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This paper examines the relation between forward rates and expected returns of global
government bonds. We find that current forward rates contain reliable information about
differences in future realized returns across government bonds of different maturity ranges and
currencies of issuance. Motivated by these findings, we examine US and global portfolios that
vary their exposures to maturity and currency of issuance by systematically emphasizing bonds
with higher forward rates. We find that such dynamic yield curve selection and positioning can
add value for investors over the long run and in different interest rate environments.
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Introduction

Much research shows that changes in interest rates are largely unpredictable and that forward
rates based on current yield curves contain reliable information about expected bond
returns.! Therefore, we can use forward rates as proxies for expected returns to dynamically
vary a portfolio’s exposure to maturity (“variable maturity”), credit quality (“variable credit”),

and currency of issuance (“variable currency”) in pursuit of higher expected returns.

In a recent paper, we showed that forward rates contain reliable information about differences
in expected returns of global corporate bonds, providing compelling support for the variable
credit approach. In this paper, we focus on government bonds and examine the validity of
the variable maturity and variable currency approaches. We first review the empirical evidence
of the relation between the current forward rate and the future realized bond return using data
for government bonds across different maturity ranges issued in G10 currencies.2 We then
simulate US and global portfolios that apply variable maturity and variable currency approaches
and examine their performances in different interest rate environments. Our results confirm
that dynamic yield curve selection and positioning based on forward rates can add value

for investors.

Framework for Expected Bond Returns

For a zero-coupon risk-free bond, we can decompose its expected return over any holding

period as follows:3

At n—At
O = (Byise] - v, (1)

Ee[rindl =

The variable on the left-hand side of the equation, E;[r{% 5] is the expected log return on an
n-month maturity bond (at time t) over the next At months. On the right-hand side, the first

term, f*~At>7 is the continuously compounded annualized forward rate for the period from
n — Atto n months ahead observed at time t. The second term, E, [yZﬁr_AAf] — yﬁ‘At, represents
the expected change in the continuously compounded annualized yield on an (n — At)-month
maturity bond over the holding period from tto t + At. Because interest rate changes are largely
unpredictable, i.e., the best estimate of tomorrow’s interest rate is today’s interest rate, we

can set the second term to zero, allowing us to use the forward rate as a proxy for the expected

bond return.4

For example, see Fama (1984), Fama and Bliss (1987), Campbell and Shiller (1991), and Duffee (2013).
The G10 currencies are AUD, CAD, CHF, EUR, GBP, JPY, NOK, NZD, SEK, and USD.

For more details on this decomposition, see Lee et al. (2022).

>N =

While the decomposition in equation (1) is exact for log returns, there is a convexity term after taking the expectation if we
decompose the simple return instead. However, it is relatively small for short-term and intermediate-term bonds and typically
much smaller than the forward rates.


https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3531279
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This framework has several practical implications for how we allocate across bonds. First, it
tells us that when spreads in forward rates are larger between longer-term and shorter-term
bonds of the same currency of issuance, we should allocate more to longer-term bonds. This
variable maturity approach based on differences in forward rates is expected to systematically
add value. Second, it tells us that when comparing bonds of the same maturity but different
currencies of issuance, we should allocate more to bonds with higher forward rates (hedged
to the same currency). This variable currency approach based on differences in forward rates
is also expected to systematically add value. Furthermore, it tells us that we can combine both
the variable maturity and variable currency approaches to systematically increase a portfolio’s
expected return by emphasizing bonds with higher forward rates across different maturities
and currencies of issuance. In the rest of the paper, we test these implications of the expected

bond return framework.

Tests of the Variable Maturity Approach

One way to test the variable maturity approach is to run the following time-series regression

for each currency c and for each maturity pair (m, n):
n m — n—-12-n m-12-m
Tetr12 ~ Tewr12 = @+ b (f —fer ) + €412, 2)

where b is the coefficient of interest and we consider a holding period of one year (At = 12 in
equation (1)). By regressing differences in returns (1%, 1, — 17112) on the differences in
forward rates (f/; 127" — fI7127™), we test whether differences in forward rates between
longer and shorter maturity bonds of the same currency contain reliable information about

differences in subsequent realized returns.
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Exhibit 1 presents the results from the variable maturity regressions for each of the G10
currencies using FTSE World Government Bonds Index (WGBI) data, where the circles
correspond to the estimated slope coefficients and the vertical lines correspond to +2
standard errors.5 For each currency, we use monthly indices for maturity buckets 1-3, 3-5,
5-7,7-10, and 10+ years, which amount to 10 unique pairs of maturity buckets per currency.é
Data availability depends on the currency and maturity bucket pair, and we use the longest
available sample period from January 1985 to December 2023 for each index. Both returns
and forward rates are hedged to the US dollar (USD) using one-month currency forwards.”

