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ABSTRACT

This is a case that allows students to estimate the present value of the Social Security benefits for four pairs of clients.  The case requires that the students collect real world data primarily from the Social Security website to estimate the different payments that these clients would collect in retirement, estimate the probability of collecting those payments and discount those payments by an appropriate discount rate.  This case is appropriate for senior or graduate finance students.
PROVIDED TO STUDENTS – THE CASE
You have been asked to advise a group of 8 people (four men and four women).  They have been together since they were sent the monastery as children.  As they were all born the first week of January 1960, they may be grouped together for analysis.  They seek the advice of your employer on the best time to begin collecting Social Security Benefits to maximize the value of the benefits to the order.  
Four of the members are men and the other four are women.  All are single and have stayed true to their vows and never married.  They all plan to work after they begin to collect social security benefits, but they want to be able to help the order, so they want to maximize the value of their social security benefits.  

All have worked and contributed to Social Security since they were 20, so they qualify for retirement benefit payments.  One man and one woman have always earned the maximum wage taxed by Social Security. One man and one woman have earned exactly 50% of the maximum taxable earnings.  One man and one woman earned only 10% of the maximum taxable earnings.  The last pair started at 10% but over the years is now earning 100% of the maximum taxable wage.

To calculate the maximum value for the order, you must estimate the present value of their expected earnings.  All are relatively healthy.  Knowing when each member would stop receiving benefits (die) would be helpful, but that is not known.  You have been asked to create tables in excel to show the expected value of their earnings given a mortality table.  In order to do this calculation you would ideally like to find a mortality table for people that are already 56. The Social Security website will have one mortality table, but there are others.  In particular the Actuarial Society has one that projects death rates given expected advances in health care.  (Cite that source).  (Do not try to simulate their age at death, estimate the social security collections.)

In addition, there are tax implications for social security benefits that may be relevant to the discussion. You will need to research those and see how those tax provisions effect the optimum time to apply for benefits.  

INTRODUCTION

This case was designed following the work of Eschenbach and Lewis (2012).  Their work provided an outline of how to use Social Security payments as a means for developing a case.  This case is an application of that work.  This application differs from the advice provided in the source paper by requiring the students to look up more of the inputs, adds probabilities (rather than providing a defined length of the cash flow – or a known death date), and incorporates the additional complexity by including both genders into the problem as they have different life expectancies.  

Students will benefit from this assignment by having to collect their own data. The Social Security Website provides most of the information that is necessary to calculate the solutions. However, students are not generally familiar with the details of social security and will have to explore the website in order to find the information needed to solve this case.   This provides a real world example of having to find the information needed to perform a task, rather than depend on a case, professor or employer to hand them all of the information and analyze it.  


As the data on the Social Security website changes annually with regard to maximum taxable income and the mortality information (as well as the appropriate discount rate), the answers will change from year to year. Further, a modification of adjusting the birthdates for the hypothetical clients, has the effect of changing their eligibility date for full retirement benefits each year (until 2020 when anyone over 60 will have a full retirement age of 67 under current law.)

SOLUTION

The suggested way to organize this case is to follow these steps:


I.  Calculate the cash flows.


A What cash flows – project the future earnings


1. Assume inflation or a growth rate



2.  Assume a real/constant earning


B. Calculate the AIME (average indexed monthly earnings)


C. Calculate the PIA (Primary Insurance Amount)


D. Adjust the cash flows for the SSI claw back and personal income taxes


II. Find the Probability of the cash flows.


A. Scenario Analysis


B. Simulation


C.  Life expectancy/Mortality tables


III Take the present value of the adjusted cash flows.


A. Nominal interest rate


B. Real interest rate - TIPS


C.  Real interest rate – long term growth (assumed)

CALCULATING THE CASH FLOWS


In this draft of the case, all of the clients were born in January of 1960. They are 56 years old now. They have another 11 years before they can begin to claim their benefits.  This case states the wages for the clients as percentages of the maximum taxable income for Social Security. In 2016, that amount is $118,500 so the clients earning 10% earn $11,850 and those earning 100% earn the full $118,500.  The tables for the maximum taxable amount are available from the Social Security website (https://www.ssa.gov/planners/maxtax.html ), so it is a simple matter to download or enter the data into the table and apply the appropriate percentage for each year.  

This application is contrary to Eschenbach and Lewis (2012) which used “someone whose annual inflation adjusted wages have averaged $15000, $60,000 or $120,000 for 35 years.”  


With the spreadsheet of salaries, calculating the AIME is a matter of applying the formula from the Social Security website.  An example with the Index is provided at this location: https://www.ssa.gov/OACT/ProgData/retirebenefit1.html

In this case the actual earnings are net yet known.  The clients in the case are in their mid 50s.  The case allows for them to have earnings back to age 20, or earlier, so that is not necessarily an issue for the case.  Obtaining estimates for the future cash flows is not difficult but it provides the first opportunity for the students to make an assumption that they must use to follow through the remainder of the case.  It also allows for different groups to have ‘different numbers’ and still be correct.   

