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Discerning risk-adjusted returns and investment skill

Executive Summary

+ Alpha gauges returns against a risk-adjusted benchmark, but it's often misunderstood.

+ Accurately measuring alpha requires understanding relevant risk factors, including

leverage, liquidity, volatility, the proper time horizon, and valid benchmarks.

- Distorted measurements of alpha are more common with private assets and niche

strategies due to the use of unsuitable benchmarks and the omission of relevant factors.

+ Active management has historically been more successful in generating alpha in bonds
than in stocks because many investors, such as central banks and insurance companies,
are constrained and invest with objectives other than optimizing risk and return.

Alpha (a) is a fundamental yet poorly
understood concept in finance. Simply

put, it is the diffence between the return of

an investment and that of a risk-adjusted
benchmark. In a more advanced definition,
alpha is the residual in an asset pricing
equation (see Appendix A). Alpha is what
active managers strive to achieve and passive
managers do not pursue.

Yet, as with many financial metrics, alpha can
be both a powerful tool and a potential pitfall.
Its measurement is nuanced and can often
be misleading. The difficulty arises from the
selection and application of various models,

factors, benchmarks, and time horizons.
These choices can lead to significantly
different estimates of alpha, especially with
private assets and less diversified strategies,
where unsuitable benchmarks and omitted
factors can come into play.

This note will discuss the myths and realities
of alpha. It will highlight why some risk factors
are invalid and others can help in assessing
alpha. Additionally, it will explain why active
management has historically been more
successful in fixed income than in equities,
and it will provide perspective on effective
portfolio construction.
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Common pitfalls in alpha measurement

Several common errors can cause misleading alpha calculations, whether intentional or not. Let's

examine how these calculations can go astray.

Selecting risk factors

while others are of dubious value.

Systematic risk factors

Systematic risks are inherent risks that affect the value of
investments in different economic conditions. These risks

may arise from changes in business or interest rate cycles,
political developments, or unexpected events like the COVID-19
pandemic. Asset pricing models embed systematic risks within
beta (B), or market risk, acknowledging that such risks are
intrinsic and cannot be diversified away.

Consider how the weather affects the value of an umbrella.
When it rains, umbrellas offer protection and thus command
higher prices and yield lower expected returns; they are
anticyclical assets, moving contrary to the market. Conversely,
umbrellas sold on sunny days are akin to procyclical assets,
moving in tandem with the market; they have lower prices and
higher expected returns.

This analogy encapsulates the essence of asset pricing.
Procyclical assets tend to yield more than their anticyclical
counterparts. Market movements are pivotal, as they are
closely linked to overall economic consumption. Risk factors
require higher returns as compensation for their added risk;
in contrast, they impose costs if they mitigate risk.

Thus, in our view, an accurate measure of alpha requires a
nuanced understanding of how systematic risks affect returns
and influence investment performance.

Misleading risk factors

The principal challenge in measuring alpha lies in the selection
of appropriate risk factors. However, this task is fraught with
potential problems. Four primary obstacles complicate the
identification of these factors: data mining, factor crowding,
behavioral factors, and anomalies.

The calculation of alpha depends on the risk factors used in asset pricing
models and the extra returns, or risk premia, associated with them. However,
many factors cannot be easily or directly incorporated into alpha calculations,

+ Data mining. This practice involves searching vast datasets
to find patterns or factors that appear to be significant but
may be spurious. Quantitative researchers often fall into
the trap of investing in strategies based on naive backtests.
They embark on “fishing expeditions,” running numerous
regressions until some, possibly unfounded, appear
significant. This is a classic example of whipping the data
until they confess to significant, or “lucky,” factors.

For example, if one scrutinizes a dataset long enough, it may
emerge that stock tickers with the second letter “A” and the
fourth letter “G” outperform an index 85% of the time if they
are traded between 10 a.m. and 11:20 a.m. on Wednesdays.
Needless to say, these lucky factors perform much better
in-sample than out-of-sample; that is, they outperformin
historical tests but are generally useless trading signals.

