study, with posterior probability above 0.9. In addition, almost uniquely, we found evidence that life expectancy at birth, inline image, was lower for females than for males in India (posterior probability for 1971-1976 equal to 0.79), although there was strong evidence for a reversal of the gap through to 2001. In both Thailand and Laos, we found strong evidence for the more usual result that inline image was greater for females and, in Thailand, that the difference increased over the period of study.
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Lu, Joseph L C (2015). Summary [of Longevity Bulletin 6: the pandemics edition]. . 

Longevity Bulletin (2015) 6 (August) : 2. [RKN: 47772]

Woo, Gordon (2015). An actuarial perspective on pandemics. . 

Longevity Bulletin (2015) 6 (August) : 3-5. [RKN: 47773]

Infectious disease pandemics such as Spanish flu, HIV/AIDS or Ebola have been a scourge on human society throughout recorded history. Fortunately, severe pandemics are rare, so their occurrence registers as an occasional spike in downwardtrending mortality rates. The possibility of a large spike is significant for insurance risk management because of the premature death of significant numbers of insured lives, many of whom might be in middle age or younger. There would be substantial consequent volatility in cash flow. In order to evaluate pandemic risk, a traditional actuarial approach would be to undertake a statistical analysis of past mortality experience. As with all extreme events, while it is possible to extrapolate from historical data, the reliability of the results is severely degraded by the paucity of historical events, and the evolution over time of both the human population and its interaction with the infectious disease environment. To understand the scope of pandemic risk, the spectrum of possible future scenarios needs to be  constructed based on the current human population and best scientific understanding of the infectious disease environment. This structured approach to dynamic modelling is more insightful for risk management than a purely statistical method, because of the sparse statistics of pandemics. _[Article continues...]

Holanec, Ivo (2015). Case study: 1918 Spanish flu. . 

Longevity Bulletin (2015) 6 (August) : 6. [RKN: 47774]

Infographic prepared from sources by Ivo Holanec

Influenza is a respiratory illness caused by several flu viruses. The 1918 flu was a new strain that the world had not seen before, so few humans had any natural immunity. This flu was one of the deadliest pandemics on record, ultimately claiming 50 million lives. One third of the world’s population may have been infected and death rates were 5 – 20 times higher than expected. The virus was recently reconstructed by scientists at the Centre for Disease Control in the United States, studying remains of bodies preserved by the Alaskan permafrost. It is believed that a type of H1N1 virus was the cause of the pandemic – variations of which still exist today in swine flu.

Martin, Alison (2015). An epidemiological perspective on pandemics. . 

Longevity Bulletin (2015) 6 (August) : 7-11. [RKN: 47775]

This article explores some of the characteristics of infectious diseases that are capable of global outbreaks, and the factors that increase and decrease the risk of a pandemic.

Holanec, Ivo (2015). Case study: HIV/AIDS. . 

Longevity Bulletin (2015) 6 (August) : 12. [RKN: 47776]

Infographic prepared from sources by Ivo Holanec

Sellwood, Chloe (2015). A policy perspective on pandemics. . 

Longevity Bulletin (2015) 6 (August) : 13-18. [RKN: 47777]

Many people will be familiar with the term and popular concept of an apocalypse through recent films such as I am Legend (2007), World War Z (2013), Contagion (2011) and Dawn of the Planet of the Apes (2014) where an infectious disease rapidly spreads around the world wiping out virtually all of humanity. However this is not true for all pandemics and while this article will focus on influenza when considering the policymakers’ perspective of pandemic preparedness and response, many of the public health impacts of other infectious agents are common and consequently plans and policies for intervention can encompass common elements.

Holanec, Ivo (2015). Case study: Ebola. . 

Longevity Bulletin (2015) 6 (August) : 19. [RKN: 47778]

Infographic prepared from sources by Ivo Holanec

Ebola virus disease (EVD) comes from the filo virus family, which occurs in humans and other primates. Ebola virus disease (EVD), formerly known as haemorrhagic fever, was first discovered in 1972 in what is now the Democratic Republic of the Congo near Ebola River. The current outbreak dwarfs the largest historical outbreaks in Africa, which were rural and relatively easy to control. Ebola has now spread to dense urban areas, where control is harder to achieve. Since 1994 Ebola outbreaks have been occurring with increasing frequency

Thuemmler, Christoph (2015). A medical technologist perspective on pandemics. . 