The first choice would be for the students to make an assumption about the growth in the clients’ earnings that is either nominal or real.  Students could assume or even calculate by various means an inflation rate and use that rate to estimate the future earnings of the clients. That would certainly be acceptable, but that choice now will influence the choice of an appropriate discount rate later.  If a nominal growth rate is used, then the discount rate must be nominal as well.  

In this case, it is possible to calculate the benefit now, and assume that the benefit growth keeps up with inflation.  

Alternatively, the future earnings can be forecast.  The maximum subject to inflation is itself essentially indexed for inflation.  In essence, the maximum taxable income could be treated as a real value.  As the case generally assumes that the wage growth will be at the rate of inflation the real wage will be held constant.  As a result, one correct value to use to estimate future wages is the proportion of the current maximum income taxable for Social Security, or $118,500 today.  Using that rate of growth (zero), will mean that the correct discount rate will be a real and not a nominal value.  That does not mean that there is no salary increase, but only that the salary increase will be at the same rate as the index.  The real value will remain the same.

To calculate the AIME one must multiply the earnings by the value of the index.  (The index values are available at https://www.ssa.gov/cgi-bin/awiFactors.cgi ). The top 35 years of indexed earnings are summed. (In this case there is no need to sort, but if someone were calculating their own earnings and some years included zero or low earnings, the highest 35, and not the most recent 35 years would be used).  The sum (of the highest 35 indexed earnings years) is then divided by 420 (the number of months in 35 years) to get the Average Indexed Monthly Earning value.  Note that indexing stops at age 60, calculated as 2 years before the year of eligibility, which is age 62 for early retirement. 

In the example below, the current income values were used and the index use 1 for the last sets of numbers.  This is not to adjust for the clients reaching 60, but rather because there have been no adjustments for inflation for these years.  

The formula for Primary Insurance Amount (the ‘full retirement benefit’) is found https://www.ssa.gov/OACT/COLA/piaformula.html. 

“his/her PIA will be the sum of:

(a) 90 percent of the first $856 of his/her average indexed monthly earnings, plus 

(b) 32 percent of his/her average indexed monthly earnings over $856 and through $5,157, plus 

(c) 15 percent of his/her average indexed monthly earnings over $5,157.

We round this amount to the next lower multiple of $.10 if it is not already a multiple of $.10.”

To program that formula into Excel, I suggest:

(a)
= IF (AIME>856, .9*856, .9*AIME)

To calculate the value in B a nested IF statement is used to adjust for values that are below $856, or above the next bend point of 5157.

(b)
= IF (AIME<856,0,  (If(AIME< 5157, .32*(AIME-856), .32*(5157-856))))

To calculate (C) there is an unknown value that for the time being is ignored.  Technically, there is a maximum PIA benefit, so there is a maximum AIME that is multiplied by 15%. As the values in this case are not far above that maximum, if at all, this will be ignored, though if one were regularly earning above the maximum amount taxed for Social Security Benefits, it may lead to an error in the PIA benefit.  A search for the “Maximum Social Security Benefit for XXXX year” could be substituted.  

(c ) 
=IF(AIME< 5157, 0, .15*(AIME-5157))

The PIA is then the sum of the values for a, b, and c.


For example, if an applicant’s AIME were $6000, her PIA would be calculated as:

a.  856*.9 =


 779.40
b. .32*(5157-856) =

1376.32
c.  .15* (6000-5157) =
 126.45




2273.17


This would round down to the next lower multiple of .10 to $2273.10


Additional solutions for the Primary Insurance Amount are available from the Social Security website.  One provides a “quick” way to calculate the PIA and is available here:  https://www.ssa.gov/OACT/quickcalc/index.html .  This site allows the student to enter the current value and the beginning month of benefits.  The calculator will estimate the value for the PIA.  However, this is governed by the assumptions in the model and may not match the students’ assumptions.  The model will allow the user to make changes to the calculator’s assumptions, but that would require that the student read and understand what changes to make.  

The table below presents the earnings estimates used in this case for the first three pairs of clients. The estimates for the fourth set will depend on the assumptions that the students make about their wage growth history.  If the students assume that the growth in wages has occurred linearly, then they will add approximately 90%/35 to each year’s percentage of the maximum earnings. If they used some other discrete method such as a raise every four years, then a different cash flow will result.  


