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Rethinking Retirement Risk
Increasingly, individuals in the U.S. are expected to plan
and prepare for their own retirement through self-directed
defined contribution (DC) plans. This is extremely complex:
They must incorporate uncertainty about future asset returns
and inflation, how these interact with their non-retirement
assets, uncertainty over their own life expectancies and
longevity risk, and all the while satisfy their income needs
during retirement. Unfortunately, most financial advice and
analysis regarding self-directed retirement plans focus solely
on the plan’s assets. As a result, they often mischaracterize
both the magnitude and the fundamental nature of the risks
associated with retirement planning for the typical household.
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An analytically robust framework for retirement plan design may help savers
evaluate and manage the risks to their retirement portfolios. This framework
incorporates salient features of a household’s non-retirement assets,
retirement benefits, future income trajectories and savings rates. There are
three key conclusions:
1. Glide path allocations that “de-risk” as investors near retirement are
a natural result of future labor income and the corresponding future
retirement savings.
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2. Modeling the relationship between retirement liabilities and household assets
is critical to understand the true risks of any glide path. The attainable level
of income throughout retirement is closely related to changes in the real
interest rate.
3. Accounting for the non-DC components of wealth and retirement income,
such as accumulated home equity and Social Security benefits, is very
important. Their presence on the household balance sheet has a meaningful
impact on the design of the most efficient glide path.

Defining the problem
Household wealth accumulation over individuals’ working
lifetime is predominantly determined by their career earnings,
savings rates and the allocation of savings across various
financial assets and real estate.

While our analysis ultimately is focused on solving for the
optimal asset allocation of assets within DC retirement plans, it
is first necessary to specify realistic assumptions for household
income and savings rates and to incorporate plausible
assumptions for the allocation of non-DC savings. Our

FIGURE 1: ASSET BALANCE ACCUMULATION1
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assumptions are based on data from the Federal Reserve’s
Survey of Consumer Finances, the Bureau of Labor Statistics
and Vanguard.
Historically, households have reported their retirement as the
most important motive for saving in the U.S. Despite this
statistic, retirement accounts constitute only a small portion of
U.S. households’ combined assets. Figure 1 shows the median
asset balances for high-income and median-income households
from the 2010 Survey of Consumer Finances. According to
the survey, “retirement” assets (including both defined
contribution and defined benefit amounts) account for only
about 10% of total assets at the most common retirement
age of 65. The bulk of retirement wealth is made up of
housing wealth (30%–35%) and the present value of
households’ Social Security benefits (about 40%–50%).
Social Security is designed to guarantee a minimum level of
consumption in retirement. The benefit for each individual is
based on marital status and his or her labor earnings history.
Benefits are progressive in the sense that households with
lower lifetime income receive more benefits for each dollar
paid in taxes than higher-income households. Recent estimates
suggest that the real income replacement rate – defined as the
fraction of labor income immediately preceding retirement that
is provided by Social Security – ranges from 18% up to 85%,
depending on the level of lifetime income (median-income
households receive estimated replacement rates of roughly
40%). In addition, Social Security benefits are explicitly
inflation-indexed, and thus can be thought of as a real annuity.
The significance of this program to the typical household merits
its inclusion in any analysis of retirement programs within the
U.S. Barring large changes in labor income during the working
years, the accrued replacement rate in retirement will be
relatively predictable during an individual’s working life. In
our analysis, we calculate Social Security benefits based on the
labor income profile of the typical household in the 60th–80th
percentile of the income distribution from the Survey of
Consumer Finances. We focus on this portion of the distribution

