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Abstract

How safe or risky is government debt? According to asset pricing theory, this depends on the
covariance between the real holding period return on the public portfolio and the prevailing stochastic
discount factor (SDF). Through the lens of a simple monetary-fiscal model with bond investors who
price risk, we show that the sign of this covariance is a sufficient statistic for the underlying policy
regime. We recover the SDF from the cross-section of returns, using a novel method which allows
us to remain broadly agnostic about the underlying asset pricing model, and use this to evaluate
the key covariance of interest using US and UK data from 1926-2024. We find that US government
debt was i) risky in the pre-WWII period but became safe after the Treasury-Fed accord of 1951,
ii) risky from 1965-1985, iii) safe from 1985-2020, and iv) seems to have become risky in the post-
pandemic 2020-2024 period. We estimate that in 2024 the risk premium component was currently
adding 100bps (annualised) to the average funding cost which appears in the US government budget

constraint.
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1 Introduction

In common parlance, government debt in advanced economies is often referred to as a safe asset. As
asset pricing theory tells us, this safety status is not an intrinsic quality — an asset is only safe if its
real returns covary non-negatively with the stochastic discount factor (SDF). In other words, to be truly
safe, the real holding period return (HPR) on government debt must be high in bad states of the world
for the marginal investor. If this is indeed the case, bondholders should be willing to accept a zero
or negative expected excess real return to hold the debt portfolio, since it provides a valuable hedge.
Conversely, if this covariance is negative, government debt is risky and commands a risk premium to
compensate bondholders as a result. The majority of work in macroeconomics employs linear models,
and so disregards this risk premium term by construction. In this paper we measure the covariance
between the SDF which prices the cross-section of returns and the real HPR on government debt,

providing an explicit and theoretically consistent measure of the riskiness of government debt.

Through the lens of a simple model which builds upon Gémez-Cram et al. (2024) and Corhay et al.
(2023), we show that the aforementioned covariance term is a sufficient statistic for identifying two
distinct monetary-fiscal regimes. In the safe debt regime, deficits are backed in net present value terms
by future surpluses. The real HPR on government debt is thus unresponsive to the shock, rendering debt
a safe asset that has a beta of zero with the SDF. Monetary policy is active in this regime, meaning that
inflation is kept under control and does not need to adjust to satisfy the government budget constraint.
Bondholders are insured in this regime, as debt is kept riskless, but the government may not be able
to provide as much insurance to taxpayers as it may wish to. In the risky debt regime, deficit shocks
are accommodated via higher inflation rather than a rise in the net present value of future surpluses
as there is active fiscal policy. This means that the HPR on the government debt portfolio falls in bad
times, when the SDF is high, and thus means that there is a negative covariance and a risk premium
on government debt. Taxpayers are provided with insurance in the form of countercyclical deficits, but

bondholders cannot be insured simultaneously and debt carries a negative beta with the SDF.

A common reduced-form diagnostic of the riskiness of government debt is the bond-stock correlation:
the correlation between the aggregate stock market return and the HPR on a long-term government

bond, typically the 10-year Treasury in the US. This is a useful summary of whether long nominal bonds



hedge equity downturns, but it is not the object that determines the risk premium on government debt,
which is the covariance between the SDF and the real return on the public debt portfolio. The two
coincide only under two restrictive conditions: i) the CAPM holds, so that the market return spans
the priced risks faced by the marginal bondholder;! and ii) a single long-term nominal bond adequately
proxies the return on the public portfolio. Neither is innocuous. The well-documented failures of the
CAPM make the market return an inadequate summary of the SDF, and since governments issue debt
across the maturity spectrum, vary its composition over time, and issue inflation-indexed debt, a 10-
year nominal return need not track the real HPR that enters the consolidated budget constraint. Our
approach generalises the bond—stock correlation along both dimensions. We replace the market return
with an SDF estimated from the cross-section of returns, and the single bond with the real return on

the actual public portfolio. An additional benefit of our approa

Motivated by these restrictions, we directly measure the theoretically relevant covariance term. The
HPR on US government debt is constructed by Hall et al. (2018), accounting for the rich and evolving
maturity structure of US government debt, leaving the SDF as the only unknown object that is needed.
We propose a novel parametric approach to recover this from the cross-section of returns which builds
upon Di Tella et al. (2025). This method is of independent interest and i) does not assume that the
zero-beta rate is directly observable or constant over time; ii) does not require the specification of a
full structural asset pricing model. Crucially we do not use the return on government debt, or its
constituents, to construct the SDF. The first of these is important since Di Tella et al. (2025) argue
that the common assumption that the zero-beta rate coincides with the short-term Treasury bill rate is
likely incorrect, as the true zero-beta rate is much more volatile. While we are not directly interested
in the zero-beta rate, this indirectly affects the construction of the SDF since the zero-beta rate is the
inverse of the conditional expectation of the SDF. The advantage of the second is that, rather than
estimating a full structural model such as the consumption CAPM, the habits model of Cochrane and
Campbell (1999), the rare disasters model of Barro (2006), or the intermediary-based model of He and
Krishnamurthy (2013), we can instead model the SDF as being dependent on a number of asset pricing
factors that have repeatedly been found to earn a risk premium in the cross-section of returns. We
also propose a complementary method that is fully nonparametric and finds the SDF which satisfies

the fundamental asset pricing equation for each asset (1 = EM;1R; 41 for asset i) and satisfies the

'With the implicit further condition that the stock market proxies the market portfolio (Roll, 1977).



Hansen and Jagannathan (1991) bound with equality.

Armed with this pair of necessary objects, we then examine the evolution of the key covariance term
over time using a variety of methods for uncovering time-variation. We find substantial evidence of
distinct, persistent debt regimes over the sample period of 1926-2024. Over the period of 1926-1965,
we find that US government debt was risky pre-WWII and then became safe after the Treasury-Fed
accord in 1951, although we do not definitively claim this as the cause of this change. We then find
evidence of a distinct shift in the mid-1960s, which coincides with President Johnson’s Great Society
program that constituted a large, sustained and partially unfunded increase in government spending.?
This regime lasts until the early 1980s which is also when Paul Volcker became chair of the Federal
Reserve and is widely considered to have engineered a monetary regime change.? The period from the
mid-1980s to 2020 is found to be a safe debt regime. This is consistent with previous work which has
partially attributed the reduction in inflation volatility over this period to a structural shift in monetary
policy (e.g. Clarida et al. (2000), Lubik and Schorfheide (2004), Beaudry et al. (2023)). Finally, we find
evidence that the post-pandemic period may have featured a shift back towards the risky debt regime.
The covariance between the SDF and the Treasury portfolio return is found to be more negative than
at any previous point in the sample, indicative of a large implied risk premium on the US government
debt portfolio. We emphasise that previous regimes identified lasted for multiple decades, and it is thus

hard to draw firm conclusions given the limited amount of data in the post-pandemic period.

We also apply our method to the UK, building on the series for the HPR on government debt produced
by Ellison and Scott (2020). We extend their series, and also limit it to the debt held by private
investors, which in turn requires netting off the gilts held by the Bank of England as a result of its
quantitative easing programme. We find that UK government debt has largely been safe over the last
century, with three periods which form notable exceptions: i) the interwar period; ii) the 1975-1980

period; iii) the post-pandemic 2020-2024 period.

Finally, we conduct a number of further tests of the regimes via the lens of the model’s testable predic-

tions. We provide evidence that the regimes we identify are consistent with estimates of the inflation

2See Bianchi et al. (2023) who provide detailed evidence on the partially unfunded nature of the Great Society program.

3Bianchi and Tlut (2017) also identify this period as a fiscal regime, while Bianchi et al. (2023) find that the unfunded
spending shocks of this period contributed substantially to the rise in inflation. Both of these papers rely on medium-scale,
estimated DSGE models whereas ours is more parsimonious.



responsiveness parameter for both the US and UK, using the method of Bocola et al. (2024). We also
find — consistent with the model — that the volatility of the real HPR is higher in the fiscal regimes

vs the monetary regimes we identify.

Related Literature

Our paper contributes to three main literature areas. Primarily it contributes to the literature that
'puts the finance back in public finance’ (Lustig, 2023), which, broadly speaking, describes a class of
papers that bring an asset pricing perspective to the analysis of government debt dynamics and fiscal
policy. Much of this in turn builds upon the fiscal theory of the price level (FTPL) literature, which
has the intertemporal government budget constraint as its key object, and uses the expected path of
discounted future surpluses to describe the joint dynamics of government debt and inflation. Seminal
papers include Sargent and Wallace (1981), Leeper (1991), Sims (1994), Woodford (1995) and Cochrane
(2005). Recent work has incorporated the SDF more explicitly in this analysis. Goémez-Cram et al.
(2024) and Corhay et al. (2023), who form the basis of our model in Section 2, both develop models
where risk is priced explicitly, and examine how this impacts the dynamics of government debt and
inflation in an environment similar to Leeper (1991). Lustig et al. (2024) find empirical evidence that
fiscal news produces an increase in the nominal term premium and expected inflation, consistent with our
model. Jiang et al. (2024) examine the intertemporal government budget constraint empirically, using
an asset pricing model to discount future surpluses and ultimately finding evidence that Treasuries are
overpriced. Lustig et al. (2020) highlight a key tradeoff that a fiscal policymaker faces between insuring
bondholders by keeping government debt riskless, or insuring taxpayers, which necessitates government

debt being risky.

A closely related empirical literature studies the comovement of bond and equity returns directly.
Campbell et al. (2017) document that the covariance between nominal bond and stock returns is far
from constant and has in fact switched sign, with nominal Treasuries moving from carrying a positive
covariance with equities to acting as a hedge around the turn of the millennium. A subsequent body
of work attributes this time-variation to the prevailing macroeconomic shock structure and the stance
of monetary policy. Campbell et al. (2020) and Song (2017) show, through the lens of New Keynesian

models, that the sign of the bond-stock covariance turns on whether inflation is driven by supply or



demand disturbances and on how actively monetary policy leans against inflation, while Cieslak and
Pang (2021) decompose the comovement empirically into growth, monetary, and risk premium shocks.
Our paper relates closely to this literature but differs in two important respects. First, the bond-stock
correlation is a sufficient statistic for the riskiness of government debt only under the joint assumption
that the CAPM prices the cross-section of returns and that all government debt is nominal and of
a single maturity; we instead measure the covariance of the holding-period return on the entire debt
portfolio with an SDF recovered from the broad cross-section of returns. Second, and more importantly,
by embedding this covariance in a model that permits both monetary and fiscal regimes, we are able
to read its sign as informative about the underlying monetary-fiscal interaction, rather than about the

shock structure alone.

Secondly, we contribute to the literature on the monetary-fiscal history of both the US and UK over the
20th and 21st centuries. Hall and Sargent (2011) analyse the dynamics of the US debt-to-GDP ratio in
the post-WWII period through the lens of the intertemporal government budget, in turn constructing
the one-period HPR on government debt that is a key object in this paper. Hall and Sargent (2022)
extend this analysis, and argue that the Covid-19 pandemic should be classed alongside WWI and
WWII in fiscal terms, since all three events have featured high deficit spending paid for by delivering
low real returns to bondholders via subsequent interest rate hikes and high inflation. Nieuwerburgh
et al. (2025) quantify the history of exorbitant privilege in the US, UK and the Netherlands. They
find that the Netherlands and the UK lost the ability to sell government debt at a premium relative to
their respective fiscal fundamentals after they suffered a large shock which meant bondholders suffered
large losses. They warn that this may lie in store for the US given the fiscal response to the Covid-19
pandemic. Crucially none of these papers tries to quantify the riskiness of government debt as we do
here. Our contribution is potentially complementary to the exorbitant privilege analysis, since part of
this could reflect a safety premium of government debt. Indeed, Laarits and Acharya (2025) find that
a substantial component of the convenience yield on US Treasuries can be explained by their negative
covariance with stock returns (implying a positive covariance with the SDF if one assumes the CAPM
holds). The negative covariance between the SDF and the Treasury portfolio we find from 2020 onwards

suggests that the convenience yield of the US may be eroding for risk-based reasons.

Third and finally, we contribute to the literature on parametric and nonparametric estimation of the



SDF. Our benchmark method does not specify a structural, fully parametric asset pricing model, and
instead relies on a number of factors which have been well-studied in the literature and have been shown
to explain the cross-section of equity returns. Our approach builds upon Di Tella et al. (2025), who
estimate the zero-beta rate using a set of factors, instruments and the cross-section of returns. Unlike us,
they do not recover the SDF. Christensen (2017) develops a nonparametric framework to decompose the
SDF into permanent and transitory components by solving a Perron—Frobenius eigenfunction problem.
We also provide a very simple, nonparametric method of estimating the SDF. Ghosh et al. (2017) also
nonparametrically estimate the SDF, finding that it has a strong relationship with the Fama-French

factors that we use as the basis for our SDF.

The paper proceeds as follows. Section 2 presents a simple monetary-fiscal model which we use to
motivate our subsequent analysis. Section 3 describes our empirical methodology and the data we use
in practice. Section 4 presents the corresponding results for the US. Section 5 presents results for the
UK, and describes a subset of the robustness tests we conducted, with the remainder relegated to the
appendix. Section 6 provides additional analysis to further test the fiscal regimes we identify. Section

7 concludes.

2 Model

In this section, we develop a model which builds upon Corhay et al. (2023) and Gémez-Cram et al.
(2024) to motivate our analysis. We initially maintain a high level of generality and then impose more

structure to obtain some more concrete analytical results.

2.1 General Environment

We consider a discrete time economy with an infinite horizon. There is a government which runs an
exogenous, stochastic real surplus of level s; and issues nominal, zero-coupon bonds of varying maturities
(

that are rolled over each period. Letting Btz )1 denote the face value of nominal bonds issued in ¢ — 1

which mature in ¢t — 1 + 7, Q,&J ) the price of a j-period nominal bond, and P; the aggregate price level,



the period-by-period consolidated government budget constraint is given by:*

ZQ(J 1 _Ptst+ZQJ)B(J (1)

j=21 Jj=1
where ng) = 1 as a normalisation. The real market value of total government debt is given by:

) 2321 Qg])Béj)
= L )

The Treasury portfolio share of j-period bonds is given by:

) ) gL
o) = QB - (3)
2321 Q" By’
We assume these are constant for the sake of simplicity, and so drop the time subscript from henceforth.
P, is the aggregate price level, and s; is the level of real primary surpluses. As Corhay et al. (2023)

demonstrate, the government budget constraint can alternatively be expressed compactly as:

R

Hi:bt_l = 5¢ + by, (4)
where:

L= Z (5)

j=>1

<) _ QY
Rt = ~( ) (6)

Qi

_ b
II; = P, (7)

In words, Eg’t is the nominal holding period return on the Treasury portfolio , Egj ) is the nominal holding

period return on a j-period bond, and II; is the (gross) inflation rate. By construction 2j>1 QU =1.

We assume that there is the absence of arbitrage, and markets are complete, implying that there exists
a real SDF, M;,,, that is unique (Harrison and Kreps, 1979; Kreps, 1981b) and prices all traded

securities. This implies that the bond prices and holding period returns are determined by the following

4The budget constraint consolidates the Treasury and central bank budget constraints since the central bank remits
net earnings to the Treasury.