* Factor crowding. Even when a factor is valid, its returns
may diminish or disappear as more investors capitalize
on it. For instance, if a large number of investors target
small cap value stocks, the surge in demand can inflate
prices, reducing the stocks’ undervaluation and curtailing
their excess returns. Over time, the market becomes more
efficient and the opportunities for mispricing diminish.

+ Behavioral factors. These arise from human behavior such
as investor overreaction, recency bias, and herding. These
can fuel momentum, a well-documented factor in which
assets that have performed well in the past continue to do
so in the short term. However, momentum is not always
positively correlated to the market and may even have a
slightly negative beta.

« Anomalies. At times, the expected risk premium does not
align with observed returns for reasons that remain elusive.
For example, receiving the two-year fixed rate against the
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three-month rate in a swap has historically been profitable,
yet it is negatively correlated with the stock market. Similarly,
steepeners, which profit from a steepening yield curve, have
generated positive returns despite being anticyclical. These
anomalies may be due to unique historical conditions, such
as the low inflation and easy money environment that has
generally prevailed since the 1980s.

All these factors fail to check the boxes for relevance. They are
either artifacts of the data sample or their returns are hard to
relate to systematic risk.

When the significance of a factor is in doubt, we leave it out.

Measurement horizon: How long is enough?

The time horizon over which performance is assessed
warrants careful scrutiny. The more volatile the market, the
lower its signal-to-noise ratio and the longer it takes to discern
whether alpha is the result of luck or skill.

Consider the assessment of a hypothetical active bond
manager in the top quartile ranked by risk-adjusted alphas.
Their portfolio boasts an information ratio (a measure of risk-
adjusted return) of 0.7, a volatility of 4.0% compared with 3.3%
for the index, and a correlation of 0.9 with the index returns.
How long will it take to determine with 80% probability that this
manager will outperform the index? The answer is 1.5 years.

Assessing a manager with a high information ratio
dramatically reduces the required measurement horizon.
A manager with a 0.7 information ratio would have a 75%
probability of outperforming over one year and an 88%
probability over three years.

However, if a manager’s information ratio is low, the number
of years required to evaluate performance increases
exponentially. For a hypothetical manager with an information
ratio of 0.2, it would take about 20 years to evaluate
performance with 80% confidence.

Figure 1 shows the number of years needed to assess a
manager’s ability to outperform a benchmark index with 80%
confidence based on the information ratio, as well as volatility
and correlation assumptions.

Figure 1: A longer horizon is needed to truly differentiate
skill and luck in alpha generation

Years needed to assess a manager’s ability to beat an index
with 80% confidence’

Information ratio Years
1 0.7
0.7 1.5
0.5 3
0.3 8.7
0.2 20.5
0.1 96.4

Source: PIMCO. For illustrative purposes only. Refer to Appendix B for the
mathematics of performance evaluation.

The bottom line: Managers are often evaluated over too short
a time frame, which misrepresents true skill and conflates luck
with genuine alpha generation.

Private assets

Estimating alpha for private assets and niche, less diversified
strategies is particularly susceptible to distortion, whether
intentional or not.

Ignoring the liquidity premium often confounds alpha
estimates for private assets. Investors in private markets

give up some liquidity in pursuit of long-term returns, so it’s
important to factor the resulting liquidity premium into the
alpha equation. This premium compensates investors for the
cost of lost alpha from active management, the inability to
rebalance portfolios, and liquidity shortfalls for unexpected
liquidity needs. In our July paper, “Navigating Public and Private
Credit Markets: Liquidity, Risk, and Return Potential,”

we estimated the liquidity premium in private markets to be
about 200 basis points.

In short, distortions in estimates of alpha in private funds often
reflect the beta of an omitted factor in the asset-pricing model
—in this case, the liquidity factor.
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Identifying sources of alpha

Given all these pitfalls in the measurement of alpha, one might
ask how alpha can be identified and generated. In fact, after
more than half a century of investing, PIMCO is familiar with
quite a few strategies, including:

« Tilts. Including duration, yield curve, and volatility tilts: As
noted above, fixed-rate receiver swaps and steepeners tend
to generate excess returns, even though these returns are
often countercyclical.

