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How much do savers need to save in order to meet their retirement income goals? 
While a great deal of effort has been expended in search of answers to this question, 
it turns out that a very simple and practical answer is almost in plain sight. It is under a 
small rock, the rock being the ordinary and familiar time-value-of-money annuity 
payment calculations that we used to good advantage in our prior article, “The Only 
Spending Rule Article You Will Ever Need,” published by the Financial Analysts 
Journal in January 2015.3  
 
By turning this spending rule around and looking at asset accumulation instead of 
decumulation, we form a saving rule that, if followed, will get our saver very close to 
her asset accumulation target by the time of retirement. Like our spending rule and 
like the returns of the market, this savings rule is dynamic, adapting to actual market 
returns and changes in portfolio values so that it works with any investment policy the 
saver desires. The key idea is that we recalculate a new savings amount each year, an 
amortizing payment into one’s savings nest egg, based on a set of simple inputs:  

 The target portfolio value, or desired amount of accumulated savings at the 
time of future retirement (colloquially, one’s “number”); 

 Today’s current portfolio value (savings balance), reflecting market returns and 
indicating progress towards the target; 

 The current long term risk-free real discount rate; 
 A baseline growth rate for annual savings planned by the saver; 
 The amount of time remaining in the saving period prior to retirement.  

Using annuity mathematics, this method calculates a savings payment for each new 
period so as to dependably amortize, over all the remaining years, that part of the 
target amount that has not yet been saved. 
 
Saving money to meet a known future obligation is like paying off a mortgage: if we 
know the principal that needs to be paid off, the interest rate, and the number of 
payments, we can calculate today’s payment using any financial calculator or 
spreadsheet. Saving for retirement is not exactly like paying off a mortgage because 
we are amortizing a future value, the target amount to be saved by the time of 
retirement, rather than a present value, the amount borrowed to help pay for a house. 
However, in all other respects the thinking is like that involved in paying off any other 
long-term obligation—the mathematics of time value of money and amortization of 
present values and future values is the same for our savings plan as for a mortgage.  
 

																																																								
1 Forthcoming in the Journal of Investing in the 25th anniversary issue early next year. 
2 M. Barton Waring is the retired CIO for investment policies and strategies at Barclays Global Investors 
(now BlackRock). Laurence B. Siegel is the Gary P. Brinson director of research at the CFA Institute 
Research Foundation. The authors may be reached at barton.waring@aya.yale.edu and 
lbsiegel@uchicago.edu. 

3 Waring and Siegel (2015). 
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This means that, in principle, a retirement saver can schedule a number of equal 
payments, like she would for a mortgage, over the remainder of her working life and 
be done with it, assured of having the planned account balance at time of retirement. 
This would work perfectly if the investments were riskless and thus perfectly 
predictable, hedging their savings target. At the end of the saving period, our saver 
would have achieved her target with certainty.  
 
But here’s the problem: few people invest in riskless portfolios designed to hedge 
their future retirement needs completely. Most investors hold equities and other risky 
assets that don’t hedge their savings target. Taking equity risk or interest rate risk 
means that, in each period, the portfolio may get ahead of — or fall behind — the 
schedule that assumes riskless investing. 
 
We compensate for this risk by recalculating the “mortgage payment” every year to 
account for these surprises, good and bad, and as a result our focused saver can keep 
her savings rate on track, immediately adjusting it down or up to reflect investment 
results.  
 
RESHAPING THE PAYMENT STREAM 
Ordinarily, amortizing a future or a present value over some time period gives us a 
level or constant-dollar payment. Recognizing that people have less income when 
they’re young and more when they’re older, however, a mortgage-like level-payment 
amortization is impractical for retirement saving. But we can provide for the payments 
being less when the saver is young and more when she is old by substituting a 
growing payment for the level payment — one that starts off low and grows over time 
in a manner such that the desired future value is generated. She makes smaller 
payments earlier, and larger payments later.  
 
One way to do this is to have the payment grow at the same rate as salary is 
projected to grow, so that it is a constant percentage of salary over time (aside from 
changes caused by investment surprises, discussed below). In our experience, 
however, we find a growing percentage of salary is more likely to be implemented by 
savers, so the dollar payment starts at a lower portion of salary but then grows faster 
than salary. Of course one can choose one’s own shaping term, setting the growth 
rate higher or lower than projected salary increases. 
 