due to the relative importance of retirement savings: For
households of median income and below, the preponderance
of retirement income comes from Social Security, with relatively
small private retirement accounts. For the highest-income
households, there are typically other large sources of wealth
that may be more readily tapped for retirement income. This
results in an estimated income replacement rate from Social
Security of 38%.
The importance of Social Security notwithstanding, housing
wealth is another seemingly important component of total
wealth at retirement. The empirical evidence suggests that
retired individuals are reluctant or unable to finance their
retirement with the equity they have accumulated in their
homes. They typically stay in their home for as long as possible,
generally only downsizing relatively late into retirement after
significant health expenses or the death of a spouse. There
are increasingly many avenues, such as reverse mortgages,
that allow households to tap into their housing wealth during
retirement without relocating. For the purposes of our analysis,
we assume that households will be able to use of some of their
accumulated housing wealth to finance their retirement, but we
apply a haircut of 50% to reflect the reluctance of households
to monetize housing, the difficulty involved in doing so and
future housing consumption needs throughout retirement.
Lifecycle income and savings profiles
One area where there might be meaningful differences
between future behavior and historical experience is DC plan
contribution and savings rates. Over the last decade, default
enrollment into DC plans has become much more common
throughout the U.S. This has broadly increased participation
rates, though with low default savings rates (about half of plans
with automatic enrollment set the default contribution rate at
3%). As a response to low savings rates, firms have also begun
to escalate contribution rates automatically for employees from
an initial (low) contribution rate to a higher terminal rate. As of
2012, roughly 70% of all firms with automatic enrollment also
engage in automatic escalation: an increase from 30% in
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Figure 2 illustrates two different savings rates patterns. The
SCF contribution rates are inferred from available Survey of
Consumer Finances data for the median household. This
savings profile can be viewed as an indication of historical
savings patterns. The Vanguard contribution rates represent
actual contribution rates from employees that currently
participate in DC retirement plans with automatic enrollment.
Clearly, the contribution rates for retirement plan participants
are much higher than historical contribution rates, and these
rates are in our view a more appropriate forward-looking
assumption for participants in DC plans.
FIGURE 2: DC PLAN SAVINGS TRENDS
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The timing of DC investments is also very important. Historically,
individual labor income has not followed a flat, or even a
monotone, trajectory over the lifecycle. The income process
we assume for our overall framework is shown in Figure 3.
FIGURE 3: LIFECYCLE MEDIAN LABOR INCOME
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Labor income ($000, 2010)
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Labor earnings typically are low when individuals begin their
working careers and then increase steadily (though at slowing
rates) until wages peak in employees’ mid-fifties and decline
near retirement. The interaction of earnings levels with
contribution rates determines the timing and flow of assets
into the DC plan: 35-year-olds contribute roughly $2,100 per
year ($35,000 per year income with a 6% savings rate), while
we estimate that 45- to 64-year-olds contribute 2.6 times this
amount due to a combination of higher income and higher
contribution rates. Note that the slight decrease in incomes
for the 55- to 64-year-olds is offset by higher retirement
contribution rates. Importantly, it is the timing and flow of
assets into the plan that will directly influence the relative
importance of retirement assets to the household. Thus, the
shape of the household’s income profile is a key input into
glide path construction. The hump-shaped profile in income
and contribution rates suggests that the time period savers
in the household are 45 to 55 years has a tremendous impact
on their overall DC plan wealth: Not only are they earning the
most during these years, but their DC contribution rates are
the highest as well.

In this section we describe the properties of optimal DC glide
paths at a high level. The purpose of our analysis is two-fold:
1. Illustrate the importance of specifying retirement objectives in
terms of retirement income instead of retirement wealth, and
2. Emphasize the impact that Social Security and housing
wealth have on the design of optimal retirement glide paths.
To keep this glide-path analysis concise, we include just three
representative financial assets: equities, nominal bonds and
long duration real bonds. The simulation procedure and return
assumptions we use to generate asset returns, inflation and
nominal and real yield curves over the household lifecycle are
described in more detail in Appendix 1.
Household preferences over different levels of retirement
income are captured by a simple utility function of the
constant relative risk aversion (CRRA) form:

These household preferences are common usage in analytical
literature, and they summarize risk preferences by a single
parameter, ρ. This specification is especially attractive given the
retirement industry’s focus on replacement rates: the ratio
of income in retirement to income while working. With these
preferences, an individual’s feelings toward proportional risks
are invariant to the level of wealth or income (justifying a focus
on replacement rates alone, regardless of the level of labor
income). In our primary parameterizations, we use a risk
aversion of four, but include sensitivity analysis in subsequent
sections. There is a tremendous library of empirical work
devoted to calibrating risk aversion preferences. Most
reasonable values in the savings and retirement context range
from one to five, though the dispersion is quite wide
(Kocherlakota [1996], Chetty [2003], Schecter [2007] et al.).