+ Use of derivatives. Exposure to mean-reverting return
profiles, such as a credit default swap (CDS)-cash basis
trade, which may be profitable in periods of turmoil, when
the basis (the difference between the CDS spread and the
underlying cash bond spread) may become overly negative
in response to market volatility; a Treasury futures basis (the
difference between the clean price of the Treasury security
and the converted futures price); and a TBA roll (selling a
to-be-announced (TBA) mortgage-backed security (MBS)
contract for one settlement month and simultaneously
buying a TBA contract for a later settlement month).

* Styles. Carry, value, momentum, and sentiment are all
investment styles with positive expected returns and low-to-
negative correlations to equity markets.

* Algorithmic trading. Implementing best execution and low-
transaction-cost trading rules.

For a more comprehensive overview, please refer to
Appendix C, which presents a nonexhaustive list of fixed
income alpha strategies.

Available alpha in the market: Static or dynamic?

Alpha also needs to be assessed relative to its availability in
markets. It tends to be countercyclical, spiking during crises
such as the global financial crisis (GFC), the eurozone crisis,
the taper tantrum, and the COVID-19 pandemic.

One method of gauging its availability is to quantify the
dispersion of risk-adjusted expected returns within a market.

This dispersion could be viewed as a measure of potential alpha.

PIMCO's proprietary dispersion index reflects a measure
of value of the primary liquid asset classes - equities, rates,

foreign exchange (FX), and commodities - on a risk-weighted
basis (see Appendix D for details). Data since 1997 highlights
the potential for generating alpha by strategically selecting
and weighting assets based on their expected risk-adjusted
returns. It also suggests that alpha availability can vary
significantly over time, depending on market conditions and
asset class performance.

Market structure typically oscillates between two polar
equilibria: high liquidity with low opportunities and low liquidity
with high opportunities. The dynamic nature of available alpha
underscores the importance of strategies that can capitalize
on shifting market conditions to optimize returns.

Active versus passive performance in fixed income
and equity

The availability of alpha is central to the active-versus-passive
debate in fixed income and equity. Performance data over the
past decade — showing active management outperforming in
fixed income but not in equities — support our view that bond

markets offer more available alpha.

How can this be? After all, as William F. Sharpe observed in his
seminal 1991 paper, “The Arithmetic of Active Management,”
if passive managers hold the market portfolio, then active
managers collectively must also hold the market portfolio,

as together they constitute the entire market. Therefore,

both groups will generate the same return before fees.
However, because active management incurs higher fees than
passive management, active managers should, on average,
underperform passive managers after fees.

Although the logic may be unassailable, it may not fully apply
in fixed income because roughly half of active bond investors
are constrained investors whose investment objectives

are not solely to optimize the trade-off between risk and
return. For example, central banks trade bonds to influence
rates, currencies, economic growth, and asset prices,

while commercial banks and insurance companies often
prioritize book yield over total return due to accounting rules,
regulations, or a preference for predictable, low-turnover
portfolios (see Figure 2).
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Figure 2: Constrained investors control more than half of the $140 trillion global bond market

Market shares of constrained and unconstrained investors

Central banks
20%

U.S. insurers
%
Constrained Unconstrained

investors investors U.S. banks

56% 44% 4% \’

European insurers —
2%
E banks —
urope:oz anks Asian banks

and insurers
17%

— Other banks
and insurers
3%

Source: PIMCO, IMF, Haver Analytics, SNL Financial, EIOPA, ECB, BOE, and SIFMA as of June 2024. For illustrative purposes only. Data on European insurers as of
December 2022; data on Asian banks and insurers as of December 2023; data for other regions are the latest available, either March or June 2024.

These constraints represent a cost and ultimately a transfer and ETFs outperformed their median passive peers after

of alpha from constrained to unconstrained investors, which fees. In the two largest fixed income categories, 69% of active
include active mutual funds and active exchange-traded funds funds and ETFs outperformed their median passive peers in
(ETF) but not passive funds. Alpha potential in the fixed income  Intermediate Core and 72% in High Yield.

market also arises from frequent rebalancing, liquidity issues,

o ) .
and structural alpha opportunities. Active bond managers In stark contrast, only 34% of active equity mutual funds and

have the potential to exploit these factors to outperform their ETFs outperformed their median passive peers after fees

passive peers and benchmarks over the past 10 years. Within the two largest Morningstar

equity categories for the same period, only 20% of active funds
The data support this analysis. Figure 3 illustrates that over and ETFs outperformed their median passive peers in Large
the past decade 55% of active fixed income mutual funds Growth and 15% in Large Blend.

