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KEY TAKEAWAYS

» Differences in current expected returns across bonds of different durations, credit qualities,
and currencies of issuance have reliable information about future return differences.

» Systematic strategies can use information in market prices to target bonds with higher
expected returns and improve investment outcomes in the long run.

» This approach can also address needs, goals, and risk preferences around inflation
protection, sustainability, and currency hedging.

This paper shows that a systematic investing approach can be a compelling alternative to
traditional active and traditional passive investment approaches for bond investors.
Because forward rates contain reliable information about the expected returns of global
government and corporate bonds, systematic fixed income portfolios that target bonds with
higher forward rates across different durations, credit qualities, and currencies can
outperform their benchmarks by over 1% per year on average. We also demonstrate that
this systematic approach to fixed income investing can meet many investor goals and risk
preferences, including inflation protection and a sustainability focus.

We thank Savina Rizova, Wei Dai, Kaitlin Hendrix, Dave Plecha, Joe Kolerich, Doug Longo,
Jacobo Rodriguez, Mingzhe Vi, David Min, and Yuxiao Feng for their insightful comments and
help with the analysis.
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Introduction

Investors use fixed income investments to meet different goals, including volatility dampening,
liability matching, and protecting the purchasing power of capital. To achieve these goals,
investors typically choose between two approaches: a traditional active approach or a traditional
passive approach. The key drawback of the traditional active approach is that it relies on
forecasting changes in yield curves, which is inherently unreliable. On the other hand, the
traditional passive approach (also known as indexing) generally ignores information embedded
in current market prices about a bond's expected return and, as a result, fails to maximize value
for investors over the long term. We show a better way: Investors can benefit in the long run

from systematic strategies that account for differences in expected returns across bonds.

The expected return on a default-free bond has three components: yield, expected capital
appreciation (roll-down), and the expected change in interest rates over the investment horizon.
The first two components are observable from current market prices. The third component is not
observable. Moreover, ample academic research (e.g., Fama 1984; Campbell and Shiller 1991;
Duffee 2002) concludes that changes in interest rates cannot be predicted systematically. So, the
expected return boils down to the first two components, which are jointly known as the forward
rate.! Forward rates contain reliable information about the expected returns on corporate bonds,
mortgage-backed securities (MBS), and to-be-announced forward contracts (TBAs).? Hence,
investors can use forward rates to build systematic fixed income strategies that emphasize
government, corporate, and securitized bonds with higher expected returns. This paper aims

to provide a thorough empirical investigation into such systematic fixed income strategies.®

Our analysis uses issue-level data from Bloomberg and index-level data from Bloomberg and
FTSE, including global investment-grade government and corporate bonds. We divide the
analysis into three parts. First, our regression analysis confirms the three main sources of higher
expected bond returns: term, credit, and currency of issuance. Results from time-series
regressions show that current differences in yields have reliable information about future term
and credit premiums. For example, between 1976 and 2023, a term spread between the
Bloomberg US Treasury 3-10 Year and 1-3 Year indices of 100 basis points (bps) is associated
with a 20-bps average difference in realized returns, with a t-statistic of 3.00. Similarly, between
1973 and 2023, a credit spread of 100 bps between the Bloomberg US Credit Intermediate
AAA and Bloomberg US Government Intermediate bond indices is associated with a 26-bps

1. To be technically precise, even if the expected change in interest rates is zero, the third term does not fully disappear. In
continuous time, it yields a convexity term. This convexity term is negligibly small for short- and intermediate-term bonds, so we
exclude it from the simulations and the discussion, but practitioners may incorporate it when computing the expected returns on
long-term bonds.

2. Lee et al. (2022) show that the expected return on a corporate bond is a function of its forward rate, the expected future change
in its yield, the probability of default, and the expected rate of recovery. For investment-grade and BB corporate bonds, the
probability of default is negligible and hence forward rates are the main driver of differences in expected returns. Rizova et al.
(2023) model the expected return of agency MBS as the forward rate of key-rate-duration-matched Treasury portfolio and
option-adjusted-spread and show that this proxy reliably forecasts future MBS and TBA returns.

3. Many academic papers study fixed income factors. However, Lee et al. (2022) find that many corporate bond issue- and
issuer-level variables do not provide additional information about expected bond returns after controlling for forward rates with
the only exception being short-term equity momentum. Wang (2022) uses municipal bond yields as a proxy for expected returns
and shows that a systematic municipal bond strategy that targets higher expected returns can also reliably outperform the
municipal bond market.
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average return difference, with a t-statistic of 5.36. Additionally, cross-sectional regressions
show differences in current forward rates across bonds of different currencies of issuance and
maturities have reliable information about future differences in their returns. For example,
between 1985 and 2023, a 100-bps difference in the hedged forward rate across global
intermediate government bonds yields an 83-bps difference in the subsequent month’s hedged

return on average, with a t-statistic of 3.96.

Second, we construct variable maturity, variable credit, and variable currency simulations, which
vary the portfolio allocations to target differences in expected bond returns along the duration,
credit quality, and currency of issuance dimensions. These simulations outperformed their

respective benchmarks by an annualized 28 bps, 45 bps, and 41 bps on average. Furthermore,

they outperformed their respective benchmarks in 72%, 78%, and 61% of the calendar years.

Lastly, we design systematic core strategies that invest in government and corporate bonds.
These strategies simultaneously determine the duration, credit, and currency allocation based
on expected returns and investor risk preferences. The US and global core simulations
outperform their benchmarks by an annualized 41 bps and 140 bps, respectively, over their
sample periods. We show that systematic investing can also add value when applied to strategies
focused on sustainable investing, inflation protection, and selective currency hedging. Being
both evidence-based and flexible is what sets the systematic approach apart from both

traditional active and traditional passive investing.

The rest of the paper is organized as follows. Section 2 covers the theoretical rationale and
empirical evidence behind the premiums. Section 3 covers the variable credit, duration, and
currency simulations followed by the core systematic simulations and some examples of
customizations that systematically target the premiums. We conclude the paper and highlight

our key findings in Section 4.
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Systematic Differences in Expected Bond Returns

The expected returns of global government and corporate bonds vary across three
dimensions: term, credit, and currency of issuance. In this section, we present updated
evidence on the relation between yields/forward rates and differences in expected returns

along these dimensions.

Differences in Expected Returns across Durations

The term premium is the return difference between longer-term bonds and shorter-term bonds
with similar credit quality. On average, longer-term bonds tend to outperform shorter-term bonds.
For example, between 1976 and 2023, the Bloomberg US Intermediate Government Bond Index
outperformed the 1-3 year index by an average of 57 bps annually. The term spread is the yield
difference between a longer-term bond and a shorter-term bond. While the term spread has
historically been positive because investors demand a return premium for bearing the additional
volatility of longer-duration bonds, Exhibit 1 shows that it varies over time. The theoretical
framework for expected bond returns implies that the size of the current term spread should

have information about the size of the future term premium. But what do the data say?

EXHIBIT 1: USTerm Spread, 1976-2023

090
0.60
9
< 030
©
o
Q.
2 |
T 000
]
=
-0.30
~0.60
-0.90
1976 1981 1986 1991 1996 2001 2005 2011 2016 2021

This figure plots the monthly difference in annualized yields between the Bloomberg US Intermediate Government and Bloomberg US Government 1-3 Year bond indices. The monthly time series of
yield data are provided by Bloomberg. Past performance is not a quarantee of future results. Indices are not available for direct investment; therefore, their performance does not reflect the expenses
associated with the management of an actual portfolio.

Fama (1984) and Fama and Bliss (1987) find there is a reliable relation between the current term
spread and future term premium for US Treasuries. Using subindices for different maturity ranges,
we regress the term premium in month (t+1) on the term spread in month (t) to test whether this
relation holds for US and global government and credit bonds. We find that the relation is
positive across US and global ex US Treasury and corporate bonds (Table 1). All but three

t-statistics are bigger than 2, which indicates that the slope estimates are reliably larger than zero.
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Exhibit 2 shows the average monthly term premium is 9 bps from 1976 to 2023 between US 3-10
year and 1-3 year government bonds. When the term spread is greater than the 50th and 75th
percentiles in the sample period, the average term premium in the following months increases to
16 bps and 33 bps, respectively. The results are similar when we examine the term spread and
term premium between US government bonds with maturities longer than 10 years and US
government bonds with 3—10 year maturities. We also find an increasing relation between term
spreads and subsequent-month term premiums for US credit, global ex US government, and

global ex US corporate bonds.