Longevity Bulletin (2015) 6 (August) : 20-21. [RKN: 47779]

Detailed information on prevalence, incidence, and velocity of the vector are crucial to containment and prevention of viral and bacterial epidemics. Typically information is based on crisp medical data with high reliability in order to achieve a high level of specificity. Providing diagnostic information in “real time” in this context may mean a considerable delay due to the fact that more or less complex diagnostic procedures have to be completed in order to confirm a diagnosis and correctly identify those patients who suffer a certain condition. Local medical infrastructures are heterogeneous and of different standards so there is substantial variation in the provision of reliable “real time” information. [The article continues...]

Willets, Richard C; Lu, Joseph L C (2015). Historical analysis of longevity improvements. . 

Longevity Bulletin (2015) 7 (November) : 6-7. [RKN: 47784]

What can we learn from looking at the history of longevity improvement in the UK?

Bajekal, Madhavi (2015). Coronary heart disease mortality improvement. . 

Longevity Bulletin (2015) 7 (November) : 8-11. [RKN: 47785]

Coronary heart disease (CHD) mortality in England has fallen by a remarkable 70% for both men and women in the three decades between 1981 and 2011, and is estimated to have contributed about half of the increase in adult life expectancy in England over the latter half of the 20th Century. [...] The rate of mortality decline has usually been described in terms of national age adjusted rates, and little attention has been paid to differentials in terms of age and socio-economic characteristics. [...] Where does this knowledge of the causes of improvements in mortality leave us in terms of projecting the future? It is clear that explanatory models that focus on a major cause of death and attempt to unpack the contribution of each underlying risk factor and treatment to explain the observed change provide greater traction in projecting the likely pace and direction of future change.

Hall, Mary; Prendergast, Shane; Murphy, Colm; Flanagan, John; Houlihan, Aine (2015). Mortality and the Irish economy 2000-2013. . 

Longevity Bulletin (2015) 7 (November) : 12-13. [RKN: 47786]

Faragher, Richard (2015). Can ageing be treated?. . 

Longevity Bulletin (2015) 7 (November) : 14-15. [RKN: 47787]

Ageing is a slippery word, and asking ‘can ageing be treated?’ is fraught with the potential for overstatement and misunderstanding. In this article ageing is not used in its simple sense of ‘growing older’. Instead, ageing is used in its narrow sense to describe the operation of processes within whole organisms or populations of such organisms that result in an exponential increase in the chance of both death (mortality) and sickness (morbidity) over time.

Bale, Steve (2015). Assessing high age mortality. . 

Longevity Bulletin (2015) 7 (November) : 16-17. [RKN: 47788]

Steve Bale, CMI High Age Mortality Working Party

The Office for National Statistics (ONS) 2012-based population projections forecast the proportion of deaths at ages 90 and above to grow from 20% of all deaths in 2013 to 36% of all deaths in 2040 (ONS, 2012). As a result, better estimates of mortality rates at these old ages will become increasingly important. However, for many insurance companies and pension schemes, mortality experience and data coverage is focused on younger ages, so there is considerable uncertainty around mortality experience at older ages. In response to this, the Continuous Mortality Investigation (CMI) established the High Age Mortality Working Party in 2014 with the following remit: to provide a broad indication of the potential financial impact of misestimating high age mortality; to investigate and summarise published research on high age mortality; to identify potential issues with existing CMI data sources (self-administered pension schemes, insurers  and ONS); and, to consider methodologies specific to estimating high age mortality. Our work to date is summarised in CMI Working Paper 85 which is available on the IFoA website (CMI, 2015). This article sets out some of our key findings.

Cairns, Andrew J G (2015). Mortality projections by using extrapolative models. . 

Longevity Bulletin (2015) 7 (November) : 18-21. [RKN: 47789]

Actuaries, demographers and other professionals have always been aware of the changing nature of mortality rates and, for many decades, have been projecting future improvements to address questions of fundamental importance in their respective fields of work. However, over the last 20 years or so, increasing attention has been paid to the inaccuracies of past forecasts and, consequently, the level of uncertainty around current projections. Alongside this, the importance of risk measurement and management in insurance has risen considerably, again pointing to a need for assessments of uncertainty around central projections. In this article, we will discuss the types of model that might be used to project mortality, with a focus on extrapolative models: what are their pros and cons relative to other philosophical approaches. We will also discuss some of the numerous criteria (see Table 1) that an extrapolative model should ideally meet in order to be fit for the intended purpose.

