Vanguard research

Vanguard's approach to
target-date funds

Target-date funds (TDFs) are designed to provide investors with a professionally
diversified portfolio to achieve their retirement goals.

Vanguard TDFs are constructed using fundamental investment principles to
offer the best opportunity of delivering clients' desired retirement outcomes.
We apply portfolio construction best practices that balance market, inflation,
and longevity risks in an efficient and transparent manner over an investor's
life cycle.

This paper provides an overview of Vanguard's methodology for designing
TDFs, including our approach to glide-path construction, asset-class
diversification, demographic assumptions for our investor population, and how
we measure glide-path effectiveness while staying focused on client outcomes.

Vanguard TDFs serve a large and diverse population. They are regularly
evaluated to ensure that they have a high likelihood of meeting the retirement
income needs of these investors.
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Why target-date funds?

The use of target-date funds (TDFs) in employer-
sponsored and individual retirement plans has
expanded since the passing of the Pension
Protection Act (PPA) in 2006—and for good
reason. TDFs help investors construct well-
diversified portfolios—critical to achieving
retirement readiness—while simplifying the
investment process. TDFs also provide a sensible
default investment option that plan sponsors

can use in conjunction with plan design strategies
to improve participant portfolio diversification,
enrollment, and savings rates.! TDFs are designed
to help address a particular challenge facing
many retirement investors: constructing a
professionally built portfolio with a suitable
amount of risky and defensive assets given

their time horizon, retirement goals, and

other considerations.

Vanguard research and other studies indicate
that many investors lack either time for or
interest in retirement planning.2 TDFs address
these challenges by simplifying the asset
allocation decision. Once an investor decides to
invest in a TDF (or is defaulted into one as part
of their employer's retirement plan), subsequent
decisions about portfolio construction and
ongoing life-cycle rebalancing are handled by
the fund's portfolio manager. Through design
focused on retirement goals and removal of the
burden of portfolio management, TDFs deliver
a compelling single-fund option.

1 See Vanguard Group (2018) for further information.

Principles guiding glide-path construction

Theory suggests that the mix between risky
assets such as broadly diversified equities and
more stable assets such as high-quality fixed
income investments should evolve as one gets
closer to retirement. This change in the portfolio's
risky asset composition is called a glide path.

Downward-sloping glide paths are common in the
industry and are suggested by many researchers
as well (see Bodie, Merton, and Samuelson, 1992,
and Gomes, Kotlikoff, and Viceira, 2008).
However, debate about the shape of the glide
path remains unsettled. Shiller (2005), Basu et al.
(2013), Arnott (2012), and Arnott, Sherrerd, and
Wu (2013) state that a rising glide path is better,
while Pfau and Kitces (2014) argue for a
U-shaped path, and Estrada (2016) recommends
an inverted U-shape.

The investment case for Vanguard TDFs rests on
two fundamental principles: that there are
significant potential rewards for taking market
risk, and that younger investors are better able to
withstand that risk than older investors because
a larger percentage of their total wealth is in
human capital versus their financial holdings.

The expectation of an equity risk premium is
justified by the historical premium equity
investments have earned over bonds and the
positive forward-looking outlook for corporate
earnings in the long term.

2 For a more detailed discussion of these issues, see Young and Young (2018) and Choi et al. (2006).
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In the past, stock market investors in many amounts over shorter time frames.

countries have been rewarded with such a Historically, bond returns have lagged equity
premium. Figure 1 shows historical returns for returns by about 4 to 5 percentage points,
equities in excess of returns of nominal U.S. annualized—amounting to a sizable return
bonds over various time periods from 1926 differential in most circumstances over longer
through 2021. This indicates that stocks have time periods. Consequently, retirement savers
provided higher average returns than bonds over investing only in "safe" assets must dramatically
all time horizons analyzed—albeit with a greater increase their savings rates to compensate for
propensity to underperform by significant lower expected returns.

FIGURE 1.

Historical equity risk premium over different time periods, 1926-2021
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Notes: Past performance is no guarantee of future results. The performance of an index is not an exact representation of any particular investment, as you
cannot invest directly in an index. U.S. stock market returns are represented by the Standard & Poor's 90 from 1926 through March 3, 1957; the Standard &
Poor's 500 Index from March 4, 1957, through 1974; the Wilshire 5000 Index from 1975 through April 22, 2005; the MSCI US Broad Market Index from April 23,
2005, through June 2, 2013; and the CRSP US Total Market Index thereafter. U.S. bond market returns are represented by the Standard & Poor’s High Grade
Corporate Index from 1926 through 1968, the Citigroup High Grade Index from 1969 through 1972, the Lehman Brothers U.S. Long Credit AA Index from 1973
through 1975, the Barclays U.S. Aggregate Bond Index from 1976 through 2009, and the Spliced Barclays U.S. Aggregate Float Adjusted Bond Index thereafter.

Sources: Vanguard calculations, based on data from Standard & Poor's, Wilshire, MSCI, CRSP, Citigroup, and Barclays.
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Additionally, stocks can be expected to
outperform bonds in the future based on the
positive long-term outlook for global corporate
earnings. The fact that investors sometimes
question this outlook because of the risk involved
is precisely why stock investors should expect to
earn higher average returns over the long run
than those who choose less volatile investments.

The second strategic principle underlying
Vanguard TDFs' construction is inspired by the
human capital theory, which holds that younger
investors are better able to withstand portfolio
risk (see Figure 2). It recognizes that total net
worth consists of both current financial holdings
and future work earnings. Most of the younger
individuals' wealth is in the form of what they will
earn in the future. This human capital may be
looked at as a more stable or bond-like asset, and
therefore it may be appropriate for a younger
person's portfolio to have a larger commitment
to stocks to balance and diversify risk exposure to
work-related earnings (Viceira, 2001; Cocco,
Gomes, and Maenhout, 2005).

The human capital theory doesn’t explicitly state
how quickly or in what proportion equity exposure
should diminish without the addition of a variety
of assumptions and caveats. It does, however,

FIGURE 2.
Human capital theory

support the theoretical concept that equity
allocations should decline with age to help
manage risk through time. Widespread debate
remains as to what level of equity exposure may
be appropriate. There is no universally accepted
optimal answer; ultimately, this is a fiduciary
decision that sponsors offering TDFs must make
for their participants and that individual investors
must make for themselves.

While TDFs are not tailored at the individual level,
Vanguard does consider investor behavior in its
glide-path construction, as the ability to
withstand market risk does not necessarily
translate into the willingness to bear such risk.
Put differently, the inevitable ups and downs in
portfolio returns must be made tolerable to
investors to ensure they don't flee the market in
downturns—a step that would lower the chances
of reaching their long-term financial objectives.

The remainder of the paper is divided into four
sections. First, we describe our life-cycle investing
framework. This is followed by a discussion of the
Vanguard target-date glide path and its
implementation. We then elaborate on a few
practical case studies and conclude with insights
drawn from the process.
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Vanguard's life-cycle investing framework At Vanguard, we take stock of the range of
these circumstances and the retirement
ecosystem using the process shown in Figure 3.
We developed this retirement planning process

Most investors have multiple goals throughout
their lifetime, each requiring them to make
complex, interconnected decisions about saving,
spending, and asset allocation. When it comes
to retirement, it's not uncommon for some to
depend on their TDF and Social Security to cover
their basic living expenses. Others may be able to 1.
cover a portion of these expenses with

guaranteed income they receive from a defined 2. Understand risks
benefit (DB) plan, an annuity, or a similar product 3.

to assess how different goals, risks, and resources
can lead to different asset allocation and
spending strategies.3 It consists of four steps:

Determine goals

Assess available financial resources
and use the TDF to support higher levels of and tools

discretionary spending or a bequest.
4. Develop a plan to achieve goals and

mitigate risks

FIGURE 3.
Differences in goals, degrees of susceptibility to risk, and access to tools mean there's
no single retirement income solution for all investors
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Source: Vanguard.