Detailed regression results are presented in Exhibit A.1 in the Appendix.

We find that out of the 96 estimated slope coefficients, 86 are positive. Of these, 55 are reliably
positive, as indicated by the error bars sitting above O (i.e., t-statistic vs. O greater than 2).
Moreover, 78 of the 96 estimates are not reliably different from 1 as indicated by the inclusion
of 1 in the range of two standard errors (i.e., t-statistic vs. 1 between -2 and 2). Overall, the
regression results suggest that differences in forward rates contain reliable information about

differences in expected returns across bonds of different maturities.

EXHIBIT 1: Variable Maturity Time-Series Regression Results, January 1985—-December 2023
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Past performance is not a guarantee of future results. This figure shows the estimated slope coefficients from variable maturity regressions (equation (2)). For each currency, the slope coefficient was
estimated for each maturity bucket pair from the set of 1-3 Year, 3-5 Year, 5-7 Year, 7-10 Year, and 10+ Year monthly indices of the given currency (10 regressions for each currency except NOK) over the
largest sample available. For NOK, only six slope estimates are available, because valid annual returns and yields for 10+ Year were not available. The circles correspond to the point estimates of the slope
coefficient, and the lines correspond to their =2 standard errors. Standard errors were calculated using the Newey-West method with a lag of 11. All indices are USD-hedged and sourced from FISE WGBI
with a sample period from January 1985 to December 2023.

5. In unreported results, we ran similar regressions using zero-coupon Treasury spot curves for maturities of one, two, three, four,
and five years, constructed using data from Bloomberg for G10 currencies over the sample period from January 1999 to
December 2023. We obtained broadly similar results.

6. Returns over a 12-month holding period are calculated by compounding one-month returns over the same period. Annualized
forward rates are calculated as "0 "™b = (dur,,, * yieldy, — dutyy- * yieldyy-)/(dury,, — dury,,-), where dury, and yield,,,,
are duration and yield of maturity bucket mb, respectively, and mb~ refers to the maturity bucket immediately preceding mb.
For maturity bucket 1-3 Year, we use its yield as its forward rate. For NOK, only six unique maturity pairs are available because
valid annual returns and yields for 10+ Year were not available.

7. Results are the same using local returns and local forward rates, as the hedging components cancel each other out in equation (2).
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Tests of the Variable Currency Approach

To test the variable currency approach, we run the following time-series regression for each
maturity n and for each currency pair (c, d):

n n — n-12-n n-12-n
Tet+12 ~ Tae+12 = at b(fc,t = far ) + €t+12, A3)

’

where both returns and forward rates are hedged to USD. We test whether differences in
currency-hedged forward rates between bonds of different currencies contain reliable information

about differences in subsequent realized currency-hedged returns.

Exhibit 2 presents the estimated slope coefficients from the variable currency regressions
for each maturity bucket using the same USD-hedged FTSE WGBI data as before. With 10
currencies, this amounts to 45 unique currency pairs per maturity bucket.8 Detailed regression
results are presented in Exhibit A.2 in the Appendix. We find that out of the 216 estimates,
185 are positive, of which 54 are reliably positive, and 118 are not reliably different from 1.
While the estimates can be noisy for individual regressions, the evidence overall is in support
of the positive relation between differences in current forward rates and differences in future

returns among bonds of similar maturities but different currencies of issuance.

EXHIBIT 2: Variable Currency Time-Series Regression Results, January 1985—-December 2023
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Past performance is not a guarantee of future results. This figure shows the estimated slope coefficients from variable currency regressions (equation (3)). For each maturity bucket, the slope coefficient
was estimated for each currency pair from the set of AUD, CAD, CHF, EUR, GBP, JPY, NOK, NZD, SEK, and USD monthly indlices of the given maturity bucket (45 regressions for each maturity bucket except
10+ Year) over the largest sample available. For 10+ Year, only 36 slope estimates are available because valid annual returns and yields for NOK 10+ Year were not available. The circles correspond to the
point estimates of the slope coefficient, and the lines correspond to their +2 standard errors. Standard errors were calculated using the Newey-West method with a lag of 11. All indices are USD-hedged
and sourced from FTSE WGB! with a sample period from January 1985 to December 2023.

