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Summary

• We outline amodel for simulating forward-looking return distributions for
short and long-duration government bond andmulti-asset portfolios, over
different investment horizons. Themodel anchors the yield curve to
expectations of long-term inflation and output growth - which we refer to as
“macro trends” - and allows for uncertainty around these trends going
forward.

• Yields on government bonds have been declining over the last four decades.
A large part of the decline in yields can be attributed to decliningmacro
trends, generating high returns on government bonds, especially those with
long duration. Looking ahead, the evolution of macro trends will be a key
driver of long-term returns. We show how the impact of trends on returns
differs depending on bond duration and investment horizon.

• Our framework allows us tomake quantitative comparisons of prospective
long-term returns. Using a realistic calibration, we show that it is unlikely that
long-duration bond returns will match the experience in the last few
decades. When assuming that trends are flat on average, the return
distributions of short- and long-duration bonds are comparable, despite
long-duration bonds earning a term premium. For long-duration bonds to
generate returns closer to historical experience, long-term growth
prospects would likely need to deteriorate from today’s levels.

• We extend themodel to include equity prices alongside the yield curve, and
simulatemulti-asset return distributions for portfolios with short- and
long-duration bonds. When assuming a negative correlation between equity
and bond returns, long-duration bonds lower the volatility of amulti-asset
portfolio more than short-duration bonds. This improves this distribution of
returns over long horizons. These diversification benefits can be large
enough to counter the effects of higher macro trends. This result partly
depends on the negative equity-bond correlation, however, and the benefit
from long-duration bonds is smaller when the correlation is positive or zero.



1. Introduction

Over the past several decades, there has been a secular decline in long-term
government bond yields. This can be attributed to declines in long-term inflation
and growth expectations, which together we refer to as “macro trends”. Falling
yields andmacro trends have led to high historical returns on government bonds,
with longer-duration bonds outperforming short-duration bonds by a significant
margin over this period.

In this note, we simulate prospective long-term returns on short- and
long-duration bonds. Since the high realised returns on government bonds have
resulted from a secular decline in macro trends, historical returns are a limited
guide to the future. We therefore use a forward-looking framework that simulates
the distribution of macro trends, where we explicitly model expectations of
long-term inflation and output growth. These expectations are used tomodel the
equilibrium interest rate perceived by investors. Wemodel other key drivers of
bond yields, such as interest rate cycles and term premiums, and a ‘real rate gap’ -
a wedge between the equilibrium real rate and long-term growth expectations.
We calibrate our model to USmacroeconomic data and asset prices, and
generate realistic long- and short-duration fixed income returns. We use the
model to simulate asset returns over investment horizons up to 20 years.

We use the simulationmodel to understand the determinants of fixed income
returns over different investment horizons. We show that the evolution of macro
trends is themain driver of long-horizon returns, for both short- and long-duration
bonds. At longer horizons, trends are amore important driver of returns than the
term premium, which is traditionally themain focus when comparing bonds of
different maturities. The impact of macro trends is not the same across bonds of
different durations, however. Short-duration bonds aremore exposed to the level
of macro trends, which determines return compounding over long horizons. In
contrast, long-duration bonds hedge changes in macro trends, where declines in
trends increase the prices of these bonds.

We use our framework tomake quantitative comparisons of prospective bond
returns given today’s trend levels as a starting point. Given the importance of the
path for macro trends for bond returns, we consider alternative calibrations
guiding how they evolve on average over the long term. In the ‘Baseline’
calibration, macro trends remain near today’s levels, on average, though the
distribution of possible outcomes is still very wide. We also consider
‘Normalisation’ and ‘LowGrowth’ calibrations wheremacro trends on average
increase or decrease, respectively.

For the Baseline and Normalisation calibrations, the relative performance of long-
and short-duration bonds looks different to historical experience. In the Baseline
case, long-duration portfolios perform comparably with short-duration portfolios
over long horizons, despite earning a positive term premium. In the Normalisation
case, long-duration bonds are unlikely to outperform, as returns on short-duration
bonds compound higher macro trends. There are higher returns on long-duration
portfolios in the LowGrowth calibration, which is closest to the experience over
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the past few decades. Here, we assume that macro trends decline on average,
implying that long-term growth prospects deteriorate from today’s levels.

We also simulate return distributions for multi-asset portfolios. We compare
portfolios with 70% in equities and 30% in fixed income, where we vary the
duration of the fixed income component. Long-duration fixed income assets add
diversification benefits when the correlation is negative, leading to a lower
volatility of multi-asset portfolios and better long-term performance. These
diversification benefits can be large enough to counter the effects of normalising
macro trends. This result is more finely balanced, however, when assuming the
equity-bond correlation is positive or close to zero.

The note proceeds as follows. Section 2 describes the historical drivers of bond
yields and returns. Section 3 outlines the simulation framework, describing
macroeconomic processes and how they are incorporated into yield curve and
equity pricing. In Section 4, we describe themodel parameters and initial values,
and the different calibrations for the long-term averages of macro trends. In
Section 5, we compare distributions of long- and short-duration fixed income
returns using the different calibrations. In Section 6, we compare long- and
short-duration fixed incomewhen viewed in amulti-asset context. Section 7
concludes.

2. Historical drivers of bond yields and returns

In this section, we provide background on the drivers of the decline in yields over
the past several decades. We describe howmacro trends have been key drivers
of bond yields and how this has translated into higher returns on longer duration
bonds. These considerationsmotivate the design of the simulationmodel later in
the note.

Macro trends in government bond yields

Wecan use an accounting identity for yields to distinguish between different
components influencing their historical decline.1 The yield on a nominal n-period
government bond, y(n)t , can be decomposed according to the following identity:

y
(n)
t = r∗t + π∗

t︸ ︷︷ ︸
i∗t

+
1

n

n−1∑
j=0

Et (r̄t+j) +
1

n

n∑
j=1

Et (π̄t+j) + tp
(n)
t ,

where r∗t is the long-term or “equilibrium” real rate and π∗
t denotes long-term

inflation expectations.2 The cyclical real rate and inflation components, r̄t and π̄t

respectively, are defined relative to the long-term expectations. In addition to
interest rate expectations, yields also embed amaturity-specific term premium,
tp(n). Figure 1 shows the 10-year US Treasury yield over the last several decades,
alongsidemeasures of the equilibrium real interest rate and long-term inflation
expectations.

1Wepreviously discussed the drivers of bond yields in detail in NBIM (2021a).
2The equilibrium real rate refers to the concept of a natural rate of interest, the rate that brings output
into line with its potential level in the absence of transitory shocks or nominal frictions.
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FIGURE 1 Decomposition of 10-year nominal US government bond yield

NOTE:The chart shows the nominal 10-year US Treasury yield alongside “i∗”, the sumof long-
horizon inflationexpectationsand theequilibriumreal rate. Theequilibriumreal ratesplicesNY
FEDestimates (1961-2017) with survey-basedestimates (2018-2022) and long-horizon inflation
expectations are from the Federal Reserve Board US model. Sample period from Q1 1973 to
Q2 2022.

The sum of the equilibrium rate and long-horizon inflation expectations, or i∗, has
closely tracked the long-term government bond yield over this period.3 Broadly
speaking, the long-term decline in yields can be attributed to declines in the two
long-term components across the two halves of the sample.4 Earlier in the sample,
long-term inflation expectations steadily declined, which is often attributed to
monetary policymakers tackling high inflation in this period and stabilising
macroeconomic volatility and expectations. Later in the sample, further declines in
i∗ can be attributed to a falling equilibrium real rate, in particular around the Global
Financial Crisis (GFC) in 2007-2009.5

Throughout this note, we emphasise the role of long-term inflation and growth
expectations - which we refer to as “macro trends” - in accounting for the level of
yields over the long term. The equilibrium rate can be linked both theoretically and
empirically to long-term growth expectations.6 Figure 2 shows ameasure of r∗t
alongside ameasure of long-term growth expectations.7 The estimate of the
equilibrium real rate closely tracks the estimate of potential GDP growth, with the
exception of the post-Global Financial Crisis period, which saw a sizeable and
persistent gap. We refer to this gap as the “real rate gap”, which in our analysis is a
wedge betweenmacro trends and the equilibrium short rate, i∗t . We can therefore

3Equilibrium short rate i∗t is equivalent to the terminal rate that is often discussed in the context of the
monetary policy.

