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A Fiscal Theory of Persistent Inflation

Abstract

We develop a new class of general equilibrium
models with partially unfunded debt to propose a
fiscal theory of persistent inflation. In response to
business cycle shocks, the monetary authority
controls inflation, and the fiscal authority stabilizes
debt. However, the central bank accommodates
unfunded fiscal shocks, causing persistent
movements in inflation, output, and real interest
rates. In an estimated quantitative model, fiscal

inflation accounts for the bulk of inflation dynamics.

In the aftermath of the pandemic, unfunded fiscal
shocks sustain the recovery, but also cause a
persistent increase in inflation. The model is able to
predict the inflationary effects of the ARPA fiscal
stimulus out of sample and using real time data.

Key words
Unfunded fiscal spending, persistent inflation, large
public debt, inflation risk, shock-specific rule.

JEL classification
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Resume

Vi udvikler nye generelle ligevaegtsmodeller hovr vi
kan vise hvordan ikke-finansieret geeld resulterer i
vedvarende inflation. Som reaktion pa konjunkturer
i skonomien kontrollerer den monetzaere
myndighed inflationen, og finansmyndigheden
stabiliserer gaelden. Men centralbanken
imgdekommer ikke-finansierede finanspolitiske
tiltag, hvilket forarsager vedvarende bevaegelser i
inflation, produktion og realrenter. | en estimeret
kvantitativ model tegner finanspolitisk inflation sig
for hovedparten af inflationsdynamikken. |
kglvandet pd pandemien understgtter ikke-
finansierede finanspolitiske tiltag opsvinget, men
forarsager ogsa en vedvarende stigning i
inflationen. Modellen er i stand til at forudsige
inflationseffekterne af ARPA finanspolitiske stimulus
uden for estimationperioden og ved brug af
realtidsdata.
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Persistent high inflation is always and everywhere a fiscal phenomenon.
Thomas J. Sargent (2013)

1 Introduction

We build a novel class of general equilibrium models with partially unfunded debt to propose
a fiscal theory of persistent inflation. In response to business cycle shocks and funded
fiscal shocks, the monetary authority controls inflation and the fiscal authority stabilizes
debt. However, the central bank accommodates unfunded fiscal shocks, causing persistent
movements in inflation and real interest rates.

We first illustrate the distinction between funded and unfunded fiscal shocks in the con-
text of a Fisherian model. Funded and unfunded shocks coexist in the model. The difference
between the two types of shocks is that funded fiscal shocks are backed by future fiscal adjust-
ments, while unfunded fiscal shocks are not. As a result, funded fiscal shocks are irrelevant
for inflation, while unfunded fiscal shocks lead to an increase in inflation accommodated by
the central bank. We then move to consider the effects of unfunded fiscal shocks in produc-
tion economies. Absent nominal rigidities, unfunded fiscal shocks cause large and temporary
jumps in inflation and do not have real effects, as in the Fisherian model. Allowing the cen-
tral bank to partially respond to fiscal inflation delivers a more persistent inflation response,
while introducing a maturity structure tempers the size of the initial jump. However, these
extensions leave real activity and real interest rates unaffected and create a counterfactually
tight link between inflation persistence and the monetary policy rule. Instead, with nominal
rigidities, unfunded fiscal shocks have real effects and cause persistent movements in inflation
and real interests rates, which leads us to a fiscal theory of persistent inflation.

We then augment a quantitative New Keynesian (NK) model with unfunded fiscal shocks
to assess their importance for US inflation dynamics. The model features all the ingredients
that have been proven successful in matching US business cycle dynamics, including a large
set of business cycle shocks. With regard to these shocks, monetary policy satisfies the Taylor
principle and the fiscal authority is in control of debt stabilization. Thus, in this respect,
the model behaves as its counterparts extensively studied in the literature. However, the
model also features unfunded fiscal shocks. We model these as shocks to transfers that are
not backed by future fiscal adjustments, implying that a share of the overall government
debt is unfunded. The central bank accommodates the increase in inflation necessary to
stabilize the unfunded amount of debt. As in the textbook version of the New Keynesian
model described above, these shocks trigger persistent movements in inflation, output, and

real interest rates.



The model is endowed with a rich set of shocks, including a persistent shifter to the New
Keynesian Phillips Curve (NKPC) that is meant to capture autonomous factors, such as
globalization and demographic changes, that can affect inflation in the long run. The model
also features hand-to-mouth agents to allow for the possibility that funded fiscal shocks can
influence macroeconomic dynamics. Thus, it is an empirical question whether unfunded
fiscal shocks play an important role in explaining the data. We show that they do.

A persistent and partially unfunded increase in transfers in the mid-1960s, related to
the introduction of the Great Society initiatives, accounts for the persistent rise in inflation
during the Great Inflation. Symmetrically, the end of the Great Inflation is explained by a
sharp revision in the amount of inflation that the Federal Reserve was going to tolerate to
stabilize the portion of unfunded debt. In this respect, the aggressive increase in interest
rates implemented by the Federal Reserve under Chairman Paul Volcker can be interpreted
as a strong signal of this policy change. After that, fiscal inflation does not completely
disappear. The amount of unfunded spending increases sluggishly starting from the 1990s,
and then it accelerates in the aftermath of the Great Recession. However, during these years
fiscal inflation is to some extent beneficial because it counteracts a deflationary bias due to
non-policy shocks, arguably related to demographics and international trade.

Unfunded spending experiences a new acceleration during the pandemic. A large part
of the economic rebound at the end of 2020 is attributed to the $2.2 trillion fiscal package
introduced in March of the same year to combat the consequences of the pandemic crisis,
and that package we find to be partially unfunded. Absent these unfunded shocks, the
economy would have experienced deflation. Interestingly, a shift in the portion of unfunded
spending is observed in the third and fourth quarters of 2020, after the Federal Reserve
announced its new operating framework that contemplates the possibility of letting inflation
overshoot its two-percent target after the Pandemic Recession.! This new monetary policy
strategy is reflected in the market expected path of the federal funds rate, which we observe
in the estimation. Finally, with the economy already on a recovery path, the 2021 $1.9
trillion American Rescue Plan Act (ARPA) fiscal stimulus determines a further increase in
the amount of unfunded spending, exacerbating the post-pandemic inflation increase.

As an important validation, we then show that the model correctly predicts the infla-
tionary effects of the ARPA even out-of-sample and when using real-time-data as available
in 2021:Q2. We proceed in two steps. First, we produce a projection for inflation using

only estimates and data up to the end of 2020. This projection reflects the effects of the

1On August 27, 2020, Federal Reserve Chairman Powell (2020) announced the new framework for the
first time at the Jackson Hole Economic Symposium as follows: “Following periods when inflation has been
running below 2 percent, appropriate monetary policy will likely aim to achieve inflation moderately above
2 percent for some time.”



the Coronavirus Aid, Relief, and Economic Security (CARES) act. Under this scenario, the
model predicts a modest inflation overshoot for the next four years, with a peak of 3.7%,
and then a gradual return to the two-percent target. We then consider the effects of the
American Rescue Plan Act (ARPA). We assign part of the increase in spending in the first
quarter of 2021 to unfunded transfers based on the historical evidence. We then construct a
conditional forecast and show that the model can replicate very closely the inflation figures
for 2021. The model now predicts a substantially more robust overshoot of inflation, with a
peak of 6.3% instead of 3.7%, and a very slow return to the two-percent target.

Based on these results, we conclude that unfunded spending has played an important
role in accounting for inflation dynamics, both historically and in the post-pandemic period.
From this point of view, the post-pandemic situation is not necessarily different from the
historical experience of the United States. However, two qualifications have to be made.
First, in the post-Millennial period fiscal inflation has been counteracting a deflationary
bias. The risk of persistent high inflation depends in part on whether this deflationary
bias will persist or not. If it were to disappear, perhaps because of a change in the degree
of integration of the world economy, the post-Millennial high level of fiscal inflation could
become a problem. Second, as of 2023, spending is at an historical maximum. This implies
that even small changes in the share of unfunded debt can lead to large swings in inflation.

In the last part of the paper, we conduct a counterfactual simulation to highlight the
key mechanisms that make unfunded fiscal shocks quantitatively important. We trim down
the quantitative baseline model to only retain nominal rigidities as in a textbook NK model.
We show that when this bare-bones NK model is fed with the same unfunded fiscal shocks
identified in the data, it delivers a very similar path for inflation, suggesting that the addi-
tional features of our baseline model do not drive the results with respect to the empirical
relevance of fiscal inflation. These additional features are included to preserve the propaga-
tion mechanism of the other shocks and to avoid ruling out a priori other explanations for
movements in inflation.

From the methodological standpoint, this paper develops a new class of models in which
policymakers are allowed to react differently to different shocks. The focus of this paper is on
the effects of unfunded fiscal shocks. However, this new class of models can be used to study
other forms of heterogeneity in policy responses. The paper builds on Bianchi and Melosi
(2019), who introduced the concept of shock-specific rules as a way to resolve a conflict
between the monetary and fiscal authorities in the presence of a high fiscal burden that the
fiscal authority is reluctant or unable to stabilize. In that paper, we apply a shock-specific
rule to study the macroeconomic effects of introducing an emergency budget to mitigate a

large recession. In this paper, we extend the notion of shock-specific rules to solve general



equilibrium models in which monetary and fiscal authorities adopt state-dependent targets.
This delivers a fiscal theory of persistent inflation that is always at work, not only in response
to exceptional events.

This paper is connected to the vast literature on monetary-fiscal policy interaction (among
many others Sargent and Wallace 1981; Leeper 1991; Sims 1994; Woodford 1994, 1995, 2001;
Cochrane 1998, 2001; Schmitt-Grohe and Uribe 2000, 2002; Bassetto 2002; Reis 2016; and
Bassetto and Sargent 2021). Barro (1974) shows that an alternative way to generate non-
Ricardian effects is if agents erroneously regard bonds as net-wealth. Aiyagari and Gertler
(1985) study the implications of fiscal backing of government bonds for the propagation of
shocks. They find that for debt to be irrelevant, the model needs to feature a considerable
degree of accommodation with respect to the monetary authority. Leeper and Zhou (2021)
find that inflation plays an important role in the optimal marginal financing of fiscal needs
in models similar to the one used in our empirical analysis. Hall and Sargent (2011) show
that historically most of US debt stabilization has been achieved through a combination of
growth, revaluation effects, and low real interest rates. Bianchi and Ilut (2017) estimate a
model with regime changes in the monetary /fiscal policy mix and link the high inflation of
the 1960s and 1970s to a Fiscally-led regime. Bianchi and Melosi (2017, 2022) argue that
the possibility of a return to such regime can explain the lack of deflation in the aftermath
of the Great Recession and the post-pandemic inflation. In a recent opinion piece, Barro
(2022) reaches a conclusion similar to the one proposed in this paper with respect to the
post-pandemic inflation: a realignment in prices is necessary to stabilize the large pandemic
increase in the fiscal burden.

With respect to models with regime changes in the monetary /fiscal policy mix, we move
in a new and different direction. Monetary-led and Fiscally-led rules coexist in our model,
and the policy coordination is shock-specific. Shocks to unfunded transfers are dealt with
fiscally-led policies. With respect to all other shocks, the monetary authority controls in-
flation and the fiscal authority is responsible for debt stabilization. As a result, this new
modeling approach delivers low-frequency movements in inflation linked to unfunded fis-
cal shocks, while at the same time preserving the typical propagation of the business cycle
shocks employed in NK models. In this regard, our work is related to Cochrane (2022) who
considers a class of NK models in which pre-existing debt is backed by future surpluses, but
in response to unexpected movements in inflation, policymakers are not committed to make
fiscal adjustments. The key difference is that Cochrane (2022) assumes that the policy mix is
always fiscally-led, while in our setting a Monetary-led and a Fiscally-led policy mix coexist
at the same time. The two papers share the goal of integrating elements of the fiscal theory

of price level in a NK framework.



