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1. Introduction
ncreased longevity of individuals has become the pride of policy makers across the world, evidence of the successes of health care and other public programs, but it is also a major element of concern as it puts pressure on the financial sustainability of agerelated public and private programs such as pensions, health care, and longterm care. 1 Full professor for Actuarial Statistics at University of Barcelona (Department of Econometrics, Statistics and Spanish Economy, Data on longevity developments, typically measured by changes in mortality rates across the age spectrum or through changes in life expectancy at specific ages (e.g., at birth or retirement), are now available in essentially all countries and are well documented (see United Nations 2013 and 2015). These data typically indicate for the total population a reduction in mortality rates across most or all ages or, equivalently, an increase in (remaining) life expectancy at most or all ages. This creates the basis on which policy reforms are developed and proposed, the most prominent of which is an increase in retirement age for pension programs to address the rise in longevity.
Improved data availability in a rising number of countries suggests that changes in mortality/life expectancy are not homogenous across populations but instead characterized by often stark heterogeneity in scope and trends across socioeconomic groups. Such heterogeneity -if confirmed and sustained -risks putting in doubt the effectiveness of key policy proposals to address longevity challenges that assume homogeneity in longevity.
Longevity heterogeneity impacts the outcomes of social programs such as pension schemes, which in turn risks affecting major reform avenues, such as a move toward defined contribution (DC) schemes or an increase in retirement age concomitant with increasing life expectancy. Of particular relevance is the link between longevity and income/earnings/contribution base, as both ultimately determine the level of benefits assigned. If the two are highly correlated, actuarial

























Figure 1. Figure 1 :
1[image: Figure 1: Life expectancy at age 65 by gender, 2013 (or latest year)]

Figure 2. Figure 2 :
2[image: Figure 2: Life expectancy at birth by gender: Total, in good health, and in poor health, 2012 source: Eurostat Statistics Database]

Figure 3. Figure 3 :
3[image: Figure 3: Differences in life expectancy for individuals at age 30 by gender and education level, 2012 (or latest year)]

Figure 4. Figure 4 :
4[image: Figure 4: Life expectancy at birth and GDP per capita, 2013 (or latest year)]

Figure 5. Figure 5a :
5a[image: Figure 5a: Male life expectancy at age 50 by age cohort and lifetime income quintile, United States Source: National Academies of Sciences 2015.]

Figure 6. 
[image: Journal of Human Social Science -Year 2017 Source: Alaminos and Ayuso 2015.]

Figure 7. Figure 6 :
6[image: Figure 6: Probability of death by marital status at age 65 and above, total and by gender, Spain, 2011]

Figure 8. 
[image: Figure 7 presents an example of the evolution in life expectancy for a set of EU countries between 1990 and 2013.Volume XVII Issue I Version I]

Figure 9. Figure 7 :
7[image: Figure 7: Scope and trend in life expectancy across EU countries, 1990-2013]

Figure 10. Figure 8 :
8[image: Figure 8: Projections of life expectancy at birth worldwide, total and by gender]

Figure 11. Figure 9
9[image: Figure 9 presents the development in total life expectancy and life expectancy in good health in 2000 and 2013 in Portugal and Spain. In Portugal the difference between the two indicators increased by +1 year for women and + 2 years for men; in Spain the difference increased by + 1 year for both genders. Thus the increase in total life expectancy of a few years during the period was accompanied in both countries by more years of poor health.]

Figure 12. Figure 9 :
9[image: Figure 9: Life expectancy at birth (empty circles) and in good health (filled circles) by gender, Portugal and Spain, 2000 and 2013]

Figure 13. 
[image: Source : A utho rs' elaborations based on INE 2015. ' elaborations based on Eurostat 2015.]

Figure 14. Figure 10 :
10[image: Figure 10: Life expectancy at birth and at age 65 by education level and gender, Norway, 2007-2013 Figure 11 offers a similar elaboration based not on profession. The analysis was undertaken by the Office for National Statistics (2011) for England and Wales for a longer period, covering the years 1972/76 to 2002/06. The following main points stand out:]

Figure 15. 
[image: Source: Authors' elaborations based on Eurostat 2015.]

Figure 16. Figure 10 :
10[image: Figure 10: Life expectancy at birth and at age 65 by education level and gender, Norway, 2007-2013 Figure 11 offers a similar elaboration based not on profession. The analysis was undertaken by the Office for National Statistics (2011) for England and Wales for a longer period, covering the years 1972/76 to 2002/06. The following main points stand out:]

Figure 17. 
[image: ' elaborations based on Office National Statistics 2015.]

Figure 18. Figure 11 :?
11[image: Figure 11: Life expectancy at birth and at age 65 by profession and gender, England and Wales, 1972/76 to 2002/06]

Figure 19. Figure 12 :
12[image: Figure 12: Evolution of life expectancy at birth and at age 65 by income level and gender, Canada, 2000/02 and 2005/07]

Figure 20. Table 1 :
1	Indicator	Principal idea	Selective references
		Longevity can result from reduction in	Oeppen and Vaupel (2006)
	1. Age	mortality of different age segments in the	Case and Deaton (2015)
		population, which may happen to	WHO (2015a)
		different age cohorts at different	Wikipedia (2016)
		moments in their lifecycle. Historically,	
		most progress was made by first	
		reducing pre-natal and infant mortality;	
		more recently, astonishing advances in	
		advanced-age mortality reductions have	
		occurred. As mortality rates at younger	
		ages in advanced economies are already	
		very low, future advances in longevity will	
		largely result from reduced mortality after	
		current retirement age. In some countries	
		mortality rates for some subgroups of the	
		population have deteriorated in recent	
		decades (e.g., for middle-aged white	
		men and women in the United States	
		between 1999 and 2013, and for women	
		and particularly for men in Russia after	
		1988).	




