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B Market and economic environments tend to evolve over time, sometimes quite rapidly. As
they change, fundamentals such as interest rates and price/earnings ratios fluctuate and
cause expected returns of assets to vary as well. If investors are willing to take on active
risk in the form of “model forecast risk,” their portfolio’s asset allocation can vary in
tandem with an asset'’s long-term expected returns, its underlying fundamental drivers,
and the state of the economy.

B In this research note, we highlight an innovative machine-learning clustering technique to
objectively classify the full range of capital market scenarios into five states: recession,
recovery, expansion, slowdown, and high inflation. For the most part, these states
resemble the business cycle and key economic states we've historically experienced. We
discuss their specific characteristics, fundamental valuations, and implications for long-run
return expectations.

B For investors who are unwilling to take on active risk in terms of the uncertainty
surrounding statistical model estimation, a static portfolio approach works best. For those
willing to take on active risk, a market and economic state-based, time-varying asset
allocation is more suitable.
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Introduction oscillated between -5% and 20% since 1935. Because

Long-horizon equity and fixed income returns can vary such fluctuations can have a dramatic impact on portfolio
quite drastically over time. For instance, Figure 1 shows outcomes, forming a rahge of ‘reasonable asset returns
that ten-year annualized U.S. equity returns have can be a valuable exercise for investors.

Figure 1: Long-run returns are time-varying
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Notes: Figures show the traditional predictive regression of ten-year annualized returns on the starting Shiller CAPE valuation metric. Data are from December 1935
through October 2018.

Sources: Vanguard calculations, based on Robert Shiller's website: aida.wss.vale.edu/~shiller/data.htm.

Notes on risk

All investments are subject to risk, including the possible loss of the money you invest. Diversification does not
ensure a profit or protect against a loss. There is no guarantee that any particular asset allocation or mix of funds will
meet your investment objectives or provide you with a given level of income. Past performance is no guarantee of
future results. Foreign investing involves additional risks including currency fluctuation and political uncertainty.
Currency hedging transactions may not perfectly offset a fund'’s foreign currency exposures and may eliminate any
chance for a fund to benefit from favorable fluctuations in those currencies. A fund will incur expenses to hedge its
currency exposures.

IMPORTANT NOTE: 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 may 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.
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In some cases, there is a systematic relationship between
future expected ten-year annualized returns and initial
conditions—price/earnings ratios for equities and interest
rates for fixed income. Figure 1 illustrates that ten-year-
ahead equity returns are directly proportional to 1/CAPE
(cyclically adjusted price/earnings ratio), and ten-year-
ahead fixed income returns are directly proportional to
initial yield. (Using out-of-sample forecasts made since
1985, the correlation of predicted and actual returns is 0.9.)

However, price/earnings ratios and interest rates are not
the only predictors of equity and fixed income returns over
long horizons. Other macroeconomic and market variables
such as inflation, economic growth, and market volatility
are also influential (Davis et al., 2014). It's important to
capture all the core variables that describe the market
and economic environment. Vanguard's Capital Market
Model (VCMM), our probabilistic asset return forecasting
engine, follows this principle and forecasts a distribution
of core variables to reflect the full range of economic
possibilities that could arise. It then translates how those
core variables map to asset return distributions.

We want to differentiate our approach from more
common tactical asset allocation strategies followed in
the industry and based on business cycle indicators.
These strategies have several potential limitations: 1)
they are either too narrowly defined (based on one or
two economic indicators), too subjective, or based on
data with a considerable lag; 2) they don’t take into
account asset return uncertainty or a range of possible
outcomes; and 3) their methodology is tactical (short-
term) and not particularly robust rather than being a
strategic (long term) robust approach.
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In this paper, we propose a more robust and objective
methodology consisting of three steps:

1. We group the VCMM core driver simulations to reflect
intuitive states of the economy and markets such as
recession, recovery, expansion, and slowdown.
Specifically, we use a machine-learning technique
known as K-means clustering (Hastie et al., 2009)
to objectively group 10,000 VCMM core simulations
into a small number of well-defined economic and
market states.

2. We extract asset return forecasts (expected means,
volatilities, and correlations) that are specific to these
states of the economy. The expected returns are
meaningfully different for each economic state.

3. We implement our time-varying asset allocation (TVAA)
methodology (see Aliaga-Diaz et al., 2020) to derive a
time-varying portfolio that can account for the transition
through different market states and their corresponding
expected returns.

TVAA is an appealing option for investors willing to take on
active portfolio risk in the form of “model forecast risk”
when faced with time-varying expected returns due to
changing economic conditions and environments. But
TVAA is not equivalent to market timing. In fact, it is
reflective of a well-established value-investing principle: An
asset’s valuation is the main determinant of long-horizon
expected returns. The allocation reacts to the observed
current valuations and attempts to harvest risk premia over
the long term without relying on myopic market timing.
The resulting portfolios can better reflect investors’ return
objectives and risk preferences (including tolerance to
active risk) and increase the odds of investment success.