4For a detailed exploration of the role of trends in term structure models, see Cieslak and Povala (2015)
and Bauer and Rudebusch (2020).

5Other developedmarkets experienced declines in government bond yields that were similar in magni-
tude.

6Auseful reference is the neoclassical growthmodelwhich implies that the natural rate of interest varies
over time in response to the output growth rate and shifts in preferences. More details on modelling
and estimating the equilibrium real rate can be found in Holston, Laubach, andWilliams (2017).

7There is a large literatureexamining theestimationanddeterminantsor theequilibrium interest rate. For
an overview, see Kiley (2020). In general, it is challenging to obtain precise estimates of the equilibrium
real rate. Our focus in this note is on representing the uncertainty from the investor’s perspective rather
than obtain themost accurate estimate of the equilibrium real rate.
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attribute the decline in bond yields primarily to long-term declines in macro trends
and themore recent opening of a real rate gap, andwe incorporate these factors
into the simulation framework.

FIGURE 2 Equilibrium real interest rate and US potential GDP growth estimate

NOTE: “PotentialGDPGrowth” refers to thegrowth rateof real potential USGDP from theCon-
gressional BudgetOffice (CBO). Theequilibrium real rate splicesNYFEDestimates (1961-2017)
with survey-based estimates (2018-2022). The survey-based estimate subtracts 10-year ex-
pectationsof inflation from the 10-year expectationsof the three-monthTreasurybill rate. The
sample period is fromQ1:1961 to Q2:2022.

Trends and historical fixed income returns

The steady decline in yields has translated into a sustained period of strong bond
returns. Figure 3 compares the cumulative total return from investing one dollar in
short- and long-duration US Treasury bonds since January 1976. The cumulative
return on long-duration bonds has been considerably higher than the return on a
portfolio of short-duration bonds.

A standard approach to comparing short- and long-term bond returns is to
consider the slope of the yield curve and term premiums of longer-term bonds. To
the extent that the yield curve tends to be upward-sloping, and the term premium
positive, wewould expect long-term bonds to outperform short-term bonds.
However, long-duration bond returns are alsomore sensitive to changes in macro
trends, and have therefore been boosted by the decline in the trends over the last
four decades.

These trend effects account for a large proportion of the outperformance relative
to short-term bonds over the sample period. Unless we expect to see the same
pattern of falling trends again, we should not expect similarly high returns on
long-term bonds to repeat. In addition, the opening of the real rate gapwill have
further increased returns historically, and future returns will depend onwhether
the gap persists going forward.

Given the limits of using historical returns, we rely on a simulationmodel for
exploring the prospective returns on government bonds. A simulationmodel
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FIGURE 3 Cumulative returns on short- and long-duration US Treasury bonds,
1976-2022

NOTE:Short-duration index includesUSTreasury bondswithmaturities betweenoneandfive
years and long-duration index includes Treasury bonds with maturities longer than 20 years.
Source: Bloomberg Indices. Sample period from January 1976 to June 2022.

allows us to capture the dynamics of asset prices andmacro variables in a
forward-lookingmanner, and to explore a wide range of outcomes for the various
return drivers.

3. Modelling trends and asset prices

Next, we describe themodel that we use to simulatemacro trends, yields, and
return distributions for bonds with different durations. We use a reduced-form
approach tomodellingmacro trends and asset prices. At the core of themodel are
processes for output growth and inflation, that aremodelled with persistent and
transitory components. Thesemacroeconomic processes provide the foundation
for simulating long-term inflation and growth expectations, which evolve slowly
over time as investors learn frommacroeconomic data. These long-term
expectations are then key inputs intomodelling the yield curve and equity prices.

Output growth and inflation

The processes for real output growth and inflation are specified in terms of
persistent and transitory components. The realised change in the log level of real
output, denoted by zt, is modelled with persistent and transitory components, τzt
and at, respectively:

zt = τzt + at (1)

τzt = (1− ρz)µz + ρzτ
z
t−1 + εzt (2)

at = εat , (3)

The persistent component of output growth, τzt , follows an autoregressive process
with high persistence captured through a value of ρz close to one. The transitory
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component of growth, at, is independent across timewith a zeromean, and the
long-term average of output growth is given by µz .8

Inflation, denoted as πt, is similarly modelled with persistent and transitory
components:

πt = τπt + ct (4)

τπt = (1− ρπ)µπ + ρπτ
π
t−1 + επt (5)

ct = ρcct−1 + εct . (6)

Both the persistent and transitory components of inflation follow autoregressive
processes. Persistence is generated by ρπ close to one, and the parameter ρc
captures additional persistence in historical inflation.9 We include additional
persistence in the transitory component of inflation, and not for transitory growth
to capture the higher persistence of inflation in historical data.

We use an approach tomodelling output and inflation that is common in studies
that forecast these variables. This is a simple approach that is suitable for
simulating over long horizons. The persistent components of output growth and
inflation are stationary, whichmeans that bothmacro variables have constant
long-term averages, µz and µπ . These levels are important determinants of asset
returns over the long run. We therefore later explore three alternative calibrations
of the long-term averages of output and inflation.10 Wedescribe these calibrations
in more detail in the next section.

Expectations of long-termoutput growth and inflation

Investors do not observe the persistent and transitory components underlying the
inflation and growth processes described above. They only observe realised
values of zt and πt, which they use to infer the long-term dynamics of eachmacro
variable, in particular µz and µπ .

Following an extensive literaturemodellingmacro expectations, we assume that
investors apply an adaptive learning rule to infer the properties of the
data-generating process from realised values of output and inflation.11 While the
long-term averages µz and µπ are constant, their perceived values vary over time
due to learning about the persistent component. A realistic representation of how
investors form their expectations about keymacro variables is important for
modelling asset prices, especially when there is a long duration of cash flows.

Wemodel investors’ long-term expectations for eachmacro variable using a

8Various versions of the reduced-form two-componentmodel of real output growth are common in the
literature, see e.g., Mueller, Stock, andWatson (2020).

9Related studies that represent inflation as a two-factor process includeStock andWatson (2007); Faust
andWright (2013).

10An alternative approach would be to make long-term averages time-varying. To keep our model sim-
ple, we represent the variation in the long-term averages through three alternative calibrations. By
exploring these, it is easier to convey the key intuitions.