Figure 21. Table 2 :
2			African-		Asian-	Native
	Location	White	American	Latino	American	American
	United States	78.9	74.6	82.8	86.5	76.9
	Alabama	76.0	72.9	nsd	85.3	nsd
	District of					
	Columbia	84.3	71.6	nsd	nsd	nsd
	Minnesota	81.2	79.7	87.3	83.5	70.2
	Oklahoma	76.0	72.8	85.0	nsd	73.8
	West Virginia	75.4	72.8	nsd	nsd	nsd
	Wisconsin	80.3	74.0	86.0	86.4	nsd


Note: Note: See http://kff.org/other/state-indicator/life-expectancy-by-re/ for notes and sources. nsd = not sufficient data. Source: Kaiser Family Foundation (http://kff.org/other/state-indicator/life-expectancy-by-re/#).By marital statusOther factors that influence life expectancy

Figure 22. Table 3 :
3	Socioeconomic dimension	Gap in years of LE	Country	Year	Comments (re: column 2)
		3.0/6.0 5.0/7.0	World Europe	2013	at birth/age 60
	Gender a	4.0/5.9 4.0/6.4 3.0/4.8	Spain Portugal United States	2013	at birth/age 65
		3.0/6.9	Hungary		
	Level of wealth b	15.0	Norway-India	2013 (India,2009)	at birth
	Level of income c	4.8/2.3 2.0/0.6 5.1/3.9 12.7/13.6	Canada United States	2005-2007 Cohort 1930 Cohort 1960	at birth (men/women) age 65 (men/women) age 50 (men/women)
		15.9/21.0	EU(28)		
		14.7/19.7	Spain		
	Health status d	12.8/21.0	Portugal	2012	at birth (men/women)
		7.6/13.1	Norway		
		12.4/18.2	Hungary		
		18.3/24.3	Estonia		




Figure 23. Table 4
4

Note: summarizes the observed trends in life expectancy by socioeconomic dimensions. Source: Authors' elaborations based on Statistics Canada, Canadian Vital Statistics, Birth and Death Databases, and population estimates.

Figure 24. Table 4 :
4		Changes in life			
	Socioeconomic dimension	expectancy differences in	Country	Period	Comments (column 2)
		years			
		constant/constant constant/+1	World Europe	1990-2013	at birth/ at age 60
	Gender a	-1/+0.1 -0,5/+0.1	Spain Portugal		
		-1.2/-0.7	Norway	2002-2013	at birth/at age 60
		-1.5/+0.1	Hungary		




Figure 25. Table 6 :
6		PORTUGAL	SPAIN	
	Age	Men	Women	Men	Women
	50	-8.28%	7.13%	-7.60%	7.23%
	51	-8.42%	7.21%	-7.76%	7.36%
	52	-8.54%	7.28%	-7.91%	7.48%
	53	-8.63%	7.31%	-8.06%	7.60%
	54	-8.76%	7.38%	-8.22%	7.73%
	55	-8.87%	7.42%	-8.39%	7.86%
	56	-8.99%	7.47%	-8.54%	7.97%
	57	-9.10%	7.50%	-8.71%	8.10%
	58	-9.19%	7.51%	-8.87%	8.22%
	59	-9.32%	7.55%	-9.04%	8.34%
	60	-9.43%	7.57%	-9.19%	8.43%
	61	-9.55%	7.59%	-9.34%	8.51%
	62	-9.69%	7.62%	-9.50%	8.60%
	63	-9.82%	7.63%	-9.64%	8.66%
	64	-9.99%	7.66%	-9.78%	8.72%
	65	-10.13%	7.66%	-9.93%	8.77%
	66	-10.26%	7.64%	-10.05%	8.80%
	67	-10.40%	7.63%	-10.16%	8.80%
	68	-10.59%	7.65%	-10.31%	8.83%
	69	-10.75%	7.64%	-10.43%	8.82%
	70	-10.90%	7.60%	-10.58%	8.84%
	71	-10.98%	7.46%	-10.71%	8.83%
	72	-11.21%	7.45%	-10.84%	8.79%
	73	-11.46%	7.43%	-11.00%	8.78%
	74	-11.64%	7.32%	-11.13%	8.71%
	75	-11.84%	7.19%	-11.21%	8.60%




Figure 26. Table 6
6



Figure 27. Table 6 :
6	Year 2017
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Figure 28. Table 6 :
6	Male	Quintile 1	Quintile 2	Quintile 3	Quintile 4	Quintile 5
	Cohort 1930	-5.3	-3.2	0.0	+6.0	+12.8
	Cohort 1960	-21.9	-15.3	0.0	+13.2	+16.2
	Female	Quintile 1	Quintile 2	Quintile 3	Quintile 4	Quintile 5
	Cohort 1930	-0.3	-3.1	0.0	+3.1	+11.7
	Cohort 1960	-12.7	-8.3	0.0	+2.2	+29.3
	Year 2017					
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5. The expression is equal to the "money worth ratio" minus 1, a measure of actuarial fairness of an annuity contract.


2. Global Journal of Human Social Science
 Up: Home Previous: 1. Introduction Next: 3. ?
Note: -Year 2017
Heterogeneity in longevity between socioeconomic groups is increasingly documented for developed economies and is reviewed in the paper. Heterogeneity in life expectancy disaggregated by main socioeconomic characteristics -such as age, gender, race, health, education, profession, income, and wealth -is sizable and has not declined in recent decades. The prospects for future decline are not strong, either; perhaps even to the contrary. As heterogeneity is closely linked to income or earnings (i.e., the contribution base of earnings-related retirement income programs such as social security benefits and private sector life annuities) and as heterogeneity is empirically sizable, the result is major implicit taxes for some groups -particularly the less educated and low earners -and major subsidies for other groups -particularly highly educated individuals and high-income earners. The implications for retirement income reform and scheme design are substantial as taxes/subsidies counteract the envisaged effects of (i) a closer contribution-benefit link, (ii) a later formal retirement age to address population aging, and (iii) more individual funding and private annuities to compensate for reduced public generosity.
Abstractneutrality is strongly violated if the same rules are
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3. ?
 Up: Home Previous: 2. Global Journal of Human Social Science Next: 4. II.
The Spanish version of the paper was produced in our capacity as Members of the Expert Forum of the BBVA Pension Institute (Madrid) and can be accessed at https://www.jubilacion defuturo.es/es/blog/foro-de-expertos.html. This paper was written in our personal capacity and none of the institutions we are involved with can be held accountable for the content. Any errors are our own doing. applied to all individuals; doing so in the presence of income-correlated life expectancy amounts to a tax on lower-income groups and a subsidy for high-income groups.
Exploring and estimating the size of the longevity-income link is important to understand the size of the actuarial distortion and to guide new policy design to compensate for it. While new and improved data for some countries enable a much better understanding of the phenomenon within countries, little systematic comparison across countries has been made to date on scope and trends across socioeconomic groups.
Against this background the structure of the paper is as follows: Section 2 highlights the socioeconomic dimensions of heterogeneity in longevity/life expectancy and the scope of heterogeneity emerging from available national and international data. Section 3 presents past trends in heterogeneity for these same socioeconomic dimensions and speculates about their future prospects. Section 4 explores the data options for heterogeneity with the aim of establishing income-related or multi-dimensional socioeconomic links. Section 5 builds on these links to offer first estimates of the magnitude of the tax/subsidy effects of heterogeneity in life expectancy; explore the labor market implications; and sketch the pension policy consequences of such distortions. The paper ends with conclusions and next steps in Section 6.

 Up: Home Previous: 2. Global Journal of Human Social Science Next: 4. II.