Step 1: A machine-learning-based
clustering approach

VCMM presents a probabilistic, forward-looking view of
the economy and asset returns. Rather than subjectively
grouping variables into various cohorts by assigning
ad-hoc ranges, we propose an objective and quantitative
method of categorizing the various macroeconomic
environments: We use a machine-learning algorithm to
group similar VCMM scenarios together. Grouping
objects is one type of problem that machine learning has
thrived at solving. We apply a well-studied unsupervised
learning technique, K-means algorithm, to accomplish
this task.

A standard K-means algorithm often involves iterating
between two steps. Step 1, the assignment step,
assigns every observation to its “closest” (measured by
Euclidean distance') center. Step 2, the update step,
computes centers (“means”) of all of the observations
assigned to each cluster during Step 1. The algorithm
repeats these steps until those assignments no longer
change significantly.

Instead of grouping asset returns directly, we apply the

K-means clustering algorithm to the VCMM core variables,
classifying their simulations into five groups (K = 5). The
key core variables that reflect the state of the economy

and markets in VCMM are:

e Interest rates. Note that we specify interest rates by
the level (D1), slope (D2), and curvature (D3) of the
yield curve (Diebold and Li, 2006).

e |nflation.

e Vanguard Leading Economic Indicator (VLEI) index (a
proxy for economic growth).

e The equity price/earnings ratio.

e Equity market volatility.

Figure 2 illustrates how K-means clustering results are
visualized on a two-dimensional plane. (Expansion has a

high D1 and low earnings/price (E/P), while recession has
low D1 and high E/P.)

Figure 2. Clustering core variables simulations:
An example

E/P (z-score)

D1 (z-score)

@ Recession @ Recovery @ Expansion

Source: Vanguard calculations, using 10,000 VCMM simulations in long-term
equilibrium.

1 For the purpose of this work, we have focused on the Euclidean distance, but in the future we will also explore distance metric learning and other distance metrics to

identify this data.
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Figure 3 depicts the median value of each VCMM core 3. Expansion. Growth and interest rate level is high and
variable in each of the five market environments: the yield curve is somewhat flat. In this environment,

1. Recession. Growth (Vanguard leading economic

. . . : . . extremely low.
indicator, or VLEI) is negative, the price/earnings ratio y

the price/earnings ratio is high and volatility is

and interest rates are low, and equity market volatility 4. Slowdown. Economic growth is near zero and the
is elevated. other variables are close to normal levels.

2. Recovery/low inflation. Growth is low but improved 5. High inflation. Inflation is particularly high relative to
from the recession state, the interest rate level is the central bank target of about 2%, and interest rate
slightly higher than in a recession, but the yield curve levels are high as a result.

is steep (as depicted by the high and negative slope).
The price/earnings ratio is higher than in the recession
state and the equity volatility is at a normal level.

Figure 3. K-means algorithm-based (K = 5) market environments

Short-term
D1 D2 D3 Price/ VLEI equity
Environment (level) (slope) (curvature) earnings (z-score) volatility Inflation
Recession 3.02 -0.77 -1.75 10.9 -0.27 29.00% 0.90%
(-0.77)
Expansion 4.97 -1.5 0.95 26.8 0.27 8.90 2.70
(0.79)
Slowdown 3.37 1.2 2.81 17 -0.03 15.30 1.80
(-0.09)
Recovery 4.08 -3.07 -3.35 17.2 0.07 15.80 0.30
(0.2)
High inflation 4.74 -1.03 0.36 16.5 -0.05 18.40 4.90
(-0.15)

Source: Vanguard calculations, using 10,000 VCMM simulations in the long-term equilibrium.
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Step 2: Long-horizon expected returns
in each environment

We now examine whether the clustered market and
economic environments make economic sense or not.
Figure 4 includes the median value of expected returns
over the next ten years (in the annualized geometric
sense) after each environment has occurred.

In a recession state with a low price/earnings ratio, the
expected return for U.S. equity over the next decade is

11%; in an expansion, when price/earnings ratios are high,

it's much lower, at 4.1%. As return forecasts are forward-
looking, the drop in the price/earnings ratio during the

recession actually improves the forward-looking return
prospects for equities; thus, expected returns are higher
than average.

The opposite is true during an expansion. An investor
incorporating TVAA may allocate more to equity if a
recession has just occurred, and vice versa in an
expansion. Similarly, in an environment of low (high)
inflation, when the interest rate is expected to normalize
and rise (fall) in the future, expected returns for bonds
will be low (high) over the next ten years. The expected
returns in Figure 4 follow an intuitive pattern, keeping in
mind that today’s market conditions send a contrarian
signal to forward-looking future returns.