8. For 10+ Year, only 36 unique currency pairs are available because valid annual returns and yields for NOK 10+ Year were not available.
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JointTest of the Variable Maturity and Variable Currency Approaches

We turn to panel regressions to further evaluate the validity of the variable maturity and
variable currency approaches, both separately and jointly. By pooling all currency and
maturity time series together, panel regressions allow us to leverage more data to obtain

more precise estimates. We run the following panel regression:
12 = a+ bfJT 127" + FixedEffects + €412, 4)

where we consider month and currency fixed effects (“Month x Currency”) and month and
maturity fixed effects (“Month x Maturity”) to test variable maturity and variable currency
approaches, respectively. We also use month-only fixed effects (“Month”) to test the variable

maturity and variable currency approaches jointly.

Exhibit 3 presents the panel regression results using the USD-hedged FTSE WGBI data.

We find reliably positive estimates for both variable maturity (1.01) and variable currency (0.49)
approaches, suggesting that cross-sectional differences in forward rates contain reliable
information about cross-sectional differences in expected returns across bonds of different

maturities and currencies, respectively.

EXHIBIT 3: Variable Maturity and Variable Currency Panel Regression Results, January 1985-December 2023

Fixed Effects Slope Coefficient R-Squared Number of Observations

Month x Currency 1.01 487 0.79 19,913
Month x Maturity 0.49 732 0.77 19,913
Month 0.57 6.54 0.62 19,913

Past performance is not a guarantee of future results. This table shows the fixed effects panel regression estimates (equation (4)). Monthly indices data of currency and maturity bucket pairs from the
currency set of AUD, CAD, CHF, EUR, GBF, JPY, NOK, NZD, SEK, and USD and maturity bucket set of 1-3 Year, 3-5 Year, 5-7 Year, 7-10 Year, and 10+ Year were used. We used the largest sample available
for each index. For NOK 10+ Year, valid annual returns and yields were not available. Standard errors were calculated by double clustering by currency-maturity bucket pair and month. All indices are
USD-hedged and sourced from FISE WGBI with a sample period from January 1985 to December 2023.

In addition, the last row of Exhibit 3 shows the joint test of the variable maturity and variable
currency approaches using month-only fixed effects. The reliably positive estimate of 0.57
confirms the cross-sectional relation between forward rates and bond returns, suggesting
that one can target higher returns through higher forward rates across bonds with different

maturities and currencies at each point in time.

All'in all, the panel regression results corroborate the overall time-series regression results of
the positive relation between the forward rate and future bond return, confirming the validity
of both variable maturity and variable currency approaches. We now test their implications in

a portfolio setting.
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US Portfolio Analysis

We start with US Treasuries and simulate a “US Variable Maturity” portfolio whose term
exposure varies over time depending on the forward rates. Specifically, at the beginning of
each month, we calculate forward rates for one-, two-, three-, four-, and five-year US Treasury
bonds and allocate 100% to the bond with the highest forward rate. For comparison, we
simulate two additional portfolios: The “US Average 1-5 Year” portfolio maintains equal
weights (20%) in one-, two-, ..., and five-year US Treasury bonds, and the “US Static”
portfolio has constant allocations to one-year and five-year US Treasury bonds such that its
duration matches the average duration of the US Variable Maturity portfolio. We use US
Treasury zero-coupon yield data from CRSP from July 1952 to December 2023 to simulate

these portfolios.?

Exhibit 4 shows the annualized return, annualized standard deviation, average duration, and
average forward rate of the simulated portfolios. The US Variable Maturity portfolio delivered
an annualized return of 6.93%, outperforming the US Average 1-5 Year portfolio by 1.49% per
annum. Given that such outperformance comes with higher volatility (4.83% vs. 3.75%) and
longer duration (3.86 vs. 3.00), it is also helpful to compare the US Variable Maturity portfolio
against the US Static portfolio, which has the same average duration by construction. As Exhibit 4
illustrates, the US Variable Maturity portfolio outperformed the US Static portfolio by 1.36% per
annum with similar volatility (4.83% vs. 4.61%). This result further confirms the potential

value-adds from varying duration based on expected return information in forward rates.