11See, for example, Evans, Honkapohja, and Williams (2010). The adaptive learning approach has been
motivated in termsof learning from lifetimeexperiences, for example applied to inflation inMalmendier
andNagel (2016) and asset prices inNagel andXu (2022). Earlier literaturemotivated adaptive expecta-
tions in terms of their optimality in the presence of regimes and other sources of instability that render
the data from distant past less relevant.
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constant-gain learning rule.12,13 Investors apply the learning rule to obtain real-time
estimates of the persistent components as follows:

τ̄zt = νz τ̄
z
t−1 + (1− νz) zt (7)

τ̄πt = νπ τ̄
π
t−1 + (1− νπ)πt. (8)

The long-term expectations, τ̄zt and τ̄πt , update in response to realisedmacro data,
zt and πt. The learning parameters, νz and νπ , determine the speed of updating.
These parameters are close to one, whichmeans that investors update their
estimates of τ̄zt−1 and τ̄πt−1 slowly. The long-term expectations in our model
correspond to themacro trends described in Section 2. In our model, the estimate
τ̄πt can be directly interpreted as ameasure of π∗

t .14

Based on themacro trends, investors also perceive transitory components of
macro variables that differ from the underlying components, at and ct. We define
these real-time estimates of transitory components as:

āt = zt − τ̄zt (9)

c̄t = πt − τ̄πt . (10)

An important consequence of investor-learning is that there can be a non-trivial
wedge between the long-term expectations and the actual unobserved persistent
components. These wedges can persist over long horizons, where the
parameters of the underlyingmacromodel are difficult to learn evenwith decades
worth of data.15

Equilibrium real interest rate

The process for the equilibrium real interest rate, r∗t , combines expectations of
output growth with two additional variables.16 As shown in Figure 2, the equilibrium
real rate co-moves with long-term growth expectations, and this is a feature of a
wide range of macroeconomicmodels that incorporate a standard intertemporal
consumption problem. There are deviations between the two series at different
points in time, however, in particular following the 2008/09 financial crisis. In the
model, expectations of long-term growth are directly represented by τ̄zt . In

12Wedefine long-horizon expectations as follows: τ̄zt ≡ limi→∞ Et

[
τzt+i

]
and τ̄πt ≡ limi→∞ Et

[
τπt+i

]
.

13Constant-gain learning rules share similaritieswith full-memoryBayesian learningmodels, seeFarmer,
Nakamura, and Steinsson (2022) for a recent reference. Unlike these models, however, it ensures that
the learning effects never disappear.

14If a central bank targets inflation, τ̄πt can be interpreted as the perceived inflation target (Kozicki and
Tinsley, 2001).

15The fact that the trend components are unobservable has several important implications for the be-
haviour of asset prices and how they relate tomacroeconomic variables, see e.g. Collin-Dufresne, Jo-
hannes, and Lochstoer (2016); Nagel and Xu (2022) for amore detailed discussion.

16Similar to the learnedcomponents ofmacro variables, we refer to theequilibrium rate that is perceived
by investors, as opposed to any ’true’ equilibrium rate for the economy.
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addition, we include two processes that allow for deviations between r∗t and τ̄zt :

r∗t = τ̄zt − st − γt (11)

st = (1− ρs)µs + ρsst−1 + ϵst (12)

γt = (1− ργ)µγ + ργγt−1 + ϵγt (13)

The variable st represents a “safety” component of interest rates, that captures the
documented convenience yield in US Treasury bonds.17 We include an additional
variable, γt, which we refer to as the “real rate gap”. This variable captures a wider
set of factors that could account for the low level of the equilibrium rate, beyond a
low level of long-term growth.18 While we have an incomplete understanding of
the real rate gap, it can potentially be an important driver of yields and other asset
prices. In light of this, later in the note we consider alternative scenarios for the
persistence of the gap, and their implications for our results.

Monetary policy and the yield curve

Ourmodelling of the yield curve builds on themacro trends and equilibrium real
rate. We specify a no-arbitrage term structuremodel that includesmacro trends,
where the short-term interest rate is determined by amonetary policy rule.19 The
policy rule characterises the behaviour of the short-term nominal interest rate, it,
as follows:

it = i∗t + ϕcc̄t + ϕaāt + ϕiīt−1 + ui
t, (14)

where i∗t = π∗
t + r∗t and īt = it − i∗t . The rule draws from a large literature on

modellingmonetary policy, where simple rules have been shown to be able to
accurately describemonetary policy rates over time. The short-term rate is set in
line with transitory inflation and output growth, where the coefficients ϕc and ϕa

describe the relative weights placed on output and inflation stabilisation.20,21We
include persistence in themonetary policy rule through the loading ϕi on the
lagged interest rate cycle, īt−1, and also include amonetary policy shock, ui

t.

The process for the short-term interest rate incorporatesmacro trends and

17This component captures the narrowly defined safety component that is usually identified as a spread
between thegovernmentbondandabond thatdoesnot have the safety/liquidity featuresof agovern-
ment bondbut is otherwise identical to it. Such a safety component is a permanent feature of US Trea-
sury bonds (Krishnamurthy and Vissing-Jorgensen, 2012). The reason for including the safety compo-
nent in the equilibrium real rate as opposed to including it as part of the term premium is the fact that
thesafety component hasa roughly equal impact acrossallmaturitieswhereas the relative importance
of term premium increases with thematurity.

18Recent studies such as Davis, Fuenzalida, and Taylor (2021) and Brand, Goy, and Lemke (2021) take a
similar approach in modelling r∗ and growth. There are many possible explanations for this gap, with
key candidates being asset purchases fromquantitative easing (Koijen, Koulischer, Nguyen, andYogo,
2021), ora re-assessmentof risk following thefinancial crisis that increaseddemandfor risk-freeassets
(Kozlowski, Veldkamp, and Venkateswaran, 2020).

19Recent related work in this area include Bauer and Rudebusch (2020), Favero, Melone, and Tamoni
(2021), and Feunou and Fontaine (2021).

20We specify the monetary policy rule in terms of output growth, rather than in terms of the output gap
level. This modelling choice is natural based on our modelling of macro variables, and there is the-
oretical and empirical support in various studies, see for example Walsh (2003), Orphanides (2003),
Coibion andGorodnichenko (2011) and Coibion andGorodnichenko (2012).

21Weassume that investors and the central bank share the same information set, where the central bank
also learns about long-term growth and inflation andmust set policy on this basis.
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cyclical components, fromwhich we build the yield curve. In addition to these
variables, yields include a term premiumwhich we represent through a one-factor
structure:

xt = (1− ρx)µx + ρxxt−1 + εxt . (15)

The average level of term premium is determined by µx. We collect the cyclical
components of bond returns in the vector X̄t = (̄it, c̄t, āt, xt)

′
. The n-period

nominal zero-coupon yield, y(n)t , is given by:

y
(n)
t = i∗t + an + b

′

nX̄t, (16)

where an and bn are recursions determined by the no-arbitrage condition
imposed in the term structuremodel. We calibrate the factor loadings in themodel
tomatch historical yields, which we show in Appendix A.

Modelling equity prices

In addition to simulating the yield curve, wemodel equity prices usingmacro
trends and yield curves as inputs. Following themethodology outlined in NBIM
(2021b), wemodel the value of the aggregate stockmarket index, St, and the
corresponding index dividend,Dt. The price of the index dividend paid out n years
from now, denoted by P (n)

t , is the present value ofDt+n:

P
(n)
t = Dt exp

(
n
(
g
(n)
t − y

(n)
t − θ

(n)
t

))
, (17)

where g
(n)
t is the annualized expected dividend growth at the n-period horizon,

y
(n)
t is the n-period nominal yield and θ

(n)
t is the risk premium compensating

investors for dividend risk at the n-periodmaturity. The value of the equity index is
the sum of the present values of all future dividends:

St =

∞∑
n=1

P
(n)
t . (18)

The index price is therefore a function of three term structures - expected
dividend growth, the yield curve, and risk premiums. Wemodel dividend growth in
line with nominal output growth in themodel:

gt = τzt + τπt + (at + ct) , (19)

where g
(n)
t is the expected value of gt n periods ahead. Wemodel risk premiums,

θt, also in terms of persistent and transitory components:

θt = θ∗t + θ̃t (20)

θ∗t = µθ∗ + βθ∗xt (21)

θ̃t = ρθ̃ θ̃t−1 + εθ̃t , (22)

where θ∗t and θ̃t are the long-term and cyclical risk premiums, respectively. The
three term structures allow us to obtain the price of equities as a present value of
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expected dividends discountedwith the risk-adjusted discount rate.22

Following NBIM (2021b), we implement the present valuemodel for equities as a
two-stagemodel. In the first stage, which covers the first 30 years, wemodel
individual dividend strips given by equation (17). The remaining equity value is
represented through a perpetuity. The total equity return is the sum of the equity
price change and the dividend paid out over the period considered.