3 See Vanguard Research (2021).
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We then optimize the investment plan using a
quantitative framework embodied by the
Vanguard Life-Cycle Investing Model® (VLCM)

shown in Figure 4.4 We generate an optimal glide

path by assessing the trade-offs between the
expected lifetime spending that can be funded

from a glide path and the uncertainty of market

risk to that spending. The model evaluates

thousands of potential paths and selects the one

that offers the best balance between amount

and volatility of lifetime spending. It provides a
rigorous framework for the construction of glide

paths based on an investor's specific
circumstances and goals.

Often, we find the spending and wealth objective
will conflict with the stability objective because
investments, such as equity, that are expected
to provide higher wealth (supporting the
spending objective) also come with more volatile
periodic returns (subverting the stability
objective). The VLCM strikes a balance by
weighing and comparing each objective. It
incorporates behavioral finance considerations

in the form of income shortfall aversion (an
investor's fear of income falling below a certain
level) and loss aversion (an investor's distaste for
return volatility, even if it doesn't affect their
long-term outcome).

The Vanguard Life-Cycle Model captures three dimensions of utility

The Vanguard Life-Cycle Model incorporates
investors' goals and fears through utility

functions. These are a proven way to represent

human behavior and decision making by
capturing the asymmetric trade-offs between

the positive feelings arising from a good outcome

and the amplified negative feelings that

accompany a bad one. The three types of goals
and fears measured in our utility function include:

1. Risk aversion. This assesses how tolerant an

investor is of uncertainty about their outcome.

Investors highly tolerant of a wider range of
retirement spending have low risk aversion,

4 See Aliaga-Diaz et al. (2021) for more details.
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whereas those who want less uncertainty even
if it reduces their level of spending have high
risk aversion.

2. Income shortfall aversion. This captures the
pain felt by investors when their income falls
below a certain threshold, such as basic living
expenses—an important consideration in
selecting a glide path.

3. Myopic loss aversion. This indicates the higher
sense of loss due to a negative return as
compared to the sense of gain from a positive
return. Because the VLCM applies a greater
penalty for losses, the more loss-averse an
investor is, the more the model will favor
investment stability.



Combined with long-term asset return
expectations derived from the Vanguard Capital
Markets Model (VCMM), the VLCM is a powerful
simulation tool for developing retirement
portfolios through evaluation of various market
scenarios or changing economic conditions,
calculating key metrics of investment success
such as retirement income sufficiency, and the
probability of meeting objectives.> This makes it
effective in understanding the trade-offs when
making complex investment decisions, facilitating
a deeper understanding of a TDF's glide path and
asset allocation.

FIGURE 4.
The VLCM framework

Inputs

1. Investor goal—retirement or nonretirement

2. Investor risk preferences—rational and behavioral

3. Investor demographic characteristics

4. VCMM asset class return projections

Note: See Appendix 4 for full listing of capabilities.
Source: Vanguard.

5 See Vanguard Group (2015).

For institutional and sophisticated investors only. Not for public distribution.

Vanguard Life-Cycle Investing Model

—> R —»  Optimal glide path

The flexibility of the model allows us to solve

for multiple goal definitions, different investor
characteristics, and a full range of risk
preferences. This can provide unique investment
options tailored to a wide range of needs and
circumstances. Along with selecting the optimal
glide paths, the VLCM generates a
comprehensive set of relevant portfolio metrics
such as drawdown, distribution of wealth and
consumption, and probability of successfully
meeting an investor's goals (as shown in Figure 4).
It quantifies the value of different glide paths to
a wide array of investor types and allows for a
comparison of the incremental costs and benefits
of different approaches.

Outputs

Portfolio analytics

Evaluates thousands of potential paths
and selects the one that offers the best
balance between amount and volatility of
lifetime spending



The Vanguard target-date glide path

Having established the case for a target-date
fund, we use our VLCM framework to focus on
the needs of our investors. Our utility-based
framework selects the most useful glide path for
individual investors aiming to financially secure
their retirement goals. We seek to meet
consumption levels to fund their retirement
lifestyle while leaving some balance as a bequest
to heirs. Figure 5 shows the resultant glide path.

Target-date fund specification

In selecting the glide path for Vanguard TDFs,
the following assumptions are made for the
baseline investor. They are meant to reflect the
most generalized form of the TDF investor and
specify a glide path that best fits our expected
investor base.é

FIGURE 5.
Glide path for Vanguard target-date funds
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6 See Appendix 5 for a detailed investor profile.
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Assumptions for baseline investor

Starting age 25

Retirement age 65

8.8%-12.0%
$52,000

Savings rate (as % of salary)

Starting real salary

Total replacement ratio 79%

This process results in a glide path that we
consider to be most applicable for a wide
percentage of the population that will look to
invest in this option. Beyond the target age for
retirement, we generally have limited actionable
personal information for investors using a TDF,
but we do know that our investor base largely
consists of individuals with limited skill or interest
in the asset allocation decision (“set it and forget
it"). We can therefore think of them as less risk
tolerant than the broader population and model
the TDF glide path for more risk-averse investors
seeking to maintain their lifestyle in retirement.

Short-term TIPS
International bonds
U.S. bonds
International stocks
U.S. stocks
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Evaluating the benefit of TDFs

In evaluating the benefit that Vanguard TDFs
provide, measures should be considered in the
context of the funds' objectives. They are
designed to support portfolio growth in
accumulation, provide modest risk exposure to
pre-retirees, and support a stable portfolio for
sustainable withdrawals in retirement. Thus,
metrics identifying the effectiveness of the TDFs
should focus on long-term outcomes balancing
risk and return over the lifetime of an investor
instead of short-term performance in selective
market conditions.

We can further extrapolate this principle to
“real-world outcomes” that reflect the
performance of a TDF. By modeling returns under
different market scenarios, we calculate a
distribution of outcomes related to the projected
wealth and spending of our investor. On top of
this, we layer expectations about an investor's
earnings and replacement ratio, which determine
retirement spending expectations. This then
informs our calculation of the probability of
success for said investor, for which we evaluate
the likelihood that the spending supported by the
TDF will match or exceed the investor's expected
spending requirements in retirement.

Additionally, we quantify the benefits of an
optimized glide path through the concept of a
certainty fee equivalent (CFE) or "equivalence
payment” calculated by the VLCM. This is the
payment (an annual fee in basis points of the
assets) that an investor would be willing to pay
in order to be placed in one glide path over
another. The higher the equivalence fee, the
higher the benefit of the given glide path over
another (the benefit of striking the right risk-
return balance in context with the investor's
goal). We use this metric to provide an additional
frame of comparison for our TDFs with other
potential glide-path options.

For institutional and sophisticated investors only. Not for public distribution.

Implementation of TDFs

We adhere to a rigorous framework to
quantitatively balance the risk and return trade-
offs of multiple investment options for retirement
goals. While this defines the glide path, additional
points must be considered. We can broadly divide
these into specifying the sub-asset allocation,
framing our use of indexed investments, and
contextualizing our focus on long-term outcomes.

Sub-asset allocation of the glide path

For broadly diversified, balanced portfolios such
as the Vanguard TDFs, exposure to all key sub-
asset classes allows the investor to participate in
some of the stronger-performing sectors while
mitigating the negative impact of weaker-
performing ones.

The level and rate of change of equity exposure
as the investor ages are the most recognizable
components of risk in TDFs and their most
significant drivers of long-term performance.
However, over shorter periods, performance
differentials can also stem from the portfolio’s
relative allocation to sub-asset classes within
stocks and bonds. Plan sponsors and investors
should be aware of the trade-offs associated
with various sub-allocations in both the more
risky (equity) and less risky (fixed income)
asset classes.