EXHIBIT 4: Simulated Performance of US Portfolios, July 1952-December 2023

US Average 1-5 Year US Variable Maturity

Annualized Compound Return 5.44% 5.57% 6.93%
Annualized Standard Deviation 3.75% 4.61% 4.83%
Annualized Premium vs. Avg. 1-5 Year - 0.12% 1.49%
Annualized Tracking Error vs. Avg. 1-5 Year - 1.12% 2.14%
Average Duration 3.00 3.86 3.86
Average Forward Rate 5.16% 5.29% 5.86%

3

Past performance, including sii e, isnota of future results. Simulated strategy returns are based on model/backtested performance. See Disclosures: Important
information about simulated pen‘ormance In USD. This table includes simulated performance of US Average 1-5 Year, US Variable Maturity, and US Static portfolios. US Average 1-5 Year maintains
equal weights (20%) in one-, two-, ..., five-year US Treasury bonds throughout the whole sample period. US Variable Maturity portfolio selects the bond with the highest forward rates among one-,
two-, ..., five-year US Treasury Bonds at the beginning of each month, while US Static has constant allocations to one-year and five-year US Treasury bonds such that its duration matches the average
duration of the US Variable Maturity portfolio. All data are monthly and sourced from CRSP from July 1952 to December 2023.

9. We use data from CRSP to simulate portfolios because they allow us to study a longer history covering different interest rate
environments. We have also performed a similar analysis based on FTSE WGBI USD 1-3 Year and USD 3-5 Year subindices from
January 1985 to December 2023 for robustness checks. In unreported results, the variable maturity approach that targets the
subindex with a higher forward rate delivered a higher annualized return than a static portfolio with the same average duration
(5.34% vs. 5.27%).
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We now examine the efficacy of the variable maturity approach in different interest rate
environments, defined by months when one-year, three-year, or five-year US Treasury yields
are rising vs. falling. As shown in the blue bars in Exhibit 5, the US Variable Maturity portfolio
outperformed the US Average 1-5 Year portfolio by 28 to 34 basis points per month on average
when interest rates were falling and underperformed the US Average 1-5 Year by 3 to 7 basis
points per month on average when interest rates were rising. This outperformance when rates
fell and underperformance when rates rose likely stemmed largely from the duration difference
between the two portfolios, with the US Variable Maturity portfolio having a longer duration
by about 10 months on average. To examine the benefits of the variable maturity approach
controlling for duration, we can compare the US Variable Maturity and US Static portfolios.
The lime bars show that the former consistently outperformed the latter, by 9 to 13 basis points
per month on average, regardless of the direction of interest rate changes.!? Since the two
portfolios have the same average duration by construction, this comparison more cleanly

isolates the value-adds of dynamic yield curve positioning in different interest rate environments.

EXHIBIT 5: Average Monthly Return Differences in Different Interest Rate Environments, US, July 1952-December 2023

Variable Maturity vs. Avg 1-5 Year Variable Maturity vs. Static
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Rate
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of 447 an 445 413 450 408
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Past p e, including simulated perfc e isnotag of future results. Simulated strategy returns are based on model/backtested performance. See Disclosures: Important information about simulated performance.

In USD. This figure shows the average monthly returns, forward rates, and number of months of US Average 1-5 Year, US Static, and US Variable Maturity portfolios in months when one-year, three-year, and five-year US Treasury yields are rising vs. falling.
All data are monthly and sourced from CRSP from July 1952 to December 2023.

10. In unreported results, we also analyze the differences in average monthly returns between the US Variable Maturity and the US Static
portfolios when the yield spread between five-year and one-year US Treasury bonds increased or decreased. We find that the US
Variable Maturity portfolio outperformed the US Static portfolio by an average of 11 basis points per month under both scenarios.
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In addition to portfolio performance over a one-month holding period in different interest
rate environments as in Exhibit 5, we also examine the average cumulative returns of the
same portfolios over longer holding periods. As shown in Exhibit 6, over a three-month
holding period, the US Variable Maturity portfolio outperformed both the US Average 1-5
Year and US Static portfolios regardless of the interest rate environment. In particular, the
US Variable Maturity portfolio outperformed the US Average 1-5 Year portfolio by 13 to 17
basis points on average over a three-month period, despite its underperformance in the initial
month when rates were rising. In other words, the US Variable Maturity portfolio was able
to recover from its underperformance in a short period of time." These results over longer
holding periods suggest that a disciplined and consistent implementation of the variable
maturity approach through changing interest rate environments can help investors achieve

better outcomes.