2 Persistent Fiscal Inflation

In this section, we introduce a new class of models in which a Monetary-led and a Fiscally-
led policy mix coexist at the same time. The propagation of shocks changes depending
on the shock-specific policy response. This allows us to introduce unfunded fiscal shocks
in an otherwise standard model. We illustrate the logic of this new class of models with
shock-specific rules in the context of a simple Fisherian model (Leeper 1991 and Sims 1994,
2016). Our focus is on fiscal inflation, but the method can be applied in other settings in
which a researcher is interested in modeling shock-specific policy responses. We then move
to a production economy and discuss the consequences of introducing nominal rigidities.
We show that in a model with nominal rigidities, unfunded fiscal shocks lead to persistent

movements in inflation and real effects.

2.1 Funded and unfunded fiscal shocks

Stylized model The economy is populated by a continuum of infinitely many households
and a government. The representative household has concave and twice continuously differ-
entiable preferences over non-storable consumption goods and is endowed in each period with
a constant quantity Y of these goods. The government issues one-period debt B; to house-
holds that can trade them for consumption goods. The representative household chooses

consumption and government bonds so as to maximize:

max Y U (Cy),
t=0
subject to the flow budget constraint P,C; + Q.B; + P/ T, = P,Y + B;_1, where 8 < 1 is

the households’ discount factor, P; denotes the price of consumption goods, T; denotes real
lump-sum net taxes, and Q; = 1/R,,; is the price of the one-period government bond B,
equal to the inverse of the gross nominal interest rate R, ;.

The government budget constraint reads Q;B;+ P,T; = B;_1, where net taxes, T}, coincide
with the real primary surplus. The fiscal authority follows the fiscal rule:

Tt/T = (Sb7t—1/8b)7 €Ct>

where 7, = T;/Y denotes the surplus-to-output ratio, s, = Q¢B;/(F;Y) denotes the real
market value of debt as a share of output, 7 and s, are their respective steady-state val-
ues, (; is a shock to lump-sum taxes that follows an autoregressive (AR(1)) process, and
the parameter v determines how strongly the fiscal authority adjusts primary surpluses to

fluctuations in debt.



The central bank behaves according to the following monetary rule:
R4/ R, = (I/11)%,
where II; = P,/P,_; is the gross inflation rate at time ¢, variables without the time subscript
denote the corresponding steady states, and the parameter ¢ controls the strength with
which the central bank reacts to movements of inflation from its target.
Combining the households” Euler equation with the market clearing condition C; =Y in

every period leads to the Fisher equation: Q; = 8 (E Il q) "

Linearized system of equations We linearize the model equations around the determin-
istic steady state. Henceforth, hatted variables denote variables in log-deviation from their

steady-state values. We obtain the following system of equations:

Tt = BT, (1)
So0 = B 8buo1 + Prg—1 — T — (1 — B)7, (2)
Tt = @, (3)
T = VSpr—1 + G- (4)

Plugging the monetary rule (3) into the Fisher equation (1) leads to the monetary block:
Eyftypr = b (5)

Combining the law of motion for debt (2) with the fiscal rule (4) yields the fiscal block:

Sbp =B 1= (1= B)W8be1 4+ B [Pape1 — e — (1= B)G] - (6)

Existence and uniqueness of a solution As shown by Leeper (1991), in this class of
models there are two regions of the parameter space that deliver existence and uniqueness of
a stationary solution. In the first region, monetary policy is active and responds more than
one-to-one to deviations of inflation from its target (¢ > 1). The fiscal authority implements
the necessary fiscal adjustments to keep debt on a stable path (y > 1). Fiscal policy is defined
as passive because it passively accommodates the behavior of the monetary authority. We
label this policy combination the Monetary-led policy mix. The distinctive feature of the
Monetary-led policy mix is that the macroeconomy is completely insulated from the fiscal
block, so fiscal imbalances are irrelevant for inflation determination in equilibrium (Monetary
and Fiscal Dichotomy). This is because debt stability is achieved with fiscal adjustments.?
The first panel of Figure 1 illustrates this point by showing that inflation does not move in

response to a negative shock to primary surpluses.

2In richer models with distortionary taxation and government purchases, fiscal variables affect the macroe-
conomy, but through a different channel than the one analyzed here.



In the second region of the parameter space, labelled Fiscally-led policy mix, the fiscal
authority is not committed to implementing the necessary fiscal adjustments. Monetary
policy is now passive (¢ < 1) because it passively accommodates the behavior of the active
fiscal authority (v < 1). Under the Fiscally-led policy mix, the macroeconomy is not in-
sulated from fiscal imbalances. In fact, inflation is determined by the need for stabilizing
government debt. Consequently, fiscal imbalances affect inflation. The second panel of Fig-
ure 1 illustrates this point. Now a negative shock to primary surpluses leads to an increase
in inflation. This increase in inflation is fully accommodated by the central bank (¢ = 0),

and debt stability is preserved.

Shock-specific rules and partially unfunded debt We now extend the model to allow
the Monetary-led and Fiscally-led policy mixes to coexist. In this new class of models,
the dynamics typical of a Monetary-led policy mix coexist with the dynamics typical of a
Fiscally-led policy mix. We focus on fiscal shocks, but the logic outlined below applies to
all types of shocks that move the fiscal burden of the economy, as illustrated in the richer
model considered in our empirical analysis. In what follows, we use the superscript M and
F' to denote policy parameters that imply a behavior in line with a Monetary-led policy mix
and a Fiscally-led policy mix, respectively.
We consider the following fiscal rule:

Tt/T = (Sb,t—l/sgt—l)wM (SEH/S)WF € ,{”+<f’ (7)
where (M and ¢! denote funded and unfunded fiscal shocks, respectively. With respect to
the amount of unfunded debt 35 , accumulated as a result of the unfunded fiscal shocks, the
fiscal authority is not committed to implementing a large enough fiscal adjustment: v < 1.
Instead, the fiscal authority is willing to fully stabilize deviations of debt from its unfunded
component: Y™ > 1. Thus, fiscal policy is passive with respect to the funded component

of debt (s,¢—1/sh,_,)), while it is active with respect to the unfunded component of debt

(SEH)-

The new monetary rule is:

R/ Ry = (IL/T)?" (117 /1), (8)
where TI7 denotes fiscal inflation, i.e., the amount of inflation that is tolerated by the central
bank due to unfunded fiscal shocks. With respect to fiscal inflation, monetary policy is
passive: the central bank reacts less than one-to-one, ¢ < 1. Instead, the central bank is

active in stabilizing inflation in deviations from fiscal inflation: ¢™ > 1.

Linearizing the fiscal rule in equation (7), we obtain:

Fo=M (Spee1 — Spe1) +Y 80, T (9)



Given that v < 1, the expression above makes clear that the fiscal adjustments are not
large enough to cover the entirety of the fiscal burden.

Linearizing the monetary rule, we obtain:

Fne = oM (= 7f) + "R} (10)
If we further assume ¢ = 0, we obtain a Taylor rule that is isomorphic to a rule with a
time-varying target: 7,; = ¢M (frt —aF ) Crucially, the time-varying target 7" is not an
additional shock, but it is instead tightly related to the amount of inflation tolerated by the
central bank to stabilize a portion of the overall fiscal burden, leading to a fiscal theory of
persistent inflation.

Appendix A exploits the linearity of the model to prove that the components of debt and
inflation in deviations from their corresponding targets, } = 8, — 8, and @} = 1, — @[,
are exactly the amounts of debt and inflation that would arise if the Monetary-led policy
mix were always in place and only funded shocks occurred. We can then interpret §{,‘§ as
the amount of funded debt that the fiscal authority is committed to stabilize through fiscal
adjustments. Analogously, 7 corresponds to movements in inflation originating from shocks
that the central bank does not accommodate and that are instead the responsibility of the
fiscal authority. We use the superscript M to emphasize that the Monetary-led policy mix
applies with respect to these variables.

Using the fact that in the linearized model the total amount of debt is the sum of two
components, funded and unfunded debt, i.e., 5, = .§£4t + .§5 ;» we can rewrite the fiscal rule
as:

A~ MaM FAF M | +F
T =7"Spp1 7 Spi1 G G

Similarly, exploiting the fact that in the linearized model #; = #M + #F', the monetary rule
can be rewritten as:
fn,t = ¢M7ATtM + ¢Fﬁ-tF‘

Thus, the linearized model allows two equivalent ways to interpret the policy rules. First,
the policy rules can be interpreted as describing a situation in which policymakers react to
time-varying targets that are driven by the need to stabilize the amount of unfunded debt.
Alternatively, the policy rules can be interpreted as shock-specific rules in which policymakers
react differently to the different components of the endogenous target variables depending
on the shocks that generate the fluctuations.

Substituting the monetary rule (10) into the Fisherian equation (1) yields the monetary
block of the model with partially unfunded debt:

Bt = o™ (7 — 7 ) + o5 #f. (11)



N Always Monetary-led

. Always Fiscally-led s Partially Unfunded Debt
n n Funded fiscal shock
] 1 = = = Unfunded fiscal shock
0.8 0.8y 0.8 [y
1 1
1 1
.E 0.6 0.6y 0.6y
2 1 1
= 1 1
£ 04 04 4 04 4
1 1
1 1
0.2 0.2 1 0.2 1
1 1
1 1
0 0 - 0
2 4 6 8 10 2 4 6 8 10 2

4 6 8 10

Figure 1: Impulse response of inflation to a fiscal shock. The discount factor S is set to 0.99 and the steady-state value
of the debt-to-GDP ratio s, to 1. In the model with partially unfunded debt, the monetary policy parameters are M = 2 and
¢ = 0 and the fiscal policy parameters are v = 20 and v¥" = 0. The Always Monetary-led model is parameterized as follows:
¢ = ¢M and v = vM. The Always Fiscally-led model is parameterized as follows: ¢ = ¢ and v = v¥. Fiscal shocks have an
autocorrelation coefficient of 0.5, and their variance is scaled to produce a unit response of inflation on impact of an unfunded
shock.

Plugging the policy rules in the law of motion of debt (2) yields the fiscal block:

Spa =BT L= (1= B)yM8pa1 + BT = B)84 g + Pugmr — 7o = (L= B)(GT +GN)], (12)
where to simplify the exposition without loss of generality we have assumed that the fiscal
authority completely disregards the amount of unfunded debt: v = 0.

To close the model, we need to characterize the dynamics of fiscal inflation, #}", and of
the associated amount of unfunded debt, §f ;- To do so, we construct a shadow economy
in which the Fiscally-led policy mix is always in place and only the shocks to unfunded

spending (/" occur. The shadow economy keeps track of fiscal inflation and the amount of
unfunded debt. The monetary and fiscal blocks for the shadow economy are then:

~F F~AF
EtWtJrl = o7, (13>
~F -1 —1/AF ~F
Sb,t B Spt—1 T B (rn,t—l

— ) =B 1= B¢ (14)

Note that the monetary and fiscal blocks for the shadow economy are isomorphic to those
in equations (5) and (6) once the parameter restrictions for the Fiscally-led policy mix are
imposed and only unfunded shocks are allowed.

The set of equations (11), (12), (13), and (14) describe the model with partially unfunded
debt. Since there are two non-predetermined variables (#; and #]') and two eigenvalues out-

side the unit circle associated with equations (11) and (14), the model satisfies the Blanchard

and Khan conditions and is thereby determinate—there exists a unique stable Rational Ex-
pectations equilibrium.

The third panel of Figure 1 presents the impulse responses in the model with partially

unfunded debt. As before, we assume that the monetary authority fully accommodates the
increase in fiscal inflation: ¢ = 0.

