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INTRODUCTION

Banks’ have increased their appetite for sovereign debt

To satisfy post-crisis liquidity requirements as government bonds are easy
and quick to sell during times of distress,

Government bonds carry very little risk-weight and banks are not required
to raise much extra capital to hold them.

Pension funds and insurers are another major source of demand

Centrally-cleared derivatives more expensive after post-crisis rules.

These players buy long-term bonds to hedge interest rate risk.

Carry strategy implemented with long-term bonds in foreign currencies

Returns fall with bond maturity (Lustig, Stathopoulos & Verdelhan, 2020),

Positive post-crisis returns (Andrews, Croce, Colacito & Gavazzoni, 2021).
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Austria has sold €3.5bn of 100-year debt in the largest century bond to hit the

markets to date, the latest indication of hot investor demand for very long-

dated debt.

Bids from potential investors reached €11.4bn, dealmakers said.

The deal — which was priced at a yield of 2.112 per cent — is the eurozone’s

first syndicated century bond. Belgium and Ireland each raised €100m in

century bonds last year but those deals were private placements rather than

open market offerings.

Their issuance is part of a wider trend: governments around the world sold a

record $63.5bn of debt with ultra-long maturities in 2016, according to figures

from data provider Dealogic.

Long-dated issuance has continued to prove popular with investors since then,

with $43.6bn-worth of bonds sold with maturities of more than 30 years in the

year to date. Argentina’s $2.75bn century bond issue in June was the standout

recent example.

The duration of that debt — the amount of time it will take investors to recoup

their money — was just eight years, because of its relatively high 8 per cent

yield.

By contrast, the duration of Austria’s century bond is 44 years, meaning that

many of the investors who buy it will be dead before their capital is repaid.

The trend is not restricted to sovereign debt; across global bond markets,

average duration is at a record high.

Having rarely risen above five years in the decades before the financial crisis,

average duration has been on a steep upward track in the past 10 years and

recently reached seven years, according to figures from Bloomberg Barclays

indices.

With large-scale bond buying by central banks having driven yields in many

developed markets to record lows, sovereign issuers are taking the opportunity

to fix their borrowing costs for longer periods.

Century debt is “very attractive for the Austrian taxpayer”, one of the bankers

who worked on Tuesday’s deal said.

Ultra-long maturity fixed income investment is heavily influenced by small

movements in interest rates; strong demand for long-dated debt suggests

investors have muted expectations for future rate rises.

“Investors looking for yield cannot buy anything else over 50 years in length

and so they are happy to extend their investment horizon to grab that extra

yield,” the banker said.

This deal is not the first time Austria has tapped investor appetite for long-

dated debt.

Last year it raised €2bn of debt with a 70-year maturity; it currently yields 1.94

per cent, up from 1.83 per cent since the announcement on Monday of the 100-

year issuance.

Yields rise when prices fall. Austria also raised €4bn in five-year debt on

Tuesday, priced at -0.165 per cent. Eurozone interest rates are negative with

the European Central Bank’s overnight deposit rate at -0.4 per cent.

Austria is rated Aa1/AA+/AAA, with a stable outlook.

NatWest Markets, Bank of America Merrill Lynch, Erste Group, Société

Générale and Goldman Sachs acted as bookrunners on the dual-tranche deal.
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MOTIVATION

Modern financial economics has little to say about the risk of long-term bonds

Investors would naturally hold short-term bonds and demand a premium to
hold long-term bonds (e.g., Keynes, 1930; Hicks, 1946),

Investors who value the stability of income require a premium to go short,
not to go long (Modigliani & Sutch, 1966),

Viceira & Wang (2016) find that the portfolio risk of a bond portfolio
declines with the investment horizon.

Investment decisions are based upon return forecasts

Investors’ knowledge is limited (true parameters are unknown),

Observable predictors deliver an imperfect proxy for future returns,

Predictive variability of returns differ from true variability, thus affecting the
perceived risk across investment horizons.
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SUMMARY OF THE PAPER

What we do . . .

We take the perspective of a US investor and estimate the predictive variance
of a bond-based currency strategy over long-horizons,

We estimate a predictive system with imperfect predictability using long-
span data akin to Pastor & Stambaugh (2009),

We decompose the predictive variance into five components using closed-
form expressions by building on and extending Pastor & Stambaugh (2012).

What we find (so far) . . .

Long-horizon predictive variance is upward sloping for all G10 countries,

Future uncertainty about conditional returns is a critical driver,

Real interest rate differential and real exchange rate returns play a major
role for the predictive variance of our excess returns.
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A SIMPLE CURRENCY STRATEGY

A global strategy from the perspective of a US investor

She borrows at the short-term interest rate at home,

She invests in the constant-maturity bond abroad

Akin to Andrews, Croce, Colacito & Gavazzoni (2021).