Figure 3: Active mutual funds and ETFs have outperformed their median passive peers in bonds but not stocks

B l-year M3-year M 5-year M7-year M 10-year

90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

All bond Intermediate High Yield Bond All equity Large Growth Large Blend
categories Core Bond categories

Source: Morningstar and PIMCO as of 31 December 2023. Past performance is not a guarantee or reliable indicator of future results.

Based on U.S. ETFs and open-end funds (institutional shares only) with at least one-year return history. All bond categories includes Morningstar Intermediate Core Bond,
High Yield Bond, Short-Term Bond and Global Bond categories. All equity categories includes Morningstar Large Growth, Large Blend and Large Value categories. To avoid
potential survivorship bias, we included ETFs and funds that were live at the beginning of each sample period but were liquidated or merged at any point in time during the
reported period. The figure is provided for illustrative purposes and is not indicative of the past or future performance of any PIMCO product.



6 RESEARCH + OCTOBER 2024

This pattern has been relatively persistent over the past two decades. Figure 4 shows the average annualized alphas (after fees)
for both active and passive funds in the largest Morningstar fixed income categories, using a rolling 10-year window.

Figure 4: Rolling 10-year mean annualized alphas for active and passive funds in Intermediate Core and Intermediate Core

Plus categories
= Mean active = Mean passive

1.4%
1.2%

[\

0.8% / \

/\L M\

S N V —~—

0.0%
-0.2% =" “\_’_/'
-0.4%
3/2014 11/2015 7/2017 3/2019 11/2020 7/2022 3/2024

Source: Morningstar Direct and PIMCO as of 31 March 2024. Past performance is not a guarantee or a reliable indicator of future results.

Based on U.S. ETFs and open-end funds (institutional shares only) in the Morningstar Intermediate Core Bond and Intermediate Core-Plus Bond categories. Alpha is averaged
in equal weights across funds with complete data in each 10-year rolling period between 1 April 2014 and 31 March 2024. Passive funds are defined as index funds or
enhanced index funds categorized by Morningstar. Figure is provided for illustrative purposes and is not indicative of the past or future performance of any PIMCO product.

Nonetheless, some investors still allocate to passive bond There are various techniques for optimizing the balance
strategies because they aim to minimize tracking error and of active and passive allocations. For example, an active
reduce investment management and due diligence costs. investor can seek to maximize expected alpha between active
Passive strategies also provide broad market exposure, and passive managers subject to a tracking error constraint
making them an attractive option for those looking to achieve for an asset.

consistent, market-like returns.
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Conclusion

Alpha is a fundamental concept in finance, representing the excess return on an investment relative to a
benchmark index. Its importance lies in its ability to indicate a manager’s skill in generating returns above market
movements. However, measuring alpha is nuanced, complex, and heavily dependent on the model and risk
factors used.

Reported measurements often reflect the beta of omitted factors, particularly in private assets and niche, less
diversified strategies. Distortions can arise from unsuitable benchmarks, overly short measurement horizons,
and failure to account for liquidity premia and systematic factors. More alpha tends to be available during periods
of low liquidity and risk sell-offs.

We find alpha potential is greater in fixed income than in equities due to the pronounced presence of constrained
investors in bond markets. Active managers can seek to gain an edge by exploiting scale, tilts, behavioral biases,
fundamental research, and institutional analytics.

Investors should understand that outperformance does not come out of thin air. It is about identifying and
capitalizing on unique opportunities that others might overlook.

Future papers in this series will explore how to capture sources of alpha, the impact of behavioral
inefficiencies on investing, and how well-designed portfolios can generate consistent structural alpha.



Appendices

Appendix A: Alpha is a residual in an
asset pricing equation

In a more advanced definition, alpha is a residual in an asset
pricing equation. It is the return in excess of the prediction of
an asset pricing model.