EXHIBIT 2: Term Premiums
Average monthly return difference (%)

US Government: [3-10 Year]-[1-3 Year]

US Government: [10 Year+]-[3-10 Year]

1976-2023 1976-2023
033 0.35
0.20
0.16
0.09 0.10
All Term Spread Term Spread Al Term Spread Term Spread
>P50 >P75 >P50 >P75
t-Stats  2.32 2.74 378 t-Stats  1.27 1.64 1.84
US Credit: [3-10 Year]-[1-3 Year] US Credit: [10 Year+]-[3-10 Year]
1976-2023 1976-2023
0.30
027
0.19
0.15
0.10 0.08
All Term Spread Term Spread All Term Spread Term Spread
>P50 >P75 >P50 >P75
t-Stats  2.26 3.57 4.14 t-Stats  1.34 1.86 218

Global ex-US Government: [3-10 Year]-[1-3 Year]

Global ex-US Government: [10 Year+]-[3-10 Year]

1985-2023 1985-2023
0.39
0.28
.21
0.18 0
0.12
0.07
All Term Spread Term Spread All Term Spread Term Spread

>P50 >P75 >P50 >P75
t-Stats  3.79 4.44 348 t-Stats  0.74 233 273

Global ex-US Corporate: [3-10 Year]-[1-3 Year]

Global ex-US Corporate: [10 Year+]-[3-10 Year]

1999-2023 1999-2023
0.39
0.20 022 021
0.08 0.06
Al Term Spread Term Spread Al Term Spread Term Spread
>P50 >P75 >P50 >P75
t-Stats  1.65 3.09 2.58 t-Stats 075 1.69 2.26

The bar plots in this figure are the average monthly difference in returns between longer-maturity and shorter-maturity bond indices. The first bar in each chart represents the average USD return difference
unconditional on the term spread, while the second and third bars are average USD return differences conditional on the beginning-of-month term spread being greater than the median (P50) and 75th
percentile (P75) of all months. Short-term bond indices include bonds with 1-3 year maturities, intermediate-term indices include bonds with 3-10 year maturities, and long-term indices include bonds
with maturities longer than 10 years. The monthly time series of yield and return data are provided by Bloomberg and FISE. Past performance is not a guarantee of future results. Indices are not available
for direct i ; therefore, their p e does not reflect the expenses associated with the management of an actual portfolio.
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We extend this analysis to government bonds from 14 countries across major developed markets.
Exhibit 3 shows similar results in 12 countries, except for Australia and New Zealand, highlighting
how pervasive the positive relation between current term spreads and future term premiums
is across different markets.

EXHIBIT 3: Term Premiums in Major Non-US Developed Countries
Average monthly return difference (%)

Australia Austria Belgium
1985-2023 1993-2023 1991-2023
0.32
0.27
024 0.26
0.14 0.14
0.10 01
- - 0.06
Al Term Spread Term Spread Al Term Spread Term Spread Al Term Spread Term Spread
>P50 >P75 >P50 >P75 >P50 >P75
t-Stats  2.23 1.59 0.54 t-Stats  3.25 3.83 3.40 t-Stats  3.41 413 3.14
Canada France Germany
1985-2023 1985-2023 1985-2023
0.24
020 0.22 0.22 0.20 0.22
0.14
0.11 0.11
All Term Spread Term Spread All Term Spread Term Spread Al Term Spread Term Spread
>P50 >P75 >P50 >P75 >P50 >P75
t-Stats 251 342 2.74 t-Stats  3.56 3.94 273 t-Stats  2.98 3.77 299
Japan Netherlands New Zealand
1985-2023 1985-2023 1993-2023
033
0.27
0.22 020
012 0.11
0.07
006 004
All Term Spread Term Spread All Term Spread Term Spread Al Term Spread Term Spread
>P50 >P75 >P50 >P75 >P50 >P75
t-Stats  3.50 3.87 3.74 t-Stats  3.09 3.67 3.55 t-Stats  1.22 0.61 0.70
Norway Spain Sweden
1996-2023 1991-2023 1991-2023
0.27 0.28
0.23 0.22
017 016 0.18
011 0.13
Al Term Spread Term Spread Al Term Spread Term Spread Al Term Spread Term Spread
>P50 >P75 >P50 >P75 >P50 >P75
t-Stats  2.24 2.54 2.37 t-Stats  3.26 2.87 231 t-Stats  2.73 268 3.09
Switzerland United Kingdom
1985-2023 1985-2023
033
0.29
0.18
0.15
0.10 0.10
Al Term Spread Term Spread Al Term Spread Term Spread
>P50 >P75 >P50 >P75
t-Stats  3.14 4.13 497 t-Stats  2.18 2.62 3.30

The bar plots in this figure are the average monthly difference in returns between intermediate-maturity (3-10 years) and short-maturity (1-3 years) government bond indices. The first bar in each chart
represents the average USD return difference unconditional on the term spread, while the second and third bars are average USD return differences conditional on the beginning-of-month term spread
being greater than the median (P50) and 75th percentile (P75) of all months. The monthly time series of yield and return data are provided by FISE. Past performance is not a guarantee of future results.
Indices are not available for direct i : therefore, their perfc e does not reflect the expenses associated with the management of an actual portfolio.
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Differences in Expected Returns across Credit Qualities

The credit premium is the return difference between bonds of higher and lower credit quality
but with similar maturities or durations. On average, the credit premium has been positive. For
example, the Bloomberg US Intermediate Credit Bond Index outperformed the Bloomberg
US Intermediate Government Bond Index by 93 bps annually from 1976 to 2023. Generally,
investors demand a higher yield from a bond with higher credit risk. This difference in yields
is called the credit spread and is generally positive (Exhibit 4). The theoretical framework for
expected bond returns predicts that the size of the current credit spread should contain reliable

information about the future credit premium.

EXHIBIT 4: US Credit Spread, 1973-2023
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This figure plots the monthly difference in annualized yields between the Bloomberg US Intermediate Credit Bond Index and Bloomberg US Intermediate Government Bond Index. The monthly time
series of yield data are provided by Bloomberg. Past performance is not a guarantee of future results. Indices are not available for direct investment; therefore, their performance does not reflect the
expenses associated with the management of an actual portfolio.

To test this, we regress the credit premium in month (t+1) on the credit spread in month (t).
We run a series of regressions for bonds across different credit quality groups and report the
results in Table 2. The slopes are all positive with t-statistics above 2 for 29 out of 30
combinations.* Indeed, there is a reliably positive relation between current credit spreads

and future credit premiums across different markets.

4. The time series of the duration difference between intermediate Global ex US Corporate AA and Global ex US Corporate A

is varying and can be as high as a year in the sample period; hence, there could be interaction between the term and
credit premiums.
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Similarly, we find an increasing relation between credit spreads and subsequent credit premiums
in Exhibit 5. For example, the monthly credit premium between bonds in the Bloomberg US
Credit 1-3 Year and Bloomberg US Government 1-3 Year indices is 5 bps on average from 1976
to 2023. This premium increases to 11 bps and 16 bps for months when the beginning-of-month
credit spread is greater than the 50th and 75th percentiles in the sample period, respectively.
Results are similar for US intermediate, global ex US short, and global ex US intermediate
bonds but less reliable for US long bonds and global ex US long bonds, as shown in Table 2
and Exhibit 5.°

EXHIBIT 5: Credit Premiums (Credit Bonds vs. Government Bonds)
Average monthly return difference (%)

US Short-Term US Intermediate-Term US Long-Term
1976-2023 1973-2023 1973-2023
0.48
0.13
- . 0.03
Credit Spread Credit Spread Credit Spread Credit Spread Al Credit Spread Credit Spread
>P50 >P75 >P50 >P75 >P50 >P75
t-Stats  3.29 3.96 3.16 t-Stats  2.26 3.84 2.75 t-Stats  0.44 0.98 2.31
Global ex US Short-Term Global ex US Intermediate -Term Global ex US Long-Term
1999-2023 1999-2023 1999-2023
0.49
0.33
- . . I 0.04
Credit Spread Credit Spread Credit Spread Credit Spread Al Credit Spread Credit Spread
>P50 >P75 >P50 >P75 >P50 >P75
t-Stats  3.11 335 3.60 tStats 116 1.89 2.63 t-Stats  2.98 3.77 299

The bar plots in this figure are the average monthly difference in USD returns between credit/corporate bond and government bond indices with similar maturities. The first bar in each chart represents the
average return difference unconditional on the credit spread, while the second and third bars are average return differences conditional on the beginning-of-month credit spread being greater than the
median (P50) and 75th percentile (P75) of all months. Short-term indices include bonds with 1-3 year maturities, intermediate-term indices include bonds with 1-10 year maturities, and long-term
indices include bonds with 10-year+ maturities. The monthly time series of yield and return data are provided by Bloomberg. Past performance is not a guarantee of future results. Indices are not available
for direct investment; therefore, their performance does not reflect the expenses associated with the management of an actual portfolio.