care about their total wealth at retirement, but have no savings
outside their retirement account or access to Social Security
benefits. Their only source of retirement income is their
funds in their DC plan.
Figure 4 shows the optimal asset allocation for this simplified
base case, which features the conventional downward-sloping
glide path. This is a universal feature of optimal glide paths,
when future labor income is incorporated into the analysis of
retirement savings.2 Indeed, in the retirement industry, glide
paths almost universally “de-risk” as the individual nears
retirement for this reason. The present value of future labor
income behaves like a relatively low risk (in terms of volatility
and correlation with risky investments) real asset that amortizes
as one nears retirement.3 Intuitively, future labor income
represents a large fixed-income style allocation. This serves to
move the initial optimal allocation further into equities when
compared to the case where future labor income/human
capital is not included in the analysis. We provide a simple
derivation of this fact in Appendix 2. Note also that the optimal
equity share falls essentially all the way to zero: This reflects
the explicit focus on wealth only at the instant of retirement
while neglecting the value of any wealth after one retires.
FIGURE 4: SIMPLE BASE CASE: MAXIMIZE WEALTH, ONLY DC PLAN,
WITH FUTURE INCOME
Optimal glidepath: Preferences over retirement wealth,
DC assets only, accounting for future labor income
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An individual’s total wealth at retirement may seem like the
obvious measure of a glide path: People generally prefer higher
wealth to lower wealth. The reality for retirement, however,
is more subtle and complex. The household’s retirement
consumption takes place over many years (20, 30 or more,
given current life expectancies) rather than at a single point in
time. In short, individuals implicitly face a forward real liability.
As a result, changes in real interest rates are a critical
determinant of financeable real retirement consumption given
any realized level of wealth at age 65. There is no “single”
wealth number that people should target: At very low real
interest rates, substantially more initial investment is required
to finance a given real annuity in retirement, particularly for
longer life expectancies, as shown in Table 1.
TABLE 1: SENSITIVITY OF REAL ANNUITY PRICES TO TERM AND
INTEREST RATES
Cost of a $10,000 real annuity
Real interest rate
Term

0%

1%

2%

10 Years

100,000

94,713

89,826

20 Years

200,000

180,456

163,514

30 Years

300,000

258,077

223,965

Source: PIMCO

For a 30-year retirement horizon, an increase in the real rate
from 0% to 2% per year effectively increases horizon
purchasing power by 31% for any given level of wealth.
Given the sensitivity of attainable retirement income to the real
interest rate, it is more appropriate to evaluate the risk and
return of glide- path allocations in terms of the real lifetime
income stream that the individual can achieve at retirement.
We next evaluate glide paths in terms of the amount of real
income that the household can finance by purchasing an
actuarially fair immediate real lifetime annuity.4 The sensitivity
of the attainable retirement income to real interest rates
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clearly suggests that there is a place for long duration real
assets within the DC portfolio. To illustrate this, we add long
duration real assets (in this case, Treasury Inflation-Protected
Securities or TIPS) to the investment universe.
The change in retirement objectives from retirement wealth
to retirement income has a significant impact on the optimal
glide path, as shown in Figure 5. Long duration real assets are
prevalent, particularly in the heart of the glide path, to hedge
the real rate risk.
FIGURE 5: FROM RETIREMENT WEALTH TO RETIREMENT INCOME:
MAXIMIZE REPLACEMENT RATE, ONLY DC PLAN, WITH FUTURE INCOME
Optimal glidepath: Preferences over income replacement rate,
DC assets only, accounting for future labor income
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In practice, the ideal glide path would gradually reduce the
duration of the allocation to long TIPS (or other long duration
real rate hedging assets) in the portfolio to maintain the hedge,
rather than coarsely move into lower duration nominal bonds,
as in this stylized example. A focus on retirement income rather
than wealth changes the attractiveness of assets within the
glide path.

Incorporating the full household balance sheet: Social
Security and housing wealth
Thus far, we have focused solely on DC assets and their
contribution to retirement income. However, for the vast
majority of households, the retirement account is only a
small fraction of current assets.
In general, non-DC assets are dominated by accumulated
equity in the home. Furthermore, retirement income for most
households in the U.S. is dominated by Social Security benefits.
These benefits are an immediate real lifetime annuity. The
relative riskiness of future income should be assessed in the
context of all of the household’s assets, and an assessment
of the financeable real income stream should include an
individual’s accrued Social Security benefits. As sources of
retirement income and consumption, Social Security and
housing wealth have a profound impact on the optimal
glide-path allocations.
FIGURE 6: INCORPORATING NON-DC WEALTH AND SOCIAL SECURITY:
MAXIMIZE REPLACEMENT RATE, ALL ASSETS AND BENEFITS, WITH
FUTURE INCOME
Optimal glidepath: Preferences over income replacement rate,
all assets including Social Security benefits, accounting for future
labor income
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assets and Social Security benefits is shown in Figure 6.
The equity allocation is now higher throughout the glide path,
particularly near retirement. Social Security benefits are
equivalent to a guaranteed real retirement annuity that is
indexed to household income. As a result, the Social Security
“asset” provides households with a limited, perfect hedge
against fluctuations in real interest rates and a minimum floor
on consumption in the event of substantial portfolio losses.
This reduces the desire to hedge against real interest rate risk
by investing in long duration fixed income assets. Similarly,
other non-DC assets such as the primary residence may act as
a hedge against movements in the real interest rate, especially
over longer periods of time. Given the magnitude of non-DC
assets in Social Security and housing, incorporating them into
the analysis affords the DC participant the opportunity to take
more risk, hedges against severe consumption loss during
retirement and reduces the optimal allocation to long duration
fixed income. As before, we also see a small allocation to
nominal bonds at the end of the glide path: Given the asset
assumptions, this allocation serves to shorten the duration
of the assets to match the duration of the terminal liability.
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A summary of the changes to the optimal glide path
discussed above is provided in Table 2.
TABLE 2: IMPACT OF ASSUMPTIONS OF OPTIMAL GLIDE PATH
Progression to optimal glidepath
Naive case