By having our saver “pay off” her retirement “mortgage” with growing payments, 
we’ve reshaped the obligation’s payment schedule but we have not changed any 
other aspect of it — the principal amount, the underlying interest rate, or the term. 
The schedule of payments retains the desired future value regardless of the shape of 
the schedule, through the ordinary working of time-value-of-money mathematics. The 
mortgage industry also does some limited reshaping on a business-as-usual basis, 
with graduated-payment, balloon, and other modifications to level payment 
schedules, and so can we!4  

																																																								
4 There are other ways to reshape a payment scheme than to use a simple growing model as we are 
doing here, one we especially like for the retirement drawdown period being shown in our 2015 article 
cited above. Looking at the other side of the retirement equation, drawdown or spending, Milevsky and 
Huang [2011] shows that, in principle, one can reshape the drawdown payment	stream in a manner		
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INVESTOR-SPECIFIC ASSUMPTIONS 
We begin by establishing a target, the future amount that the saver will need in order 
to secure a satisfactory retirement income. For this article’s purposes, we’ll plan to 
fund a real life annuity at time of retirement, although other approaches are possible. 
As an aside, this target will retain some uncertainty despite our best efforts to fairly 
estimate it, because annuity rates, the rate at which the retiree can convert assets to 
lifetime income, will fluctuate, but let’s ignore that risk for the moment and assume 
we can know the target. (For those who want to self-annuitize with an annually 
recalculated virtual annuity, or ARVA, as we suggested in Waring and Siegel [2015], a 
somewhat higher target will be required because the ARVA method does not take 
advantage of mortality risk pooling. However, there is at least a partial saving grace: it 
also does not have insurance company default risk.) 
 
We conduct the entire analysis in real terms, that is, in current (2016) dollars. We 
assume that our saver is at the start of a 40-year saving period, age 27 to 67, and we 
ignore taxes.5 
 
To keep matters simple, we also use standard wage assumptions that might easily be 
rescaled by the reader: a $100,000 per year income in the first year, growing at real 
2% per year. (One of the two percentage points of real wage growth is due to real 
economic growth, and the other is due to the increasing age and experience, that is, 
human capital, of the saver.) Our saver is a single female in the United States. 
 
Ideally, the target is the cost, 40 years from now, stated in today’s dollars, of a fully 
inflation-indexed single-payment life annuity (SPIA) for our saver. We cannot predict 
this with any certainty, but we can observe current annuity pricing and make some 
extrapolations.  
 
We assume that our saver will wish to replace 75% of final pay, and that 30 
percentage points of that amount will come from Social Security, so that the annuity 
needs to replace 45% of final pay. Final pay is then estimated as $100,000, inflated at 
real 2% for 40 years, or $220,804; 45% of final pay is $99,362, the initial annual 
“paycheck” (upon retirement) that our saver will need to produce from investments, in 
40 years; again stated in today’s dollars. 
 

																																																								
sensitive to one’s aversion to dying before having spent all of one’s money, an excellent bit of analysis 
and a very interesting approach. However it comes with some other limitations, especially with respect to 
the consideration of ordinary investment risk. More generally, the sophisticated “life cycle” models of the 
financial economics academy sometimes incorporate what is called Epstein-Zin utility, which allows for 
limited reshaping of the savings and/or drawdown rate albeit also with limited tractability. In their 
practices, actuaries routinely use reshaped payment schemes to calculate pension contributions — in fact 
you seldom, if ever, see normal cost or contribution accruals calculated on a level payment basis, but 
rather on one of several delayed payment bases.  

5 Age 67 is currently the “full retirement age” for collecting Social Security benefits if the beneficiary was 
born after 1959. We cannot predict what the retirement age will be in 40 years and we recognize that the 
age is likely to be greater than 67. 
 In practice one cannot ignore taxes. However, we do not know our saver’s current, much less 
future, tax rate, so financial planners following our advice should make tax adjustments appropriate to 
their clients’ specific financial situations. These include marital status, the allocation between 401(k)/IRA 
and taxable money, the tax laws specific to annuities (if annuities are actually bought), and so forth. 
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As of May 13, 2016, the cost of a single premium immediate annuity (SPIA) for a 
single female in Illinois paying a constant $99,362 per year was $1,517,900.6 This 
annuity payout is constant in nominal, not real, terms, and thus has declining 
spending power when prices are inflating over time. Therefore, the annuity cost 
needs to be adjusted upward because we specified that we want to purchase an 
inflation-indexed annuity, one that pays a constant $99,362 per year in real terms. 
 
Because the market for inflation-indexed annuities is not deep or transparent, it is 
hard to estimate this cost (much less what the cost will be in 40 years!). However, we 
do not need to get these estimates exactly right — our purpose in this article is to 
show how to determine the savings rate for a given target, not to determine the 
target precisely; an estimate that is anywhere close provides a huge advantage 
relative to the casual approaches taken today by most investors and their advisors. 
Schirripa (2009), writing for the Employee Benefit Research Institute, arrives at an 
inflation-indexation cost premium of 38.9% so we’ll use that number, but we suspect 
that the actual premium will be higher in 40 years because there will be a longer 
lifespan over which inflation protection is being provided.7 
 
Finally, we’d note that the cost of an annuity, that is, of a specified stream of annuity 
payments for the rest of one’s life, itself varies over time due to changes in interest 
rates, life expectancy in the population, insurer competitiveness, and for other 
reasons. So the target amount of savings at retirement should not be fixed, as we 
assume in these examples, but should vary with annuity costs. A truly complete 
savings rule would take this variation into account—and one can do so by periodically 
updating the target based on then-current annuity pricing information.  
 
For now, however, we assume that the target is fixed. Our working estimate of the 
target for our prototype saver is $1,517,900 1.389 $2,108,363, expressed in 
today’s dollars.8  
 
Now, how to get there? 
 
