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REALITY CHECK:  THE IMPLICATIONS OF APPLYING SUSTAINABLE 
WITHDRAWAL RATE ANALYSIS TO REAL WORLD PORTFOLIOS 

 
ABSTRACT  

 
 While a considerable amount of research has been devoted to the subject of lifetime 
retirement income sustainability, this paper notes that the sustainability models illustrated in 
much of the published literature to date bear little resemblance to the actual portfolio 
management strategies adopted by practitioners in the field. Specifically, the authors observe 
that, despite the well documented importance of Modern Portfolio Theory (MPT) in the 
accumulation phase of the investment lifecycle, surprisingly little research has been done on the 
impact of broad asset diversification in the withdrawal phase. Additionally, while a number of 
studies have suggested that sustainability probabilities may be increased through the application 
of dynamic allocation strategies and complex withdrawal decision rules, such approaches may be 
impractical for practitioners, who tend to prefer simpler strategies that can easily be applied to an 
entire client base. To help bring the state of research closer to reality, this study compares the 
effectiveness of a multi-asset MPT-based portfolio model to a standard two-asset stock/bond 
portfolio model when both are paired with two common, easily implemented real withdrawal 
strategies. Consistent with prior research methodologies, this study applies a bootstrapping 
algorithm to both models over a range of standard stock/bond allocations and withdrawal rates 
for 10, 15, 20, 25, and 30-year retirement periods. The study finds that the inclusion of multiple 
equity classes appears to appreciably increase the probability of sustainability relative to the 
more commonly illustrated single equity class models, and that the advantage of the multi-class 
model becomes more pronounced as both time horizon and withdrawal rate are extended.    
However, in something of a challenge to popular retirement income planning dogma, the study 
also finds that, for real withdrawal rates of 4% or less and expected time horizons of 20 years or 
less, asset allocation is not an important factor in determining the probability of success, since all 
asset allocation models tested from 100% bonds to 100% stocks succeeded nearly 100% of the 
time. This suggests that planning practitioners may have a degree of flexibility in selecting 
optimal retirement allocation strategies for clients whose circumstances fall within these 
withdrawal and time period parameters[1]. The comparison of the two withdrawal strategies 
produced somewhat more ambiguous results than prior research. However, the study generally 
concurs that the bonds first withdrawal method is the superior choice and that practitioners may 
be wise to eschew both constant allocation and glide path withdrawal strategies. 
 
 
  

                                                 
1 Stocks offer long-term growth potential, but may fluctuate more and provide less current income than other 
investments.  An investment in the stock market should be made with an understanding of the risks associated with 
common stocks, including market fluctuations. 
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1. INTRODUCTION 
 

The great wave of retiring Baby Boomers has made lifetime income sustainability one of 

the most important topics in financial planning. Since the early 1990s, a considerable amount of 

research has been devoted to this subject, and has significantly evolved the way in which 

financial planning practitioners approach the decumulation phase of the investing lifecycle. 

Whereas retirement spending strategies were once based deterministically upon the expected rate 

of return of the portfolio, recognition of the dangers posed by serial returns risk and longevity 

risk led many researchers to apply stochastic analyses to develop strategies that might enable 

investors to endure significant negative returns early in retirement and still last throughout a 30+ 

year retirement life expectancy (Hopewell, 1997). [ ]2   Much of this research has centered around 

determining maximum sustainable (inflation-adjusted) withdrawal rates (MSR), estimating the 

probabilities of success for ranges of withdrawal rates across different time periods and broad 

stock/bond allocations, estimating the probable number and range of shortfalls for various 

withdrawal rates, and/or estimating the mean percentage of initial portfolio balance remaining 

(PIBR) at the end of a range of withdrawal periods based upon different withdrawal rates.  

Although researchers have approached portfolio sustainability from a number of different 

perspectives using techniques such as temporal order analysis, Monte Carlo simulations and 

bootstrapping, several common insights have emerged that have become part of the mainstream 

practitioner’s retirement planning mantra. The most publicized of these is “the 4% Rule” – which 

represents a general consensus that 4% is the approximate MSR that will virtually ensure lifetime 

(30+ year) income sustainability across nearly all allocations. Aside from a handful of relatively 

complex (and perhaps impractical) decision-based dynamic allocation and withdrawal strategies, 

                                                 
2 Serial returns risk refers to the risk of premature portfolio depletion due to the combination of withdrawals and 
significant negative returns early in retirement. Longevity risk refers to the threat of portfolio depletion due to longer 
than average lifespan. 
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few studies have been able to push the “magic” MSR number much beyond 4-4.5%. Another 

common finding among published research papers is that portfolios with higher equity 

weightings tend to increase the probability of success, especially over longer withdrawal periods 

(20 years or more), and that the optimal (i.e., highest probability of success) equity allocation for 

any given withdrawal rate or long term time horizon is likely somewhere between 50% and 

100% equities, with a preponderance of the research falling between 50% and 75%.  

 While the importance of the recent advancements in retirement income planning should 

not be understated, it is perhaps surprising to note that the model portfolios from which the 

afore-referenced guidelines have been derived bear little resemblance to the portfolios that many 

practitioners actually design for their clients. To illustrate this point, many of the widely cited 

studies on retirement income sustainability have based their conclusions on analyses of two-asset 

models comprised simply of the S&P 500 index as a proxy for equities and a standard fixed 

income benchmark, such as the 10-year treasury bond or Salomon Brothers High Grade Bond 

Index, as a proxy for bonds. In reality, most mainstream practitioners implement far more 

broadly diversified asset allocation models. Such asset allocation models might include as many 

as a dozen or more asset classifications including large, mid- and small cap U.S. equities, 

international equities, emerging markets equities, REITS, commodities, international bonds, high 

yield bonds, and intermediate and long term government and/or corporate bonds. Similarly, 

despite the demonstrated success of some decision-based withdrawal models, such strategies 

may be viewed as impractical to practitioners, many of whom prefer simpler withdrawal 

strategies that can be easily applied to a broad base of clients. 

This paper seeks to bridge the gap between the current state of academic research and 

portfolio management at the practitioner level by comparing the effectiveness of a multi-asset 

portfolio model to a standard two-asset stock/bond portfolio model when both are paired with 
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common, easily implemented real withdrawal strategies. Consistent with prior research 

methodologies, this study applies a bootstrapping algorithm to both models over a range of 

standard stock/bond allocations and withdrawal rates for 10, 15, 20, 25, and 30-year retirement 

periods. The analysis produced several notable findings. First, it confirms that broad equity 

diversification does indeed appear to appreciably increase the probability of sustainability, 

especially for investors who require high withdrawal rates and have long anticipated retirement 

periods. Second, the study reaffirms that the maximum “safe” withdrawal rate for a given 

portfolio is likely close to 4%, but probabilities of success as high as 90% may exist at a 5% real 

withdrawal rate for diversified equity class portfolios with broad allocations of 50-75% stocks. 

