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Figure 4 (cont'd.)
C. Impact of Initial Retirement Wealth on the Probability of 

Retirement Income "Adequacy," by Annuitization 
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5% Equity Allocation
For: Males Retiring at Age 65 in the Highest Income Category

Building Block 2: investment income and longevity stochastic, health care expenses  deterministic
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D. Impact of Initial Retirement Wealth on the Probability of 
Retirement Income "Adequacy," by Annuitization 

0% Annuitization 25% Annuitization 50% Annuitization
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For: Males Retiring at Age 65 in the Highest Income Category

Building Block 2: investment income and longevity stochastic, health care expenses deterministic

Source: Simulations from Ballpark E$timate Monte Carlo, Employee Benefit Research Institute.
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 Lowest-Income Category 

Probability of Adequate 
Retirement Income 

Replacement Rate Needed Under 

Building Block 1 Building Block 2 Building Block 3 

50% 

75% 

90% 

121.3% 

130.9 

140.9 

123.1% 

153.5 

183.1 

152.2% 

216.5 

302.9 

 

 Highest-Income Category 

Probability of Adequate 
Retirement Income 

Replacement Rate Needed Under 

Building Block 1 Building Block 2 Building Block 3 

50% 

75% 

90% 

33.0% 

34.7 

36.5 

33.4% 

39.0 

44.5 

36.3% 

46.6 

60.7 

 
Replacement rates needed to meet a 50 percent probability of retirement income adequacy do not vary significantly 
across three building blocks. However, when a retiree targets a 90 percent adequacy, the replacement rate for that 
adequacy dramatically increases under Building Block 3. For example, a retiree in the lowest-income category needs a 
replacement rate of 183.1 percent under Building Block 2, which is about a 30 percent increase over the rate of the 
Building Block 1. However, when the retiree is under Building Block 3, he needs a replacement rate of 302.9 percent, 
which is a 65 percent increase over the rate of Building Block 2. A similar pattern is also found for a retiree in the 
highest-income category.  

As presented in Figure 4 (Building Block 2), Figure 8 also demonstrates the value of purchasing an immediate annuity 
at retirement to reach a higher probability of retirement income adequacy. However, the retiree who wants to achieve 
the same target retirement adequacy under Building Block 3 now needs more initial retirement wealth to cover 
potential catastrophic long-term care costs. For example, if a retiree in the lowest-income category who adopts a full 
annuitization and a 5 percent equity allocation targets a 90 percent chance of adequacy, he needs an initial retirement 
wealth of $224,000 under Building Block 2 (Panel A of Figure 4).15 However, if the retiree is under Building Block 3, he 
needs an initial retirement wealth of $542,000 to get the same probability of adequacy (Panel A of Figure 8). Similar 
results are also found for a retiree in the highest-income category (Panel C of Figure 4 vs. Panel C of Figure 8). 

An optimal level of annuitization in Building Block 3 varies in different equity allocations as well as target retirement 
income adequacy. Figures 9 and 10 present replacement rates required for a certain chance of adequacy by different 
degrees of annuitization and equity allocations. Compared with Building Block 2 (Figures 5 and 6), Building Block 3 
needs a higher replacement rate to meet a target retirement adequacy. In addition, equity allocations under Building 
Block 3 become more crucial than those under Building Block 2, because of the potential catastrophic long-term care 
costs. For example, when a retiree who desires a 90 percent chance of adequacy chooses a full annuitization under 
Building Block 2, equity allocations do not matter relatively: The difference between the highest and lowest 
replacement rates is only 3.2 percentage points under Building Block 2 (Panel C of Figure 5). However, when the retiree 
is under Building Block 3, the difference increases to 20.8 percentage points (Panel C of Figure 9).    

Figure 11 demonstrates different optimal level of annuitization by income category as well as equity allocation and 
target retirement income adequacy. Different from Building Block 2 (Figure 7), the results of Building Block 3 show that 
a 95 percent equity allocation is optimal in any degree of annuitization except no annuitization. The same optimal 
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equity allocation is found across income categories. Thus, the high equity allocation under Building Block 3 would be 
sufficient to cover potentially catastrophic long-term care costs. 

Immediate and Longevity Annuities: Building Blocks 2 and 3 

To examine retirement income adequacy against longevity risk, two types of annuities are considered: immediate and 
longevity annuities. Longevity annuities are basically immediate annuity contracts without the initial payments (Scott, 
2007). For example, a longevity annuity purchased at age 65 starts to distribute payments at age 85; an immediate 
annuity purchased at age 65 begins payments at age 65.  