Add labor income

From retirement wealth
to retirement income

Incorporating non-DC
wealth and Social Security

Retirement wealth

Retirement wealth

Replacement rate

Replacement rate

Stocks

Yes

Yes

Yes

Yes

Bonds

Yes

Yes

Yes

Yes

Long TIPS

No

No

Yes

Yes

DC wealth

Yes

Yes

Yes

Yes

Future labor income
(human capital)

No

Yes

Yes

Yes

Social Security

No

No

No

Yes

Non-DC wealth

No

No

No

Yes

Optimal asset allocation is
constant over the life-cycle

Optimal asset allocation has
a downward sloping profile

Real rate sensitivity of
retirement liabilities is
very important as Long
TIPS dominate fixed
income allocation

Allocation to equities
increases significantly;
Long TIPS dominate
fixed income allocation

Starting/ending % in
stocks

10% - 20%

100% - 2%

100% - 0%

100% - 30%

Starting/ending % in
bonds

80% - 90%

0% - 98%

0% - 55%

0% - 15%

Starting/ending % in
long TIPS

n.a.

n.a.

0% - 45%

0% - 55%

Asset universe
Objective
Asset universe

Model features

Summary

Source: PIMCO

Sensitivity analysis for the optimal glide path
Many of the parameters for an optimal glide path – such as the
risk aversion of plan participants – simply cannot be known
with certainty and may vary significantly across the set of plan
participants. Sensitivity analyses around the full balance sheet
optimization (including Social Security benefits) described in
the preceding section can incorporate the potential variations
of these parameters in the optimal glide-path allocation.
As with any modeling exercise, changes in the inputs and
parameters will change the optimal portfolio.
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We explore the effects of changes in the following parameters:


The risk aversion level, ρ



The equity risk premium and expected equity returns



Equity volatility



Starting household wealth (outside the DC plan)



Wage levels



Household life expectancy

Taking the first four parameters together, a higher equity risk
premium would increase the reward for taking incremental
risk and the optimal allocation to equities would be higher
relative to long duration. A similar effect would accompany
assumptions of higher equity risk premiums and or lower
equity volatility. An increase in non-DC wealth reduces the
importance of DC assets in the overall balance sheet, and
tends to increase the optimal allocation to equities inside the
DC plan (see Figure 7).

see higher equity allocations for roughly the first 10 years of
the glide path. Instead, we have another effect, because Social
Security benefits are progressive. With these levels of wages,
Social Security benefits alone constitute a 44.4%, 39.7%, and
25.3% replacement rate for the low, medium and high wage
profiles, respectively. As Social Security replacement rates
decline, the individual has a greater need to hedge against
future retirement consumption, which increases the appeal
of TIPS and modestly decreases the appeal of equities.

FIGURE 7: SENSITIVITY ANALYSIS: RISK AVERSION AND
RELATED PARAMETERS

FIGURE 8: SENSITIVITY ANALYSIS: WAGES
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If we change the relative magnitude of future labor income or
the dispersion of initial invested assets, either at the outset or
over the lifecycle, the optimal glide path itself will change. In
Figure 8, we compare our baseline glide path to one with
future wages that are higher (by 100%) and lower (by 30%)
than our base case. With higher wages, the present value of
labor income, and thus of future DC contributions, is higher,
which increases the value in equities, at least at the outset of
the glide path. However, this effect is relatively small: We only