Interestingly, in a challenge to popular retirement income planning dogma, but consistent with 

prior research, the study also finds that, for real withdrawal rates of 4% or less and expected time 

horizons of 20 years or less, asset allocation is not an important factor in determining the 

probability of success, since all asset models tested from 100% bonds to 100% stocks succeeded 

nearly 100% of the time. This suggests that planning practitioners may have a degree of 

flexibility in selecting optimal retirement allocation strategies for clients whose circumstances 

fall within these withdrawal and time period parameters. The comparison of the two withdrawal 

strategies finds that, although there are generally only slight differences in sustainability 

probabilities for withdrawal rates below 6%, the bonds first method produces notably higher 

mean remaining balances across all scenarios. At higher withdrawal rates (7%+), the 

sustainability probabilities increasingly favor the bonds first method. The results generally 

suggest that practitioners may be wise to eschew popularly touted constant allocation and glide 

path withdrawal strategies in favor of the bonds first method. 

The remainder of this paper is organized as follows:  the next section reviews the 

literature which motivated this study. Section 3 describes the model design, data selection and 
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methodology. Section 4 presents our results and their implications. Section 5 concludes the paper 

by placing this analysis in the context of current professional discussion and debate. 

2. LITERATURE REVIEW[ ]3

 William Bengen is generally recognized as the first person to examine the sustainable 

withdrawals concept. In his groundbreaking paper, Bengen (1994) examined 30-year overlapping 

historical returns data for four broad stock/bond allocations using withdrawal rates ranging from 

1%-8%. Bengen concluded that the MSR for a 30-year retirement life expectancy is only around 

4.1% and that the optimal asset allocation for a 30-year retirement life expectancy is between 

50:50 and 75:25 stocks/bonds. Cooley, Hubbard & Walz (1999) employed a similar 

methodology, but expanded upon Bengen’s original work to include a wider range of withdrawal 

rates and time periods. Their results generally confirmed Bengen’s findings, but suggested that 

MSRs above 4% (but below 5%) may be plausible for portfolios comprised of at least 50% 

equities. They also found that higher MSRs appear to be sustainable for shorter payout periods. 

In applying a Monte Carlo simulation model to the sustainability issue, Pye (2000) generally 

agreed with these earlier findings, but was considerably less sanguine about the probabilities of 

success for different withdrawal rates. For example, Pye’s model suggested that the probability 

of success for a 4% real withdrawal rate from a stock-heavy portfolio over just a 20-year period 

might be as low as 84% and might only be as high as 92% for just a 10-year period. This 

discrepancy may be explained by the fact that the temporal order analyses employed by Bengen 

and Cooley et al. fail to consider the possibility of return sequences that are worse than those that 

have occurred to date.   

                                                 
3 This review is intended to trace the general evolution of sustainability research by referencing some of the more 
widely cited articles. It does not, however, claim to be exhaustive, as there have been scores of papers written on this 
subject over the past 15 years. 
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 Ameriks, Veres, and Warshawsky (2001) examined both withdrawal rates derived from 

30-year rolling periods and from Monte Carlo simulations for four basic allocation models 

ranging from conservative to aggressive. From the temporal order data, the authors found that 

successful inflation-adjusted withdrawal rates from the aggressive (85% stocks) portfolio could 

have ranged from as high as 11% for investors retiring in the early 1950s to as low as 3.5% for 

investors retiring in the late 1960s. The sustainable withdrawal rate for the conservative model 

ranged only between a high of 4.5% and a low of 3.5%, suggesting that such portfolios offer only 

limited downside protection while severely constraining the potential upside returns. In applying 

Monte Carlo simulations to the four model portfolios, the authors found that, for shorter 

retirement periods more conservative allocations seem to offer higher probabilities of 

sustainability than the aggressive ones, but that for periods of 25 years or more, the more 

aggressive models offered higher likelihoods of sustainability. 

 While much of the sustainable withdrawal literature, including all of the papers 

referenced above, derives its conclusions from models that use the S&P 500 Index (or some 

similar large cap U.S. equity benchmark) as a proxy for equity returns, a few researchers have 

attempted to explore the impact of including other equity classes in their allocation models. For 

instance, Cooley, Hubbard & Walz (2003) incorporated a 25% portfolio weighting in 

international equities[4] into a range of asset allocation models and compared them to U.S. only 

stock portfolios with identical bond allocations. The source data for the authors’ Monte Carlo 

simulations were monthly return data from 1970-2001 for the MSCI EAFE Index, the S&P 500, 

and the Salomon Brothers Long-Term High Grade Bond Index. They found that including 

international stocks only modestly increased the probabilities of success for equity-heavy 

                                                 
4 Investing in foreign securities presents certain risks not associated with domestic investments, such as currency 
fluctuation, political and economic instability, and different accounting standards.  This may result in greater share 
price volatility. 
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portfolios for withdrawal rates of 5-9% and long time horizons. In addition, the inclusion of 

international stocks appeared to offer limited protection in severe bear markets. It should be 

noted, however, that the authors’ international equity weightings, particularly for the 25%-75% 

bond allocations, were considerably higher than that of most mainstream, MPT-based allocation 

models that are commonly employed at the practitioner level. 

 Ervin, Filler, and Smolira (2005) also explored the benefits of international 

diversification using 30-year rolling periods from 1930-2001. The authors explored how the 

inclusion of global stocks, as represented by the IFC Global Index, impacted the probability of 

success for various allocations and withdrawal rates. They concluded that the inclusion of 

international stocks appears to significantly impair the probability of sustainability, but that 

international equities may have added some diversification benefit in recent years. This finding is 

somewhat surprising. One potential explanation may be that the IFC Global Index is a rather 

obscure choice as a proxy for international equities. It is unclear if the results would have been 

different if the authors had chosen a more traditional international equity benchmark. However, 

Ho, Milevsky, and Robinson (1999), also explored this issue using more conventional MSCI 

EAFE index return data, and also concluded that international equity diversification does not 

appear to significantly reduce shortfall risk for U.S. investors. 