For this analysis, a male retiring at age 65 is assumed to purchase an immediate annuity at a price quoted at the end of 
2009 from www.immediateannuities.com or a longevity annuity commencing payments at age 85 at a price quoted as 
of 9/18/2009 in MetLife’s Longevity Income Guarantee.16 For example, a $50,000 premium for an immediate annuity 
(the immediate annuity price) is assumed to purchase annual payments of $3,791, and the same premium for a 
longevity annuity (the longevity annuity price) would make annual payments of $39,501 starting at age 85. 

Retirement Income Adequacy Under Building Block 2 

Figures 12 and 13 demonstrate that if a retiree in the lowest or the highest income category targets a 90 percent 
chance of adequacy, he should fully annuitize the initial retirement wealth with an immediate annuity regardless of 
equity allocations. The lowest multiple of final earnings is found in a full annuitization (or 100 percent annuitization of 
the assets). The full annuitization with an immediate annuity is consistent with the findings of Scott, Watson, and Hu 
(2006) and Gong and Webb (2010). They state that retirees interested in fully annuitizing their assets should select an 
immediate annuity instead of a longevity annuity.17 Pashchenko (2010) also documented that full annuitization would 
be optimal in the case of deterministic health care costs. 

As for a longevity annuity, in contrast, the figures show that a retiree would be able to reach a 90 percent probability of 
adequacy by allocating only about 15 to 20 percent of his initial retirement wealth to a longevity annuity.18 The lowest 
multiple of final earnings is found in a range of 15‒20 percent annuitization with a longevity annuity.19 An allocation of 
the small fraction of the initial retirement wealth to the longevity annuity would enable the retiree to preserve liquidity. 
Thus, the longevity annuity may overcome a potentially important psychological barrier to annuitization (Gong and 
Webb, 2010). 

In addition, the figures show that the positive effects of immediate and longevity annuities on retirement income 
adequacy are stronger for retirees in the lowest-income category than for those in the highest-income category. The 
slopes of immediate and longevity annuities for a retiree in the lowest-income category (Figure 12) are steeper than 
those for his counterpart in the highest-income category (Figure 13). For example, a retiree with no annuitization and a 
50 percent equity allocation in the lowest-income category (Panel C of Figure 12) needs 18.3 times final earnings to get 
a 90 percent chance of adequacy. If the retiree fully annuitizes his retirement wealth with an immediate annuity or 
allocates about a 20 percent of his retirement wealth to a longevity annuity, he needs 12.9 or 15.3 times final earnings, 
each of which saves 5.4 or 3.0 times his final earnings, respectively.  

However, if a retiree in the highest-income category annuitizes in the same way as his counterpart in the lowest-income 
category, he needs 2.3 or 2.7 times final earnings (Panel C of Figure 13), each of which saves 1.0 or 0.6 times final 
earnings, respectively. These savings are relatively small compared with the savings for the retiree in the lowest-income 
category. In sum, Figures 12 and 13 demonstrate that retirees in the lowest-income category who desire a 90 percent 
chance of adequacy are likely to be relatively much better off annuitizing than those in the highest-income category. 

For a retiree in Building Block 2, Figure 14 presents final earnings multiples for a 90 percent chance of adequacy by 
equity allocation and the degree of annuitization with the longevity annuity. A retiree in the lowest-income category is 
able to achieve the 90 percent adequacy with a combination of a 30‒40 percent equity allocation and a 20 percent 
allocation to the longevity annuity (Panel A). Similarly, a retiree in the highest-income category can reach the target 
adequacy with a combination of a 35 percent equity allocation and a 20 percent allocation to a longevity annuity (Panel 
B).  
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Figure 5
A. Replacement Rates Required for a 50% Chance of "Adequacy"
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B. Replacement Rates Required for a 75% Chance of "Adequacy"
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C. Replacement Rates Required for a 90% Chance of "Adequacy"
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For: Males Retiring at Age 65 in the Lowest Income Category
Building Block 2: Investment income and longevity stochastic, health care expenses deterministic

For: Males Retiring at Age 65 in the Lowest Income Category
Building Block 2: Investment income and longevity stochastic, health care expenses deterministic

For: Males Retiring at Age 65 in the Lowest Income Category
Building Block 2: Investment income and longevity stochastic, health care expenses deterministic

Source: Simulations from Ballpark E$timate Monte Carlo, Employee Benefit Research Institute.
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Figure 6
A. Replacement Rates Required for a 50% Chance of "Adequacy"
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B. Replacement Rates Required for a 75% Chance of "Adequacy"
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C. Replacement Rates Required for a 90% Chance of "Adequacy"