4. II.
 Up: Home Previous: 3. ? Next: 5. Health status and lifestyle
Main dimensions, Indicators, and Scope of Heterogeneity in Longevity Section 2.1 provides an overview of the main dimensions of heterogeneity in longevity and discusses their selected indicators for which data are available, at least for some countries. Section 2.2 presents data on the scope of heterogeneity by various dimensions. The sources cited use mortality rates at different ages or life expectancy at selected ages (typically at birth and at retirement age) as an indicator for longevity, when appropriate and available. a) Main socioeconomic dimensions for which heterogeneity data are available
In addition to gender and age,4 a range of other socioeconomic characteristics may affect the probability that an individual lives longer or shorter, thus impacting his or her longevity. Level of income, type of work exercised during working life, marital status, education, and health status are some key variables typically presented in the scientific literature and in analyses by international organizations, in addition to sociodemo graphic variables such as place of residence and race/ethnicity.
Table 1 summarizes some of the studies that have analyzed the influence of different socioeconomic characteristics on longevity. The purposes of this table are to list the primary available socioeconomic characteristics and selected indicators for which differentiation by longevity is available; present the basic idea behind the link; and offer selective references to key data sources or papers. 

 Up: Home Previous: 3. ? Next: 5. Health status and lifestyle

5. Health status and lifestyle
 Up: Home Previous: 4. II. Next: 6. Level of education
The objective or subjective health status of individuals has a major bearing on remaining life expectancy for individuals, with differentiated outcomes for men and women. Some studies differentiate the impact of health on life expectancy without disability. E.g., in Spain the remaining life expectancy without disability for men aged 65 is 7 years below the male average, for women with disability it is 10 years below the female average (INE 2015). This indicates that women live longer but have more disabilities. Health status as an outcome is, of course, not independent of individual lifestyle choices (inputs) such as smoking, drinking, type of diet, and type and frequency of physical exercise. The link to longevity may be exerted through the objective or subjective health status or directly through the inputs. 

 Up: Home Previous: 4. II. Next: 6. Level of education

6. Level of education
 Up: Home Previous: 5. Health status and lifestyle Next: 7. Type of labor activity
Various studies present a close link between level of education and longevity -typically individuals with more years of education have a higher life expectancy. E.g., in Central and Eastern European countries, men aged 65 with a low level of education live 4 to 7 years less than men with a high level of education (OECD 2014). Years of education is clearly a proxy for many other variables that impact longevity such as socioeconomic background (e.g., country of residence and family status, as input) and market income (as outcome). But education -as an outcome -is likely to also directly affect longevity through knowledge about lifestyles (see item 3) and other channels that are little explored. Like education, this characteristic is likely a proxy for other characteristics but may have its own impact on longevity. E.g., being married changes one's social embeddedness and thus influences happiness and outlook on life (Holzmann 2013).

 Up: Home Previous: 5. Health status and lifestyle Next: 7. Type of labor activity

7. Type of labor activity
 Up: Home Previous: 6. Level of education Next: 8. Geographical area
Various studies suggest a relationship between type of economic activity and life expectancy -for individuals at birth through father's profession, or at retirement age through one's own profession.
E.g., in England in observation period 2002-06, having had a father in liberal professions* led to a life expectancy advantage at birth of 6 years over individuals with a father with a manual profession; for individuals at age 65, the difference for own profession was 3.5 years. Type of professional activity may serve as a proxy for other channels such as income but may also have a direct impact on longevity, e.g., via professional satisfaction.
National Statistics (2011)

 Up: Home Previous: 6. Level of education Next: 8. Geographical area

8. Geographical area
 Up: Home Previous: 7. Type of labor activity Next: 9. b) Scope of heterogeneity in life expectancy by socioeconomic characteristics
Various studies indicate that region of residency in a country has an impact on life expectancy. E.g., people in the northeastern part of the United States can expect to live longer than those in the south. Similar differences exist in England, France, Italy, and Spain. Region may serve as a proxy for income level, health infrastructure, and other inputs but may also have an impact on its own that in some cases moves in the opposite direction. Such disaggregation allows insights into the joint distribution of heterogeneityaffecting indicators and thus the magnitude of effects that strengthen or weaken longevity. E.g., while women have a higher life expectancy, their income level is often lower than that of men, attenuating both effects. On the other hand, individuals with the "wrong" gender (male), profession (manual), and race (black) may end up with a life expectancy at retirement that is a small fraction of that of an Asian woman with a high-paying profession. Data that allow wide disaggregation by all relevant indicators and for longevity at birth, at entry into the labor market, and at retirement do not yet exist and thus need to be approximated for analyses. The key indicator for our purposes is (lifetime) income (also a proxy for the contribution base, accumulation of savings or acquired rights, and future pension benefit). If for whatever reason income is highly correlated with life expectancy then the contract of any earnings-related scheme will be unfair and will distort and countervail policy goals. Thus the size of the life expectancy gaps (compared to the average) across income strata is critical information for corrective policy design.
profession, region of residence, etc.) are closely linked to income. We do not know how much heterogeneity in longevity they add when corrected for the income (wealth) status of individuals and we have limited understanding of how much of this addition could and should be corrected for. Any correction mechanism for amenable individual characteristics risks provoking moral hazard behavior within an insurance contract setting. But it is important to understand the size of the additional life expectancy created by amenable indicators beyond the correlated income effect.
Table 1 also includes a few unchangeable individual indicators such as age, gender, and race and the data suggest that their impact on heterogeneity in longevity can be large. As individuals cannot (easily) change these characteristics, which are mostly easily observed, insurance theory suggests that pricing should happen individually for these pools; i.e., it should be based on their respective group mortality/life expectancy. Any redistributive considerations should happen outside the insurance contract. Still, from a policy perspective it is important to know how much these unchangeable individual indicators add or subtract to heterogeneity in longevity once the impact of income is taken into account.

 Up: Home Previous: 7. Type of labor activity Next: 9. b) Scope of heterogeneity in life expectancy by socioeconomic characteristics

9. b) Scope of heterogeneity in life expectancy by socioeconomic characteristics
 Up: Home Previous: 8. Geographical area Next: 10. ?
The prior subsection offered an overview of key socioeconomic dimensions that affect heterogeneity in life expectancy (and for which data exist) and identified socioeconomic characteristics for its measurement. This subsection presents the actual scope of heterogeneity in longevity by each identified socioeconomic characteristic: first with a selection of examples in different countries and with an overview in Table 3 at the end.

 Up: Home Previous: 8. Geographical area Next: 10. ?