 
 

																																																								
6 http://www.immediateannuities.com as of May 13, 2016. This approach to estimating future annuity 
pricing reveals why we have done our analysis in real terms, rather than nominal: The market for 
immediate life annuities, naturally expressed in today’s dollars, is much deeper than for deferred life 
annuities, so we feel we get better accuracy by referring to them; we make the implied assumption that 
the price of an immediate annuity will track inflation until time of retirement, all other things being equal 
(they won’t be). If we used deferred annuities we could do the analysis in nominal terms, but without as 
much pricing data. There are always tradeoffs!  

7 Schirippa (2009) actually measures the discount of the first-year annuity payout in an inflation-indexed 
annuity relative to the payout of a nominal annuity; that discount is 28% for a 65-year old female (the 
closest available age and gender match to our 67-year old female). We convert that to a cost premium: 
1/ 1 .28 1 38.9%.  

8 If we had conducted the analysis in nominal terms, we would have inflated the target amount to reflect 
expected inflation between now and the time of retirement, but in that case we would use the nominal 
discount rate, say, the roughly 2.5% nominal yield on 30-year Treasury bonds, rather than the real yield, 
to set the payments. 
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WHAT IS THE DISCOUNT RATE? 
For setting the base case series of payments — which is subject to adjustments for 
random market results as we go along — we approximate it by using a long term real 
riskless rate of return, 0.54%, which is the yield on the longest, 30-year, TIPS bond as 
of September 6, 2016.9 (A saver nearer to retirement might prefer to use the 10-year.) 
This current low interest rate results in an extremely high savings rate, higher than it 
would be with historical average real interest rates, which are higher than the current 
ones — and it is no big surprise that a lot of savings are needed if you realize you are 
investing for 40 years at a near-zero rate of return to pay for a retirement that could 
be 20, 30, or even 40 years long. I suppose one could wish for higher real rates — but 
that might bring other problems! 
 
However, reducing the liability (or target) to a stream of present values (savings 
amounts) at the real riskless rate is the right way to plan to have a certain amount 
available in the future without risk. The real riskless rate is the only rate that can be 
locked in, at least in theory but pretty close in reality (there are practical limitations), 
conceptually guaranteeing that our saver could meet her target at the time of 
retirement.  
 
We don’t want to commit the common actuarial mistake of discounting this debt-like 
future value at the expected return on the assets, as that is poor practice, really just a 
sub rosa way to reshape the payment stream as we are otherwise doing explicitly 
using growing annuities. This doesn’t mean that our saver shouldn’t consider 
investing in equities and other risky assets in place of some or all of her riskless TIPS 
portfolio — by all means she should. Our saver will try to earn a higher return so that 
she needs to save less in the future if returns above the riskless rate are in fact 
realized. But it does mean that she shouldn’t use the expected return on her risky 
portfolio to discount her target. 
 
Here’s the deal, for how one takes into account the hopeful higher returns from a 
higher risk investment strategy: Wait for the eggs to hatch! She cannot decide to save 
less, based on those expected returns, until a given year’s return has been realized, 
not merely expected. Don’t put it into the discount rate as an expected return, put it 
into the portfolio’s value to reduce the savings rate when (and if!) the high expected 
returns are in fact realized. To do otherwise, to lower the planned savings amounts by 
assuming the higher capital market expected return in advance of earning it as a 
realized return, is to count one’s chickens before they are hatched — a practice that 
torpedoed many of the pension plans that are now making headlines for being 
woefully underfunded.10 We do not want that to happen to our saver.  

																																																								
9 Ideally it would be the present-value weighted average of the ladder of real yields available from 
inflation protected bonds, taken year-by-year until time of retirement. Such numbers are unavailable as a 
practical matter, as real instruments beyond 30 years do not exist. No huge harm is done by our 
approximation, particularly when updated each period. 

10 A large and contentious literature discusses the appropriate capital market assumptions or discount 
rates for defined-benefit (DB) pension plans, with actuaries arguing for high discount rates based on 
expected returns and some actuaries and nearly all economists arguing for use of the long-term risk-free 
rate. See Waring’s discussion [2011, chapters 1-6]. We believe that, if riskless discount rates matched to 
the liability had been used by DB pension sponsors, they would be financially healthy today and would 
be providing benefits that would avoid the need for most individuals to do their own retirement saving 
and investing (or to read this paper!).		
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However, it is still important to reshape and reduce the earlier payments so that the 
savings plan is practical; one should just do it for the right reasons, and do it 
transparently. As the reader will see, our savings growth rate assumptions have the 
effect of reducing the size of current savings payments in a tradeoff with raising the 
expected future payments, but as an explicit re-shaping of the payment level over 
time rather than as an implicit and poorly rationalized and more aggressive reshaping 
based on a high return expectation. At any rate, as we’ll see, the required savings rate 
declines very substantially, even potentially to zero in the later years, if the 
investments are successful — that is, if they earn a real return above the real riskless 
rate (a fairly low bar for success). 
 