[image: image5.emf]55 0.007801 90,153 25.41 0.004681 94,038 28.74

56 0.008466 89,450 24.61 0.00504 93,598 27.88

57 0.009133 88,693 23.82 0.0054 93,126 27.01

58 0.009792 87,883 23.03 0.005756 92,623 26.16

59 0.010462 87,022 22.25 0.006128 92,090 25.31

60 0.011197 86,112 21.48 0.006545 91,526 24.46

61 0.012009 85,147 20.72 0.007034 90,927 23.62

62 0.012867 84,125 19.97 0.007607 90,287 22.78

63 0.013772 83,042 19.22 0.008281 89,600 21.95

64 0.014749 81,899 18.48 0.009057 88,858 21.13

65 0.015852 80,691 17.75 0.009953 88,054 20.32

66 0.017097 79,412 17.03 0.01095 87,177 19.52

67 0.018463 78,054 16.32 0.01201 86,223 18.73

68 0.019959 76,613 15.61 0.013124 85,187 17.95

69 0.021616 75,084 14.92 0.01433 84,069 17.18

70 0.023528 73,461 14.24 0.015728 82,864 16.43

71 0.025693 71,732 13.57 0.017338 81,561 15.68

72 0.028041 69,889 12.92 0.019108 80,147 14.95

73 0.030567 67,930 12.27 0.021041 78,616 14.23

74 0.033347 65,853 11.65 0.023191 76,961 13.53

75 0.036572 63,657 11.03 0.025713 75,177 12.83

76 0.040276 61,329 10.43 0.028609 73,244 12.16

77 0.044348 58,859 9.85 0.03176 71,148 11.5

78 0.048797 56,249 9.28 0.035157 68,888 10.86

79 0.053739 53,504 8.73 0.03892 66,467 10.24

80 0.059403 50,629 8.2 0.043289 63,880 9.64

81 0.065873 47,621 7.68 0.048356 61,114 9.05

82 0.073082 44,484 7.19 0.054041 58,159 8.48

83 0.08107 41,233 6.72 0.060384 55,016 7.94

84 0.089947 37,890 6.27 0.067498 51,694 7.42

85 0.099842 34,482 5.84 0.075516 48,205 6.92

86 0.110863 31,040 5.43 0.084556 44,565 6.44

87 0.123088 27,598 5.04 0.094703 40,796 5.99

88 0.136563 24,201 4.68 0.106014 36,933 5.57

89 0.151299 20,896 4.34 0.118513 33,017 5.17

90 0.167291 17,735 4.03 0.132206 29,104 4.8

91 0.18452 14,768 3.74 0.147092 25,257 4.45

92 0.202954 12,043 3.47 0.163154 21,542 4.13

Period Life Table, 2013

Male Female

Death 

probability

Number of 

life

Life expectancy

Death 

probability

Number of 

life

Life 

expectancy

Exact age




[image: image2.emf]sum of largest 35 indexed yearsSum 3979345 1989673 397934.5

sum/420 AIME 9474.632 4737.316 947.4632

To Calculate PIA a 770.4 770.4 770.4

b 1382.4 1242.021 29.26821

c 644.7947 0 0

PIA 2797.595 2012.421 799.6682



The PIA values calculated would be the benefits received at full retirement. For the situation where the client delays retirement, benefits increase.  If the client starts receiving benefits at age 62, then benefits are reduced.  In addition if benefits are paid before full retirement age, some or all of those benefits will be clawed back.   There are no reductions for income received after full retirement age. However, Social Security Benefits are taxable when earnings are above a specific amount.  The after tax cash flows are what are important, so it is necessary to estimate the tax obligation as well as any claw backs for claiming before full retirement age.

Social Security discusses taxes on benefits at:  https://www.ssa.gov/planners/taxes.html .  This site indicates that for single individuals with combined income (adjusted gross income, plus exempt interest, plus ½ of social security benefits) is between $25,000 and $34,000, then up to 50% of social security benefits are taxable.  If the combined income is more than $34,000, up to 85% of the benefit is taxable.  Except for the lowest earners, 85% of the social security payments will be taxed at the marginal rate as their earnings are well above the $34,000 minimum even before adding ½ of the benefit to arrive at their combined income.  


Only the lowest earner is exempt from paying taxes on their Social Security benefit as their combined income is always less than $25,000.  However, a complexity may arise as the value of the tax hurdle on social security is not indexed.  Under present law, when even the lowest earner’s income reached a nominal value over $25,000, part of her social security payments would be taxed. 

At full retirement age, the relevant cash flows for the three higher earning groups are calculated as:

PIA *12 – {(.85*PIA*12)* (Tax rate)}


For the lowest earning group, the benefits are not taxable, so the value is simply the PIA*12.

 
The relevant values are then:
100% earners
 (2797*12) – (.85*2797*12*.28) = 25,576
50% earners 
( 2012*12) – (.85*2012*12*.25) = 19,013
10% earners 
(799.6*12)


     =   9,595

These values then become an annuity under the assumption that the benefits are indexed for inflation.  As they are indexed for inflation, they are then real values and can be valued as the present value of an annuity as long as a real (inflation adjusted) discount rate is used.  
If students decide to grow the PIA by an assumed inflation rate, that is correct, as long as the 
discount rate used later is a nominal value (includes inflation).  