Source: PIMCO

Perhaps the most interesting glide-path changes occur when
adjusting life expectancy. When an individual lives longer, the
real annuity he or she purchased at retirement becomes more
expensive, suggesting an increase in the equities allocation
(to provide the additional returns needed). However, as we
saw in Table 1, the duration of the real annuity increases as
well, which will have the second order effect of increasing the
appeal of long duration TIPS as a hedge against this risk.
In Figure 9, we calculate the optimal glide paths using the
baseline life expectancy (for a 25-year-old male in 2014, life
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expectancy for when he reaches age 65 is 19.7 years), a
10-year-shorter life expectancy, and a 10-year-longer life
expectancy. The appeal of equities increases with life expectancy
as the individual needs higher balances at retirement to finance
any given level of retirement consumption over that longer
post-retirement timeframe. Notice that the first-order effect
of needing additional wealth at retirement (favoring
equities) dominates the second-order effect of increasing
the duration of retirement liabilities (which would make
long TIPS more attractive).
Table 3 summarizes the changes in glide paths that are
associated with changes in these modeling assumptions. An
increase in the risk aversion leads to uniformly lower equity
allocations along the entire glide path. This is intuitive: Equities
are the highest-risk assets in our investment universe, and they
naturally will become less attractive for individuals who cannot
tolerate higher risks. The optimal glide-path allocations for risk
aversion parameters from two through six are shown in Figure
7. The more risk-averse households now prefer portfolios that
further limit the volatility in their retirement income. Similarly, if
the risk aversion level was reduced from our assumed level
of four, the optimal allocation to equities would be higher.

FIGURE 9: SENSITIVITY ANALYSIS: LIFE EXPECTANCY
Optimal equity allocations with differing life expectancies
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TABLE 3: EFFECTS OF MODELING PARAMETERS ON OPTIMAL GLIDE PATH
Effects of framework and parameters on optimal Glide Path
Variable

Effect on equity allocation

Effect on long duration allocation

Increase in risk aversion

Decrease the allocation to equities

Increases the allocation to Long Duration bonds

Increase in expected equity returns

Increase the allocation to equities

Higher life expectancy

Increases the allocation to equities

Increase in initial non DC wealth

Increase the allocation to equities

Higher wages

Increase initial equity allocation
and lowers terminal allocation.

Source: PIMCO
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Increases the allocation to Long Duration bonds

Higher wages increase Long Duration Bond allocations
(to compensate for progressivity of Social Security)

Conclusion
Saving for retirement is one of the most important decisions
that individuals make during their lifetimes. Often in the asset
management industry, retirement account asset allocations
(glide paths) are constructed without accounting for several
of the most important components of the household balance
sheet. Incorporating a household’s full asset allocation and
projected future retirement liabilities is critical to fully understand
the risks embedded within any glide path. Downward-sloping
equity allocations are an immediate consequence of
incorporating future labor earnings (and retirement savings) into
the model. As the present value of these earnings increases,
either through increased wages or declining real interest rates,
the optimal allocation to equities will increase. Benchmarking
the model’s objective function to retirement consumption
introduces sensitivity to real interest rates that in turn increases
the appeal of long duration real assets (such as TIPS) throughout
the glide path. However, households typically accumulate
substantial real rate hedges outside of their retirement account:
through accrued Social Security benefits, which are explicitly
indexed to inflation, or through home ownership, which is
commonly seen as a hedge against inflation.
Taken together, these suggest a glide-path allocation mixed
between equities and real-rate-sensitive assets, such as long
TIPS. From there, the particular parameterization of the
simulation determines the relative trade-offs: More risk-averse
households will prefer less equities; higher initial DC wealth
makes risk in the DC account relatively more consequential,
which pushes the optimal glide path out of equities; longer
life expectancy increases the amount of assets required at
retirement to finance any given level of consumption, which
increases the appeal of risky assets.

In a theory-based analytical tool, several key mechanisms
and parameters can be modeled and combined into a robust
framework to assess glide-path design. In practice, additional
asset classes can be included in the implementation of the
glide path. For example, long nominal bonds may be attractive
relative to long duration inflation-linked bonds or commodities,
real estate investment trusts, global equities and bonds, and
alternative asset classes may offer some diversification relative
to equities or additional real rate protection. As a result, the
final implementation of an optimal glide path will often
incorporate additional asset classes that can increase expected
returns or achieve additional long-term diversification benefits.
THE PIMCO GLIDE PATH DIFFERENCE
PIMCO is committed to offering the best possible solution
to help DC plan participants achieve successful retirement
outcomes. In order to do that, we carefully assess our glide
path each year. This review allows us to reevaluate our prior
assumptions, contemplate any adjustments based on our
Secular Forum conclusions and incorporate analytical
enhancements in our modeling. As part of the 2014 review,
our Analytics team enhanced a number of components
of the quantitative analysis that underpins the glide path.
Specifically, we incorporated and quantified human capital
and liability matching considerations more explicitly (also
described in the In-Depth article, “Using a Real Liability
to Assess Retirement Readiness and Inform Investment
Decisions”). Finally, empirical data related to the evolution
of participants’ overall household wealth were used to enrich
the model. The results of our analysis are compelling, and they
are in direct alignment with the key tenets our glide path has
always been based upon. We are excited to share this thought
leadership with the market.