Euler equations:

~(i—1)
oY = E, (Mt+1 Ht“ > (8)
t+1
=)
R
1=F, (Mt+1 Ht“) 9)
t+1

Defining Rs+ = (bt + s¢)/bi—1 as the real return on surpluses, the government budget constraint can

also be expressed as:

Rgi

s t- 1
I, Rsy (10)

This is the crucial identity we make use of, and tells us that analysing the real HPR on the Treasury
portfolio is equivalent to analysing the return on an asset which replicates the stream of real surpluses

as its payoffs. The Euler equations above imply that the following Euler equations are also satisfied:

R
1 ::Et<ﬂ4t+1lf¢+l> : (11)
t41

1= Et(Mt+1Rs,t+1) . (12)

Note that everything up to this point holds even in economies such as Brunnermeier et al. (2020) where
there is a bubble in government debt. Imposing the appropriate transversality condition means that
the government budget constraint can also be rearranged into the familiar FTPL equation by iterating

it forward:

f"ég,tbt—l

[ee]

=By | Y My sees|
I, 2
J:

where My ;y; = HZ::l M, is the j-period real pricing kernel, and M;; = 1.

The zero-beta rate, Ry, is determined by the following condition:

1
Ro+ = .
! EiMiq

(13)

By standard asset pricing algebra, and using (11), (12), and (13), the expected excess return — the risk



premium — on government debt is given by:

R R
E, “lgittl Roy | = —Roy Cove | Myyq, lgt+l
I I 41

R
~ — COVt (MtJrl, g,t+1> . (14)
M4

The approximation holds exactly in continuous time, and holds accurately when the time period is
short or Ry s ~ 1. The right-hand side of (14) features the key covariance term that we are interested
in measuring, since it is a sufficient statistic for measuring the riskiness of government debt. When
this covariance is positive, it means that the Treasury portfolio pays off well in bad states of the world,
making it a safe asset. When the covariance is negative, the Treasury portfolio pays off poorly in these

bad states, making government debt risky and generating a risk premium on it.

2.2 Fiscal Consequences of Risky Debt

What are the fiscal consequences of having risky or safe debt? The evolution of the debt ratio, d; = by /Y%,

where Y; is real output, follows:

= di—1— 8§ 15
Yt/Y}—ltl St, ( )

where §; = s;/Y;. Note that this involves the market value rather than the face value of debt. Iterating

this forward one period, taking expectations and dividing both sides by d; yields:

diq1
E | — | =E
t[dt} t

Ryii1/Mi

Yin/Y: | " Ftﬂ] (16)

dy

This expression clearly illustrates that a higher risk premium on government debt, all else equal, causes

the debt-to-GDP ratio to grow at a faster rate.

Suppose that the policy wants to stabilise the debt ratio (in expectation) at some fixed level, d*.
Assuming that Y;y1/Y; is known at time ¢, the expected surplus ratio necessary to achieve this is given

by:

- Y: Ry 41 N
B [874] = Y;f—l—lEt ( Hgm > dy — d*. (17)

When debt is riskier (the covariance term in (14) is more negative), the above equation illustrates



that fiscal policy must run higher expected surpluses to achieve stability of the debt-ratio. This effect is
strengthened when the starting debt ratio, d;, is higher, growth is lower, or the target debt level is lower.
The first two of these are relevant for many advanced economies currently, since they have experienced
falling growth rates and rising debt-to-GDP ratios since the turn of the millennium. If debt has also
become riskier, this suggests that the task of achieving debt stability has only grown more difficult.
This is related to the r — g logic of Blanchard (2019), who argues that when r — g < 0 the government
can sustainably run deficits. His analysis abstracts from risk premia however. If the altered surplus
process means that s; is lower on average (higher deficits), but also involves running lower values of real
surpluses in bad states of the world (recessions), by the risk premia effect this can raise the expected
return on government debt. This in turn can increase r — g and defeat the original purpose of the change

in fiscal policy. We expand on this point via a simple version of the model in the appendix.

2.3 Adding More Structure

We now add more parametric structure to the model to produce some key analytical results.

We assume that the log SDF, my11 = log(My+1), follows the process:

2
— M1 = [+ > + Aett1, (18)

where p > 0 is the (constant) shadow log zero-beta rate (1), A < 0 is the price of risk parameter and
g¢41 ~ N(0,1). This can be thought of as capturing global bond arbitrageurs (e.g. hedge funds) who

absorb the net supply of government debt, and are thus the marginal investor.

The government issues one- and two-period nominal, zero-coupon bonds, and so their period ¢ budget
constraint is:
1 ~(1) (2 ~(1) (1 ~(2) (2
B0, + QB = R+ QB + Y B 19

52) g2
Qtletfl

A0 50 /0@ @0

tlet71+Qtlet71

We define = Q)

which is the Treasury portfolio share of the long bond.

10



Monetary policy follows a Taylor rule:

it =1+ pr (M — ), (20)

where i; = %ﬁr)l is the log nominal interest rate and 7; = log(Il;) is log inflation. ¢* is the (unconditional)

mean of i;, while 7* is the log inflation target rate. p, is the inflation responsiveness parameter.

Fiscal policy follows a rule for real surpluses, where they respond to real debt levels in log deviation

from their target level:

st = s* + 0 (log (bi—1) — log (b¥)) — @4, (21)

Tt = pTi_1 + &t (22)

s* is the (unconditional) mean of real surpluses, b* is the target level for real debt, and J, captures
the responsiveness of real surpluses to real debt level deviations from target. x; captures a deficit
disturbance such as a positive government spending or negative tax shock. Because A < 0, a deficit

shock constitutes a high marginal utility state of the world such as a recession, war or pandemic.

2.3.1 Model Solution

We use the Campbell and Koo (1997) approximation of the log real return on surplus:

Tsi+1 & ko + K110g (bi11) + Kasip1 — log (by) (23)

where:
b* log (b*) + s* b* 1
- K= —, Ko = .
b*+8* b*+8* b*+8*

ko = log (b* + s*) (24)

The second approximation we make use of, following Campbell and Viceira (2001), is for the log nominal

Treasury portfolio return:

Tgt+1 = it + log (1 +Q (exp (?’ﬁ)l - it) - 1)> ,

1
~ik 0 (72— i) + 590 - 9) Var (72,

).
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where %{ti)l = log(ég)l). When Q = 0, the Treasury portfolio consists entirely of one-period nominal

bonds, and so 7441 = 4 in this special case.

2.3.2 Monetary and Fiscal Regimes

Definition 1: The fiscal regime is characterised by p, < 1 and §, < s*. The monetary regime is

characterised by pr > 1 and d, > s*.

We do not consider any other parameter combinations for (p,,dp) since these yield indeterminacy.

Fiscal regime. We guess that log real debt is affine in the deficit state: log(b) = Ag + Ajxy. Sub-
stituting this into the Euler equation for the log real return on surplus and matching coefficients (see

Appendix A.1 for full details), the log real return on the surplus claim decomposes as:

Tspt1 = Eyrs vt + Bsert, (26)
where:
ﬂQ
Eirsir1 = p — 78 + BsA, (27)
and:
b* + s* —§,
By=o S (28)

O+ -1+ -]
It holds that 85 < 0 in the active fiscal regime where §, < s*. This means that the deficit shock erodes
the realised return on the real surplus claim, making it a risky asset. The excess return on this asset is

thus positive and given by:
1
EtT57t+1 + 5 Vary Tst+1 — T0,t = BsA > 0. (29)
Unexpected inflation in the fiscal regime is pinned down by the government budget identity. Expressing
this in unexpected deviations:

Tl — Eemepr = Tge1 — Egir — (sp1 — Eers 1) (30)
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The first term captures innovations in the nominal HPR on the Treasury portfolio; the second captures
innovations in the real surplus return. Solving out the two-period bond return using the Taylor rule
yields:

i1 — Eymyp = Et+1- (31)

s

1+ Q,Ofr

—_——
>0

This implies that unexpected inflation rises after a deficit shock in the fiscal regime. Bondholders cannot
be insured fully in this regime since debt carries a negative beta with the SDF. The government can
provide insurance to taxpayers, however, in the form of counteryclical deficits that are not offset in net

present value terms by future surpluses.

Monetary regime. Under active monetary policy with p, > 1, the unique bounded solution features
inflation constant at 7 each period. This in turn implies that the nominal interest rate and two-period
bond price are also constant, so the Campbell-Viceira approximation (25) yields a constant nominal

HPR on the Treasury portfolio. It follows from the government budget identity that:

sl — Eers i1 = Tg 1 — EiTg i1 — (M1 — Eemegr) = 0. (32)

Bondholders are thus fully insured in the monetary regime as government debt is kept riskless. Full

derivations are provided in Appendix A.1.

Figure 1 presents the IRFs for several endogenous variables in the monetary regime (green lines) and the
fiscal regime (red lines) following a deficit shock. In the monetary regime, monetary policy is sufficiently
active such that the shock does not manifest itself via higher inflation. In turn, the shock does not result
in a fall in the ex post real HPR on government debt, making this a safe asset in the monetary regime.
This is due to the higher surpluses in the future which fully back the contemporary deficit. In the fiscal
regime, the opposite is true. The government runs persistent deficits, and these are paid for by imposing
real losses on bondholders in the form of elevated inflation. Accordingly, the real HPR decreases on
impact of the shock. Since deficits occur in bad states of the world (A < 0), government debt is a risky

asset in the fiscal regime.

13



Figure 1: IRFs to Deficit Shock in Each Regime

IRFs: Deficit Shock x;
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Note: The graph plots the impulse response function to a deficit shock ;. The green lines depict the responses in the
monetary regime, while the red lines depict the responses in the fiscal regime. We use the following quarterly calibration:
p=0.005, A = —0.25, s* =0,b" =1, 0 =0.02, p = 0.97, Q = 0.5, 7" = 0. In the monetary regime, we set §, = 0.2,
pr = 1.5, while in the fiscal regime, we set &, = —0.1, pr = 0.5.

2.3.3 The Key Covariance of Interest

The following proposition is key to motivate our empirical analysis.”

Proposition 1. In the fiscal regime, the covariance between the SDF and the real holding period return

on the Treasury portfolio is negative, while this covariance is zero in the monetary regime:

Fiscal regime : Cove(myq1,7gt41) = —BsA <0 (33)
Monetary regime : Covy(mi41,7g141) =0 (34)
Proof. This follows from the above derivations. O

®Note that in the subsequent empirical work, we do not use the log SDF and log real HPR, and instead look at
Cov¢(Mis1, Rg,t+1). In the model, this has the same sign as Cov¢(mi41,7g,t+1) from a property of the lognormal distri-
bution.

14



This results in a risk premium on the Treasury portfolio equal to 8sA > 0 in the fiscal regime and zero
in the monetary regime. As such, the covariance term Covy(my41,74,¢+1) is crucial for distinguishing
between risky and safe debt regimes, which correspond to periods of active fiscal and monetary policy

respectively in the model.

2.3.4 Revisiting the Fiscal Consequences of Risky Debt

Section 2.2 treated output growth as known at ¢, which keeps the surplus-stabilisation expression exact.
We now relax this and let real output growth load on the model’s shock, which introduces an additional
channel through which debt riskiness affects the debt ratio.® Suppose log growth AY; 1 = log(Y;+1/Y:)

follows

AYip1 =g — ¢etqa, ¢ >0,

so that output falls in the bad state, consistent with governments running deficits during recessions.

Evaluating the debt-ratio law of motion (16) under lognormality then yields
d S
B | %] = exp 7y = oo+ 308 07) - [ 22, o

where 7, = pu — %3 + BsA is the expected log real HPR.

In the monetary regime 5 = 0, so the first term reduces to exp(u — g + %d)Q) and the standard r — g
logic holds, with r = i equal to the zero-beta rate. In the fiscal regime 8; < 0, and substituting for 7,

the % 2 terms cancel, leaving the first term as

exp (11— g+ 56° + B\ + ). (36)

Relative to the monetary benchmark, the fiscal regime therefore scales the growth rate of the debt ratio

by exp (ﬂs()\ + qb)), which combines two channels.

The first is the risk-premium channel, exp(5s\). With A < 0 and 35 < 0 we have SsA > 0, so the

5The two treatments are complementary: deterministic growth isolates the surplus-stabilisation arithmetic, while
stochastic growth isolates the interaction between debt returns and the cycle that we study here.
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expected return 7, is higher to compensate investors for holding risky debt, raising the growth rate of

the debt ratio. This is the fiscal cost of risky debt emphasised in Section 2.2.

The second is a Jensen channel, exp(f8s¢), which arises because the same shock drives both the debt
return and growth. The relevant object is the growth-adjusted return r4 ;41 — AY; 1, whose innovation
loads (85 + ¢)ei11, so its conditional variance is (8s + ¢)2. When 85 < 0 and ¢ > 0 the two loadings
partially offset, making this variance smaller than 82 + ¢, and the lower variance reduces E¢[ds11/dy].
In other words, because debt returns and growth move together, the growth-adjusted return is less

volatile than its components, and this dampens expected debt-ratio growth.

The two channels work in opposite directions, so the net effect is destabilising precisely when Ss(A+¢) >
0. Since S5 < 0, this holds if and only if
o <Al (37)

that is, when the output loading is smaller than the absolute price of risk. Risky debt thus raises the
growth rate of the debt ratio, reinforcing the difficulty of stabilisation discussed in Section 2.2, unless
growth is sufficiently strongly co-driven with debt returns that the Jensen channel dominates the risk

premium.

2.4 Model Extensions and Discussion

The model is stylised, but provides useful clarity by illustrating how the key covariance of interest
can sharply identify different monetary-fiscal regimes. We consider a number of extensions in the
appendix, including the robustness of the regime ordering to a priced monetary shock, the incorporation

of convenience yields, inflation-linked debt, and a time-varying price of risk. We summarise these below.

Adding a monetary shock. A natural concern is whether the covariance remains informative about
the regime once the SDF prices more than the deficit shock. We address this by adding a priced
monetary policy shock to the Taylor rule, with a non-positive price of risk since a contractionary
surprise raises the nominal rate and arrives in a high marginal utility state. We show in Appendix A

that the regime ordering is not only preserved but strengthened: the covariance remains negative in the

16



fiscal regime and becomes non-negative in the monetary regime, so government debt is now safe rather
than merely riskless there. The intuition is that the monetary shock is priced into the covariance only
in the monetary regime. In the fiscal regime it has purely nominal effects, since the real HPR is pinned
down by the present value of real surpluses and unexpected inflation absorbs the shock one-for-one,
leaving the real return unaffected. In the monetary regime, a contractionary surprise disinflates and
raises the real return on the long bond, so debt hedges the shock and the monetary channel reinforces

rather than competes with the fiscal one.

Convenience yields. Several papers find that US government debt is overpriced, earning a con-
venience yield stemming from its liquidity services or pledgeability as collateral (Krishnamurthy and
Vissing-Jorgensen, 2012; Greenwood et al., 2015; Nagel, 2016). Our equity-based SDF nonetheless prices
the real HPR on US government debt in-sample, which we read as evidence against convenience yields
playing a large role for the real HPR.” We nonetheless consider an extension in which the Euler equation

becomes 1 = E;M; 1R, +1exp(t;), where the convenience term

Yy = Yo — P1[log(be) — log(b*)], Yo, 1 > 0, (38)

falls in the supply of debt, consistent with Krishnamurthy and Vissing-Jorgensen (2012) and a downward-
sloping Treasury demand curve. In Appendix A we show that the key covariance continues to differ-
entiate the regimes. Debt remains risky in the fiscal regime, though less so when 17 is larger, since a
more supply-sensitive convenience yield absorbs more of the deficit shock and leaves the surplus claim

less exposed to it. In a quantitative calibration this reduction is modest.