As illustrated on this page, https://www.ssa.gov/OACT/ProgData/ar_drc.html for those born in or after 1960, for every year initiating benefits are delayed, 8% is added to the benefit for every year benefits are delayed past full retirement age.  This value is additive, not compounded.  As full retirement age for this cohort is 67, delaying retirement to age 70 will increase the benefit by 24%.  The annuity value after age 70 would be:

100% earners
 (2797*12)(1.24) – (.85*2797*12*.28)(1.24) = 31,714
50% earners 
( 2012*12)(1.24) – (.85*2012*12*.25)(1.24) = 23,766
10% earners 
(799.6*12)(1.24)



=  11,980

To value the cash flow for the clients taking the early benefit, several adjustments must be made.  In addition to a reduced benefit, some of those earnings may be clawed back.  In the case of those making the highest amount, all of the earnings would be clawed back, so the decision to continue to work as outlined in the case, removes the possibility of collecting benefits at age 62 as all of the benefits would be lost.  

Collecting benefits before full retirement age will result in a lower benefit as well as subject the client to claw backs. For those born in 1960 (or after) starting benefits at age 62 reduces the benefit to 70% of the full retirement age value. 
 
In addition, to the reduction in the value of the benefit, in 2016 the earnings limit is $15,720.  Earnings from employment above that amount will reduce the benefit by $1 for every $2 above that amount. However, this claw back ends at full retirement age.  

For the highest earning groups, all benefits will be lost.  Half of the earnings above $15,720 will be returned, so 51,390 in benefits ((118,500-15,720)/2) would be returned.  As the total benefit is only (2797*12*.7) 23,494, the entire benefit would be forfeited.  

For the clients earning 50% of the maximum, they would forfeit up to 21,765 ((59,250-15,720)/2) in benefits.  Their total benefit, though is only $16,900.  

The lowest earner would not face claw backs.  Their earnings are only $11,850 which is below the cut off value of $15,720.  Though their benefits would be reduced to 70% of their full retirement benefit, no claw back would be faced.


The after tax cash flow, then for the lowest earners initiating benefits at age 62 would be $6716.64 (799.6*12) (.7). Their income is below the level that would tax social security benefits, so the full amount of the reduced benefit would be available to them.  As there are no earnings claw backs for this group, this would be the annuity value for the rest of their life.  Had there been income clawed back, that would end at full retirement age.  If that were the case, the cash flow would not be a single annuity, but multiple annuities.  The first would be from age 62 until 67 and the other from age 67 on.  

As this case stipulates that the clients are born in January, and as none of the income was subject to the claw back provision,  the second claw back bend point did not come up  “In the year you reach full retirement age, $1 is returned for every $3 you earn … above $41,880. “ This provision is detailed on this page:  https://www.ssa.gov/planners/retire/whileworking2.html

The (after tax) cash flows relevant for the calculations that follow are:
	Full Retirement age:
	Age 70
	Age 62

	100%
	25,576
	31,714
	0

	50%
	19,013
	23,766
	0

	10%
	9,595.2
	11,898
	6716.64


THE PROBABILITY OF COLLECTING THE CASH FLOWS

There are three primary techniques to adjust the cash flows for the probability that the cash flows will be collected.  This case is designed to use the actuarial life tables found on this Social Security website https://www.ssa.gov/OACT/STATS/table4c6.html .  However groups could create a scenario analysis or run a simulation.

 The case design proposed by Eschenbach and Lewis (2012) assumed that the life span would be given in the case.  This case does not do that but students could use a life expectancy table to estimate a ‘best, worst or most likely’ case.  The probability of dying at one’s life expectancy is 50%. In other words, there is a 50% chance that the client will still be alive after their life expectancy.  Students could provide a probability distribution that posited different life expectancies with different ages of death.  The effect of this would be to limit the number of periods that the benefit annuity would be collected.  (These values would then be discounted and the multiplied by the probability of that scenario).  

Students could run a simulation on the life span of each client.  This would require that they know the expected life spans for men and women, the standard deviation of the estimates, and the form of the distribution.  These are the key inputs into the excel simulation.  Unfortunately, while the expected life span is known, the standard deviation is seldom provided in the tables, nor is the shape of the life expectancy distribution, though the normal distribution could certainly be used.  

This case is written to recommend that the students find a mortality table.  Social Security provides one at https://www.ssa.gov/oact/STATS/table4c6.html .  Using this table it is not terribly difficult to provide the probability of living for each additional year.  The relevant portion of the table is presented below.  