5% Equity Allocation 25% Equity Allocation 50% Equtiy Allocation

75% Equity Allocation 95% Equity Allocation

For: Males Retiring at Age 65 in the Highest Income Category
Building Block 2: Investment income and longevity stochastic, health care expenses deterministic

For: Males Retiring at Age 65 in the Highest Income Category
Building Block 2: Investment income and longevity stochastic, health care expenses deterministic

For: Males Retiring at Age 65 in the Highest Income Category
Building Block 2: Investment income and longevity stochastic, health care expenses deterministic

Source: Simulations from Ballpark E$timate Monte Carlo, Employee Benefit Research Institute.
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A. Impact of Initial Retirement Wealth on the Probability of 
Retirement Income "Adequacy," by Annuitization 
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5% Equity Allocation
For: Males Retiring at Age 65 in the Lowest Income Category

Building Block 3: investment income, longevity, and health care expenses stochastic
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B. Impact of Initial Retirement Wealth on the Probability of 
Retirement Income "Adequacy," by Annuitization 
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50% Equity Allocation
For: Males Retiring at Age 65 in the Lowest Income Category

Building Block 3: investment income, longevity, and health care expenses stochastic

Source: Simulations from Ballpark E$timate Monte Carlo, Employee Benefit Research Institute.
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Figure 8 (cont'd.)
C. Impact of Initial Retirement Wealth on the Probability of 

Retirement Income "Adequacy," by Annuitization 
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75% Annuitization 100% Annuitization

5% Equity Allocation
For: Males Retiring at Age 65 in the Highest Income Category

Building Block 3: investment income, longevity, and health care expenses stochastic
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D. Impact of Initial Retirement Wealth on the Probability of 
Retirement Income "Adequacy," by Annuitization 
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For: Males Retiring at Age 65 in the Highest Income Category

Building Block 3: investment income, longevity, and health care expenses stochastic

Source: Simulations from Ballpark E$timate Monte Carlo, Employee Benefit Research Institute.
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Retirement Income Adequacy Under Building Block 3 

Figures 15 and 16 demonstrate final earnings multiples for a 90 percent chance of adequacy, when retirees in the low- 
and high-income category are under Building Block 3, which includes long-term care costs. Unlike Figures 12 and 13 
(Building Block 2), the figures show that an optimal level (equivalent to the lowest multiple of final earnings) of 
annuitization with an immediate annuity is not full annuitization. The retiree in the lowest- or the highest-income 
category should annuitize 80‒90 percent of the initial retirement, not 100 percent, to optimally achieve a 90 percent 
chance of adequacy. Less than full annuitization with an immediate annuity would be optimal for a retiree under 
Building Block 3, because the retiree should hold part of his initial retirement wealth to finance the unexpected long-
term care costs. This result is consistent with the findings of Peijnenburg, et al. (2010) and Pashchenko (2010). They 
documented that if medical expenses are sizable early in retirement or uncertain, full annuitization with an immediate 
annuity is not optimal. 

For a retiree who utilizes a longevity annuity, the figures show that a retiree in the lowest- or highest-income category 
can optimally reach a 90 percent probability of adequacy by allocating about 20‒35 percent of his initial retirement 
wealth to the longevity annuity. Not surprisingly, the retiree in Building Block 3 who has to cope with unexpected long-
term care costs needs a larger allocation to a longevity annuity than a counterpart in Building Block 2. In addition, 
similar to Building Block 2, the positive effects of immediate and longevity annuities on retirement adequacy are larger 
in the lowest-income category than in the highest-income category. 

As presented in Figure 14, Figure 17 demonstrates final earnings multiples for a 90 percent chance of adequacy by 
equity allocation and the degree of annuitization with the longevity annuity in detail.  Retirees in the lowest (Panel A) 
and highest (Panel B) income categories are able to optimally achieve the 90 percent adequacy with a combination of a 
70 percent equity allocation and a 25 percent allocation to the longevity annuity. Both the equity allocation and the 
allocation to the longevity are larger than the optimal allocations to equities and the longevity annuity under Building 
Block 2 (a 35 percent equity allocation and a 20 percent allocation to longevity annuity). The results indicate that, in 
order to cover the unexpected catastrophic long-term care costs, a retiree who desires a 90 percent chance of 
adequacy needs to increase his allocation to both equities and longevity annuity. 

Conclusion 
This analysis updates the previous Issue Brief (VanDerhei, 2006) with recent information/estimates on retirement and 
health care expenditures. The 2006 Issue Brief showed that adequate replacement rates depend not only on different 
types of risk (such as investment income, longevity, and long-term care risk) but also on asset allocation and 
percentage of annuitization. As in the previous study, this Issue Brief has demonstrated that retirement income 
adequacy depends on the three different types of risk, asset allocation, and percentage of annuitization. 