Inflation-linked debt. We extend the model to allow the government to issue real as well as nominal
debt. The US introduced this via Treasury Inflation-Protected Securities (TIPS) in 1997, and these
now constitute around 7% of total marketable debt. The UK introduced index-linked gilts (linkers) in

1981, and these now make up around 25% of UK debt.

"One could conceive of a convenience yield that affects bond pricing but not the HPR, for example if it is multiplicative
and constant across maturities and over time.
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We assume that there is a constant share n € (0, 1] of nominal debt such that:

b= b} + b (39)

with b = nbs, by = (1 — n)bs, where b} denotes the real market value of nominal debt and b] denotes
the real market value of inflation-linked debt. In Appendix A we show that the presence of real debt
does not change the key covariance term in either the monetary or the fiscal regime. The riskiness of
the public portfolio is thus independent of the composition between real and nominal debt. It does,
however, influence the dynamics of inflation in the fiscal regime — a higher fraction of inflation-linked
debt causes inflation to respond more to a deficit shock (Kawalec, 2025). With a smaller stock of
nominal liabilities, a given fiscal shock requires a larger movement in the price level to reconcile the real

value of debt with the present value of future primary surpluses.

Time-varying price of risk. Our benchmark specification assumes a constant price of risk A. This
is at odds with both the empirical asset pricing literature, which finds substantial time-variation in risk
premia (Cochrane and Piazzesi, 2005; Cochrane, 2011), and with our own empirical approach, which
uses instruments to capture conditional variation in the SDF. We therefore consider an extension where
the price of risk varies with the state:

At = Ao + Az, (40)

with A\g < 0 and A1 < 0, so that bond investors demand a higher price of risk in bad states of the
world. This is consistent with intermediary asset pricing models where effective risk aversion rises when
balance sheets are stressed (He and Krishnamurthy, 2013). In Appendix A, we show that Proposition
1 continues to hold in terms of the sign of the covariance, so the regime partition of the model is
preserved. In the fiscal regime, the price of risk now enters the solution for log real debt, and greater
state-dependence in the price of risk makes Bs; more negative, amplifying the inflation response to a

deficit shock. Moreover, since

Covi(mys1,rg41) = —Aiefs, (41)

the conditional covariance becomes more negative when the deficit state deteriorates. This generates
within-regime variation in debt risk. Finally, greater state-dependence in the price of risk tightens the

parameter space over which the fiscal regime admits a bounded affine solution, providing a stylised
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notion of fiscal fragility.

3 Empirical Methodology

Motivated by the model, we now attempt to measure the key covariance term empirically. For this, we
need a measure of the real holding period return on government debt and a measure of the SDF. Starting
with the first of these, we use the holding period return on government debt held by private investors
constructed by Hall and Sargent (2011), extended to end in December 2024 by Hall and Sargent (2025),
and posted on George Hall’s website.® As Hall and Sargent (2025) describe, this measure, consistent
with our model, nets out the holdings of government debt by the Federal Reserve, Government Agencies
and Trust Funds. Crucially, the measure uses the market value of government debt obtained via the use
of promised payment streams and bond price data. Finally, further adjustments are made to account
for structural changes to the Federal Reserve’s balance sheet from 2008 onwards. See Hall and Sargent

(2025) for full details. To convert the nominal HPR into the real HPR, we use the rate of CPI inflation.

Figure 2 plots the cumulative real holding period return on the Treasury portfolio, Eg,t /I, over our full
baseline sample period of July 1926 - December 2024. This illustrates four distinct periods of differing
fortunes for bondholders. Firstly, bondholders actually did reasonably well over the period of 1926-1939
despite the 1929 Wall Street crash and subsequent Great Depression, in large part due to the deflation
and flight to safety which occurred. Secondly, bondholders received negative real returns between 1939-
1980. In the first part of this period, this was due to the high deficit spending and inflation which
financed the US response to WWII, see Hall and Sargent (2011). In the second part of this period
there was also high inflation which was met by high interest rates, both of which were deleterious for
bondholders. Thirdly, bondholders received high real returns from 1980-2020. This bull market for
fixed income stemmed from the combination of a secular decline in interest rates and the reduced rate
of inflation which occurred in the Great Moderation and Great Financial Crisis periods. Fourth and
finally, bondholders suffered large real losses from 2020-2024 as there were high fiscal deficits, interest
rates rose and inflation accelerated significantly after the Covid-19 pandemic. Hall and Sargent (2025)

liken this episode and the associated response to a third war accordingly.

8See https://sites.google.com/brandeis.edu/george-j-hall /research.
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Figure 2: Cumulative Real HPR on the Treasury Portfolio, July 1926 - December 2024
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Over the whole period, the average monthly real annualised HPR was 1.53%, with a standard deviation
of 3.56% (again annualised). The monthly real one-month Treasury rate over this period was 0.29%,
giving the real HPR a Sharpe ratio of 0.35. This is only slightly lower than the Sharpe ratio for the
US stock market over the same period, giving an indication that the government debt portfolio is not

lacking in volatility.

The second object we need is an estimate of the SDF. One approach would be to pick a structural asset
pricing model, such as the consumption CAPM or the intermediary-based asset pricing model of He
and Krishnamurthy (2013), and then use this to construct the SDF. However, we deliberately utilise a
method of estimating the SDF which allows us to remain agnostic about the specific structural model,
given the lack of consensus in the literature on this question. Instead, our approach is based on the

assumption that there exists an SDF such that the following moment condition holds for a set of real
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gross returns ¢ = 1,..., V:

1 =E¢[My11Rijp41] Viel, (42)

where Z denotes a potentially exhaustive set assets. This is the fundamental asset pricing equation.
The existence of such an SDF is guaranteed under no arbitrage (Harrison and Kreps, 1979; Kreps,
1981a). In our approach we do not assume that government bonds belong in the set Z, implying that
we allow for convenience yields in these assets. For our fully nonparametric approach, this is the only
equilibrium condition used. In our parametric approach, we place slightly more structure on the process

which characterises the SDF.

3.1 Parametric Approach

Our primary approach to estimating the SDF is parametric, since we impose a degree of structure on

its functional form.

We first make the assumption, following Di Tella et al. (2025), that the zero-beta rate is an affine

function of a vector of de-meaned instruments, Z; which is L x 1:

L
Roy =0+ Z Vit (43)
=1

where the first element of Z; is Ry; — 1, meaning we nest the common case where the risk-free Treasury
rate coincides with the zero-beta rate.? Importantly, we therefore allow for a time-varying zero-beta
rate in contrast to many methods which assume it is constant or equal to a short-term Treasury yield,
e.g. the well-known Fama and MacBeth (1973) procedure. While we are not directly interested in
the zero-beta rate, as will become clear, it influences our estimate of the SDF, and so accounting for
volatility remains important. Di Tella et al. (2025) provide strong evidence that the zero-beta rate 1)

does not coincide with the Treasury bill rate; ii) exhibits substantial volatility.

In our parametric approach, we assume that the SDF is described by:

K

Mty = Ryy + Y 8 (Fjent — EeFjaia), (44)
j=1

9This occurs when vo = 1,71 = 1, =0V 1> 2.
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where Fj is a specific factor j. We thus assume that the SDF is given by a linear factor model. This
nests, or approximately nests, many of the leading asset pricing models. For example, the CAPM can
be written as: M;+1 = a+ bR%l, where Rf\j[rl is the market return. The consumption CAPM and rare
disasters model of Barro (2006) can be linearised as: My41 ~ 1 — YACy4+1, where 7 is the coefficient of
relative risk aversion, and AC1q = Ct%;ct is aggregate consumption growth.

Rather than tying ourselves to the mast of a specific structural asset pricing model, we instead assume
in our benchmark specification that F; consists of the three Fama and French (1993) factors: the market
return, the size factor (SMB), and the value factor (HML). We use the excess return of the market over
the zero-beta rate, Rys;— Ry, as the first factor rather than the excess return over the 1-month Treasury
bill. The logic underpinning this choice of factors is that they have repeatedly been demonstrated to
have large explanatory power for the cross-section of returns, and can be interpreted as proxies for the
underlying risk factors in structural models. While additional factors have also been found to explain
the cross-section of returns — see the literature on the ‘factor zoo’ (Harvey et al., 2016; Feng et al., 2020)
— we choose these three factors for two main reasons. The first is that they are the most well-studied
in the empirical literature. The second, more practical in nature, is that data on these three factors
goes back to 1926, which far precedes many other proposed factors.!® We consider several robustness

tests where we vary the set of factors in the appendix.

We next discuss our choice of instruments in the vector Z;. As previously stipulated, the first is the
one-month Treasury yield adjusted for CPI inflation. The choice of the remaining instruments largely
follows Di Tella et al. (2025) with some considerations made for the availability of the data.!* Our second
instrument is the 12-month backwards-looking moving average of CPI inflation. This is motivated by
the findings of Cohen et al. (2005), who document that the price of risk systematically differs between
high- and low-inflation states of the world. The third instrument is the term spread, defined as the
difference between the yield of a 10-year and 3-month Treasury. This has often been found to forecast
recessions and we include it for that reason. Our fourth instrument is the inverse of the Shiller CAPE. A

large literature documents that this inverse valuation ratio forecasts future excess returns, suggesting it

0For example, data for the profitability and investment factors additionally proposed by Fama and French (2015) only
begins in 1963.

"'The instruments that Di Tella et al. (2025) use (in addition to the 1-month Treasury yield) are as follows: i) the
12-month backwards-looking moving average of inflation, ii) the term spread, iii) the U3 unemployment rate, iv) the
excess bond premium of Gilchrist and ZakrajSek (2012). These last two instruments are not available until 1948 and 1973
respectively, hence the reason we deviate from this instrument set.
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is associated with the price or quantity of risk. Our fifth and final instrument is the bond spread, defined
as the yield differential between BAA corporate bonds and Treasuries. Credit spreads have been found
to forecast future economic activity and excess returns on risky assets (Gilchrist and Zakrajsek, 2012),
making them relevant for capturing time variation in risk premia. We consider multiple robustness tests
on the instrument set in the appendix, usually coming at the cost of truncating the sample period under

consideration.

The last choice we need to make is the cross-section of returns used to recover the SDF. Again, we
face a tradeoff between the richness of the portfolio set and data availability. Our benchmark cross-
section consists of the 25 Fama—French portfolios formed on size and book-to-market, augmented with
the 30 industry portfolios, which are available from 1926-2024. This follows Lewellen et al. (2010),
who argue that the strong factor structure in the size-value Fama—French portfolios can overstate model
performance. They recommend including a broader set of portfolios, such as those sorted by industry, to
mitigate this bias. We also include the CRSP value-weighted market return and the one-month Treasury
yield. While in principle we could include the entire maturity spectrum of zero-coupon government bond
yields, doing so would implicitly assume that all maturities are priced solely by the SDF without any
segmentation or preferred-habitat effects. While this would be consistent with our model, the empirical
asset pricing literature suggests that bonds of different maturities may carry distinct convenience yields
or liquidity premia. To avoid imposing this strong restriction, we include only the one-month Treasury
yield, which serves as a proxy for the short-term risk-free rate and anchors the SDF estimation. We
stress that this does not mean we assume that the one-month Treasury yield is the zero-beta rate. In
the appendix, we consider a robustness test where we only use the cross-section of equities, as well as

numerous other robustness tests where we vary the cross-section more substantively.

In Appendix B we describe the algorithm used to estimate the SDF fully. The method builds upon
the process developed by Di Tella et al. (2025), jointly estimating both the zero-beta rate and the SDF

together. Their original method only recovers the former.
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3.2 Nonparametric Approach

Our secondary, nonparametric approach is much simpler and exclusively utilises the fundamental asset
pricing equation (42) as the only moment condition. We search for an M; 1 such that the following

sample analogue holds for all i =1, ..., N:

1 T-1

T > MiRiga=1 (45)
t=0

This yields an infinite set of My, if T' > N since the system is underidentified. We thus need to impose
an additional criterion in order to uniquely identify the SDF. We choose to search for the minimum
variance SDF in the set of My which satisfy (45), corresponding to the Hansen-Jagannathan projection
of the SDF onto the payoff space spanned by returns. In other words, it is the most parsimonious, valid
SDF in the sense that it exactly achieves the Hansen-Jagannathan bound. Formally, we solve the

linear-quadratic optimisation problem:

71
1

in Var(Miq) st 1=—= S MR =1 N 4

pimin ar(Mi11) s T ;:0 t+1Rigp1 Vi (46)

where we impose strict positivity of the SDF also. This approach is fully nonparametric since no
functional form restrictions are placed on My, 1. In our benchmark nonparametric approach, we do not
incorporate conditioning information in the form of instruments for the purpose of maximum parsimony,
but we examine this extension in the appendix. We refer to the estimated SDF obtained from this

procedure as Mﬁlf from here on.

3.3 Discussion of the Two Approaches

Each approach has distinct merits and limitations. The parametric method imposes structure on the
SDF via a linear factor model, using well-established factors that explain the cross-section of returns.
This structure improves interpretability and, under a correct specification, delivers efficiency by lowering
the asymptotic variance of the estimator. Its main drawback is the risk of model misspecification;
omitting relevant risk factors or instruments can introduce bias. Conversely, the nonparametric approach

imposes no functional form on the SDF, making it highly flexible and robust to misspecification. It
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exactly prices the test assets, but sacrifices efficiency because the number of unknowns grows with the
sample size. When T' > N, the system is underidentified, and the solution, though variance-minimising,
can be highly sample-specific and sensitive to noise. This can be thought of as a form of overfitting. In
the appendix, we also consider an alternative semiparametric approach, which follows the nonparametric
approach above, except that the SDF is approximated as a linear combination of basis functions of the
factors and instruments. This sieve approximation greatly reduces the dimensionality of the problem

but, as in the main parametric approach, requires the explicit choice of these variables.

4 Main US Results

We begin by describing the estimated SDF series we recover from each of the two approaches. A
full set of parameter estimates for the parametric approach can be found in Table Al. The time
series of these is plotted in Figure 3, and clearly illustrates the fact, highlighted previously, that the
nonparametric approach produces a noisier series compared to the parametric procedure. Despite the
significant differences in the two approaches, the two SDFs have a correlation coefficient of 0.34, and
so are moderately correlated. Both pick up significant adverse macrofinance events, including the Wall
Street crash of 1929, the outbreak of WWII in 1939, Black Monday in 1987, the Great Financial Crisis
in 2008, and the Covid-19 pandemic in 2020. Table 1 presents a set of summary statistics for the real
HPR and the pair of estimated SDFs. The plot of the estimated zero-beta rate from the parametric

procedure can be found in the appendix.

The key covariance term in (14), evaluated unconditionally over the entire sample period, is negative for
both SDFs, implying that, on average, US government debt has been a risky asset. Annualised, this risk
premium component is estimated to add 12 bps to the real return on government debt when using the
parametric SDF, and 32 bps when using the nonparametric SDF. As a separate test, we evaluate this
covariance for the stock market return, which is an untargeted moment. We find that the parametric
SDF produces an annualised equity premium of 6.81%, close to most empirical estimates of this. The
nonparametric SDF yields an annualised equity premium of 8.21%, somewhat of an overestimate. We
also consider the extent of mispricing of the HPR on US government debt, by testing the sample analogue
of the Euler equation in (11), i.e. we test the null hypothesis that the average product of the SDF with

the real HPR is equal to 1. We cannot reject this null for the parametric SDF (p = 0.20), or for the
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Figure 3: Estimated SDFs
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Note: The dark blue line plots the estimated SDF from the nonparametric approach, while the pink line plots the estimated
SDF from the parametric approach.

nonparametric SDF (p = 0.94). This is effectively a test of how segmented the bond and equity markets
are, given that we use the latter to recover the SDF.!? If the two were segmented, for example due to a
large convenience yield on US government bonds, we would not expect the SDF which prices stocks to
also price bonds (and hence the HPR). This is not what we find, consistent with a small or negligible
convenience yield on average over our sample period. This does not preclude the possibility that the

convenience yield varies over time but is equal to zero on average.'?