EXHIBIT 6: Average Three-Month Cumulative Return Differences in Different Interest Rate Environments, US, July 1952—December 2023

Variable Maturity vs. Avg 1-5 Year Variable Maturity vs. Static

065% 0.66%
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o
0.41% 0.40% 0.39%

0.28% 0.29% 0.30%
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1Year Yield Rises 1Year Yield Falls 3Year Yield Rises 3YearYield Falls 5-Year Yield Rises 5Year Yield Falls

Avg.1-5 Vanable Avg. 1-5 Variable Avg 1-5 Vanable Avg. 1-5 Variable Avg 1-5 Vanable Avg. 1-5 Variable
LS Maturity |  Year e Maturity | Year LS Maturity | Year HiEite Maturity | Year LA Maturity

Average
3Month  0.64% 053% 081% & 213% 233% 2.74% | 052% 036% 0.65% @ 226% 250% 2.90% | 0.62% 045% 0.75% @ 2.16%  243%  2.82%
Return

I harf fa

Past perf e, including si p e, isnota of future results. Simulated strategy returns are based on model/backtested performance. See Disclosures: Imp ] jon about simulated performance.

In USD. This figure shows the average three-month cumulative return differences of the US Variable Maturity portfolio with respect to both the US Average 1-5 Year and US Static portfolios in different interest rate environments, defined by months
where the one-year, three-year, or five-year US Treasury yield is rising vs. falling. The calculation for cumulative returns starts from the month in which the interest rate environment is defined. All data are monthly and sourced from CRSP from July 1952
to December 2023.

11. In unreported results, we find the US Variable Maturity portfolio also outperformed the two other portfolios over six-, nine-, and
twelve-month holding periods, with cumulative excess returns increasing as the holding period extends.
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Global Portfolio Analysis

We now extend the portfolio analysis to global government bonds. With an expanded
opportunity set of multiple currencies, investors can use forward rates to inform both the
exposure to maturity and the exposure to currency of issuance. To illustrate this, we use FTSE
WGBI 1-3 Year and 3-5 Year indices in G10 currencies (20 maturity-currency subindices in
total) to simulate dynamic portfolios that apply variable maturity and variable currency
approaches. All portfolios are rebalanced monthly from January 1985 to December 2023 and
hedged to USD.

The “Global Variable Maturity” portfolio invests in all 10 currencies while applying the
variable maturity approach within each currency. At the beginning of each month, it invests in
the maturity bucket (1-3 Year or 3-5 Year) with the higher USD-hedged forward rate for each
currency.'? The weights of chosen maturity buckets are determined by the weights of their
respective currencies in the Global Government 1-5 Year Market.'3 The “Global Variable
Maturity Variable Currency” portfolio applies currency selection on top of maturity selection.
Each month, among the maturity buckets (one per currency) chosen by the Global Variable
Maturity portfolio, it selects the currencies with higher forward rates until reaching 70% of the
total market value of Global Government 1-5 Year Market.'* Because the dynamic portfolios
tend to have longer durations than the market due to positive term spreads on average, we
also simulate a “Global Static” portfolio that has constant weights in FTSE WGBI 1-3 Year
and FTSE WGBI 3-5 Year G10 indices such that its average duration matches the average
duration of the Global Variable Maturity portfolio over the sample period.

Exhibit 7 shows the simulated performance of these portfolios. The Global Variable Maturity
portfolio outperformed the Global Government 1-5 Year Market by 0.48% annualized (5.15%
vs. 4.67%) with a longer average duration (3.33 vs. 2.57) and a higher volatility (2.38% vs. 1.88%).
While the term premium has been positive on average over this period, with FTSE WGBI 3-5
Year outperforming FTSE WGBI 1-3 Year by 85 basis points per annum, the outperformance
of the variable maturity portfolio does not only come from taking a longer duration. Indeed,
the Global Variable Maturity portfolio also outperformed the Global Static portfolio with the
same average duration and similar volatility. Furthermore, the Global Variable Maturity Variable
Currency portfolio further improved the annualized return to 5.42% with a moderately higher
volatility of 2.73%. These results confirm the effectiveness of the variable maturity approach
across currencies and the benefits of applying variable currency and variable maturity jointly

in a global portfolio.