For example, a retiree in the lowest-income category who desires a 90 percent chance of adequacy (or a non-negative 
balance at the end of the simulated life-path) but no annuitization needs 12.4 times final earnings with a 5 percent 
equity allocation under Building Block 1, which assumes stochastic investment income but deterministic longevity and 
health care expenses. However, if he faces longevity risk as well as investment (Building Block 2), a multiple of final 
earnings necessary for the 90 percent chance goes up, to 20.4. Further, if he needs to cope with potential catastrophic 
long-term care costs (Building Block 3), the multiple of final earnings multiple dramatically increases to 40.2. In 
addition, the multiple of final earnings needed to reach the target adequacy depends on different equity allocations and 
degrees of annuitization.  

Several studies on longevity annuities (e.g., Webb, Gong, and Sun, 2007; Scott, 2008) show that a modest allocation of 
retirement wealth to a longevity annuity can deliver as large a benefit as a significant allocation to an immediate 
annuity. This Issue Brief compares the impact of immediate and longevity annuities on retirement income adequacy, 
assuming that a retiree would face long-term health care risk as well as longevity risk. 

Simulation results of Building Block 2, which reflects stochastic investment income and longevity risk but deterministic 
health care costs, show that a retiree who desires to reach a 90 percent chance of adequacy should allocate                    
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15‒20 percent of his initial retirement wealth to a longevity annuity with a 30‒40 percent equity allocation. In addition, 
the positive effects of longevity annuities are stronger for retirees in the lowest-income category than for those in the 
highest-income category. 

Regarding retirement income adequacy under Building Block 3, which reflects stochastic investment income, longevity, 
and health care costs, simulation results demonstrate that the retiree who desires a 90 percent chance of adequacy 
should increase the allocation of his retirement wealth to a longevity annuity (25 percent) and equities (70 percent). 
The results indicate that in order to cover unexpected catastrophic long-term care costs, the retiree needs to increase 
the allocation of his initial retirement wealth to both a longevity annuity and the equities in his portfolio. 

As mentioned in the introduction, there is one caveat to the simulation results. The simulations of the Issue Brief were 
conducted for a male retiring at age 65 with specific assumptions on the long-term capital market and investment 
expenses, the long-term inflation rate, and the mortality table. Therefore, future research will include an analysis of 
retirement income adequacy for a female or a household with alternative assumptions on the long-term capital market, 
inflation (e.g., stochastic inflation), and mortality. 
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Figure 9
A. Replacement Rates Required for a 50% Chance of "Adequacy"

For: Males Retiring at Age 65 in the Lowest Income Category
Building Block 3: Investment income, longevity, and health care expenses stochastic
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B. Replacement Rates Required for a 75% Chance of "Adequacy"
For: Males Retiring at Age 65 in the Lowest Income Category

Building Block 3: Investment income, longevity, and health care expenses stochastic
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C. Replacement Rates Required for a 90% Chance of "Adequacy"

5% Equity Allocation 25% Equity Allocation 50% Equity Allocation

75% Equity Allocation 95% Equity Allocation

For: Males Retiring at Age 65 in the Lowest Income Category
Building Block 3: Investment income, longevity, and health care expenses stochastic

Source: Simulations from Ballpark E$timate Monte Carlo, Employee Benefit Research Institute.
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Figure 10
A. Replacement Rates Required for a 50% Chance of "Adequacy"
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B. Replacement Rates Required for a 75% Chance of "Adequacy"
For: Males Retiring at Age 65 in the Highest Income Category

Building Block 3: Investment income, longevity, and health care expenses stochastic
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C. Replacement Rates Required for a 90% Chance of "Adequacy"

5% Equity Allocation 25% Equity Allocation 50% Equity Allocation

75% Equity Allocation 95% Equity Allocation

For: Males Retiring at Age 65 in the Highest Income Category
Building Block 3: Investment income, longevity, and health care expenses stochastic

For: Males Retiring at Age 65 in the Highest Income Category
Building Block 3: Investment income, longevity, and health care expenses stochastic

Source: Simulations from Ballpark E$timate Monte Carlo, Employee Benefit Research Institute.
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A. Males retiring at age 65 in the lowest income category: Final earnings of $16,932