4. Model calibration and alternative trendpaths

Next, we describe how themodel is calibrated tomatchmacroeconomic and
asset price data, and howwe set initial values for the simulations. This exercise
involves setting themodel parameters and defining a covariancematrix of shocks,
which we calibrate using US data at a quarterly frequency.

We consider three alternative calibrations that differ in terms of the long-term
averages of output growth and inflation, µz and µπ . These parameters are key
determinants of the long-horizon distributions of macro variables and asset
prices. The average values of macro trends will be determined by these
parameters, but there is considerable uncertainty aroundwhat these values are.
To capture this uncertainty, our alternative calibrations allow for high and low
long-term averages of real GDP growth and inflation, shown in Table 1.

TABLE 1 Long-term average values (%) of macro variables, historical vs. alternative
calibrations

Variable Baseline Normalisation LowGrowth Historical
Real GDPGrowth (µz ) 1.8 2.9 0.2 2.9
Inflation (µπ) 2.3 3.2 1.1 3.2

NOTE: Historical averages for Normalisation are estimated using quarterly data from Q1 1960
to Q3 2022. Data are sourced from FRED.

For the ‘Baseline’ calibration of themodel, we set the long-term averages of macro
trends in line with Consensus Economics long-term forecasts of output growth
and inflation. These values are similar to the current estimates of macro trends,
meaning that on averagemacro trends are broadly unchanged in the Baseline
calibration. We also consider a ‘Normalisation’ calibration, where the long-term
average levels of macro trends are set in line with historical averages of output and
inflation. These higher values imply that macro trends increase on average over
the simulation horizons. Finally, we consider a ‘LowGrowth’ alternative where
macro trends fall on average over the simulation horizon.23

For each alternative calibration, we set the other model parameters in order to
match key historical moments. Table 2 shows the historical and simulated standard

22For simplicity, we assume that equities are real assets, which means that inflation in the discount rate
and on the cash flow side cancels out. This assumption can be easily relaxed by changing the loading
on inflation in equation (19), to better align with the empirical evidence.

23We set the unconditional averages of the Low Growth calibration to match survey forecasts of long-
term growth and inflation for Japan as of Q4 2022 fromConsensus Economics.
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deviations and autocorrelations of output growth, inflation, macro trends and
asset returns. We report additional details on themodel calibration in Appendix A.

TABLE 2 Moments of macro variables and asset returns, historical vs. simulated
(annualised)

Variable σ (%, Hist.) σ (%, Simulated) AC (Hist.) AC (Simulated)

Panel A. Macro Variables
Real GDPGrowth 2.4 2.2 0.78 0.77
Inflation 2.3 2.2 0.97 0.93

Panel B. Macro Trends
Growth Trend (τ̄z

t ) 0.8 0.8 0.99 0.99
Inflation Trend (τ̄π

t ) 1.9 1.6 0.99 0.99

Panel C. Bond Yields
1Y Bond 3.5 2.3 0.96 0.97
10Y Bond 3.0 2.4 0.97 0.94

Panel D. Asset Returns
1Y Bond 2.4 1.4 0.39 0.68
10Y Bond 12.5 16.4 -0.05 0.08
30Y Bond 36.9 32.9 -0.05 0.00
Equities 15.8 15.7 -0.02 -0.06

NOTE: σ and AC refer to standard deviation and first-order autocorrelation, respectively. Ob-
servedmoments are estimated using quarterly data over the period fromQ1 1967 to Q3 2022.
Sample period starts in Q1 1962 for one- and 10-year yield and in Q2 1977 for the remaining
yields. Sample period ends in Q3 2022. Data are sourced from FRED.

Table 2 showswe are able to simulate volatilities and persistence of macro
variables and trends in line with historical moments. As reported in Appendix A, we
also generate a positive correlation between output growth and inflation. We use
the calibratedmacro variables as inputs into the calibration of the yield curve and
equities. Themodel captures the properties of asset returns, generatingmoments
of returns in line with realised estimates for bonds of different maturities and
equities. We set the long-term average equity premium equal to 4%, and generate
a negative correlation between the 10-year government bond returns and equity
returns of -0.30.24 Additional details on the parameters for the yield curve and
equities are provided in Appendix A, where we also outline the calibration of
monetary policy, convenience yield, and risk premiums.

In each of the calibrations, we assume that the real rate gap closes steadily over
several years (the long-term average, µγ , equals zero). We calibrate a half-life for
the gap of approximately 7 years, and by setting the variance of the gap process at
a low level, we ensure that the gap consistently follows this path across different
simulations. To capture uncertainty around the path for the real rate gap, we later
consider a scenario where the gap remains constant over the investment horizons
we consider in our analysis.

24Weexplore the implications of a positive correlation in Section 6.
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Simulation initial values

We set the initial values for the simulationmodel based onmacroeconomic data
and the yield curve in Q4 2022. We aim tomatch the observed 1-, 5- and 10-year
nominal US Treasury yields at the end of Q4 2022 as closely as possible. For macro
trends, we set the values of τ̄zt and τ̄πt in line with the Baseline calibration of
long-term averages, at 1.8% and 2.3%, respectively. We set the short-term interest
rate it equal to 4.50%, and the initial value of the term premium equal to 0.70%.25

The value of τ̄zt feeds into the starting value for the equilibrium real rate, r∗t . For the
convenience yield, st, we use an initial value of 0.50%, in line with its long-run
average. We set the value of the real rate gap, γt, equal to 100 basis points, which
gives an initial value of r∗t equal to 0.3%. The perceived transitory macro variables,
āt and c̄t, are set at -0.25% and 1.75%, respectively. At the end of Q4 2022, the
yields on 1-, 5- and 10-year US Treasuries were 4.7%, 4.0% and 3.9%, respectively.
With the set of starting values we have described, the initial levels of the 1-, 5- and
10-year yields in the simulationmodel are 4.6%, 4.3% and 3.8%, respectively.

5. Distributions of fixed income returns

In this section, we use the simulationmodel to analyse the distributions of fixed
income returns over different horizons. From the initial values described above, we
simulate 10,000 alternative paths for macroeconomic variables and yield curves,
up to horizons of 20 years at a quarterly frequency.

Using the simulations, we first discuss the distributions of macro trends over
different horizons. We show how different yield components determine the
distribution of returns on short- and long-duration bonds over different horizons.
We then compare simulated paths for returns on short- and long-duration bonds
under the alternative calibrations of macro trends.

Macro trends and return drivers over different horizons

Given the importance of macro trends highlighted so far, we start by showing the
distribution of combined expectations of long-term growth and inflation across
horizons. Figure 4 shows the simulated distributions at horizons ranging from one
to 20 years, using the Baselinemodel calibration.

At shorter horizons, the range of outcomes is relatively concentrated around the
initial starting points for themacro trends. Over long horizons, under the Baseline
calibration, the long-term averages of themacro trends are in line with their initial
values, but the distributions are very wide. This dispersion highlights the risk of
persistent changes in macro trends from their current level. The wide range of
outcomes for macro trends covers a broad set of macroeconomic regimes. Even
under the Baseline calibration, the distributions are wide enough to assign a
significant probability of low growth and low inflation environments as well as

25The short term rate is in linewith the top of the target range for the Federal Funds Rate inQ4 2022. The
value for the term premium is set in line with internal model estimates.
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FIGURE 4 Distribution of macro trends across investment horizons

NOTE:Thechart shows thedistributionof the sumof long-term inflation expectations, τ̄zt , and
long-term growth expectations,τ̄πt , across horizons generated by the Baseline calibration of
themodel.

those with high inflation.26 This implies that there are significant long-term risks
within themodel, which are important drivers of asset prices. The distributions of
macro trends across horizons illustrate the nature of long-term risk investors face.