We now focus on evaluating how the key covariance term in (14) has evolved over time, with the idea
of identifying distinct safe and risky debt regimes. To do so, we plot the rolling, backward-looking

covariance between the SDF and the real HPR on government debt. We choose three years as the

12Rather than any market microstructure definition, we term the markets for asset ¢ and asset j segmented if 1 =
EtMg+1Ri,t+1 and 1 = EtMt]+1Rj,t+1 but MZ+1 ;é Mt]+1'

13We include the one-month Treasury yield in our baseline cross-section of returns, but even when we omit this and
focus purely on equities, we still find that we cannot reject the null that 1 = E(M¢y1Rg,t41)
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Table 1: Summary Statistics

Real HPR SDF (Parametric) SDF (Nonparametric)

Mean 0.13% 0.995 0.999
Standard Deviation 1.03% 0.111 0.392
Skewness -0.02 -0.41 0.52
AR(1) 0.25 0.09 -0.01
Corr. w/ Parametric SDF -0.09 1.00 0.34
Corr. w/ Nonparametric SDF -0.07 0.34 1.00

Note: This table presents summary statistics for the real (non-annualised) HPR on US government debt, the parametric
SDF, and the nonparametric SDF. AR(1) refers to the coefficient on the lag term in an AR(1) OLS regression. The sample
period is monthly and spans July 1926 - December 2024.

window length for this, but also experiment with other values for this, as well as more data-driven
procedures, in the appendix. This method also has the benefit of being nonparametric in nature, but

in the appendix we also discuss various alternative parametric procedures.

Figure 4 plots this rolling covariance for the parametric SDF, while Figure 5 plots this for the nonpara-

metric SDF. Both figures tell largely the same story qualitatively, identifying four clear fiscal regimes.

e 1926-1965: Debt was risky before the 1951 Treasury-Fed Accord and safe afterwards.
The evidence for this sub-period is less decisive than for subsequent regimes, reflecting both the
volatility of the estimated covariance and the multiple structural changes that occurred. In the
1926-1951 period, the rolling covariance typically features negative point estimates, albeit with
wide confidence intervals. This is consistent with the fiscal regime conditions being satisfied for
much of this period. At this time, the Fed’s monetary policy role was subordinated to Treasury
debt management — its primary task was to help the Treasury finance wartime and postwar debt
cheaply by supporting the market for government securities and maintaining low, sometimes ex-
plicitly pegged, yields through open-market purchases, see Garbade (2020) for example. Jacobson
et al. (2024) argue that the US departure from the gold standard in 1933 was itself consistent
with a move towards a fiscal regime, since it enabled unbacked fiscal expansions. The period from
around 1951-1965 is identified as a safe debt period despite its poor real returns. The Treasury-Fed
Accord of 1951, which formally separated government debt management from monetary policy, is
a plausible source of this regime shift, representing an institutional move towards p, > 1. Fiscal

policy was also consistent with the monetary regime: as Hall and Sargent (2022) outline, the
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Korean War was financed with a balanced budget, driven in part by President Truman’s own

experience as a Liberty bondholder during WWTI.

1965-1985: Debt was risky. The covariance turns decisively negative in the early-to-mid 1960s
and remains so until the early 1980s. In terms of our model, both conditions for the fiscal regime
appear to have been satisfied. On the fiscal side, the high, persistent budget deficits associated
with President Johnson’s Great Society programmes and the Vietnam War are consistent with
a low 0. As discussed by Bianchi et al. (2023), these were largely unfunded in the sense that
they were not accompanied by expectations of future offsetting surpluses. On the monetary side,
there was substantial political interference in the Fed, as documented by Drechsel (2024), which
may have contributed to monetary policy being insufficiently responsive to inflation, consistent
with p, < 1. This began with Johnson’s pressure on Fed Chair William McChesney Martin
and continued throughout the Nixon administration.!* Bianchi and Ilut (2017) also identify this
period as an active fiscal regime using a medium-scale estimated DSGE model, lending support

to our finding via a different methodology.

1985-2020: Debt was safe. The covariance is approximately zero throughout this period,
consistent with the monetary regime. On the monetary side, the Volcker disinflation marked a
decisive shift towards active monetary policy (pr > 1), which prior work has partially attributed
to the reduction in macroeconomic volatility during the Great Moderation (e.g. Clarida et al.
(2000), Lubik and Schorfheide (2004), Beaudry et al. (2023)). On the fiscal side, the deficit
reduction of the late 1980s and the Clinton-era surpluses of the late 1990s are consistent with
a high &, with the surplus process responding actively to debt levels. The shift towards debt
being riskless, interpreted through the lens of our model, supports this characterisation. Notably,
debt remained safe through several large fiscal shocks during this period, including the deficits
associated with the Bush tax cuts, the wars in Iraq and Afghanistan, and the fiscal response to
the global financial crisis which approximately doubled the debt-to-GDP ratio. The persistence
of the safe debt regime despite these shocks suggests that what mattered was not the level of debt

per se, but rather the credibility of the monetary and fiscal policy frameworks, consistent with

“Fessenden (2016) argues that 1965 represents a watershed moment in relations between the President and the Fed.
Two instances from LBJ’s presidency stand out. First, in 1965 he invited Martin to his ranch and berated him over his
decision to raise interest rates, even allegedly going so far as to physically assault him. This came in the wake of the 1964
tax cuts which Martin viewed as being a significant cause of inflationary pressure. Second, in 1967 Johnson and Martin
came to an agreement whereby the Fed would lower interest rates and Johnson would, in return, accompany this with a
tax increase. Martin would later admit to regretting this decision when he testified before Congress two years later.
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the model’s emphasis on the policy rules (pr, dp) rather than the state variables.

e 2020-2024: Debt may have become risky once again. The covariance turns sharply nega-
tive from 2020 onwards, with the parametric SDF producing the most negative point estimate over
the entire sample period in 2024. The large fiscal transfers associated with the pandemic response
(the CARES Act of 2020 and the American Rescue Plan of 2021) constitute precisely the type of
deficit shock in a high marginal utility state that generates risky debt in our model. Crucially,
and in contrast to the GFC episode, these transfers were not accompanied by comparable signals
of future fiscal consolidation, consistent with a decline in d,. The subsequent inflation surge is
consistent with the fiscal regime mechanism, where deficit shocks that are not backed by future
surpluses manifest as higher inflation, eroding the real HPR on government debt. The quanti-
tative magnitude is substantial: the point estimate implies that the risk premium component is
currently adding around 100 bps to the annualised real HPR on government debt (95% CI: 57bps
— 193bps). This represents a material increase in the government’s funding cost which appears
in the intertemporal budget constraint, with the fiscal consequences described in Section 2.2. We
stress that previous regimes typically last multiple decades, and so it may be premature to draw

firm conclusions given the lack of data in the post-pandemic period.

4.1 Robustness

Both the parametric and nonparametric procedures require us to make a set of meaningful choices, and
as such, we consider a number of alternative choices to gauge the robustness of our results. For the

parametric procedure, these include variations of:

1. Cross-section of returns. We look at richer cross-sections of returns used in the GMM procedure,
which typically comes at the cost of a shorter sample length. We also consider broadening the

cross-section beyond equities and including a set of government bond portfolios.

2. Factors. We consider the addition of other asset pricing factors in the SDF, for example the
betting-against-beta factor of Frazzini and Pedersen (2014) and the additional two factors which
comprise the five factor Fama and French (2015) model. We also include real consumption growth

as a factor in the spirit of the CCAPM.
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Figure 4: Rolling covariance between parametric SDF and real HPR on government debt.
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Note: This plots the three-year backward-looking covariance between the parametric SDF and the real HPR on government
debt. The grey shaded area plots 68% confidence intervals.

3. Instruments. We consider varying the set of instruments by including additional variables which

have been shown to forecast returns such as the cyclical consumption measure of Atanasov et al.

(2020).

4. Method. We consider variations of parts of the parametric approach. For example, we look at
using one-step rather than two-step GMM, and allowing for the risk prices (§) to depend on the

instruments.

For the nonparametric approach, we also consider the use of an alternative cross-section of returns, and
the use of conditioning information. We also consider different windows for the rolling covariance, as
well as alternative methods of detecting the safe and risky debt regimes. All of these robustness tests
can be found in Appendix C. By and large, we find our key results to be robust to this myriad of

variations.
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Figure 5: Rolling covariance between nonparametric SDF and real HPR on government debt.
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Note: This plots the three-year backward-looking covariance between the nonparametric SDF and the real HPR on
government debt. The grey shaded area plots 68% confidence intervals.

5 Application to the UK

We also apply our approach to the UK, which, like the US, has rich, historical gilt-level data that allows
us to compute the HPR on its government debt. To do so, we build on Ellison and Scott (2020) and
develop a monthly series for the HPR on debt held by private investors, stripping out holdings of the
Bank of England in its Asset Purchase Facility. Full details of our construction of this series can be

found in Appendix E.1®

To risk-adjust the real holding-period return on UK government debt, a measure of the sterling real
SDF is again required. In principle, one could estimate this object from the cross-section of UK asset
returns, following the same approach used for the US. In practice, this is difficult because data on the
cross-section of UK returns is extremely limited, with no extant dataset spanning a sufficiently long
sample. We therefore instead infer a sterling real pricing kernel from the previously estimated US real

pricing kernel and the real exchange rate, following the international asset-pricing logic in Backus et al.

5We make this series available at: https://www.utsopm.com/data.
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(2001).

Let Mg_‘si’n denote a nominal dollar pricing kernel, let Mt(fl(’" denote a nominal sterling pricing kernel,

and let & denote the nominal GBP/USD exchange rate, measured as pounds per dollar. No-arbitrage

in currency markets implies that for any valid US nominal pricing kernel ng’n, the object

UK, usn &t
My = Mm”?+1 (47)

is a valid nominal pricing kernel for assets traded in both markets. To express this relation in real terms,

note that nominal and real pricing kernels are linked by
Mj,, =M\, i€ {US, UK}, (48)

where II} | denotes gross CPI inflation in country . It follows that the sterling real SDF satisfies

UK
MUK_MUS Et Ht-i—l
t+1 —

N U
Ett1 ngsl

(49)

The intuition is straightforward. The price of any payoff denominated in dollars must equal the price
of the same payoff translated into sterling. Hence, once prices are expressed in a common currency, a
valid US pricing kernel can be converted into a valid sterling pricing kernel via the rate of change of
the exchange rate. In real terms, the relevant object is real exchange-rate growth. This provides a way
to convert the US real SDF estimated previously into sterling real terms, and hence to risk-adjust UK

government bond returns.

No-arbitrage guarantees that the constructed Mt(ff is a valid pricing kernel for internationally traded

claims, but our application requires the additional assumption that it also prices UK government bonds.
This amounts to assuming that gilts are not segmented from international capital markets—that is, gilts
are spanned by, or at least priced consistently with, the set of assets accessible to international investors.
This assumption may be violated by transaction costs, funding frictions, balance-sheet constraints, cap-
ital controls, and other forms of market segmentation. For example, Du et al. (2018) describe persistent
deviations from covered interest parity in the post-GFC period, and historical episodes such as the Ex-

change Control Act 1947 imposed explicit barriers to cross-border capital flows. We therefore interpret
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the mapping from the US pricing kernel into sterling real terms as a useful empirical approximation
whose accuracy is likely to vary across historical subperiods, rather than as an exact frictionless identity.
Regardless of whether or not no-aribtrage holds, the covariance we consider can be interpreted as mea-
suring the risk of UK government debt to a US investor once real exchange rate risk is also accounted

for.

We can directly test this assumption by evaluating whether the constructed UK SDF prices the real

HPR on gilts, i.e. by testing the null hypothesis that
=B MR (50

using the expression for Mgff in (49). Doing so yields a p-value of 0.24 and 0.64 when the parametric
and nonparametric SDFs are used respectively for Mt(ﬁ, and so we cannot reject the null hypothesis in
either case. It thus appears that the UK government debt portfolio is priced effectively by the UK SDF

we obtain.

To examine how the riskiness of UK government debt has evolved over time, Figure 6 plots the rolling
covariance between Mtlff and Ré{fil, with either the parametric or nonparametric SDF used to construct
the UK SDF via (49). Regardless of which SDF is used, the results imply that UK government debt
has largely been safe over the past century, with three periods forming notable exceptions. We discuss

each regime in turn.

e 1926-1939: Debt was risky. Both conditions for the fiscal regime appear to have been satisfied
during the interwar period. On the monetary side, the gold standard constrained p, directly: the
Bank of England targeted the exchange rate rather than domestic inflation. Its abandonment in
1931 did not restore active monetary policy; instead, the subsequent ‘cheap money’ policy kept
rates low to support recovery, consistent with p, < 1 continuing through the 1930s. Lennard et al.
(2023) find an increase in inflation expectations during the first half of the 1930s, consistent with
this passive monetary stance. On the fiscal side, the clearest evidence of a low §, comes from the
1932 War Loan conversion—effectively a forced restructuring of the government’s largest single

liability—which arguably demonstrated a revealed preference for imposing losses on bondholders
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Figure 6: Rolling covariance between the SDF and the real HPR on UK government debt.
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Note: The top panel plots the 36-month trailing covariance between the parametric SDF, adjusted as in (49), and the
real HPR on UK government debt. The bottom panel repeats this for the nonparametric SDF.
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rather than generating offsetting surpluses.' The 1934 default on war debts owed to the United
States (Gill, 2023) further underscores this posture. The inherited wartime debt burden made con-
ventional fiscal adjustment politically costly, as the 1931 government collapse over unemployment

benefit spending cuts illustrated.

e 1945—.1972: Debt was safe. Despite emerging from WWII with a debt-to-GDP ratio of ap-
proximately 250%, both SDFs indicate safe debt. On the fiscal side, the Attlee and subsequent
governments pursued meaningful consolidation: the Cripps austerity programme moved the pri-
mary balance into surplus, and the debt ratio fell steadily, reaching under 60% by the early 1970s,
consistent with J, > s*. On the monetary side, the Bretton Woods system provided an external
nominal anchor, disciplining monetary policy via the exchange rate commitment and functioning
analogously to a high p,. The financial system was also subject to extensive repression—capital
controls under the Exchange Control Act 1947, administered interest rates, and directed lending
requirements—which insulated gilt holders from risk and likely compressed the covariance towards

zero independently of the policy regime.

e ¢.1973—-1980: Debt was risky. The mid-1970s represent the sharpest episode of risky debt in
the UK sample, categorised as risky debt by both SDFs, although the nonparametric estimate
is the more decisively negative of the two. Both conditions for the fiscal regime appear to have
been satisfied. On the monetary side, the Heath government’s Competition and Credit Control
reforms in 1971 dismantled the direct lending controls that had insulated gilt holders, and the
Barber boom of 1972-73 combined fiscal expansion with monetary accommodation. With the
Bank of England lacking operational independence and interest-rate decisions effectively taken
by the Chancellor, there was a direct mechanism for passive monetary policy (pr < 1). On the
fiscal side, the Social Contract between the Wilson and Callaghan governments and the trade
unions from 1974 traded sustained public spending for wage restraint that repeatedly broke down,
consistent with a weak surplus response to debt (J, < s*). The result was the pattern our model
predicts in the fiscal regime: inflation exceeding 25%, large deficits, and negative real returns to
bondholders. The 1976 IMF programme forced a fiscal adjustment, but the rolling covariance

remains negative through to approximately 1980, suggesting credibility was not restored until the