For example, a standard asset pricing model called the capital
asset pricing model (CAPM) states that the return of any asset
is [Rf+ B(R, - Rf)] where R, is the risk-free rate of return, [ is
the sensitivity of the asset to the market, and R _is the return
of the market. According to this model, asset returns are solely
determined by their sensitivity to the market.

Consider a fund yielding R and its benchmark yielding
[Rf+ B(R, - Rf)]. Then, the alpha of the fund is:
a=R-[R+B(R ~R)

m

If Ris 7%, Rfis 3%, Bis11,and R _is 6%,
then ais 70 basis points:

a=7% - [3% + (1.1%6% — 3%))] = 0.7%

Suppose that we now suddenly realize that the CAPM is
inadequate and that the fund is affected by several factors:

the market, inflation, interest rates, and GDP growth. The
sensitivities of the fund return to these four factors are 1.1,-0.8,
1,and -0.7, respectively, and the risk premia for these factors
are 3%, 2%, 4%, and 1%. Under this new asset pricing model,
the alpha is:

a=7%—[3%+ (1.1%3%) + (-0.8*2%) + (1%4%) + (-0.7%1%)] = 1%

This example shows that the alpha estimate is model-dependent
and varies based on the factors included in the pricing model.
The key question is which factors should be included.

Appendix B: Mathematics of performance evaluation

Consider an investment manager whose portfolio value P

follows the process:

Ly devo,aw,
The index follows a similar process:
%:,uldHo]dWI

where
dW,dW, = pdt.
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Then, defining relative performance R = =,

[td's lemma:

we have by

dR
?:uRdt+0RdWR

with parameters defined as:
Mp = Hp— M+ UIZ_OP o p

2 — 42 2_
o’ =0/+0°-20,0,p

and
aW = o, dW,—o,dW,

R
OR

Then, for the portfolio to outperform over horizon t, meaning
R,> 1, a bit of algebra shows that:

0.2 x?
t> R 5
UR
(/'IR_T)

with x defining the probability of outperformance for the
above inequality. For example, when x = 1, the probability of
outperformance is 84%.

Appendix C: Sources of alpha in fixed income
1. Tilts: Duration, yield curve and volatility tilt

2. Use of derivatives: Exposure to mean-reverting return
profiles, such as CDS-cash basis, Treasury futures basis,
and TBAroll

3. Timing betas/risk premia: Strategies based on mean
reversion of risk premia, momentum, sentiment, or
seasonal patterns

4. Styles: Carry, value, momentum, sentiment

5. Algorithmic trading: Implementing best execution/low
transaction cost trading rules
6.  Sourcing: Opportunities are often a function of size and scale.

7. Sector rotation: Exploiting relative value between
credit subsectors

8. Execution and timing: Taking advantage of
intraday momentum

9. Leverage: Bond managers buy long maturity credit
instead of leveraging a long position in shorter-dated
bonds. Excess demand for long bonds may result in
positive returns on spread steepeners.
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10. Hedging inefficiencies: Examples include liability-driven
investing (LDI) or futures trading cheap to cash during
bond market sell-offs.

11. Index inclusion and exclusion rules: Treasury Inflation-
Protected Securities (TIPS) and fallen angels may
outperform due to their exclusion from indices.

12. Clientele effects: An example is cash-backing, where
Japanese investors buy U.S. investment grade securities
and receive a Japanese-yen-denominated floating-rate
asset swapped to own a synthetic Japanese corporate
bond. This creates opportunities in U.S. dollar-swapped,
yen-denominated Japanese government securities.

13. Credit research: The in-depth analysis of financial
statements, credit metrics, sectoral dynamics, covenants,
event risks, and valuation

14. Merger arbitrage: Modeling the spread between the
current price and the bid price by the acquirer

15. Fixed income relative value: Building multifactor yield curve
models to exploit anomalies in rates. Examples include
duration-hedged trades or PCA-hedged butterflies.?