To calculate the probability of collecting any particular cash flow, one would divide the number alive that year by the number alive at age 56.  As these clients are already alive today, the probability of being alive at 56 is 100%.  The probability of being alive at 100 for a man is 1.05% (935 alive at 100 divided by the 89450 alive at the age of 56.  
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1980 20 $25,900 96206.11 $48,103.06 $9,620.61

-1

1981 21 $29,700 100231.7 $50,115.85 $10,023.17

0

1982 22 $32,400 103638.2 $51,819.08 $10,363.82

1

1983 23 $35,700 108889.3 $54,444.65 $10,888.93

2

1984 24 $37,800 108893.3 $54,446.66 $10,889.33

3

1985 25 $39,600 109417 $54,708.49 $10,941.70

4

1986 26 $42,000 112703.2 $56,351.58 $11,270.32

5

1987 27 $43,800 110487 $55,243.52 $11,048.70

6

1988 28 $45,000 108185.8 $54,092.90 $10,818.58

7

1989 29 $48,000 111003.1 $55,501.56 $11,100.31

8

1990 30 $51,300 113396.6 $56,698.31 $11,339.66

9

1991 31 $53,400 113797.9 $56,898.93 $11,379.79

10

1992 32 $55,500 112477.7 $56,238.87 $11,247.77

11

1993 33 $57,600 115738.3 $57,869.14 $11,573.83

12

1994 34 $60,600 118583.6 $59,291.82 $11,858.36

13

1995 35 $61,200 115142.4 $57,571.20 $11,514.24

14

1996 36 $62,700 112464.4 $56,232.20 $11,246.44

15

1997 37 $65,400 110839.8 $55,419.88 $11,083.98

16

1998 38 $68,400 110158.6 $55,079.30 $11,015.86

17

1999 39 $72,600 110750.8 $55,375.39 $11,075.08

18

2000 40 $76,200 110151.2 $55,075.60 $11,015.12

19

2001 41 $80,400 113514.5 $56,757.23 $11,351.45

20

2002 42 $84,900 118677.7 $59,338.84 $11,867.77

21

2003 43 $87,000 118711.2 $59,355.62 $11,871.12

22

2004 44 $87,900 114611.3 $57,305.64 $11,461.13

23

2005 45 $90,000 113207.1 $56,603.57 $11,320.71

24

2006 46 $94,200 113283.3 $56,641.65 $11,328.33

25

2007 47 $97,500 112161.7 $56,080.86 $11,216.17

26

2008 48 $102,000 114699.9 $57,349.93 $11,469.99

27

2009 49 $106,800 121936.4 $60,968.19 $12,193.64

28

2010 50 $106,800 119120.9 $59,560.47 $11,912.09

29

2011 51 $106,800 115501.9 $57,750.95 $11,550.19

30

2012 52 $110,100 115465.3 $57,732.65 $11,546.53

31

2013 53 $113,700 117735.9 $58,867.96 $11,773.59

32

2014 54 $117,000 117000 $58,500.00 $11,700.00

33

2015 55 $118,500 118500 $59,250.00 $11,850.00

34

2016 56 $118,500 118500 $59,250.00 $11,850.00

35

Sum of largest 35 indexed years

Sum

39793451989672.65397934.5295
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9474.6324737.31583947.4631656
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1.2025828

1.1503766

1

1

1.1417264

1.1153647

1.0814784
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1.0354962

1



Each cash flow would then be multiplied by the probability of being alive that year to collect the benefit. The probability of being alive each age is the product of the individual probabilities.  It is the probability that you lived this year, and each prior year.  The easiest way to calculate that probability is to divide the number of survivors by the initial number in the pool at the start of the year.

 Cash flows before benefits begin are zero, and after they begin would be the annuities presented above.  The process would be repeated for each sex as the probability of death is different.  

For example, the cash flows for the 50% earning couple at full retirement would be essentially:

	Age
	Cash Flow
	Male Probability of Life
	Female Probability of Life
	Probability X Cash flow
	Probability X Cash Flow

	56
	0
	1.00
	1.00
	0
	0

	57
	0
	.9915
	.9950
	0
	0

	…
	…
	…
	…
	…
	…

	66
	0
	.8878
	.9314
	0
	0

	67
	19013
	.8726
	.9312
	16590.74
	17704.91

	68
	19013
	.8565
	.9101
	16284.63
	17303.73

	…
	…
	…
	…
	…
	…

	100
	19013
	.0105
	.0293
	199.64
	557.08


DISCOUNTING THE CASH FLOWS

As Security payments are an obligation of the US Treasury, the appropriate discount rate to use should be a long term Treasury Security.  If the students projected their cash flows by assuming some rate of inflation and thus had different values for each year’s cash flows, then a nominal discount rate must be used.  The 30 year Treasury would be an appropriate discount rate.


If the group assumed that the cash flow would grow by something close to inflation, then a real discount rate should be used.  The 30 year rate on Treasury Inflation Protected Securities (TIPS) would be the proper choice.  