 In contrast, Kizer (2005), using annual returns data for international equities and bonds 

from 1900-2003 and a 30% international stock and bond weighting in his asset allocation 

models, found that globally diversified portfolios have allowed investors to both withdraw more 

from their portfolios with higher probabilities of success and sustain given withdrawal rates with 

greater consistency. In fact, Kizer’s rolling period analysis found that the inclusion of the global 

stock and bond component lead to a near 100% success rate for 30-year withdrawal periods with 

allocations ranging from as little as 40% equities to 100% equities at the 4% inflation-adjusted 
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withdrawal rate. At the 5% withdrawal level, the benefits of international diversification were 

even more pronounced in the Kizer study, with a nearly 10% higher probability of success for 

balanced-aggressive portfolio allocations. However, as with the Ervin, Filler, and Smolira study, 

Kizer’s use of the Dimson, Marsh, & Staunton (DMS) data from Ibbotson is a non-traditional 

choice of indexes, and it is again unclear as to whether the author’s results would be duplicated 

using other international benchmarks. 

 With respect to small- and mid-cap equities[5], in an extension of his original work, 

Bengen (1997) explored the inclusion of multiple asset classes, and found that allocating up to 

30% of the total equity position to small cap stocks significantly improved the odds of success 

for retirees who wished to withdraw more than the safe withdrawal rate. Bengen’s conclusions 

were subsequently supported by Tezel (2004) who examined the impact of including small cap 

stocks with weightings of 20%-60% in a variety of asset allocation models. Using temporal order 

analysis applied to stock and bond return data obtained from Ibbotson, Tezel found that the 

inclusion of small-cap stocks significantly reduced shortfalls. By including small cap stocks, 

Tezel concluded that withdrawal rates of 4.5%, 5.5%, and 6.5% were sustainable with a 92% 

probability of success for time periods of 30, 20, and 10 years, respectively.  

 One important paper that realistically considers the impact of multiple asset classes on 

retirement income sustainability is Guyton (2004). Guyton examines a 65% equity allocation and 

an 80% equity allocation in which the equity portion of the portfolio is divided among large cap 

value stocks, large cap growth stocks, small cap growth stocks, small cap value stocks, 

                                                 
5 The prices of small and mid-cap company stocks are generally more volatile than large company stocks.  They 
often involve higher risks because smaller companies may lack the management expertise, financial resources, 
product diversification, and competitive strengths to endure adverse economic conditions. 
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international stocks and REITs[6] in proportions that are roughly consistent with the MPT-based 

models many planners use. Using this basic model, Guyton “stress-tested” withdrawal rates 

through the extremely harsh (“perfect retirement planning storm”) 30-year period from 1973-

2003, and found that the 65% equity portfolio would have sustained a 4.7% withdrawal rate, 

while the 80% equity portfolio would have sustained a 5% withdrawal rate. Although these 

sustainability rates were significantly higher than MSRs suggested in previous research, 

Guyton’s results were based upon the application of three strict “Portfolio Management Decision 

Rules” and the degree to which the asset allocation mix contributed to the results is unclear. In a 

subsequent paper, Guyton and Klinger (2006), further refined Guyton’s original strategy by 

adding two more decision rules and subjecting MPT based asset allocation models to testing 

using Monte Carlo simulations. The authors concluded that initial withdrawal rates as high as 

5.2%-6.0% are sustainable at the 99% confidence levels for 30 years for the 65% and 80% equity 

portfolios respectively. These results obviously represent a significant improvement over the 

“4% Rule”. Perhaps more notable, in this study, the authors attempted to isolate the impact of 

including multiple asset classes vs. single equity portfolios. Using the decision rules, the authors 

found that the multi-class portfolios had significantly higher withdrawal rates for every given 

probability standard. 

 While many past papers focused on asset allocation, others explored the concept of 

increasing withdrawal sustainability through a variety of decision rules and dynamic withdrawal 

strategies. Bengen (2001) proposed that retirees’ withdrawal efficiency could be increased 

through either a lifecycle/age-based withdrawal model that increases and decreases withdrawals 

over time according to a pre-set formula, or a more dynamic performance based model that 

                                                 
6 There are special risks associated with an investment in real estate, including credit risk, interest rate fluctuations, 
and the impact of varied economic conditions. 
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requires the retiree to adjust spending based upon certain “floor and ceiling” parameters. Stout 

and Mitchell (2006) introduced a model that incorporates adjustments to withdrawal rates based 

upon both portfolio performance and remaining life expectancy. Both papers find that dynamic 

portfolio management strategies allow retirees to simultaneously improve the probability of 

success while increasing the average withdrawal rates over their lifetimes. 

 Another noteworthy paper that examines the importance of simple decision rules in 

withdrawal strategies is Spitzer and Singh (2007). Their study applied temporal order analysis 

and bootstrapping simulations to stock (S&P 500) and bond (long term U.S. treasury) return data 

from 1926-2003 to examine the probabilities of success and shortfalls as well as the likelihood 

and magnitude of balances remaining over a 30 year retirement period for five different portfolio 

management and withdrawal rules. These rules consisted of rebalancing the stock/bond ratio at 

the end of each year to maintain a constant allocation, withdrawing from the asset that performed 

the best in the previous year, withdrawing from the asset that performed the worst in the previous 

year, withdrawing from the stock portion of the portfolio first, and withdrawing from the bond 

portion of the portfolio first. Surprisingly, the authors found that the constant allocation 

withdrawal strategy– perhaps the most commonly adopted withdrawal method in practitioner 

designed asset allocation models – provided no significant benefit to portfolio longevity, and 

may even increase the probability of shortfalls. Instead, the authors found that the strategy of 

harvesting the bond portion of the portfolio model first was the most successful of the five 

strategies in terms of minimizing shortfalls over all periods studied. Consistent with prior 

studies, the authors also found that asset allocations of at least 70% stocks lead to higher 

probabilities of success. However, the comparative superiority of the bonds first results, lead 

Spitzer and Singh to question the efficacy of both constant allocation and popular glide path 
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(lifecycle) portfolio management strategies that gradually shift the portfolio allocation from 

equities to bonds as the investor ages.  

Similarly, Blanchett (2007) applied bootstrapping simulations to four different glide path 

strategies and a constant allocation portfolio for a variety of broad allocations of large cap U.S. 

Stocks, international stocks, intermediate term bonds, and cash. The author examined 

distribution periods from 20 to 40 years and used withdrawal rates of 3%-8%. Consistent with 

Spitzer and Singh’s predictions, the constant allocation portfolios had lower probabilities of 

failure relative to the declining equity glide path strategies in all of the test scenarios longer than 

20 years.  