Equity allocation (U.S. and international)

The equity allocation in the Vanguard TDF
portfolios includes a market-cap-weighted
exposure to the broad U.S. and non-U.S. stock
markets. Because current prices (and, hence,
company values) are set based on current and
expected events, market-cap-weighted indexes
represent the expected, theoretically mean-
variance-efficient, portfolio of securities in an
asset class (Rowley et al., 2018).



After the decision is made to invest globally, the
next step is to determine an appropriate
allocation between home country and global
equity markets. The standard financial theory
approach is to invest proportionally—whether
globally or within a specific country or market—
according to market capitalization. Our research
has shown that allocations of 30% to 40% have
provided more than 95% of the benefit of full
market-cap diversification. Vanguard TDFs
currently invest in a diversified equity portfolio
with 60% of total equity exposure attributable to
U.S. stocks and 40% to international stocks.

Fixed income allocation (U.S. and international)
We also follow a market-proportional approach
in the U.S. bond market. We combine broad
exposure to nominal U.S. investment-grade
bonds with the safety and liquidity of
government and short-duration bonds to provide
diversification to the equity exposure. High-yield
bonds are not included because they represent a
small portion of the taxable U.S. bond market,
and Vanguard research has shown that
overweighting them compared to the market has
increased average volatility and downside risk (if
replacing investment-grade bond positions) or
reduced average returns (if replacing equity
positions) (Philips, 2013). U.S. investment-grade
bonds represent 70% of Vanguard's TDF fixed
income exposure.

The fixed income allocation also includes hedged
exposure to broadly diversified international fixed
income. Although risk factors such as interest
rate fluctuations, inflation, economic cycles, and
issues associated with changing or unstable
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political regimes may seem worrisome to U.S.
investors, a portfolio that includes the bonds of
many countries and issuers benefits from
imperfect correlations across those issuers.
Vanguard's decision to hedge currency exposure
significantly reduces the volatility of international
fixed income returns by alleviating currency risk.
Vanguard research suggests that a strategic
allocation to hedged international bonds can
further moderate risk in a diversified portfolio
(Schlanger et al., 2018). Accordingly, this asset
class represents 30% of Vanguard TDFs' fixed
income exposure.

Short-term Treasury Inflation-Protected
Securities (TIPS)

A downward-sloping glide path ensures that
throughout their lifetime, investors will balance
stability and growth. In most cases, their wages
can be seen as a recurring bond coupon, providing
stability. Hence, balance is achieved by changing
the risk taken in their financial capital. Entering
the retirement phase, the typical investor's
human capital is much smaller than their financial
capital. This would make it prudent to reduce
their overall equity exposure. To mitigate
exposure to short-term inflation shocks at the
same time, we allocate an increasing proportion
of bonds toward short-term TIPS, which have a
much higher inflation beta than U.S. bonds, as
shown in Figure 6. Inflation beta represents how
reactive or variable the asset is to unexpected
inflation. A well-correlated asset with high
inflation beta can be a good choice to help secure
spending from the portfolio.



Commodities

While short-term TIPS and commodities have
shown high correlation to inflation, commodities
also offer a high beta related to inflation and
thus will show the strongest reaction to changes
in the inflationary environment. For investors
seeking to meet the sole goal of inflation hedging
in their portfolio, commodities may be a sound
choice. During the accumulation phase, this
inflation protection is provided by the equity
allocation in the TDF. As the investor enters
retirement, their human capital erodes, and they
start making drawdowns from their retirement
savings. This limits their ability to recover from
market shocks. As TDFs reduce the equity
allocation in favor of fixed income over time to
mitigate this risk, they become exposed to
inflation shocks. The most appropriate way to
hedge the fixed income portion against inflation
would be to reallocate assets to an investment
that provides similar volatility while hedging
against inflation.

We meet this need by using an asset class
aligned to the investor's phase of life. While
commodities can be effective in inflation hedging,
they tend to be very volatile, as represented by
the relatively large size of the bubble in Figure 6.
and are unable to provide portfolio stability in the
retirement phase. Short-term TIPS provide the
most appropriate and effective inflation hedge
for a TDF portfolio, as they provide a significant
correlation to inflation without the volatility

of a commodities investment.
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FIGURE 6.
Vanguard projection: Inflation betaq, real
return, and volatility of asset class
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Notes: The table compares real (inflation-adjusted) returns projections over
the next 30 years to the inflation beta for various asset classes. Inflation beta
is the linear regression coefficient between the 30-year inflation forecast and
the 30-year portfolio return forecast. The size of the bubble represents the
median annualized volatility. The indexes used are as follows: U.S. equities:
MSCI US Broad Market Index, Global ex-U.S. equities: MSCI All Country World
ex USA Index, U.S. bonds: Bloomberg U.S. Aggregate Bond Index, Global
ex-U.S. bonds: Bloomberg Global Aggregate ex-USD Index, Commodities:
Bloomberg Commaodities Total Return Index, U.S. TIPS: Bloomberg U.S.
Treasury Inflation Protected Securities Index, U.S. short-term TIPS: Bloomberg
U.S. 1-5 Year Treasury Inflation Protected Securities Index, and U.S. REITs:
FTSE/NAREIT US Real Estate Index.

Sources: Vanguard calculations as of March 31, 2022.

IMPORTANT: The projections and other information generated by the
Vanguard Capital Markets Model®(VCMM) regarding the likelihood of
various investment outcomes are hypothetical in nature, do not reflect
actual investment results, and are not guarantees of future results.
Distribution of return outcomes from VCMM are derived from 10,000
simulations for each modeled asset class. Simulations as of March 31, 2022.
Results from the model may vary with each use and over time. For more
information, please see Appendix 1.



Alternatives

Vanguard believes that there is a high hurdle for
asset classes and investment strategies to be
included in a TDF because of the portfolios' large,
heterogeneous investor population and the
vehicle's typical designation as a qualified default
investment alternative. As TDF investors cannot
express a personal preference for alternatives,
inclusion would be purely at the fund manager's
discretion. While use of these strategies may
offer advantages, broadly speaking they can
easily increase costs, introduce complexity, lower
transparency, and reduce liquidity. As highlighted
above, commodities have historically provided an
effective hedge against inflation along with
diversification benefits to global stock and bond
portfolios despite high standalone volatility.
However, funding a commodities allocation (at
least in part from equities) would historically have
generally resulted in lower wealth accumulation,
higher fees, and greater complexity.

Debating indexed versus active investments
Discussions regarding the active/passive decision
have recently become more commonplace among
investors and investment professionals. Placing
the decision within a quantitative framework
(Aliaga-Diaz et al., 2020) personalizes it for an
individual based on their particular aversion to
active risk. If we consider the active/passive
decision as being directly related to active risk
aversion, active investment then becomes
appropriate only if the investor demonstrates a
requisite level of risk tolerance.

7 See Wallick et al. (2020).
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In constructing the Vanguard TDFs, we strongly
believe in balancing the risks borne by investors
with returns expectations that appropriately
compensate for those risks, all within a solution
encompassing the wide range of TDF investors.
While active management does offer the
opportunity to outperform the market, we
consider the TDF investor base to have a high risk
aversion and therefore an implied lack of active
risk tolerance. Taking on active manager risk is a
decision that investors should make on their own.
Because indexed investing makes sense as a
starting point for many investors, we build our
default strategy for the broad TDF population
with index funds.

Static optimization

At Vanguard, we appreciate that asset returns
vary over the business cycle, and these changes in
turn can have implications for portfolio
construction.” Forecasting future asset returns
can be extremely difficult. We focus our TDFs on
grounded, long-term expectations for asset
returns, using a time horizon that reflects the
entire lifetime of our investor—more than 80 years.
Investors with an appetite for forecasting risk
could use time-varying asset allocation to
incorporate more short-term asset return
expectations. In light of our risk-averse TDF
population, we focus on strategic allocation
changes as investors approach retirement age
rather than reacting to the economic environment.