Given the recent actions of the Fed to hold rates artificially low, and with the TIPS rate very nearly 0%, an alternate rate may be used.  The long term rate of real growth in economy would be close to the economic value of the real interest rate.  The calculations that follow used an assumed rate of 2% to discount the cash flows.  


Consistency, however, is the key.  When earlier editions of this case were used in class, students would assume that the cash flows adjusted essentially with inflation, but then used a nominal (inflation included) discount rate.  The assumption of the cash flows in the numerator must be consistent with the choice of discount rate in the denominator.  If a nominal cash flow is used, then the nominal interest/discount rate must be used. If a real cash flow is used, then a real discount rate must be used.
CONCLUSIONS

The present value of the after tax cash flows started at the ages indicated are presented here. These cash flows are adjusted for the probability of being alive and discounted by an assumed 2% rate of real growth in the economy. (Other discount rates could be used, of course).

	Male
	Group
	
	Female
	Group

	
	100%
	50%
	10%
	
	
	100%
	50%
	10%

	Early (62)
	0
	0
	92087.74
	
	Early (62)
	0
	0
	105130.1

	Full ret age
	329071.5
	236719.5
	94057.21
	
	Full ret age
	389436.68
	280143.6
	111311.2

	At 70
	323711.8
	232864
	92525.28
	
	At 70
	393284.56
	282911.6
	112411

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	



The results in the table used the life expectancy table values until age 114, the maximum value in the table.  


The value of benefits is a function primarily of the probability of death.  While the cash flows are the same for men and women, females have a greater life expectancy.  As a result, the expected value of their benefits is higher as there is a greater probability that they will receive more (or a greater portion) of them.  Beginning payments at age 62, and keeping those payments constant (in real terms) for the recipient’s life span has the lowest value (though higher for women than men).  For men, beginning benefits at full retirement age has a higher value for all three income schemes than waiting until age 70.  Women, however, have a greater life expectancy and benefit more by delaying their benefits until age 70.
EXPANSION

If a larger real discount rate were used, earlier payments would have a larger value compared to older payments and may shift the conclusion in favor of starting earlier.  Using different rates may change the conclusions.


Political risk could be added into the analysis by either increasing the discount or changing the cash flows, or both.  Also additional probabilities could be added or simulation would be more applicable.  Will Social Security exist in the future, or should a greater discount be used to reflect the risk that the payments would be lower?  The Social Security Trust currently estimates that inflows are sufficient to pay 75% of payments.  Cash flows could be so adjusted. The calculation of the present value of benefits for men at full retirement age is illustrated below:
	Discount rate: 2%

	CF:
	33570
	24148.8
	9595.2

	
	