SAVING RATES AND RESULTS WITH RISKLESS INVESTING 
At this point we have the inputs to calculate the first payment of the desired growing-
savings payment schedule. The initial saving amount, based on the assumptions 
stated above, is $25,655. Exhibit 1 is a spreadsheet showing this first payment, plus 
all subsequent payments grown at the 3% rate of real increase (in dollars saved per 
year) that we assumed at the outset, using our risk-free rate assumption as the rate of 
return. We assume that the investor is hedging the real value of her target number by 
purchasing long TIPS, which had a real yield of 0.54% as of the date the exhibit was 
constructed.  
 
Because our savings growth rate assumption of 3% was chosen to exceed the 
assumed 2% salary growth rate, the saving rate as a percentage of income starts out 
at 26% and grows over time to 37%. Both the beginning and ending levels are high, a 
result of the fact that retirement is expensive (one is working for 40 years to provide 
for a lifetime of consumption) and the current long term real rate is very low.  
 
 We share the reaction that we expect of many readers — do I really need to save that 
much of my paycheck?! It is, unfortunately, the reality in today’s markets — one can 
quibble with our assumptions, but they are pretty fair.11  
 
Want to save less? Plan on a less generous retirement, with a lower replacement ratio.  
 
 
 
 
 
 
 
 
 
 
 
 

																																																								
11 Our result is not out of line with other work on required savings rates at low expected rates of return. 
See Sexauer, Peskin, and Cassidy [2012]. 
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EXHIBIT 1 
SAVING RATES WITH RISKLESS (CONSUMPTION-HEDGED) INVESTMENT, IN REAL 
TERMS (CURRENT DOLLARS) 

 
Source: Constructed by the authors. Real riskless rate is from the U.S. Treasury, “Daily Treasury Real Yield 
Curve Rates,” 20-year rate on November 4, 2016. 
 
ADJUSTING THE SAVINGS RATE TO REFLECT CAPITAL MARKET REALIZATIONS EACH 
YEAR 
When our saver invests in equities and other risky assets rather than an all-TIPS 
portfolio, the realized returns will be (very) different from the riskless discount rate that 
we used for planning purposes above, being more volatile and usually — but not 
always! — higher. This actual realized return will have a heavy impact on required 
saving rates, hopefully reducing them over time if returns average higher, but possibly 
increasing them.  
 
How might this work out? We can look at history for an example of how this might 
have caused the required savings rate to vary over time if we had put this program 
into place 40 years ago, at the beginning of 1976. We use these data from the past to 

     Real salary increase  2%

     Growth rate of dollar savings 3%

     Capital market return (riskless) 0.54%

27 $100,000 25.7% $25,655 $25,655 47 $148,595 31.2% $46,336 $772,318

28 $102,000 25.9% $26,425 $52,218 48 $151,567 31.5% $47,726 $824,215

29 $104,040 26.2% $27,217 $79,718 49 $154,598 31.8% $49,158 $877,823

30 $106,121 26.4% $28,034 $108,182 50 $157,690 32.1% $50,632 $933,196

31 $108,243 26.7% $28,875 $137,641 51 $160,844 32.4% $52,151 $990,387

32 $110,408 26.9% $29,741 $168,126 52 $164,061 32.7% $53,716 $1,049,451

33 $112,616 27.2% $30,633 $199,667 53 $167,342 33.1% $55,327 $1,110,445

34 $114,869 27.5% $31,552 $232,298 54 $170,689 33.4% $56,987 $1,173,429

35 $117,166 27.7% $32,499 $266,051 55 $174,102 33.7% $58,697 $1,238,462

36 $119,509 28.0% $33,474 $300,962 56 $177,584 34.0% $60,458 $1,305,608

37 $121,899 28.3% $34,478 $337,066 57 $181,136 34.4% $62,272 $1,374,930

38 $124,337 28.6% $35,513 $374,398 58 $184,759 34.7% $64,140 $1,446,494

39 $126,824 28.8% $36,578 $412,998 59 $188,454 35.1% $66,064 $1,520,369

40 $129,361 29.1% $37,675 $452,904 60 $192,223 35.4% $68,046 $1,596,625

41 $131,948 29.4% $38,806 $494,155 61 $196,068 35.7% $70,087 $1,675,334

42 $134,587 29.7% $39,970 $536,793 62 $199,989 36.1% $72,190 $1,756,571

43 $137,279 30.0% $41,169 $580,861 63 $203,989 36.5% $74,356 $1,840,412

44 $140,024 30.3% $42,404 $626,401 64 $208,069 36.8% $76,586 $1,926,936

45 $142,825 30.6% $43,676 $673,460 65 $212,230 37.2% $78,884 $2,016,225

46 $145,681 30.9% $44,986 $722,083 66 $216,474 37.5% $81,250 $2,108,363

At the end of age 66, i.e., at age 67, the desired

balance is on hand in this fully hedged, riskless

example.