Practical application of Vanguard's
TDF approach

When constructing TDFs for a heterogeneous
population, we focus on investors' ability to
maintain their lifestyle post-retirement and
assume they are moderately conservative.8 While
this leads to a glide path with modest growth
potential, the reduced exposure to risky assets is
also more likely to have a stable return pattern
and therefore be more appropriate for a wider
swath of investors.

In this section, we look at TDFs in the context of
different lifestyle needs, analyze the impact of
guaranteed income, and then stress-test our
archetype. We review the optimal glide paths for
a range of personas with different risk
preferences, lifestyle needs, sources of income,
and timing of retirement. This allows us to
examine the sufficiency of our investor

FIGURE 7.
Different lifestyle personas in retirement

assumptions and further informs our TDF glide
path. We also quantify the impact of these
variables in terms of CFEs.

Evaluating TDFs' sufficiency for supporting
different lifestyles in retirement

While a TDF is typically a "one-size-fits-al
of investment, we would not consider the
retirement investor population to be “one size."
Many investors will be expected to fall, in some
way, outside the categorization we specify for our
main TDF archetype.? We acknowledge this but
still find the Vanguard TDFs highly suitable in
aggregate. However, investors may strive to
achieve other retirement lifestyles that could
potentially push the bounds of suitability. Using
our VLCM framework, we can compare the
Vanguard TDFs to the glide-path results of three
main investor personas: Maintaining lifestyle,
Enhancing lifestyle, and Prioritizing legacy.

|"

type

Income shortfall

Investor persona Spending rule Spending level aversion
Maintaining lifestyle  Fixed real dollar 79% of final salary None
Enhancing lifestyle Percentage of portfolio 6% increasing with age Yes
Prioritizing legacy Required minimum distribution Maximum (6% of portfolio or RMD) Yes

(RMD)

Source: Vanguard.

8 See Vanguard Group (2021b).
9 See Appendix 5 for baseline TDF assumptions.
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Maintaining lifestyle

This persona'’s goal is consistent with that of
most TDFs: to replace a reasonable portion of
pre-retirement income. In our modeling, we
assume that a TDF, combined with Social
Security, can help clients replace 79% of their
pre-retirement income to cover basic living
expenses (assumed to be around 60% to 70% of
pre-retirement income) and some discretionary
spending. Clients in this category have a high
probability of meeting their basic living expenses,
limited capacity to fund discretionary spending,
and no plans to leave a legacy.

Enhancing lifestyle

The second persona calls for a level of retirement
spending greater than 79% of pre-retirement
income. We assume that this client has additional

FIGURE 8.
Different glide paths for different personas

100% —

sources of assets or income that enable them to
accept more risk with their retirement savings in
pursuit of a higher total level of spending.

Prioritizing legacy

The third persona'’s goal is leaving a legacy.
Spending levels are the same as those supported
by the Enhancing lifestyle glide path.

Again, clients must be willing to accept more

risk in meeting their basic living expenses from
the TDF. In this simulation, we use an additional
coefficient in the VLCM utility function, allowing
us to assign a higher importance to the
satisfaction delivered by a bequest.

We then generate a glide path for each goal

(see Figure 8). We also show the certainty fee
equivalents relative to the Maintain lifestyle glide
path, our base case TDF investor.

Certainty fee equivalents
Prioritizing legacy: 24 bps
80 Enhancing lifestyle: 12 bps
s Maintaining lifestyle: O bps
g 60 —
3 50% Prioritizing legacy
4? 40 40% Enhancing lifestyle
=]
o 30% Maintaining lifestyle,
20 Vanguard TDF A Vanguard TDF
0 I I I I I I I I I I I I I I I I 1
25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110
Age
Source: Vanguard.
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We find the TDF glide path is highly

appropriate for the Maintaining lifestyle investor
and moderately so for the Enhancing lifestyle
investor (with potential customization value).
We find some excess value in customization for
investors who seek to prioritize legacy, a sensible
outcome of additional focus on the bequest
motive. Because TDFs focus more on the
consumption motive, investors (likely with higher
net worth) with a bequest motive could find
some value in a customized or advised solution
in place of a Vanguard TDF. However, we would
expect this segment to be outside of our target
investor group.

Presence of a guarantee: Factoring in defined
benefit income (or pension)

When formulating a holistic financial plan, an
investor's retirement spending goal should be
considered in its entirety, including all sources
of expected funding and lifestyle needs.
While the retirement portfolio is a significant
funding source for this objective, alternative
sources are not just typical but expected.

FIGURE 9.

In determining a glide-path recommendation,

the VLCM incorporates the expectation that
Vanguard TDF investors will draw upon Social
Security income (SSI) as an additional source of
funding. Though this conforms to our expectation
for the target TDF population, certain alternative
funding sources such as defined benefit income
(DBI or pension) may also be used to supplement
retirement savings. While planning for the receipt
of DBl is an incredibly important part of a
financial plan, when we use the VLCM framework
to quantify its value in selecting a glide path, we
find that a Vanguard TDF is still a robust and
applicable option for most investors.

Maintaining lifestyle

An investor looking to maintain their lifestyle is
more concerned about running out of money in
retirement than increasing their level of spending.
Access to a pension on top of existing SSI results
in a predictable boost to the chances that an
investor will achieve their spending needs, as
shown in Figure 9.

Probability of meeting spending needs at specific ages in retirement

100%

95

Probability
~0
o
|

80 I I I I I

Defined benefit 20%

Defined benefit 10%

Defined benefit 5%

Vanguard TDF

66 70 74 78 82 86 90

Age

Source: Vanguard.
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While there is a marginal impact on the investor's
optimal asset allocation strategy (as shown in
Figure 10), the quantified value of that impact is
relatively low, ranging from 1 basis point to 3
basis points. We find the optimal asset allocation
to be the same for all investors with pension
income regardless of the level of that income.

We do, though, see increases in CFE as the

level increases. Because pension income increases
success rates, the optimal asset allocation as
compared to our TDF more effectively mutes

the downside impact in the remaining failure
scenarios.

FIGURE 10.

Enhancing lifestyle

For investors looking to enhance their lifestyle,
the pension alongside SSI can provide security
from adverse market outcomes (see Figure 11).
Compared to the TDFs, a customized glide path
allows them to improve their level of spending
further through additional risk taking. Since they
are spending a percentage of their portfolio each
year, the pension boosts their minimum level
above SSI| and improves their chances of drawing
an income much higher than the 79%
replacement ratio. Investors in this circumstance
are not considered part of our main distribution
and could likely benefit from an advised
relationship including a holistic financial plan.

Maintaining lifestyle with different levels of DBI (or pension)

100% —

Certainty fee equivalents
Defined benefit 20%: 3 bps
80 - Defined benefit 10%: 2 bps
c Defined benefit  5%: 1bps
o
8 60 A
K}
o
Z 40 o
2
o 30% Defined benefit 20%
20 - Vanguard TDF A Def!ned benef{t 10%
Defined benefit 5%
Vanguard TDF
0 T T T T T T T T T T T T T T T T |
25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110
Age
Source: Vanguard.
FIGURE 11.
Enhancing lifestyle with different levels of DBI (or pension)
100% — Certainty fee equivalents
x— Defined benefit 20% Defined benefit 20%: 18 bps
80 Defined benefit 10%: 15 bps
c Defined benefit  5%: 12 bps
o
T 60 A
2 45% Defined benefit 20%
N ) 1 no Defined benefit 10%
2 40 - Defined benefit 10% . )
> Defined benefit 5% Defined benefit 5%
w 30% Vanguard TDF
20 Vanguard TDF A
0 T T T T T T T T T T T T T T T T |
25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110
Age
Source: Vanguard.
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Investor permutations: Stress-testing

the TDF archetype

After defining the archetype that underlies the
TDF portfolio, we stress-test the assumptions
underlying the archetype in isolation. We then
show their impact on the glide path and on
investor welfare by measuring CFE against the
Vanguard TDFs. In most cases, we find that a
TDF is largely sufficient to meet investor needs,
except in the case of significant divergence. To
accommodate for unique personal circumstances,
investors may benefit from financial advice.