 To summarize, while we acknowledge that this literature review is somewhat extensive, 

we believe that understanding the research that has been done to date is essential to 

understanding the contributions of our study. In particular, our analysis builds on and melds with 

the work of Guyton, Spitzer and Singh, and Blanchett. As in the Guyton studies, one of our 

objectives is to build and test a reasonably realistic asset allocation model consisting of multiple 

equity asset classes. Although our portfolio design is slightly different, we believe it will be 

instructive to see if our results affirm Guyton’s finding that the inclusion of multiple equity 

classes improves the probability of sustainability. However, unlike Guyton, we do not 

incorporate complex decision rules into our withdrawal strategy, because, as some authors have 

noted (Pye (2000), Blanchett (2007)), the likelihood that the practitioner and/or his client will be 

able to consistently follow such rules over 30 years or more is questionable. Instead, the 

constructs of our model are intentionally simple and are intended to replicate as closely as 

possible the actual withdrawal strategies that many practitioners implement for their clients 

today. To this end, by isolating and comparing the relative influence of a constant allocation 
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withdrawal strategy to a bonds first approach, this study effectively extends the work of 

Blanchett and Spitzer and Singh.  

3. MODEL DESIGN, DATA SELECTION, AND METHODOLOGY 

Since one of the primary goals of this study is to provide insight into whether the 

selection of an MPT-based allocation enhances the probability of withdrawal sustainability, the 

analysis compares four two-asset class (1 equity + 1 bond) allocation models to four models in 

which the equity component of the portfolios is more broadly diversified. The four standard 

broad allocations that we compare consist of 100% stocks: 0% bonds, 75% stocks: 25% bonds, 

50% stocks: 50% bonds, and 25% stocks: 75% bonds. [ ]7  The bond component in both models 

consists of the 10-year Treasury bond. For the two-asset class models, the S&P 500 Index is the 

sole equity component. The equity component for the diversified models consists of 45% S&P 

500 Index, 30% Russell 2000 Index, and 25% MSCI EAFE Index. While still somewhat 

prototypical, this four-asset (3 equity + 1 bond) model generally replicates the core structure of 

the equity portion of many practitioner-designed MPT-based models. It is also roughly similar to 

the model design chosen by Guyton and to the general structure of increasingly popular lifestyle 

and lifecycle “fund of funds” mutual fund portfolios. There is a fair amount of academic 

justification for these weightings. Tullis and Clarke (1999) stated, “According to estimates of 

volatility and correlation from market history, we suggest that a long-run allocation of 20%-30% 

in foreign equity would not be unreasonable.”  Similarly, the 30% allocation to mid- and small 

cap stocks is consistent with the recommendations of Bengen (1997) and Tezel (2004).  

 In terms of the raw data, we used monthly return data from January 1970 to December 

2007 for all indices in CRSP and Datastream databases. The 1970 start date corresponds to the 

inception of the MSCI EAFE Index. While the EAFE index is arguably the most popular and 
                                                 
7 As a baseline reference, a 100% bond model is included as well. 
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widely followed international equity index, its relative newness is a likely reason why there is a 

paucity of research exploring the influence of international diversification on sustainability. 

Kizer (2005) asserts the same. In our opinion, concerns over the limited sample size and a 

potentially optimistic bias may have carried some validity in the 1990s. However, we believe 

that in 2008, with 38 years of monthly return data that includes the two worst bear markets 

(1972-1973 and 2000-2002) since the Great Depression, it is reasonable to begin using the EAFE 

data in Monte Carlo and bootstrapping simulations. It is also important to note that the Russell 

2000 Index was not established until 1978. As a proxy for the data from 1970-1978, we have 

used total return data for the bottom quintile market cap stocks in the NYSE Index. This is the 

proxy for small and mid-cap stocks that was chosen by Siegel (2007), and we believe it is a 

reasonable choice here as well. 

 Since a second objective is to consider the impact of real world advisor management 

strategies on sustainability, a concerted effort was made to make the withdrawal and portfolio 

management conditions as true to the actual practitioner/retiree experience as possible. The first 

part of the analysis compares the four asset class (3 equity classes + 1 bond class) model to the 

two-asset class (1 equity class + 1 bond class) model under a constant allocation management 

and withdrawal strategy. Under this scenario, the portfolio is rebalanced at the end of each year. 

Withdrawals are made annually immediately following rebalancing and proportionally from each 

asset class.[ ]8   Withdrawals are adjusted annually for inflation, with the inflation rate for each 

year consisting of the product of the twelve monthly CPI-U rates corresponding to each of the 

randomly sampled monthly returns. The second part of the analysis compares the four-asset 

                                                 
8 While it is understood that most retirees prefer and require monthly income, our analysis simply assumes that the 
portfolio distribution is made annually to a cash account from which it is presumably distributed to the investor on a 
monthly basis. We believe this methodology is both practical and realistic. Note:  To be conservative, we assume no 
interest is earned on the cash account. 
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model to the two-asset model under a bonds first withdrawal strategy. Under this scenario, the 

initial stock:bond allocations become increasingly equity weighted over time as the bond portion 

of the portfolio is exclusively used to fund annual distributions until it is depleted. However, 

during this time, the equity portion of the four-asset class model is rebalanced annually. Once the 

bond portion of the portfolio is depleted, withdrawals are made from the equity portion. Annual 

rebalancing of the remaining three equity classes continues until either the portfolio is depleted 

or the time period ends. The inflation calculation is the same as in the constant allocation 

withdrawal strategy illustration. For the purposes of this analysis, we assume that the portfolio is 

held in a tax-deferred account (i.e., tax considerations are irrelevant to the results). We do not 

account for advisory fees.  

 With the 1970-2007 total return data and the rest of the afore-mentioned modeling 

parameters, a bootstrapping algorithm was applied to each of the 5 asset allocation models for 

withdrawal rates of 3%, 4%, 5%, 6%, and 7% for time horizons of 10, 15, 20, 25, and 30 years. 

5,000 simulations were run for each of the 500 different scenarios that were examined. 

4. RESULTS & IMPLICATIONS 

 Table 1 compares the probabilities of sustainability for the four-asset model to the 

traditional two-asset model using the constant allocation real withdrawal strategy. Examination 

of the output reveals the following observations. First and foremost, the four-asset portfolio 

produced considerably higher probabilities of success than the two-asset portfolio for all long 

term (25 & 30 year) time horizons and for all withdrawal rates of 4% and higher. Second, the 

advantage of additional equity diversification appears to increase as both time horizon and 

withdrawal rate are extended. Further, as the withdrawal rate increases, the highest probabilities 

of success shift from lower stock: bond allocations to higher stock:bond allocations. For 

instance, for the 30 year time horizon, at the 4% withdrawal rate, the highest probability of 
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sustainability appears at the 25:75 allocation for the two-asset class portfolio model and the 

50:50 allocation for four-asset class portfolio model, while at the 5% withdrawal rate, the highest 

probability of sustainability occurs with the 50:50 allocation and 75:25 allocation, respectively. 