Saving 

Rate

Year‐End 

Portfolio 

Balance

Payment 

to 

Savings 

(at year 

end)

Assumptions (stated as annual rates):

Saving 

RateSalaryAge

Year‐End 

Portfolio 

Balance

Payment 

to 

Savings 

(at year 

end) Age Salary
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get a sense of how market fluctuations affect the saving requirement, not because we 
think the returns from this period will be repeated in the future — in fact, we are quite 
sure that they will not be!  

Exhibit 2 shows the real (after inflation) growth of a dollar invested in U.S. stocks, 
U.S. bonds, and a 60/40 mix (rebalanced annually), reflecting actual real returns over 
the 40 years from the end of 1976 to the end of 2015. As noted, the capital markets 
— including bonds — provided a compound annual return much higher than the 
rates that we expect today from these assets in the future, and higher than today’s 
real riskless rate by an even greater margin.  

EXHIBIT 2 
REAL (INFLATION-ADJUSTED) REAL GROWTH OF A DOLLAR IN U.S. STOCKS, 
INTERMEDIATE-TERM TREASURY BONDS, AND A 60/40 PORTFOLIO, 1976-2015 

Note: U.S. stocks are S&P 500 total returns; Treasury bonds are Ibbotson intermediate-term bonds; both 
are adjusted for CPI inflation. 60/40 portfolio is rebalanced annually. Source: Ibbotson Stocks, Bonds, 
Bills, and Inflation from Morningstar Direct. Used by permission of Morningstar Inc.  

But a major point of this article is to show how to change the savings rate in reaction 
to capital market realizations or surprises. As a result, it’s OK to use these year-by-year 
historical returns as an example, drawn from the past, of what might happen in the 
future and how to react to it. This is the case even though our actual expectations 
may be for lower returns, and even though the sequence in which they’ll be delivered 
bears no resemblance to the sequence from this particular sample of the past. Just 
remember that the surprise, relative to our current expectation of a real riskless rate of 
0.54%, could be negative as well as positive — although, with the bar set low by 
using the real riskless rate, it is more likely to be positive. 

Here is how our saver should react to a surprise, at the end of each year recalculating 
the savings payment to make for that year using either the native growing annuity 
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payment formula in a spreadsheet. Or, perhaps more conveniently, our simple “hack” 
of the typical PMT function found on handheld financial calculators and in the Excel™ 
spreadsheet (we use the word “hack” in its best sense, that of a clever shortcut, not a 
destructive intrusion; see the Appendix for details and examples). One needs five 
inputs: the discount rate, the growth rate of payments, the time remaining, the 
present value (or future value) to be amortized, and an indication of whether 
payments are at the end of the period or the beginning (annuity due): 

 Look up the updated real riskless rate and establish or re-establish your preferred 
reshaping term, the real growth rate of your planned annual savings. 

 Reduce the years to retirement by one, for the year just passed (or adjust the 
years to retirement to match any revision in the expected date of retirement that 
you might have made)  

 Review one’s assumptions about the target, or future value needed at time of 
retirement, and recalculate if there are significant changes in the real rate, date of 
retirement, matters affecting final salary (including surprises in salary level different 
than planned) and desired replacement ratio, and pricing of real annuities; 
recalculate target future value as needed. Do this more frequently when discount 
rates and inflation rates have moved.  

  At a minimum each year, increase the FV target by the past year’s inflation — 
last year we expressed it in last year’s dollars, so let’s put it into this year’s dollars.  

  As discussed in the Appendix it may be helpful, depending on method used, 
to reduce it to today’s present value. 

 Mark up (or down) the portfolio already held to reflect its new market value, 
reflecting the realized returns of the year just passed. If the portfolio’s value is 
greater than the present value of that future value target, mission accomplished. If 
not, use the difference as the present value in your payment calculation. 

 It is useful to use the annuity due, or Begin payment convention, so as to calculate 
the payment for the year just passed at the beginning of the new year, so that the 
updated portfolio value is known. 

 
Based on these new inputs, you then recalculate the remaining growing-payment 
annuity schedule. The first payment of this new schedule becomes the next payment 
the saver actually makes; it will be recalculated again each year.  
 
Try it a couple of times; read the example in the Appendix. It is quicker and easier 
than it seems at first blush once you get familiar with putting the savings problem into 
a payment calculation context. The fact is — you already know how to do this! 
Exhibit 3 shows this done for the return realizations in Exhibit 2. The saving amount 
for a given year decreases, relative to our planned 3% real growth rate, after each 
positive surprise (actual return higher than the riskless discount rate) and increases 
after each negative surprise.12  
 
 

																																																								
12 We use the current real rate of 0.54% as the annual real discount rate for reducing the target to a 
present value in each period. 
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EXHIBIT 3 
SAVING RATES WITH 60/40 PORTFOLIO, IN REAL TERMS (CURRENT DOLLARS): 
1976-2015  

Source: Constructed by the authors using Ibbotson SBBI data from Morningstar Direct for the 60/40 
portfolio, the bond component of which is Ibbotson intermediate-term bonds. 60/40 portfolio is 
rebalanced annually. Used by permission of Morningstar Inc. 