Differences in Expected Returns across Currencies

Dai and Schneller (2020) show that the expected return of a fully hedged foreign bond can be
written as the sum of the expected unhedged return and the forward currency premium (FCP).6
They also highlight how currency returns are much more volatile than bond returns and can

dominate the unhedged foreign bond return. Thus, when it comes to investing in foreign

5. There is interaction between the credit and term premiums especially in long bonds because the average duration of the long
government bond index is longer than the average duration of long credit bond index in both US and global ex US universes.
For example, from 1989 to 2023, the period for which duration data are available, the average durations of the Bloomberg US
Long Credit Bond Index and Bloomberg US Long Government Bond Index are 10.94 years and 12.98 years, respectively.

6. The forward currency premium is the expected return from holding the 1-month currency (FX) forward contract, which is based on
the currency FX forward rate and FX spot rate. In the full decomposition of the unhedged expected return, there is an additional
term, the expected currency return. Empirical data have shown that currency returns are not reliably different from zero over long
time horizons. See Dai and Schneller (2020) for additional details.
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bonds, many investors prefer to hedge their foreign currency investments to avoid being

exposed to currency risk.

To test the relation between current expected hedged returns (forward rates) and subsequent-
month realized hedged returns, we run Fama-MacBeth regressions on a cross-section of global
intermediate-maturity Treasury bonds, represented by subindices from 15 developed countries
included in the FTSE World Government Bond Index (WGBI).” The results in Table 3 show
that differences in hedged forward rates strongly predict differences in returns across countries.
This relation holds true across different maturity ranges as well, including 1-3 year, 3-5 year,

5-7 year, and 7-10 year.®

In addition, for global corporate bonds, Lee et al. (2022) show that hedged forward rates

contain reliable information about cross-sectional differences in future hedged returns using
both cross-sectional regressions and portfolio analysis. Therefore, the same expected return
framework can be used to identify cross-sectional differences in expected hedged returns of

government and corporate bonds across different currency denominations.

Systematic Bond Strategies

Since forward rates contain reliable information about future returns across different durations,
credit qualities, and currencies, one can design portfolios that use this information to dynamically
adjust portfolio exposures across the duration, credit, and currency spectrum. This approach

does not require forecasting changes in the yield curve; instead, it uses information in the current

yield curves to target higher expected returns.

Variable Maturity

The positive relation between the term spread and term premium informs our variable
maturity (duration) approach, in which we overweight longer-duration bonds (compared to
market/benchmark weights) when the term spread is wide and underweight them when the

term spread is narrow.

Putting variable maturity to the test, we construct a simple US variable maturity simulation that
weights the Bloomberg US Government/Credit 3-10 Year (intermediate) Index up to 75% when
the term spread is wide and the Bloomberg US Government/Credit 1-3 Year (short) Index up to
75% when the term spread is narrow, while maintaining an average 50%/50% weight between
the short and intermediate indices over the full sample period. In Table 4, we compare the
performance of this simulation to a fixed 50% short-term/50% intermediate-term benchmark
index. The variable maturity simulation outperformed the fixed weight index from February 1976
to December 2023 by 28 bps annually, with an annualized tracking error of 0.50%. It also beat

the benchmark in 72% of calendar years.

7. Countries included in the analysis are Austria, Australia, Belgium, Canada, France, Germany, Japan, the Netherlands, New
Zealand, Norway, Spain, Sweden, Switzerland, the United Kingdom, and the US, as data become available.

8. Using the same cross-sectional regressions, we also find that differences in unhedged yields (local yields) strongly predict
next-month differences in unhedged USD returns in global government bonds.
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Variable Credit

The positive relation between the credit spread and credit premium informs our variable credit
approach, in which we overweight bonds with lower credit quality (compared to market/
benchmark weights) when the credit spread is wide and underweight them when the credit

spread is narrow.

In Table 5, we summarize the US variable credit simulation, which is constructed by overweighting
the Bloomberg US Intermediate Credit Index up to 50% of market weight when the credit spread
is wide and overweighting the Bloomberg US Intermediate Government Index up to 50% when
credit spread is narrow. The simulation outperformed a fixed 50% intermediate government/50%
intermediate credit benchmark index from February 1973 to December 2023 by 45 bps annually

with an annualized tracking error of 0.66%, and beat the benchmark in 78% of calendar years.

Variable Currency

Using the information in global yield curves, we can target bonds and segments with higher
expected returns and over-/underweight currencies accordingly. We call this the variable

currency approach.

To test the value-add from a variable currency approach, we create a simulation using only FTSE
1-10 Year global government bond indices of 15 developed countries. Expected and realized
returns are fully hedged to the US dollar (USD). Each month, the simulation selects the top 60%
of countries by market weight with the highest expected return. (Results are qualitatively similar
for other choices of market coverage.) We also repeat this exercise for the FTSE 10+ Year indices.
Between 1985 and 2023, the two variable currency simulations outperformed their respective
market-weighted indices annually by 41 bps and 79 bps with annualized tracking errors of 0.92%
and 2.50%, respectively. They also beat their market indices in 62% and 64% of the calendar

years in the sample period, respectively (Table 6).

US Core

While the three sources of higher expected bond returns can be targeted separately, a core
strategy that integrates multiple systematic sources of higher returns can help provide better

outcomes for investors. To explore this, we construct a US core and a global core simulation.

The US core strategy combines the variable maturity and variable credit approaches, and targets
term and credit premiums simultaneously within the US investment-grade government and
corporate bond universe. It allocates between the Bloomberg US Government, Credit AAA,
Credit AA, Credit A, and Credit BBB (1-3Y and 3-10Y) bond subindices using information in term
and credit spreads between the indices. The duration of the simulation is based on the term
spread between US 5-10 year government/credit bonds and US 1-3 year government/credit
bonds. When the term spread is wide, the duration of the simulation can be longer than the
duration of the Bloomberg US Aggregate Index by 0.25 years. When the term spread is narrow,

the duration of the simulation can be shorter than the duration of the index by up to 1 year.

10
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Similarly, credit spreads between different intermediate government and credit indices help
determine the credit allocations. When the credit spreads are wide, the total allocation to
credit bonds can be as high as 60%, and specifically credit A and credit BBB bonds can be
higher than their market weights in the Bloomberg US Intermediate Government/Credit

Bond Index and vice versa.

Between February 1999 and December 2023, the simulation outperformed the Bloomberg US
Aggregate Bond Index on average by 41 bps annualized, with a tracking error of 1.10% (Table 7).
Since the simulation has a higher average allocation to credit than the index, we construct a
custom benchmark that has a fixed credit allocation to match the core simulation’s average credit
weights. With the same average credit allocation and a similar average duration, the core
simulation still outperformed this benchmark by 29 bps, highlighting that the outperformance
vs. the US Aggregate Bond Index is not just due to a higher allocation to lower-rated

credit bonds.

Global Core
While the US core strategy is limited to USD bonds, the global core strategy includes global

investment-grade and BB rated high-yield bonds by issuers from several developed market
countries and denominated in seven major global currencies: the US dollar, euro, British pound,
Japanese yen, Australian dollar, Swiss franc, and Canadian dollar. To avoid currency risk, the
simulation is hedged to USD. It uses monthly bond data from the Bloomberg US Aggregate,
US High Yield, Global Aggregate, and Global High Yield bond index constituents starting in
January 1999.