Martin, Chris (2015). Mortality projections by cause of death and risk factors. . 

Longevity Bulletin (2015) 7 (November) : 22-25. [RKN: 47790]

There is increasing interest in analysing mortality rates by cause of death, and the risk factors influencing them, as a means of potentially improving the prediction of future rates of mortality improvement. In 2013, the Institute and Faculty of Actuaries responded to the request from Harry Burns, the then Chief Medical Officer for Scotland, to use the collective wisdom and experience of mortality modelling in the actuarial profession to explore the reasons for the inequalities in life-expectancy both within Scotland and between countries in the UK. This led to the IFoA establishing the “Cause of Death Modelling” working party (Macleod et al., 2014) [Macleod, D., Pinington, A., Courquin, S. (2014). Cause of Death Working Party update. International Mortality and Longevity Symposium 2014].. Here this article will outline the motivations for using cause of death modelling, the advantages and disadvantages of taking that approach and what the current trends are in the medical domain that may be transferrable to the actuarial experience.

*
NORTH AMERICAN ACTUARIAL JOURNAL

Gavrilov, Leonid A; Gavrilova, Natalia S (2015). Predictors of exceptional longevity: effects of early-life and midlife conditions, and familial longevity. . - 13 pages.

North American Actuarial Journal (2015) 19 (3) : 174-186. [RKN: 75203]

Knowledge of strong predictors of mortality and longevity is very important for actuarial science and practice. Earlier studies found that parental characteristics as well as early-life conditions and midlife environment play a significant role in survival to advanced ages. However, little is known about the simultaneous effects of these three factors on longevity. This ongoing study attempts to fill this gap by comparing centenarians born in the United States in 1890–1891 with peers born in the same years who died at age 65. The records for centenarians and controls were taken from computerized family histories, which were then linked to 1900 and 1930 U.S. censuses. As a result of this linkage procedure, 765 records of confirmed centenarians and 783 records of controls were obtained. Analysis with multivariate logistic regression found the existence of both general and gender-specific predictors of human longevity. General predictors common for men and women are paternal and maternal longevity. Gender-specific predictors of male longevity are occupation as a farmer at age 40, Northeastern region of birth in the United States, and birth in the second half of year. A gender-specific predictor of female longevity is the availability of radio in the household according to the 1930 U.S. census. Given the importance of familial longevity as an independent predictor of survival to advanced ages, we conducted a comparative study of biological and non-biological relatives of centenarians using a larger sample of 1,945 validated U.S. centenarians born in 1880–1895. We found that male gender of centenarian has a significant positive effect on survival of adult male relatives (brothers and fathers) but not female blood relatives. Life span of centenarian siblings-in-law is lower compared to life span of centenarian siblings and does not depend on centenarian gender. Wives of male centenarians (who share lifestyle and living conditions) have a significantly better survival compared to wives of centenarians' brothers. This finding demonstrates an important role of shared familial environment and lifestyle in human longevity. The results of this study suggest that familial background, some early-life conditions and midlife characteristics play an important role in longevity.
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Wang, Hsin Chung; Yue, Jack C (2015). Mortality, health, and marriage: a study based on Taiwan’s population data. . - 13 pages.

North American Actuarial Journal (2015) 19 (3) : 187-199. [RKN: 75204]

Life expectancy has been increasing significantly since the start of the 20th century, and mortality improvement trends are likely to continue in the 21st century. Stochastic mortality models are used frequently to predict the expansion in life expectancy. In addition to gender, age, period, and cohort are the three main risk factors considered in constructing mortality models. Other than these factors, it is also believed that marital status is related to health and longevity, and many studies have found that married persons have a lower mortality rate than the unmarried. In this study, we have used Taiwan's marital data for the whole population (married, unmarried, divorced/widowed) to evaluate if the marital status can be a preferred criteria. Furthermore, we also want to know whether the preferred criteria will be valid in the future. We chose two popular mortality models, the Lee-Carter and age-period-cohort, to model the mortality improvements for various marital statuses. Because of a linear dependence in the parameters of the age-period-cohort model, we used a computer simulation to choose the appropriate estimation method. Based on Taiwan's marital data, we found that married persons have significantly lower mortality rates than the single, and if converting the difference into a life insurance policy, the discount amount is even larger than that for smokers/nonsmokers.
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Gutterman, Sam (2015). Mortality of smoking by gender. . - 24 pages.