We see that, at the end of age 66, that is, as our saver turns 67 and retires, the 
desired portfolio balance is well exceeded in this particular historic time frame—with 
its excellent capital market returns, at least two standard deviations above the mean 
or expectation.13 As a result, the investor had a choice to stop saving in 1997, at the 
tender age of 48, and just hold riskless TIPS for the rest of her working life. In Exhibit 
3, however, she continued to hold the 60/40 market portfolio, exposing herself to the 
possibility of further required savings if markets went down, a contingency that, in this 
case, did not happen, and she prospered mightily, well exceeding her target. 

Of course, there is no guarantee that the opposite won’t occur! And that possibility is 
what we explore next. 

13 See Sexauer and Siegel [2016] for the analysis of the number of standard deviations by which the 
1982-1999 real return on the U.S. stock market exceeded the mean or expected return. 

    Real salary increase  2%

    Planned growth rate of dollar savings before market adjustments 3%

27 1976 $100,000 25.7% $25,655 $25,655 47 1996 $148,595 10.93% 8.3% $12,267 $1,603,886

28 1977 $102,000 ‐9.84% 25.9% $26,466 $49,598 48 1997 $151,567 21.31% 0.0% $0 $1,945,600

29 1978 $104,040 ‐3.38% 26.2% $27,292 $75,211 49 1998 $154,598 19.31% 0.0% $0 $2,321,221

30 1979 $106,121 ‐0.44% 26.5% $28,123 $103,000 50 1999 $157,690 8.99% 0.0% $0 $2,529,916

31 1980 $108,243 7.71% 26.6% $28,837 $139,781 51 2000 $160,844 ‐3.69% 0.0% $0 $2,436,620

32 1981 $110,408 ‐7.45% 27.1% $29,907 $159,280 52 2001 $164,061 ‐5.55% 0.0% $0 $2,301,402

33 1982 $112,616 19.92% 26.8% $30,212 $221,225 53 2002 $167,342 ‐10.22% 0.0% $0 $2,066,179

34 1983 $114,869 12.24% 26.6% $30,599 $278,891 54 2003 $170,689 15.99% 0.0% $0 $2,396,541

35 1984 $117,166 5.21% 26.7% $31,244 $324,670 55 2004 $174,102 4.04% 0.0% $0 $2,493,444

36 1985 $119,509 22.55% 25.6% $30,614 $428,491 56 2005 $177,584 0.07% 0.0% $0 $2,495,283

37 1986 $121,899 15.94% 24.6% $30,017 $526,829 57 2006 $181,136 7.99% 0.0% $0 $2,694,658

38 1987 $124,337 ‐0.09% 24.9% $30,998 $557,335 58 2007 $184,759 3.11% 0.0% $0 $2,778,443

39 1988 $126,824 7.65% 24.4% $30,926 $630,887 59 2008 $188,454 ‐17.03% 0.0% $0 $2,305,222

40 1989 $129,361 18.81% 22.3% $28,791 $778,320 60 2009 $192,223 11.86% 0.0% $0 $2,578,693

41 1990 $131,948 ‐3.84% 23.2% $30,609 $779,024 61 2010 $196,068 10.24% 0.0% $0 $2,842,649

42 1991 $134,587 20.76% 20.0% $26,883 $967,662 62 2011 $199,989 2.00% 0.0% $0 $2,899,390

43 1992 $137,279 4.42% 19.3% $26,521 $1,036,943 63 2012 $203,989 8.38% 0.0% $0 $3,142,348

44 1993 $140,024 7.59% 17.8% $24,913 $1,140,520 64 2013 $208,069 16.22% 0.0% $0 $3,652,123

45 1994 $142,825 ‐3.84% 19.2% $27,400 $1,124,153 65 2014 $212,230 8.59% 0.0% $0 $3,965,843

46 1995 $145,681 26.07% 12.1% $17,606 $1,434,793 66 2015 $216,474 0.81% 0.0% $0 $3,998,027

At the end of age 66, i.e., at age 67, the desired  portfolio balance is well

exceeded in this particular historic time frame‐‐with its excellent

portfolio returns. As a result, the investor had a choice to stop saving

many years before retirement. Of course, there is no guarantee that the

opposite luck won't occur!
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A LESS FAVORABLE SCENARIO 
The extremely happy result from Exhibit 3 was of course unexpected in 1975, and is 
also unlikely to happen again soon. Moreover, because our saver reached her target 
by 1997 and stayed above it thereafter, we learned nothing about the behavior of our 
method if one is exposed to market risk as the retirement date approaches more 
closely.  

Therefore, we examine a different 40-year historical period in Exhibits 4 and 5. We 
could just make up a 40-year return series designed so that the saver would have to 
keep saving right until the end, but — since we have very long time series of U.S. 
stock and bond returns available — we thought we’d dig deeper into history and find 
such a period in the actual data. This has the advantage of realism, with long bull and 
bear markets, momentum and reversals, periods of high and low stock-bond 
correlation, and the other features one finds in real market data that are hard to 
reproduce in fake ones. 