16. Credit analytics: The use of quantitative models of
spreads and capital structure

17. New issue concessions: Higher yields in new issues
compared with secondary trading due to pricing
uncertainties and cartel pricing

18. Treasury auction strategies: A contrarian strategy (sell
first, buy later) that exploits the tendency of Treasury
prices to fall pre-auction as risk-averse investors buy
Treasuries to hedge against supply uncertainty, leading to
a sell-off as the uncertainty is resolved

19. On-the-run versus off-the-run: Exploiting spread-widening
following a liquidity crisis

20. Convertible arbitrage: Typically, short stock, long
convertible. Convertible cheapness may compensate for
illiquidity in the convertible market. The arbitrage offers
cheap gamma?® exposure.

21. Volatility arbitrage: Exploiting inefficiencies between
long-dated and short-dated swaption volatilities or
between swaption and cap prices

Appendix D

PIMCO'’s dispersion index is derived from PIMCQ'’s proprietary
systems and based on changes in futures prices for equities
and commodities. For FX and interest rate swaps, where daily
contract data are unavailable, we approximate future and
forward positions as spot return plus carry. Mean returns are
calculated as follows:

Equities: Carry implied by the futures curve with a
seasonality adjustment

- Rates: Roll-down plus three-month carry
«  FX:Carry plus mean reversion
Commodities: Carry

The carry used to calculate mean returns is derived from
PIMCO's proprietary systems. Mean returns are winsorized

to fall within the range of (max(-0.3, -4 * vol), min(0.5, 4 * vol))
annualized. The portfolio is constructed by going long on the
three assets with the highest ratio of expected return to volatility
and short on the three assets with the lowest such ratio. The
weights for each asset are adjusted to achieve equal stand-
alone volatility (at 5%), with a leverage cap of 3, and then scaled
to ensure the volatility of each “asset class sleeve” is 5%.

When aggregating asset classes to create a cross-class alpha
index, we use equal weights for each asset class. We compute
the mean return and volatility (using a one-year lookback
window) of the positions. We chart the index using a 30-day
moving average, which captures the ratio of mean return to
volatility, after accounting for 100 basis points in fees.

1 See Ambarish, Ramasastry and Seigel, Lester, Time is the Esence (August 01, 1996). Fund Management - Risk | Vol. 9, No. 8, August 1996,

Available at SSRN: https://ssrn.com/abstract=4918946

2 Principal Component Analysis (PCA) is a statistical technique used to simplify the complexity in high-dimensional data while retaining trends and patterns. It does this by
transforming the data into a set of orthogonal (uncorrelated) components, known as principal components, which capture the most variance in the data. A butterfly spread is
a strategy that involves positions in three different maturities of bonds or interest rate derivatives. Typically, it involves going long (buying) two positions in the short and long
ends of the yield curve and going short (selling) one position in the middle of the yield curve. PCA-hedged butterflies combine the butterfly spread with PCA to hedge against
the principal components of interest rate movements. The goal is to isolate and exploit specific yield curve movements while minimizing exposure to broader market risks.

3 Gamma describes the rate of change of an option’s delta with respect to changes in the price of the underlying asset. It is a second-order derivative of the option’s price with
respect to the underlying asset's price.
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PIMCO client solutions and analytics provides unbiased intelligence across asset classes to help our clients make optimal investment decisions.

Past performance is not a guarantee or a reliable indicator of future results.
Figures are provided for illustrative purposes and are not indicative of the past or future performance of any PIMCO product.

All investments contain risk and may lose value. Investing in the bond market is subject to risks, including market, interest rate, issuer, credit, inflation risk, and liquidity
risk. The value of most bonds and bond strategies are impacted by changes in interest rates. Bonds and bond strategies with longer durations tend to be more sensitive
and volatile than those with shorter durations; bond prices generally fall as interest rates rise, and low interest rate environments increase this risk. Reductions in bond
counterparty capacity may contribute to decreased market liquidity and increased price volatility. Bond investments may be worth more or less than the original cost
when redeemed. Equities may decline in value due to both real and perceived general market, economic and industry conditions. Derivatives may involve certain costs
and risks, such as liquidity, interest rate, market, credit, management and the risk that a position could not be closed when most advantageous. Investing in derivatives
could lose more than the amount invested. Swaps are a type of derivative; swaps are increasingly subject to central clearing and exchange-trading. Swaps that are not
centrally cleared and exchange-traded may be less liquid than exchange-traded instruments. Credit default swap (CDS) is an over-the-counter (OTC) agreement between
two parties to transfer the credit exposure of fixed income securities; CDS is the most widely used credit derivative instrument. Management risk is the risk that the
investment techniques and risk analyses applied by an investment manager will not produce the desired results, and that certain policies or developments may affect the
investment techniques available to the manager in connection with managing the strategy.