North American Actuarial Journal (2015) 19 (3) : 200-223. [RKN: 75205]

Exposure to cigarette smoke has had and will continue to have a huge effect on mortality. Significant differences in smoking prevalence rates by gender have contributed to varying levels and rates of improvement in mortality over the last several decades and are expected to continue to influence mortality improvement differently over the next several decades. The combined effect of greater historical smoking prevalence rates by males and their corresponding earlier and larger reduction has in part been responsible for the recent improvement in mortality rates for males compared to that for females in the United States. Similar patterns are evident in almost all economically developed countries, although their timing and levels differ. The patterns in less-developed countries will likely follow similar patterns as concerns emerge about the effect of smoking on the mortality of their citizens. The objective of this article is to compare smoking prevalence and cessation by gender and the effect on smoking-attributable and, in turn, all-cause mortality. A summary of mortality attribution approaches used to enhance the evaluation of the effect of smoking and projections of mortality rates by gender is also provided.
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Bayraktar, Erhan; Promislow, S David; Young, Virginia R (2015). Purchasing term life insurance to reach a bequest goal: time-dependent case. . - 13 pages.

North American Actuarial Journal (2015) 19 (3) : 224-236. [RKN: 75206]

We consider the problem of how an individual can use term life insurance to maximize the probability of reaching a given bequest goal, an important problem in financial planning. We assume that the individual buys instantaneous term life insurance with a premium payable continuously. We allow the force of mortality to vary with time, which, as we show, greatly complicates the problem.
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Zhu, Zhiwei; Li, Zhi; Wylde, David; Failor, Michael; Hrischenko, George (2015). Logistic regression for insured mortality experience studies. . - 15 pages.

North American Actuarial Journal (2015) 19 (4) : 241-255. [RKN: 75440]

Properly adapted statistical modeling methodology can be a powerful tool for coping with a broad range of challenges related to life and annuity insurance industries' experience studies. In this article, we present a logistic regression model based on U.S. insured mortality experience study with a focus on gaining study efficiency and effectiveness by addressing multiple analytical predicaments within one statistical modeling framework. These predicaments include but are not limited to (a) testing statistical significances or credibility of potential mortality drivers, (b) estimation of normalized mortality, slopes, and differentials, (c) quantification of study reliability, and (d) extrapolation for under-experienced mortality, smoothing between select and ultimate estimations, and development of basic experience tables.
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Moore, Kristen S; Young, Virginia R (2016). Minimizing the probability of lifetime ruin when shocks might occur: perturbation analysis.

North American Actuarial Journal (2016) 20(1) : 17-36. [RKN: 47869]

We determine the optimal investment strategy to minimize the probability of an individual’s lifetime ruin when the underlying model parameters are subject to a shock. Specifically, we consider two possibilities: (1) changes in the individual’s net consumption and mortality rate and (2) changes in the parameters of the financial market. We assume that these rates might change once at a random time. Changes in an individual’s net consumption and mortality rate occur when the individual experiences an accident or other unexpected life event, while changes in the financial market occur due to shifts in the economy or in the political climate. We apply perturbation analysis to approximate the probability of lifetime ruin and the corresponding optimal investment strategy for small changes in the model parameters and observe numerically that these approximations are reasonable ones, even when the changes are not small.
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Neves, César; Fernandes, Cristiano; Veiga, Álvaro (2016). Forecasting longevity gains for a population with short time series using a structural SUTSE model: an application to Brazilian annuity plans.

North American Actuarial Journal (2016) 20(1) : 37-56. [RKN: 47870]

In this article, a multivariate structural time series model with common stochastic trends is proposed to forecast longevity gains of a population with a short time series of observed mortality rates, using the information of a related population for which longer mortality time series exist. The state space model proposed here makes use of the seemingly unrelated time series equation and applies the concepts of related series and common trends to construct a proper model to predict the future mortality rates of a population with little available information. This common trends approach works by assuming the two populations’ mortality rates are affected by common factors. Further, we show how this model can be used by insurers and pension funds to forecast mortality rates of policyholders and beneficiaries. We apply the proposed model to Brazilian annuity plans where life expectancies and their temporal evolution are predicted using the forecast longevity gains. Finally, to demonstrate how the model can be used in actuarial practice, the best estimate of the liabilities and the capital based on underwriting risk are estimated by means of Monte Carlo simulation. The idiosyncratic risk effect in the process of calculating an amount of underwriting capital is also illustrated using that simulation.
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Sebastiani, Paola; Andersen, Stacy L; Mcintosh, Avery I; Nussbaum, Lisa; Stevenson, Meredith D; Pierce, Leslie; Xia, Samantha; Salance, Kelly; Perls, Thomas T (2016). Familial risk for exceptional longevity.