It turns out that the best period for this exercise is 1942-1981, where the bear markets 
of the 1970s hit when our saver already has a substantial amount of money saved. 
Exhibit 4 shows the real growth of a dollar over this period, reflecting real capital 
market returns. 

EXHIBIT 4  
REAL (INFLATION-ADJUSTED) GROWTH OF A DOLLAR ON U.S. STOCKS, 
INTERMEDIATE-TERM TREASURY BONDS, AND A 60/40 STOCK-BOND PORTFOLIO, 
1942-1981 

Note: U.S. stocks are S&P 500 total returns; Treasury bonds are Ibbotson intermediate-term bonds; both 
are adjusted for CPI inflation. 60/40 portfolio is rebalanced annually. Source: Ibbotson Stocks, Bonds, 
Bills, and Inflation from Morningstar Direct. Used by permission of Morningstar Inc.  
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Exhibit 5 shows the saving rates and amounts for our saver over this 1942-1981 
period.  

EXHIBIT 5 
SAVING RATES WITH 60/40 PORTFOLIO, IN REAL TERMS (CURRENT DOLLARS): 
1942-1981 

Source: Constructed by the author using Ibbotson SBBI data from Morningstar Direct for the 60/40 
portfolio, the bond component of which is Ibbotson intermediate-term bonds. 60/40 portfolio is 
rebalanced annually. Used by permission of Morningstar Inc. 

At first, the bull markets of the 1950s and 1960s are kind to our saver, who can reduce 
her saving rate to zero by 1968. But, surprise! Accelerating inflation and deteriorating 
stock and bond markets push the saving rate back up and then down and back up 
again, reaching 34.8% after the terrible market year of 1974 and, after falling back yet 
again, climbing to 30.5% after the bond debacle of the late 1970s. 

The endgame here is revealing. By 1980, our saver was again closing in on her target. 
But the bear market year of 1981, the second or third such episode in less than a 
decade, knocked out a substantial portion of her savings right at the end. As she 
retires at the end of 1981, she experiences that disappointing negative return, and as 
a result before making her last contribution she is short of her target amount of 
$2,108,363 by $160,181, about 7% shy. Whatever her final year savings end up being, 
it appears that she will end up somewhat below her target, although still pretty close. 

    Real salary increase  2%

    Planned growth rate of dollar savings before market adjustments 3%

27 1942 $100,000 25.7% $25,655 $25,655 47 1962 $148,595 ‐4.18% 14.7% $21,803 $1,371,121

28 1943 $102,000 13.09% 25.9% $26,374 $55,387 48 1963 $151,567 12.48% 10.3% $15,584 $1,557,860

29 1944 $104,040 10.25% 26.0% $27,078 $88,141 49 1964 $154,598 10.20% 6.0% $9,300 $1,726,004

30 1945 $106,121 20.05% 26.0% $27,600 $133,410 50 1965 $157,690 5.84% 3.3% $5,173 $1,832,020

31 1946 $108,243 ‐19.13% 26.7% $28,891 $136,778 51 1966 $160,844 ‐7.27% 7.9% $12,745 $1,711,522

32 1947 $110,408 ‐4.79% 27.1% $29,891 $160,123 52 1967 $164,061 11.40% 1.7% $2,722 $1,909,350

33 1948 $112,616 1.30% 27.3% $30,765 $192,966 53 1968 $167,342 3.56% 0.0% $0 $1,977,288

34 1949 $114,869 14.26% 27.1% $31,157 $251,649 54 1969 $170,689 ‐10.84% 8.3% $14,151 $1,777,023

35 1950 $117,166 12.78% 26.8% $31,446 $315,249 55 1970 $174,102 3.38% 6.3% $10,906 $1,847,999

36 1951 $119,509 8.20% 26.7% $31,860 $372,954 56 1971 $177,584 8.43% 0.0% $0 $2,003,727

37 1952 $121,899 10.70% 26.2% $31,945 $444,793 57 1972 $181,136 9.72% 0.0% $0 $2,198,434

38 1953 $124,337 0.07% 26.5% $32,954 $478,076 58 1973 $184,759 ‐14.49% 7.6% $14,060 $1,893,855

39 1954 $126,824 33.31% 23.6% $29,981 $667,302 59 1974 $188,454 ‐23.00% 34.8% $65,610 $1,523,875

40 1955 $129,361 18.23% 21.4% $27,743 $816,724 60 1975 $192,223 17.25% 17.6% $33,794 $1,820,473

41 1956 $131,948 0.88% 21.6% $28,497 $852,404 61 1976 $196,068 14.02% 0.0% $0 $2,075,685

42 1957 $134,587 ‐6.17% 23.1% $31,038 $830,844 62 1977 $199,989 ‐9.84% 18.3% $36,550 $1,908,065

43 1958 $137,279 23.33% 19.0% $26,077 $1,050,769 63 1978 $203,989 ‐3.38% 27.3% $55,694 $1,899,180

44 1959 $140,024 5.44% 18.0% $25,167 $1,133,056 64 1979 $208,069 ‐0.44% 30.5% $63,448 $1,954,185

45 1960 $142,825 3.46% 17.3% $24,770 $1,196,984 65 1980 $212,230 7.71% 0.0% $0 $2,104,915

46 1961 $145,681 16.09% 12.8% $18,626 $1,408,238 66 1981 $216,474 -7.45% 74.0% $160,181 $2,108,363
At the end of age 66, i.e., at age 67, the most recent portfolio return of

‐7.45% puts the previously well‐funded portfolio deeply in shortfall,

requiring an extra large final year's payment amounting to 74% of final

salary‐‐too big to be possible and thus there will be some modest shortfall.