12. We define the forward rates of 1-3 Year indices as their respective yields.

13. Global Government 1-5 Year Market is a market-value-weighted portfolio based on the 20 maturity-currency subindices used for
simulating the Global Variable Maturity portfolio.

14. As there tends to be a tradeoff between global diversification benefits and higher expected returns, we chose 70% to strike a
reasonable balance between the two. The last maturity-currency subindex chosen may be included at partial weight in order to
achieve the exact value of 70%.

10
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EXHIBIT 7: Simulated Performance of Global Portfolios, January 1985—December 2023

Global Govt. 1-5 Year Global Static Global Variable Global Variable Maturity
Market Maturity Variable Currency

Annualized Compound Return 4.67% 5.01% 5.15% 5.42%
Annualized Standard Deviation 1.88% 2.35% 2.38% 2.73%
Annualized Premium vs. 1-5 Year Market - 0.34% 0.48% 0.75%
Annualized Tracking Error vs. 1-5 Year Market - 0.55% 0.72% 1.19%
Average Duration 2.57 333 333 342
Average Forward Rate 3.92% 4.14% 4.34% 4.85%

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

information about simulated performance. In USD. Indices are not available for direct investment; therefore, their performance does not reflect the expenses associated with the management of an
actual portfolio. This table includes the simulated performance of the Global Government 1-5 Year Market, Global Static, Global Variable Maturity, and Global Variable Maturity Variable Currency
portfolios. Global Government 1-5 Year Market invests in FTSE WGBI 1-3 Year and 3-5 Year subindices across G10 currencies, including AUD, CAD, CHF, EUR, GBR JPY, NOK, NZD, SEK, and USD. Global
Static has constant weights between FTSE WGBI 1-3 Year and FTSE WGBI 3-5 Year G10 indices across the entire sample period, such that its duration matches the average duration of the Global Variable
Maturity. Global Variable Maturity varies term exposure between 1-3 Year and 3-5 Year indices across 10 eligible currencies based on the forward rates. Global Variable Maturity Variable Currency is
simulated based on Global Variable Maturity but varies both term and currency exposures. The detailed descriptions of the portfolios’ constructions can be found in the preceding part of this section.

All simulated portfolios are rebalanced monthly and hedged to USD. The data are sourced from FTSE WGBI from January 1985 to December 2023.

Conclusion

Differences in current forward rates contain reliable information about differences in future
bond returns across maturities and currencies. This suggests that, as global yield curves
change over time, investors can position their portfolios to pursue higher expected returns
by dynamically targeting segments of yield curves with higher forward rates. Our analysis
shows that such systematic approaches to yield curve selection and positioning are effective

in different interest rate environments and beneficial for investors in the long run.

11
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Appendix

EXHIBIT A.1: Variable Maturity Time-Series Regressions of Differences in Returns on Differences in Forward Rates (Equation (2))
January 1985—-December 2023