North American Actuarial Journal (2016) 20(1) : 57-64. [RKN: 47871]

One of the most glaring deficiencies in the current assessment of mortality risk is the lack of information concerning the impact of familial longevity. In this article we update estimates of sibling relative risk of living to extreme ages using data from more than 1700 sibships, and we begin to examine the trend for heritability for different birth-year cohorts. We also build a network model that can be used to compute the increased chance for exceptional longevity of a subject, conditional on his or her family history of longevity. The network includes familial longevity from three generations and can be used to understand the effects of paternal and maternal longevity on an individual's chance to live to an extreme age.
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POPULATION STUDIES

Canudas-Romo, Vladimir; Guillot, Michel (2015). Truncated cross-sectional average length of life: A measure for comparing the mortality history of cohorts. . 

Population Studies (2015) 69(2) : 147-159. [RKN: 47384]

Period life expectancies are commonly used to compare populations, but these correspond to simple juxtapositions of current mortality levels. In order to construct life expectancies for cohorts, a complete historical series of mortality rates is needed, and these are available for only a subset of developed countries. The truncated cross-sectional average length of life (TCAL) is a new measure that captures historical information about all cohorts present at a given moment and is not limited to countries with complete cohort mortality data. The value of TCAL depends on the rates used to complete the cohort series, but differences between TCALs of two populations remain similar irrespective of the data used to complete the cohort series. This result is illustrated by a comparison of TCALs for the US with those for Denmark, Japan, and other high-longevity countries. Specific cohorts that account for most of the disparity in mortality between the populations are identified.
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Shang, Han Lin (2015). Statistically tested comparisons of the accuracy of forecasting methods for age-specific and sex-specific mortality and life expectancy. . 

Population Studies (2015) 69(3) : 317-335. [RKN: 47641]

Although there are continuing developments in the methods for forecasting mortality, there are few comparisons of the accuracy of the forecasts. The subject of the statistical validity of these comparisons, which is essential to demographic forecasting, has all but been ignored. We introduce Friedman's test statistics to examine whether the differences in point and interval forecast accuracies are statistically significant between methods. We introduce the Nemenyi test statistic to identify which methods give results that are statistically significantly different from others. Using sex-specific and age-specific data from 20 countries, we apply these two test statistics to examine the forecast accuracy obtained from several principal component methods, which can be categorized into coherent and non-coherent forecasting methods.
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Kreager, Philip (2015). Population theory – a long view. . 

Population Studies (2015) 69 Supplement 1 : S29-S37. [RKN: 47376]

Any attempt to take a long view of population research, its findings, and applications is bound to raise questions about the state of population theory. Recent research on the history of population thought enables us to include a much more complete account of classical and early modern sources, and of parallel and complementary developments in population biology. This paper considers four major shifts in the conceptual and empirical ambitions of population inquiry over the long term. In general, major conceptual developments in ideas about population reflect major shifts in political and biological theory. The nature of population in European science and society was substantially established before demography emerged as a twentieth-century academic discipline focused chiefly on fertility and mortality. A long view suggests that demography is currently in the course of a shift that constructively re-integrates it with the wider field of scientific and historical population thinking.
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Reher, David S (2015). Baby booms, busts, and population ageing in the developed world. . 

Population Studies (2015) 69 Supplement 1 : S57-S68. [RKN: 47378]

The key challenge facing contemporary society is a process of population ageing rooted mainly in past fertility cycles. The goals of the study reported in this paper were (i) to analyse jointly the post-1930s baby boom and the baby bust that followed, (ii) to consider the specific ways this particular combination influenced the process of ageing in different societies, and (iii) to evaluate some possible implications for policy of different historical experiences. Demographic time series for 27 nations in the developed world were used. The main results confirm the importance of the boom and bust fertility cycle of the second half of the twentieth century for population ageing. Some countries will experience ageing processes driven mainly by the growth of elderly populations while others will age largely as a result of declines in working-age populations. These differences underscore the need to tailor policy priorities for specific patterns of ageing.
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Teitelbaum, Michael S (2015). Political demography: powerful trends under-attended by demographic science. . 