At the 7% withdrawal rates the 100% equity model has the highest probability of success. 

However, for withdrawal periods of 20 years or less and withdrawal rates of 4% or less there 

appears to be very little difference in the probabilities of success between the two portfolios or 

across the various asset allocations, as all of the allocation models in both portfolios were 

sustainable more than 95% of the time. It is worth noting that for short time periods and lower 

withdrawal rates, the equity-heavy allocations appear to have slightly lower probabilities of 

sustainability than the bond-heavy allocations. For example, under the four asset portfolio a 

100% stock allocation has a 98.72% probability of success under a 20 year withdrawal period 

and a 4% real withdrawal rate. In contrast, the probability of success is 99.74% for the 100% 

bond allocation and 99.98% for the 25%:75% stock: bond model.[ ] 9

[INSERT TABLE 1 HERE] 

 As presented in Table 2, a comparison of the four-asset model to the two-asset model 

under the bonds first withdrawal strategy yields nearly the same relative results.[ ]10  These results 

have several important implications that both support and expand upon the existing body of 

research. In particular, the impact of equity diversification is unambiguous in this study, and 

suggests that the application of MPT may be just as important in retirement as it is in the 

accumulation phase of the investment cycle. The results presented in Tables 1 and 2 are 

                                                 
9 Similar results were observed by Ameriks, Veres, & Warshawsky (2001), Cooley, Hubbard & Walz (2003), 
Spitzer & Singh (2007), and Blanchett (2007), and may be regarded as intuitive, since the lower probability of 
success for equity-weighted portfolios may be attributed to the greater volatility of stocks over short time horizons. 

10  In addition to the probability results presented in Tables 1 and 2, the mean balance remaining results for both 
withdrawal strategies were similarly one-sided in favor of the four-asset portfolios. Although the mean balance 
remaining tables have not been included in this report, they are available from the authors upon request. 
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generally consistent with Guyton’s and Klinger’s findings, and suggest that greater research 

emphasis should be placed on examining the effects of diversified allocation models on 

sustainability. The model used in this study was prototypical relative to the model used by 

Guyton and Klinger and to those employed in many of today’s lifestyle model portfolios. Further 

research may reveal that more sophisticated models lead to even more dramatic improvements in 

portfolio sustainability.  

[INSERT TABLE 2 HERE] 

Another important implication of this study pertains to the concept of optimal asset 

allocation. While several of the studies referenced in Section 2 implied that there is a single 

optimal allocation that may produce the highest likelihood of 30 year sustainability for a given 

withdrawal rate (typically 50%-75% stocks), this study suggests more of a continuum, with the 

optimal allocation shifting more toward equities as the withdrawal rate increases. For investors 

who require 6%-7% withdrawal rates in retirement, the highest probabilities of success may be 

found in allocations greater than 75% equities. 

Similarly, in something of a challenge to current practitioner dogma, the results in Tables 

1 and 2 suggest that neither stock: bond allocation nor broad equity diversification are 

particularly important factors in determining the probability of sustainability for retirement time 

horizons of 20 years or less and/or for withdrawal rates of 4% or less. This suggests that 

practitioners may have wide flexibility in portfolio design for clients whose circumstances fall 

within these parameters. Given that retirees tend to be risk averse, these results might tempt one 

to conclude that the optimal allocations in these scenarios should be heavily, if not exclusively, 

weighted toward bonds. However, it is important to keep in mind that two portfolios with 

identical probabilities of success and dramatically different asset allocations will differ not just in 

terms of volatility but also in terms of expected rate of return. For retirees with near certain 
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probabilities of sustainability, the asset allocation decision will depend to a large extent on the 

importance the client places on accumulating wealth for his heirs relative to minimizing portfolio 

volatility.  

 The head-to-head comparison of the bonds first withdrawal method to the constant 

allocation method presented in Table 3 also yields some interesting and surprising results.  This 

comparison of the sustainability probabilities at first appears to suggest a greater degree of 

ambiguity than suggested by Spitzer and Singh (2007). Although the probabilities of 

sustainability are quite close (typically within 1-2%), for withdrawal rates of 5% or less and 

equity allocations of 50% or higher, the constant allocation method appears to generally yield 

slightly higher probabilities than the bonds first method. It should be noted that Spitzer and 

Singh also found that the constant allocation strategy yielded the same or higher probabilities of 

success (in their case, fewer shortfalls) than the bonds first method for withdrawal rates of 3-5% 

and that higher probabilities of success with the bonds first method emerge first with bond heavy 

allocations and become more pronounced at higher equity allocations as the withdrawal rates 

increased to 6% and 7%. In fact, our results are entirely consistent with theirs. However, Spitzer 

and Singh only considered a 30 year retirement period. The greater ambiguity over the 

superiority of one withdrawal method over the other in our study stems from the fact that, for 

shorter time horizons (and lower withdrawal rates), the constant allocation strategy seems to 

consistently produce slightly higher probabilities of sustainability than the bonds first withdrawal 

method.  

[INSERT TABLE 3 HERE] 

 One point that should not be overlooked is that for withdrawal rates of 6% and 7% and 25 

and 30 year withdrawal periods, the bonds first strategy produced much higher probabilities of 

sustainability than the constant allocation strategy. This bonds first advantage is important 
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because it is well documented that a large portion of the population is behind in saving for 

retirement. To the extent that many retirees may have little choice but to select high withdrawal 

rates, these results suggest that it may be prudent for them to implement a bonds first withdrawal 

strategy. 

 A comparison of the mean remaining balance results under the constant allocation 

withdrawal method to the bonds first withdrawal method is presented in Table 4. The mean 

remaining balance is computed per $100 of initial retirement wealth, and is computed only for 

successful bootstrapping samples where all inflation-adjusted withdrawals are fully funded. Here 

the bonds first strategy produces a higher mean remaining portfolio balance for every time period 

and every withdrawal rate for each of the three models comprised of both equities and bonds. 

The absolute advantage increases as both time horizon and equity allocation are increased. 

Insofar as the differences in probabilities of sustainability between the two withdrawal methods 

may be regarded as insignificant, the mean balance remaining results seem to support Spitzer and 

Singh’s conclusion that the bonds first withdrawal method is likely the superior choice, 

particularly for those investors who are interested in building an estate for their heirs. 