Risk aversion

Risk aversion can be defined as aversion to the
uncertainty of outcomes. A risk-averse investor
dislikes uncertain outcomes and prefers a degree
of certainty. An investor with low risk aversion
would tolerate uncertainty for a potentially
better outcome, whereas someone with high risk
aversion would seek to reduce uncertainty and be
satisfied with modest outcomes. Consequently, if
an investor's risk aversion increases, the risk (or
equity level) in their glide path should decrease.

FIGURE 12.
Impact of risk aversion

100% —
80

60 —

One of the main advantages of a life-cycle
framework based on utility theory is that it
explicitly accounts for an investor's risk
preference or risk aversion. Risk aversion helps us
balance the growth from risky assets with
diversification from more stable ones for the
investor focused on a retirement spending goal.
Using CFE, we can quantify the value of a
customized glide path to investors exhibiting
various levels of risk aversion.

Figure 12 shows two hypothetical investor profiles,
high and low risk aversion, that differ from the
level used by the TDFs. As the CFE metrics
demonstrate, the TDFs are most closely aligned
with an investor who exhibits a normal risk
aversion with a conservative skew. This can be
seen in the slightly higher CFE for the low-risk-
aversion investor as compared to the high-risk-
aversion investor. While an investor with low risk
aversion sees some additional CFE benefit, this
can largely be attributed to the deviation in
glide-path allocations in retirement (50% equity
versus 30% equity). An investor in either
circumstance may find value in financial advice at
the pre-retiree or retirement phase of their
investment horizon in order to optimize both their
asset allocation and financial plan.

Certainty fee equivalents

Low risk aversion: 19 bps
High risk aversion: 9 bps

50% Low risk aversion

40

Equity allocation

30% Vanguard TDF

25% High risk aversion

25 30 35 40 45 50 55 60 65 70

Age

Source: Vanguard.
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Impact of higher or lower equity allocation over
the investor's lifetime

Recommendations regarding an appropriate level
of equity for the TDF investor will differ among
providers. To test the level recommended by the
Vanguard TDFs, we compare alternative options
with uniformly higher or lower levels and
determine their standing in relation to ours.
Specifically, we review options with a uniform
10% increase and a 10% decrease in equity
versus the glide path.

As shown in Figure 13, the higher-equity glide
path provides higher returns over time, and

the lower-equity path provides increased stability
over an 85-year period as compared to the
optimal glide path. However, the Vanguard TDFs

FIGURE 13.
Glide path for higher and lower equity allocation

100% —
80
60 —

40

exhibit 12- and 17-basis-point CFE values when
compared to the higher-equity and lower-equity
glide paths, respectively. The wealth and
consumption profile generated by the Vanguard
TDFs is better suited to the risk profile of the
investor than either the riskier or more
conservative glide paths shown. The higher-equity
path offers higher returns over time but exposes
the investor to larger fluctuations, which risk the
investor abandoning the plan altogether.
Conversely, the lower-equity path better
maintains stability but comes with lower return
expectations. These paths reduce the ability of
the investor to meet their income target in later
life. Our TDF glide path is most aligned with the
investor's selected risk preferences.

Certainty fee equivalents

-12 bps
-17 bps

Higher equity:
Lower equity:

40% Higher equity

Equity allocation

20 +

30% Vanguard TDF

20% Lower equity

Source: Vanguard.
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Early or late retirement

A key consideration in designing a glide path

to support a retirement spending goal is to align
it with the investor's retirement date and age.
Those who retire early will depend on their
portfolio to fund their spending needs for a
longer time, while those who defer retirement
will have a longer time to accumulate wealth.
The VLCM considers retirement age an essential
input into its modeling of investor behavior, and
optimal glide paths can pivot on this.

The baseline retirement age of the hypothetical
investor in our TDF is 65, broadly representative
of the TDF investor population. However,
predicting a precise retirement age in early to
mid-working life can be tricky. Thankfully,

our findings provide some comfort. Our analysis
in Figure 14 shows a range of optimal glide paths
corresponding to the age of retirement.

FIGURE 14.

In preparing this analysis, we consider that the
amount of Social Security income will likely be
lower for those who retire earlier and higher for
those who retire later. For those retiring early
(at age 62), we observe a steeper change in glide
path than that of our TDFs, but the CFE remains
low. On the other hand, for those retiring later
(at age 70), the change is marginal.

For those seeking to retire before age 62, the
benefits of a customized glide path increase as
retirement age decreases. They are likely to not
receive full Social Security as they enter
retirement, which would be a significant burden
on their financial resources. We would consider
such early retirees to be outside of the primary
audience of the TDFs, and they may see benefits
from financial advice.

Given the likely lack of prevalence of early
retirement planning among TDF investors, our
current recommendation aligns with the typical
allocations of our expected investor base.

Glide path for those retiring earlier or later than age 65

100% —

80

60 —

40

Equity allocation

Certainty fee equivalents

Retire early (62): 2 bps
Retire late (70): 0 bps

35% Retire early

30% Vanguard TDF
25% Retire late

25 30 35 40 45 50 55 60 65 70
Age

Source: Vanguard.
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Spending target in focus: Varying the
replacement ratio

Determining the level of spending for an investor
is a key step in planning for a successful
retirement. The primary objective of a retirement
spending portfolio is to support the investor's
objective. Within the VLCM, we can specify the
level of this objective through the use of an
appropriate replacement ratio (RR, or retirement
spending as a percent of final salary) assumption
(see Figure 15).

The Vanguard TDFs assume that investors will
seek to replace approximately 79% of pre-
retirement income with spending when in
retirement. While we have confidence that this
reflects a broad segment of our TDF investor
population, the assumption is certainly not a
panaced, and some variation is expected. An
investor may have a higher spending level from
items such as funding a college goal for a child or
covering an expanded travel budget to explore
the globe. Conversely, an investor may have lower

FIGURE 15.

required spending, potentially having fully paid
their mortgage or perhaps having moved to an
area with a lower cost of living.

Investors with replacement ratios less than or
above our baseline 79% will require lower or
higher amounts of spending from their retirement
portfolio. While this impact is intuitive, whether a
Vanguard TDF remains an appropriate asset
allocation for that investor is less certain. We
choose to determine the impact of diverging from
our Vanguard TDFs by evaluating the CFE,
glide-path allocations, and success rates of
alternative variations of spending ratio.

Using our CFE analysis as an initial review, we
find the Vanguard TDFs highly suitable for
investors with non-standard replacement ratios.
We find only marginal CFE value with an increase
in replacement ratio from 79% to 100%
(increasing the spending goal by one-quarter). On
the other side of the ledger, some limited to
moderate customization benefit would arise from
specifying a glide path for investors who expect

a significant spending reduction in retirement.