In response to a funded spending shock (solid blue
line), the economy with partially unfunded debt behaves exactly as in the left panel, where

10



policymakers always follow the Monetary-led policy mix, and inflation is unaffected by the
shock. In response to an unfunded spending shock, inflation increases. The economy with
partially unfunded debt behaves exactly as in the middle panel, where policymakers always
follow the Fiscally-led policy mix. The policy rules in the model with partially unfunded
debt are shock-specific and policymakers respond differently depending on the nature of the
fiscal shocks. Thus, the properties of the Monetary-led and Fiscally-led policy mix coexist
in the model with partially unfunded debt.

At a more intuitive level, our modeling formalism connects to a central idea of the fiscal
theory of the price level, namely that debt stability can be achieved with a mix of fiscal
adjustments and movements in inflation that are accommodated by the central bank. With
respect to this idea, the shadow economy serves the purpose of measuring the evolution of the
share of debt that is unfunded and expected to be covered by inflation, while the remaining
share, which is funded, is expected to be covered via fiscal adjustments. In this sense, the
partition between funded and unfunded spending is akin to an accounting exercise, under the
typical assumption of perfect and symmetric information of both agents and policymakers.

Finally, it is worth mentioning that we could also have solved the model by constructing a
different (Monetary-led) shadow economy in which all public debt is funded and the central
bank always follows the Taylor principle, although only funded fiscal shocks occur. This
duality in solving models with shock-specific rules stems from the linearity of the model.
Linearity implies that the two shadow economies are indeed additive subeconomies of the
actual economy. This means that the sum of the inflation rates and the sum of debts in the

two parallel economies equal their counterparts in the actual economy (see Appendix A).

2.2 Unfunded fiscal shocks and nominal rigidities

We now introduce a production side to the model presented in the previous section. We
will use this model to investigate the role of price rigidity in the propagation of funded and
unfunded fiscal shocks to inflation, output, debt, and the real interest rate.

We modify the setup presented above by assuming the period utility function U(Cy, Ny) =
InCy + ¢ 1In(1 — N;), where N, represents hours worked. Households receive real wage income
W N; in exchange for supplying labor services to the firms, and the production function
is Y; = N!™®. All other assumptions are the same as described in the previous section,
including the specification of the fiscal rules in equation (7). In the case of flexible prices,
which provides the benchmark for a classical economy, we assume perfect competition in both
goods and labor markets. We calibrate this stylized model consistently with the parameters

of the quantitative model that we estimate in Section 4. The linearized equations and the
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Figure 2: Funded and unfunded fiscal shocks in production economies. Impulse responses of inflation, real output,
the debt-to-GDP ratio, and the real interest rate to funded (blue solid line) and unfunded shocks (red dashed line) to primary
surpluses. The first row shows the propagation in a model with perfectly flexible prices and ¢ = 0. The second row shows
the propagation in a model with perfectly flexible prices and ¢ = 0.8. For unfunded shocks, we also consider the case with a
maturity structure (dotted magenta line). The last row reports the propagation in a prototypical New Keynesian model.

calibrated parameter values are reported in Appendix B.

The graphs in the first row of Figure 2 illustrate the impulse responses to funded and
unfunded fiscal shocks (the blue solid and red dashed lines, respectively) in the case of flexible
prices. Two points emerge from these graphs. First, expansionary fiscal shocks lead to an
increase in inflation only if they are unfunded; that is, only if they are not backed by future
fiscal adjustments. Second, regardless of whether an expansionary fiscal shock is funded
or unfunded, the real economy is perfectly insulated from fiscal shocks. Like the typical
model with flexible prices, the real economy is not affected by movements in inflation. Also
note that the debt-to-output ratio falls in the aftermath of an unfunded fiscal shock because
the increase in inflation raises nominal output (but not real output). Thus, introducing
a production economy with flexible prices does not change the behavior of inflation with
respect to the Fisherian model. This should not come as a surprise, as in this class of
models, real activity and real interest rates are exogenous with respect to inflation.

In the second row of Figure 2, we consider two extensions of the model with flexible prices.
First, we allow for the central bank response to fiscal inflation to be positive, (¢ > 0),
but still less than one-to-one (¢! < 1). Without losing generality, we choose ¢ = 0.8.
Introducing a response to fiscal inflation larger than zero does not affect the response to

funded shocks, but it determines a persistent response of inflation to unfunded fiscal shocks.
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To understand why, rewrite the monetary block (13) as:

il = oFRl +m. (15)
where nffl = @/, — Ef 4 is the inflation surprise in response to the unfunded fiscal shock.
The expression above elucidates that the persistence of fiscal inflation is controlled by
the Taylor rule coefficient ¢*". The central bank, by moving the nominal interest rate, sets
expected inflation. If, in turn, the central bank moves the nominal interest rate in response to
current inflation, the central bank induces a persistent movement in inflation. The change in
expected inflation does not have a role in determining the size of the initial jump in inflation
77?+F1~ This is because anticipated inflation cannot be used to devalue one-period bonds that
have not been issued yet. The online Appendix C provides additional details and shows that
the initial jump only depends on the change in the present discounted value of future real
surpluses.

We now make a second change and add a maturity structure for government debt while
keeping ¢ = 0.8. We choose an average maturity of six years. The dotted magenta line
in the second row of Figure 2 shows how the maturity structure changes the propagation of
an unfunded fiscal shock. The persistence of inflation is still controlled by the parameter
¢F'. However, the presence of a maturity structure reduces the initial jump in inflation.
This is because with a persistent movement in inflation and a maturity structure, the re-
sulting increase in long term interest rates devalues the outstanding long-term bonds. The
online Appendix shows analytically that the initial response declines if ¢ increases or if the
maturity increases.

To sum up, for a given maturity, a larger ¢/ determines a larger increase in long-term
interest rates for a given inflation path, devaluing outstanding long-term bonds. For a given
¢ > 0, a longer maturity implies a larger devaluation of outstanding debt. If ¢* = 0 or debt
is only composed of one-period bonds, the initial response collapses to what is obtained with
no maturity structure. If bonds have a long maturity, but ¢ = 0, inflation and short-term
rates have no persistence and they cannot devalue currently outstanding long-term bonds.
If ¢ > 0, but debt is only short-term, there are no outstanding long-term bonds to be
devalued in the first place.

Across all the cases considered so far, ex-ante real interest rates and output are unaffected
by the unfunded fiscal shocks. This implies that all debt stabilization needs to be achieved
via a surprise in inflation (present or future). We now make a different change to the model
by introducing monopolistically competitive firms facing price rigidities. These changes make
the linearized model similar to the types of stylized New Keynesian models studied in the
textbooks of Gali (2008) and Woodford (2003). The linearized equations for this model are
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reported in Appendix B. To isolate the effects of nominal rigidities, we revert to the ¢ = 0
case and no maturity structure.

In the third row of Figure 2, we show the propagation of funded (blue solid lines) and
unfunded shocks (red dashed line) for the model with nominal rigidities. Comparing these
responses to the ones shown in the first row highlights the effects of nominal rigidities on
the propagation of these two fiscal shocks. Noticeably, introducing nominal rigidities does
not affect the response to funded shocks. These shocks are still irrelevant for output and
inflation. However, nominal rigidities deeply affect the response to unfunded fiscal shocks.
Unlike the model with fully flexible prices, in the aftermath of an unfunded fiscal shock,
the change in inflation is spread over time, even if the model does not feature a maturity
structure. Furthermore, now unfunded fiscal shocks affect the path of real interest rates and
hence output. As a result, the increase in inflation is substantially more contained because
debt stabilization is in part achieved with larger output and a prolonged decline in the cost
of financing debt.

In summary, persistent movements in inflation can be obtained in a frictionless envi-
ronment by allowing a positive response of interest rates to fiscal inflation. Furthermore, a
maturity structure can greatly reduce the initial impact of an unfunded fiscal shock. However,
movements in real interest rates and output only arise when introducing nominal rigidities.
The lower cost of financing debt and the higher level of real activity contribute to stabilizing
debt and mitigating the size of the initial jump in inflation.

In our quantitative evaluation, we opt for a model with nominal rigidities for a series of
reasons. First, real interest rates and output present significant low-frequency variation in
the data and play an important role in the evolution of the ratio of government debt to gross
domestic product (GDP). A model with flexible prices cannot account for these facts. Second,
the lower panels of Figure II reveal some key empirical cross-correlations, which will be crucial
to identify unfunded fiscal shocks in the large-scale model that we estimate in Section 4.
Namely, unfunded shocks increase inflation while decreasing both the real interest rate and
the debt-to-GDP ratio. Finally, a model with flexible prices can generate persistence in fiscal
inflation only if the central bank partially reacts to fiscal inflation (¢ > 0). This creates
a very tight link between nominal interest rates and expected inflation that seems at odds
with the data. For example, in the post-pandemic period, inflation increased persistently
even if nominal interest rates did not initially react to inflation (¢* = 0). A model with
nominal rigidities in which the central bank accommodates the jump in fiscal inflation seems

more appealing to account for this stylized fact.
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3 A Quantitative Model

In this section, we build and estimate a state-of-the-art Two Agents New Keynesian (TANK)
model with a rich fiscal block and partially unfunded debt. The model features all the ingre-
dients that have been proven successful in matching US business cycle dynamics, including
a large set of business cycle shocks. With respect to these shocks, monetary policy satisfies
the Taylor principle and the fiscal authority is in control of debt stabilization. Thus, in
this regard, the model behaves as its counterparts extensively studied in the literature (see
among many others, Christiano et al. 2005 and Leeper et al 2017). However, the model also
features unfunded fiscal shocks. These shocks to transfers are not backed by future fiscal
adjustments, implying that a share of the overall government debt is unfunded.® In what

follows, we outline the model in detail.

3.1 The economy

The economy is populated by a unit measure of households, of which a fraction p are hand-to-
mouth consumers. The remaining fraction of households, 1 — pu, are savers, and we indicate
them with an S superscript. The presence of hand-to-mouth households, together with
distortionary taxation, breaks Ricardian equivalence and makes funded transfers relevant

for a fraction of the population even under a Monetary-led policy mix.
Savers. A household of optimizing saving agents, indexed by j, derives utility from the

consumption of a composite good, C7* (4), which comprises private consumption C (j) and
government consumption G; such that C;° (j) = CF (j) + agG;. The parameter ag governs
the substitutability between private and government consumption. When negative, the goods
are complements; when positive, they are substitutes. External habits in consumption imply
that utility is derived relative to the previous period value of aggregate savers’ consumption
of the composite good §C75,, where 6 € [0,1] is the habit parameter. Saver households
also derive disutility from the supply of differentiated labor services from all its members,
indexed by [, LY (j fo L7 (4,1)dl. The period utility function is given by UZ(j) =
u? <ln (Cr9 (5) — GCt,l) — L)+ 5)), where u? is a discount factor shock and ¢ is
the Frisch elasticity of labor supply.

Households accumulate wealth in the form of physical capital K. The stock of capital
depreciates at rate § and accrues with investment I°, net of adjustment costs. The law of
motion for physical capital is: K} (j) = (1 —6) K7y () +ui [1 — s (L7 (5) /121 ()] I7 (5),

3We focus on shocks to transfers because historically government purchases (G) have been constantly
declining as a fraction of GDP since World War II. Thus, government purchases do not seem to represent a
problem for fiscal sustainability, while transfers have been increasing over the same period. Our results are
robust to allowing both types of spending to be partially unfunded.
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where u! is a shock to the marginal efficiency of investment and s denotes an investment
adjustment cost function that satisfies the properties s (¢*) = s’ (¢*) = 0 and s” (¢*) = s > 0,
where s is a drift parameter capturing the logarithm of the gross rate of technology growth
in steady state.

Households derive income from renting effective capital K (j) to the intermediate firms.
Effective capital is related to physical capital according to K (j) = v; (j) K2, (4), where
v, (j) is the capital utilization rate. The cost of utilizing one unit of physical capital is given
by the function ¥ (14 (j)). Given the steady-state utilization rate v (j) = 1, the function ¥
satisfies the following properties: ¥ (1) = 0, and \I\Ijjl,/((ll)) = %, where ¢ € [0,1). We denote
the gross rental rate of capital as Rx; and the tax rate on capital rental income as 7y ,.