 Implicit in the bonds first strategy is the concept that the equity portion of a given initial 

portfolio allocation will increase over time as the bond portion is spent down.  This strategy 

stands in direct contrast to glide path withdrawal strategies in which the equity portion of the 

portfolio is gradually reduced through each successive year of retirement. Given that our results 

suggest that the bonds first withdrawal strategy may be superior to a strategy in which the equity 

allocation remains constant throughout retirement, it can also be inferred that the bonds first 

method is superior to the glide path approach. Although the appeal of reducing equity exposure 

over time to generally conservative minded retirees is obvious, we tend to agree with Spitzer and 

Singh and Blanchett that practitioners may be wise to advise clients to eschew popular glide path 
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strategies, such as target date retirement portfolios and age-based lifecycle mutual funds, in favor 

of the bonds first approach. 

[INSERT TABLE 4 HERE] 

5. CONCLUSION 

One of the main objectives of this paper has been to bring the state of professional 

research on retirement income sustainability closer to practical application. In particular, this 

paper sought to examine the effectiveness of an MPT-based model strategy that is widely used at 

the practitioner level to a standard S&P 500/bond index model commonly used in the 

professional literature, and to compare the effects of two popular, simple portfolio withdrawal 

strategies on sustainability. The finding that broad equity diversification does indeed appear to 

appreciably increase the probability of sustainability, particularly for high withdrawal rates and 

long retirement horizons, is important because MPT-based asset allocation models have been 

widely adopted at the practitioner level. The finding that the bonds first withdrawal strategy is 

superior to constant allocation and glide path withdrawal strategies has obvious practical 

applications as well.  

From a broader perspective, this analysis sheds light on the effectiveness of real world 

practitioner guidance. This is important because some financial economists and academics have 

suggested that the retirement income strategies adopted by many practitioners are sub-optimal 

because they are naïve and heuristic in their investment allocations and in their adoption of 

popular withdrawal strategies (Sharpe, Watson and Scott (2007)). In the opposing camp, the 

rationality of practitioner decision making is defended by Pye (2000) who expanded on the 

economist/practitioner disconnect as follows – “In these [economic] models, it is necessary to 

explicitly specify the utility function for the withdrawals before any results can be obtained. For 

use in the practical world, this requirement appears to have been fatal. Neither endowment fund 
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managers nor financial planners are using these models to help make decisions… For their 

purposes, practitioners have in effect tended to adopt a strong form of habit persistence to value 

withdrawals. Financial planners, for instance, assume that the objective of their clients after 

retirement is a sustainable standard of living and, to the extent possible, one comparable to what 

they had before.”  Blanchett (2007) similarly contributes to this debate in stating, “Decision rules 

are relevant from a common-sense perspective: when faced with the possibility of financial ruin, 

it is likely a retiree will decrease consumption to ensure continued survival of savings. Yet, while 

it is certainly advantageous to create decision rules, since markets and clients (as well as their 

advisors) can at times be equally irrational, the ability to consistently follow such decision rules 

over 30 years or more is questionable. Also, dynamic and sophisticated decision rules are not 

viable strategies for the investing public.” This paper acknowledges that many practitioners 

eschew complex decision rules and dynamic allocation strategies in favor of simpler portfolio 

management and withdrawal strategies that can be more practically applied to broad numbers of 

clients. It also acknowledges that, while sophisticated theoretical economic models advance our 

understanding of retirement income planning, inherent complexity and unrealistic assumptions 

regarding investor behavior may create impenetrable barriers to universal adoption and 

implementation. To help bridge this gap, the authors suggest that further research is needed to 

help quantify the differences in efficiencies between the portfolio management and withdrawal 

strategies that are actually being implemented by practitioners and their clients today and what is 

theoretically possible. By demonstrating the benefits of MPT-based allocation models and 

identifying the comparative superiority of the bonds first withdrawal strategy, this paper’s 

overarching contribution lies in bringing the practical one step closer to the ideal. 
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Table 1:  Portfolio Success Rates with Inflation-Adjusted Monthly Withdrawals and Constant Bond/Stock Allocation 

  
    Portfolio 1 (Two Assets)      Portfolio 2 (Four Assets)   
 Horizon   Annual Withdrawal Rate      Annual Withdrawal Rate   
% of Bonds Period 3.00% 4.00% 5.00% 6.00% 7.00%  3.00% 4.00% 5.00% 6.00% 7.00%

 
100%   30 Years 99.22% 90.16% 60.72% 29.84% 8.98% 99.22% 90.16% 60.72% 29.84% 8.98%

   
  
  
  

   
  
  
  
  

   
  
  
  
  

   
   
   
  
  

  
   
   
  
  

25 Years 99.92% 96.88% 79.48% 49.30% 19.94% 99.92% 96.88% 79.48% 49.30% 19.94%
20 Years 100.00% 99.74% 95.22% 77.60% 45.40% 100.00% 99.74% 95.22% 77.60% 45.40%
15 Years 100.00% 100.00% 99.82% 98.22% 87.90% 100.00% 100.00% 99.82% 98.22% 87.90%
10 Years 100.00% 100.00%

 
100.00% 100.00% 99.96% 100.00% 100.00% 100.00% 100.00% 99.96%

75% 30 Years 99.96% 96.84% 78.10% 45.28% 19.60% 99.94% 98.18% 85.42% 58.08% 27.20%
25 Years 100.00% 99.16% 90.46% 64.32% 33.88% 100.00% 99.46% 94.06% 73.66% 43.34%
20 Years 100.00% 99.90% 98.34% 87.48% 61.16% 100.00% 99.98% 99.06% 90.78% 69.70%
15 Years 100.00% 100.00% 99.96% 99.32% 93.96% 100.00% 100.00% 100.00% 99.60% 95.68%
10 Years 100.00% 100.00%

 
100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%

50% 30 Years 99.92% 96.50% 82.16% 58.32% 32.16% 99.98% 98.24% 90.04% 71.08% 50.12%
25 Years 100.00% 98.88% 91.42% 72.26% 45.48% 100.00% 99.42% 94.96% 81.90% 61.88%
20 Years 100.00% 99.86% 97.76% 88.42% 68.14% 100.00% 99.92% 98.92% 92.80% 78.72%
15 Years 100.00% 100.00% 99.90% 99.00% 93.34% 100.00% 100.00% 99.96% 99.48% 95.96%
10 Years 100.00% 100.00%

 
100.00% 99.98% 99.98% 100.00% 100.00% 100.00% 100.00% 100.00%

25% 30 Years 99.04% 94.28% 81.70% 62.44% 41.86% 99.52% 97.08% 90.42% 77.14% 59.28%
25 Years 99.60% 97.42% 89.02% 73.20% 52.86% 99.80% 98.62% 93.98% 83.72% 67.76%
20 Years 99.94% 99.52% 95.92% 85.86% 70.22% 99.94% 99.56% 97.66% 91.50% 79.96%
15 Years 100.00% 99.98% 99.64% 97.20% 90.12% 100.00% 100.00% 99.62% 98.36% 93.50%
10 Years 100.00%