'While not in our sample, this attitude towards government debt management stands in contrast to what preceded it,
where Victorian policymakers typically had a deep disinclination towards debt and deficits. This attitude is typified by
a question posed by Edwin Montagu to Lloyd George in 1921: “Is it conceivable that England should prostitute itself to
the level of France and budget for a deficit?”. See Middleton (1996) and Cloyne et al. (2023).
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Thatcher government’s Medium-Term Financial Strategy. Our reading is consistent with Bush
(2024) and Bordo et al. (2025), who find that fiscal policy deviated from its debt-stabilising norm

during this period.

e 1980—2020: Debt was safe. The shift back to safe debt reflects a joint move towards p, > 1 and
dp > s*, progressively reinforced by institutional reforms: the Medium-Term Financial Strategy
(1980), inflation targeting (1992), Bank of England independence (1997), and the fiscal rules
framework culminating in the Office for Budget Responsibility (2010). Notably, debt remained
safe through the global financial crisis despite the approximate doubling of the debt-to-GDP
ratio. This is consistent with the model’s emphasis on the policy rules (pr,dp) rather than the
state variables: the fiscal expansion of 2008-10 was accompanied by credible signals of future

consolidation, and the monetary framework remained intact.

e 2020—2024: Evidence of a shift towards risky debt. The covariance turns negative from
2020 onwards, consistent with a move towards the risky debt regime. The large fiscal transfers
of 2020-21 constitute a deficit shock arriving in a high marginal utility state, and the subsequent
rise in inflation is consistent with the fiscal regime mechanism, where deficit shocks not fully
backed by future surpluses contribute to higher inflation and erode the real HPR. The September
2022 gilt market episode is also relevant, though it operated through a distinct mechanism: an
announced future fiscal loosening triggered a rapid repricing of gilts, illustrating the sensitivity
of gilt pricing to expectations about the future surplus path. The subsequent fiscal correction
partially stabilised the market, consistent with a partial restoration of perceived d,. Evidence on

the Taylor rule presented in the next section suggests this regime may have been quite transitory.

In summary, we identify the following regimes for UK government debt: risky in the interwar period
(1926-1939), safe in the post-war period (1945-¢.1972), risky in the 1970s (c.1973-1980), safe from
approximately 1980-2020, and a shift towards risky debt in the post-pandemic 2020-2024 period. We

provide further supporting evidence in the subsequent section.
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6 Additional Supporting Evidence of Monetary and Fiscal Regimes

In this section, we test additional predictions of the model in the regimes we identify previously as a

way of providing independent validation of these.

6.1 Perceptions of the Monetary Policy Rule

Our model predicts that a fiscal regime should feature p, < 1. To test this, we utilise the approach of
Bocola et al. (2024), who develop a method to infer this from the joint response of nominal bond yields
and inflation breakevens. The core logic is that a rise in expected inflation, as proxied by breakevens,
should be proportional to the rise in expected interest rates, as proxied by nominal yields, according to
the Taylor rule parameter p,. Bocola et al. (2024) find considerable variation in this over time, and find
a deviation of p; below 1 in the 2020-2022 period. We extend their sample to cover 2000-2024, using
daily data on 5-year nominal yields and 5-year inflation breakevens.!'” We also extend the analysis to
the UK. A virtue of this is that the UK has issues inflation-linked gilts for a much longer time, meaning

the sample used is 1985-2024 in this case. We use 5-year nominal gilts and 5-year breakvens also.

Figure 7 plots the results for both countries. For the US, the 2000-2020 period features p, > 1, while
the 2020-2022 period features p, < 1, consistent with our previous results. The results suggests that
the US may have returned to a monetary regime in 2023-2024. The UK estimates are also consistent
with ours over the longer 40-year sample period. From 1985-2015, the estimate of p, is firmly above 1
on a consistent basis. However, from 2016 onwards the parameter estimate dips below 1, before rising
above again in 2024. While we find the 2020-2024 period to be consistent with this, this is not the case
for 2016-2019. However, Bianchi et al. (2026) do find evidence of a rise in unfunded transfers in this

period using a structural model.

1"The method requires the pre-setting of the smoothing parameter p; in the specification of the Taylor rule:
it ="+ piie—1 + (1 — pi) pre
We follow Bocola et al. (2024) and set p; = 0.8 for both the US and UK.
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Figure 7: Results of Bocola et al. (2024) estimation of p, for US and UK.
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6.2 Conditional Volatility of the Real HPR

In our model, the monetary regime features a constant real HPR on government debt, while this is
positive in the fiscal regime. Although this should not be taken literally, we view a testable prediction
of our framework as implying that the real HPR should exhibit higher volatility in the identified fiscal
regimes vs the monetary regimes. Concretely, Vary(rg 1) = 32 in the fiscal regime.To test this, we
plot the 36-month trailing realised volatility of this variable for both the US and UK in Figure 8. Both
countries exhibit higher and rising HPR volatility in the fiscal regimes we identify as compared to the
monetary regimes, consistent with our model. In Appendix C, we also report estimates from a GARCH

model — these look very similar.

6.3 Comovement with Fed Pressure Index of Drechsel (2024)

Drechsel (2024) uses detailed data from Presidential diaries to create an index of political pressure on
the Fed. Through the lens of our model, this can be seen as an attempt by the fiscal authority to push
pr down by attempting to enact more accommodative monetary policy. In line with our theoretical

framework, he finds that shocks to this Fed pressure variable generate inflation.

Figure 9 plots this (inverted) series against our trailing covariance measure obtained using the parametric
SDF. The two co-move together reasonably closely, with Fed pressure receding after the Treasury-Fed
accord, as we find US debt became safe, and then increasing again in the 1960s, as we find that US
debt became risky. We view this as supportive evidence of our theoretical mechanism via which debt

gains its status as a safe or risky asset via the interaction of monetary and fiscal policy.

6.4 Supply Shocks?

One alternative explanation for government debt becoming risky is a shift in prevalence of aggregate
supply shocks relative to aggregate demand shocks. While these are not well-defined in our framework
due to its frictionless nature, in a standard New Keynesian model supply shocks generate a negative
correlation between the output gap and inflation. Insofar as the SDF is inversely proportional to the

output gap (Campbell et al., 2020), this then means that government debt becomes a risky asset due
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Figure 8: Real HPR Volatility for US and UK.
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to its poor hedging properties.
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Figure 9: Fed Political Pressure Index vs US Debt Risk
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While we cannot definitively rule this out as a competing explanation, we make a number of arguments
against this for the US. First, the timing of the covariance sign shift in the first regime, which occurs
in the early-to-mid 1960s, does not align well with the traditional supply shock narrative. This instead
typically points to the large oil shocks that occurred a decade later in the 1970s. Moreover, TFP
growth was largely robust in the 1960s. We argue that a fiscal regime change engineered by President
Johnson following his assumption of office in 1963 aligns much more naturally with the timing of the
shift from safe to risky debt that we find. For the post-pandemic period, the debate very much remains
active, but several papers have found that supply shocks play a less important role than demand shocks,
towards which the large fiscal transfers that occurred in 2020 and 2021 may have contributed.'® For
example, Barro and Bianchi (2023) look at cross-country evidence and find that, consistent with the
FTPL, countries which undertook more government expenditure, scaled by the duration-adjusted size
of their public debt, experienced more inflation over the 2020-2023 period. This dovetails with our
second point: the supply-shock and fiscal-regime stories are not mutually exclusive. In a fiscal regime,

the central bank accommodates rather than offsets inflationary shocks — including cost-push shocks — so

!83ee for example Giannone and Primiceri (2025) and the references therein.

41



Figure 10: 3-year Trailing Correlation Between the US Output Gap and Inflation
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a given sequence of supply disturbances will translate into larger, more persistent inflation and a more

negative covariance between bond returns and the SDF. Third and finally, as illustrated in Figure 10,

the output gap-inflation correlation did not turn negative until the mid-1970s and swiftly returned to

positive territory before the beginning of the 1980s. Likewise, the correlation remained firmly positive

in the post-pandemic period.

7 Conclusion

Most analysis of public debt sustainability in macroeconomics treats government debt as being riskless

in linearised models. As a result the r in the r — g debates is typically equal to the risk-free rate. In this

paper, we deliberately deviate from this assumption and instead assume that the government has to sell

its debt to bond investors who in turn risk-adjust the cash flows that this asset offers when formulating

the price they are willing to pay. If bonds pay off poorly in bad states of the world, they will trade at

a discount due to the risk premia they carry. This consequently increases the relevant average funding

cost for the government, since it becomes more expensive to borrow.
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We showed through the lens of a stylised model that monetary and fiscal policy interactions can jointly
determine the risk properties of government debt. In the monetary regime, inflation is kept under
control and deficit shocks do not lead to a negative realisation of the real HPR on government debt.
The short-run deficits are backed by long-run future primary surpluses, and bondholders are insured
from risk. Debt has a zero beta with the SDF in this regime, and is safe consequently. Conversely, in
the fiscal regime, inflation is sensitive to deficit shocks and so the real HPR on government debt falls
in this state of the world. Deficits are not backed by future surpluses, and taxpayers receive insurance
via fiscal transfers. Because the shock carries a positive price of risk, the real HPR has a negative beta
with the SDF and debt becomes risky. Thus, our model tells us that the covariance between the SDF

and the HPR is informative about the underlying monetary-fiscal relationship.

With this in mind, we measure this covariance empirically for the US over the last century. To do so,
we devise a novel method for recovering the SDF from the cross-section of returns which allows us to
stay broadly agnostic about the true asset pricing model. We find that there have been a number of
distinct regimes over the period. Debt was risky in the twenty years preceding WWII, but was then safe
in the 15 years afterwards under the Truman and Eisenhower administrations. This flipped in the 1960s
during the Johnson presidency, perhaps owing to his administration’s Great Society program which
featured unfunded spending increases. Debt then became safe once more at some point between 1985
and 2000, possibly due to a more robust Fed under Paul Volcker, and a shift towards fiscal prudence
under the Clinton administration. This lasted until 2020, at which point we find that there may have
been a shift back to the risky regime. Our baseline estimates imply that the risk premium component
on US debt is adding around 100bps to the real HPR. Our UK results suggest that gilts have largely
exhibited returns uncorrelated with the SDF over the last century, with the exception of the interwar

period, the 1970s and the post-pandemic 2020-2024 period.

Future work could build upon this paper in several different ways. Firstly, we specified the SDF in a
relatively reduced form way to capture the idea of global bond arbitraguers. This could be modified
by modelling this more explicitly, for example explicitly incorporating preferred habitat investors and
investors as in Vayanos and Vila (2021). Secondly, one could extend the analysis to other advanced
economies such as Japan and EU countries. Thirdly, one could take more of a normative approach to

examine the welfare implications of the two regimes we described.
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Appendix

Utso Pal Mustafi Andrew Preston

A Additional Material for the Model

A.1 Model Solution: Full Derivations

A.1.1 Fiscal Regime

Substituting the surplus rule into the Campbell-Koo approximation (23):

Tst41 = Ko + Kas™ — Kadplog (b%) + k1 log (bit1) + (k20p — 1) log (by) — Kozeq1 (51)
=Ts + r1log(bey1) + (k2dy — 1) log(bs) — Koxsy1,

where 75 = ko + k2 (s — 0plog (b*)). This illustrates that, all else equal, deficits serve to reduce the

ex-post return on surpluses.

Using the Euler equation for the real log return on surplus:

1 =E;iexp(miy1 + s i41)

)\2 (52)
= E;exp (—,u 5 = Aery1 +Ts + k1 log(bi1) + (k2dp — 1) log(by) — @le) .

The stability condition necessary to solve this equation forward for the real value of debt is &, < s*. We

guess that log real debt is affine in the state variable, x;:
log(bt) = Ao+ Az, (53)

Substituting this into (52) yields:

2

A
1 =E;exp (—,u, — ? — A&'t-&-l +7Ts+ K1 (A() + A1$t+1) + (/12(51, — 1) (A() + Alxt) — Hth_H) . (54)

Using x¢11 = prr+o0ey41 and collecting terms, the coefficient on €441 inside the exponential is o (k1 A1 —
k2)— A, while the coefficient on x; is k1 A1 p+ (k20p —1) A1 —kap. Taking expectations using log-normality

and matching the coefficient on x; to zero:
0=r1A1p+ (/4251) — 1)A1 — Kap, (55)
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which gives:
K2p P

= = . 56
Rip+ ka0 —1 b (p—1)+ 0 — s* (56)
Matching the constant terms:
,Uz"‘)g—fs—% UKQ%"‘)\Q
AO _ Rlp+("§2 b— ) (57)

K1+ Kkodp — 1

Substituting the affine solution for log(b;) into (51) and separating into conditional mean and innovation:

Tott1 = Eers i1 + Bs€ist, (58)
where:
52
Eirsiv1 = p— 78 + BsA, (59)
and: " g
+ 8% — 0
= Al — = . 60
fs = o(mdr = ro) T+ s [ (p— 1) + 05 — 5] (60)
Inflation solution. Taking expectations of the log government budget identity:
Eirsie1 = EeTg 1 — Egmppr. (61)
Rearranging and expressing in unexpected deviations:
i1 — Eymep1 = Tgp1 — Eeg i1 — (Topr1 — Eers i41) (62)

= Q(?ﬁa - Et?ﬁ)ﬂ — Bs€tt1s

where we have used the Campbell-Viceira approximation (25) and (58). To solve out the two-period
bond return innovation, note that:

2 (1 (2
R = a4

= 00— ol — ) - )

(63)
EF = 3" = pr(Bemrsn — 7%) = 37,
?’ﬁ)l - Et?(ti)l = —pr(mp1 — Eymiqr),
where cjt(j ) = log Qgﬂ ), Substituting (63) into (62) and solving for the inflation innovation:
—E =——2 1. 64
Tt+1 tT4-1 1+ Qpy t+1 (64)
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A.1.2 Monetary Regime

Using the Euler equation for one-period nominal bonds:

exp(—i) = Eyexp(mep1 — mg1). (65)

Substituting in the Taylor rule and the expression for the log real SDF:

, N 22
exp(—i* — pr(m — 7)) = Epexp <—,u —5 = Nepyq — 7Tt+1> ) (66)

With i* = p+7*, under the unique bounded solution, inflation is constant and equal to 7* each period.

The monetary rule then implies that i; = ¢* in every period.