The household can also save by purchasing one-period government bonds in zero net
supply and a more general portfolio of long-term government bonds in non-zero net supply.
The one-period bonds promising a nominal payoff B; at time ¢ + 1 can be purchased at the
present discounted value R;éBt, where the gross nominal interest rate R, is set by the
central bank. The long-term bond B;* mimics a portfolio of bonds with average maturity
m and duration (1 — ﬂp)_l, where p € [0,1] is a constant rate of decay. This bond can
be purchased at price P/, which is determined by the arbitrage condition R, ; = E;[(1 +
Pmy)/Pre ", where the wedge u;” can be interpreted as a risk premium shock.

Each period, the household receives after-tax nominal labor income, after-tax revenues
from renting capital to the firms, lump-sum transfers from the government Z; and dividends
from the firms D;. These resources can be spent to consume and to invest in physical capital
and bonds. Omitting the index j to simplify the notation, we can write the nominal budget

constraint for the saver household as:

P (1+714,)CY + RI7 + PI"B* + R, 1B, (16)

1
= (14 pP")By 4+ By + (1 —71p,) / W, (1) LY dl
0

+ (1 — TK,t) RK,tl/thSLI - \Il (Vt) Kffl + Pth + Dt,
where W (1) denotes the wage rate faced by all household members and where 7., and
7y, denote the tax rates on consumption and labor income, respectively. The household
maximizes discounted utility >~ BtUS subject to the sequence of budget constraints in
equation (16).

Hand-to-Mouth Households. Every period, hand-to-mouth households consume all of

their disposable, after-tax income, which comprises revenues from labor supply and govern-
ment transfers. The hand-to-mouth households supply differentiated labor services, and set

their wage to be equal to the average wage that is optimally chosen by the savers, as de-

scribed below. Both savers and non-savers face the same tax rates on consumption and labor
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income. Using the superscript N to indicate the non-saving, hand-to-mouth households, we

can write their budget constraint as follows:

1
(1+70,) PCY = (1—71,) / W, (1) LY (1) dl + P.ZY.
0
Final Good Producers. A perfectly competitive sector of final good firms produces the

homogeneous good Y; at time ¢ by combining a unit measure of intermediate differentiated in-
L} +uf KPC

puts using the technology Y; = ( fol Y, (i) vt +ifv P di , where 1) denotes exoge-
nous independent and identically ditributed (i.i.d.) changes in the elasticity of substitution
among good varieties. In the linearized version of the model, these shocks shift the New Key-
nesian Phillips curve (NKPC) and are often dubbed cost-push shocks. The variable uN5F¢
is also a cost-push shock, but it is assumed to follow a near-unit-root process. This highly
persistent cost-push shock is meant to capture other external forces, such as international

trade, that can generate low-frequency movements of inflation. Profit maximization yields
NKPC)

the demand function for intermediate goods Y; (i) = Y; (P (i) /Pt)_(H"er“iVKPC)/("er“t
where P, (i) is the price of the differentiated good i and where P, is the price of the final

good.
Intermediate Good Producers. Intermediate firms produce using the technology Y (i) =

K, ()" (AL (1) — A,Q, where Q is a fixed cost of production that grows with the rate of
labor-augmenting technological progress A; and « € [0, 1] is a parameter. The technological
progress A; follows an exogenous process that is stationary in the growth rate. Specifically,
we assume that uf = (1 — p,) s + pouf | + €f, where uf = In(A;/A;—1). Intermediate
firms rent capital and labor in perfectly competitive factor markets. L, is a bundle of
all the differentiated labor services supplied in the economy, which are aggregated into a
homogeneous input by a labor agency, as described below. Cost minimization implies that
all firms incur the same nominal marginal cost MC; = (1 — a)* ' a~® (Rg)* Wi Ao,

When setting prices, intermediate producers face frictions a la Calvo, i.e., at time ¢t
a firm ¢ can optimally reset its price with probability w,. Otherwise it adjusts the price
with partial indexation to the previous period inflation rate according to the rule P, (i) =

(I, ) (I1)' ™ P,_; (4), where y, € [0,1] is a parameter, II,_; = IPDZ:;, and II denotes the

aggregate rate of inflation at steady state.
Intermediate producers that are allowed to reset their price maximize the expected dis-

counted stream of nominal profits:

- S A7, SN p . . :
max E; Z (Bwp) /{g (H I, I X ) P, (i) Yiys (1) — MChysYirs (1)
5=0 t k=1

subject to the demand function of the final good sector, with A° denoting the marginal

utility of the savers.
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Wages We assume that both savers and hand-to-mouth households supply a unit mea-
sure of differentiated labor service, indexed by [. Each period, a saver household gets an
opportunity to optimally readjust the wage rate that applies to all of its workers, W; (1),
with probability w,,. If the wage cannot be reoptimized, it will be increased at the geometric
average of the steady-state rate of inflation II and of last period inflation II;_;, according
to the rule W, (1) = Wi_y (1) (IT,_1e¥)X* (IIe*)' ™" where x,, € [0,1] captures the degree of
nominal wage indexation. All households, including both savers and non-savers, sell their
labor service to a representative, competitive agency that transforrgs it into an aggregate
labor input, according to the technology L; = (fol L, (Z)ﬁ dl) o , where 7 is an i.i.d.
exogenous wage mark-up shock. The agency rents labor type L; (1) at price W; (I) and sells
a homogeneous labor input to the intermediate producers at price W;. The static profit
maximization problem yields the demand function Ly (1) = Ly (W, (1) /W)~ 0/
Monetary and Fiscal Policy. Assuming that one-period government bonds are in zero net
supply and that households receive the same amount of transfers regardless of whether they

are hand-to-mouth or savers, the government nominal budget constraint can be written as
Pth;n + TK,tRKth + 71, tWtLt + TCtPtCt = (1 + thm) B;ril + Pth + PtZta (17)

where C; = uCN + (1 — p) CY and Z; = fo Z; (j) dj denote aggregate consumption and total
transfers, respectively. The budget constraint (17) implies that the fiscal authority finances
government expenditures, transfers, and the rollover of expiring long-term debt by raising
taxes on consumption, labor, and capital and by issuing new long-term debt obligations.

We rescale the variables entering the fiscal rules as g, = G;/A; and 2z, = Z;/A;. For each
PmBm
PY:
be the debt-to-GDP ratio. As in the models presented in Section 2, the debt-to-GDP ratio in

deviations from the steady state, 54, is the sum of two components, funded §£4t and unfunded

variable z;, 7; denotes the percentage deviation from its own steady state. Let s, =

sbt debt. As before, we use superscripts M and F' to emphasize that the Monetary-led policy
mix applies to funded debt, while the Fiscally-led policy mix applies to unfunded debt. For
the shocks, we use the superscripts only to label the two types of transfers shocks, while we
assume that all other shocks only affect the funded portion of debt.

The fiscal authority adjusts government spending g;, transfers Z;, and tax rates on capital

income, labor income, and consumption 7, J € {K, L,C} as follows:

G = pcii-1— (1 —pa) ve(8p-1 — 35;4) + Gt (18)
2 = pzi o — (L=pz) [ v2(8bs-1 — 854 1) + byt + ot (19)
Fre = pstae—1+ (1= ps) v(8bi-1 — 841), (20)

where 8,1 — 5},_; denotes the portion of the debt-to-GDP ratio that the fiscal authority is

committed to stabilize with fiscal adjustments. This commitment is captured by the values
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for the reaction parameters v, vz, and v; > 0 that are large enough to guarantee that
this portion of debt remains on a stable path. The fiscal authority does not make fiscal
adjustments in response to the remaining portion of debt, which is unfunded, §5 +—1- The
total amount of transfers is given by 2, = 22 + (M + ¢/". The shocks ¢ and ¢/ influence
the funded and unfunded share of total transfers and are assumed to follow persistent AR(1)
processes to capture the historical evolution of transfers in the United States. The term 27
captures transitory movements in funded transfers and possible adjustments in response to
debt and the business cycle. The fiscal shocks (,; and (., follow AR(1) processes.

The central bank moves the short-term interest rate ]A%n,t in response to fluctuations of
inflation originating from the typical business cycle shocks and the funded fiscal shocks,
while it fully accommodates the movements in inflation necessary to stabilize the unfunded
portion of debt. As explained in Section 2, this shock-specific monetary policy rule can be
captured by a standard Taylor rule in which the central bank reacts to deviations of inflation
from the level of inflation needed to stabilize the unfunded share of debt. We call this level
of inflation tolerated by the central bank, fiscal inflation, #f. Tt follows that the linearized
monetary policy rule with an effective lower bound constraint (ELB) can be written as

Tpt = IMAax [— In Ry, pring—1+ (1 — pr) [(]57r (ﬁt — ﬁf) + %Qt} + u;"] , (21)
where u}" is a monetary policy shock.

The parameter ¢, > 1 implies that the Taylor principle is satisfied and monetary policy is
active when responding to deviations of inflation, #;, from fiscal inflation, #7". The variable
7l measures the increase in inflation, relative to the central bank long-term target (and
steady-state rate), that the central bank accommodates so as to stabilize the amount of
unfunded debt 5}, ;. The policy mix characterized by equations (18)-(21) therefore implies
that monetary policy is active in response to deviations of inflation from fiscal inflation and
passive (no response) with respect to the inflation needed to stabilize the share of unfunded
debt in deviations from its long-term target. Concurrently, fiscal policy is passive with
respect to its commitment in stabilizing the share of funded government debt 5,1 — §bF 1
and active (no response) with respect to the unfunded share of debt. Thus, a monetary-led
policy mix with respect to the typical business cycle shocks coexists with a fiscally-led policy
mix with respect to the unfunded fiscal shocks.

The way fiscal inflation 77" enters the Taylor rule is similar to a time-varying target or an
inflation drift that is typically added to estimated medium-scale Dynamic Stochastic General
Equilibrium (DSGE) models to explain persistent inflation in the data (e.g., Smets and
Wouters 2007). However, while the inflation drift in these other models evolves exogenously
according to a close-to-random-walk process, fiscal inflation in our model varies in response

to the need to stabilize the share of unfunded debt, which is endogenous. Changes in fiscal
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inflation 7" result from the coordination between monetary and fiscal authorities regarding

the stabilization of the existing public debt.

3.2 Solving the Model

To solve the model, we first detrend the non-stationary variables to account for the unit root
in the labor-augmenting technology A;. We then log-linearize the model equations around
the deterministic steady-state equilibrium. The list of the log-linearized equations of the
model is reported in Appendix D.

As in Section 2, we construct a shadow economy that keeps track of the unfunded portion
of debt and the associated evolution of the endogenous variables. The shadow economy differs
from the actual economy insofar there are only unfunded fiscal shocks and policymakers
follow a Fiscally-led policy mix. All other model equations are identical across the actual
and shadow economies. The model can be solved with standard techniques that apply to

linear rational expectations models.

4 Inference

The model is estimated using Bayesian techniques. The posterior distribution is obtained
combining the priors for the model parameters with the model’s likelihood function. The
likelihood is evaluated with the Kalman filter.

4.1 Data

The data set that we use for estimation comprises eleven variables for the U.S. economy
observed at quarterly frequency over the period 1960:Q1-2022:Q3: real per-capita GDP
growth; real per-capita consumption growth; real per-capita investment growth; a measure
of the hours gap; the effective federal funds rate; the growth of average weekly earnings; price
inflation based on the GDP deflator; the growth of real government transfers; the growth of
government consumption and investment; the government debt-to-GDP ratio; 5-year break-
even inflation. Appendix E shows how these series are constructed.