Population Studies (2015) 69 Supplement 1 : S87-S95. [RKN: 47381]

The interconnections between politics and the dramatic demographic changes under way around the world have been neglected by the two research disciplines that could contribute most to their understanding: demography and political science. Instead, this area of ‘political demography’ has largely been ceded to political activists, pundits, and journalists, leading often to exaggerated or garbled interpretation. The terrain includes some of the most politically sensitive and contested issues: alleged demographically determined shifts in the international balance of power; low fertility, population decline, and demographic ageing; international migration; change in national identity; and compositional shifts in politically sensitive social categories and human rights. Meanwhile many governments and non-governmental actors have actively pursued varieties of ‘strategic demography’, deploying fertility, mortality, or migration as instruments of domestic or international policy. Political scientists and demographers could and should use their knowledge and analytic techniques to improve understanding and to moderate excessive claims and fears on these topics.
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Kelly, Michael A.; Preston, Samuel H (2016). The contribution of a history of heavy smoking to Scotland's mortality disadvantage.

Population Studies (2016) 70(1) : 59-71. [RKN: 47874]

Scotland has a lower life expectancy than any country in Western Europe or North America, and this disadvantage is concentrated above age 50. According to the Human Mortality Database, life expectancy at age 50 has been lower in Scotland than in any other developed country since 1980. Relative to 15 developed countries that we have chosen for comparison, Scotland's life expectancy in 2009 at age 50 was lower by an average of 2.5 years for women and 1.6 years for men. We estimate that Scottish women lost 3.6 years of life expectancy at age 50 as a result of smoking, compared to 1.4 years for the comparison countries. The equivalent figures among men are 3.1 and 2.1 years. These differences are large enough for the history of heavy smoking in Scotland to account both for most of the shortfall in life expectancy for both sexes and for the country's unusually narrow sex differences in life expectancy.
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SCANDINAVIAN ACTUARIAL JOURNAL

Jarner, Søren Fiig; Møller, Thomas (2015). A partial internal model for longevity risk. . 

Scandinavian Actuarial Journal (2015) 4 : 352-382. [RKN: 47177]

This paper proposes a simple partial internal model for longevity risk within the Solvency 2 framework. The model is closely linked to the mechanisms associated with the so-called Danish longevity benchmark, where the underlying mortality intensity and the trend is estimated yearly based on mortality experience from the Danish life and pension insurance sector, and on current data from the entire Danish population. Within this model, we derive an estimate for the 99.5% percentile for longevity risk, which differs from the longevity stress of 20% from the standard model. The new stress explicitly reflects the risk associated with unexpected changes in the underlying population mortality intensity on a one-year horizon and with a 99.5% confidence level. In addition, the model contains a component, which quantifies the unsystematic longevity risk associated with a given insurance portfolio. This last component depends on the size of the specific portfolio.
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Costabile, Massimo; Massabò, Ivar; Russo, Emilio (2015). Computing finite-time survival probabilities using multinomial approximations of risk models. . 

Scandinavian Actuarial Journal (2015) 5 : 406-422. [RKN: 47331]

We consider the problem of computing finite-time survival probabilities for various risk models. We develop an approximating discrete-time multinomial lattice that mimics the evolution of the corresponding continuous risk process. A simple recursive algorithm to compute survival probabilities is described. Numerical results show that the proposed scheme yields accurate values in all the considered cases.
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Lemoine, Killian (2015). Mortality regimes and longevity risk in a life annuity portfolio. . 

Scandinavian Actuarial Journal (2015) 8 : 689-724. [RKN: 47567]

This paper explores the presence of changes of trends or jumps in French mortality from 1947 to 2007, and assesses their implications on the longevity risk management of a life annuity portfolio. We accomplish this by extending the Poisson log-bilinear regression developed by Brouhns et al. (2002) [Brouhns, N, Denuit, M and Vermunt, J (2002). A Poisson log-bilinear regression approach to the construction of projected lifetables. Insurance: Mathematics and Economics 31(3), 373–393] with a regime-switching model. Estimation results show that French mortality is characterized by two distinct regimes. One refers to a strong uncertainty state, which corresponds to the longevity conditions observed during the decade following World War II. The second regime is related to the low volatility of longevity improvements observed during the last 30 years. We use these results to analyze the impact of mortality regimes on the longevity risk management of a life annuity portfolio. Simulation results suggest that the changes of trends in the mortality process have some implications for longevity risk management.
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Shen, Yang; Wei, Jiaqin (2016). Optimal investment-consumption-insurance with random parameters. . 