	Male
	Full ret age
	

	Time pd.
	Prob
	AGE
	100%
	50%
	10%

	0
	1
	56
	0
	0
	0

	1
	0.991537
	57
	0
	0
	0

	2
	0.982482
	58
	0
	0
	0

	3
	0.972856
	59
	0
	0
	0

	4
	0.962683
	60
	0
	0
	0

	5
	0.951895
	61
	0
	0
	0

	6
	0.94047
	62
	0
	0
	0

	7
	0.928362
	63
	0
	0
	0

	8
	0.915584
	64
	0
	0
	0

	9
	0.902079
	65
	0
	0
	0

	10
	0.887781
	66
	0
	0
	0

	11
	0.872599
	67
	23559.40
	16947.61
	6733.90

	12
	0.85649
	68
	22671.04
	16308.56
	6479.99

	13
	0.839396
	69
	21782.92
	15669.69
	6226.14

	14
	0.821252
	70
	20894.18
	15030.37
	5972.11

	15
	0.801923
	71
	20002.37
	14388.83
	5717.21

	16
	0.781319
	72
	19106.32
	13744.26
	5461.10

	17
	0.759419
	73
	18206.64
	13097.06
	5203.94

	18
	0.736199
	74
	17303.88
	12447.66
	4945.91

	19
	0.711649
	75
	16398.87
	11796.63
	4687.23

	20
	0.685623
	76
	15489.36
	11142.37
	4427.27

	21
	0.65801
	77
	14574.05
	10483.94
	4165.65

	22
	0.628832
	78
	13654.70
	9822.59
	3902.88

	23
	0.598144
	79
	12733.66
	9160.04
	3639.62

	24
	0.566003
	80
	11813.16
	8497.88
	3376.52

	25
	0.532376
	81
	10893.44
	7836.27
	3113.64

	26
	0.497306
	82
	9976.32
	7176.53
	2851.50

	27
	0.460961
	83
	9065.91
	6521.62
	2591.28

	28
	0.423589
	84
	8167.53
	5875.37
	2334.50

	29
	0.385489
	85
	7287.16
	5242.07
	2082.87

	30
	0.34701
	86
	6431.13
	4626.28
	1838.19

	31
	0.30853
	87
	5605.87
	4032.62
	1602.31

	32
	0.270553
	88
	4819.46
	3466.91
	1377.53

	33
	0.233605
	89
	4079.70
	2934.76
	1166.09

	34
	0.198267
	90
	3394.66
	2441.97
	970.28

	35
	0.165098
	91
	2771.32
	1993.57
	792.12

	36
	0.134634
	92
	2215.64
	1593.84
	633.29

	37
	0.107311
	93
	1731.37
	1245.47
	494.87

	38
	0.083432
	94
	1319.71
	949.34
	377.21

	39
	0.06313
	95
	979.00
	704.25
	279.82

	40
	0.046473
	96
	706.55
	508.26
	201.95

	41
	0.033281
	97
	496.07
	356.85
	141.79

	42
	0.023197
	98
	338.99
	243.85
	96.89

	43
	0.015763
	99
	225.83
	162.45
	64.55

	44
	0.010453
	100
	146.82
	105.61
	41.96

	45
	0.006764
	101
	93.14
	67.00
	26.62

	46
	0.004248
	102
	57.35
	41.26
	16.39

	47
	0.002594
	103
	34.33
	24.69
	9.81

	48
	0.001532
	104
	19.87
	14.30
	5.68

	49
	0.000872
	105
	11.09
	7.98
	3.17

	50
	0.000481
	106
	6.00
	4.31
	1.71

	51
	0.000257
	107
	3.14
	2.26
	0.90

	52
	0.000123
	108
	1.47
	1.06
	0.42

	53
	5.59E-05
	109
	0.66
	0.47
	0.19

	54
	2.24E-05
	110
	0.26
	0.19
	0.07

	55
	1.12E-05
	111
	0.13
	0.09
	0.04

	56
	0
	112
	0.00
	0.00
	0.00

	57
	0
	113
	0.00
	0.00
	0.00

	58
	0
	114
	0.00
	0.00
	0.00

	
	
	
	
	
	

	
	
	
	PV of benefits at full ret age

	
	
	Earner:
	100%
	50%
	10%

	
	
	
	329071.5
	236719.5
	94057.21
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		YEAR 		AGE		MAX 
EARNINGS		INDEX 				100%		50%		10%				YEARS
WORKED