Figure 4. Long-term expected returns based on five market and economic environments

International International

Environment U.S. equity U.S. bond equity bond
Recession 11.00% 3.60% 10.90% 3.50%
Expansion 4.10 5.00 7.00 4.40
Slowdown 7.20 4.90 8.70 4.60
Recovery 7.20 3.30 8.90 3.20
High inflation 7.80 5.10 9.10 4.40

Note: Expected returns are ten-year annualized nominal returns.

Source: Vanguard calculations, using 10,000 VCMM simulations in long-term equilibrium.
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Step 3: Market environment-dependent
asset allocation

After estimating expected returns, a natural next
question is: What does this imply for an investor’s asset
allocation? Before we can calculate portfolio weights, we
need one more variable: the transition probability, which
measures the likelihood that the economy will evolve
from one market environment to another. While there
are numerous ways to calibrate this value, we simply
compute the proportion of transitions of VCMM
simulations as the market environment changes.

Figure 5 shows a state transition matrix. Each entry

represents the probability of going from the state in the
row to the corresponding state in the column of the

Figure 5. State transition probability matrix

table.2 The state transition matrix is combined with the
state-dependent return expectations from Figure 4 to
calculate optimal portfolios for each market environment.

With both expected returns and transition probability in
the tool kit, we can calculate the optimal asset allocation
given an investor’s risk aversion when the objective is to
maximize the utility of wealth at the end of the investment
horizon. This utility-based, multiperiod asset allocation is
determined using a TVAA technique that considers long-
term expected returns, their distributional framework,
and their transition probabilities. The advantage of this
methodology is that it's entirely rules-based and
nondiscretionary. The asset allocation is laid out as a
contingency tree, with a different optimal solution for
each possible future state.

Environment Recession Expansion Slowdown Low inflation High inflation
Recession 53.40% 2.20% 15.60% 17.00% 11.80%
Expansion 2.20 52.80 12.00 16.90 16.10
Slowdown 15.60 11.00 53.60 6.40 13.30
Recovery 12.40 15.30 5.20 56.20 10.90
High inflation 15.00 14.80 16.30 13.30 40.50

Source: Vanguard calculations, using 10,000 VCMM simulations in long-term equilibrium.

2 If a recession has just occurred, the simulations indicate that we will most likely experience another in the next quarter, with a probability of 53.4%. We observe a
similar likelihood in other market environments. It seems counterintuitive but, even after nine consecutive quarters of recession, the probability of recession in the
next quarter is still 53.4%. However, a scenario with ten consecutive quarters of recession has a probability of only approximately 0.534 x 10=0.002, or 0.2%. Among
10,000 VCMM simulation paths, only 20 of them could be expected to include such a scenario.
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A hypothetical example of state-dependent portfolios is
illustrated in Figure 6. The multiperiod asset allocation
approach requires investors to take on the active (model)
risk of changing their allocation in response to the
evolving environment. We believe that, for those willing
to accept this risk, the strategic approach is fundamentally
sound when compared with other tactical asset
allocation strategies.

Conclusion

In this research note, we highlight an innovative machine-
learning clustering technigue to objectively classify the
macroeconomic and market environment into five states:
recession, recovery, expansion, slowdown, and high
inflation. For the most part, these states intuitively
resemble the business cycle and key market states we've
historically experienced. We discuss the characteristics,
fundamental valuations, and long-run return expectations
of each of these states and find that for investors willing to
take on active risk, this dynamic, state-dependent approach
is more suitable than a static portfolio

Figure 6. A hypothetical example of state-dependent portfolios

Recession Expansion

/

Slowdown

£

Recovery High inflation

R

W 18% U.S. equity W 3% U.S. equity W 9% U.S. equity W 14% U.S. equity W 1% U.S. equity
B 27% International B 4% International M 13% International M 21% International M 16% International
equity equity equity equity equity

B 29% U.S.bond
M 26% International

M 47% U.S.bond
M 46% International

Source: Vanguard.
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Appendix. Vanguard Capital Markets Model

IMPORTANT: The projections or 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.
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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 to 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 reader.

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/web/cf/
mexicoinstitutional/en/home 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.

ETF Shares 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 apply 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 to obtain professional investment 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 their 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 so.

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.

This document 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 Product is 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 the such products privately to its Colombian clients.

The distribution of this material and the offering of shares 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 shares to inform
themselves of, and to observe, all applicable laws and regulations of any
relevant jurisdiction. Prospective applicants for shares 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 n°® 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 Comisién para el Mercado Financiero, por lo que tales
valores no estén sujetos a la fiscalizacion de ésta. Por tratarse de valores no
inscritos, no existe la obligacion por parte del emisor de entregar en Chile
informacion pablica 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 Comisidn 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 (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 describe 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 Products in Bermuda to persons in Bermuda may be deemed to
be carrying on business in Bermuda.

Vanguard is not intending, 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 describe 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.
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