10. ?
 Up: Home Previous: 9. b) Scope of heterogeneity in life expectancy by socioeconomic characteristics Next: 11. ?
Life expectancy at birth estimates the years alive and summarizes mortality at different ages, typically classified for children and adolescents, adults, and older persons.
In 2013 the World Health Organization estimated the average life expectancy of the world population at 74 years (WHO 2015a). Not surprisingly, major differences in this value exist across countries, ranging from a minimum of 46 years to a maximum of 84 years, or a gap of around 38 years. Moving forward to life expectancy at age 60, the average value across countries is 18 years, implying an average gain of 4 years from birth for those who survived. The highest (26) and lowest (13) years of remaining life expectancy at age 60 signal an absolute gap reduction but a relative increase.
Much of the difference in life expectancy at birth occurs at early ages. The infant mortality rate (i.e., the probability of dying during the first year of life for each 1000 live births) is 15.3, with the highest country level at 107.2 and the lowest at 1.6. The average under-five year mortality rate is 17.7 per 1000, with a maximum of 167.4 and a minimum of 2.0. These differences across countries are staggering.
Lastly, the mortality rate for adults (i.e., the probability of dying between the age of 15 and 60 per 1000 individuals) was estimated in 2013 at an average 184 for men (with a maximum of 577 and a minimum of 54) and at an average 102 for women (with a maximum of 496 and a minimum of 36).

 Up: Home Previous: 9. b) Scope of heterogeneity in life expectancy by socioeconomic characteristics Next: 11. ?

11. ?
 Up: Home Previous: 10. ? Next: 12. ?
Men and women do not have the same life expectancy, neither at birth nor at any later age, such as retirement. This fact has been demonstrated repeatedly across countries, most recently by the World Health Organization (WHO 2015a). In 2013 the average life expectancy for all women in the world was 77 years, 6 years above that of men (71 years). In Europe these values are even higher (80 years for women, 73 for men), leading to an increase in the gender gap of 7 years. When we regard the levels and gender gap at age 60 for the world as a whole, the differences are reduced in absolute terms but remain unchanged in relative terms: life expectancy at age 60 is 21 for women and 18 for men, for a gap of 3 years. In Europe, the difference in absolute terms is also reduced but increased in relative terms: 24 years for women and 19 years for men, for a gap of 5 years. Similar results emerge from OECD (2015) estimates at age 65 (Figure 1). A number of studies suggest that the scope and development of life expectancy depends on other factors in addition to the ones already outlined, such as level of education, type of work, and individual and country income level. Based on estimates by WHO (2015b), Figure 3 presents differences in life expectancy at age 30 for individuals with a high education level (tertiary education) and a low education level (inferior to secondary education), differentiated by gender. Across all 15 countries considered in the study, those with a high degree of education have a life expectancy of 53 at age 30 while those with a low degree of education have a life expectancy of 47 years -i.e., 6 years fewer. The differences by education level are much more pronounced for men (8 years lower for low-educated men) than women, for whom the difference is roughly halved. In the Czech Republic, the differences between high-and low-educated men reaches a staggering 12.1 years, while the difference for women is still 5.2 years. By health status By education level and type of work ? Individuals in countries with higher wealth or income level exhibit, in general, a higher life expectancy at birth. The relationship between life expectancy and GDP per capita for a set of richer countries is clearly visible in Figure 4 (OECD 2015). This positive relationship is quite strong but not perfect, as demonstrated by the position of the United States, which has a high GDP per capita but a below-projected life expectancy. In contrast, countries with a GDP per capita similar to that of the United States, such as Spain and New Zealand, have an above-projected life expectancy, which may be due to other factors. One such factor could be public and private expenditure on health, although OECD (2015) estimates suggest that the link between life expectancy and health expenditure is not strong. Countries like South Korea and Greece have low health expenditure but a relatively high life expectancy similar to that of Spain and Portugal, both of which spend much more on health.
Volume XVII Issue I Version I 

 Up: Home Previous: 10. ? Next: 12. ?

12. ?
 Up: Home Previous: 11. ? Next: 13. ?
While data linking life expectancy and gender are typically available, the link to lifetime income is mostly nonexistent and must be created from administrative and other data with a number of assumptions. Most of such data links have been created in the United States, including in the most recent joint study by the National Academies of Sciences (2015). This study confirms prior studies' findings on the importance of heterogeneity in longevity and of the trend that the gradient in life expectancy by income has risen over time, implying a rising gap in life expectancy between the lowest (and least educated) income group and the highest (and most educated) income group.
Key results are highlighted in Figures 5a and 5b, which present life expectancy at age 50 by income quintile and by cohort and gender, respectively. For both birth cohorts and for both genders, the life expectancy gap increases with income quintile (except in one case). Furthermore, and as conjectured, the gap increased between birth cohorts for the fifth quintile compared to the first quintile, from 5.1 to 12.7 years for men and from 3.9 to 13.6 years for women. These gaps are large and the trends frightening.
To our knowledge no similar data are available for other OECD countries, particularly those in the EU, to confirm or reject these scopes and trends in longevity heterogeneity. While one may conjecture that both the scope and trend are less drastic in most other countries, the situation will not be homogenous and awaits relevant studies. 
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13. ?
 Up: Home Previous: 12. ? Next: 14. ?
Various country studies suggest that the probability of death for married individuals (and consequently their survival probability and thus life expectancy) is different from that of singles and widowed individuals. Figure 6 offers an example of such differences for Spain, based on the population census of 2011, as estimated in Alaminos and Ayuso (2015).
The probability of death for widowed individuals is higher than that for married men and married women but the gap is more pronounced for men. The difference in mortality in both cases increases markedly with age. This has a bearing on actuarial neutrality and thus individual pension design. It has an additional bearing when a person can receive a survivors pension in addition to his or her own pension.
Volume XVII Issue I Version I  
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14. ?
 Up: Home Previous: 13. ? Next: 15. Past Trends and Perspectives on Heterogeneity of Longevity
Other factors that affect differences in life expectancy across individuals include the geographic zone or area where individuals are born or live in, or the race to which they belong. The latter is widely studied in the United States, where public statistics differentiate across a whole spectrum of races (including White, African-American, Latino, Asian-American, and Native American). Table 2 offers a glimpse of the magnitudes.
Even from these selective data it is evident that diversity across states is not symmetric for ethnicities and differences between white and Afro-American populations can be sizable but are dominated by differences with and between other ethnicities. Given Europe's (so far) ethnically more homogenous population, such statistical differentiation by ethnic background has not yet been done.    3 summarizes the scope in gaps in longevity across selected socioeconomic characteristics for countries in an easily comparable manner. The key message is that the gaps are mostly high and sometimes surprising. 