 
 100.00% 100.00% 100.00% 99.82% 100.00% 100.00% 100.00% 99.98% 99.82%

0% 30 Years 97.28% 91.22% 77.98% 63.42% 46.82% 99.06% 94.82% 88.08% 76.52% 63.32%
25 Years 98.66% 94.64% 84.42% 71.78% 55.48% 99.52% 96.74% 91.50% 81.54% 69.58%
20 Years 99.50% 97.96% 92.68% 82.04% 68.78% 99.88% 98.72% 95.28% 88.40% 78.40%
15 Years 100.00% 99.64% 98.10% 93.82% 85.88% 99.98% 98.76% 98.90% 96.12% 90.56%
10 Years 100.00% 99.98% 99.98% 99.80% 98.80% 100.00% 100.00% 99.98% 99.70% 99.10%
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Table 2:  Portfolio Success Rates with Inflation-Adjusted Monthly Withdrawals and Bonds Withdrawn First 

   
     Portfolio 1 (Two Assets)      Portfolio 2 (Four Assets)   
 Horizon   Annual Withdrawal Rate      Annual Withdrawal Rate   
% of Bonds Period 3.00% 4.00% 5.00% 6.00% 7.00%  3.00% 4.00% 5.00% 6.00% 7.00%

 
100%    30 Years 99.22% 90.16% 60.72% 29.84% 8.98% 99.22% 90.16% 60.72% 29.84% 8.98%

   
  
  
  

   
   
  
  
  

   
   
  
  
  

   
   
   
  
  

   
   
   
  
  

25 Years 99.92% 96.88% 79.48% 49.30% 19.94% 99.92% 96.88% 79.48% 49.30% 19.94%
20 Years 100.00% 99.74% 95.22% 77.60% 45.40% 100.00% 99.74% 95.22% 77.60% 45.40%
15 Years 100.00% 100.00% 99.82% 98.22% 87.90% 100.00% 100.00% 99.82% 98.22% 87.90%
10 Years 100.00% 100.00%

 
100.00% 100.00% 99.96% 100.00% 100.00% 100.00% 100.00% 99.96%

75% 30 Years 99.86% 96.82% 82.54% 57.60% 34.36% 99.90% 98.40% 90.42% 73.36% 50.82%
25 Years 99.98% 99.04% 91.64% 70.60% 46.90% 99.98% 99.40% 95.52% 82.80% 61.82%
20 Years 100.00% 100.00% 98.28% 88.74% 68.02% 100.00% 99.92% 99.36% 93.16% 79.18%
15 Years 100.00% 100.00% 99.92% 99.38% 93.14% 100.00% 100.00% 99.98% 99.68% 96.10%
10 Years 100.00% 100.00%

 
100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%

50% 30 Years 99.54% 94.52% 82.28% 63.84% 42.00% 99.94% 97.42% 90.78% 77.36% 60.32%
25 Years 99.94% 97.82% 89.60% 73.94% 52.52% 100.00% 98.74% 94.78% 83.84% 67.90%
20 Years 100.00% 99.62% 96.66% 86.66% 68.32% 100.00% 99.76% 98.10% 91.56% 80.16%
15 Years 100.00% 100.00% 99.90% 97.76% 90.78% 100.00% 99.98% 99.82% 98.54% 94.30%
10 Years 100.00% 100.00%

 
100.00% 100.00% 99.86% 100.00% 100.00% 100.00% 99.98% 99.98%

25% 30 Years 98.00% 91.62% 79.46% 63.34% 46.32% 99.00% 95.88% 88.30% 76.34% 63.38%
25 Years 99.12% 94.96% 86.04% 72.22% 55.14% 99.56% 97.64% 91.88% 81.82% 69.90%
20 Years 99.86% 98.36% 93.34% 82.92% 68.72% 99.94% 99.20% 95.82% 89.52% 78.78%
15 Years 100.00% 99.72% 99.02% 94.96% 87.94% 100.00% 99.90% 99.08% 97.30% 91.44%
10 Years 100.00% 100.00% 99.98% 99.90% 99.50% 100.00% 100.00% 100.00% 99.88% 99.52%

0% 30 Years 97.28% 91.22% 77.98% 63.42% 46.82% 99.06% 94.82% 88.08% 76.52% 63.32%
25 Years 98.66% 94.64% 84.42% 71.78% 55.48% 99.52% 96.74% 91.50% 81.54% 69.58%
20 Years 99.50% 97.96% 92.68% 82.04% 68.78% 99.88% 98.72% 95.28% 88.40% 78.40%
15 Years 100.00% 99.64% 98.10% 93.82% 85.88% 99.98% 98.76% 98.90% 96.12% 90.56%
10 Years 100.00% 99.98% 99.98% 99.80% 98.80% 100.00% 100.00% 99.98% 99.70% 99.10%
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Table 3:  Portfolio Success Rates with Inflation-Adjusted Monthly Withdrawals and Portfolio 2 (Four Assets) 

 
     Constant Bond/Stock Allocation    Bonds Withdrawn First   
 Horizon   Annual Withdrawal Rate 

 
     Annual Withdrawal Rate 

 
  

% of Bonds Period  

  

3.00% 4.00% 5.00% 6.00% 7.00% 3.00% 4.00% 5.00% 6.00% 7.00%
 

100% 30 Years 99.22% 90.16% 60.72% 29.84% 8.98% 99.22% 90.16% 60.72% 29.84% 8.98%
   
   
   
   

   
   
   
   
   

   
   
   
   
   

   
   
   
   
   

   
   
   
   
   

25 Years 99.92% 96.88% 79.48% 49.30% 19.94% 99.92% 96.88% 79.48% 49.30% 19.94%
20 Years 100.00% 99.74% 95.22% 77.60% 45.40% 100.00% 99.74% 95.22% 77.60% 45.40%
15 Years 100.00% 100.00% 99.82% 98.22% 87.90% 100.00% 100.00% 99.82% 98.22% 87.90%
10 Years 100.00%

 
 100.00%
 

100.00% 100.00% 99.96% 100.00% 100.00% 100.00% 100.00% 99.96%
75% 30 Years 99.94% 98.18% 85.42% 58.08% 27.20% 99.90% 98.40% 90.42% 73.36% 50.82%

25 Years 100.00% 99.46% 94.06% 73.66% 43.34% 99.98% 99.40% 95.52% 82.80% 61.82%
20 Years 100.00% 99.98% 99.06% 90.78% 69.70% 100.00% 99.92% 99.36% 93.16% 79.18%
15 Years 100.00% 100.00% 100.00% 99.60% 95.68% 100.00% 100.00% 99.98% 99.68% 96.10%
10 Years 100.00%