0% 5% 10% 15% 20% 25% 30%

5% 20.43 18.16 16.51 15.63 15.83 16.54 17.51

10% 19.99 17.87 16.33 15.47 15.62 16.30 17.25

15% 19.64 17.63 16.17 15.36 15.44 16.12 17.01

20% 19.28 17.42 16.06 15.27 15.34 15.92 16.80

25% 18.99 17.22 16.01 15.24 15.24 15.80 16.65

30% 18.75 17.13 15.98 15.22 15.18 15.71 16.54

35% 18.57 17.04 15.95 15.24 15.18 15.62 16.45

40% 18.40 17.04 15.95 15.27 15.18 15.62 16.42

45% 18.28 17.04 15.98 15.33 15.21 15.65 16.39

50% 18.28 17.04 16.03 15.40 15.30 15.68 16.42

55% 18.28 17.07 16.09 15.50 15.39 15.74 16.45

60% 18.34 17.13 16.18 15.62 15.53 15.86 16.51

65% 18.43 17.25 16.30 15.77 15.65 15.95 16.63

70% 18.52 17.36 16.45 15.92 15.80 16.09 16.77

75% 18.67 17.53 16.60 16.09 15.98 16.21 16.89

80% 18.84 17.69 16.77 16.30 16.15 16.42 17.04

85% 19.05 17.87 16.97 16.51 16.36 16.60 17.19

90% 19.25 18.04 17.22 16.74 16.63 16.77 17.39

95% 19.49 18.31 17.48 16.98 16.86 17.01 17.60

B. Males retiring at age 65 in the highest income category: Final earnings of $103,584

0% 5% 10% 15% 20% 25% 30%

5% 3.73 3.31 3.00 2.83 2.82 2.95 3.11

10% 3.64 3.25 2.97 2.80 2.79 2.91 3.07

15% 3.58 3.21 2.94 2.78 2.76 2.87 3.02

20% 3.51 3.17 2.92 2.76 2.74 2.84 2.99

25% 3.46 3.13 2.91 2.75 2.72 2.82 2.96

30% 3.41 3.11 2.90 2.75 2.72 2.79 2.93

35% 3.37 3.09 2.89 2.75 2.71 2.79 2.92

40% 3.35 3.09 2.89 2.76 2.72 2.79 2.92

45% 3.33 3.09 2.90 2.77 2.73 2.79 2.92

50% 3.32 3.09 2.91 2.78 2.74 2.79 2.92

55% 3.32 3.10 2.92 2.79 2.76 2.80 2.93

60% 3.32 3.10 2.93 2.81 2.78 2.82 2.93

65% 3.34 3.12 2.95 2.84 2.80 2.85 2.96

70% 3.35 3.14 2.97 2.86 2.82 2.87 2.98

75% 3.37 3.17 3.00 2.89 2.86 2.89 3.00

80% 3.41 3.20 3.03 2.93 2.89 2.92 3.03

85% 3.44 3.23 3.07 2.97 2.93 2.95 3.06

90% 3.49 3.27 3.10 3.01 2.97 2.99 3.09

95% 3.53 3.31 3.15 3.06 3.02 3.04 3.13
Source: Simulations from Ballpark E$timate Monte Carlo, Employee Benefit Research Institute. 
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Building Block 2: Investment income and longevity stochastic, health care expenses deterministic
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A. Males retiring at age 65 in the lowest income category:  Final earnings of $16,932