		1980		20		$25,900		3.7145218				96206.11462		$48,103.06		$9,620.61				-1

		1981		21		$29,700		3.3748045				100231.69365		$50,115.85		$10,023.17				0

		1982		22		$32,400		3.1987084				103638.15216		$51,819.08		$10,363.82				1

		1983		23		$35,700		3.0501206				108889.30542		$54,444.65		$10,888.93				2

		1984		24		$37,800		2.8807759				108893.32902		$54,446.66		$10,889.33				3

		1985		25		$39,600		2.763055				109416.978		$54,708.49		$10,941.70				4

		1986		26		$42,000		2.6834086				112703.1612		$56,351.58		$11,270.32				5

		1987		27		$43,800		2.5225352				110487.04176		$55,243.52		$11,048.70				6

		1988		28		$45,000		2.4041287				108185.7915		$54,092.90		$10,818.58				7

		1989		29		$48,000		2.3125652				111003.1296		$55,501.56		$11,100.31				8

		1990		30		$51,300		2.2104605				113396.62365		$56,698.31		$11,339.66				9

		1991		31		$53,400		2.1310459				113797.85106		$56,898.93		$11,379.79				10

		1992		32		$55,500		2.0266261				112477.74855		$56,238.87		$11,247.77				11

		1993		33		$57,600		2.0093452				115738.28352		$57,869.14		$11,573.83				12

		1994		34		$60,600		1.9568258				118583.64348		$59,291.82		$11,858.36				13

		1995		35		$61,200		1.8814118				115142.40216		$57,571.20		$11,514.24				14

		1996		36		$62,700		1.7936906				112464.40062		$56,232.20		$11,246.44				15

		1997		37		$65,400		1.6947976				110839.76304		$55,419.88		$11,083.98				16

		1998		38		$68,400		1.6105059				110158.60356		$55,079.30		$11,015.86				17

		1999		39		$72,600		1.5254927				110750.77002		$55,375.39		$11,075.08				18

		2000		40		$76,200		1.4455537				110151.19194		$55,075.60		$11,015.12				19

		2001		41		$80,400		1.4118715				113514.4686		$56,757.23		$11,351.45				20

		2002		42		$84,900		1.3978526				118677.68574		$59,338.84		$11,867.77				21

		2003		43		$87,000		1.3644969				118711.2303		$59,355.62		$11,871.12				22

		2004		44		$87,900		1.3038825				114611.27175		$57,305.64		$11,461.13				23

		2005		45		$90,000		1.2578572				113207.148		$56,603.57		$11,320.71				24

		2006		46		$94,200		1.2025828				113283.29976		$56,641.65		$11,328.33				25

		2007		47		$97,500		1.1503766				112161.7185		$56,080.86		$11,216.17				26

		2008		48		$102,000		1.1245084				114699.8568		$57,349.93		$11,469.99				27

		2009		49		$106,800		1.1417264				121936.37952		$60,968.19		$12,193.64				28

		2010		50		$106,800		1.1153647				119120.94996		$59,560.47		$11,912.09				29

		2011		51		$106,800		1.0814784				115501.89312		$57,750.95		$11,550.19				30

		2012		52		$110,100		1.0487312				115465.30512		$57,732.65		$11,546.53				31

		2013		53		$113,700		1.0354962				117735.91794		$58,867.96		$11,773.59				32

		2014		54		$117,000		1				117000		$58,500.00		$11,700.00				33

		2015		55		$118,500		1				118500		$59,250.00		$11,850.00				34

		2016		56		$118,500		1				118500		$59,250.00		$11,850.00				35



						Sum of largest 35 indexed years				Sum		3979345.29537		1989672.647685		397934.529537



				Sum/420				AIME				9474.6316556429		4737.3158278214		947.4631655643



						To Calculate PIA				a		770.40		770.40		770.40

										b		1,382.40		1,242.02		29.27

										c		644.79		0.00		0.00



								PIA				2,797.59		2,012.42		799.67



		 index available at				https://www.ssa.gov/cgi-bin/awiFactors.cgi
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		Period Life Table, 2013

		Exact age		Male						Female

				Death probability		Number of life		Life expectancy		Death probability		Number of life		Life expectancy





		55		0.007801		90,153		25.41		0.004681		94,038		28.74

		56		0.008466		89,450		24.61		0.00504		93,598		27.88

		57		0.009133		88,693		23.82		0.0054		93,126		27.01

		58		0.009792		87,883		23.03		0.005756		92,623		26.16

		59		0.010462		87,022		22.25		0.006128		92,090		25.31

		60		0.011197		86,112		21.48		0.006545		91,526		24.46

		61		0.012009		85,147		20.72		0.007034		90,927		23.62

		62		0.012867		84,125		19.97		0.007607		90,287		22.78

		63		0.013772		83,042		19.22		0.008281		89,600		21.95

		64		0.014749		81,899		18.48		0.009057		88,858		21.13

		65		0.015852		80,691		17.75		0.009953		88,054		20.32

		66		0.017097		79,412		17.03		0.01095		87,177		19.52

		67		0.018463		78,054		16.32		0.01201		86,223		18.73

		68		0.019959		76,613		15.61		0.013124		85,187		17.95

		69		0.021616		75,084		14.92		0.01433		84,069		17.18

		70		0.023528		73,461		14.24		0.015728		82,864		16.43

		71		0.025693		71,732		13.57		0.017338		81,561		15.68

		72		0.028041		69,889		12.92		0.019108		80,147		14.95

		73		0.030567		67,930		12.27		0.021041		78,616		14.23

		74		0.033347		65,853		11.65		0.023191		76,961		13.53

		75		0.036572		63,657		11.03		0.025713		75,177		12.83

		76		0.040276		61,329		10.43		0.028609		73,244		12.16

		77		0.044348		58,859		9.85		0.03176		71,148		11.5

		78		0.048797		56,249		9.28		0.035157		68,888		10.86

		79		0.053739		53,504		8.73		0.03892		66,467		10.24

		80		0.059403		50,629		8.2		0.043289		63,880		9.64

		81		0.065873		47,621		7.68		0.048356		61,114		9.05

		82		0.073082		44,484		7.19		0.054041		58,159		8.48

		83		0.08107		41,233		6.72		0.060384		55,016		7.94

		84		0.089947		37,890		6.27		0.067498		51,694		7.42

		85		0.099842		34,482		5.84		0.075516		48,205		6.92

		86		0.110863		31,040		5.43		0.084556		44,565		6.44

		87		0.123088		27,598		5.04		0.094703		40,796		5.99

		88		0.136563		24,201		4.68		0.106014		36,933		5.57

		89		0.151299		20,896		4.34		0.118513		33,017		5.17

		90		0.167291		17,735		4.03		0.132206		29,104		4.8

		91		0.18452		14,768		3.74		0.147092		25,257		4.45

		92		0.202954		12,043		3.47		0.163154		21,542		4.13
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						sum of largest 35 indexed years				Sum		3979345.29537		1989672.647685		397934.529537



				sum/420						AIME		9474.6316556429		4737.3158278214		947.4631655643



						To Calculate PIA				a		770.4		770.4		770.4

										b		1382.4		1242.0210649029		29.2682129806

										c		644.7947483464		0		0



										PIA		2797.5947483464		2012.4210649029		799.6682129806



		 index available at				https://www.ssa.gov/cgi-bin/awiFactors.cgi