Next, we price the two-period nominal bond using its Euler equation:

exp (@52)) — F, exp <mt+1 e dt(i)l) , (67)
Using that Ljﬁ)l = —fy4y1 = =1 = —p— 7 and w4 = 7
exp (qﬁ”) = E; exp <—,u - )\22 —Aepy1 — T —p— 7T*> , (68)
which implies that:
Q" = 2, (69)

and the price of the two-period nominal bond is constant. From the Campbell-Viceira approximation
(25), Tg,t+1 is therefore constant every period. The unexpected real log return on the surplus claim is

then, using the government budget identity:

Tl — EiTsir1 = Tg i1 — EgTg 1 — (M1 — Egmyqr) = 0. (70)

A.2 Adding a Monetary Shock

We extend the benchmark of Section 2.3 by adding a priced monetary policy shock, leaving the fiscal
block unchanged. Let e;41 = (6441, 4+1)" collect two mutually independent standard normal innova-
tions: the deficit shock € and a monetary policy shock v, where 14,1 > 0 denotes a contractionary

surprise. The log SDF is

—Mtt1 = U -+ %AIA + A/€t+1, A = ()\5, )\y)l7 (71>
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with A\. = A < 0 the baseline price of deficit risk, and the monetary rule gains a policy shock,
it =" + p7r(7Tt — 71'*) + wy, Wt = PuWi—1 + Oylt. (72)

We impose the natural sign restriction A\, < 0, since a contractionary surprise raises the nominal rate

and is a high marginal utility state.

Proposition 2. With the two-shock structure above and A, < 0, the conditional covariance is additive
over the orthogonal shocks, Covy(my1,7g441) = —NBY | with regime-specific loadings BY) = (Bs,0)
and ,B(M) = (0, B,SM)), where

* *
o (b + s —dp) <0, O _ o1+ Qpy) -0, (73)

Fa == (b* +s*) D Pr — Pu

with D =b*(1 — p) + (s* — 0p) > 0. The covariance in each regime is therefore
Covif) = —\.B, <0,  Covi™ =), M) >, (74)

so government debt is risky in the fiscal regime and safe in the monetary regime.

Proof. The one-period nominal bond satisfies e =% = E;e™+1 =™+ Writing the regime-specific inflation

innovation as m41 — Eymq1 = blerrq and applying lognormality,
i = p+ By — XNbr — 516 (75)

The risk-adjustment term is constant and is absorbed into the steady-state nominal rate, so in deviations

iy —1* = Eymp1 — 7. Equating to the policy rule,

Ei7ter1 = prfie + wy, T =T — T (76)

Solving (76) forward, guess 7; = a,w;. Matching gives ay(pw — pr) = 1, S0

1
a, =———<0, M1 — B4l = Qw0 (77)
Pr — Pw

The nominal rate is i441 = * + (praw + 1)wit1, and since pra, + 1 = aypw,

i1 — Eglpp1 = aupuowliyl. (78)

The two-period nominal bond return is fg)l = (jﬁ)l —(j?) = —it11 —@52), with innovation — (4441 —E¢i141).
Applying the Campbell-Viceira approximation (25), the nominal portfolio return innovation is €2 times

this, and the real return innovation subtracts the inflation surprise:

Tgt+1 — Etrmﬂ = —awaw(l + pr) Vigq. (79)
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Hence A = 0 and ") = —a,0u(1+ Qpu) = 0 (1 + Q) / (pr — pu) > 0.

Equation (76) is now explosive forward, so inflation is pinned down by the budget identity. Guess that

log real debt is affine in the full state,
log by = Ag + A1 + Aswy. (80)
Substituting into the Campbell-Koo approximation (23) gives the real return on the surplus claim,
Tst+1 = Ts + K1log by + (k2dp — 1) log by — Kozt 1, (81)

whose shock loadings are 35 = o(k1 41 — Kk2) and ﬂ,(,F) = k1Asz0,. Imposing the Euler equation 1 =

E;em™+1F7st4+1 and using lognormality,

]Etrs,t+1 = + A/:Bs - %Hﬂs”za /65 = (ﬁsa 1(/F)), (82)

Matching the coefficients on z; and w; between this expression and the conditional mean of 7, ;11 delivers

K2p
A= —————, As =0. 83
! R1p + KQ(;b -1 3 ( )
The first reproduces the baseline solution (56), so s is unchanged; substituting k1 = b*/(b* + s*) and
ko = 1/(b*+s*) writes (28) as s = —o(b* +s*— &) /[(b*+5*)D] < 0, with D = b*(1—p) + (s* =) > 0.
The second gives B,(,F) = 0: the surplus claim’s payoff does not depend on the monetary shock, so the

real holding period return cannot load on it.

The inflation innovation follows from the budget identity rg 41 = 7g 141 — Te41 = Ts,04+1. Using 7g 141 —

Ei7g i1 = —Qis41 — Eyigqr) with 41 — Eyigpr = pr(mgpr — Eemep1) + 0w,

1

110, [»35 i1+ Qoy Vg1 |- (84)

1 — By =
The e-loading reproduces (31). Substituting back into 74411 = 7g 41 — me41 confirms the real-return
loadings ﬂ(F) = (Bs,0); in particular the v contributions to 7441 and 71 cancel exactly, so the

monetary shock is neutral for the real holding period return in the fiscal regime.

Since my41 — Eymyt1 = —N'ei4q1 and the shocks are orthonormal, Cove(myt1,7gi+1) = _NBY), giving
COVEF) = _)\855 < 0 and COVgM) — _)\V 1(/M) 2 O D

A.3 Convenience Yields

In the first of the two cases we consider for convenience yields in the model, we make two simplifying

assumptions which aid tractability. Firstly, we assume that the one-period nominal bond earns no
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convenience yield. Secondly, we assume that the government finances itself entirely using the long bond

(€ =1). We assume that the following Euler equation holds for the two-period bond:

I 1

o oW
Q" = E¢Miiq exp(vy) (tﬂ> (85)

Rearranging this, and using the fact that R,Ei)l = Ry 41 from the second assumption above, we have

that:
1 =E{M41 exp(¥) Ry 141 (86)

Here, 1; captures the convenience component which the marginal investor obtains from holding govern-

ment debt. We assume it follows the process:

v = o — Y1 [log(br) — log(b")] (87)

with ¢y > 0, ¢y > 0. This implies that the convenience yield is reduced by an increase in the supply of

debt, consistent with a downward sloping Treasury demand curve.

Proposition 3. In the fiscal regime, the covariance between the SDF and the real holding period return

on the Treasury portfolio is negative, while this covariance is zero in the monetary regime:

Fiscal regime : Cove(myi1,7g141) = —BA <0 (88)

Monetary regime : Covy(mit1,rg441) =0 (89)

Proof. We first analyse the fiscal regime. Once again, we guess that log real debt is affine in z;:
log(by) = Ag + Ay (90)

Plugging this into the Euler equation for the log real return on surplus, and making use of the Campbell-

Shiller approximation yields the following solution after matching coeflicients:

~ 2
(0" + %) {10+ 5 — o — v logb* — 7 — § (rZee (A1 = 1) = A) ]
Ay =

O — 8% — Y1 (b* + s%) (91)

i p
A = <0 92
L e o A ) 92)

Aj is increasing in 11, since a larger 1)1 means that the convenience yield is more sensitive to debt, and

hence a smaller response of log b; to the deficit shock is needed to satisfy the Euler equation.

Once again substituting the affine solution for log(b;) into the approximation for 7,1 to yield:

Foir1 = Birsir1 + Bscirn (93)
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where:
A1 9
Eirsie1 = p+ 5 3 [Bs — A" — ¢ (94)

> (b° +s*)(1 +91) — b

fs=0 <0 95
(b*+s*)[b*p—|—5b—(b*+s*)(1—|—7/)1)] (95)

The key covariance (in log terms) in the fiscal regime is then given by:
Covy(mys1,7gr41) = —FsA < 0 (96)

It holds that 85 > S35 and so the presence of a time-varying convenience yield makes debt less risky in
the fiscal regime. Intuitively, the convenience yield can absorb some of the shock, meaning that the
surplus claim’s payoff becomes less responsive to the shock which reduces its risk. It holds that the beta

of the surplus claim converges to a negative limit as t¢; — oo:

(97)

This eliminates the debt valuation component of risk since A; — 0, but cannot eliminate the contem-

poraneous deficit component.

We now move on to the monetary regime. The solution is unchanged in this regime, and debt remains

riskless.

We also consider a more general case with € € [0,1] and where there is convenience yield on both
the short and long bond. The above solution continues to hold in the fiscal regime, but the monetary
regime lacks an analytical solution. We thus consider numerical results for this case. We calibrate the
convenience yield parameters following Krishnamurthy and Vissing-Jorgensen (2012). They estimate
an average convenience yield of 73bps at an annual frequency, so we set 1y = 0.0073/4 = 0.0018. They
also estimate that an increase in the debt-to-GDP ratio of roughly 20 percentage points reduces the
convenience yield by 44bps. This implies a value of ¥; = 0.0224/4 = 0.0056, again adjusting to the

quarterly frequency.'® We keep all other parameters the same as in Figure 1.

We do not present the IRFs in each regime, since they look identical to those in Figure 1. The convenience
yield is not sufficiently responsive to cause any quantitative impact. The size of the risk premium
on government debt (over the zero-beta rate) is reduced slightly by around 10% in the fiscal regime

compared to the benchmark results, in accordance with the analytical results above.

19Here we are implicitly interpreting the units of b as being scaled by GDP.
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A.4 Inflation-linked Debt

N, (1)

The government issues one- and two-period nominal zero-coupon bonds, with nominal face values B,
and BN( ), and a two-period real (inflation-linked) bond Wlth face value B, B.2) et QN ‘U) denote the

period-t nominal price of a j-period nominal bond and Qt ) the nominal price of the two-period real

bond. The period-t nominal government budget constraint is then

BN 4 o WY 4 QP B = By + QBN 4 9P BN 4 QPP (98)

Let the total nominal market value of government debt at ¢ — 1 be

Vi = ]\i(ll)Bt,gl) + Qi\[ (2) _|_ Qt (2)B ( ) (99)

We define the nominal share of debt as

<N, (1) 5N, (1 ~N,(2) 5N, (2
Qt—(l )Bt—g ) + Qt—g )Bt—§ )

= , 100
U Vi (100)
and, within the nominal portfolio, the share of the long nominal bond as
(2) pN (2)
B,”
0= Qt 1 (101)

~N,(1 N,(2)°
QBN + QP BN

Thus n controls the split between nominal and inflation-linked debt, while €2 controls the composition

of nominal debt between short and long bonds. These are constant over time.

The nominal holding period return on the inflation-linked bond is given by:

-
Ry = W' (102)

Evaluating the prices using the fundamental asset pricing condition, it holds that in log terms this is
given by:
Tgtr1 = Hy (103)

and thus the log real HPR on the inflation-linked part of the public portfolio is constant and equal to

the log zero-beta rate.

In the monetary regime, the introduction of inflation-linked debt does not change the equilibrium
solution. We thus analyse the fiscal regime. The log real return on surplus remains equal to the log real
HPR on the public portfolio:

Tst+1 = Tgt+1 (104)

= Urg,t+1 + (1 - 77)7";,1;4-17
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where Tgty1 18 the log real HPR on the nominal component of the public portfolio. From the Euler
equation for the log real return on surplus, it continues to hold that 7,41 = Eirg 41 + Bscr41, and
therefore it also holds that Covy(myy1,7rg+4+1) = —ABs. The riskiness of govt. debt is unaffected by the

composition of the public portfolio between nominal and inflation-linked bonds.

It must also hold that:

Tgt+1 — Etrg,t—l-l = 77(7’;154_1 - Et"";t.kl)- (105)

From the derivations in the baseline, we have that:
Tgie1 — Birgypy = — (14 p2) (M1 — Evmega), (106)
which implies that:

Tga+1 — Eergepr = —n (14 pafd) (w1 — Bymegn) - (107)

Rearranging yields the inflation deviation solution:

B

s , 108
W pray) ! (108)

o1 — K4 = —

This implies that when more debt is inflation-linked (lower 7), inflation responds more to deficit shocks.

A.5 Time-varying Price of Risk

We replace the constant price of risk in (18) with a state-dependent specification:

2

A
—Myy1 = [+ Et + Ae€it1, At = Ao + Az, (109)

with A\g < 0 and A; < 0. The interpretation is that bond arbitraguers demand a higher price of risk
when the deficit state deteriorates, consistent with intermediary asset pricing frictions in which effective

risk aversion rises in bad states (He and Krishnamurthy, 2013). The rest of the model is unchanged.

Using log-normality:

. Y
R07t1 = EtMt+1 = exp <—/J, — ?t -+ 2t> — exp(_u)’ (110)

so 19 = p remains constant. The time-varying price of risk enters only second-moment terms that

cancel in the zero-beta rate.

Fiscal regime. The Euler equation for the log real return on surplus is
2

A
1 =E;exp <—,U, - ?t — M€yl + 7’57,5_’_1) . (111)
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We guess that log real debt is affine in the deficit state:
log(b:) = Ao + A1 (112)
Substituting into the Campbell-Koo approximation for 7, ;41:
Tstt1 =Ts + K1(Ao + A1xep1) + (K20p — 1) (Ao + A1) — Komes1, (113)
and using xy+1 = pxTt + 0€441:
Tst4+1 = const + [k1A1p + (k2dy — 1) A1 — kaplar + 0 (K1 A1 — K2)ert. (114)

Define s = o (k1 A1 — k2), consistent with the baseline notation. Since m;q and 7,41 are conditionally

jointly normal under the affine guess, log-normality applied to (111) yields:

)‘7% (Bs - )\t)z.

0=—p— 5 + Eirs 1 + 5 (115)

Expanding (Bs — \)? = B2 — 28\ + A2, the A\? terms cancel exactly, yielding the simplified Euler

equation:
2

0= —u+ ]Etrs,t-f—l + % — ,BsAt. (116)

This holds exactly under the affine guess, without further approximation. Matching coefficients on xy:
0= HlAlp + (H25b - 1)A1 — Rap — Alﬁs. (117)

Substituting s = o(k1A1 — k2) and solving:

HQ(/)— )\10') N P — )\10

Ai(A) = = . 118
1( 1) /€1p+/€2(5b—1—)\10'/ﬁ:1 b*(p—l—)\10)+(5b—8* ( )
The shock loading admits the closed-form expression:
o(b*+ s* =9
Ba(A1) = ( t) (119)

(b* +s*)[b*(p— 1 — M\o) + 6 — s*]

When A; = 0, this collapses to the baseline expression in (34). Crucially, A9 does not appear in fs: the
level of the price of risk affects only Ay and the unconditional risk premium, while the state-dependence

parameter \; governs the entire feedback into equilibrium dynamics.

The denominator of A; must be negative for 5; < 0 in the fiscal regime, i.e.

b*(p—1)+6p — s*

b (p—1—Xo)+ 00— s <0, equivalently AL > A= e

(120)

Since A} < 0 in the fiscal regime, this provides a critical lower bound on A;: as A\ — AJ from above, |G|

diverges. Greater state-dependence in the price of risk pushes the system toward an explosive boundary,
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providing a stylised notion of fiscal fragility.
The following proposition formalises the comparison with the baseline.

Proposition 2. In the fiscal regime, suppose the determinacy condition (120) holds. Then [s(A1) <
Bhase < 0 for all Ay < 0, and 0|Bs| /0| M| > 0.

Proof. Differentiating (119):

0Bs o2b* (b* + s* — 0y)
oM (04 %) [0*(p — 1 — M\o) + 0 — s*]?

>0, (121)

since the numerator is strictly positive in the fiscal regime (J, < b*+s*) and the denominator is squared.
Hence S strictly increases in A;. Since 35(0) = 8P3¢ < 0 and A\; < 0 implies B5(\1) < Bs(0), we have
1Bs(\)| > 189 O

The amplification operates entirely through the determinacy denominator:

Bs(A1) b*(p—1) 4 — s*
= 1. 122
Bhase  px(p—1— A\o) + 0p — s* ” (122)

A more state-dependent price of risk brings the system closer to the explosive boundary identified in

(120), amplifying the response of debt and surpluses to any given shock.