 Up: Home Previous: 13. ? Next: 15. Past Trends and Perspectives on Heterogeneity of Longevity

15. Past Trends and Perspectives on Heterogeneity of Longevity
 Up: Home Previous: 14. ? Next: 16. a) Past trends in heterogeneity in longevity
Heterogeneity in longevity is not constant but evolves across key indicators within and between countries. Past trends may inform about future developments but nothing is more difficult than to predict the future. Section 3.1 offers information about trends in longevity heterogeneity by selective indicators for which data are available. Table 4 presents a summary of the main changes observed over time. Section 3.2 speculates about future developments in or likely prospects for heterogeneity in longevity.
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16. a) Past trends in heterogeneity in longevity
 Up: Home Previous: 15. Past Trends and Perspectives on Heterogeneity of Longevity Next: 17. ?

 Up: Home Previous: 15. Past Trends and Perspectives on Heterogeneity of Longevity Next: 17. ?

17. ?
 Up: Home Previous: 16. a) Past trends in heterogeneity in longevity Next: 18. ?
The trends observed in reported periods of 1990 and 2013 continued the developments of much of the 20th century, with an increase in life expectancy at birth and at age 60, a fall in infant mortality, and improvements for almost all age intervals. Worldwide life expectancy at birth increased by about 6 years, or about 3 months for every year (WHO 2015a); the most progress was made in Africa and South-East Asia, which started from lower levels. In Europe the increase in life expectancy at birth during this period was 4 years while the increase in life expectancy at age 60 was above the world average (3 years versus 2 years for the rest of the world). This reflects the fact that mortality rates at younger ages in Europe were already quite low, so improvements in life expectancy at birth (some 1.5 months per year) come increasingly at higher ages only.
The dramatic improvement in mortality rates at younger ages in the developing world is reflected in the marked decrease in infant mortality and the under-five halved, from 0.037 per 1000 live births in 1990 to 0.015 in 2013; the same happened to the under-five year mortality rate, which decreased from 0.047 per 1000 in 1990 to 0.018 in 2013. This development was supported by heavy emphasis on progress in this area under the Millennium Development Goals during this period. But the mortality rate for adults (aged 15 to 60) also more than halved, from 0.246 per 1000 adults in 1990 to 0.102 in 2013.
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The increase in life expectancy over the last 200 to 250 years was a phenomenon new to mankind, and was seen first in industrializing countries (Holzmann 2013). For the last 160 years, the frontier of life expectancy increase worldwide has been linear (Oeppen and Vaupel 2002), with an increase of some 3 months every year. The estimated slope of this linear line is 0.243 for women, slightly larger than that for men (at 0.222). The latest estimates indicate that both slopes show signals of a slight flattening and a reduction in the difference between men and women (see Ayuso and Holzmann 2014 for details).
According to WHO data (2015a), the difference in life expectancy at birth by gender worldwide remained approximately constant at 6 years between 1990 and 2013 (with female/male averages of 71/65 years in 1990 and 77/71 years in 2013). In Europe the gender difference during this period also remained approximately constant at 5 years.
For life expectancy at age 60 and the period under investigation, the difference worldwide remained broadly constant at 3 years (with female/male averages of 19/16 years in 1990 and 21/18 years in 2013). In Europe life expectancy at age 60 increased more for women, increasing the gap from 4 to 5 years (with female/male averages of 21/17 years in 1990 and 24/19 years in 2013).
Figure 8 presents the assumptions in the international demographic projections -medium variant. The gender gap in life expectancy at birth is assumed to remain constant at 4.   ? Higher education levels are undoubtedly linked with higher life expectancy, both at birth and at age 65.
? The development over time was neither uniform nor steady. It is not clear whether this represents stochastic variations, cohort specificities, or data issues.
? Comparing data at the end-points of 2007 and 2013, the increase in life expectancy for lowereducated men was higher than that for highereducated men (1.9 percent compared to 1.2 percent). ? For women, the result was the opposite -those with the highest education level had an increase in life expectancy of 1.1 percent, well above the gain for those with the lowest level of education (0.4 percent).  ? For all professions, life expectancy at birth and at age 65 increased across the investigated period. ? The development over time was neither uniform nor steady. Again, it is not clear whether this represents stochastic variations, cohort specificities, or data issues. ? Those in liberal professions achieved stronger growth in life expectancy at birth, for both men (11.8 percent) and women (7.8 percent), compared to those in more manual professions (9.8 percent for men and 5.5 percent for women). ? A similar but more differentiated picture emerges when changes in life expectancy at age 65 are considered. Those in liberal professions showed stronger growth in life expectancy at age 65, for both men (32.4 percent) and women (14.9 percent), compared to those in more manual professions (25.1 percent for men and 6.8 percent for women).  ? For all professions, life expectancy at birth and at age 65 increased across the investigated period. ? The development over time was neither uniform nor steady. Again, it is not clear whether this represents stochastic variations, cohort specificities, or data issues. ? Those in liberal professions achieved stronger growth in life expectancy at birth, for both men (11.8 percent) and women (7.8 percent), compared to those in more manual professions (9.8 percent for men and 5.5 percent for women). ? A similar but more differentiated picture emerges when changes in life expectancy at age 65 are considered. Those in liberal professions showed stronger growth in life expectancy at age 65, for both men (32.4 percent) and women (14.9 percent), compared to those in more manual professions (25.1 percent for men and 6.8 percent for women).
Volume XVII Issue I Version I  ? Despite the short time interval analyzed, all income quintiles exhibited an increase in life expectancy. ? Men in the highest income quintile experienced an increase in life expectancy at birth of 1.4 percent, while men in the lowest income quintile increased life expectancy by 2 percent.
? For women, the difference between the increase in life expectancy between those in the highest and lowest quintiles was closer, at 1.1 percent and 1.4 percent, respectively. ? For life expectancy at age 65, the relative ranking between highest and lowest income quintile and gender was more pronounced: 6.1 percent versus 7.5 percent for high-and low-income men, respectively, and 3.8 percent versus 4.5 percent for high-and low-income women, respectively.
Volume XVII Issue I Version I   Note: a Change in difference in life expectancy between women and men along the period. bChange in difference between total life expectancy and healthy life expectancy along the period. cChange in difference in life expectancy between individuals with high and low levels of education along the period. dChange in difference in life expectancy for individuals with liberal profession and unqualified labor jobs along the period. eChange in difference in life expectancy for individuals with high and low levels of income (5th vs 1st quintile) along the period.
Source: Authors based on quoted references.
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To motivate policy actions to contain or neutralize the effects of heterogeneity in longevity, it is not only important to know the current levels and gaps between socioeconomic groups but also to understand past trends to assess future prospects. Projected diminishing gaps would make the issues less important, while increasing gaps would make them even more so. As the prior subsection suggests, there are very limited indications for a past gap reduction. This subsection offers some brief considerations of future prospects with a focus on income and gender as these are the most critical socioeconomic dimensions for pension policy design.
The prospect of heterogeneity by income indicator is guided by two considerations, both of which suggest a further increase. First, income inequality has increased in recent decades and is likely to remain high for some time (OECD 2011; Cingano 2014). As this process takes some time to affect lifetime income and the pension base, lifetime-relevant income inequality is likely to increase. Ceteris paribus, this will increase heterogeneity in longevity. Second, for a given (lifetime) income inequality, the correlation between (lifetime) income and longevity heterogeneity may further increase, at least at the tails of the distribution. The more precarious work conditions in recent decades and higher cyclical and structural unemployment may put downward pressure on both income and longevity for the lowest income groups. On the other hand, the highest period and lifetime income groups are likely to continue profiting from better access to health care, better nutrition decisions, and other life-extending factors.