Given our focus on distributions of fixed income returns, a key question is what
rolemacro trends play in determining returns. We are interested in how this role
changes by return horizon, and how it compares to other yield curve components.
Using themodel, we can quantitatively show howmacro trends influence fixed
income returns depending on bond duration and investment horizon.

The average return path is determined by the level of bond yields, which in turn
depend on the level of macro trends, term premiums, the real rate gap, and other
components of yields. Each of these components varies over time, and can
generate return paths that are different to the average path. To understandwhat
accounts for this distribution of returns, we decompose the variance of returns
into contributions from different components. Figure 5 shows contribution of
return drivers across horizons up to 20 years. Panels (a) and(b) decompose 1-year
and 10-year bond portfolios, respectively.27

Wedivide return drivers into ‘Rate cycle’, ‘Term premium’ and ‘Macro trends’
categories. We exclude the real rate gap from the decompositions, as the
variance across simulations is very low.28 The chart decomposes the variance of
returns across simulations over horizons from 1 to 20 years. Given that we are
concernedwith multi-period returns, for each return driver we identify two effects:
‘Compounding’ and ‘Repricing’. ‘Compounding’ captures the variation in returns
26For example, the distribution of macro trends presented in Figure 4 includes stagflationary environ-
ments with persistently high inflation and low growth.

27These refer to short- and long-duration portfolios that maintain a constant duration of one and ten
years by rebalancing the portfolio to the target duration every quarter.

28The liquidity component of yields could also be included in the set of return drivers, but we omit this
from the decompositions. We choose to do this as the contribution to return variance is very small for
bothmaturity bonds, and the liquidity component is not a important factor when comparing returns of
long- and short duration portfolios later in the note.
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FIGURE 5 Contributions to 1-year and 10-year bond return variance at different
horizons

(A) 1-year bond (B) 10-year bond

NOTE:Areas showproportion of return variance attributed todrivers. Covariance terms in the
variance decomposition are omitted, and proportions rescaled to sum to one.

due to different rates of return compounding. For example, ‘Macro Trends -
Compounding’ describes how returns over long horizons vary depending on
whether we continually re-invest in bonds over periods where the levels of macro
trends are high or low. ‘Repricing’ refers to variability in returns that arises from
changes in the prices of bonds, for example price increases due to lowermacro
trends or term premiums.

Figure 5 highlights differences between short- and long-duration fixed income
returns. At shorter horizons, for the 1-year bond, the rate cycle components
account for almost all return variation. For the 10-year bond, changes in the term
premium and rate cycle variation account for most of the variation in returns over
short horizons. As the horizon increases, the decompositions change significantly.
Sincemacro trends evolve slowly, they initially play aminor role in explaining
variation in both the 1-year and 10-year yields at short horizons. Their importance
grows as the horizon increases, however. For the 1-year bond, over the long-term,
returns are primarily driven by the compounding of macro trend levels. The
short-term strategy effectively re-invests frequently, and so lower (higher) levels of
macro trends will lead to lower (higher) return compounding. For the 10-year bond,
the contribution of macro trend compounding also increases with horizon, but an
equally important driver is repricing due tomacro trends. Given the higher
duration of long-term bonds, persistent changes in macro trends lead to
significant capital gains/losses. The compounding and repricing effects of macro
trends are negatively correlated, which captures the ability of long-term bonds to
hedge ‘re-investment risk’ from changing interest rates.29

29This implies there is a negative covariance term required for Figure 5 Panel (b) to sum to the total vari-
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For long-term bonds, changes in term premiums decline in importance over
longer horizons, similar to the contribution of cyclical variation in yields. The
compounding of the term premium increases at longer horizons, but this is not a
large contributor given that the persistence of the term premium is lower
compared tomacro trends. The decompositions highlight the limited role for
short-term interest rate cycles in accounting for variation in long-term returns.30

Short vs. long duration fixed income returns

Next, we show the distributions of returns of short- and long-duration portfolios
over horizons up to 20 years. When interpreting the distributions, we discuss the
average path for returns, and the distribution around this path. We use the
‘compounding’ and ‘repricing’ concepts described above to understand the
variance of returns under the Baseline, Normalisation, and Low growth paths for
macro trends.

Throughout this section, we show distributions of nominal returns, though our
framework also allows us to compare the properties of real returns. When
expressed in real terms, our comparisons of returns on short- and long-term
bonds across calibrations do notmaterially change. For completeness, we include
distributions of real returns across the different calibrations in Appendix B.We
start by exploring the Baseline calibration of macro trends. Figure 6 shows the
distributions of cumulative returns for the short- and long-duration portfolios, in
Panels (a) and (b), respectively.

FIGURE 6 Cumulative return fans for 1- and 10-year nominal government bonds,
Baseline calibration

(A) 1-year bond (B) 10-year bond

NOTE: Dark band covers 50 percent probability, medium band 90 percent, and light band 95
percent. Black line shows the average value each quarter.

The average path for returns is relatively similar across the two panels. Despite the
fact that the long-duration strategy earns the term premium on average, it does

ance of 10-year bond returns at each horizon.
30This suggests thatwhenshort-term interest ratesareconstrainednear to zero, theeffectswill be small
when considering return variation over long horizons.
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not materially outperform the short-duration strategy.31 This is partly due to the
real rate gap steadily closing over the simulation horizon. As the gap closes,
expected returns compound at a higher level, for both short- and long-term
bonds. While the term premium is positive, it is partly offset by the closure of the
real rate gap. Figure 7 compares the distributions of returns at the 3- and 20-year
return horizons. Table 3 in Appendix C reports the percentiles of the cumulative
distributions at different horizons.

FIGURE 7 Distribution of cumulative returns on 1- and 10-year nominal government
bonds at 3- and 20-year horizons, Baseline calibration

(A) 3-year horizon (B) 20-year horizon

NOTE:Dashed lines indicatemean values of distributions.

At short horizons, the width of the return distributions varies significantly between
the short- and long-duration strategies. In Panel (a), the volatility of the
shorter-duration strategy is lower, with a lowermean value compared to the
long-duration portfolio. The higher long-durationmean at the 3-year horizon
results from the real rate gap not closing enough to offset the term premium on
average. Long-term bond returns over short horizons aremore volatile in general,
due to the longer duration of cash flows.

At longer horizons, the return distributions of the two strategies aremore
comparable, as shown in Figure 7 Panel (b). At the 20-year horizon are similar, the
widths of the long- and short-duration distributions are similar. For both bond
strategies, there is a wide distribution of 20-year returns, where a significant driver
of this is the variability of macro trends. As discussed above, the 1-year bond
strategy is exposed to re-investment risk asmacro trends change, and this implies
that the variance of returns growswith the investment horizon. The 10-year bond
strategy hedges this risk to an extent, where decliningmacro trends imply a
positive repricing effect, and vice-versa. This implies that the distribution of
returns does not widen by asmuch for the longer-term bond at longer horizons.

Next, we turn to the LowGrowth and Normalisation calibrations, and again
compare the distributions of returns for the two bond portfolios. As discussed
above, the long-term averages of macro trends play an important role in

31We repeat our analysis in Appendix D assuming that the term premium is zero on average. The long-
duration strategy would slightly underperform on average in this scenario.
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determining long-horizon returns on fixed income. For the LowGrowth calibration,
macro trends decline on average over the simulation horizon. Figure 8 compares
the short- and long-duration strategies under this calibration. Figure 9 shows the
return distributions at fixed horizons.

FIGURE 8 Cumulative return fans for 1- and 10-year nominal government bonds,
LowGrowth calibration.