The global core simulation targeted higher expected returns using information in global yield
curves while subject to duration, credit, currency, and turnover constraints. The government
bonds can vary from 15% to 35% based on credit spreads, and corporate BB rated bonds can
have up to 20% allocation based on their credit spread with A rated bonds. Table 8 summarizes
the performance. From February 1999 to December 2023, the simulation targeted higher
expected returns (on average, its forward rate is 124 bps higher than the forward rate of the
Bloomberg Global Aggregate Bond Index) and outperformed the index by an annualized 140 bps
on average, with an annualized tracking error of 2.95%. In part, the outperformance comes
from a systematically higher allocation to corporate bonds. When compared to a fixed credit
weight global government/credit benchmark, the simulation outperforms by an annualized
80 bps. Hence, most of the outperformance arises from the dynamic allocation across

currencies, durations, and credit qualities.

In summary, systematic investing can add meaningful value over time by using information in
current market prices to target bonds with higher expected returns. Since it is a rules-based
approach, it can be applied to a broadly diversified set of bonds and can incorporate

additional investor needs, goals, and risk preferences. Below, we present a few examples.
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Systematic Investing with Inflation Protection

Investors can integrate inflation protection into a systematic strategy. To illustrate that, we
construct a short-duration real return simulation. It targets term and credit premiums within
shorter-maturity bonds in addition to providing protection against an unexpected increase in
inflation. The simulation allocates between the Bloomberg US Government, Credit AAA,
Credit AA, Credit A, and Credit BBB (1-3Y and 3-5Y) bond subindices using information in
real term and credit spreads each month. For inflation protection, we add to the simulation
the returns from a duration-matched zero-coupon inflation swap that receives variable payments
linked to an inflation rate (CPI-U) in exchange for a fixed rate (swap rate) payment. The total
return of the simulation is the sum of the returns of the fixed income component (a systematic

strategy investing in US government and credit bonds) and the inflation swap.’

The performance summary in Table 9 shows that in addition to hedging inflation risk, the
short-duration real return simulation outperformed both benchmarks, the Bloomberg US TIPS
1-5 Year Index and the Bloomberg US Government/Credit 1-5 Year Index, by an annualized
23 bps and 56 bps, respectively, between December 2006 and December 2023, with a tracking
error of 1.49% to the TIPS benchmark.

Systematic Investing with Sustainability Considerations

We construct a global corporate bond sustainability strategy that aims to exclude bonds issued
by companies that have high carbon emissions intensity and high potential emissions from
reserves, among other sustainability considerations. Since sustainability data are not available
in our full sample period, we instead exclude the following Bloomberg industry sectors from
our investable universe: utilities, energy, basic industry, tobacco, and aerospace/defense. These
excluded sectors jointly represent around 21% of the market cap in the Bloomberg Global
Aggregate Corporate Bond Index on average in the sample period and in general capture
the companies with lower sustainability scores. Despite the exclusions, the performance of the

market-weighted corporate bonds index remains very similar for the sample period.

By using variable credit, currency, and maturity simultaneously, the custom sustainability
simulation targeted a higher yield (a proxy for expected return) and outperformed the
Bloomberg benchmark by an annualized 22 bps between January 2001 and December 2023,
with a tracking error of 0.59% (see Table 10).

Systematic Investing with Selective Currency Hedging

In the previous global simulations, we have hedged all bond returns to USD all the time.

If investors are willing to take on some currency risk, they can combine a systematic approach
to bond investing with a systematic approach to currency hedging. Dimensional research by
Dai and Schneller (2020) shows that the difference between expected hedged and unhedged

asset returns is the forward currency premium. Hence, investors can apply a selectively hedged

9. An inflation swap is a derivative in which the buyer agrees to pay the seller fixed payments in exchange for floating payments tied
to the inflation rate for a given notional amount and period. The fixed rate, or swap rate, is negotiated so that there are no cash
flows exchanged at the inception of the swap.

12
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approach that hedges the foreign currencies to the base currency only when their forward

currency premium is above a threshold.

Let's take the example of a US investor who is looking to invest in short-term global government
and corporate bonds. Two options here could be to (1) always hedge the portfolio to the US dollar
or (2) apply dynamic hedging of global bonds based on their forward currency premium.
Dynamic hedging can be implemented for any currency such that, if its forward currency
premium is above a threshold, we hedge the currency to the US dollar; otherwise, we leave
the currency unhedged. The results in Table 11 show that the selectively hedged simulation
with a forward currency premium threshold of —25 bps achieved an annualized return 46 bps
higher than that of the fully hedged simulation from October 2000 to December 2023. It is
worth noting that the selectively hedged simulation had a much higher annualized volatility
(4.28%) than the fully hedged simulation (2.43%)."°

Conclusion

Current bond prices (as reflected through yields and forward rates) contain reliable information
about differences in expected bond returns across different durations, credit qualities, and
currency denominations. In this paper, we show how investors can build broadly diversified
systematic fixed income strategies to pursue higher expected returns across all three dimensions
while incorporating different investor constraints and preferences. Unlike traditional passive
strategies, these strategies can reliably outperform market indices. And unlike traditional
active strategies, the success of systematic strategies does not depend on picking bonds or

forecasting the movement of future interest rates.

10. The threshold of —25 bps reflects how we hedge a currency in the simulation. When the FCP is below —25 bps for a non-USD
bond, its expected unhedged return is greater than its expected hedged return by at least 25 bps. We do not hedge the currency
in this case.
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Tables

TABLE 1: Term Regressions

Regression of monthly term premium on beginning-of-month term spread for US and global ex US bonds.
This table reports the results of monthly time series regressions of subsequent-month term premiums on current term spreads:
Term Premiumy, 1,1 = a + 3 - Term Spread; + €;,1.

Term Premiumy, .1 is the retur difference from period t to t+1 between bonds of similar credit quality with longer maturity and shorter maturity. Term Spready is the
yield difference between the longer- and shorter-maturity bonds at time t. €,.1 is the error term. We report the slope estimators (B) and the t-statistics of the slopes (in parentheses).
US government and credit bond indices are from Bloomberg. Global ex US Treasury and global ex US corporate bonds include bonds in the Bloomberg Global Aggregate Bond
Index issued in the following currencies: JPY, EUR, GBR, CAD, CHF, and AUD. Bloomberg Global Aggregate Bond Index data is from Bloomberg.

Measure of Term US Government Bonds Global ex US Treasury Bonds US Credit Bonds Global ex US Corporate Bonds
Spread/Premium (Jan-1976 to Dec-2023) (Jan-1999 to Dec-2023) (Jan-1976 to Dec-2023) (Jan-1999 to Dec-2023)

0.20 029 016 029
(3-10 Year}{1-3 Year] (3.00) (2.05) (3.08) (1.81)

024 051 0.15 034
[10Year+H3-10 Year] (1.99) (2.60) (1.66) (2.74)

TABLE 2: Credit Regressions

Regression of monthly credit premiums on beginning-of-month credit spreads for US and global intermediate government and credit bonds.
This table reports the results of monthly time series regressions of subsequent-month credit premiums on current credit spreads:
Credit Premiumy ¢.; = a + 3 - Credit Spready + €.

is the return difference from period t to t+ 1 between bonds of similar maturity with lower and higher credit quality. s the yield difference between the lower-credit-quality and
higher-credit-quality bonds at time t.is the error term. We report the slope estimators () and the t-statistics of the slopes (in parentheses). US and global ex US bond data is from
Bloomberg. Global ex US bonds include bonds in the Bloomberg Global Aggregate and High Yield index universe that are issued in the following currencies: JPY, EUR, GBR,
CAD, CHF, and AUD.