We treat 5-year breakeven inflation as a noisy measure of inflation expectations over
the next five years and include an observation error that captures variations in premia.
To account for the federal funds rate being stuck at the effective lower bound for most of
the 2008:Q1-2022:Q3 period, we estimate the model over two subsamples: from 1960:Q1
through 2007:Q4 and then from 2008:Q1 through 2022:Q3. When estimating the model on

the latter subsample, we add to the data set the expectations for the federal funds rate
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one- through ten-quarters ahead, based on overnight index swaps.* Formally modeling the
lower bound for the interest rate would raise substantially the computational challenge of our
empirical exercise because it would introduce a non-linearity in the model, which requires
using non-linear Monte Carlo filters to evaluate the likelihood (Fernandez-Villaverde and
Rubio-Ramirez, 2007). We adopt a simpler approach, following Campbell et al. (2012), who
use data on market-based future federal funds rates to estimate the model after 2008:Q4.
Agents’ expectations about future interest rates are informed by the market forecasts, which

enforce the effective lower bound in the model.

4.2 Priors

To elicit the prior distributions for the model parameters, we follow the approach proposed
by Del Negro and Schorfheide (2008). Some parameter values are fixed in the estimation or
implied by steady-state restrictions. We fix the discount factor § to the value of 0.99, so
that the steady-state real interest rate is broadly consistent with its sample average. The
quarterly rate of capital depreciation, 4, is set to target an investment rate of 2.5%. The
parameters governing the steady-state markups on wages and prices cannot be separately
identified in estimation, so we set them to 0.14, following Leeper et al. (2017). The elasticity
of output to capital in the production function « is set to the standard value of 0.33. The
parameter s, capturing the ratio of government expenditures to GDP, is set to 0.11 following
Leeper et al. (2017). Finally, the steady-state tax rates on labor, capital and consumption,
denoted by the parameters 7, Tx, and 7¢, are set to the values of 0.186, 0.218, and 0.023,
respectively, also based on Leeper et al. (2017). The consumption tax rate 7¢ is assumed to
be constant, so the parameters vo and pc are set to zero.

Figure 3 reports the number of outstanding government bonds of different maturities (in
years). Darker areas imply that a larger number of securities of the corresponding maturity is
outstanding. The green dashed line corresponds to the average maturity based on the number
of bonds outstanding, and the red solid line reports the value weighted average maturity.
The first noticeable fact is that both measures of average maturity are fairly stable in the
United States, fluctuating around 5.5 and 4.5 years, respectively. However, over the past
10 years, the means of the average maturities have increased to 6 and 5.8 years. Given our
interest in the post-pandemic increase in inflation and given the Congressional Budget Office
(2020) estimates an average maturity of six years, we set the decay rate of the maturity of
long-term bonds, p, to 0.9593, a value that implies a 6-year average maturity. However, our

results are robust to choosing a range of alternative values for the average maturity.

4We construct series of the market-expected federal funds rate in the same way as Campbell et al. (2017).
See Appendix E for further details.
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Figure 3: Maturity of US government debt. The figure reports the number of outstanding government bonds of different
maturities (in years) over the sample 1960-2021. Darker areas imply that a larger number of securities of the corresponding
maturity is outstanding. The green dashed line corresponds to the average maturity based on the number of bonds outstanding,
and the red solid line reports the value weighted average maturity.

The right panels in Tables 1 and 2 report the priors for the structural parameters and
for the exogenous processes, respectively. The priors for both macroeconomic and fiscal
variables are generally quite diffuse. We center the prior for the share of hand-to-mouth
households p to 0.11 in order to match the share of poor hand-to-mouth consumers, following
Kaplan et al. (2014). The priors for the autocorrelation coefficients of both the funded and
unfunded transfers shocks are tightly centered around a very persistent mean to reflect the
econometrician’s beliefs that changes in funded and unfunded transfers are very persistent
and to capture the fact that in the data transfers present fluctuations around a persistent
trend. Conversely, cyclical increases in government transfers are expected to be backed by
the increase in tax revenues and the decline in spending that ensue during the next economic
recovery.

We also set the prior on the autocorrelation coefficient of the persistent cost-push shock
(puvrc) so as to provide the model with a competing mechanism to explain persistent
inflation. Thus, the model allows, but does not require, persistent inflation to be generated
by unfunded fiscal shocks. The autocorrelation coefficients of the tax rules (pg, pr) are set
to 0.5 because they are only weakly identified in the estimation. The prior for the standard

deviation of the shocks is the same across the different shocks.
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Prior and Posterior Distributions for the Structural Parameters

Posterior Distribution

Prior Distribution

Param Description Mode Median 5% 95% | Type Mean Std
Sp Debt to GDP annualized 2.4582  2.4512 23736 2.5298 N 2.40 | 0.10
100sc  Steady state growth rate 0.3979  0.3910 0.3329 0.4625 N 0.50 | 0.05
100InII  Steady state inflation 0.5296  0.5333  0.4643 0.6000 N 0.50 | 0.05
& Inverse Frisch elasticity 1.7974  1.7440 1.6095 1.8708 N 2.00 | 0.25
I Share of hand-to-mouth 0.0771  0.0787 0.0682 0.0906 N 0.11 | 0.01
Way Wage Calvo param 0.8151  0.8167 0.7980 0.8335 B 0.50 | 0.10
Wp Price Calvo param 0.8673  0.8651 0.8436 0.8833 B 0.50 | 0.10
P Capital utilization cost 0.6564  0.6739  0.5897 0.7520 B 0.50 | 0.10
s Investment adjust. cost 5.5475  6.2053  5.4031 6.5048 N 6.00 | 0.50
Xw Wage infl. indexation 0.0375  0.0497 0.0126 0.0824 B 0.50 | 0.20
Xp Price infl. indexation 0.2356  0.2354  0.1908 0.3295 B 0.50 | 0.20
0 Habits in consumption 0.9134 09103 0.9023 0.9174 B 0.50 | 0.20
ag Subs. private/gov. cons. -0.0514  -0.0760 -0.1692 0.0060 N 0.00 | 0.10
Oy Interest response to GDP 0.0014  0.0012 0.0001 0.0034 N 0.25 | 0.10
On Interest response to infl. 2.0580 2.0826 1.9430 2.1966 N 2.00 | 0.10
Gy Transfers response to GDP 0.0823  0.0546 0.0316 0.0804 G 0.10 | 0.05
Yo Gov. cons. response to debt  0.3443  0.3364  0.2874 0.3858 N 0.25 | 0.10
YK Capital tax response to debt  0.0037  0.0020 0.0003 0.0057 N 0.25 | 0.10
YL Labor tax response to debt 0.0027  0.0019  0.0002 0.0051 N 0.25 | 0.10
Yz Transfers response to debt 0.0891  0.0867 0.0359 0.1399 N 0.25 | 0.10
Pr AR coeff. monetary rule 0.7264  0.7284 0.6803 0.7722 B 0.50 | 0.10
G AR coeff. gov. cons. rule 0.4080 0.4139 0.3150 0.4979 B 0.50 | 0.10
oz AR coeff. transfers rule 0.5394  0.4525 0.3895 0.5843 B 0.50 | 0.10

Table 1: Posterior modes, medians, 90% posterior credible sets, and prior moments for the structural parameters. The letters
in the column with the heading “Prior Type” indicate the prior density function: N, G, and B stand for Normal, Gamma, and
Beta, respectively.

4.3 Posterior Distributions

The left panels of Tables I and II report the posterior distributions for the structural param-
eters and the exogenous processes, respectively, obtained over the sample period 1960:Q1-
2007:Q4. The estimates obtained over the second subsample, 2008:Q1-2022:Q3, are reported
in Appendix F. We note that the parameters governing the response of the tax instruments
to debt, (i.e., v, and 7g) are positive but quantitatively small. The stabilization of the share
of funded debt is therefore ensured by the relatively higher estimate of the parameters ¢4
and vz, implying that debt stabilization is mostly achieved by changing government spend-
ing rather than taxes. Our estimated price and wage rigidities are on the lower side relative
to the literature, while the habit parameter lies toward the upper end of the multitude of
estimates reported in the literature, but is smaller than those obtained by Leeper et al.

(2017). The output coefficient in the Taylor rule is close to zero and smaller than typically
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Priors and Posteriors for the Exogenous Processes

Posterior Distribution ‘ Prior Distribution
Param Description Mode Median 5% 95%  Type Mean Std
PeG AR coeff. gov. cons. 0.9361  0.9372 0.9096 0.9609 B 0.500 | 0.100
pe]‘é AR coeff. funded trans. 0.9954  0.9953 0.9936 0.9967 B 0.995 | 0.001
ok, AR coeff. unfunded trans. 0.9954  0.9953 0.9936 0.9967 B 0.995 | 0.001
Pz AR coeff. short-term trans. 0.4916  0.3314 0.2669 0.4590 B 0.500 | 0.100
Pa AR coeff. technology 0.3107  0.2995 0.2156 0.3604 B 0.500 | 0.100
b AR coeff. preference 0.7946  0.8033 0.7642 0.8369 B 0.500 | 0.100
Pm AR coeff. mon. policy 0.2417  0.2613 0.2068 0.3296 B 0.500 | 0.100
Pi AR coeff. investment 0.9218  0.9141 0.8982 0.9308 B 0.500 | 0.100
Prp AR coeff. risk premium 0.9035 0.9000 0.8844 0.9139 B 0.500 | 0.100
punxpc AR coeff. pers. cost push 0.9966  0.9965 0.9953 0.9975 B 0.995 | 0.001
lofe; St.dev. gov. cons. 2.0042  2.0463 1.8965 2.1828 | IG | 0.500 | 0.200
aé/[ St.dev. funded transfers 2.9525  2.9530 2.7788 3.2491 | IG 0.500 | 0.200

O'g St.dev. unfunded transfers 0.5960 0.5628 0.4639 0.6674 1G 0.500 | 0.200
o, St.dev. short-term trans. 0.3897 0.3739 0.3165 0.4661 1G 0.500 | 0.200

Oq St.dev. technology 1.2159 1.2243 1.1252 1.3274 1G 0.500 | 0.200
op St.dev. preference 4.9930 4.9951 4.9870 4.9994 [ IG | 0.500 | 0.200
Om St.dev. mon. policy 0.2420  0.2446 0.2228 0.2691 1G 0.500 | 0.200
o St.dev. investment 0.4976  0.5007 0.4467 0.5607 | IG | 0.500 | 0.200
Ow St.dev. wage markup 0.3453  0.3504 0.3217 0.3864 | 1IG 0.500 | 0.200
op St.dev. transitory cost push 0.1694  0.1714 0.1534 0.1920 | IG | 0.500 | 0.200
Orp St.dev. risk premium 0.3824  0.3994 0.3483 0.4509 | IG 0.500 | 0.200

o,nkpc St.dev. persistent cost push 1.3257  1.3196 1.1878 1.6059 | IG 0.500 | 0.200
olpp  Measur. error GDP 0.4338 0.4343 0.4001 0.4710 | IG 0.500 | 0.200
U{)Z Measur. error Debt/GDP 0.3245 0.3659 0.3123 0.5153 | IG 0.500 | 0.200

Table 2: Posterior modes, medians, 90% posterior credible sets, and prior moments for the structural parameters. The letters
in the column with the heading “Prior Type” indicate the prior density function: N, G, and B stand for Normal, Gamma, and
Beta, respectively.

obtained in the estimation of similar models, suggesting that fluctuations in the amount of
fiscal inflation accommodated by the central bank dominate the interest rate response to

output.

5 Results

In this section, we use the estimated TANK model to assess the empirical relevance of
unfunded fiscal shocks in explaining fluctuations in inflation and GDP growth. We first take

an historical perspective and then focus on the pandemic period.
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Figure 4: Impulse responses for quantitative model. Impulse responses for inflation, the real interest rate, and the debt-
to-GDP ratio to a shock to funded transfers (black dashed line), to unfunded transfers (blue solid line), and to the persistent
cost-push shock (red dotted-dashed line). Units: percentage deviations from steady-state values. The magnitude of the initial
shocks is set to be equal to one-standard deviation as estimated in the second sample (2008:Q1-2022:Q4).