The government budget identity continues to yield:

Tt4+1 — Etm_H = (123)

S
B s
1+ Qpﬁ t+1

but (s is now given by (119). With A\; < 0 and |3,| amplified by Proposition 2, the inflation response
to a deficit shock is larger than in the baseline fiscal regime. The amplification grows without bound as

A1 approaches the fragility threshold A}.

The conditional covariance between the SDF and the real HPR on government debt is:

Covi(miy1,rg41) = —Mfs = —(Ao + Arxt) Bs. (124)

Both the unconditional level of the covariance and its within-regime conditional variation depend on
the price of risk parameters. The level reflects the amplified |Bs| from Proposition 2 multiplied by the
average price of risk Ag. The conditional variation comes from Ajx;: in the fiscal regime with A\; < 0,
a deterioration in the fiscal state (x; > 0) makes \; more negative, which makes the covariance more
negative, raising the conditional risk premium on government debt. This provides a mechanism for

the within-regime variation in the rolling covariance that we document empirically, and in particular
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rationalises the finding that the post-pandemic covariance reading is more negative than any previous

fiscal-regime episode.

Monetary regime. In the monetary regime, active monetary policy (pr > 1) pins down inflation
independently of the surplus process. The unexpected real return on the surplus claim is zero, so 5; = 0
and:

Covi(mis1,7rg41) = 0, (125)

regardless of A;. The monetary regime is inherently certainty-equivalent: the policy rule pins down
real bond returns exactly, and so the price of risk plays no role in either determinacy or dynamics.
Proposition 1 therefore continues to hold in terms of the sign of the covariance, and the regime partition

of the model is preserved.

A.6 Inflation Expectations in Each Regime

In the monetary regime, it always holds that:
Etﬂ't+j =7 Vt,j

We now show that inflation expectations are sensitive to deficit shocks in the fiscal regime. Define:

Bs

bp= ——-—>7—,
1+pr

so that in the fiscal regime inflation satisfies:

i1 = Ey[mep] 4+ breggr.

Using the one-period nominal bond Euler equation:

e—it _ Et [emt+1—ﬂt+1] ,

together with:
)\2

Mty = —p— 5 = AEt41,

we obtain:

i 2?2
e = F, [exp<,u — 5~ Eym1] — (A + bﬂ)etﬂ)] .

By lognormality:
2
E, |:e—()\+b7r)€t+1:| = exp < (A +br) >
2 Y
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SO:
. b2
= U+ Et[ﬂt+1] — Abﬂ— — ?ﬂ'

Combining this with the Taylor rule:
it =1+ po(m — 1), =47,

gives:
62
Eimi1] = prme 4+ (1 — pr)m* + Aoy + 72”

Hence inflation follows the AR(1) process:
T4l = Cr + prt + brerg,

where: )

b
er =1 — pr)m 4+ Nox + 5”

Iterating forward yields:

J-1 j
. . 1— ol
Ey[mey ] = phms + hZ_OPZCw = plm + 1= Zﬂcm

Substituting for c,:

j 1-— pgr * b72r
Et[ﬂ-tJrj] = pZI_T['t + (1 — pﬂ-)ﬂ' + )\bﬂ- + .

1—pr 2
Equivalently:
Ey[mi+j] = 7 + ph(m — 7F),
where: -
Abr + 50
TR = T* m 2m
1—px
Finally, substituting:
b _ /BS
T T 3 N
1+ QPTr

gives:

Ei[msj] = 7p + pl(me — Tr),
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with:

Bs (B Y
)\1+Qp7r+2 1+ Qpr

— *
TpR=7 +
1 — Px

Therefore:

OE(mi+;) _ ; Omy —pZ}bw :p77r< Bs > < 0.

ey ™ O 1+ Qpy

In cumulative expected inflation terms for horizon k:

) g Bs  pe(1—ph)
E = — . 0.
86,5 t (; 7rt+h> 1+ Qpﬂ— 1-— Pr -

B Algorithm For Parametric SDF Estimation

We now describe our procedure to implement the parametric procedure. Throughout, we assume that

the factors have a constant conditional mean, denoted by Fj. An infeasible procedure would involve

using GMM with the following moment conditions:

K
E Ra,tl + Z 6 (Fje1 — F5)| Rigw1 — 1| Z¢ ¢,
j=1

(126)

where Z; = [1, Z}]'. This yields N x (L+1) moment conditions in total. This is infeasible since it requires

a measure of Ry;. We instead outline a feasible two-step GMM approach which jointly estimates both

~v and §:

1. Specify the parameter vector
0 = (v;01,...,0k) € REFITE)XL
Choose starting values 0(?).
2. GMM Step 1 (initial weighting, W = I):

(a) Compute the zero—beta rate and SDF for a given 0:

L K
—1 —
Roy = 0+ WZie, My = (Rog) + Y 6;(Fjas— Fy).
=1 j=1
(b) Estimate betas and residuals for each test asseti=1,... N:

!
Ritv1— Roy = o + BiFiy1 +giq1-
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Stack 8 = (61, e ,BN)/ and collect residuals.

(c) Estimate the residual covariance S via the Ledoit and Wolf (2017) method of analytical
shrinkage.
1
Ok |

go,4(0) = (M1 Ros — 1) Z, (Zero—beta pricing)

(d) Compute minimum—variance, factor-neutral weights

Q=[x 8, w-= iga(a’iglg)fl

(e) Form the moments at each t:

g14(0) = (w'Rt+1 — Ro,t) Z, (Replicating portfolio pricing)
92it(0) = (Mt+1Ri,t+1 — 1) Zy, i=1,...,N, (Asset pricing, stacked).

(f) Initial objective (W =1):
1 T
gr(0) = =3 a0). I 0) = gr(6)gr(0).
t=1

(g) Preliminary estimate:

~

o) — argmein Jﬁ)(e).

3. GMM Step 2 (optimal weighting, W = §_1):
(a) Estimate the long—run covariance of moments at 0 (HAC/Newey—West):

R Ly T
S:FO—I—ZMK(FE—FF%), Fg =

(=1 t=0+1

Choose a bandwidth L; and kernel weights wy.
(b) Set the optimal weight

JP0) = gr@) W gr(®), 0% = argmin J2(0).

We iterate this procedure until the parameter estimates converge, setting L = 6 for the Newey-West
bandwidth.

We give intuition behind each of the three types of moment included in the GMM objective. The

first, the zero-beta pricing condition, enforces that the zero-beta portfolio is correctly priced by the
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SDF, tying these two objects together in a theoretically consistent manner. The second, the replicating
portfolio pricing condition, enforces that the expected return on a minimum-variance, factor-neutral
portfolio (constructed using weights, w(6)) is equal to the zero-beta rate. This is essentially a no-
arbitrage condition which demands internal consistency within the model. The third set of moments
are the standard asset pricing moments, which enforce that the fundamental asset pricing equation holds
for each of the test assets. Each moment is multiplied by instruments Z; to approximate conditional
pricing restrictions and exploit additional information for identification. In this procedure, the time-
series regressions are placed outside of the GMM moment conditions, which is equivalent to including the
relevant OLS moments, but weighting them very heavily. Henceforth, we denote Mtﬁl as the estimated

SDF obtained from this parametric approach.

C Additional Material for the Main Results

C.1 Parameter Estimates for the Parametric Approach

The table below presents estimates of the v and ¢ parameters from the benchmark parametric approach
with two-step GMM.

Table A1l: Parameter estimates for parametric approach.

Parameter Estimate Std. Error  t-stat

Yo 1.01 0.00 2278.21
Vtreas 0.61 0.28 2.19
Yinfl -1.24 0.17 -7.42

Vts -0.04 0.03 -1.76
Yeape 0.09 0.02 3.86

Ybs 1.32 0.06 22.12
Okt -1.99 0.14 -14.01
Ohml -0.85 0.24 -3.53
Osmb 0.50 0.34 1.47

Note: The instruments, in order, are a constant, the 1-month Treasury Bill yield, the 12-month moving average of CPI
inflation, the term spread, the inverse Shiller CAPE, and the bond spread. See text for full details. The factors are the
market excess return over the zero-beta rate, the HML factor and the SMB factor.

C.2 Plot of Estimated Zero-beta Rate
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Figure A1l: Estimated Zero-beta rate
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Note: This plots the demeaned and annualised zero-beta rate estimated as a by-product of the parametric approach to
estimating the SDF.

D Robustness Tests

D.1 Alternative Methods for Computing Time-varying Covariance

We consider alternative ways of examining time-variation in the covariance between the SDF and the real
HPR on government debt. We look at alternative window lengths in the rolling covariance estimation,

a more data-driven procedure which makes use of cross-validation, and a GARCH model.

D.1.1 Alternative Window Lengths

We consider a shorter window of length one year, as well as a longer window of length six years, for the

backward-looking rolling covariance. The figures below plots these.
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Figure A2: Shorter window for backwards-looking covariance between parametric SDF and
real HPR on government debt.
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Note: This plots the backwards-looking covariance between the parametric SDF and the real HPR on government debt,
where the window length is set to one year. The grey shaded area plots 95% confidence intervals.

D.1.2 Alternative Data-driven Procedure for Conditional Covariance

Instead of an equal-weighted, backwards-looking approach to computing the covariance term, we con-

sider a more data-driven approach.

Let RY = Ef /II; denote the real gross holding—period return on government debt and let M; be our

SDF proxy. We seek an estimate of the conditional covariance
omrt = Covi(My, RY),

updated at the monthly frequency. We employ a bivariate exponentially-weighted moving average
(EWMA) for (M, RY)', with the smoothing parameter A € (0, 1) chosen by out—of-sample quasi-likelihood
(QLIKE) cross—validation.

Rg

M,
Define wy = (
i

t . . L ..
) , a time—varying mean p; € R2, demeaned observation w; = wy— e, and a conditional
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Figure A3: Longer window for backwards-looking covariance between parametric SDF and
real HPR on government debt.
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Note: This plots the backwards-looking covariance between the parametric SDF and the real HPR on government debt,
where the window length is set to six years. The grey shaded area plots 95% confidence intervals.

covariance matrix 3; € R?>*2. For a given A we update

pe = App—1 + (1 — X) w, (128)
S = A1+ (1= \) Wty . (129)

We initialise (19, %9) with sample moments from a short burn—in. Our empirical object is the (1,2)
entry of X,

~ !
OMRyt = €12€2,

where e; is the j-th unit vector. Rather than fixing A ad hoc, we set it by minimising the average
one-step—ahead QLIKE score on a hold—out comprising the last 15% of the sample. Let w;_1 be the
expanding-sample mean up to t — 1 and d; = w; — wy—1 the corresponding de-meaned observation.

Given information through ¢t — 1, the EWMA covariance forecast is
Hi(\) = NHp—1(A) + (1= N dirdy_y,  Hy(N) = Cov(dy, ..., dy), (130)
and the QLIKE loss for realised d; and forecast Hy is

60 = %(logdeth()\)+d;Ht()\)_1dt). (131)
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Figure A4: Exponentially-weighted covariance between parametric SDF and real HPR on
government debt.
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Note: This plots the exponentially-weighted covariance between the parametric SDF and the real HPR on government
debt, where the smoothing parameter is chosen by out-of-sample cross-validation. See text for full details. The grey
shaded area plots 95% confidence intervals computed using the delta method.

We choose )
X € arg min
g/\e(ovl) Tva

t(N), (132)
! te,ﬁ/al

where Tya indexes the validation window. With A in hand, we run (128)—(129) on the full sample
and obtain {Gas,¢}+. Figure A4 plots this over time for the parametric SDF. This looks similar to the
benchmark results in Figure 4.

D.1.3 GARCH Model

To capture time-varying second moments, we employ the Dynamic Conditional Correlation (DCC)
GARCH model of Engle (2002). Let y; = (M, Ry¢)" denote the vector of our variables of interest at

time t. Conditional on past information F;_1, we assume:

vt | Fio1 ~ N(0,Hy),
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where H; is the conditional covariance matrix. The DCC specification decomposes H; as:
H; = D:R:Dy,

with D; = diag(oas, or,) containing conditional standard deviations from univariate GARCH(1,1)
models:

2 2 2 .
U’i,t = W + O‘igi,t—l + 6io—i,t—l7 1€ {]\47 R}

The dynamic correlation matrix R; is obtained by standardising residuals z; = D, e, and updating:

Q=01-a-B)Q+az_1z_; +LQ1,

where Q is the unconditional correlation of z;. Finally, R; is the correlation matrix implied by Qy:

R; = diag(Qy) "/ Qidiag(Q;) /2.

This structure allows for time-varying covariances while maintaining parsimony and positive definiteness.

Figure A5 plots the covariance estimated via this method.

D.2 Alternative Cross-Sections

We consider varying the set of test assets used in estimation, for both the parametric and non-parametric

procedure.

D.2.1 Larger Cross-Section of Equities

We add 25 portfolios sorted by size and momentum, as well as 6 portfolios sorted by size and dividend
yield, to our original set of test assets. This gives us 88 portfolios in total. The sample is slightly
different at January 1928 - December 2024 due to the availability of this portfolio data.

Figure A6 and Figure A7 plot the rolling covariances for these respective SDF series. Both imply that
debt did not turn risky until the late 1960s, rather than the earlier part of this decade. They both pick

up the move from a safe to a risky regime which occurs post-2020.

D.3 Alternative Factors

We look at perturbations of the set of factors which are used in the parametric approach to estimating
the SDF.
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Figure A5: Covariance from GARCH model between parametric SDF and real HPR on gov-
ernment debt.
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Note: This plots the covariance obtained from a GARCH model (Engle, 2002) between the parametric SDF and the real
HPR on government debt. See text for full details.

D.3.1 Betting Against Beta Factor of Frazzini and Pedersen (2014)

Frazzini and Pedersen (2014) find that the security markets line is flat, implying that a portfolio which
goes long low-beta assets and short high-beta assets earns a risk premium. We include their betting
against beta (BAB) factor alongside the three Fama-French factors when using our parametric approach
to estimate the SDF. Figure A8 depicts the rolling covariance with this estimated SDF. Table A2 presents
parameter estimates. The correlation between the SDF with the BAB factor added and the benchmark
SDF is 0.74, while it has a correlation of 0.33 with the nonparametric SDF.
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Figure A6: Rolling covariance between parametric SDF and real HPR on government debt,
larger cross-section of equities.
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Note: This plots the three-year backward-looking covariance between the parametric SDF and the real HPR on government
debt, with the larger cross-section of equities used during estimation of the SDF. The grey shaded area plots 95% confidence
intervals.

D.3.2 Fama and French (2015) Five Factor Model

We consider using the five factor model of Fama and French (2015), which adds the profitability factor
(RMW) and the investment factor (CMA) to the Fama and French (1993) three factor model. A
considerable drawback of doing this is that the five factors are only available from August 1963 onwards,
which both reduces statistical power in estimation and also precludes us from looking at the riskiness of
government debt in the period prior to this. Figure A9 presents the rolling covariance, while Table A3
presents the parameter estimates. The covariance once again implies that debt was risky in the 1965-
1985 period, but the confidence intervals are wider. The covariance does not change significantly at the
end of this period and does not turn positive until the late 2000s. As in the main results, the covariance
turns negative in the post-pandemic period. The SDF obtained from this approach has a correlation of

0.06 with the baseline parametric SDF and a correlation of -0.04 with the nonparametric SDF.