Glide paths for retiring with different levels of spending

100% —

80 —

c

.2

=]

8 60 —

8 Replacement ratio 70% =2

o

>

s 40— Replacement ratio 60% _

o

u Vanguard TDF J
20
0 T T T T T T T T T

Certainty fee equivalents

Replacement ratio 100%: 2 bps
Replacement ratio 70%: 4 bps
Replacement ratio 60%: 8 bps

- Replacement ratio 100%

35% Replacement ratio 100%

30% Replacement ratio 70%
Replacement ratio 60%
Vanguard TDF

25 30 35 40 45 50 55 60 65 70

Age

Source: Vanguard.
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When this analysis is reframed to compare the
allocations of the Vanguard TDFs to the VLCM
selected glide path in each scenario (see Figure
16), we find that the glide path for the 60%
replacement ratio takes a consistently more
conservative tack than the TDFs. Conversely, the
glide path for the 100% replacement ratio takes
a more aggressive tack through most of the
investor's lifetime to account for the higher
spending need. Glide paths for other levels of
replacement ratio display substantial similarity
to the TDFs in terms of aggregate equity level.

FIGURE 16.

While there are differences at specific points,
on average each is within 5% of the equity
allocation of the TDFs.

In further reviewing the expected success rate for
each of the specified replacement ratios, we find
that the differences follow an expected pattern:
Individuals with higher replacement ratios
experience lower success rates, and vice-versa.
As evidenced by the glide-path summary, the
differences result in some recommendations for
glide-path changes. However, the Vanguard TDFs
remain suitable for these replacement ratios.

Probability of meeting spending needs at specific ages in retirement

100%

90 -

80 -

Probability

70

60 —

Replacement ratio 60%
Replacement ratio 70%

Vanguard TDF

Replacement ratio 90%

Replacement ratio 100%

50 \ \ \ \ \ \
66 70 74 78 82 86 90
Age

Source: Vanguard.
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Conclusion: Holistic considerations

Research indicates that many investors lack time
for or interest in retirement planning.10 This
highlights simplicity, transparency, and low cost
as key principles when designing default
investment options. Our TDFs assume a
moderately conservative risk tolerance and seek
to help investors maintain their lifestyle in
retirement even when no information other than
a target retirement date is available. An investor
who selects a TDF receives a broadly diversified,
professionally managed portfolio that reflects
best practices in life-cycle investing theory.

The fund manager assumes all investment
management responsibility, including fund
selection, portfolio rebalancing, and the
portfolio's transition from a growth orientation
toward an increasingly conservative asset
allocation as the retirement date nears.

All current and future allocations are known

in advance in the form of a glide path that spans
a lifetime. Rebalancing rules are simple and
constant throughout.

The lower your costs, the greater your share
of an investment's return. By allocating assets
to Vanguard target date funds, investors are
well-positioned to benefit from quality funds
at a low cost.
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Appendix 1.

Asset returns: Vanguard Capital

Markets Model

IMPORTANT: The projections and other
information generated by the Vanguard Capital
Markets Model regarding the likelihood of various
investment outcomes are hypothetical in nature,
do not reflect actual investment results, and are
not guarantees of future results. VCMM results
will vary with each use and over time.

The VCMM projections are based on a statistical
analysis of historical data. Future returns may
behave differently from the historical patterns
captured in the VCMM. More important, the
VCMM may be underestimating extreme
negative scenarios unobserved in the historical
period on which the model estimation is based.

The VCMM is a proprietary financial simulation
tool developed and maintained by Vanguard's
Investment Strategy Group. The model forecasts
distributions of future returns for a wide array of
broad asset classes. Those asset classes include
U.S. and international equity markets, several
maturities of the U.S. Treasury and corporate
fixed income markets, international fixed income
markets, U.S. money markets, commodities, and
certain alternative investment strategies. The
theoretical and empirical foundation for the
Vanguard Capital Markets Model is that the
returns of various asset classes reflect the
compensation investors require for bearing
different types of systematic risk (beta).

At the core of the model are estimates of the
dynamic statistical relationship between risk
factors and asset returns, obtained from
statistical analysis based on available monthly
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financial and economic data. Using a system

of estimated equations, the model then applies
a Monte Carlo simulation method to project

the estimated interrelationships among risk
factors and asset classes as well as uncertainty
and randomness over time. The model
generates a large set of simulated outcomes
for each asset class over several time horizons.
Forecasts are obtained by computing measures
of central tendency in these simulations. Results
produced by the tool will vary with each use and
over time. The asset-return distributions shown
in this paper are drawn from 10,000 VCMM
simulations based on market data and other
information available as of March 31, 2022.

The model uses index returns, without any fees
or expenses, to represent asset classes. Taxes are
not factored into the analysis. See the research
paper Vanguard Global Capital Markets Model
(Davis et al., 2014) for further details.

Appendix 2.

FIGURE A-2.
Annualized forward-looking long-run
return expectations

Median return Standard deviation

Domestic equity 8.3% 18.6%
U.S. nominal bonds 4.5% 5.4%
Inflation 2.0% 3.0%
International equity 9.1% 19.4%
International bonds 4.3% 4.6%
Short-term TIPS 2.9% 4.2%

Note: TIPS = Treasury Inflation-Protected Securities.
Source: Vanguard.



Appendix 3.

FIGURE A-3.
Projected 70-year asset-class correlations

Domestic U.S. nominal International International Short-term
equity bonds Inflation equity bonds TIPS
Domestic equity 1.0
U.S. nominal bonds -0.2 1.0
Inflation 0.1 0.1 1.0
International equity 0.7 -0.3 0.0 1.0
International bonds -0.1 0.6 0.1 -0.2 1.0
Short-term TIPS -0.1 0.7 0.7 -0.2 0.5 1.0
Note: TIPS = Treasury Inflation-Protected Securities.
Source: Vanguard.
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Appendix 4.

FIGURE A-4.
The VLCM process

Inputs Vanguard Life-Cycle Model

Outputs

Evaluates thousands of potential paths
and selects the one that offers the best
balance between amount and volatility of
lifetime spending

Investor circumstances for retirement

» Savings rate

« Compensation

+ Defined benefits

» Social Security

« Starting age

+ Spending strategy

+ Retirement age

+ Employee contributions

- Wage growth

« Industry-based wage growth
+ Replacement ratio

« Mortality rate

» Annuity

« Social Security withdrawal age
- External cash flows

Investor circumstances for nonretirement
« Initial capital

« Accumulation time horizon

« Decumulation time horizon

«» Contribution rate

Behavioral preferences

+ Myopic loss aversion sensitivity
« Income shortfall aversion sensitivity

Rational preferences

+ Risk aversion
« Preferences toward timing of consumption

VCMM asset class return projections

« Domestic market equity
« International equity
» Domestic market fixed income
« International fixed income
« Inflation-linked bonds
(short, intermediate, broad)
« Government bonds
(short, intermediate, long, broad)
« Commodities
- Inflation
» Cash

Custom glide path

Portfolio analytics

» Simulated wealth distributions through time

+ Simulated consumption distributions
through time

« Risk metrics such as portfolio return
volatility, consumption volatility, and wealth
volatility

- Probability of success, given a goal

+ Potential benefit of customization (certainty
fee equivalent)—quantifies the benefit of a
custom glide path versus an alternative glide
path in units of expense ratio or fee

Source: Vanguard.
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Appendix 5.

Below are a set of assumptions used in the VLCM to select optimal glide paths. We used them to
validate our TDFs according to a set of calibrated parameters.