5.1 Identification of Unfunded Transfers Shocks

In this subsection, we study how unfunded transfers shocks, ¢/, funded transfers shocks,
(M, and shocks to long-run cost-push shocks, uN 4P propagate through the economy. This
analysis sheds light on how the three shocks are identified in the estimation. Figure 4 shows
that the three shocks give rise to very different impulse responses for key macroeconomic
variables, i.e., the inflation rate, the real interest rate, and the debt-to-GDP ratio.

Despite the presence of hand-to-mouth households, a funded transfers shock (dashed
black line) produces only a modest impact on the macroeconomy, as the expansionary im-
pulse of current transfers is offset by the expectations of higher taxes and/or a decrease
in government spending in the future; qualitatively, inflation rises, following the positive
stimulus to aggregate demand and real marginal costs. Concurrently, the debt-to-GDP ratio
increases to fund the rise in transfers. The increase in the debt-to-GDP ratio is very persis-
tent because tax revenues and government purchases react very sluggishly to the increase in
debt. However, debt is still on a sustainable path because the fiscal adjustments are even-
tually going to occur. In fact, the debt-to-GDP ratio increases exactly because it is backed
by the expectation of future fiscal adjustments.

Unfunded transfers shocks, conversely, have a quantitatively strong expansionary effect
on the macroeconomy (solid blue line). In sharp contrast with the propagation of funded
transfers shocks, unfunded transfers lead to a fall in the real interest rate, as the monetary

authority allows inflation to rise to stabilize the increase in transfers. This coordinated policy
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increases both inflation and inflation expectations. Note that 5 years after the shock, inflation
remains above its long-run value. The lower real interest rate also stimulates aggregate
production. Lower financing costs and higher GDP determine a fall in the debt-to-GDP ratio,
despite the increase in spending. The opposite responses of the debt-to-GDP ratio produced
by funded and unfunded transfers, together with the large effects on the macroeconomy from
unfunded shocks that are absent in response to funded shocks, allow us to separately identify
these two transfers shocks in the estimation.

A shock to firms’ long-run cost-push shocks (dot-dashed red line) produces a temporary
but short-lived rise in inflation. The real interest rate falls, but only on impact, and then rises
persistently as the central bank reacts to the inflationary pressure. The rise in real rates and
the associated contraction in aggregate production lead to an increase in the debt-to-GDP
ratio. The opposite responses of the real interest rate and of the debt-to-GDP ratio following
a shock to unfunded transfers and a long-run cost-push shock, provide identification for the
two shocks. The response of the debt-to-GDP ratio to all the three shocks is very persistent.
This is consistent with the fact that the debt-to-GDP ratio is very persistent in the data. In
the model, the persistence depends on the inverse of agents’ discount factor (37!) and the
sluggish adjustment of taxes and spending in response to funded debt.’

In Appendix K, we show that other observable variables, such as GDP and hours worked,

contribute to sharpening the identification of the unfunded transfers shocks as well.

5.2 Funded and Unfunded Transfers

Before using the model to infer the historical behavior of the shares of funded and unfunded
transfers, it is useful to examine how total federal transfers have evolved over time. The
left panel of Figure 5 plots the evolution of real U.S. government transfers from 1960:Q1
through 2022:Q3 (black line), in deviations from the steady state. The red dashed line in
the figure corresponds to a linear trend fitted on three time periods of interest, which are
marked by the vertical blue lines in the figure. The trend computed over the third period is
also projected onto the pandemic subsample, 2020:Q1-2022:Q3. The first period, spanning
from the mid-1960s to the mid-1970s, is characterized by a sharp increase in transfers. This
increase reflects policy initiatives, initiated by President Johnson, aimed at reducing poverty
levels. These initiatives were part of the Great Society program, which aspired to reduce

racial injustice and crime and to improve the environment.

5Tt takes roughly 600 quarters for the debt-to-GDP ratio to converge to steady state after an unfunded
transfers shocks and roughly twice as long to converge following a shock to the funded transfers shocks and
to the long-run cost-push shocks. However, debt is always on a stable path in virtue of the adjustments of
the other variables that can move faster.
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Figure 5: Federal transfers and real interest rate. Left panel: Federal transfers in percentage deviations from balanced
growth (black solid line) and their linear trend fitted on each of the first three subsample periods (1960:Q1-1974:Q4; 1975:Q1-
1989:Q4; 1990:Q1-2019:Q4), demarcated by the vertical blue lines. The trend computed over the third period is projected onto
the last subsample, 2020:Q1-2022:Q3. Right panel: Changes in the amount of unfunded transfers (red dashed line) and ex-ante
real interest rate (black solid line). The former is computed by taking the one-year moving average of the quarter-over-quarter
percentage changes in the amount of unfunded transfers predicted by the model (smoothed estimates). The latter is computed
by taking the three-year moving average of the annualized ex-ante real rate of interest predicted by the model (smoothed
estimates). The sample period is 1960:Q1-2022:Q3.

After President Johnson ended his second term in 1969, the level of transfers continued
to increase during the Nixon administration (1969-1974). This is consistent with the fact
that many of the welfare programs introduced in the 1960s shifted the long-term path of
spending. But in the subsequent period, which starts in the mid-1970s and ends around
1990, the growth in transfers came to a halt, and their level remained broadly unchanged.
Next, after 1990, the level of transfers started to increase again; the rate of growth has been
rather stable throughout this third period, although smaller than the one observed between
the mid-1960s and the mid-1970s. Finally, the very last period, which captures the pandemic
recession, has witnessed a large jump in the level of transfers, whose magnitude exceeds by
far any increase observed over the estimation sample. After this large spike, the level of
transfers remains well above the pre-pandemic trend even at the end of the sample (around
11% above).

What portion of these changes can be attributed to funded and unfunded transfers? The
right plot of Figure 5 shows the change in the amount of unfunded transfers based on the
model estimates and its relationship with the real interest rate. This plot illustrates how the
structural estimation is able to attribute the observed changes in total transfers to the two
components, funded and unfunded. The unfunded component of transfers is defined as the

amount of transfers in the shadow economy where policymakers follow fiscally-led policies
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and the only shocks hitting the economy are the unfunded transfers shocks.

The figure highlights that the real interest rate decreases when the amount of unfunded
transfers increases—and vice versa. The correlation between the two series is —0.59. This
result is consistent with the impulse response functions shown in Figure 4, where the real
interest rate responds negatively to increases in the share of unfunded transfers. Changes in
the share of unfunded transfers require monetary and fiscal coordination. Specifically, mon-
etary policy accommodates the movements in inflation resulting from changes in unfunded
transfers, leading to fluctuations in the real interest rate.

The left panel of Figure 6 reports the historical evolution of unfunded transfers in per-
centage deviations from the balanced growth path. The display in the north-east corner of
the panel zooms in on the pandemic period. The four panels on the right-hand side of Figure
6 show the contribution of changes in unfunded and funded transfers to the overall increase
in transfers over the sample. These four panels refer to the same four periods discussed above
and highlighted in Figure 5. The red line in these panels corresponds to total transfers.

Changes in the amount of unfunded transfers capture revisions in expectations about the
monetary and fiscal commitment to use fiscal instruments to repay the persistent flow of
total transfers. For instance, total transfers may fall while the share of unfunded transfers
rises (e.g., in 2020:Q4). In the estimation, the changes in the share of unfunded transfers are
chiefly informed by the joint dynamics of inflation, real interest rate, and debt-to-GDP ratio,
as shown in the previous subsection (Figure 4). Historical events like an exceptionally large
recession, the creation of large welfare programs, the appointment of a new Federal Reserve
Chairman can be linked to the estimated movements in the share of unfunded transfers.

The increase in transfers that occurred between the mid-1960s and the mid-1970s was
partially funded, and partially unfunded (Panel B). Specifically, the rise in the amount of
unfunded transfers over this period is substantial. While the overall amount of transfers
remains fairly stable between the mid-1970s and 1990, the amount of unfunded transfers
exhibits a strong hump-shaped pattern (Panel C). The amount of unfunded transfers keeps
increasing in the second half of the 1970s, but at a lower rate relative to that of the first
half. It then starts declining rapidly in the early 1980s and by the end of this subsample, it
reaches levels seen in the mid-1970s.

As we will discuss in more detail below, the initial acceleration in the rise of unfunded
transfers in the late 1960s,the subsequent slowdown in the second half of the 1970s, and the
drop in the early 1980s all play important roles in accounting for the rise and fall in inflation.
The sharp rise in the real interest rate in the first half of the 1980s-—primarily due to Volcker’s
aggressive monetary tightening—and the concomitantly sharp rise in the debt-to-GDP ratio

explain why a smaller fraction of transfers are interpreted as unfunded. As we will see, this

28



Percentage deviations

Panel (A): Unfunded Transfers Panel(8) Total Transfers  Panel (C): Total Transfers

45 T
40 :

40 + ﬁ/\/\ i
35 i

35! 2019 2020 2021 2022

<
3 30(
()]
§25’ 1960 1965 1970 1975 1975 1980 1985 1990
e
% 20} Panel(D): Total Transfers Panel (E): Total Transfers
Q0
€15} I Unfunded
o [ IFunded 100

10+

50

5,

0 0

1960 1970 1980 1990 2000 2010 2020 1990 2000 2010 2020 2021 2022

Figure 6: Estimated decomposition of total federal transfers into funded and unfunded components. In Panel A,
we show the historical evolution of unfunded transfers in percentage deviations from the balanced growth path. The display
in the north-east corner of the panel zooms into the pandemic period. In Panel B, C, D, and E, we show the contribution of
changes in unfunded and funded transfers to the overall increase in transfers over the sample in each of the four subsample
periods (1960:Q1-1974:Q4; 1975:Q1-1989:Q4; 1990:Q1-2019:Q4; 2020:Q1-2022:Q3). The red line in these panels corresponds
to total transfers. The unfunded component is the amount of transfers in the shadow economy—i.e., a counterfactual economy
in which the monetary and fiscal authorities follow the fiscally-led policy mix and the unfunded transfers shocks (CtF ) are the
only exogenous disturbances. Parameters are set at their posterior mode and shocks are estimated using the Kalman smoother.
Units: percentage deviations from balanced growth. The sample is 1960:Q1-2022:Q3.

change in the composition of spending implies a sharp reduction in the inflation rate that
the central bank is expected to tolerate (#f"). Concurrently, the overall level of transfers (red
line) exhibits quite an erratic behavior, which mainly affects the funded share of transfers
(the white bars). These movements are mostly due to a quite volatile economy, with two
large recessions in the late 1970s and early 1980s.

Panel (D) illustrates that the steady rise in transfers observed after 1990 was partially un-
funded; the black bars rise steadily, albeit sluggishly, over this period. In the post-Millennial
period, the model recovers a more rapid increase in the share of unfunded debt observed in
the 2010s in light of a very accommodating monetary policy that engendered a decade-long
negative real interest rate (Bianchi et al. 2021). As shown in the right panel of Figure 5,
this pattern corresponds to a decline in the real interest rate, which is interpreted by the
model as a sign that the central bank is willing to tolerate a higher amount of inflation.

Panel (E) of Figure 6 shows that the federal government increased total transfers sharply
in the second quarter of 2020, in an attempt to combat the severe consequences of the

pandemic crisis, and then again in the first quarter of 2021. The amount of unfunded transfers
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slightly fell in the second quarter of 2020 and only increased in the third and fourth quarters
of 2020. Interestingly, the increase in the expected share of unfunded transfers happened
concomitantly with the introduction of the new monetary framework in the last days of
the third quarter of 2020 (August 27). The new framework contemplates the possibility
for the Federal Reserve to let inflation overshoot its two-percent target after the Pandemic
Recession. This new monetary policy strategy is reflected in the change of the expected
path of the future federal funds rate, which we observe in the estimation using overnight
index swaps. Finally, the ARPA fiscal stimulus determined a further increase in the share
of unfunded transfers. As we will see in the next subsections, this last policy intervention

played a key role in driving the post-pandemic surge in inflation.