0% 5% 10% 15% 20% 25% 30% 35% 40%

5% 40.22 37.65 36.12 34.93 34.43 33.75 33.46 33.43 33.75

10% 39.16 37.03 35.41 34.43 33.69 33.43 33.04 33.01 33.34

15% 38.18 36.29 34.82 33.78 33.25 32.90 32.60 32.78 32.98

20% 37.47 35.70 34.31 33.28 32.81 32.51 32.28 32.54 32.87

25% 36.68 35.14 33.93 32.82 32.54 32.10 31.89 32.19 32.69

30% 35.94 34.61 33.40 32.39 32.16 31.77 31.60 32.04 32.54

35% 35.44 34.02 33.01 32.07 31.77 31.45 31.36 31.83 32.34

40% 35.11 33.58 32.66 31.80 31.39 31.18 31.21 31.63 32.25

45% 34.58 33.10 32.25 31.48 31.15 30.80 31.15 31.51 32.07

50% 34.11 32.90 31.89 31.30 30.86 30.62 30.95 31.36 32.07

55% 33.78 32.57 31.63 31.04 30.59 30.53 30.74 31.30 31.92

60% 33.63 32.36 31.48 30.93 30.34 30.34 30.70 31.24 32.07

65% 33.56 32.22 31.39 30.73 30.34 30.34 30.65 31.34 32.08

70% 33.69 32.13 31.39 30.58 30.34 30.32 30.68 31.39 32.25

75% 33.72 32.10 31.33 30.62 30.33 30.33 30.80 31.45 32.39

80% 33.66 32.10 31.36 30.71 30.47 30.50 30.83 31.57 32.48

85% 33.81 32.22 31.33 30.83 30.53 30.71 30.98 31.80 32.63

90% 34.20 32.34 31.42 31.07 30.83 30.80 31.21 31.92 32.84

95% 34.56 32.93 31.60 31.15 30.98 31.01 31.39 32.25 33.01

B. Males retiring at age 65 in the highest income category: Final earnings of $103,584

0% 5% 10% 15% 20% 25% 30% 35% 40%

5% 6.43 6.03 5.79 5.60 5.51 5.41 5.36 5.37 5.40

10% 6.26 5.92 5.68 5.52 5.40 5.35 5.29 5.29 5.33

15% 6.12 5.81 5.58 5.42 5.33 5.28 5.22 5.24 5.29

20% 6.00 5.72 5.51 5.32 5.26 5.22 5.16 5.21 5.26

25% 5.87 5.63 5.44 5.26 5.21 5.14 5.10 5.16 5.21

30% 5.75 5.54 5.35 5.20 5.15 5.09 5.05 5.12 5.20

35% 5.66 5.45 5.30 5.13 5.10 5.04 5.02 5.08 5.18

40% 5.62 5.38 5.24 5.09 5.03 4.99 4.98 5.05 5.15

45% 5.55 5.30 5.16 5.05 5.00 4.93 4.97 5.03 5.12

50% 5.45 5.26 5.10 5.00 4.95 4.90 4.95 5.01 5.11

55% 5.40 5.22 5.06 4.98 4.89 4.88 4.90 5.00 5.10

60% 5.36 5.18 5.04 4.95 4.86 4.87 4.90 4.99 5.10

65% 5.37 5.16 5.03 4.91 4.86 4.85 4.90 5.00 5.12

70% 5.38 5.14 5.02 4.89 4.85 4.84 4.88 5.01 5.14

75% 5.38 5.13 5.01 4.89 4.85 4.85 4.90 5.02 5.16

80% 5.36 5.12 5.02 4.89 4.86 4.87 4.91 5.04 5.17

85% 5.39 5.14 5.02 4.92 4.87 4.90 4.95 5.07 5.20

90% 5.45 5.16 5.02 4.94 4.90 4.92 4.97 5.10 5.22

95% 5.51 5.23 5.04 4.98 4.95 4.94 5.01 5.13 5.25
Source: Simulations from Ballpark E$timate Monte Carlo, Employee Benefit Research Institute. 
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Building Block 3: Investment income, longevity, and health care expenses stochastic

Figure 17
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Endnotes 
                                                     
1 Four final earnings categories are constructed based on the 2008 Current Population Survey (CPS). 

2 Net housing wealth, another income source to cover retirement expenditures, is not considered in this analysis. However, it 
would affect an optimal degree of annuitization, which depends on the assumption of liquidity of housing wealth (see, e.g., 
Pashchenko (2010)). 

3 The maximum income version of a longevity annuity means that the longevity annuity contract does not provide a death 
benefit or any withdrawal option before age 85.  

4 From JP Morgan’s long-term capital market assumptions, U.S. large cap is used for U.S. equity, EAFE unhedged for Non-U.S. 
equity, and U.S. aggregate for fixed income. Specifically, the three classes are assumed to have the following returns, 
volatility, and correlations: 

 
Expected 
returns Volatility 

Correlations 

U.S. equity Non-U.S. equity Fixed income 

U.S. equity 

Non-U.S. equity 

Fixed income 

7.50% 

7.75 

4.50 

16.25% 

18.00 

3.75 

1 

0.87 

-0.03 

 

1 

0.07 

 

 

1 

 

5 Based on a report on fees and expenses of mutual funds by Investment Company Institute (Collins, 2010), the Issue Brief 
uses 0.99 percent (the average fees and expenses for stock funds in 2009) as the investment expense for equities and       
0.75 percent (the average fees and expenses for bond funds) as the investment expense for fixed income assets. 

6 The 2001 CSO mortality table was introduced by the Society of Actuaries and adopted by the National Association of 
Insurance Commissioners for life insurance companies to use in underwriting insurance (American Council of Life Insurers, 
2009). The forthcoming Notes will consider a different mortality table, annuity 2000 mortality table, and compare simulation 
results with those presented in this article. 

7 A 3.5 percent and a 7.0 percent of growth rates are the average estimated growth rates of Medicare Part B and Part D 
premiums for 2009−2018, respectively (for more details, see the 2009 Annual Report of the Board of Trustees of the Federal 
Hospital Insurance and Federal Supplementary Medical Insurance Trust Funds). 