FIGURE A-5.
Inputs to Vanguard life-cycle model

Input Assumption Notes
Starting age 25
Horizon age 111
Retirement age 65
Social Security withdrawal age 65

Savings rate (as % of salary)

8.8%-12.0%

Saving rate increases over time because of the expectation of
savings escalation for retirement plan enrollees as the investor
approaches their retirement date

Starting real salary

$52,000

For investor in the workforce at age 25

Ending real salary

$75,000

For investor starting at age 25 and retiring at age 65. We add
productivity growth and inflation to this over time

Wage scale

Social Security Administration
Average Wage Index

Total replacement ratio 79% For ending salary of $75,000 and savings rate of 15%.
Single earner - RR = 79%*

Social Security replacement ratio 37% Based on real monthly Social Security benefit estimates for ending
salary of about $75,000 and savings rate of 15%.
Single earner - SSRR = 37%

DB replacement ratio None (0%)

TDF replacement ratio 42% Total replacement ratio - Social Security replacement ratio - DB

replacement ratio

Spending rule

Fixed real dollar with
sustainability adjustment

Withdrawal amounts bounded on higher end by replacement ratio
and on lower end by determining sustainable withdrawal amount
given years of spending the portfolio is expected to support

* Source: Lobel, Jaconetti, and Cuff (2019).
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Wage scale

Investor salary growth is modeled after the U.S.
Social Security Administration's Average Wage
Index. The index is based on reported wages
across workers' age spectrum 25-65 for low-,
medium-, and high-income earners. This allows us
to trace the earnings progression of an average
earner over a 40-year working career, accounting
for factors such as career development. As
modeled, the average participant reaches a peak
salary at age 55 (in real terms) and experiences a
decline in real salary through the age of 65. In our
life-cycle simulations, we also allow for 1.1%
annual salary growth, on a real basis, in addition
to the cross-sectional increase in the wage scale,
which reflects the historical average productivity
growth of the U.S. economy.

Contribution rates

Age-specific contribution rates are derived from
How America Saves 2018 (The Vanguard Group,
2018), a report surveying the 4.9 million
participants served by Vanguard's recordkeeping
business. Contribution patterns account for the
likelihood that investors will start with a lower
savings rate in their early working years and
increase their contributions as retirement
approaches. Contributions start at approximately
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5% at age 25 and increase to approximately 10%
at age 65. In addition, the simulations include a
company match of $0.50 per dollar up to 3% of
salary, which is consistent with industry averages.

Replacement ratios and drawdown scenarios
We follow industry convention in assuming that
retirees will spend a percentage of their age-65
salary every year in retirement from a
combination of Social Security benefits and
investment income from private sources. In our
baseline analysis, the replacement ratio
assumption (as a percentage of age-65 salary) is
consistent with retirees' maintaining the same
standard of living enjoyed during their final
working years. Replacement ratios vary by
income level, as Social Security makes up a
smaller percentage at larger salaries. Vanguard
draws on the work of Aon Consulting (with data
taken from the U.S. Bureau of Labor Statistics
2021 Consumer Expenditure Survey) to assign
appropriate replacement ratios based on retirees’
age-65 income. Additional analyses are included
in this study as a stress case that assumes 25%
higher spending needs than the baseline
assumptions from Aon Consulting.
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Important Information

VIGM, S.A. de C.V. Asesor en Inversiones Independiente (“Vanguard Mexico”)
registration number: 30119-001-(14831)-19/09/2018. The registration of
Vanguard Mexico before the Comision Nacional Bancaria y de Valores (“CNBV")
as an Asesor en Inversiones Independiente is not a certification of Vanguard
Mexico's compliance with regulation applicable to Advisory Investment Services
(Servicios de Inversion Asesorados) nor a certification on the accuracy of the
information provided herein. The supervision scope of the CNBV is limited to
Advisory Investment Services only and not all services provided by Vanguard
Mexico.

This material is solely for informational purposes and does not constitute an
offer or solicitation to sell or a solicitation of an offer to buy any security, nor
shall any such securities be offered or sold to any person, in any jurisdiction in
which an offer, solicitation, purchase or sale would be unlawful under the
securities law of that jurisdiction. Reliance upon information in this material is
at the sole discretion of the recipient.

Securities information provided in this document must be reviewed together
with the offering information of each of the securities which may be found on
Vanguard's website: https://www.vanguardmexico.com/institutional/products/
en/list/overview or www.vanguard.com

Vanguard Mexico may recommend products of The Vanguard Group Inc. and its
affiliates and such affiliates and their clients may maintain positions in the
securities recommended by Vanguard Mexico.

ETFs can be bought and sold only through a broker and cannot be redeemed
with the issuing fund other than in very large aggregations. Investing in ETFs
entails stockbroker commission and a bid-offer spread which should be
considered fully before investing. The market price of ETF Shares may be more
or less than net asset value.

All investments are subject to risk, including the possible loss of the money you
invest. Investments in bond funds are subject to interest rate, credit, and
inflation risk. Governmental backing of securities applies only to the underlying
securities and does not prevent share-price fluctuations. High-yield bonds
generally have medium- and lower-range credit quality ratings and are
therefore subject to a higher level of credit risk than bonds with higher credit
quality ratings.

There is no guarantee that any forecasts made will come to pass. Past
performance is no guarantee of future results.

Prices of mid- and small-cap stocks often fluctuate more than those of large-
company stocks. Funds that concentrate on a relatively narrow market sector
face the risk of higher share-price volatility. Stocks of companies are subject to
national and regional political and economic risks and to the risk of currency
fluctuations, these risks are especially high in emerging markets. Changes in
exchange rates may have an adverse effect on the value, price or income of a
fund.

The information contained in this material derived from third-party sources is
deemed reliable, however Vanguard Mexico and The Vanguard Group Inc. are
not responsible and do not guarantee the completeness or accuracy of such
information.

This document should not be considered as an investment recommendation, a
recommendation can only be provided by Vanguard Mexico upon completion of
the relevant profiling and legal processes.

This document is for educational purposes only and does not take into
consideration your background and specific circumstances nor any other
investment profiling circumstances that could be material for taking an
investment decision. We recommend getting professional advice based on your
individual circumstances before taking an investment decision.

These materials are intended for institutional and sophisticated investors use
only and not for public distribution.

Materials are provided only for the recipient’s exclusive use and shall not be
distributed to any other individual or entity. Broker-dealers, advisers, and other
intermediaries must determine whether their clients are eligible for investment
in the products discussed herein.
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The information contained herein does not constitute an offer or solicitation and
may not be treated as such in any jurisdiction where such an offer or solicitation
is against the law, or to anyone for whom it is unlawful to make such an offer or
solicitation, or if the person making the offer or solicitation is not qualified to do
S0.

THESE MATERIALS ARE PROVIDED AT THE REQUEST OF AND FOR THE
EXCLUSIVE USE OF RECIPIENT AND CONTAIN HIGHLY CONFIDENTIAL
INFORMATION, WHICH SHALL NOT BE REPRODUCED OR TRANSMITTED TO
ANY THIRD PARTIES WITHOUT VANGUARD'S PRIOR WRITTEN CONSENT. THE
CONTENTS OF THESE MATERIALS SHALL NOT BE UNDERSTOOD AS AN OFFER
OR SOLICITATION TO BUY OR SELL SECURITIES IN BRAZIL AND VANGUARD IS
NOT MAKING ANY REPRESENTATION WITH RESPECT TO THE ELIGIBILITY OF
ANY RECIPIENT OF THESE MATERIALS TO ACQUIRE THE INTERESTS IN THE
SECURITIES DESCRIBED HEREIN UNDER THE LAWS OF BRAZIL. SUCH
SECURITIES HAVE NOT BEEN REGISTERED IN BRAZIL AND NONE OF THE
INTERESTS IN SUCH SECURITIES MAY BE OFFERED, SOLD, OR DELIVERED,
DIRECTLY OR INDIRECTLY, IN BRAZIL OR TO ANY RESIDENT OF BRAZIL EXCEPT
PURSUANT TO THE APPLICABLE LAWS AND REGULATIONS OF BRAZIL.

PROVIDED AT THE REQUEST OF AND FOR THE EXCLUSIVE USE OF THE
RECIPIENT. THE CONTENTS OF THIS DOCUMENT SHALL NOT BE UNDERSTOOD
AS AN OFFER OR SOLICITATION TO BUY OR SELL SECURITIES IN BRAZIL AND
VANGUARD IS NOT MAKING ANY REPRESENTATION WITH RESPECT TO THE
ELIGIBILITY OF ANY RECIPIENT OF THIS DOCUMENT TO INVEST IN SECURITIES
DESCRIBED HEREIN.