EEREEEEEEECET RS

3-5Y 1-3Y 0.04 0.11 0.00 3-5Y 1-3Y 1.39 3.48 0.21
5-7Y 1-3Y 0.16 0.40 0.00 457 5-7Y 1-3Y 1.54 432 0.27 457
7-10Y 1-3y 0.38 0.86 0.01 457 7-10Y 1-3Y 1.32 2.80 0.13 457
10+Y 1-3y =006  -0.09 0.00 457 10+Y 1-3Y 2.79 3.36 0.21 424
5-7Y 3-5Y 0.50 1.92 0.02 457 5-7Y 3-5Y 1.46 3.94 0.29 457
AUD 7-10Y 3-5Y 0.76 2.03 0.02 457 uld 7-10Y 3-5Y 1.29 3.05 0.11 457
10+Y 3-5%y  -014  -020 0.00 457 10+Y 3-5Y 3.12 3.61 0.18 424
7-10Y 5-7Y 0.48 1.44 0.01 457 7-10Y 5-7Y 091 3.63 0.10 457
10+Y 5-7Y  -060  -0.98 0.01 457 10+Y 5-7Y 2.09 2.90 0.07 424
10+Y 7-10y  -074 2.2 0.03 457 10+Y  7-10Y 2.65 342 0.11 424
3-5Y 1-3y 0.68 2.76 0.08 457 3-5Y 1-3Y 0.68 2.61 0.07 248
5=7Y 1-3y 0.76 243 0.08 457 5-7Y 1-3Y 1.34 420 0.16 241
7-10Y 1-3y 1.10 3.09 0.10 457 7-10Y 1-3Y 2.12 451 0.21 264
10+Y 1-3Y 1.83 297 0.09 457 10+Y 1-3Y - - - -
D 5-7Y 3-5Y 0.56 2.30 0.05 457 NOK 5-7Y 3-5Y 1.51 3.89 0.18 255
7-10Y 3-5Y m 3.01 0.07 457 7-10Y 3-5Y 2.45 3.83 0.19 266
10+Y 3-5Y 157 1.96 0.03 457 10+Y 3-5Y — - — —
7-10Y 5-7Y 0.50 240 0.03 457 7-10Y 5-7Y 0.83 1.18 0.02 284
10+Y 5-7Y 0.00 0.01 0.00 457 10+Y 5-7Y - - - -
10+Y 7-10y - =077  -1.04 0.01 457 10+Y  7-10Y - — — -
3-5Y 1-3y 0.59 322 0.11 an 3-5Y 1-3Y 0.52 1.93 0.03 2717
5-7Y 1-3Y 0.64 2.26 0.08 385 5-7Y 1-3Y 1.05 1.67 0.06 212
7-10Y 1-3y 133 3.82 0.16 374 7-10Y 1-3Y 0.93 1.59 0.04 300
10+Y 1-3y 1.97 341 0.15 387 10+Y 1-3Y 1.12 1.31 0.03 243
CHE 5=7Y 3-5Y 0.10 0.95 0.00 385 NZD 5=7Y 3-5Y 0.85 1.30 0.03 204
7-10Y 3-5Y 0.95 226 0.08 372 7-10Y 3-5Y 0.76 1.16 0.02 269
10+Y 3-5Y 1.66 2.12 0.07 385 10+Y 3-5Y 0.49 0.30 0.00 203
7-10Y 5-7Y 0.67 2.61 0.09 373 7-10Y 5-7Y 0.78 1.42 0.03 246
10+Y 5-7Y 1.98 241 0.08 384 10+Y 5-7Y =034 -0 -0.01 170
10+Y 7-10Y 0.75 1.12 0.01 386 10+  7-10y =173 =113 0.02 230
3-5Y 1-3y 1.07 3.27 0.15 457 3-5Y 1-3Y 0.57 1.59 0.03 385
5-7Y 1-3Y 1.08 3.04 0.13 457 5-7Y 1-3Y 0.77 1.72 0.03 372
7-10Y 1-3Y 143 3.16 0.14 457 7-10Y 1-3Y 1.37 2.65 0.08 383
10+Y 1-3y 248 2.75 0.14 451 10+Y 1-3Y 175 221 0.06 385
EUR 5-7Y 3-5Y 0.90 248 0.09 457 SiK 5=7Y 3-5Y 0.80 1.38 0.03 372
7-10Y 3-5Y 1.42 2.75 0.11 457 7-10Y 3-5Y 1.68 2.89 0.08 383
10+Y 3-5Y 2.61 229 0.10 451 10+Y 3-5Y 1.31 1.43 0.02 385
7-10Y 5-7Y 1.26 3.03 0.11 457 7-10Y 5-7Y 133 345 0.07 372
10+Y 5-7Y 2.67 2.61 0.08 451 10+Y 5-7Y 1.38 1.49 0.02 372
10+Y 7-10Y 2.71 2.51 0.06 451 10+Y  7-10Y 0.19 0.23 0.00 383
3-5Y 1-3y 0.77 3.06 0.12 457 3-5Y 1-3Y 0.89 276 0.10 457
5-7Y 1-3Y 0.69 229 0.06 445 5-7Y 1-3Y 0.58 2.04 0.05 457
7-10Y 1-3Y 0.97 2.99 0.10 456 7-10Y 1-3Y 0.94 2.72 0.07 457
10+Y 1-3y 1.31 2.65 0.06 457 10+Y 1-3Y 1.52 2.07 0.05 457
A 3-5Y 0.28 1.32 0.01 445 5=7Y 3-5Y 0.22 1.37 0.02 457
GBP 7-10Y 3-5Y 0.88 2.60 0.07 456 UsD 7-10Y 3-5Y 0.64 1.48 0.03 457
10+Y 3-5Y 1.15 1.89 0.03 457 10+Y 3-5Y 1.04 0.85 0.01 457
7-10Y 5-7Y 0.83 349 0.09 445 7-10Y 5-7Y 0.07 0.48 0.00 457
10+Y 5-7Y 1.16 1.66 0.02 445 10+Y 5-7Y =036  -0.54 0.00 457
10+Y 7-10Y 0.18 0.21 0.00 456 10+Y  7-10Y  -1.08  -1.58 0.01 457