Regarding the prospects of heterogeneity vis-àvis gender, past trends and projected societal developments suggest the following: On one hand, the observed mild reduction in the gender gap for most countries in recent decades is likely to continue in coming decades; as a result the gap will shrink but remain sizable and will not disappear in most countries. On the other hand, the gender gap may not follow a smooth decline in some countries but re-increase as the result of socioeconomic shocks, as seen in Russia and other countries during economic transition.
For other socioeconomic indicators, too little information exists to offer informed prospects. We can only formulate two research questions for attention in the years to come: First, what is the scope of the supplementary heterogeneity delta for other relevant socioeconomic dimensions above the income indicator, and is it going to rise due to economic and social developments (such as more heterogeneous societies, greater prevalence of overweight/obesity, environmental challenges, etc.)? Second, what other relevant indicators have been omitted so far in the analyses due to lack of data?
IV.
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The prior two sections offer strong indications on the scope of heterogeneity in longevity for a diverse set of socioeconomic indicators and their broad past and possible future trends. The reviewed studies are based on available data typically collected for other purposes; thus the indicators used for the socioeconomic dimensions analyzed are only proxies for the true indicators we would like to measure. Against this background, this section presents three issues for further attention: (i) identifying what relationship between longevity and with what kind income variable we ideally want to establish; (ii) estimating the beyond-income heterogeneity delta for other socioeconomic dimensions; and (iii) proxying income data via other socioeconomic dimensions.
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To establish a wish list of indicators for income and other socioeconomic variables, we go back to our basic concern and objective of analysis: to identify the key distortions created by heterogeneous longevity that risk impacting the functioning of social security programs (particularly pensions) and the effectiveness of key reform options (particularly the move toward DCtype schemes and an increase in retirement age). Such distortions will emerge if the contribution effort or perceived acquired rights are not matched by concomitant pension payouts.
Against such considerations the favored income variables are suggested to be accumulated contributions (AK) under a DC scheme -whether notional or financial -or acquired rights under a defined benefits (DB) scheme (i.e., pension wealth PW)measured under the relevant population average survival probability -with both AK and PW measured at identical retirement age(s). The relevant heterogeneity indicator for longevity is life expectancy at retirement or, in some considerations, the vector of survival probabilities at retirement.
While empirical data that can establish a statistical link between individuals' "income" (i.e., actually the wealth variables AK or PW) and their ex-post life expectancies would be great progress in data precision, the complete data arrive only 40 years or more after the income variable has been generated. Such a time lag puts into doubt the operational usefulness of such an approach, albeit it is conceptually useful as analytical benchmark.
This calls for approximations in the establishment of the heterogeneity link through other data, such as proxying the cohort approach via crosssection data for survival probabilities/life expectancy or some mixed approaches. Under some considerations, the pension wealth under DB schemes may not be the appropriate indicator to establish the potential distortions of heterogeneity but to calculated hypothetical contribution assets for individuals at retirement (i.e., some measure of contributions actually paid). Last but not least, the question emerges as to the extent to which period income differences in selected broad income measures can be used to proxy differences in lifetime income.
ii. Establishing the beyond-income heterogeneity delta
For our purposes, establishing the (lifetime) income/longevity heterogeneity link is of fundamental importance as the accumulated amount to be annuitized and the survival probabilities are the basic ingredients for any life annuity contract. As highlighted throughout the prior sections, other socioeconomic dimensions are closely linked with income -as input for longevity or as outcome, such as education and health. But we do not know how much each of these dimensions singly or all together adds to the income effect once we control for income and endogeneity (and differentiate by age, gender, and perhaps even race).
Establishing the heterogeneity delta puts significant demands on the required data and on the estimation approaches. The ideal database would include the joint distribution of survival probabilities across all socioeconomic dimensions considered relevant, at least from the age of retirement onward; for deeper heterogeneity considerations, this would be required from the age of entry into the labor market or even birth. Much less demanding would be data on life expectancy across relevant socioeconomic dimensions, but even such data do not (yet) exist. Consequently, operational approaches must borrow and match data from different countries.
To quantify socioeconomic mortality differentials, alternative methods may be used such as generalized linear models (Madrigal et al. 2011), survival models (Richards 2008), or multiple population extensions of the Lee-Carter model (Lee and Carter 1992), including the use of relational models based on modeling mortality in socioeconomic subpopulations alongside the mortality of a reference population (Li and Lee 2005; Russolillo, Giordano, and Haberman 2011). Some of the associated challenges are presented in Box 1.
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For many countries, even the data needed to explore heterogeneity by income dimension do not (yet) exist or are not exploited. Social security institutions with complete electronic storage would, in principle, have the database to sort longevity outcomes by contribution accumulations/benefit levels/pension wealth at retirement. If these data are not available or are incomplete, then one needs to find alternatives, such as proxying income data via other socioeconomic dimensions -e.g., education (years of school or highest level achieved), health status, etc. Estimated longevity profiles by socioeconomic indicators from own and similar countries would offer a possible starting position.
V.
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This section sketches some of the key implications of the heterogeneity in longevity for labor market outcomes and pension system design. A companion paper under preparation elaborates on each of these and other points and presents policy designs to correct for heterogeneity effects.
a) The tax-subsidy character of heterogeneous longevity
The first point to make is that heterogeneous life expectancy acts like a tax for some participants in a pension scheme and as a subsidy for others. Compared to the average of participants in a scheme, an individual with a below-average life expectancy receives a lower annuity value for his contributions. This is akin to a tax on his contributions whereby the tax rate is higher the lower his life expectancy relative to the pool's average. For an individual with an above-average life expectancy, this amounts to a subsidy for his contributions, whereby the subsidy rate is higher the higher his life expectancy above the pool's average. The level of the tax or subsidy rate resulting from the life expectancy gap can be easily formalized and calculated under assumptions that are not very restrictive.
Consider individuals who have all accumulated the same savings amount at retirement to be converted into an annuity. Assume they retire at the same age and face the same interest rate, but have different life expectancies. Let t (s) be the implicit tax (subsidy) rate. AK is the accumulation at retirement, ? is the annuity rate, p is the pension, and PW is pension wealth. The subscript i denotes individual values and subscript a the average values of these variables.
The pension for each individual is the annuity rate applied to the identical wealth accumulation:
pi = ?.AK(1)Each individual's PWi is different from everyone else's to the extent that his/her life expectancy (LE) differs. PW can be written in this simple form if the interest rate equals the growth rate (indexation) of pensions:
PWi = pi.LEi = ?.AK.LEi(2)t(s)i = (a.AK.LEi -a.AK.LEa) / a.K.LEa = LEi/ LEa -1(3a) with negative values representing the tax rate and positive values the subsidy rate. 5   As pension wealth is homogenous of degree 1 in both accumulation as well as life expectancy at With these elements we can easily define the tax (subsidy) rate as the difference in pension wealth compared to the average: Box 1: Some Challenges to Modelling Mortality