8 The annual Medigap premium of $1,479 is the average of the premiums collected from a website of AARP Medicare 
Supplement Insurance by states. 

9 Out-of-pocket expenditures are $790 for Category 1, $833 for Category 2, $1,012 for Category 3, and $1,768 for Category 4 
in 2008 dollars. For the Issue Brief, all the 2008 values were brought forward to 2009 by decreasing the values by 0.4 per-
cent, because annual inflation of 2009 was ‒0.4 percent. 

10 Actual price quotes at the end of 2009 from the website of www.immediateannuities.com are used as the prices of an 
immediate annuity. 
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11 NNHS and NHHCS are nationwide sample surveys conducted by the National Center of Health Statistics. The NNHS is a 
survey of nursing homes, their current residents and discharges, while the NHHCS a survey of home health and hospice care 
agencies, their current and discharge patients (VanDerhei and Copeland, 2010). 

12 A transition process used in Building Block 3 is well described in Appendix of the July 2010 Issue Brief (VanDerhei and 
Copeland, 2010). 

13 Conditional future states given the current state are randomly generated from the multinomial distribution with parameters 
equal to the elements of the transition probability matrix at each age. 

14 The Issue Brief uses the median monthly cost of nursing home care, which was $6,444 for the first 30 days and thereafter 
$5,434 in 2009 dollars, and the mean monthly cost of home health care, which was $1,038 in 2009 dollars. 

15 A 5 percent equity allocation indicates that if the sum of the annuitized income from a full annuitization of the initial 
retirement wealth and amounts paid from Social Security exceeds the simulated expenditures for the year, 5 percent of any 
excess amount is invested in equities and 95 percent in fixed income assets. 

16 The forthcoming Notes will consider different prices of immediate and longevity annuities and compare simulation results 
with those presented in this article. 

17 In the presence of actuarial unfairness—that is, the expected value of the annuity income, which is discounted by an 
interest rate and annual survival probabilities, is less than the premium paid; However, Gong and Webb (2010) argue that the 
retiree would prefer a longevity annuity to the full annuitization with an immediate annuity. 

18 This result is very much in line with the estimation of Webb, Gong, and Sun (2007) that a household would need to allocate 
about 15 percent of its age 60 wealth to a longevity annuity with payments commencing at age 85. 

19 The exact optimal allocation to the longevity annuity, however, depends on equity allocations of the remaining wealth. 

 



1100 13th Street NW · Suite 878 
 Washington, DC 20005 

(202) 659-0670  
www.ebri.org 

www.choosetosave.org 

 
 
 
  

Where the world turns for the facts on U.S. employee benefits. 
 
Retirement and health benefits are at the heart of workers’, employers’, and our nation’s 
economic security. Founded in 1978, EBRI is the most authoritative and objective source of 
information on these critical, complex issues.  
 
EBRI focuses solely on employee benefits research — no lobbying or advocacy  

EBRI stands alone in employee benefits research as an independent, nonprofit, and nonpartisan 
organization. It analyzes and reports research data without spin or underlying agenda. All findings, 
whether on financial data, options, or trends, are revealing and reliable — the reason EBRI information is 
the gold standard for private analysts and decision makers, government policymakers, the media, and 
the public. 

 
EBRI explores the breadth of employee benefits and related issues 

EBRI studies the world of health and retirement benefits — issues such as 401(k)s, IRAs, retirement 
income adequacy, consumer-driven benefits, Social Security, tax treatment of both retirement and health 
benefits, cost management, worker and employer attitudes, policy reform proposals, and pension assets 
and funding. There is widespread recognition that if employee benefits data exist, EBRI knows it. 

 
EBRI delivers a steady stream of invaluable research and analysis  

 EBRI publications include in-depth coverage of key issues and trends; summaries of research 
findings and policy developments; timely factsheets on hot topics; regular updates on legislative and 
regulatory developments; comprehensive reference resources on benefit programs and workforce 
issues; and major surveys of public attitudes. 

 EBRI meetings present and explore issues with thought leaders from all sectors. 
 EBRI regularly provides congressional testimony, and briefs policymakers, member organizations, 

and the media on employer benefits. 
 EBRI issues press releases on newsworthy developments, and is among the most widely quoted 

sources on employee benefits by all media. 
 EBRI directs members and other constituencies to the information they need, and undertakes new 

research on an ongoing basis. 
 EBRI maintains and analyzes the most comprehensive database of 401(k)-type programs in the 

world. Its computer simulation analyses on Social Security reform and retirement income adequacy 
are unique. 