We believe that glide-path construction needs to include
an evaluation of future labor income, needs to have
performance measured against retirement liabilities (and
thus be benchmarked against the real interest rate), and
must include Social Security benefits and housing wealth
(which may free the household to invest more aggressively
and encourage diversification).
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Appendix 1: The Simulation Process
OVERVIEW OF SIMULATION ENGINE

Nominal bonds

Nominal yield curve

Break even inflation

Inflation

Real yield curve

Inflation linked bonds

Risk premiums for equities

Real risky asset returns

Source: PIMCO

The simulation of nominal yield curves follows a three-factor
model Cox-Ingersoll-Ross process, while real rates follow and
we use a three-factor (normal) Vasicek model. Realized
inflation is tied to the dynamics of break-even inflation rates
implied by the joint simulation of real and nominal rates. Both
real (inflation-linked) and nominal bond returns at all relevant
maturities are directly determined by the simulated yield
curves. When real rates are low, real income from a given
mix of assets (especially fixed income) is low.
Nominal Rates Process
A reduced form three-factor log-normal Cox-Ingersoll Ross
(CIR) model governs the dynamics for the term structure of
nominal rates,
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Real Yields
A reduced form three-factor Vasicek model governs the
dynamics for the term structure of real rates,

where dz2,r , dz10,r , dz30,r are jointly normally distributed. As with
nominal rates, the real term structure is fitted using a fourfactor Nelson-Siegel model and is used to calculate returns
for all real assets, where dz2,y, dz10,y, dz30,r are jointly normally
distributed and y2, y10, y30 correspond to the two-year,
10-year and 30-year yields, which allows for straightforward
calibration of term structure volatilities, correlations and term
premiums. Given the simulated path for two-, 10- and 30-year
yields, the full term structure of nominal yields is fitted on
each path of the simulation to a four-factor Nelson-Siegel
model. The yield process characterizes the associated process
for nominal bond returns at all maturities from one year to 30
years out.

Inflation and break-even inflation
The process for the term structure of break-even inflation is
defined by the difference between the term structure of
nominal and real rates; we define short-term break-even
inflation as the difference between the simulated one-year
nominal rate and the simulated one-year real rate, so

long-term evidence across countries, though short-to-medium
term deviations from this level are not uncommon, particularly
in recent decades.

Benchmark parameterization
The table below summarizes our parameter assumptions for
the simulation of asset returns, yield curves and inflation.

Realized inflation in a given year is then simulated as breakeven inflation plus a stochastic term

In this way, the dynamic process for break-even inflation is
implicitly defined by the dynamics of the difference between
nominal rates and real rates, and the actual realized inflation
process is consistent with the short-term break-even inflation
rate at each point in the simulation.
Equity and real estate returns
Long-horizon risky asset returns use a parsimonious
specification of returns that build the expected return as
risk-free rate plus a risk premium (see comments in previous
description of model). As an example, simulated real equity
returns are based on the following specification

where λeq is the (term structure of) equity risk premium. The
same basic model specification is used for equity assets. The
risk premium, volatilities and correlations vary across all risky
assets according to current valuations and historical
return patterns.
The process for house prices (when we simulate primary
residence values) is linked to inflation over time such that on
average, real home prices are expected to stay constant in the
long run and the expected real price return from ownership
in the primary residence is zero. This is broadly consistent with

Variable

Parameter Value

Parameter

Value

Nominal rates
2 year nominal key rate

2,y

3.50%

2,y

150 bps vol.

10 year nominal key rate

10,y

4.00%

10,y

100 bps vol.

30 year nominal key rate

30,y

4.25%

30,r

85 bps vol.

2 year real key rate

2,r

1.00%

2,r

100 bps vol.

10 year real key rate

10,r

1.25%

10,r

85 bps vol.

30 year real key rate

30,r

1.50%

30,r

65 bps vol.

E[π1]

2.25%

inƒl

60 bps

Equity risk premium
(arithmetric)

eq

4.0%

eq

20% vol.

Equity risk premium
(geometric)

eq– 0.52eq

2.0%

hp

0.0%

hp

5% vol.