The simplest approach for modeling mortality in a set of subpopulations is to use independent, unrelated Lee-Carter models for each subpopulation. The independent modeling approach is straightforward to implement but has several shortcomings. The main one is that it assumes no interdependence among the mortality of subpopulations, a very unrealistic assumption for socioeconomic subpopulations within a country, which are likely to follow similar mortality trends.
The assumption of complete independence among subpopulations can be relaxed by using multivariate time series methods. An alternative approach for modeling mortality differentials is the joint time trend model proposed by Lee and Carter (1992).
Many of these statistical methods were specifically proposed to assess baseline (level) mortality differentials, neglecting (to some extent because of lack of appropriate data) differences in improvements by socioeconomic characteristics and the modeling of their possible future evolution. Provided that data requirements are met, an appropriate model should allow for both level and trend differentials in mortality, as well as the projection of their future evolution.
Additional desirable features of an approach for modeling and forecasting mortality in a group of socioeconomic subpopulations include: consistency of subpopulation-specific mortality forecasts with national mortality forecasts; ability to forecast mortality rates that preserve the inverse relationship between socioeconomic circumstances and mortality; transparency for understanding level and improvement differentials in mortality; and the ability to produce interval forecasts of mortality differentials. retirement, differences in life expectancy are equivalent to a tax (subsidy) on contributions during active life or a tax (subsidy) on pensions during retirement.
Table 5 offers the magnitudes of implicit taxes and subsidies that emerge in the calculation of pension benefits for men and women in Portugal and Spain.
As pensions are calculated for male and female participants in the general public scheme using a single formula that does not take into account differences in life expectancy, implicit taxes for men and implicit subsidies for women emerge. At the age of 50, the tax for men in Portugal amounts to 8.28 percent while for women the subsidy is 7.13 percent; in Spain the equivalent rates are 7.60 percent and 7.23 percent, respectively. Using the available survival probabilities from an age onward, one can calculate how the tax/subsidy develops with age. The tax for men increases to over 10 percent by age 75 in both Portugal and Spain; the subsidy for women increases first and then returns roughly to the initial level in both countries. Estimates generated using equation [3a] are actually a boundary for the effective tax (subsidy) rate on heterogeneity in life expectancy. Allowing for deviations between the pension indexation rate and interest rate strengthens or weakens the tax (subsidy) effect depending on the sign of the rate differences.
Implicit tax and subsidy rates in the calculation of lifetime annuities by gender in Portugal and Spain, 2014 a/ Note: a/ Calculated from remaining life expectancy; i.e., assuming the annual pension indexation rate equals the discount/interest rate.
Volume XVII Issue I Version I  Generalizing equation [3a] to allow for pension indexation differently and below or above the interest/discount rate r yields a weighted life expectancy in which the weights wx to the annual survival probability px are smaller or larger than 1 and equal to the period product of the ratio of indexation to discount rate [(1+ d)/(1 + r)]t. Thus the revised equation [3b] is:
where R is the maximum retirement span, x the age of the individual, and t the time index for the retirement period.
[3b]  As expected, if the weights are smaller than 1 (i.e., d < r), the tax rate as well as the subsidy rate decrease with the difference between indexation and interest rate. If the weights are larger than 1 (i.e., d > r), both tax rate and subsidy rate increase. For relevant and perhaps maximum differences for d-r of some 1.5-2 percentage points, the tax/subsidy rate difference is some 12-20 percent across all combinations; i.e., this is the level of under-or overestimation when tax and subsidy rates are calculated based on unweighted survival probabilities (i.e., life expectancy) instead of weighted ones. The lower tax and subsidy rates in the more relevant case of d<r are due to the stronger frontloading in benefit disbursement. This reduces the implicit tax for those with lower life expectancy as they have relatively larger benefits earlier on while those that have a relatively higher life expectancy have relatively lower benefits at higher ages.
1, 1, 0 0 1, 1, 0 0 1 1 ( ) 1 1 1 1 R x R x i i i R x+ = = ? ? + + = = + ? ? ? ? + ? ? = ? = ? + ? ? ? ? + ? ? ? ? ? ? Source: Author' calculations.The presented gender differences in life expectancy for Spain and Portugal are relatively small, resulting in tax/subsidy rates of around 10 percent. The literature review in Sections 2 and 3 suggested that differences in life expectancy vis-à-vis other socioeconomic dimensions, in particular education and/or income, may be substantially larger. Using U.S. data from the 2015 study by the National Academies of Science referenced in Section 2 and translating the gaps in life expectancy between the third (assumed to be the pool average) and other income quintiles into tax/subsidy rates for actuarial annuities indeed provides much higher effects. The estimated tax/subsidy rates for both men and women for the outer quintiles are, indeed, very high and dramatically increase between birth cohorts that are only 30 years apart. The tax rates for men reach 21.9 percent and 12.7 percent for women; the highest subsidy rate is for women, at a rate of 29.3 percent, while for men the highest subsidy rate is 16.2 percent.
The equivalent tax/subsidy rates within the U.S. pension (social security) scheme are smaller but unknown. As the pension formula of the mandated scheme is highly progressive, favoring lower over higher income levels, heterogeneity in life expectancy corrects the progressive feature toward neutrality or even progressivity.
Yet regardless of the benefit formula, the underlying tax and subsidy rates of similar or even lower magnitudes are bound to have an effect on individual behavior, particular on labor market decisions, as discussed next.
b) The tax/subsidy effect on labor market decisions The economic effect of the implicit tax/subsidy rate on labor market decisions is equivalent to levying an additional tax on social security contributions or mandated savings rates (or offering a subsidy on these retirement savings). Even a 10 percent tax/subsidy rate will impact labor market decisions, and a much higher rate even more so. We do not know of any study that has empirically explored labor market reactions to these implicit taxes/subsidies. Conceptually the reaction should not be too different -if at all -from explicit taxes and three labor market effects are in the forefront: the effect on the informality decision, the effect on contribution density, and the effect on the retirement decision.
Faced with an explicit or implicit tax, an individual has two main options: evasion or avoidance.
All countries offer to some extent opportunities to (illegally) evade taxes by working in the informal sector. Doing so allows evading the social security contribution and furthermore any personal income tax that is added. The higher the tax rate, the stronger the incentive to work informally. On the other hand, a subsidy on contributions tends to increase formal labor force participation, withcountervailing effects emerging from personal income tax implications. These predictions are consistent with the internationally observed lower formal labor market participation of lower-income groups and higher participation for higherincome groups, a tendency that can be strengthened or weakened by other effects, such as liquidity constraints (see, for example, Levy 2008; Ribe, Robalino, and Walker 2013).
Tax avoidance is a legal reaction of individuals against a tax by avoiding actions that lead to the tax liability. In the case of an implicit tax on contributions, one can reduce work effort or not work in areas subject to contribution obligations. For subsidies on contributions, the opposite reaction is to be expected. These predictions are consistent with differences in the contribution density of individuals across the income spectrum; i.e., lower-income groups have a lower contribution effort due to fewer insured hours, days, or months. Again, other effects may strengthen or weaken the tendency.
Last but not least, a tax or subsidy on pension contributions/retirement savings will affect the retirement decision. In the simplest conceptualization, such a tax creates a convex kink in the intertemporal budget constraint for lower-income groups, making them more likely to retire at the earliest retirement age the higher the tax rate. A subsidy creates a concave kink in the intertemporal budget constraint for higher-income groups, reducing their incentives to retire at the earliest possible age. It also incentivizes, however, an earlier retirement age than would otherwise occur, and which is more likely the higher the subsidy rate. As before, other effects may strengthen or weaken such a tendency.