5.3 Drivers of Inflation and GDP growth

We now turn our attention to the relation between unfunded transfers and the the historical
dynamics of inflation and GDP growth. Figure 7 provides a historical shock decomposition of
inflation and GDP growth. The black bars in the figure illustrate the evolution of inflation
and GDP growth originating from unfunded transfers shocks. The gray and white bars
highlight the role of the other policy shocks and the non-policy shocks, respectively.®

The key result that emerges from Figure 7 is that fiscal inflation—the amount of inflation
due to unfunded transfers—accounts for the bulk of inflation dynamics. The persistent rise in
inflation between the mid-1960s and the mid-1970s is largely explained by the inflationary
effects of the rise in unfunded transfers that took place in that period, as illustrated in
Figure 6. This increase in fiscal inflation, accommodated by the central bank, contributes
to supporting growth in the 1970s, counteracting the productivity slowdown of those years.

The inflationary effects of this rise in the level of transfers started to wither away during
the late 1970s, while non-policy shocks were pushing up on the rate of inflation. Even though
the share of unfunded transfers rose in the second half of the 1970s (Panel (C) of Figure
6), the pace of this increase was not fast enough to sustain the high level of fiscal inflation
caused by the large expansion in unfunded transfers of the first half of the 1970s (Panel (B)
of Figure 6). As a result, fiscal inflation fell steadily in the second half of the 1970s, even
if it remained elevated at the end of the 1970s, when unfunded transfers still explain about
half of observed inflation. The decline in fiscal inflation contributes to the decline in growth
of the late 1970s.

The fall in inflation and GDP growth accelerated in the first half of the 1980s—mostly

60ther policy shocks include the monetary policy shock, funded transfers shocks, and the other fiscal
shocks. A detailed historical decomposition of the role played by each one of these policy shocks is shown in
Figure 12 Appendix G. Non-policy shocks include all other shocks.
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Figure 7: Drivers of Inflation and GDP growth. The red solid lines correspond to annualized quarterly inflation (top
panel) and annualized GDP growth (lower panel). The bars represent the cumulative contributions of unfunded transfers shocks
(black bars), other policy shocks (gray bars), and non-policy shocks (white bars) on the two variables. The white bars also
include the steady state and the initial conditions for the two variables and, for GDP growth, the measurement error. Other
policy shocks include shocks to funded transfers, shocks to government purchases, and unanticipated and anticipated monetary
policy shocks. Shocks are estimated using the Kalman smoother with the model parameters set at their posterior mode.

driven by a fall in fiscal inflation. In the first five years of the 1980s, fiscal inflation declined by
3%, moving from 3.8% to 0.8% in deviations from the steady state. The sharp increase in the
real interest rate due to the aggressive monetary tightening conducted by the Federal Reserve
under Chairman Volcker coincides with a large fall in fiscal inflation and output growth, in
the first five years of the 1980s. Thus, as in Sims and Zha (2006), we document that a policy
change occurred before the appointment of Federal Reserve Chairman Volcker in August
1979. However, the early 1980s led to an acceleration in the change of the policy environment,
propelled by the election of President Reagan who arguably provided the political backing
to the resolute disinflation policy of the Federal Reserve (Samielson 2008, Bianchi and Ilut
2017). Thus, the rapid decline in inflation, the slowdown in real activity, and the increase in

real rates of the early 1980s are interpreted as a joint monetary-fiscal policy phenomenon.”

7Our results suggest an interesting interpretation for the finding of the seminal paper by Clarida et al.
(2000) that the systematic response of the Federal Reserve to inflation was weaker in the 1970s than in
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These results are also consistent with the evidence provided by Hazell et al. (2020). They
argue that the Phillips curve has always been flat in the US and that the primary force
behind the Volcker disinflation was a change in long-term inflation expectations triggered by
the policy change, rather than high unemployment working through a steep Phillips curve.

From about 1990 until the most recent years, fiscal inflation contributes persistently to
averting deflation. In the post-Great Recession period, fiscal inflation offsets a deflationary
bias set off by non-policy shocks—primarily a mix of favorable investment shocks and long-run
cost-push shocks. Notably, the deflationary effects of these non-policy forces are persistent
and keep dragging inflation down for a long period of time.

Fiscal inflation increases significantly in the aftermath of the pandemic recession. This
helps in sustaining the recovery, but at the cost of a very large persistent increase in inflation.
As we will see in more detail in the next two subsections, inflation is already on an upward
trajectory following the CARES Act, but it accelerates significantly following the ARPA fiscal
stimulus that was implemented with the economy already on a path to recovery. Interestingly,
the first change in the amount of unfunded transfers and the associated contribution to the
rebound of the economy do not coincide with the increase in fiscal transfers associated with
the CARES Act, but rather with the announcement of the change of the policy strategy
followed by the Federal Reserve. Thus, our model suggests that it is the coordination between
monetary and fiscal authorities that triggers the large rebound of the economy. The increase
in funded transfers alone has limited efficacy because it also generates an expectation of
large tax increases in the future. This result holds despite the fact that we allow for hand-
to-mouth consumers that immediately spend the transfers that they receive. Instead, an
increase in unfunded transfers leads to a reflation of the economy, a decline in real interest
rates, and an increase in real activity.

In this respect, the post-pandemic dynamics are in line with the historical experience.
Throughout the sample, fiscal inflation increases in the aftermath of recessions, a finding
consistent with what is documented in Hall and Sargent (2011, 2022). The pattern is par-
ticularly visible after the 1973-1975, 1990-1991, 2001, 2007-2009, and pandemic recessions.
The only noticeable exception is the recession of the early 1980s. This recession is inherently
different precisely because the decline in inflation and the contraction in real activity were
largely caused by a decline in the share of unfunded spending. As discussed above, the model

interprets the Volcker disinflation and the associated recession as a joint monetary and fiscal

the following decade, a result confirmed by subsequent work by Lubik and Schorfheide (2004), Fernandez-
Villaverde and Rubio-Ramirez (2007b), and Bianchi (2013) in estimated DSGE models. In light of our
results, the estimated coefficient of a standard Taylor rule could be interpreted as a weighted average of two
different coefficients whose weights change depending on the type of shocks that determine movements in
inflation.
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phenomenon.

The historical decomposition presented above allows us to further explain how to interpret
the policy rules employed in the paper. Agents and policymakers understand that spending
can be covered by future fiscal adjustments or movements in inflation. At each point in
time, the shadow economy serves the purpose of summarizing symmetric beliefs about the
share of debt that is unfunded, making sure that movements in inflation are consistent with
the cross-equations restrictions of the model. However, the underlying information flow can
go either way. Agents can observe the actions of the Federal Reserve and decide how much
of the stabilization will occur with inflation, or they can observe the actions of the fiscal
authority and conclude that inflation must increase to keep debt on a stable path. In the
background, there can also be a political economy game between the two authorities with
respect to the amount of unfunded spending. In this case, our rules would capture the final
outcome of the game.

Agents and policymakers are assumed to be perfectly informed and rational, a pervasive
assumption in macroeconomics that we maintain for tractability. Because of this standard—
albeit admittedly strong—assumption, the monetary and fiscal authorities as well as the
private sector know precisely the share of spending that will be stabilized by fiscal inflation.
As modelers, we resort to a shadow economy to conduct an accounting exercise and track
the share of unfunded spending. The assumption that policymakers respond to persistent
macro variables defined in a shadow economy has a long-standing tradition in theoretical and
empirical macroeconomics. A prominent example is the assumption positing that the central
bank responds to the output gap, which requires the modeler to construct a counterfactual
economy with flexible prices and no inefficient shocks. Even in that case, the shadow economy
captures a policy-relevant economic concept identified using the structure of the model.

The coordination of monetary and fiscal policies may originate from the need to finance
expensive social programs, long wars, or large fiscal stimuli. These are scenarios in which the
fiscal authority might not be realistically able to raise primary surpluses, leading to infla-
tionary pressure. An example of this situation is the launch of the Great Society initiatives,
which triggered an upward shift in transfers for several years after the announcement by
President Johnson in 1964. Arguably, financing these expensive long-lasting social programs
with only fiscal instruments would have been politically unfeasible. This generated infla-
tionary pressure that was met by dovish monetary policy. In the early 1980s, Fed Chairman
Volcker signalled that inflationary pressure was not going to be accommodated anymore.
The Reagan administration, unlike previous administrations, refrained from interfering and
advocated for a small government instead, making this policy change credible.

For a given fiscal burden, there can be situations in which the monetary authority com-
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municates its willingness to tolerate a temporary increase in inflation that reduces the needs
of fiscal stabilization. Agents in the model find this increase in inflation not only credible, but
also necessary because they do not see any concrete action on the side of the fiscal authority
to stabilize debt. This increase in inflation erodes a fraction of debt, requiring a smaller
fiscal adjustment. An example of this willingness to accept a temporary increase in inflation
is the revision of the Fed’s framework announced in late August 2020. This announcement
occurred in the aftermath of the CARES Act and can be seen as a way to trigger a rebound
of the economy at a moment in which monetary policy was constrained by the zero lower
bound. Against this backdrop, the ARPA generated additional inflationary pressure as the

economy was already along the recovery path.

5.4 Unfunded Fiscal Shocks during the Pandemic

We now analyze in more detail the importance of monetary and fiscal policy coordination in
the context of the pandemic recession. We isolate the role played by the share of unfunded
fiscal transfers in boosting real economic activity and generating the post-pandemic increase
in inflation. Figure 8 compares the realized outcomes (black solid line), with two counterfac-
tual simulations. In the first counterfactual scenario, all transfers shocks estimated starting
from the first quarter of 2021 are assumed to be funded (blue dashed line). In the second
one, all transfers shocks estimated starting from the Pandemic Recession (i.e., 2020:Q1)
are assumed to be funded (red dashed-dotted line). Thus, in the first simulation, both the
CARES Act and the ARPA are assumed to be fully funded, while in the second simulation
only the ARPA shock is assumed to be fully funded. These two counterfactual simulations
allow us to understand the relative contribution of unfunded spending associated with the
two fiscal stimuli in determining the post-pandemic recovery and surge in inflation.

A first key takeaway from the figure is that unfunded fiscal shocks played a central role
in boosting real activity and fueling the rise in inflation. As noted earlier, this overshoot of
inflation over the central bank’s two-percent target allows the central bank to regain space for
future monetary policy in an environment of elevated ELB risk. If all transfers shocks that
occurred starting from 2020 had been funded (red dotted-dashed line), the rate of inflation
would have fallen in negative territory, persistently undershooting the long-run target of two
percent. This deflationary bias is the consequence of the long-run drag on inflation played
by a number of persistent non-policy shocks at the end of the sample. The highly persistent
effect of these shocks on inflation is denoted by the white bars in Figure 7.

Furthermore, in this alternative scenario, policymakers largely fail to rescue the economy.
This can be seen by noticing that hours worked, which can be thought as a proxy for the

output gap, fall considerably in 2021. This prediction of our model should not come as a
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Figure 8: Unfunded fiscal shocks and the post-pandemic rise in inflation. The figure compares the data (black solid
line) for hours worked, inflation, the federal funds rate, and the real interest rate, with two counterfactual scenarios. In the first
counterfactual simulation, all transfers shocks estimated starting from the Pandemic Recession (i.e., 2020:Q1) are assumed to
be funded (red dashed-dotted line). In the second counterfactual simulation, only all transfers shocks estimated starting from
2021:Q1 are assumed to be funded (blue dashed line). All other shocks are left unchanged. Shocks are estimated using the
Kalman smoother. Model parameters are set at their posterior mode. The Estimation sample is 1960:Q1-2022:Q3.

surprise given that in this alternative scenario, nominal interest rates are mired at the ELB
and agents expect that the large fiscal stimuli of the pandemic period will be financed by
substantial fiscal adjustments in the future. This counterfactual policy scenario compounds,
instead of counteracts, the effects of adverse non-policy shocks (see Figure 7).