 
EBRI makes information freely available to all 

EBRI assumes a public service responsibility to make its findings completely accessible at www.ebri.org 
— so that all decisions that relate to employee benefits, whether made in Congress or board rooms or 
families’ homes, are based on the highest quality, most dependable information. EBRI’s Web site posts 
all research findings, publications, and news alerts. EBRI also extends its education and public service 
role to improving Americans’ financial knowledge through its award-winning public service campaign 
ChoosetoSave® and the companion site www.choosetosave.org 
 

EBRI is supported by organizations from all industries and sectors that appreciate the value of 
unbiased, reliable information on employee benefits.  Visit www.ebri.org/about/join/ for more. 
 

 



 
 
 
 

EBRI Employee Benefit Research Institute Issue Brief  (ISSN 0887137X) is published monthly by the Employee Benefit Research Institute, 
1100 13th St. NW, Suite 878, Washington, DC, 20005-4051, at $300 per year or is included as part of a membership subscription.   Periodi-
cals postage rate paid in Washington, DC, and additional mailing offices. POSTMASTER: Send address changes to: EBRI Issue Brief, 1100 
13th St. NW, Suite 878, Washington, DC, 20005-4051. Copyright 2011 by Employee Benefit Research Institute. All rights reserved. No. 357 
 
 
 

The Employee Benefit Research Institute (EBRI) was founded in 1978. Its mission is to 
contribute to, to encourage, and to enhance the development of sound employee benefit 
programs and sound public policy through objective research and education. EBRI is the only 
private, nonprofit, nonpartisan, Washington, DC-based organization committed exclusively to 
public policy research and education on economic security and employee benefit issues. 
EBRI’s membership includes a cross-section of pension funds; businesses; trade associations; 
labor unions; health care providers and insurers; government organizations; and service firms. 

 
EBRI’s work advances knowledge and understanding of employee benefits and their 
importance to the nation’s economy among policymakers, the news media, and the public. It 
does this by conducting and publishing policy research, analysis, and special reports on 
employee benefits issues; holding educational briefings for EBRI members, congressional and 
federal agency staff, and the news media; and sponsoring public opinion surveys on employee 
benefit issues. EBRI’s Education and Research Fund (EBRI-ERF) performs the charitable, 
educational, and scientific functions of the Institute. EBRI-ERF is a tax-exempt organization 
supported by contributions and grants. 

 
EBRI Issue Briefs is a monthly periodical with in-depth evaluation of employee benefit issues 
and trends, as well as critical analyses of employee benefit policies and proposals. EBRI 
Notes is a monthly periodical providing current information on a variety of employee benefit 
topics. EBRI’s Pension Investment Report provides detailed financial information on the 
universe of defined benefit, defined contribution, and 401(k) plans. EBRI Fundamentals of 
Employee Benefit Programs offers a straightforward, basic explanation of employee benefit 
programs in the private and public sectors. The EBRI Databook on Employee Benefits is a 
statistical reference work on employee benefit programs and work force-related issues.  

 
Contact EBRI Publications, (202) 659-0670; fax publication orders to (202) 775-6312. 
Subscriptions to EBRI Issue Briefs are included as part of EBRI membership, or as part of a 
$199 annual subscription to EBRI Notes and EBRI Issue Briefs. Individual copies are available 
with prepayment for $25 each (for printed copies). Change of Address: EBRI, 1100 13th St. 
NW, Suite 878, Washington, DC, 20005-4051, (202) 659-0670; fax number, (202) 775-6312; 
e-mail: subscriptions@ebri.org  Membership Information: Inquiries regarding EBRI 
membership and/or contributions to EBRI-ERF should be directed to EBRI President/ASEC 
Chairman Dallas Salisbury at the above address, (202) 659-0670; e-mail: salisbury@ebri.org   

 
Editorial Board: Dallas L. Salisbury, publisher; Stephen Blakely, editor. Any views expressed in this publication and those of the authors should 
not be ascribed to the officers, trustees, members, or other sponsors of the Employee Benefit Research Institute, the EBRI Education and 
Research Fund, or their staffs. Nothing herein is to be construed as an attempt to aid or hinder the adoption of any pending legislation, regulation, 
or interpretative rule, or as legal, accounting, actuarial, or other such professional advice. www.ebri.org 
 
 
EBRI Issue Brief is registered in the U.S. Patent and Trademark Office. ISSN: 0887137X/90   0887137X/90   $ .50+.50 

 

© 2011, Employee Benefit Research InstituteEducation and Research Fund. All rights reserved. 

Who we are 
 

What we do 
 

 

 Our   
 publications 

 

 Orders/ 
 Subscriptions 

 