Scandinavian Actuarial Journal (2016) 1 : 37-62. [RKN: 47807]

This paper discusses an optimal investment, consumption, and life insurance purchase problem for a wage earner in a complete market with Brownian information. Specifically, we assume that the parameters governing the market model and the wage earner, including the interest rate, appreciation rate, volatility, force of mortality, premium-insurance ratio, income and discount rate, are all random processes adapted to the Brownian motion filtration. Our modeling framework is very general, which allows these random parameters to be unbounded, non-Markovian functionals of the underlying Brownian motion. Suppose that the wage earner’s preference is described by a power utility. The wage earner’s problem is then to choose an optimal investment-consumption-insurance strategy so as to maximize the expected, discounted utilities from intertemporal consumption, legacy and terminal wealth over an uncertain lifetime horizon. We use a novel approach, which combines the Hamilton-Jacobi-Bellman equation and backward stochastic differential equation (BSDE) to solve this problem. In general, we give explicit expressions for the optimal investment-consumption-insurance strategy and the value function in terms of the solutions to two BSDEs. To illustrate our results, we provide closed-form solutions to the problem with stochastic income, stochastic mortality, and stochastic appreciation rate, respectively.
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Yang, Bowen; Li, Jackie; Balasooriya, Uditha (2016). Cohort extensions of the Poisson common factor model for modelling both genders jointly. . 

Scandinavian Actuarial Journal (2016) 2 : 93-112. [RKN: 47809]

The earlier work on mortality modelling and forecasting has largely focused on the study of a single population. Recently, there is an emerging strand of literature that emphasises the interrelationship between multiple populations. In this paper, we examine some cohort extensions of the Poisson common factor model for modelling both genders jointly. The cohort effect is specified in six alternatives which are applied to data-sets from five developed regions. We find that direct parameterisation of cohort effect could improve model fitting, reduce the need for additional period factors, and produce consistent mortality forecasts for females and males. Furthermore, we find that the cohort effect appears to be gender indifferent for the populations examined and has an interaction effect with age in certain cases.
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Barrieu, Pauline; Veraart, Luitgard A M (2016). Pricing q-forward contracts: an evaluation of estimation window and pricing method under different mortality models. . 

Scandinavian Actuarial Journal (2016) 2 : 146-166. [RKN: 47811]

See online abstract for notation 

The aim of this paper is to study the impact of various sources of uncertainty on the pricing of a special longevity-based instrument: a q-forward contract. At the expiry of a q-forward contract, the realized mortality rate for a given population is exchanged in return for a fixed (mortality) rate that is agreed at the initiation of the contract. Pricing a q-forward involves determining this fixed rate. In our study, we disentangle three main sources of uncertainty and consider their impact on pricing: model choice for the underlying mortality rate, time-window used for estimation and the pricing method itself.
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Planchet, Frédéric; Tomas, Julien (2016). Uncertainty on survival probabilities and solvency capital requirement: application to long-term care insurance. . 

Scandinavian Actuarial Journal (2016) 4 : 279-292. [RKN: 47818]

In this paper, we focus on uncertainty issues on disabled lives survival probabilities of LTC insurance policyholders and its consequences on solvency capital requirement. Among the risks affecting long-term care portfolios, special attention is addressed to the table risk, i.e. the risk of unanticipated aggregate mortality, arising from the uncertainty in modeling LTC claimants survival law. The table risk can be thought as the risk of systematic deviations referring not only to a parameter risk but, as well, to any other sources leading to a misinterpretation of the life table resulting for example from an evolution of medical techniques or a change in rules of acceptance. In fine, the idea is to introduce the risk of systematic deviations arising from the uncertainty on the disabled lives death probabilities directly. We analyze the consequences of an error of appreciation on the disabled lives survival probabilities in terms of level of reserves and describe a framework in an Own Risk and Solvency Assessment perspective to measure the gap between the risk profile from the standard formula to the risk analysis specific to the organism.
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Currie, Iain D (2016). On fitting generalized linear and non-linear models of mortality. . 