Past performance is not a guarantee of future results. This table shows the variable maturity time-series regression estimates (equation (2)). For each currency, regressions were estimated for each
maturity bucket pair from the set of 1-3 Year, 3-5 Year, 5-7 Year, 7-10 Year, and 10+ Year monthly indices of the given currency (10 regressions for each currency except NOK) over the largest sample
available. For NOK, only six regressions are run because valid annual returns and yields for 10+ Year were not available. Standard errors were calculated using the Newey-West method with a lag of 11.
All indices are USD-hedged and sourced from FTSE WGBI with a sample period from January 1985 to December 2023.
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EXHIBIT A.2: Variable Currency Time-Series Regressions of Differences in Returns on Differences in Forward Rates (Equation (3),
Currency Pairs Involving USD), January 1985—December 2023

I T O S S TR
AUD 0.91 1.95 0.09 457
CAD 0.58 1.85 0.04 457
CHF 0.81 2.29 0.11 445
EUR -0.12 —-0.42 0.00 457
1-3y GBP 1.08 433 0.21 457
JPY -0.23 -0.71 0.01 457
NOK -0.35 -0.93 0.01 269
NZD 0.23 0.85 0.01 330
SEK -0.01 -0.05 0.00 385
AUD 0.64 1.30 0.05 457
CAD 0.57 179 0.06 457
CHF 0.64 1.89 0.08 422
EUR 0.20 0.72 0.01 457
3-5Y GBP 0.67 2.75 0.10 457
JPY 0.23 0.73 0.01 457
NOK -0.52 -1.55 0.04 272
NZD -0.09 -0.36 0.00 299
SEK 0.34 0.95 0.02 385
AUD 0.64 176 0.06 457
CAD 0.30 0.82 0.01 457
CHF 0.66 1.97 0.08 397
EUR 0.19 0.74 0.01 457
5-7Y GBP 048 1.63 0.05 445
JPY 047 173 0.03 457
NOK —-0.48 -1.21 0.04 284
NzD 0.31 0.87 0.02 246
SEK 0.42 113 0.03 372
AUD 0.68 1.48 0.05 457
CAD 0.81 2.00 0.07 457
CHF 0.70 1.87 0.07 386
EUR 0.36 1.29 0.02 457
7-10Y GBP 0.79 2.57 0.08 456
JPY 0.52 1.70 0.03 457
NOK 0.03 0.08 0.00 325
NzD 0.13 041 0.00 334
SEK 0.60 1.63 0.05 383
AUD 0.69 1.00 0.03 457
CAD 132 251 0.08 457
CHF 0.94 1.99 0.06 399
EUR 0.72 2.51 0.05 451
104Y GBP 1.08 2.18 0.08 457
JPY 0.59 1.28 0.01 424
NOK - - - —
NZD 0.63 1.10 0.02 248
SEK 0.67 1.66 0.04 385

Past performance is not a guarantee of future results. This table shows the variable currency time-series regression estimates (equation (3)). For each maturity bucket, regressions were estimated for each
currency pair from the set of AUD, CAD, CHF, EUR, GBP, JPY, NOK, NZD, SEK, and USD monthly indices of the given maturity bucket over the largest sample available. For simplicity, we only show regressions
for currency pairs that involve USD (i.e., setting “d" in equation (3) as USD). For 10+ Year, regressions cannot be run for currency pairs involving NOK because valid annual returns and yields for NOK 10+
Year were not available. Standard errors were calculated using the Newey-West method with a lag of 11. All indices are USD-hedged and sourced from FTSE WGBI with a sample period from January 1985
to December 2023.
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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. Backtested 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.

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.
FTSE fixed income indices © 2024 FTSE Fixed Income LLC. All rights reserved.

CRSP data provided by the Center for Research in Security Prices, University of Chicago.

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
or its 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 notintended 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.