D.4 Adding Consumption Growth as a Factor

We also consider a factor model with the three Fama-French factors as well as real consumption growth

(nondurables and services) added in the spirit of the CCAPM. This requires moving to the quar-
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Figure A7: Rolling covariance between nonparametric SDF and real HPR on government debt,
larger cross-section of equities.
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Note: This plots the three-year backward-looking covariance between the nonparametric SDF and the real HPR on
government debt, with the larger cross-section of equities used during estimation of the SDF. The grey shaded area plots
95% confidence intervals.

terly frequency given that consumption is not available at a monthly rate. The sample is reduced to
1947Q2:2024Q4 also. Both of these significantly reduce the length of the sample, inhibiting the degree of
statistical power. Figure A10 plots the rolling covariance, while Table A4 plots the parameter estimates.
Both are qualitatively similar to the baseline results. The consumption growth factor is not found to

be statistically significant.

D.5 Alternative Instruments

D.5.1 Adding the Atanasov et al. (2020) Cyclical Consumption Variable as an Instrument

Alongside our regular set of instruments, we also experiment with including the Atanasov et al. (2020)
cyclical consumption variable. This captures deviations of consumption from its trend, in line with the
spirit of the habits model of Cochrane and Campbell (1999). This requires moving to the quarterly
frequency, and the sample ends up being 1953Q4:2024Q4. Figure A1l depicts the rolling covariance,

while Table A5 presents the parameter estimates.
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Table A2: Parameter estimates for parametric approach with BAB factor added.

Parameter Estimate Std. Error  t-stat

Y0 1.01 0.00 1952.48
Vereas 1.53 0.52 2.95
Yinfl -1.43 0.22 -6.62

Ves -0.04 0.05 0.77
Yeape 0.13 0.03 5.42

Ybs 0.67 0.09 7.26
Okt -2.51 0.29 -8.56
Ohmi -1.04 0.32 -3.28
Osmb 0.32 0.44 0.72
Sbab -3.61 0.40 -8.84

Note: The instruments, in order, are a constant, the 1-month Treasury Bill yield, the 12-month moving average of CPI
inflation, the term spread, the inverse Shiller CAPE, and the bond spread. See text for full details. The factors are
the market excess return over the zero-beta rate, the HML factor, the SMB factor and the BAB factor of Frazzini and
Pedersen (2014).

D.6 Alternative SDF Estimation Methods

D.6.1 Omne-Step GMM

Rather than using two-step GMM in the parametric approach, we consider using one-step GMM with
an identity weight matrix. Figure A12 depicts the rolling covariance, while Table A6 presents parameter
estimates. The parameter estimates are broadly similar, albeit with higher standard errors. The rolling

covariance plot looks extremely similar to the baseline.

D.6.2 Time-Varying Risk Prices

In our benchmark parametric specification, we assumed that the risk prices associated with the factors,
d;, were constant, such that all time-variation in the SDF was driven by the conditional zero-beta rate.
As a robustness exercise, we extend the model to allow the risk prices to vary conditionally on the same

set of instruments, Z;, used to model the zero-beta rate.

We specify the time-varying risk price for factor j, denoted 4+, as an affine function of the instrument

vector:

dj = 0j0 + 85 1,24 (133)

where ;o represents the unconditional mean risk price and 4, 7 is an L x 1 vector of sensitivity param-

eters capturing the response of the risk price to the instruments.
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Figure A8: Covariance between parametric SDF and real HPR on government debt, BAB
factor added.
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Note: This plots the backwards-looking covariance between the parametric SDF and the real HPR on government debt,
where the BAB factor of Frazzini and Pedersen (2014) is added. See text for full details. The grey shaded area plots 95%
confidence intervals.

Substituting this into our linear factor model, the extended SDF takes the form:

=

Myyv =Ry + Y (850 + 8 2Z:) (Fjen — F) (134)
j=1
where Ryt = v0 + ' Z¢.

This specification significantly expands the parameter space. The estimation proceeds via the same two-
step GMM procedure outlined in Section 3.1. Identification of the additional sensitivity parameters,
40,7, is achieved through the interaction of the instruments and the factor innovations within the moment
conditions:

By |(My1(0)Rigi1 — 1) ® Zt] =0 (135)

where Z; = [1, Z!]'. The cross-products of the instruments in Z; with the factor surprises pin down the

time-variation in the factor loadings.

The parameter estimates are omitted for brevity. Figure A13 plots the moving covariance, which looks

very similar to the baseline estimates.
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Table A3: Parameter estimates for parametric approach, five Fama-French factors.

Parameter Estimate Std. Error  t-stat

Yo 1.00 0.00 5806.51
Yireas 0.39 0.15 2.54
Yinfl -0.26 0.15 -1.79

Vts 0.06 0.02 2.53
Yeape -0.02 0.02 -0.87

Vbs 0.52 0.06 8.73
Okt -4.09 1.39 -2.95
Ohmi -6.78 3.02 -2.25
Osmb -1.64 1.84 -0.89
Ormw -5.84 2.76 -2.12
Sema -2.33 4.91 -0.48

Note: The instruments, in order, are a constant, the 1-month Treasury Bill yield, the 12-month moving average of CPI
inflation, the term spread, the inverse Shiller CAPE, and the bond spread. See text for full details. The factors are the
market excess return over the zero-beta rate, the HML factor, the SMB factor, the RMW factor, and the CMA factor.

D.6.3 Optimal-IV Sieve Estimation of a Conditional SDF

This section outlines a semiparametric estimator of a conditional stochastic discount factor (SDF) based
on the optimal-instrument approach of Nagel and Singleton (2011). The method is useful when the SDF
is conditionally affine in a set of factors, but the factor prices of risk are allowed to vary flexibly with

observables.

Let R;;41 denote gross real returns on the N test assets, fiy1 € RE7s the (demeaned) factor vector
observed at t + 1, and Z; € RL a vector of conditioning instruments observed at t with Z14=1and all

non-constant components demeaned. We consider a conditionally affine SDF of the form

Mer1 = dos + O fres P04 = ao + a4 Zy, ¢4 = bo + B1Zy, (136)

where ag € R, a; € RE7L by € REr, and By € RE (=1 are unknown parameters. Stacking terms

yields a completely affine representation,

meq1 = elft:f-l’ ft?f-l = [17 Z{,Q:L? fé—i—la (ft+1 ® Zt,Z:L)/}/’ (137)

for a parameter vector 6 collecting {ag, a1, bo, vec(B1)} and pseudo-factors ftﬁl comprising instruments,

factors and their interactions (excluding interactions with the constant).

The conditional pricing restrictions are

E[mt+1Ri7t+1 -1 | Zt] == 0, 1= 1, e ,N, (138)
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Figure A9: Rolling covariance between parametric SDF and real HPR on government debt,
five factor Fama-French model.
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Note: This plots the three-year backward-looking covariance between the parametric SDF and the real HPR on government
debt when the five factor Fama-French model is used. The grey shaded area plots 95% confidence intervals.

which we convert to unconditional moments using an instrument matrix A;:
E[Athe1(0)] =0, hega(0) = mega(0) Resr — 1, (139)

where Ryy1 = (Ri41,-.., Rn41)

Among all admissible A;, Nagel and Singleton (2011) show that the asymptotically efficient choice is

Ohi+1(0)

Ap =T, 57 Wy, = E|:69/

]zt} S =E[he (O)hea(0) | Z2] . (140)
In a completely affine model m; 1 = ¢’ fﬁl, the Jacobian does not depend on 6 and simplifies to

o (i,k) = B|Rigin [ | Z1) (141)

We estimate each element of (141) by projecting R; 141 f,fé ++1 On a polynomial sieve in Z,

E|R;i1 f,jfm | Zi| ~ 7l 2(Zy), (142)
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Table A4: Parameter estimates for parametric approach with consumption growth factor.

Parameter Estimate Std. Error t-stat

Yo 1.00 0.00 429.90
Vireas -1.31 0.67 -1.97
Yinfl -10.75 3.12 -3.44
Vis 0.75 0.17 4.29
Yeape 0.11 0.26 0.43
Vbs 4.39 0.76 5.76
Omkt -2.64 0.42 -6.32
Ohmi -4.38 1.39 -3.16
Osmb 2.98 1.35 2.21
Oc -1.01 5.72 -0.18

Note: The instruments, in order, are a constant, the 1-month Treasury Bill yield, the 12-month moving average of CPI
inflation, the term spread, the inverse Shiller CAPE, and the bond spread. See text for full details. The factors are the
market excess return over the zero-beta rate, the HML factor, the SMB factor, and real consumption growth.

Table A5: Parameter estimates for parametric approach, cyclical consumption of Atanasov
et al. (2020) added as an instrument.

Parameter Estimate Std. Error t-stat

Y 1.00 0.01 163.66
Yireas 2.19 3.38 0.65
Yinfl -1.97 8.67 -0.23
Vts 0.67 0.69 0.98
Yeape -1.10 1.21 -0.91
Vbs 6.41 5.28 1.21
Yee -0.51 0.25 -2.02
Okt -1.47 0.65 -2.26
Ohmi -7.04 2.91 -2.42
Ssmb -0.87 2.35 -0.37

Note: The instruments, in order, are a constant, the quarterly risk-free rate, the 12-month moving average of CPI inflation,
the term spread, the inverse Shiller CAPE, the bond spread, and the cyclical consumption measure of Atanasov et al.
(2020). See text for full details. The factors are the market excess return over the zero-beta rate, the HML factor, and
the SMB factor.

where z(Z;) contains a constant, linear and quadratic terms in the demeaned instruments. We follow
Nagel and Singleton (2011) in using a low-dimensional sieve to avoid overfitting and preserve finite-

sample stability.

Given @97,5 and an estimate 3, of Y¢ (we use the unconditional covariance of hy41 as in Nagel and Singleton
(2011), who find little evidence of strong state dependence), we form Aj from (140). Substituting A}
into (139) yields K optimal moment equations. Because h;y1(0) is linear in 6, the resulting estimator

can be computed by iterating a sequence of linear systems until convergence.

7



Figure A10: Covariance between parametric SDF and real HPR on government debt, real
cons. growth added as factor.
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Note: This plots the three-year backward-looking covariance between the parametric SDF (where real cons. growth is
added as a factor) and the real HPR on government debt. The grey shaded area plots 95% confidence intervals.

This approach has two practical benefits. First, it delivers asymptotically efficient estimation within the
conditional affine class by weighting Euler errors with instruments that are tailored to the model and
the conditional second moments of pricing errors. This reduces sampling noise in the recovered SDF,
especially when the interaction basis ftﬁl is high-dimensional. Second, the method provides locally
most powerful specification tests against nearby alternatives: the optimal instruments focus estimation
on the directions in return space that are most informative about conditional misspecification. In our
setting, this is attractive because the key objects of interest (e.g. the covariance of the SDF with

government-bond returns) are sensitive to weakly identified time-variation in risk prices.

Figure A14 plots the moving covariance. This yields less precise estimates, but largely detects the same

regimes. It does not yet detect a risky debt regime post-2020.

D.7 GARCH Model for Real HPR

To further examine how oy(rg++1) changes over time, and how this compares with our identified regimes,
we also estimate a GARCH(1,1) model for ry ;1. The estimates of oy(rg41) which come from this are
plotted below in Figure A15. These look very similar to those obtained from the trailing realised

volatility.
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Figure A11: Covariance between parametric SDF and real HPR on government debt, cyclical
consumption added as instrument.
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Note: This plots the three-year backward-looking covariance between the parametric SDF (where cyclical consumption is
added as an instrument) and the real HPR on government debt. The grey shaded area plots 95% confidence intervals.

Table A6: Parameter estimates for parametric approach (one-step GMM).

Parameter Estimate Std. Error t-stat

Y 1.00 0.00 419.36
Yireas -0.03 137.85  -0.00
Yinfl -0.75 35.28 -0.02
Vi 0.12 11.65 -0.01
Yeape 0.24 2.46 0.10
Yos 1.32 16.38 0.08
Skt -1.65 0.60 2.75
Shimi -1.02 1.03 -0.98
Ssmb 0.29 1.01 0.29

Note: The instruments, in order, are a constant, the 1-month Treasury Bill yield, the 12-month moving average of CPI
inflation, the term spread, the inverse Shiller CAPE, and the bond spread. See text for full details. The factors are the
market excess return over the zero-beta rate, the HML factor and the SMB factor.
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Figure A12: Covariance between parametric SDF (one-step GMM) and real HPR on govern-
ment debt.
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Note: This plots the three-year backward-looking covariance between the parametric SDF (where one-step GMM is used
during estimation) and the real HPR on government debt. The grey shaded area plots 95% confidence intervals.
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Figure A13: Covariance between parametric SDF (with time-varying risk prices) and real HPR
on government debt.
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Note: This plots the three-year backward-looking covariance between the parametric SDF (where the risk prices are
time-varying) and the real HPR on government debt. The grey shaded area plots 95% confidence intervals.

81



Figure A14: Covariance between parametric SDF (estimated using the Nagel and Singleton
(2011) method) and real HPR on government debt.
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Note: This plots the three-year backward-looking covariance between the parametric SDF (estimated using the Nagel and
Singleton (2011) method) and the real HPR on government debt. The grey shaded area plots 95% confidence intervals.
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Figure A15: GARCH(1,1) estimates of real HPR volatility for US and UK.
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Note: The shaded red areas denote the risky debt regimes we identify respectively for the US and the UK. For the US
these are: 1926-1945, 1965-1985, 2020-2024. For the UK these are: 1926-1939, 1973-1980, 2020-2024.
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E Constructing the holding period return series for the UK

In this section, we describe how we construct holding-period return for UK government debt. Our aim
is to obtain the nominal holding-period return on debt held by private agents, that is, net of Bank of
England (BoE) holdings. This is the UK analogue of the privately-held US federal debt return series
constructed by Hall et al. (2018). Our starting point is the bond-level dataset of Ellison and Scott
(2020), which provides monthly prices and quantities outstanding at the individual-gilt level. We use
the Ellison—Scott files until their sample period ends in 2017 and, for the period beyond it, the updated

series published by ESCoE?°, which we convert to the same format.

To net out gilts held by the BoE, we draw on the bond-level QE and QT data published by the Bank of
England. Bonds in these files are identified by ISIN, whereas the price and quantity files identify them
by Sequence number. We reconcile the two using the mapping in the ESCoE’s most recent ‘Details’ file.
After making the BoE series compatible with the ESCoE data, we compute, for each gilt, the monthly
flow of QE purchases and QT sales.

The Ellison - Scott series reports the stock of debt outstanding each month, so to net out BoE holdings
on a consistent basis we must convert the BoE flow data into monthly stocks. We therefore cumulate
the QE and QT series. Cumulative QE purchases of a gilt give the BoE’s running holding, which we
subtract from the amount outstanding, while cumulative QT sales return that debt to private hands
and are added back. We take each gilt’s redemption date from the ESCoE quantity files. Once a gilt
is redeemed it is no longer outstanding, and the Ellison—Scott quantities net it out automatically. We
therefore set its net BoE holding to zero from that date, as there is nothing left to net out. This yields,

for every month, the amount of each gilt outstanding net of BoE holdings.

Whereas Hall et al. (2018) obtain monthly bond-level returns from CRSP, no comparable source exists
for UK gilts. Thus, we compute them directly as Ri = (P{ + C})/P}_; — 1. Following Hall et al. (2018),
we aggregate to a monthly series by value-weighting individual gilt returns. The total holding-period
return weights each gilt by its face value outstanding. The private-sector holding-period return weights
instead by face value outstanding net of BoE holdings. We use the latter for our external validity

analysis in the main text.

29Economic Statistics Centre of Excellence.
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