 Up: Home Previous: 22. iii. Proxying income data via other socioeconomic dimensions Next: 24. c) Implications for pension reform and scheme design

24. c) Implications for pension reform and scheme design
 Up: Home Previous: 23. Implications of Longevity Heterogeneity for Labor Market Outcomes and Pension Scheme Designs Next: 25. VI. Conclusions and Next Steps
The empirical importance of these and other labor market effects needs to explored but can be conjectured to be sizable. If correct, this would have major implications for pension reform and scheme design that call for actions of substantial reduction or even elimination. This section briefly discusses the A main reform movement across the world in recent years was the move from DB schemes to DC schemes, be they funded or unfunded, and within DB schemes to undertake parametric reforms that make them more like DC schemes by increasing the contribution-benefit link (see Holzmann 2012; OECD 2015). A strong contribution-benefit link is motivated by lower labor market distortions and higher equity considerations. But if such a link gets broken by heterogeneity in longevity that is closely linked to income level, then the economic and social rationale for such a reform direction is perhaps not eliminated but very much reduced.
Another main reform movement that has only recently gained traction in developed economies is an increase in retirement age to address population aging. More and more countries are linking the standard retirement age to life expectancy in the expectation that individuals will respond by postponing retirement, as earlier retirement is disincentivized by actuarial decrements. However, faced with lower-than-average life expectancy, many low-income individuals may still have an incentive to retire at the earliest possible age (as discussed above), which makes it politically difficult to increase the minimum retirement age while offering those individuals an ever -lower initial pension benefit. But subsidies for higher-income groups risk dampening the envisaged later retirement effects, as the income effect of higher benefits may dominate.
Lastly, another reform movement in recent years was the move from unfunded to funded schemes in some countries, and in many countries a reduction in public generosity expected to be compensated by voluntary individual savings efforts. While the retirement funding volume across the world has undoubtedly increased in recent decades and years (see Towers Watson 2016), life annuities as a main disbursement form of funded pension provisions received limited attraction or even declined in most countries. Such a trend may have both demand-and supply-side explanations (see Bravo and Holzmann 2014; Holzmann 2015; Reichling and Smetters 2015). For example, heterogeneity in longevity and its increase in recent years may have significantly contributed to this trend (including forced insurance pooling across genders in private annuity contracts in various countries).
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The review of data across countries suggests that heterogeneity in longevity by socioeconomic groups is sizable and not likely to decrease in the near future.
The available data reveal that heterogeneity measured via mortality rates or life expectancy exists across many socioeconomic characteristics: some are exogenous (such as age, gender, and race), while others are more amenable to individual action (such as health, education, profession, location, and income). All are interlinked and causes and effects are not easily established.
implications for the DC reform agenda, the retirement increase agenda, and the annuitization agenda. 6   6 For an early analysis of the implications of socioeconomic heterogeneity in mortality on pension reform policy, see .
The heterogeneity in life expectancy disaggregated by key socioeconomic characteristics in most countries is stunning. For example in many countries the gender differences in life expectancy at birth are some 5 to 7 years, and still 3 to 4 years at age 60. Differences by education level in some countries may be only a few years for both men and women but reach 15 years (men) and 8.1 years (women) at age 30 in others. These and other longevity gaps show little trend for closure.
The prospects for longevity heterogeneity vis-àvis income may not improve soon either. Income inequality has increased in recent decades and is likely to remain high in many countries. As this process takes some time to affect lifetime income and the pension base, lifetime-relevant income inequality is likely to increase. Ceteris paribus, this will increase heterogeneity in longevity by income. In addition, for a given (lifetime) income inequality, the correlation between (lifetime) income and longevity heterogeneity may further increase, at least at the tails of the distribution. The more precarious work conditions in recent decades and higher cyclical and structural unemployment may put downward pressure on both income and longevity for the lowest income groups. As heterogeneity in longevity is closely linked to income (i.e., the contribution base of earnings-related social programs such as pensions), and is empirically sizable, major implicit taxes result for some groups -particularly the less educated and low earners -while offering major subsidies for other groups -particularly highly educated individuals and high-income earners. The implicit tax and subsidy rates on individual contributions are likely to be high, reaching 20 percent and more in many countries, and amounting to up to, perhaps, 50 percent in both directions in some countries.
The implications for such high tax and subsidy rates on pension reform and scheme design are substantial as they counteract the envisaged effects of a closer contribution-benefit link, an increased formal retirement age as a key instrument to address population aging, and more individual funding and private annuities to compensate for reduced public generosity. If unchecked, such high implicit tax and subsidy rates risk also aggravating further informality in countries and sustained low contribution density by lower-income groups, all detrimental to increased pension coverage and equitable pension benefits.
To address heterogeneity in longevity and its link to income, various policy options may be envisaged, acting on the benefit design and revenue distribution side. While a number of complex interventions may be imagined to compensate for heterogeneity, the solution should be simple, operational, and transparent. A companion paper under preparation deepens the empirical analysis on the scope of the implicit tax and subsidy, reviews key policy options, models the most prominent policy option to assess the degree to which heterogeneity effects can be reduced, and offers suggestions on how current reform directions need to and can be adjusted. 
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