This document is provided at the request of and for the exclusive use of the
recipient and does not constitute, and is not intended to constitute, a public
offer in the Republic of Colombia, or an unlawful promotion of financial/capital
market products. The offer of the financial products described herein is
addressed to fewer than one hundred specifically identified investors. The
financial products described herein may not be promoted or marketed in
Colombia or to Colombian residents, unless such promotion and marketing is
made in compliance with Decree 2555/2010 and other applicable rules and
regulations related to the promotion of foreign financial/capital market products
in Colombia.

The financial products described herein are not and will not be registered before
the Colombian National Registry of Securities and Issuers (Registro Nacional de
Valores y Emisores - RNVE) maintained by the Colombian Financial
Superintendency, or before the Colombian Stock Exchange. Accordingly, the
distribution of any documentation in regard to the financial products described
here in will not constitute a public offering of securities in Colombia.

The financial products described herein may not be offered, sold or negotiated in
Colombia, except under circumstances which do not constitute a public offering
of securities under applicable Colombian securities laws and regulations;
provided that, any authorized person of a firm authorized to offer foreign
securities in Colombia must abide by the terms of Decree 2555/2010 to offer
such products privately to its Colombian clients.

The distribution of this material and the offering of securities may be restricted
in certain jurisdictions. The information contained in this material is for general
guidance only, and it is the responsibility of any person or persons in possession
of this material and wishing to make application for securities to inform
themselves of, and to observe, all applicable laws and regulations of any
relevant jurisdiction. Prospective applicants for securities should inform
themselves of any applicable legal requirements, exchange control regulations
and applicable taxes in the countries of their respective citizenship, residence or
domicile.

This offer conforms to General Rule No. 336 of the Chilean Financial Market
Commission (Comision para el Mercado Financiero). The offer deals with
securities not registered under Securities Market Law, nor in the Securities
Registry nor in the Foreign Securities Registry of the Chilean Financial Market
Commission, and therefore such securities are not subject to its oversight. Since
such securities are not registered in Chile, the issuer is not obligated to provide
public information in Chile regarding the securities. The securities shall not be
subject to public offering unless they are duly registered in the corresponding
Securities Registry in Chile. The issuer of the securities is not registered in the
Registries maintained by the Chilean Financial Market Commission, therefore it
is not subject to the supervision of the Chilean Financial Market Commission or
the obligations of continuous information.



Esta oferta se acoge a la norma de caracter general No. 336 de la Comisién para
el Mercado Financiero. La oferta versa sobre valores no inscritos bajo la Ley de
Mercado de Valores en el Registro de Valores o en el Registro de Valores
extranjeros que lleva la Comision para el Mercado Financiero, por lo que tales
valores no estan sujetos a la fiscalizacion de ésta. Por tratarse de valores no
inscritos, no existe la obligacion por parte del emisor de entregar en Chile
informacidn publica respecto de esos valores. Los valores no podran ser objeto
de oferta publica mientras no sean inscritos en el Registro de Valores
correspondiente. El emisor de los valores no se encuentra inscrito en los
Registros que mantiene la Comision para el Mercado Financiero, por lo que no
se encuentra sometido a la fiscalizacion de la Comisi6n para el Mercado
financiero ni a las obligaciones de informacion continua.

The securities described herein have not been registered under the Peruvian
Securities Market Law (Decreto Supremo No 093-2002-EF) or before the
Superintendencia del Mercado de Valores (the “SMV"). There will be no public
offering of the securities in Peru and the securities may only be offered or sold
to institutional investors (as defined in Appendix | of the Institutional Investors
Market Regulation) in Peru by means of a private placement. The securities
offered and sold in Peru may not be sold or transferred to any person other than
an institutional investor unless such securities have been registered with the
Registro Publico del Mercado de Valores kept by the SMV. The SMV has not
reviewed the information provided to the investor. This material is for the
exclusive use of institutional investors in Peru and is not for public distribution.

The financial products described herein may be offered or sold in Bermuda only
in compliance with the provisions of the Investment Business Act 2003 of
Bermuda. Additionally, non-Bermudian persons may not carry on or engage in
any trade or business in Bermuda unless such persons are authorized to do so
under applicable Bermuda legislation. Engaging in the activity of offering or
marketing the financial products described herein in Bermuda to persons in
Bermuda may be deemed to be carrying on business in Bermuda.

Vanguard does not intend, and is not licensed or registered, to conduct business
in, from or within the Cayman Islands, and the interests in the financial
products described herein shall not be offered to members of the public in the
Cayman Islands.

The financial products described herein have not been and will not be registered
with the Securities Commission of The Bahamas. The financial products
described herein are offered to persons who are non-resident or otherwise
deemed non-resident for Bahamian Exchange Control purposes. The financial
products described herein are not intended for persons (natural persons or legal
entities) for which an offer or purchase would contravene the laws of their state
(on account of nationality or domicile/registered office of the person concerned
or for other reasons). Further, the offer constitutes an exempt distribution for
the purposes of the Securities Industry Act, 2011 and the Securities Industry
Regulations, 2012 of the Commonwealth of The Bahamas.

This document is not, and is not intended as, a public offer or advertisement of,
or solicitation in respect of, securities, investments, or other investment
business in the British Virgin Islands (“BVI”), and is not an offer to sell, or a
solicitation or invitation to make offers to purchase or subscribe for, any
securities, other investments, or services constituting investment business in
BVI. Neither the securities mentioned in this document nor any prospectus or
other document relating to them have been or are intended to be registered or
filed with the Financial Services Commission of BVI or any department thereof.

This document is not intended to be distributed to individuals that are members
of the public in the BVI or otherwise to individuals in the BVI. The funds are only
available to, and any invitation or offer to subscribe, purchase, or otherwise
acquire such funds will be made only to, persons outside the BVI, with the
exception of persons resident in the BVI solely by virtue of being a company
incorporated in the BVI or persons who are not considered to be “members of
the public” under the Securities and Investment Business Act, 2010 (“SIBA").

Any person who receives this document in the BVI (other than a person who is
not considered a member of the public in the BVI for purposes of SIBA, or a
person resident in the BVI solely by virtue of being a company incorporated in
the BVI and this document is received at its registered office in the BVI) should
not act or rely on this document or any of its contents.
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Any person who receives this document in the BVI (other than a person who is
not considered a member of the public in the BVI for purposes of SIBA, or a
person resident in the BVI solely by virtue of being a company incorporated in
the BVI and this document is received at its registered office in the BVI) should
not act or rely on this document or any of its contents.

The sale of the Vanguard Total Bond Market Index Fund qualifies as a private
placement pursuant to section 2 of Uruguayan law 18.627. Vanguard represents
and agrees that it has not offered or sold, and will not offer or sell, any
Vanguard Total Bond Market Index Fund to the public in Uruguay, except in
circumstances which do not constitute a public offering or distribution under
Uruguayan laws and regulations. Neither the Vanguard Total Bond Market
Index Fund nor issuer are or will be registered with the Superintendency of
Financial Services of the Central Bank of Uruguay to be publicly offered in
Uruguay.”

The Vanguard Total Bond Market Index Fund correspond to investment funds
that are not investment funds regulated by Uruguayan law 16,774 dated 27
September 1996, as amended.

This document does not constitute an offer or solicitation to invest in the
securities mentioned herein. It is directed at professional / sophisticated
investors in the United States for their use and information. The financial
products describe herein are only available for investment by non-U.S. investors,
and this document should not be given to a retail investor in the United States.
Any entity responsible for forwarding this material, which is produced by VIGM,
S.A. de C.V., Asesor en Inversiones Independiente in Mexico, to other parties
takes responsibility for ensuring compliance with applicable securities laws in
connection with its distribution.
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