(A) 1-year bond (B) 10-year bond

NOTE: Dark band covers 50 percent probability, medium band 90 percent, and light band 95
percent. Black line shows the expected value each quarter.

FIGURE 9 Distribution of cumulative returns on 1- and 10-year nominal government
bonds at 3- and 20-year horizons, LowGrowth calibration

(A) 3-year horizon (B) 20-year horizon

NOTE:Dashed lines indicatemean values of distributions.

Under the LowGrowth calibration, at the 3- and 20-year horizons, themean return
is higher for the long-duration portfolio. The distribution of returns on the
long-duration portfolio compares favourably due to the gradual declines in macro
trends from their current levels.32 The long-horizon returns of the short-duration
portfolio are primarily determined by the compounding of macro trends. The

32Table 4 in Appendix C reports the percentiles of the cumulative returns for both alternatives.
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lower level of trendsmeans that returns compound at a lower rate, and this means
the 1-year bond return distributionmoves to the left under the LowGrowth
calibration. Themacro trend declines are associated with positive ‘repricing’
returns for long-term bonds, which offsets the lower compounding effects. At the
20-year horizon, a significant portion of the long-duration distribution lies to the
right of the short-duration return distribution. These results more closely resemble
historical experience and the outperformance of long-term bonds shown in
Section 2. Under this calibration, the real rate gap again closes slowly over several
years. The importance of this effect is diminished, however, where the drag on
long-duration returns is more than offset by decliningmacro trends.

We next turn to the Normalisation calibration, wheremacro trends increase on
average from their current level to a level in line with historical data. Figure 10
compares the short- and long-duration strategy under this calibration, and Figure
11 shows the return distributions at fixed horizons.

FIGURE 10 Cumulative return fans for 1- and 10-year nominal government bonds,
Normalisation calibration.

(A) 1-year bond (B) 10-year bond

NOTE: Dark band covers 50 percent probability, medium band 90 percent, and light band 95
percent. Black line shows the expected value each quarter.

Compared to the Baseline and LowGrowth calibrations, the long-duration
portfolio on average underperforms the short-duration portfolio. In the
Normalisation calibration, long-duration bonds aremore likely to underperform
short-duration bonds. The effects have the opposite sign to what we saw in the
LowGrowth calibration. Asmacro trends increase, short-duration bonds benefit
from re-investing at higher levels of expected returns, and therefore compound at
higher rates over long horizons. For long-term bonds, these increasing trends lead
to negative ‘repricing’ returns, which offset the higher rates of compounding.
Short-duration bonds are less exposed to changingmacro trends, and therefore
have less of a drag from higher macro trends in the Normalisation calibration. As a
result, the long-duration distribution lies to the left of the short-duration
distribution at the 20-year horizon.
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FIGURE 11 Distribution of cumulative returns on 1- and 10-year nominal government
bonds at 3- and 20-year horizons, Normalisation calibration

(A) 3-year horizon (B) 20-year horizon

NOTE:Dashed lines indicatemean values of distributions.

To sum up, for the Baseline and Normalisation calibrations, the relative
performance of long- and short-duration bonds looks different to historical
experience. In the Baseline case, long-duration portfolios perform comparably
with short-duration portfolios over long horizons, despite earning a positive term
premium. In the Normalisation case, long-duration bonds are unlikely to
outperform, as returns on short-duration bonds compound higher yields due to
higher macro trends. There are higher returns on long-duration portfolios in the
LowGrowth calibration, more closely resembling historical experience.

Alternative scenarios for the real rate gap

Under the alternative calibrations so far, we have assumed that the real rate gap
closes slowly over several years, which contributes to a higher equilibrium real
interest rate. The initial value of the real rate gap implies that the equilibrium real
rate is 100 basis points lower than the long-term growth outlook would suggest.

As discussed above, this creates a drag on fixed income returns, in particular for
longer-duration bonds.33 To assess the importance of this assumption, we
consider an alternative scenario where the gap is constant over the simulation
horizon. We explore the implications of a constant gap for the Baseline calibration
only. The conclusions for the Normalisation and LowGrowth calibrations do not
changewhen assuming a constant gap.34

Figure 12 shows the distribution of cumulative returns on short- and long-duration
fixed income portfolios under the constant gap scenario.

33Given our limited knowledge about the drivers of the real rate gap, we opt for exploring a range of
plausible scenarios for the futureevolutionof thegap rather thanpinningouranalysisononeparticular
calibration.

34There may be interesting interactions between the calibrations we have defined and the scenarios
for the real rate gap. For example, the increase in the gap around 2008/9 could plausibly be linked to
central bank quantitative easing policies, that aimed to stimulate economic growth. In the LowGrowth
calibration, we might expect central banks to use their balance sheets to lower bond yields over long
periods. Thiscouldberepresented throughamorepersistentgap in theLowGrowthcalibration,which
we leave for future work.
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FIGURE 12 Distribution of cumulative returns on 1- and 10-year nominal government
bonds at 3- and 20-year horizons, Baseline calibration with constant real rate gap

(A) 3-year horizon (B) 20-year horizon

NOTE:Dashed lines indicatemean values of distributions.

The distributions under this scenario differ a small amount from the Baseline
results presented earlier. Over the 3-year horizon in Panel (a), the long-duration
portfolio no longer experiences a return drag from the closing gap. When the real
rate gap persists over the 20-year horizon, in Panel (b), the long-duration portfolio
comparesmore favourably relative to the short-duration portfolio. This is in part
due to the short-duration portfolio compounding at a lower rate over long
horizons, since yields are lower when the real rate gap persists in this scenario. In
addition, by removing the drag on returns for the long-duration portfolio, the term
premium is no longer offset over the long term. While the assumption about the
path of the gap can alter the relative performance of the fixed income portfolios,
themagnitudes of the changes are small compared to the assumptions regarding
the path for macro trends.

6. Short vs. long-duration inmulti-asset portfolios

Our comparisons of short- and long-duration portfolios have focused on fixed
income-only portfolios. Next, we produce distributions of returns for multi-asset
portfolios, that combine government bonds with different durations with equities.
In standardmulti-asset portfolio analyses, the focus is often on the diversification
benefits of combining equities and bonds, where the benefits depend on the
correlation between the two assets. In our simulations, we can assess how
changing the duration of the fixed income portfolio impacts these diversification
effects.

We compare two 70-30%equity-fixed income portfolios, where we change the
duration of the fixed income portfolio between 1- and 10-years.35 Given the focus
of this note on fixed income returns, we do not decompose the drivers of
long-termmulti-asset portfolio returns. There are complex interactions between
yield components and equity pricing that we plan to examine in future work. In this

35Weassume continuous rebalancing of the weights of equity and fixed income each quarter.
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section, we show themulti-asset return distributions from themodel and discuss
the effects of changes to the bond-equity correlation. We initially calibrate a
negative correlation between equities and bonds, in linewith the experience of the
last two decades. We then explore the implications of a positive correlation. We
use the Baseline calibration of macro trend long-term averages for this analysis.

Figure 13 compares the distribution of cumulative returns for the two alternatives
up to a 20-year horizon. The percentiles of the cumulativemulti-asset return
distributions are reported in Table 6 in Appendix C.

FIGURE 13 Distribution of cumulative returns onmulti-asset portfolios at 3- and
20-year horizons, Baseline calibration.

(A) Equity and 1-year bond (B) Equity and 10-year bond

NOTE: Dark band covers 50 percent probability, medium band 90 percent, and light band 95
percent. Black line shows the expected value each quarter.

On average, the cumulative returns on the longer-duration portfolio are higher
than the short-duration portfolio. Earlier, using the Baseline calibration, we saw
that the long-duration portfolio did not significantly outperform the short-duration
portfolio on average over the 20-year horizon. In themulti-asset context, however,
the long-duration fixed income portfolio provides greater diversification benefits.
This can be seen in Figure 14 Panel (a), which shows the distribution of multi-asset
portfolio returns at the 3-year horizon.