Scandinavian Actuarial Journal (2016) 4 : 356-383. [RKN: 47822]

Many common models of mortality can be expressed compactly in the language of either generalized linear models or generalized non-linear models. The R language provides a description of these models which parallels the usual algebraic definitions but has the advantage of a transparent and flexible model specification. We compare eight model structures for mortality. For each structure, we consider (a) the Poisson models for the force of mortality with both log and logit link functions and (b) the binomial models for the rate of mortality with logit and complementary log–log link functions. Part of this work shows how to extend the usual smooth two-dimensional P-spline model for the force of mortality with Poisson error and log link to the other smooth two-dimensional P-spline models with Poisson and binomial errors defined in (a) and (b). Our comments are based on the results of fitting these models to data from six countries: Australia, France, Japan, Sweden, UK and USA. We also discuss the possibility of forecasting with these models; in particular, the introduction of cohort terms generally leads to an improvement in overall fit, but can also make forecasting with these models problematic.
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SIGNIFICANCE

Krall, Jenna R; Peng, Roger D (2015). The Volkswagen scandal: deception, driving and deaths. . 

Significance (2015) 12(6) : 12-15. [RKN: 47732]

News that a major car manufacturer had used "defeat devices" to cheat emissions tests led many to wonder how many deaths have been caused by excess pollution. The authors explain such calculations are riddled with uncertainties
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SOUTH AFRICAN ACTUARIAL JOURNAL

Ranchod, S; Abraham, M; Bloch, J (2015). An actuarial perspective on healthcare expenditure in the last year of life. . 

South African Actuarial Journal (2015) 15 : 31-49. [RKN: 47724]

The aim of this paper is to investigate the expenditure incurred by health insurers arising from the  provision of benefits during the 12 months preceding a beneficiary’s death. Concern is expressed in parts of the international literature about the extent of resources directed towards those at the end of life, particularly given increased longevity and technological advancement. Two types of investigation are discussed: first, a comparison of costs in the last year of life with costs in earlier years prior to death and, second, a comparison of decedent and survivor costs within a calendar year. Within each investigation, further detailed analyses were performed with particular emphasis on the distribution of last-year-of-life costs by age and category of expenditure. A South African dataset is used to illustrate the suggested  methodology. The average cost in the last year of life is found to be 3.3 times higher than the average  cost in the second last year of life. Average decedent costs are found to be 17.85 times higher than average survivor costs in 2012, on a risk-adjusted basis. The majority of these costs (83.35% in 2012) form part of the Prescribed Minimum Benefit package.
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Plantinga, A A; Corubolo, D J; Clover, R J (2015). Catastrophe modelling: deriving the 1-in-200 year mortality shock for a South African insurer’s capital requirements under Solvency Assessment. . 

South African Actuarial Journal (2015) 15 : 51-92. [RKN: 47725]

This paper investigates catastrophe risk for South African life insurers by considering the additional  deaths that could arise from a 1-in-200 year mortality shock. Existing South African academic research on catastrophic risk has mostly focused on property losses and the resulting impact on property insurance companies. Life catastrophe risks have not been extensively modelled in a South African context. Local research would be beneficial in terms of quantifying these catastrophic risks for South African life insurers, and would assist firms when assessing their own catastrophe mortality solvency requirements under the new Solvency Assessment and Management (SAM) regime by providing a summary of data relating to various past catastrophes.  In this paper we model a wide range of catastrophes to assess such mortality risk faced by life  insurance companies in South Africa. An extensive exercise was undertaken to obtain data for a wide  range of catastrophes and these data were used to derive severity and frequency distributions for  each type of catastrophe. Data relating to global events were used to supplement South African data  where local data were sparse. Data sources included official government statistics, industry reports  and historical news reports. Since, by nature, catastrophic events are rare, little data are available for  certain types of catastrophe. This means there is a large degree of uncertainty underlying some of the estimates. Simulation techniques were used to derive estimated distributions for the potential number  of deaths for particular catastrophic events. The calculated overall shock for the national population  was 2.6 deaths per thousand, which was lower than the SAM Pillar 1 shock of 3.2 deaths per thousand for the same population. It has been found that a worldwide pandemic is by far the main risk in terms of number of deaths in a catastrophe and, given that this is the most significant component of catastrophe risk, prior research on this risk in an South African context is summarised and revisited.
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