Real rates

Inflation
Realized inflation
Equity

House Prices

Source: PIMCO

Overall, the benchmark parameterization is calibrated to
produce realistic long-term dynamics for bond returns, equity
returns, nominal and real rates, and inflation. The volatility levels
are calibrated to be in line with historical experience. We
assume a long-term average inflation rate of 2.25%. Long-term
10- and 30-year nominal yields converge to an average of 4%
and 4.25% respectively along with a 3.5% average two-year
nominal rate. As such we build in a term premium in the yield
curve of 50 bps at the 10-year maturity and 75 bps for
30-year rates. The real yields converge to 1%, 1.25% and
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1.5% for the two-year, 10-year and 30-year maturities.
Consistent with empirical data, real yields are assumed to be
somewhat less volatile than nominal yields in our simulation.
The equity risk premium is assumed to be 4% in arithmetic
terms and 2% in geometric terms, which is considerably lower
than the long-term historical averages of 7.5% and 5.5%,
respectively. The moderate equity risk premium is consistent
with current pricing in equity markets and also consistent with
a gradual reduction in the ex ante equity risk premium that
investors have required in global equity markets.

Appendix 2: Deriving a Downward-Sloping
Glide Path

where Zt is a standard Brownian motion, r is the risk-free rate,
µ is the expected return on the risky asset, and  is the
volatility of the risky asset. This implies that total wealth
follows the process:
(4)
where t is the financial asset’s share of wealth
.
We can rewrite this problem in terms of the Jacobi-Bellman
equation as:
(5)
Combining equations (4) and (5) and applying Ito’s lemma,
we have:

The Model

(6)

In this model, we extend the continuous-time Merton problem
to include a stream of non-asset-based income and immediately
recover a downward-sloping glide path as the optimal
allocation. The individual selects a sequence of allocations to
risky assets out of their financial wealth,
, each period
to solve:

Using equation (6), we can solve for the first order conditions
for investment in the risky asset:
(7)

(1)
where each period, the individual has a present value of labor
income equal to It, and a total wealth equal to Wt (so financial
wealth equals Wt – It). If the income received each period is
equal to i (and constant through time), we have5:
, which implies that dIt is not a function of  at
any point in time. Note that stochastic (or uncertain income)
would introduce additional terms (below) that would further
complicate the expressions, but would not materially affect the
results for realistic income-asset correlations or unemployment
hazard rates. We assume the evolution of the risk-free and
risky assets are given by:
(2)
(3)
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At the same time, we have a first order condition for
consumption (the envelope condition) given by:
, which for CRRA preferences
)
reduces equation (8) to the unconstrained form with an
additional term, , the inverse of the financial asset’s share
of total wealth.
(8)
So, in addition to the typical comparative statics, i.e., that the
optimal allocation to the risky assets increases with expected
excess return, and decreases with both risk aversion and the
volatility of the risky asset, we have that the optimal allocation
to the risky asset increases when the share of financial
wealth decreases. In the context of individuals, the present
value of their labor income when young (It) will dwarf their

initial financial assets, suggesting a more aggressive allocation
early in the lifecycle that gradually declines until the present
value of non-asset income reaches zero, after which the optimal
allocation would remain stable and equal to the optimal
allocation from the problem without any labor income.6
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1

Figures represent median asset accumulation for the indicated quantile. Initial differences in median by quantile are adjusted by the evolution
of asset balances by age from the 2010 Survey of Consumer Finances. Realized asset accumulation behavior may be very different. Graphically,
Social Security represents the accumulated benefits, rather than their expected present value, though this has minimal impact on the key results.

2

If one were to ignore labor income and instead simply manage a given amount of initial wealth until retirement, the optimal allocation is a
static, constant allocation over time. Regardless of the time to retirement, people should choose the same asset allocation and there would
be no need for “glide paths.” This result was first demonstrated in Merton (1969).

3

This also implies that in an era of prolonged low rates as forecast in PIMCO’s New Neutral hypothesis, all else equal, the present value
of future labor income will increase, which will increase the initial allocation to equities and steepen the glide path.

4

For this calculation, we use mortality tables and forward life expectancies from the Social Security Administration (2013), assuming a participant
age of 25 years in 2014. We normalize the real annuity by the household’s terminal real labor income to calculate a lifetime real income
replacement rate.

5

Adding randomness, including correlated randomness, to the income process introduces another term to equations (2) and (7), though
it does not substantively affect the comparative statics highlighted in this section.

6

Obviously, the optimal allocation will not be constant with preferences other than CRRA. Note also that in this model, all non-asset-based
income, such as Social Security and pension benefits, would also be included in It and would serve to permanently bound the optimal
equity allocation above the unconstrained optimum.