At the 3-year horizon, despite the higher volatility of long-term bonds, the
multi-asset distribution is narrower compared to portfolio with short-term bonds.
This is due to the diversification benefits of the negative correlation between
equities and fixed income. The lower volatility of themulti-asset portfolio with
long-duration is driven by the fact that long-duration bonds are amore efficient
diversifier of equity risk compared to short-duration bonds. Long-duration bonds
have a higher volatility, leading to greater hedging benefits when the equity-bond
correlation is negative.

Over the 20-year horizon, shown in Figure 14 Panel (b), these diversification
benefits lead to an improvement in the distribution of returns on the long-duration
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FIGURE 14 Distribution of cumulative returns onmulti-asset portfolios at 3- and
20-year horizons, Negative Equity-Bond correlation

(A) 3-year horizon (B) 20-year horizon

multi-asset portfolio. This implies that, given a negative equity-bond correlation,
the case for longer-duration bonds is stronger when viewed from amulti-asset
context.

These results also apply for the LowGrowth and Normalisation calibrations. Figure
15 shows the 20-year distributions of multi-asset portfolio returns for the Low
Growth and Normalisation calibrations, in Panels (a) and (b), respectively. Similar to
the fixed income results, lower compounding of expected returns under the Low
Growth calibrationmeans that the return distributions shift to the left relative to the
Baseline calibration. We also see the opposite effect under the Normalisation
calibration. For both calibrations, the return distribution for the long-duration
portfolio sits to the right of the short-duration portfolio. For the Normalisation
case, the improvement is relatively mild, but themulti-asset diversification effects
are able outweigh the adverse effects of trend normalisation that we saw earlier.

FIGURE 15 Distribution of cumulative returns onmulti-asset portfolios at 20-year
horizon for different calibrations

(A) 20-year horizon - LowGrowth
calibration

(B) 20-year horizon - Normalisation
calibration

Norges Bank Investment Management Macro trends and long-horizon returns/Discussion note 24



Apositive bond-equity return correlation

The sign of the equity-bond correlation is a key parameter affectingmulti-asset
return distribution. Next, we consider an alternative calibration where the
correlation is positive. While such a scenario is likely to be associated with
significant changes tomany parameters of the simulationmodel, wemake a
minimal number of changes in order to switch the sign of the correlation. This
allows us to focus on themechanical effects of a switch in the correlation, rather
than pursuing a full scenario analysis.

To generate a positive equity-bond correlation, we change the correlation
between real output growth and inflation from positive to negative.36 This
modification changes the inflation behaviour from pro-cyclical to counter-cyclical.
This implies that inflation tends to be high when output growth is weak,
characterising a stagflationary environment. In addition, we change the correlation
between the equity risk premium and the term premium from negative to positive,
to reflect the change in risk profile of bonds. Themagnitudes of both changes are
in line with the empirical evidence from historical inflationary environments in the
US.

Figure 16 shows the distributions of cumulative returns for multi-asset portfolios
when the equity-bond correlation is positive. Table 7 in Appendix C reports the
percentiles of these distributions.

FIGURE 16 Distribution of cumulative returns onmulti-asset portfolios at 3- and
20-year horizons, Positive Equity-Bond correlation

(A) 3-year horizon (B) 20-year horizon

Compared to the negative correlation results, there is less of a difference between
the alternative portfolios. At the 3-year horizon, the volatility of returns is now
slightly lower when including short-term bonds in themulti-asset portfolio. This is
because the higher volatility of long-term bonds is no longer offset by a negative
equity-bond correlation. Over the 20-year horizon, there is a smaller difference
between the short- and long-duration alternatives.37 The difference between the
short- and long-duration portfolios naturally scales with the value of the
36We keep the long-term averages of macro variables unchanged.
37As noted earlier, the variance of 1-year returns increases at longer horizons, so the long-horizon distri-
bution will not necessarily sit to the right of the long-durationmulti asset portfolio.
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equity-bond correlation. In unreported results, we calibrate themodel to produce
a correlation between equities and fixed income of around zero. Again, there is
less of a benefit from long-duration bonds compared to the negative correlation
case, though some improvement relative to the casewith a positive correlation.

7. Summary

The long-term decline in yields, and corresponding high realised returns on
government bonds, can be explained by decliningmacro trends. These declines
have alsomeant that long-duration bonds have had significantly higher returns
compared to short-term bonds over the last few decades. Given that the
magnitudes of declines in yields are unlikely to repeat, historical fixed income
returns are unlikely to be a good guide to the future. To address this issue when
comparing short- and long-term bond returns, we use a simulationmodel that
captures a wide range of possible future trend paths for yields.

Despite long-term bonds earning a positive term premium, their long-term
distribution of returns is comparable to short-term bonds. The prospective returns
on long-term bonds are therefore likely to undershoot historical performance. Our
analysis shows that long-duration bonds aremore likely to outperform
short-duration bonds when long-term growth prospects deteriorate from today’s
levels. Longer-duration bondsmay provide additional portfolio diversification
benefits when viewed from amulti-asset perspective. However, these benefits
partly depend on a negative equity-bond correlation persisting over the
investment horizon.
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Appendix A: Simulation and calibration details

Wecollect all processes specified in Section 3 in vector Yt:

Yt =



τzt

at

τπt

ct

st

γt

ui
t

xt

θ̃t



, (23)

which has the following dynamics:

Yt = (I − Φ)µ+ΦYt−1 + ϵt. (24)

The vector of shocks ϵt is normally distributedwith:

ϵt ∼ N (0,Ωt) . (25)

The covariancematrixΩt is a function of lagged state vector Yt−1:

Ωt+1 = Σ0Σ
′
0 +Σ1YtY

′
tΣ

′
1. (26)

This specification of volatility allows for volatility to vary across different
macroeconomic regimes. For example, empirical evidence suggests that inflation
becamemore volatile in the high-inflation period of 1970s and 1980s in the US. The
specification includes constant volatility as a special case, in which case the
model becomes a regular VAR.We generate co-movement acrossmacro
variables and economies using the correlation of shocks.

Appendix A.1 Macro variables and equilibrium rate calibration

As discussed in Section 4, we calibrate the parameters of macro processes to
match themoments historical real GDP growth and inflation, based on data from
Q1 1967 to Q4 2022.

We calibrate the correlation between realised inflation and output growth to be
positive, i.e. the inflation is pro-cyclical. This is in line with the empirical relationship
from recent decades. In Section 6, we switch the correlation between realised
inflation and output growth to negative to explore a stagflationary regime.

The realised values for output and inflation are also used as inputs into the learning
rules for τ̄zt and τ̄πt . The constant-gain learning rule in equations (7)–(8) can be
approximated through a discountedmoving averagewith a fixed look-back
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period. We calibrate learning parameters νz and νπ and the corresponding
look-back periods tomaximize the correlation with long-horizon surveys. We use
the perceived inflation target rate (PTR) from the Fed for inflation and a
long-horizon forecast of real output growth from theConsensus Economics panel.

For the convenience yield, we calibrate the st process tomatch themoments of
the estimated convenience yield following themethodology outlined in
Binsbergen, Diamond, andGrotteria (2020). We set the average value in line with
the historical average of 40 basis points. For the real rate gap, we set µγ equal to
zero and a half-life of approximately 7 years. We set the variance of the ϵγt equal to
near-zero, implying that the real rate gap follows the same path across all
simulation paths.

Appendix A.2 Yield Curve and Equities

For themonetary policy rule, we calibrate parameters in line with estimates for the
model specified in equation (14) over the period 1983 to 2022. While it is
well-documented that these coefficients can change over different monetary
policy regimes, the exact parameter values for themonetary policy rule are
relatively less important for our results, especially for long horizon returns.