The excess return of this strategy can be then written as

rxt+1 = y⋆
t+1 + ∆st+1 − it

rxt → one-month excess return in dollars,

y⋆
t → one-month return on the foreign bond,

∆st → one-month nominal exchange rate return,

it → one-month deposit rate in dollars.
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A SIMPLE CURRENCY STRATEGY

We work with long-span data (more than 200 years)

Different monetary policy and exchange rate regimes.

We can equivalently rewrite our excess return in real terms as

rxt+1 = y⋆
t+1 − i⋆t︸ ︷︷ ︸

foreign bond
excess return

r1,t+1

+ (i⋆t − ρ⋆t+1)− (it − ρt+1)︸ ︷︷ ︸
real interest

rate differential
r2,t+1

+ ∆st+1 + ρ⋆t+1 − ρt+1︸ ︷︷ ︸
real exchange

rate retun
r3,t+1

i⋆t → one-month deposit rate in foreign currency,

ρt → one-month US inflation rate,

ρ⋆t → one-month foreign inflation rate.
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IMPERFECT PREDICTABILITY

Each return component, for s = {1, 2, 3}, can be described as

rs,t+1 = µs,t + us,t+1

µs,t → expected return conditional on all information at time t,

us,t+1 → unexpected return with zero mean and constant variance.

We model the expected return as Pastor & Stambaugh (2009)

µs,t = as + bsxs,t + πs,t

xs,t → observable predictor,

πs,t → unobservable predictor with zero-mean.

The true expected return captures more information than we observe

An observable predictor is likely to be imperfect,

We may understate the variance of future returns.
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PREDICTIVE VARIANCE

Define the k-period return between times T + 1 and T + k as

rk
s,T =

k

∑
ℓ=1

rs,T+ℓ

rs,T+ℓ → one-period return between T + ℓ− 1 and T + ℓ.

We study the predictive variance of rx over long horizons as

Var (rxk
T | DT ) =

3

∑
i=1

3

∑
j=1

Cov(rk
i ,T , rk

j,T | DT )

DT → information set used for predictability at time T .

DT includes the full history of returns and observable predictors

No information about the unobservable predictor π and parameters ϕ gov-
erning the relationship between returns and predictors.
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PREDICTIVE VARIANCE

Each predictive covariance can be decomposed as

Cov(rk
i ,T , rk

j,T | DT ) = E[Cov(rk
i ,T , rk

j,T | πT , ϕ, DT ) | DT ]︸ ︷︷ ︸
Expectation of the conditional

covariance of the k-period returns

+ Cov [E(rk
i ,T | πT , ϕ, DT ), E(rk

j,T | πT , ϕ, DT ) | DT ]︸ ︷︷ ︸
Covariance of the conditional expected k-period returns

An investor who knows πT and ϕ only cares the conditional covariance

An investor who ignores π and ϕ also cares about its expectation,

She also accounts for the covariance of the conditional expected returns,

The perceived variance can be higher, in absolute terms, at long horizons.
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PREDICTIVE SYSTEM

Consider the following predictive system

rt+1 = a + bxt + πt + ut+1

xt+1 = θ + γxt + vt+1

πt+1 = δπt + ηt+1

rt → vector of returns,

xt → vector of observable predictors modeled as an AR(1) process,

πt → vector of unobservable predictors as a driftless AR(1) process.

The role of observable predictors

capture the direct/indirect effects of monetary policy decisions.

The role of unobservable predictors

capture aspects of monetary policy not contained in bond yields,

structural variations due to different exchange rate regimes.
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DECOMPOSITION

The expectation of the conditional covariance consists of three terms

i .i .d . uncertainty details

mean reversion details

future conditional mean uncertainty details

The covariance of the conditional expectation consists of two terms

current conditional mean uncertainty details

estimation risk details

We then calculate the covariance ratio of each component

CR(k) =
Cov(rk

i ,T , rk
j,T | DT )

k Cov(r1
i ,T , r1

j,T | DT )

to determine the shape of the long-horizon covariance curve.
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LONG-SPAN DATA

Sample and Source

Monthly observations from January 1800 to June 2017,

Unbalanced dataset from Global Financial Data.

Dataset

Bond returns: 10-year constant-maturity treasury bond returns,

Deposit rates: 3-month Treasury bills,

Exchange rates: bilateral US dollar spot exchange rates,

Price indices: year-on-year inflation rates

G-10 Countries

Australia, Canada, Germany/Euro Area, Japan, New Zealand, Norway, Swe-
den, Switzerland, UK, and US.

rt xt πt
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TOTAL PREDICTIVE VARIANCE: US/UK
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PREDICTIVE VARIANCE DECOMPOSITION: US/UK
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PREDICTIVE VARIANCE DECOMPOSITION: US/UK
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FUTURE (CONDITIONAL MEAN) UNCERTAINTY: US/UK
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TO SUM UP

Main message

The predictive variance of a bond-based currency strategy can be large,

The largest portion of variance risk is related to real interest rate differential
and real exchange rate returns.