 
 100.00%
 

100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
50% 30 Years 99.98% 98.24% 90.04% 71.08% 50.12% 99.94% 97.42% 90.78% 77.36% 60.32%

25 Years 100.00% 99.42% 94.96% 81.90% 61.88% 100.00% 98.74% 94.78% 83.84% 67.90%
20 Years 100.00% 99.92% 98.92% 92.80% 78.72% 100.00% 99.76% 98.10% 91.56% 80.16%
15 Years 100.00% 100.00% 99.96% 99.48% 95.96% 100.00% 99.98% 99.82% 98.54% 94.30%
10 Years 100.00%

 
 100.00%
 

100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 99.98% 99.98%
25% 30 Years 99.52% 97.08% 90.42% 77.14% 59.28% 99.00% 95.88% 88.30% 76.34% 63.38%

25 Years 99.80% 98.62% 93.98% 83.72% 67.76% 99.56% 97.64% 91.88% 81.82% 69.90%
20 Years 99.94% 99.56% 97.66% 91.50% 79.96% 99.94% 99.20% 95.82% 89.52% 78.78%
15 Years 100.00% 100.00% 99.62% 98.36% 93.50% 100.00% 99.90% 99.08% 97.30% 91.44%
10 Years 100.00% 100.00% 100.00% 99.98% 99.82% 100.00% 100.00% 100.00% 99.88% 99.52%

0% 30 Years 99.06% 94.82% 88.08% 76.52% 63.32% 99.06% 94.82% 88.08% 76.52% 63.32%
25 Years 99.52% 96.74% 91.50% 81.54% 69.58% 99.52% 96.74% 91.50% 81.54% 69.58%
20 Years 99.88% 98.72% 95.28% 88.40% 78.40% 99.88% 98.72% 95.28% 88.40% 78.40%
15 Years 99.98% 98.76% 98.90% 96.12% 90.56% 99.98% 98.76% 98.90% 96.12% 90.56%
10 Years 100.00% 100.00% 99.98% 99.70% 99.10% 100.00% 100.00% 99.98% 99.70% 99.10%

 26



 
Table 4:  Portfolio Mean Remaining Balances with Inflation-Adjusted Monthly Withdrawals and Portfolio 2 (Four Assets) 

 
     Constant Bond/Stock Allocation     Bonds Withdrawn First   
    Annual Withdrawal Rate       Annual Withdrawal Rate   
% of 
Bonds 

Horizon 
Period    

 

3.00% 4.00% 5.00% 6.00% 7.00% 3.00% 4.00% 5.00% 6.00% 7.00%
 

100% 30 Years $584.35 $412.68 $292.56 $243.37 $232.09 $584.35 $412.68 $292.56 $243.37 $232.09
 25 Years   
    
    
    

    
  

    
    
    

   
  
   
    
    

   
 

  
    
    

   
  
  
  
    

$422.85 $305.65 $209.74 $162.56 $136.23 $422.85 $305.65 $209.74 $162.56 $136.23
20 Years $311.13 $240.07 $167.83 $123.71 $93.21 $311.13 $240.07 $167.83 $123.71 $93.21
15 Years $232.43 $192.76 $150.25 $114.30 $80.15 $232.43 $192.76 $150.25 $114.30 $80.15
10 Years $173.82 $154.80 $134.44 $117.04 $95.40 $173.82 $154.80 $134.44 $117.04 $95.40

75%
 

30 Years $1,036.30
 

$757.23 $536.28 $406.99 $332.00 $1,888.96 $1,659.00 $1,487.56 $1,388.70 $1,267.66
25 Years $673.50 $512.66 $365.54 $270.21 $206.29 $1,024.40 $879.55 $776.03 $687.30 $609.24
20 Years $445.70 $355.85 $266.40 $194.89 $142.03 $578.15 $493.91 $428.94 $363.60 $303.36
15 Years $298.64 $252.43 $205.86 $160.18 $118.44 $344.37 $302.13 $263.33 $221.84 $179.33
10 Years $204.04 $182.78 $161.47 $140.28 $118.86 $215.99 $195.04 $177.77 $157.44 $137.29

50% 30 Years $1,716.43 $1,368.13
 

$1,104.09 $878.39 $740.42 $3,077.50 $2,781.75 $2,686.61 $2,308.36 $2,175.96
25 Years $1,020.75

 
$829.08 $661.13 $510.84 $430.17 $1,585.76 $1,423.97 $1,345.24 $1,137.53 $1,067.50

20 Years $615.59 $515.02 $414.25 $317.78 $261.92 $833.11 $749.53 $689.10 $581.56 $527.49
15 Years $378.53 $327.68 $276.93 $220.46 $179.32 $452.89 $410.93 $377.14 $318.20 $277.99
10 Years $235.80 $214.09 $192.10 $166.78 $145.92 $255.66 $239.52 $220.27 $197.92 $175.26

25%
 

30 Years $2,817.47 $2,320.30 $1,981.19 $1,716.96 $1,540.02 $4,035.85 $3,638.08 $3,175.57 $3,096.86 $2,796.74
25 Years $1,531.14

 
 $1,270.18
 

$1,076.60 $931.47 $806.26 $2,028.96 $1,848.20 $1,589.43 $1,524.18 $1,332.55
20 Years $845.26 $715.01 $603.49 $515.60 $434.72 $1,047.34 $961.46 $819.16 $760.99 $666.97
15 Years $476.80 $417.81 $357.61 $307.99 $254.84 $548.04 $511.19 $435.31 $394.00 $345.39
10 Years $274.50 $251.62 $226.33 $201.57 $174.50 $292.63 $276.75 $250.53 $230.57 $202.96

0% 30 Years $4,340.17 $4,014.10 $3,468.97 $3,193.20 $3,127.61 $4,340.17 $4,014.10 $3,468.97 $3,193.20 $3,127.61
25 Years $2,205.41 $1,995.46 $1,721.94 $1,596.17 $1,515.58 $2,205.41 $1,995.46 $1,721.94 $1,596.17 $1,515.58
20 Years $1,132.63

 
 $1,004.49
 

$886.00 $790.28 $737.41 $1,132.63 $1,004.49 $886.00 $790.28 $737.41
15 Years $593.55 $522.47 $471.14 $412.82 $371.21 $593.55 $522.47 $471.14 $412.82 $371.21
10 Years $315.23 $287.49 $266.22 $237.06 $212.79 $315.23 $287.49 $266.22 $237.06 $212.79
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