US Intermediate Bonds (Credit AAA-BBB: 1973-2023, Credit BB: 1987-2023)

Credit AAA CreditAA CreditA Credit BBB Credit BB

Coverment 026 018 019 027 019
(5.36) (4.09) (4.25) (5.86) (3.51)

. 015 018 028 023
Credit AMA - (3.82) (8.19) (5.99) (3.93)
. 023 035 023
Credit AA - - (4.60) (6.45) (3.66)
A 046 021
CreditA - - - (6.15) (3.07)
A 019
Credit BBB - - - - (2.89)

Global ex-US intermediate bonds (Credit AAA-BB: 1999-2023)

Credit AAA Credit AA CreditA Credit BBB Credit BB

Government 0.21 0.23 0.11 0.26 0.28
(3.37) (3.45) (2.01) (4.97) (5.09)

A 026 0.20 0.35 0.31
Credit ARA - (2.75) (2.78) (5.36) (5.25)
A 0.06 0.26 0.28
CreditA - - (1.06) (5.06) (5.11)
. 0.25 0.31
Credith - - - (8.47) (5.45)
Credit BBB - - _ _ 0.31

(5.45)
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TABLE 3: Global Treasury Bond Regressions

This table reports the results of Fama-MacBeth cross-sectional regressions of bond index returns on hedged forward rates from 1985 to 2023:

Rj t+1 = a+ [ - Hedged Forward Rate; /12 + €,1.
R;, ¢ is the hedged-to-USD return on the bond subindex issued in country i from period t to t+1. Hedged Forward Rate; . is the forward rate hedged to USD for the
bond subindex i in month t. €. is the error term. We report the average of monthly slope estimators (B) and the average t-statistics of the slope. Countries included in

the analysis are Austria, Australia, Belgium, Canada, France, Germany, Japan, the Netherlands, New Zealand, Norway, Spain, Sweden, Switzerland, United Kingdom, and the US,
as data become available. Global Treasury bond index data are from FSE.

Maturity Subindex Average 8 Average t-Statistics Average R-squared

1-10 Year 0.83 3.96 0.19
1-3 Year 0.89 5.14 0.21
3-5 Year 0.73 376 0.20
5-7 Year 0.69 3.37 0.19
7-10 Year 0.81 331 0.19

TABLE 4: Value-Add from Variable Maturity

This table summarizes the return and volatility performance of the Bloomberg US Government/Credit 1-3 Year Index, Bloomberg US Government/Credit 3-10 Year Index,
50% Short/50% Intermediiate Fixed Weight Index, and US Variable Maturity Simulation. The Fixed Weight Index applies a constant 50% weight to Bloomberg US Government/
Credit 1-3 Year and 50% weight to Bloomberg US Government/Credit 3-10 Year indices each month. When the term spread between intermediate and short bond indices is
large, the US Variable Maturity Simulation has a higher-than-50% allocation to the Bloomberg US Government/Credit 3-10 Year Index and vice versa. Returns are in USD.

Data provided by Bloomberg.

Bloomberg US Government/ |  Bloomberg US Government/ 50% Short/

Feb-76 to Dec-23 : . . US Variable

. y Credit 1-3 Year Index Credit 3-10 Year Index 50% Intermediate ey .

0,

Returns in USD (%) (Short) (Intermediate) Fixed Weight Index Maturity Simulation
Annualized Compound Return 5.60 6.78 6.20 6.48
Annualized Standard Deviation 2.61 5.39 3.90 3.87
Annualized Premium (vs. 50/50 Index) - - - 0.28
Annualized Tracking Error
(vs. 50/50 Index) - - - 0.50
% Years Outperforming - - - 72.3%
Average Weight 1-3 Year 100.0% 0.0% 50.0% 50.7%
Average Weight 3-10 Year 0.0% 100.0% 50.0% 49.3%

Past perf e, including i e isnota of future results. Simulated strategy returns are based on model/backtested performance. See Disclosures: Important
mformauon about simu ated performance Indices are not available for direct investment; therefore, their performance does not reflect the expenses associated with the management of an actual portfolio.

TABLE 5: Value-Add from Variable Credit

This table summarizes the return and volatility performance of the Bloomberg US Intermediate Government Bond Index, Bloomberg US Intermediate Credit Bond Index, 50%
US Intermediate Government/50% US Intermediate Credit Fixed Weight Index, and US Variable Credit Simulation. The Fixed Weight Index applies a constant 50% weight to the
Bloomberg US Intermediate Government Bond Index and 50% weight to the Bloomberg US Intermediate Credit Bond Index each month. When the credit spread between
credit and government bond indices is large, the US Variable Credit Simulation has a higher-than-50% allocation to Bloomberg US Intermediate Credit Bond Index and vice
versa. Returns are in USD. Data provided by Bloomberg.

50% US Intermediate

Feb-73 to Dec-23, Bloomberg US Intermediate Int[:lr?:::i?aetregcl:sssdit Government Index/ US Variable
Returns in USD (%) Government Bond Index 50% US Intermediate Credit Fixed | Credit Simulation
Bond Index .
Weight Index

Annualized Compound Return 6.07 691 6.50 6.95

Annualized Standard Deviation 4.01 4.95 431 443

Annualized Premium (vs. 50/50 Index) - - - 0.45

Annualized Tracking Error B B ~ 0.66

(vs.50/50 Index) ’

% Years Outperforming - - - 78.0%

Average Weight Government 100.0% 0.0% 50.0% 50.0%

Average Weight Credit 0.0% 100.0% 50.0% 50.0%
Past perf e, including si / e, isnota of future results. Simulated strategy returns are based on model/backtested performance. See Disclosures: Important

inf Iator] norf

jon about si p e. Indices are not available for direct investment; therefore, their performance does not reflect the expenses associated with the management of an actual portfolio.
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TABLE 6: Value-Add from Variable Currency

This table summarizes the return and volatility performance of the Global Government 1-10 Year bond market(simulation), Global Government 1-10 Year variable currency
simulation, Global Government 10 Year+ bond market(simulation), and Global Government 10 Year+ variable currency simulation. The simulations include securities in the
FTSE World Government Bond 1-10 Year and 10 Year+ indices, respectively. Countries included are Austria, Australia, Belgium, Canada, France, Germany, Japan, the
Netherlands, New Zealand, Norway, Spain, Sweden, Switzerland, the United Kingdom, and the US, as data becomes available. The simulations overweight the countries with
the steepest yield curves with respect to their market-cap weight. Currency exposure is hedged to USD. Rebalanced monthly.

Feb-85 to Dec-23 Global Govement 1-10 | Global Government 1-10 | Global Government 10 Global Government 10
Returns Hedged toUSD (%) YearEond Market YearVa‘rlabIe Currency Year+ Bond‘Market Year+ V:cmabIg Currency
(Simulation) Simulation (Simulation) Simulation
Annualized Compound Return 5.29 5.70 7.30 8.09
Annualized Standard Deviation 2.70 2.94 7.69 8.80
Annualized Premium (vs. Market) - 0.41 - 0.79
Annualized Tracking Error (vs. Market) - 0.92 - 2.50
Average Expected Return 4.52 4.98 5.62 6.32
Average Duration (in Years) 3.99 4.00 12.54 12.59
% Years Outperforming - 61.5% - 64.1%
Average Weight in USD 38.7% 4.7% 39.8% 47.8%
Average Weight in AUD 1.2% 0.9% 0.7% 0.5%
Average Weight in CAD 2.6% 2.3% 4.0% 3.0%
Average Weight in CHF 0.4% 0.4% 0.5% 0.5%
Average Weight in EUR 24.1% 28.6% 19.1% 25.8%
Average Weight in GBP 4.6% 2.9% 13.8% 7.2%
Average Weight in JPY 27.2% 22.1% 21.6% 14.8%
Average Weight in NOK 0.2% 0.2% 0.0% 0.0%
Average Weight in NZD 0.1% 0.1% 0.1% 0.0%
Average Weight in SEK 0.8% 0.8% 0.5% 0.4%
Past perf e, including simulated perfc e, isnota of future results. Simulated strategy returns are based on model/backtested performance. See Disclosures: Important

information about simulated performance.
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TABLE 7: US Core Strategy

This table summarizes the return and volatility performance of the Bloomberg US Aggregate Bond Index, Bloomberg US Gov/Credit Bond Index, Fixed Credit Weight Simulation,
and Custom US Core Simulation. The Fixed Credit Weight Simulation applies constant credit weights to the bonds in the Bloomberg US Government 1-24 Year, Credit 1-24
Year ABA, AA, A, and BAA bond universe such that the weights and average duration are the same as the time series average in the custom US Core Simulation. The US Core
Simulation includes securities in the Bloomberg US Government, US Credit AAA, A4, A and BAA indices (1-3 Year and 3-10 Year).

Securities can be over- or underweighted based on government/credit spreads. When the difference in yields between credit and government bonds is narrow, government
bonds may be held up to 60%. When the difference in yields between credit and government bonds is wide, government bonds may be held as low as 40%.