Past performance is not a guarantee or a reliable indicator of future results. All investments contain risk
and may lose value. Investing in the bond market is subject to risks, including market, interest rate, issuer, credit,
inflation risk, and liquidity risk. The value of most bonds and bond strategies are impacted by changes in interest rates.
Bonds and bond strategies with longer durations tend to be more sensitive and volatile than those with shorter durations;
bond prices generally fall as interest rates rise, and the current low interest rate environment increases this risk. Current
reductions in bond counterparty capacity may contribute to decreased market liquidity and increased price volatility. Bond
investments may be worth more or less than the original cost when redeemed. Equities may decline in value due to both
real and perceived general market, economic and industry conditions. Inflation-linked bonds (ILBs) issued by a
government are fixed income securities whose principal value is periodically adjusted according to the rate of inflation;
ILBs decline in value when real interest rates rise. Treasury Inflation-Protected Securities (TIPS) are ILBs issued by the U.S.
government. Commodities contain heightened risk, including market, political, regulatory and natural conditions, and
may not be suitable for all investors. REITs are subject to risk, such as poor performance by the manager, adverse changes
to tax laws or failure to qualify for tax-free pass-through of income. Diversification does not ensure against loss.
Hypothetical examples are for illustrative purposes only. No representation is being made that any account,
product, or strategy will or is likely to achieve profits, losses, or results similar to those shown. Hypothetical and forecasted
performance results have several inherent limitations. Unlike an actual performance record, these results do not do not
reflect actual trading, liquidity constraints, fees, and/or other costs. There are numerous other factors related to the markets
in general or the implementation of any specific investment strategy, which cannot be fully accounted for in the
preparation of simulated or forecasted results and all of which can adversely affect actual results. In addition, references to
future results should not be construed as an estimate or promise of results that a client portfolio may achieve.
Statements concerning financial market trends or portfolio strategies are based on current market conditions, which will
fluctuate. There is no guarantee that these investment strategies will work under all market conditions or are suitable for
all investors and each investor should evaluate their ability to invest for the long term, especially during periods of
downturn in the market.
This material contains the opinions of the authors but not necessarily those of PIMCO and such opinions are subject to
change without notice. This material is distributed for informational purposes only and should not be considered as
investment advice or a recommendation of any particular security, strategy or investment product. Information contained
herein has been obtained from sources believed to be reliable, but not guaranteed.
PIMCO provides services only to qualified institutions and investors. This is not an offer to any person in any jurisdiction
where unlawful or unauthorized. | Pacific Investment Management Company LLC, 650 Newport Center Drive,
Newport Beach, CA 92660 is regulated by the United States Securities and Exchange Commission. | PIMCO Europe Ltd
(Company No. 2604517), PIMCO Europe, Ltd Amsterdam Branch (Company No. 24319743), and PIMCO Europe Ltd - Italy
(Company No. 07533910969) are authorised and regulated by the Financial Conduct Authority (25 The North Colonnade,
Canary Wharf, London E14 5HS) in the UK. The Amsterdam and Italy Branches are additionally regulated by the AFM and
CONSOB in accordance with Article 27 of the Italian Consolidated Financial Act, respectively. PIMCO Europe Ltd services
and products are available only to professional clients as defined in the Financial Conduct Authority’s Handbook and are
not available to individual investors, who should not rely on this communication. | PIMCO Deutschland GmbH
(Company No. 192083, Seidlstr. 24-24a, 80335 Munich, Germany) is authorised and regulated by the German Federal
Financial Supervisory Authority (BaFin) (Marie- Curie-Str. 24-28, 60439 Frankfurt am Main) in Germany in accordance with
Section 32 of the German Banking Act (KWG). The services and products provided by PIMCO Deutschland GmbH are
available only to professional clients as defined in Section 31a para. 2 German Securities Trading Act (WpHG). They are not
available to individual investors, who should not rely on this communication. | PIMCO Australia Pty Ltd (Level 19, 363
George Street, Sydney, NSW 2000, Australia), AFSL 246862 and ABN 54084280508, offers services to wholesale clients as
defined in the Corporations Act 2001. | PIMCO Canada Corp. (199 Bay Street, Suite 2050, Commerce Court Station, P.O.
Box 363, Toronto, ON, M5L 1G2) services and products may only be available in certain provinces or territories of Canada
and only through dealers authorized for that purpose. | No part of this publication may be reproduced in any form, or
referred to in any other publication, without express written permission. PIMCO is a trademark or registered trademark of
Allianz Asset Management of America L.P. in the United States and throughout the world. THE NEW NEUTRAL and YOUR
GLOBAL INVESTMENT AUTHORITY are trademarks or registered trademarks of Pacific Investment Management Company
LLC in the United States and throughout the world. ©2014, PIMCO.
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