Statements concerning financial market trends or portfolio strategies are based on current market conditions, which will fluctuate. There is no guarantee that these
investment strategies will work under all market conditions or are appropriate for all investors and each investor should evaluate their ability to invest for the long term,
especially during periods of downturn in the market. Outlook and strategies are subject to change without notice.

Arisk-free” asset refers to an asset which in theory has a certain future return. U.S. Treasuries are typically perceived to be the risk-free” asset because they are backed
by the U.S. government. All investments contain risk and may lose value.

The terms “cheap” and ‘rich” as used herein generally refer to a security or asset class that is deemed to be substantially under- or overpriced compared to both its
historical average as well as to the investment manager’s future expectations. There is no guarantee of future results or that a security’s valuation will ensure a profit or
protect against a loss.

Beta is a measure of price sensitivity to market movements. Market beta is 1. Correlation is a statistical measure of how two securities move in relation to each other.
Fallen angels refer to credits that are downgraded from investment grade to high yield. Risk factors are the underlying drivers of performance of an asset class or
portfolio —and they provide a common language to evaluate a portfolio’s characteristics, similar to how nutrition labels help you compare cereal boxes

Morningstar category descriptions: Global bond portfolios typically invest 40% or more of their assets in fixed-income instruments issued outside the US. The
allocation between US/non-US and high/low quality bonds can vary greatly between funds. Those funds in the “USD Hedged" category hedge most of their non-

US dollar currency exposure back to the US dollar. High-yield bond portfolios concentrate on lower-quality bonds, which are riskier than those of higher-quality
companies. These portfolios generally offer higher yields than other types of portfolios, but they are also more vulnerable to economic and credit risk. These
portfolios primarily invest in U.S. high-income debt securities where at least 65% or more of bond assets are not rated or are rated by a major agency such as
Standard & Poor’s or Moody's at the level of BB (considered speculative for taxable bonds) and below. Intermediate-term core bond portfolios invest primarily in
investment-grade U.S. fixed-income issues including government, corporate, and securitized debt, and hold less than 5% in below-investment-grade exposures.
Intermediate-term core-plus bond portfolios invest primarily in investment-grade U.S. fixed-income issues including government, corporate, and securitized debt,
but generally have greater flexibility than core offerings to hold non-core sectors such as corporate high yield, bank loan, emerging-markets debt, and non-U.S.
currency exposures. Their durations (a measure of interest-rate sensitivity) typically range between 75% and 125% of the three-year average of the effective duration
of the Morningstar Core Bond Index. Large Blend portfolios are fairly representative of the overall U.S. stock market in size, growth rates, and price. Stocks in the top
70% of the capitalization of the U.S. equity market are defined as large cap. The blend style is assigned to portfolios where neither growth nor value characteristics
predominate. These portfolios tend to invest across the spectrum of U.S. industries, and owing to their broad exposure, the portfolios’ returns are often similar to
those of the S&P 500 Index. Large-growth portfolios invest in big U.S. companies that are projected to grow faster than other large-cap stocks. Stocks in the top 70%
of the capitalization of the U.S. equity market are defined as large-cap. Growth is defined based on fast growth (high growth rates for earnings, sales, book value, and
cash flow) and high valuations (high price ratios and low dividend yields). Most of these portfolios focus on companies in rapidly expanding industries. Large-value
portfolios invest primarily in large U.S. stocks that are less expensive or growing more slowly than other large-cap stocks. Stocks in the top 70% of the capitalization
of the U.S. equity market are defined as large-cap. Value is defined based on low valuations (low price ratios and high dividend yields) and slow growth (low growth
rates for earnings, sales, book value, and cash flow). Short-term bond portfolios invest primarily in corporate and other investment-grade U.S. fixed-income issues
and have durations of one to 3.5 years (or, if duration is unavailable, average effective maturities of one to four years). These portfolios are attractive to fairly
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