Securities can be over- or underweighted with respect to their market-cap weight based on credit spreads. When the difference in yields between AAA+AA and A+BBB is
narrow, ABA+AA bonds may be held up to 50% above their market-cap weight. When the difference in yields between AAA+AA and A+BBB is wide, AAA+AA bonds may be
held up to their market-cap weight. When the difference in yields between AAA+AA and BBB is narrow, BBB bonds may be held up to 20% below their market-cap weight.
When the difference in yields between AAA+AA and BBB is wide, BBB bonds may be held up to their market-cap weight.

The duration of the simulation is based on the term spread between 5-10 year government/credit bonds and 1-3 year government/credit bonds. When the term spread is
wide, the duration of the simulation can be longer than the duration of the Bloomberg US Aggregate Bond Index by 0.25 year. When the term spread is narrow, the duration of
the simulation can be shorter than the duration of the Bloomberg US Aggregate Index by up to 1 year.

The duration of the government component is based on the term spread between 5-10 year government bonds and 1-3 year government bonds. When the term spread is
wide, the duration of the government component can be longer than the duration of the Bloomberg US Government Index by 0.25 year. When the term spread is narrow, the
duration of the index can be shorter than the duration of Bloomberg US Government Bond Index by up to 1 year. Returns are in USD. Data provided by Bloomberg.

Feb-99 to Dec-23, Bloomberg US Bloomberg US Gov/ Fixed ‘Credit_Weight US Core Simulation
Returns in USD (%) Aggregate Bond Index Credit Bond Index Simulation
Annualized Compound Return 383 3.90 3.95 424
Annualized Standard Deviation 4.10 4.60 4.15 428
Annualized Premium (vs. US Aggregate) - 0.06 0.12 0.41
Annualized Tracking Error (vs. US Aggregate) - 0.84 0.99 1.10
Average Yield 3.72 3.50 359 3.60
Average Duration (in Years) 5.16 5.92 493 493
Average Weight in Government 38.2% 59.0% 44.8% 44.8%
Average Weight in Credit AAA+AA 6.1% 9.5% 21.4% 21.4%
Average Weight in Credit A 10.2% 15.7% 15.8% 15.8%
Average Weight in Credit BBB 10.4% 15.8% 18.0% 18.0%
Average Weight in Securitized 35.2% - - -
Past perf e, including simulated perfc e, isnota of future results. Simulated strateqy returns are based on model/backtested performance. See Disclosures: Important

/nformanon about simulated performance Indices are not available for direct investment; therefore, their performance does not reflect the expenses associated with the management of an actual portfolio.
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TABLE 8: Global Core Strategy

This table summarizes the return and volatility performance of the Bloomberg Global Aggregate Bond Inde, Fixed Credit Weight Simulation, and the Custom Global Core Simulation.
The Fixed Credit Weight Simulation applies constant credit weights to the Bloomberg Global Government, Corporate ABA/AA, A and BAA bond indices such that the weights are
the same as the time series average weights of the Custom Global Core Simulation.

Within the universe, the Global Core simulation identifies the yield curves that offer the highest expected returns and the duration ranges on those yield curves offering the
highest expected returns, and assesses the increased expected returns associated with allocations to bonds with different credit qualities. It then overweights (with respect to
their market-cap weight) bonds of yield curves, duration ranges, and credit qualities that offer higher expected returns. It also employs credit quality, currency, and duration
requirements relative to the eligible market.

The duration of the simulation is based on the term spread between 5-10 year government/credit bonds and 1-3 year government/credit bonds. When the term spread is wide,
the duration of the simulation can be longer than the duration of Bloomberg Global Aggregate Index by 0.5 year. When the term spread is narrow, the duration of the simulation
can be shorter than the duration of Bloomberg Global Aggregate Index by up to 1 year.

Securities can be over- or underweighted based on government/credit spreads. When the difference in yields between credit and government bonds is narrow, government
bonds may be held up to 35%. When the difference in yields between credit and government bonds is wide, government bonds may be held as low as 15%.

Securities can be over- or underweighted with respect to their market-cap weight based on credit spreads. When the difference in yields between AAA+AA and A+BBB is narrow,
AAA+AA bonds may be held up to 40% above their market-cap weight. When the difference in yields between AAA+AA and A+BBB is wide, ABA+AA bonds may be held up to
their market-cap weight. When the difference in yields between AAA+AA and BBB is narrow, BBB bonds may be held up to 20% below their market-cap weight. When the
difference in yields between AAA+AA and BBB is wide, BBB bonds may be held up to their market-cap weight. When the difference in yields between A and BB is narrow, BB
bonds may be held as low as a 0% weight in the portfolio. When the difference in yields between A and BB is wide, BB bonds may be held up to a 20% weight in the portfolio.
Currency weights can deviate by 10% from the benchmark currency weights. Currency exposure is hedged to US dollars. The Custom Global Core Simulation includes
investment-grade bonds issued in the following currencies: USD, JPY, EUR, GBP, AUD, CAD, and CHF. Data provided by Bloomberg.

;2?[;?::%5:;2;{0 USD (%) Bloombeé%r?(lﬁkr)]zle/iggregate Fixed Credit Weight Simulation | Custom Global Core Simulation
Annualized Compound Return 3.88 447 5.27
Annualized Standard Deviation 3.27 4.40 5.01
Annualized Premium (vs. Global Aggregate Index) - 0.59 1.40
Annualized Tracking Error (vs. Global Aggregate Index) - 232 2.95
Average Yield 344 428 4.68
Average Duration (in Years) 5.95 5.98 6.43
Average Weight in Government 65.4% 23.9% 23.9%
Average Weight in Corporate AAA+AA 3.5% 16.4% 16.4%
Average Weight in Corporate A 7.2% 25.2% 25.2%
Average Weight in Corporate BBB 6.3% 21.9% 21.9%
Average Weight in Corporate BB 0.0% 12.5% 12.5%
Average Weight in Securitized 17.7% - -
Average Weight in USD 42.7% - 42.0%
Average Weight in EUR 26.9% - 31.5%
Average Weight in GBP 5.0% - 4.9%
Average Weight in JPY 16.7% - 17.0%
Average Weight in CAD 2.3% - 3.6%
Average Weight in AUD 0.9% - 0.7%
Average Weight in CHF 0.4% - 0.2%
Past perf e, including simulated perfc e, isnota of future results. Simulated strategy returns are based on model/backtested performance. See Disclosures: Important

inf jon about simulated perfc e Indices are not available for direct investment; therefore, their performance does not reflect the expenses associated with the management of an actual portfolio.




DIMENSIONAL FUND ADVISORS 20

TABLE 9: Short-Duration Real Return Strategy

This table summarizes the return and volatility performance of the Bloomberg US TIPS 1-5 Year Bond Index, Bloomberg US Government/Credit 1-5 Year Bond Index, and
Custom US Short-Duration Real Return Simulation.

The Custom US Short-Duration Real Return Simulation includes securities in the Bloomberg US Government, Credit AAA, AA, A, and BAA indices; Bloomberg US Government
1-3 Year, Credit ABA, AA, A, and BAA indices (1-3 Year and 3-5 Year); Bloomberg Inflation Swap USD 2 Year Zero Coupon Index (Excess Return); and Bloomberg Inflation Swap
USD 5 Year Zero Coupon Index (Excess Return).

For the fixed income component of the simulation, we do the following:

1. Securities can be over- or underweighted based on government/credit spreads. When the difference in yields between credit and government bonds is narrow, government
bonds may be overweighted. When the difference in yields between credit and government bonds is wide, government bonds may be underweighted.

2. Securities can be over- or underweighted with respect to their market-cap weight based on credit spreads. When the difference in yields between AAA+AA and A+BBB is
narrow, ABA+AA bonds may be held above market-cap weight. When the difference in yields between AAA+AA and A+BBB is wide, AWA+AA bonds may be held below
market-cap weight. When the difference in yields between AAA+AA and BBB is narrow, BBB bonds may be held below market-cap weight. When the difference in yields
between AAA+AA and BBB is wide, BBB bonds may be held above market-cap weight.

3. The duration of the simulation is based on the term spread (of real yields) between the real yields of the 3-5 year and 1-3 year credit bonds. Real yield is defined as
(nominal yield - inflation swap rate). When the term spread is wide, the duration of the simulation can be longer than the duration of Bloomberg US Credit 1-5 Year Index.
When the term spread is narrow, the duration of the index can be shorter than the duration of Bloomberg US Credit 1-5 Year Index.