That's what risk is‐‐this investor's risky portfolio means some possibility of

coming out above, or as here perhaps below, the target.
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We note, however, that she had five savings “holidays” amongst the ups and downs 
of her portfolio, with no required payment to savings in those years. Had she saved 
anyway, building up an apparent excess, she would have had a cushion against this 
endgame risk. Not bad. 
 
This endgame shortfall is a possibility inherent in any saving-and-investment scheme 
where the saver takes investment risk. Late in one’s working life, the savings balance 
is very large relative to any single year’s income — or had better be! — so a bad 
market return translates to a large dollar loss and cannot easily be made up with 
additional savings. When the bad market year is the last year that the saver works, it 
might not be possible to make it up at all, as in the present example. 
 
Thus, we are forced to ask, what is “good enough”? If one reaches 90% or 95% of 
one’s target, is that good enough? We’d argue that it is — many people never come 
anywhere near that close — although a saver who finds such an outcome 
unacceptable can simply set the desired target higher so as to provide some 
downside cushion. It’s a positive feature of our method — not a bug — that, when 
markets disappoint, our saver gets very close to her target anyway.  
 
SMOOTHING  
The method described here has the effect of amortizing the surprise part of the gain 
or loss for any given year evenly over all the remaining years, smoothing the savings 
rate substantially — but there is still volatility in it (increasing as the time to retirement 
gets smaller as a result of a decreasing amortization horizon). This is an unavoidable 
consequence of taking risk in the portfolio when one is seeking a fixed goal. 
 
In fact this volatility of funding requirements can profitably be thought of as what risk 
is for a retirement saver. Don’t like the volatility? Accept a lower risk, lower expected 
return investment strategy, or accept a higher probability of disappointment in one’s 
ending balance. 
 
Because of the amortization of gains and losses over the entire remaining period, we 
have (implicitly) smoothed the savings rate about as much as it can be smoothed; 
quarterly or monthly recalculation won’t help much. Still, the path can get choppy 
toward the end. In the second historic example (Exhibit 5), there is a nasty surprise 
after the big down years of 1973-1974 and a disappointing finish after 1981, because 
those years are late in our saver’s working life, when the saver has more money to be 
affected by the return, and less time to make up for market disappointments through 
additional saving.  
 
It might be tempting to suggest additional smoothing (over more than one year) in 
cases where the required savings rate spikes up, and financial planners may very well 
propose this in the hope of keeping their clients. But we would warn that additional 
smoothing poses additional risk, namely that declines can be followed by further 
market declines, and not always by rebounds, so that the saver would be digging a 
deeper hole. After all, markets most closely resemble a random walk and thus are not 
mean reverting and in fact risk to wealth increases over longer time horizons — you 
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can have many serial years of disappointing returns.14 There is no magical formula that 
eliminates the need for sharply accelerated saving when markets disappoint for 
prolonged periods if one is to achieve their savings target.  
 
CONCLUSION 
In this article, we’ve supplied one key piece of the puzzle of how to spread the 
income from one’s working life over one’s whole life, with a relatively smooth savings 
path and with a near-guarantee that the assets available for retirement will be as 
planned. And, in our earlier spending rule article, we’ve supplied another of the 
necessary pieces.  
 
We have not solved the whole puzzle: we haven’t said how to invest the money, 
where to find the fairly priced commercial annuity that we’ve introduced as a deus ex 
machina (although we’ve shown an alternative to commercial annuities in our 
spending rule article), or how to earn enough money to make the high needed 
savings rates a comfortable expense. These are topics for further work by researchers, 
and for individual workers and savers to figure out for themselves; but we are financial 
economists, not moral philosophers — we’ve answered the questions that we can. As 
Richard Gere’s character John Clark, an attorney who drafts wills in the motion picture 
Shall We Dance, says to his clients regarding the unfinished business in their lives, 
“the rest is up to you.” 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
																																																								
14 The gambler’s fallacy (also known as the Monte Carlo fallacy or the fallacy of the maturity of chances), 
is the mistaken belief that, if something that happens randomly has happened more frequently than 
normal in recent times, it will happen less frequently in the next periods of time, or vice versa. Example: If 
you toss three heads in a row, the fallacy suggests that the next toss is more likely than normal to be a 
tail, but of course the odds remain 50-50. In our context, if one experiences portfolio losses for a period 
or three or whatever, it is a mistaken belief to think that the odds are now better than usual that the next 
periods of returns will provide gains — given that markets, like coin tosses, are very close to a random 
walk. 
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