For the term premiumprocess, we calibrate the parameters based on the estimate
fromCieslak and Povala (2015). We set the unconditional mean of the term
premium equal to 65 basis points. The historical fit of the yield curvemodel is
shown below:

The calibratedmacroeconomic processes and yield curves are used as inputs
into the calibration of equities in themodel. The processes for the risk premium
components are calibrated tomatch the empirical estimates in NBIM (2021b). We
use the parameters of the risk premium processes to calibrate the average,
volatility and autocorrelations of equity returns. In addition, we target a negative
correlation between equity and fixed income returns.
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FIGURE 17 Yield curve fit, US data

(A) 1-year (B) 5-year

(C) 10-year (D) 30-year

NOTE: The figures shows the historical fit to nominal US Treasury bonds.
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Appendix B: Real fixed income return distributions

Figure 18 shows real returns on short- and long-duration fixed income portfolios.
The 20-year distributions are narrower compared to the nominal return cases, in
particular for the 1-year bond portfolio. This reflects the lower exposure of
short-duration bonds to unexpected inflation. The comparisons of short- and
long-duration portfolios are otherwise alignedwith the results in themain text.

FIGURE 18 Distribution of cumulative real returns on 1- and 10-year government
bonds at 3- and 20-year horizons

(A) 3-year horizon - Baseline (B) 20-year horizon - Baseline

(C) 3-year horizon - Normalisation (D) 20-year horizon - Normalisation

(E) 3-year horizon - LowGrowth (F) 20-year horizon - LowGrowth

NOTE:Dashed lines indicatemean values of distributions.
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AppendixC: Return distributions - percentiles

TABLE 3 Percentiles of cumulative nominal bond returns, Baseline calibration

Horizon (years) 1% 5% 25% 50% 75% 95% 99%

Panel A. 1-year bond
1 1.03 1.03 1.03 1.04 1.04 1.05 1.05

3 1.05 1.07 1.09 1.11 1.13 1.16 1.18

5 1.07 1.10 1.15 1.18 1.22 1.27 1.31

10 1.12 1.20 1.30 1.39 1.48 1.63 1.76

20 1.31 1.45 1.72 1.94 2.24 2.87 3.74

Panel B. 10-year bond
1 0.81 0.88 0.98 1.06 1.14 1.28 1.39

3 0.80 0.89 1.03 1.14 1.27 1.48 1.65

5 0.83 0.93 1.09 1.21 1.36 1.59 1.77

10 0.92 1.07 1.27 1.43 1.61 1.89 2.11

20 1.23 1.44 1.79 2.08 2.40 2.99 3.56

TABLE 4 Percentiles of cumulative nominal bond returns, LowGrowth calibration

Horizon (years) 1% 5% 25% 50% 75% 95% 99%

Panel A. 1-year bond
1 1.03 1.03 1.03 1.04 1.04 1.05 1.05

3 1.04 1.06 1.09 1.11 1.13 1.15 1.17

5 1.05 1.08 1.13 1.16 1.20 1.25 1.29

10 1.05 1.11 1.21 1.28 1.37 1.50 1.63

20 0.99 1.11 1.30 1.45 1.65 2.05 2.55

Panel B. 10-year bond
1 0.81 0.88 0.99 1.07 1.15 1.29 1.40

3 0.84 0.93 1.08 1.19 1.32 1.53 1.70

5 0.89 0.99 1.17 1.30 1.45 1.71 1.90

10 1.04 1.19 1.41 1.58 1.77 2.08 2.32

20 1.23 1.43 1.76 2.01 2.33 2.87 3.36
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TABLE 5 Percentiles of cumulative nominal bond returns, Normalisation calibration

Horizon (years) 1% 5% 25% 50% 75% 95% 99%

Panel A. 1-year bond
1 1.03 1.03 1.03 1.04 1.04 1.05 1.05

3 1.05 1.07 1.09 1.11 1.13 1.16 1.18

5 1.08 1.11 1.16 1.19 1.23 1.28 1.32

10 1.19 1.26 1.37 1.46 1.56 1.73 1.89

20 1.57 1.75 2.08 2.37 2.76 3.63 4.98

Panel B. 10-year bond
1 0.80 0.87 0.97 1.05 1.14 1.27 1.37

3 0.77 0.86 1.00 1.11 1.23 1.43 1.58

5 0.79 0.88 1.04 1.16 1.30 1.52 1.70

10 0.84 0.99 1.19 1.34 1.51 1.78 2.01

20 1.20 1.44 1.80 2.10 2.44 3.08 3.58

TABLE 6 Percentiles of cumulative returns on a 70-30%equity/bond portfolio,
Negative bond-equity correlation

Horizon (years) 1% 5% 25% 50% 75% 95% 99%

Panel A. Equity and 1-year bond
1 0.90 0.94 1.01 1.07 1.13 1.23 1.31

3 0.93 1.00 1.13 1.23 1.35 1.56 1.72

5 0.98 1.09 1.26 1.40 1.56 1.81 2.04

10 1.26 1.41 1.68 1.90 2.17 2.64 3.07

20 2.15 2.48 3.09 3.68 4.42 6.03 8.00

Panel B. Equity and 10-year bond
1 0.93 0.97 1.03 1.08 1.13 1.21 1.28

3 0.99 1.06 1.17 1.26 1.36 1.53 1.67

5 1.08 1.17 1.33 1.44 1.58 1.80 1.97

10 1.43 1.57 1.82 2.01 2.24 2.62 2.93

20 2.58 2.93 3.55 4.13 4.83 6.22 7.80

TABLE 7 Percentiles of cumulative returns on a 70-30%equity/bond portfolio,
Positive bond-equity correlation

Horizon (years) 1% 5% 25% 50% 75% 95% 99%

Panel A. Equity and 1-year bond
1 0.88 0.92 1.01 1.07 1.14 1.24 1.32

3 0.91 1.00 1.12 1.22 1.33 1.53 1.67

5 1.00 1.09 1.25 1.38 1.52 1.75 1.94

10 1.27 1.41 1.66 1.86 2.09 2.49 2.84

20 2.19 2.47 3.03 3.55 4.21 5.66 7.55

Panel B. Equity and 10-year bond
1 0.85 0.92 1.01 1.08 1.15 1.27 1.36

3 0.90 0.99 1.13 1.24 1.36 1.57 1.72

5 1.00 1.10 1.27 1.40 1.55 1.80 1.99

10 1.31 1.46 1.71 1.91 2.14 2.52 2.83

20 2.33 2.66 3.24 3.77 4.41 5.75 7.15
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AppendixD: Zero average termpremium

The term premium is unobserved and needs to be estimated, and there is
uncertainty around its average level. While there are theoretical arguments for why
the term premium should be positive on average, we should consider the
possibility that it is not far from zero (e.g. government bonds are special/flight to
safety). We therefore explore a scenario where the average term premium is zero.
We keep other parameters unchanged relative to the Baseline calibration. Figures
19 and 20 compare short- and long-duration under this scenario. While the
long-duration returns aremarginally lower on average than under the Baseline
calibration, the effect appears to be relatively muted.

FIGURE 19 Distribution of cumulative returns on 1- and 10-year nominal government
bonds at the 20-year horizon – zero average term premium.

(A) 1-year bond (B) 10-year bond

NOTE: Dark band covers 50 percent probability, medium band 90 percent, and light band 95
percent. Black line shows the expected value each quarter.

FIGURE 20 Distribution of cumulative returns on 1- and 10-year nominal
government bonds at 3- and 20-year horizons – zero average term premium.

(A) 3-year horizon (B) 20-year horizon

NOTE:Dashed lines indicatemean values of distributions.
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