4. The duration of the government component is based on the term spread (of real yields) between 3-5 year government bonds and 1-3 year government bonds. When the
term spread is wide, the duration of the government component can be longer than the duration of Bloomberg US Government 1-5 Year Bond Index. When the term
spread is narrow, the duration of the index can be shorter than the duration of Bloomberg US Government 1-5 Year Bond Index.

We use the 2 Year and 5 Year inflation swap indices to construct an inflation swap index to match the duration of the fixed income component. The Custom US Short-Duration
Real Return Simulation is the sum of the fixed income component and the Inflation Swap Index Return component. Rebalanced monthly.

Dec-06 to Dec-23 Bloomberg USTIPS 1-5 Bloomberg US Government/ Custom US Short-Duration
Returns in USD (%) Year Bond Index Credit 1-5 Year Bond Index Real Return Simulation
Annualized Compound Return 2.74 241 2.97
Annualized Standard Deviation 328 2.07 347
Annualized Premium (vs. Bloomberg USTIPS 1-5 Year Index) 0.33 0.23
Annualized Tracking Error (vs. Bloomberg USTIPS 1-5 Year Index) 2.61 1.49
Average Yield 1.99 2.05 2.36
Average Duration (in Years) 1.88 2.65 2.51
Average Government Weight 100.0% 68.0% 28.8%
Average Credit AAA+AA Weight 0.0% 9.9% 43.6%
Average Credit AWeight 0.0% 12.0% 13.7%
Average Credit BBB Weight 0.0% 10.2% 13.9%

Past p e, including simulated perfc e, isnota of future results. Simulated strategy returns are based on model/backtested performance. See Disclosures: Important information

abouZS/mu/ared performance.. Indices are not available for direct investment; therefore, their performance does not reflect the expenses associated with the management of an actual portfolio.
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TABLE 10: Sustainability Strategy

This table summarizes the return and volatility performance of the Bloomberg Global Aggregate Corporate Bond Index, Global Investment Grade Corporate Market
(Simulation), Global Investment Grade Corporate Sustainability Market (Simulation), and Custom Global Corporate Sustainability Simulation.

The Global Investment Grade Corporate Sustainability Market (Simulation) and Custom Global Corporate Sustainability Simulation exclude bonds issued by companies in the
following sectors as defined by Bloomberg: utility, energy, basic industry, tobacco, aerospace/defense. Within the universe of eligible bonds, the Custom Global Corporate
Sustainability Simulation identifies the yield curves that offer the highest expected retumns and the duration ranges on those yield curves offering the highest expected returns,
and assesses the increased expected returns associated with allocations to bonds with different credit qualities. It then overweights (with respect to their market-cap weight)
bonds of yield curves, duration ranges, and credit qualities that offer higher expected returns. It also employs credit quality, currency, and duration requirements relative to the
eligible market.

Currency exposure is hedged to US dollars and rebalanced monthly. The Custom Global Corporate Sustainability Simulation includes investment-grade bonds issued in the
following currencies: USD, JPY, EUR, GBR, AUD, CAD, and CHF. Data provided by Bloomberg.

Jan-01 to Dec-23 Bloomberg Global Global Investment Grade Global Investment Grade Custom Global
Returns Hedaed io USD (%) Aggregate Corporate Corporate Market Corporate Sustainability Market | Corporate Sustainability
9 . Bond Index (Simulation) (Simulation) Simulation
Annualized Compound Return 4.44 4.44 4.42 4.66
Annualized Standard Deviation 5.06 5.08 493 5.20

Annualized Premium (vs. Bloomberg

Global Aggregate Corporate Index) N 000 002 022

Annualized Tracking Error (vs. Bloomberg

Global Aggregate Corporate Index) B 005 047 059

Average Yield - 4.03 4.00 4.18

Average Duration (in Years) 5.99 6.00 5.74 592

Average Corporate AAA+AA Weight - 20.0% 21.7% 19.6%

Average Corporate A Weight - 42.5% 44.2% 44.3%

Average Corporate BBB Weight - 37.5% 34.1% 36.1%

Average No. of Issues in Universe - 8007 6060 6060

Average No. of Issues Excluded - - 1946 1946

Average Exclusion in Market Value (%) - - 21.1% 21.1%
Past perf e, including si ! e isnota of future results. Simulated strategy returns are based on model/backtested performance. Indices are not available for direct
investment; therefore, their performance does not reflect the expenses associated with the management of an actual portfolio. See Disclosures: Important information about simulated performance. Filters
were applied to data retroactively and with the benefit of hindsight. Groups of bonds and their returns are hypothetical, are not representative of indices, actual i s or actual 1 ged by

Dimensional, and do not reflect costs and fees associated with an actual investment.
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TABLE 11: Selectively Hedged Strategy

This table summarizes the return and volatility performance of the Bloomberg Global Aggregate 1-5 Year Unhedged Bond Index, Bloomberg Global Aggregate 1-5 Year Hedged
Bond Index, Global Government/Credit 1-5 Year Selective Hedged Market (Simulation), Custom Global 1-5 Year Selective Hedged Simulation, and Custom Global 1-5 Year
Fully Hedged Simulation.

The Custom Global 1-5 Year Selective Hedged Simulation uses a (-25 bps) forward currency premium threshold to decide if a non-USD currency exposure should be hedged
back to the base currency (USD) each month.

Within the universe of eligible bonds, the Custom Global simulations identify the yield curves that offer the highest expected returns and the duration ranges on those yield
curves offering the highest expected returns, and assesses the increased expected returns associated with allocations to bonds with different credit qualities. It then overweights
(with respect to their market-cap weight) bonds of yield curves, duration ranges, and credit qualities that offer higher expected returns. It also employs credit quality, currency,
and duration requirements relative to the eligible market.

Rebalanced monthly. The Custom Global Simulations include investment-grade bonds issued in the following currencies: USD, JPY, EUR, GBR, AUD, CAD, and CHF. Data provided
by Bloomberg. The average exposure in a currency is the time series average of simulation weights that are unhedged in that currency during the sample period.

0ck0010Dec23 Aﬂ;g:fﬂ e lfgkgj(r’en;:fer% e st e Ve Saete Custom Glonal 13 f(‘éztr"qu"G;m;;j
eturns in USD (%) Unhlec(iiged Bond Hedged Bond Hed_ged Market Hedged Simulation Simulation
ndex (1) Index (2) (Simulation)

Annualized Compound Return 2.74 3.09 347 429 3.83
Annualized Standard Deviation 492 1.55 2.77 428 243
Annualized Premium (vs. 1) - - 0.73 1.55 1.10
Annualized Tracking Error (vs. 1) - - 334 333 4.03
Annualized Premium (vs. 2) - - 0.38 1.20 0.74
Annualized Tracking Error (vs. 2) - - 1.98 3.53 1.41
Average Hedge Ratio (excluding USD) - - 82.9% 70.5% 100.0%
Average Expected Return - - 2.65 3.52 3.31
Average Duration (in Years) 2.66 2.66 270 3.02 3.02
Average Government Weight - - 76.6% 39.8% 38.1%
Average Corporate AAA+AA Weight - - 5.3% 27.5% 29.1%
Average Corporate A Weight - - 10.2% 17.2% 17.6%
Average Corporate BBB Weight - - 7.8% 15.4% 15.2%
Average Exposure in USD - - 89.5% 82.7% 100.0%
Average Exposure in EUR - - 7.3% 8.3% 0.0%
Average Exposure in JPY - - 0.0% 0.0% 0.0%
Average Exposure in GBP - - 1.4% 3.7% 0.0%
Average Exposure in AUD - - 0.7% 2.7% 0.0%
Average Exposure in CAD - - 1.1% 2.4% 0.0%
Average Exposure in CHF - - 0.0% 0.0% 0.0%

Past performance, including simulated performance, is not a guarantee of future results. Simulated strategy returns are based on model/backtested performance. Indices are not available for direct
investment; therefore, their performance does not reflect the expenses associated with the management of an actual portfolio. See Disclosures: Important information about simulated performance.
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Important information about simulated performance:

Simulated strategy returns are based on model/backtested performance. The performance was achieved with the retroactive application of a model
designed with the benefit of hindsight; it does not represent actual investment performance. Back-tested model performance is hypothetical
(it does not reflect trading in actual accounts) and is provided for informational purposes only. The securities in the model may differ significantly
from those in client accounts. Model performance may not reflect the impact that economic and market factors might have had on the advisor's
decision making if the advisor had been actually managing client money.