Uncertainty about future returns is the dominant component of the predic-
tive variance.

Ongoing research

Robustness across different priors, samples, and predictors,

A model to understand the asset pricing and asset allocation implication.

Working on the narrative of our results (e.g., monetary policy events).
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DEPENDENT VARIABLES: UK
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OBSERVABLE PREDICTORS: UK
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UNOBSERVABLE PREDICTORS: UK
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TOTAL PREDICTIVE VARIANCE: GLOBAL
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TOTAL PREDICTIVE VARIANCE: GERMANY/EURO AREA

1 2 3 5 10 15 20 25 30 35 40 45 50

1.0

1.5

2.0

2.5

3.0

Time Horizon in Years

V
a
ri
a
n
ce

R
a
ti
o

Go back

6 / 18



MEAN REVERSION DECOMPOSITION: US/UK
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COMPONENTS

The i .i .d . uncertainty is defined as

E
[
kσui σuj ρui uj | DT

]
✓ it captures the well-known feature of iid returns,

✓ it is proportional to k (i.e., per-period covariance is constant),

✓ it reflects parameter uncertainty,

✓ it reduces to E [kσ2
ui | DT ] when i = j.

Go back
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COMPONENTS

The mean reversion is defined as

E
(
kσui σuj

[
bi d̄i ρvi uj Ai (k, γ) + bj d̄j ρui vj Aj (k, γ)

]
| DT

)︸ ︷︷ ︸
mean reversion x

+

E
(
kσui σuj

[
ēi ρηi uj Ai (k, δ) + ēj ρui ηj Aj (k, δ)

]
| DT

)︸ ︷︷ ︸
mean reversion π

Key properties
✓ mean reversion x vanishes with no observable predictors, i.e., bs = 0,

✓ mean reversion π disappears with perfect observable predictors, i.e., σ2
πs → 0

which directly impact ēs .

d̄s ēs A(k, ϕ) Go back
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COMPONENTS

The future conditional mean uncertainty is defined as

E
[
kσui σuj bi bj d̄i d̄j ρvi vj Bij (k, γ, γ) | DT

]︸ ︷︷ ︸
future x uncertainty

+

E
(
kσui σuj

[
bi d̄i ēj ρvi ηj Bij (k, γ, δ) + bj ēi d̄j ρηi vj Bij (k, δ, γ)

]
| DT

)︸ ︷︷ ︸
future x and π joint uncertainty

+

E
[
kσui σuj ēi ēj ρηi ηj Bij (k, δ, δ) | DT

]︸ ︷︷ ︸
future π uncertainty

Key properties
✓ future x uncertainty and future x and π joint uncertainty vanish with no

observable predictors, i.e., bs = 0,

✓ future π uncertainty and future x and π joint uncertainty disappears with
perfect observable predictors, i.e., σ2

πs → 0.

Bij (k, ϕ, ψ) Go back
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COMPONENTS

The current conditional mean uncertainty is defined as

E

[
1 − δk

i
1 − δi

1 − δk
j

1 − δj
qij,T | DT

]

where qij, T = Cov(πi ,T , πj,T | ϕ, DT )

Key properties
✓ This term vanishes with perfect observable predictors (σ2

πs → 0).

qij,T Go back
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COMPONENTS

The estimation risk is defined as

Cov
[

kEri +
1 − γk

i
1 − γi

(ai + bi xi ,T − Eri ) +
1 − δk

i
1 − δi

ci ,T ,

kErj +
1 − γk

j
1 − γj

(aj + bjxj,T − Erj ) +
1 − δk

j
1 − δj

cj,T | DT

]

✓ Ers (s = i , j) are the unconditional mean returns

Ers cs,T Go back
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COMPONENTS

d̄s =

(
1 + γs
1 − γs

R2
s

1 − R2s

σ2
xs

σ2rs − σ2us

)1/2

.

R2
s =

b2
s σ2

xs + σ2
πs + 2bs σxs πs

σ2rs
Go back
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COMPONENTS

ēs =

(
1 + δs
1 − δs

R2
s

1 − R2s

σ2
πs

σ2rs − σ2us

)1/2

R2
s =

b2
s σ2

xs + σ2
πs + 2bs σxs πs

σ2rs
Go back
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COMPONENTS

As (k, ϕ) = 1 + 1
k

(
−1 − ϕs

1 − ϕk−1
s

1 − ϕs

)
Go back
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COMPONENTS

Bij (k, ϕ, ψ) = 1 + 1
k

(
−1 − ϕi

1 − ϕk−1
i

1 − ϕi
− ψj

1 − ψk−1
j

1 − ψj
+

+ ϕi ψj
1 − ϕk−1

i ψk−1
j

1 − ϕi ψj

)
Go back
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COMPONENTS

qij, T = Cov(πi ,T , πj,T | ϕ, DT )
Go back
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COMPONENTS

Ers = as + bs
θs

1 − γs

cs,T = E (πs,T | ϕ, DT )
Go back
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