The simulated performance is “gross performance,” which includes the reinvestment of dividends and other eamings but does not reflect the
deduction of investment advisory fees and other expenses. A client's investment returns will be reduced by the advisory fees and other expenses
that may be incurred in the management of the advisory account. Past performance, including simulated performance, is no guarantee of future
results, and there is always the risk that a client may lose money.

Bloomberg data provided by Bloomberg. FTSE data provided by FTSE Russell.

Indices are not available for direct investment; therefore, their performance does not reflect the expenses associated with the management of
an actual portfolio.

Eugene Fama is a member of the Board of Directors of the general partner of, and provides consulting services to, Dimensional Fund Advisors LP.

The following persons listed as references are employees of Dimensional Investment LLC, a subsidiary of Dimensional Fund Advisors LP:
Marlena Lee, Savina Rizova, Wei Dai, Warwick Schneller, Samuel Wang and Mingzhe Yi.

FOR PROFESSIONAL USE ONLY. NOT FOR USE WITH RETAIL INVESTORS OR THE PUBLIC.

The information in this material is intended for the recipient's background information and use only. It is provided in good faith and without any
warranty or representation as to accuracy or completeness. Information and opinions presented in this material have been obtained or derived
from sources believed by Dimensional to be reliable, and Dimensional has reasonable grounds to believe that all factual information herein is
true as at the date of this material. It does not constitute investment advice, a recommendation, or an offer of any services or products for sale
and is not intended to provide a sufficient basis on which to make an investment decision. Before acting on any information in this document,
you should consider whether it is appropriate for your particular circumstances and, if appropriate, seek professional advice. It is the responsibility
of any persons wishing to make a purchase to inform themselves of and observe all applicable laws and regulations. Unauthorized reproduction
or transmission of this material is strictly prohibited. Dimensional accepts no responsibility for loss arising from the use of the information
contained herein.

This material is not directed at any person in any jurisdiction where the availability of this material is prohibited or would subject Dimensional
orits products or services to any registration, licensing, or other such legal requirements within the jurisdiction.

"Dimensional” refers to the Dimensional separate but affiliated entities generally, rather than to one particular entity. These entities are
Dimensional Fund Advisors LP, Dimensional Fund Advisors Ltd., Dimensional Ireland Limited, DFA Australia Limited, Dimensional Fund Advisors
Canada ULC, Dimensional Fund Advisors Pte. Ltd., Dimensional Japan Ltd., and Dimensional Hong Kong Limited. Dimensional Hong Kong
Limited is licensed by the Securities and Futures Commission to conduct Type 1 (dealing in securities) regulated activities only and does not
provide asset management services.

RISKS

Investments involve risks. The investment return and principal value of an investment may fluctuate so that an investor's shares, when
redeemed, may be worth more or less than their original value. Past performance is not a guarantee of future results. There is no guarantee
strategies will be successful.

UNITED STATES
This information is provided for registered investment advisors and institutional investors and is not intended for public use. Dimensional
Fund Advisors LP is an investment advisor registered with the Securities and Exchange Commission.

CANADA

This material is issued by Dimensional Fund Advisors Canada ULC for registered investment advisors, dealers, and institutional investors and is
not intended for public use. The other Dimensional entities referenced herein are not registered resident investment fund managers or portfolio
managers in Canada.

This material is not intended for Quebec residents.

Commissions, trailing commissions, management fees, and expenses all may be associated with mutual fund investments. Please read the
prospectus before investing. Unless otherwise noted, any indicated total rates of return reflect the historical annual compounded total returns,
including changes in share or unit value and reinvestment of all dividends or other distributions, and do not take into account sales, redemption,
distribution, or optional charges or income taxes payable by any security holder that would have reduced returns. Mutual funds are not guaranteed,
their values change frequently, and past performance may not be repeated.
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AUSTRALIA

In Australia, this material is provided by DFA Australia Limited (AFSL 238093, ABN 46 065 937 671). It is provided for financial advisors and
wholesale investors for information only and is not intended for public use. No account has been taken of the objectives, financial situation or
needs of any particular person. Accordingly, to the extent this material constitutes general financial product advice, investors should, before
acting on the advice, consider the appropriateness of the advice, having regard to the investor's objectives, financial situation and needs.

NEW ZEALAND

This material has been prepared and provided in New Zealand by DFA Australia Limited, (incorporated in Australia, AFS License No.238093,
ABN 46 065 937 671). This material is provided for financial advisers only and is not intended for public use. All material that DFA Australia
Limited provides has been prepared for advisers, institutional investors and clients who are classified as Wholesale investors under the Financial
Markets Conduct Act 2013. This material does not give any recommendation or opinion to acquire any financial advice product, and is not
financial advice to you or any other person.

WHERE ISSUED BY DIMENSIONAL IRELAND LIMITED
Issued by Dimensional Ireland Limited (Dimensional Ireland), with registered office 3 Dublin Landings, North Wall Quay, Dublin 1, Ireland.
Dimensional Ireland is regulated by the Central Bank of Ireland (Registration No. C185067).

Directed only at professional clients within the meaning of Markets in Financial Instruments Directive (MiFID) (2014/65/EV).
WHERE ISSUED BY DIMENSIONAL FUND ADVISORS LTD.

Issued by Dimensional Fund Advisors Ltd. (Dimensional UK), 20 Triton Street, Regent's Place, London, NW1 3BF. Dimensional UK is authorised
and regulated by the Financial Conduct Authority (FCA) - Firm Reference No. 150100.

Directed only at professional clients as defined by the rules of the FCA.

Dimensional UK and Dimensional Ireland issue information and materials in English and may also issue information and materials in certain
other languages. The recipient's continued acceptance of information and materials from Dimensional UK and Dimensional Ireland will constitute
the recipient’s consent to be provided with such information and materials, where relevant, in more than one language.

NOTICETO INVESTORS IN SWITZERLAND: This is advertising material.

JAPAN
For Institutional Investors only.

This material is deemed to be issued by Dimensional Japan Ltd., which is regulated by the Financial Services Agency of Japan and is registered
as a Financial Instruments Firm conducting Investment Management Business and Investment Advisory and Agency Business.

Dimensional Japan Ltd.
Director of Kanto Local Finance Bureau (FIBO) No. 2683
Membership: Japan Investment Advisers Association

FOR LICENSED OR EXEMPT FINANCIALADVISORS AND INSTITUTIONAL INVESTORS IN SINGAPORE
This material is deemed to be issued by Dimensional Fund Advisors Pte. Ltd., which is regulated by the Monetary Authority of Singapore and
holds a capital markets services license for fund management.

This material is not an advertisement, has not been reviewed by the Monetary Authority of Singapore, and should not be shown to prospective
retail investors.

For use by institutional investors and licensed or exempt financial advisors only in Singapore for internal training and educational purposes
and not for the purpose of inducing, or attempting to induce, such institutional investors or financial advisors to make an investment. Not for
use with the public.

FOR LICENSED FINANCIALADVISORS AND INSTITUTIONAL INVESTORS IN HONG KONG
This material is deemed to be issued by Dimensional Hong Kong Limited (CE No. BJE760), which is licensed by the Securities and Futures
Commission to conduct Type 1 (dealing in securities) regulated activities only and does not provide asset management services.

For use by licensed financial advisors and institutional investors who are "professional investors” (as defined in the Securities and Futures
Ordinance [Chapter 571 of the Laws of Hong Kong] and its subsidiary legislation) only in Hong Kong. This material is provided solely for internal
training and educational purposes and is not for the purpose of inducing, or attempting to induce, such financial advisors and institutional
investors to make an investment nor for the purpose of providing investment advice. Not for use with the public. This material is not intended
to constitute and does not constitute marketing of the services of Dimensional Hong Kong or its affiliates to the public of Hong Kong.

Financial advisors in Hong Kong shall not actively market the services of Dimensional Hong Kong Limited or its affiliates to the Hong Kong public.
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