The difference between this first counterfactual (red dashed-dotted line) and the second
one (blue dashed line) captures the effects of the increase in the share of unfunded transfers
associated with the CARES Act in the fourth quarter of 2020. This fiscal intervention gives
rise to inflationary pressure that counteracts the long-lasting deflationary forces allowing the
central bank to overshoot its long-term two-percent target and avoid deflation (blue dashed
line). Under this scenario, inflation is found to peak at 5.5% in 2022. The fall in real interest
rates generated by the rise in inflation provides persistent stimulus to the economy, boosting
total hours worked by as much as 18.8%. Furthermore, since part of the transfers paid by
the government to help the economy weather the pandemic recession are expected to be
unfunded, agents anticipate that future fiscal adjustments will be lighter, also contributing
to the economic recovery that follows the pandemic recession.

The increase in inflation following the CARES Act stimulus is relatively modest and tol-
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erated by the central bank, which does not anticipate the lift-off of the FFR. This behavior of
the nominal interest rate reflects the coordinated action of the monetary and fiscal authori-
ties, aimed at stabilizing a fraction of the 2020 fiscal stimulus with inflation. From this point
of view, the interaction of monetary and fiscal policies plays a key role in implementing the
asymmetric policy strategy outlined by the Federal Reserve following its 2020 policy review
(Bianchi et al. 2019, Clarida 2020). The increase in the share of unfunded transfers makes
the asymmetric strategy not only credible, but also necessary.®

The difference between the realized outcomes (black line) and the second counterfactual
simulation (blue dashed line) is due to the unfunded fiscal shocks that occurred starting from
the first quarter of 2021, the quarter in which the ARPA fiscal stimulus unfolded. The ARPA
fiscal stimulus helps in bringing hours worked back to the pre-pandemic level, counteracting
contractionary non-policy shocks (see Figure 7). However, this large fiscal stimulus also
exacerbates the pre-existing inflationary pressure, arguably because it is implemented with
the economy already along a recovery path. The unfunded shocks associated with the ARPA
fiscal stimulus increase the peak of inflation by 3.1 percentage points, from 5.5% to 8.6%. It
is worth emphasizing that this acceleration in inflation is only due to the share of unfunded
spending, as the counterfactual simulations do not remove the fiscal stimuli, but only assume
that all spending was funded. If the ARPA had been fully funded, its inflationary effects
would have been modest, despite the presence of hand-to-mouth households. This result is
consistent with Parker et al. (2022), who find that the direct impact of the fiscal stimulus
was modest.

So far we have conducted an in-sample analysis. We show in the next subsection that our
model with partially unfunded debt would have been able to predict the inflationary effects
of the ARPA even out of sample. In other words, according to our model, the inflationary
effects of the large fiscal stimulus were largely predictable based on where the economy was

at the end of 2020 and the fact that historically fiscal expansions are partially unfunded.

5.5 Real time predictions of the effects of the ARPA

The results of the previous subsection show that inflation started increasing in response to
the fiscal stimulus introduced by the Trump administration, but it accelerated significantly
following the subsequent stimulus of the Biden administration. This additional $1.9 tril-
lion stimulus had led influential commentators and scholars to express concern about price
stability even before its implementation (e.g., Blanchard 2021, and Summers 2021). In this

subsection, we show that our model could have predicted in real time the largely inflationary

8This finding echoes the following statement by Sims (2016) at the 2016 Jackson Hole symposium: “|...]
interest rate policy, tax policy, and expenditure policy, [...] jointly determine the price level.”
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effects of the ARPA fiscal stimulus.” The ability of the model to predict the post-pandemic
inflation is an important validation of the analysis presented in this paper.

We re-estimate the model over the sample 1960:QQ1-2020:QQ4, only using data that were
available in real time in second quarter of 2021. We then consider model-projections based
on real-time estimates and two alternative scenarios: with and without the ARPA fiscal
shock. Figure 9 reports the results. The first forecast (blue dashed line) is obtained by
projecting into the future the data as of the fourth quarter of 2020. This forecast takes
into account the fiscal stimulus introduced by the Trump administration, but it excludes the
ARPA stimulus enacted in the first quarter of 2021. The second forecast (red dotted-dashed
line) revises this initial projection to account for the transfers observed in the first quarter of
2021, which reflect the ARPA stimulus. The data set used to produce this revised forecast
differs from the data set used to produce the first forecast only to the extent that it adds
information on the transfers implemented in the first quarter of 2021. In other words, we do
not include observations for the other series of the model. The ARPA stimulus mostly rested
on providing additional transfers to households, which received a new stimulus check in their
mailbox the last weeks of March 2021. Hence, the difference between the two projections
isolates the contribution of the ARPA stimulus predicted by our model, everything else being
equal. Importantly, the increase in transfers observed in the first quarter 2021 is attributed
by the filter to funded and unfunded shocks according to their historical patterns, using
parameters estimates obtained using real-time data through the fourth quarter of 2020.1°

Figure 9 shows that the ARPA stimulus produces a further increase in inflation, up from
3.7% to 6.3% at its peak. This conditional forecast can replicate very well the inflation
data for 2021 (black solid line)-data points that are not used in the filtering exercise. After
completing a larger overshoot, inflation retrenches to the central bank target in 2025. Because
of the larger increase in inflation, the real interest rate falls further, providing an even bigger
boost to the economy in 2021 and over the following years, as shown by the forecasts of hours
worked (upper left panel). This is despite a modest anticipated lift-off of the nominal interest
rate starting from the first quarter of 2021, relative to the baseline case. This anticipated lift-
off occurs because part of the increase in transfers due to the fiscal stimulus is fiscally funded
and the central bank does not accommodate the (small) increase in inflation attributed to
funded fiscal shocks.

9In fact, the results discussed here were presented at the 2021 NBER Summer Institute.

10The decomposition of the transfers in the first quarter of 2021 into the funded and unfunded components
is shown in Figure 13 in Appendix H. The amount of total transfers observed in the data as of the second
quarter of 2021 (the real-time data set that we use in the out-of-sample forecast) is $5.950 trillions, for a
change of $2.300 trillions between the fourth quarter of 2020 and first quarter of 2021. The parameters of the
model estimated over the shorter sample are similar to the ones estimated over the baseline sample period,
shown in Table 4 of Appendix F. The table is available upon request.
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Figure 9: Real-time out-of-sample projections: The Macroeconomic Effects of the ARPA Stimulus. Model forecast
for hours worked, inflation, the federal funds rate, and the real interest rate, conditional on using estimates over the sample
1960:Q1-2020:Q4 and based on data as available in 2021:Q2. The blue dashed line provides a real-time forecast based on filtered
data through 2020:Q4 and model parameters estimated using data through 2020:Q4. The red-dotted dashed line provides a
real-time forecast conditional on filtered data through 2020:Q4 and the federal transfers payment in 2021:Q1, which is when
most of the ARPA stimulus checks were sent out. Shocks are estimated using the Kalman filter. Model parameters are set at
their posterior mode.

The objective of this exercise is to conduct a true out-of-sample forecast using real-time
data. Therefore, we control for market expectations about future monetary policy as of the
fourth quarter of 2020. This is why the more aggressive lift-off in this conditional forecast
only occurs in 2023, while in the data it occurs in 2022. In Figure 8, instead, we also control
for the realized path of the FFR and the other shocks occurring in 2021. The fact that
inflation is largely predictable out-of-sample indicates that these other shocks largely affect
the realized paths of GDP growth and the FFR, but have a relatively modest impact on
realized inflation. This is consistent with the historical decomposition presented in Figure 7.

This out-of-sample exercise shows that even from an ex-ante perspective the model could
foresee the rise in inflation associated with the ARPA. In other words, the model is not
only able to rationalize ex-post what happened, but also to predict the inflationary effects
of a large fiscal stimulus like the ARPA. In light of these results, we conclude that the
post-pandemic macroeconomic outcomes are largely in line with the historical experience for
the United States, where unfunded spending has played an important role in accounting for
inflation dynamics. The initial fiscal interventions in response to the pandemic might have
been necessary to help the recovery and move away from a low interest rate environment that
limits the actions of the Federal Reserve. With benefit of hindsight, the ARPA fiscal stimulus
might have been too large, given that the economy was already on a path to recovery, and

caused the acceleration in inflation starting from 2021. Absent this shock, inflation would
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have only moderately overshot the two-percent target. As of 2023, the debt-to-GDP ratio
is at a historical maximum and its service cost is on the rise. This implies that even small
changes in the way debt will be stabilized can lead to large swings in inflation. An implication
of these findings is that a clear path for both monetary and fiscal policies is necessary to

manage inflation in a post-pandemic world.

6 Fiscal inflation in a textbook model

The reason for estimating the large-scale model of Section 3, rather than a bare-bones New
Keynesian model, is that the former features multiple competing mechanisms that can ex-
plain persistent inflation. Whether our fiscal mechanism plays a dominant role is therefore an
empirical question. Indeed, in Figure 7, we see that from the early 1990s, non-policy factors—
primarily persistent cost-push shocks and favorable technology shocks—have persistently con-
tributed to keeping inflation down. The model predicts, however, that fiscal inflation has
played an important role in dampening these deflationary pressures due to non-policy fac-
tors. Estimating a simple New Keynesian model, such as the one presented in Section 2.2,
would not be appropriate to address the quantitative importance of our mechanism, as it
rules out by construction alternative ways to account for movements in inflation. Thus, the
additional features of the baseline model mostly serve the purpose of rendering the propa-
gation of familiar business-cycle shocks consistent with standard general-equilibrium models
and with decades of empirical work based on vector autoregression (VAR) analysis and to
avoid ruling out a priori other sources of inflation fluctuations.

However, a drawback of estimating large models is that it is often hard to assess to what
extent the results are driven by all the intricacies of the auxiliary assumptions. The purpose
of this section is to show that the fiscal mechanism proposed in this paper is successful in
explaining persistent inflation even when it is studied using a bare-bones New Keynesian
model. To make this point, we take the stylized model with nominal rigidities of Section 2.2,
and calibrate its parameters consistently with the estimated counterparts of the quantitative
New Keynesian model. We then simulate the stylized model using only the shocks to un-
funded transfers as estimated using the quantitative New Keynesian model. The simulated
series of inflation for the simple model is shown in Figure 10 (black dashed line) along with
the US GDP deflator in the data (red dotted line). For comparison, we also report fiscal in-
flation based on the baseline model (the blue solid line). The important takeaway is that the
inflation simulated from the stylized model explains persistent inflation quite successfully.

In addition, if we compare the black dashed line with the blue solid line, which corre-

sponds to fiscal inflation implied by the estimated NK model, we observe that the textbook
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Figure 10: Fiscal inflation in a textbook NK model. The red dotted line shows the GDP deflator in the data. The blue
solid line shows the inflation rate simulated from the quantitative New Keynesian DSGE model, introduced in Section 3, using
unfunded transfers shocks. The dashed black line shows the inflation rate simulated from the stylized New Keynesian model
using the same sequence of estimated unfunded transfers shocks. The sample is 1960:Q1-2022:Q3.

NK model endowed with the fiscal mechanism proposed in our paper generates a series of
fiscal inflation that is remarkably similar to what the large New Keynesian model predicts.
This is despite the fact that the shocks are not re-estimated to account for the differences
between the two models. This indicates that what makes the quantitative model successful
in accounting for the persistent movements in inflation is the presence of nominal rigidities,
instead of the ancillary frictions that are popular in the New Keynesian literature.

To sum up, we conclude that the many bells and whistles of the estimated New Keynesian
model do not play a key role in accounting for our results. Even when a bare-bones New
Keynesian model is used in place of the large New Keynesian model, we obtain very similar
results. The fiscal theory of persistent inflation arises because of the interaction between the

fiscal mechanism and nominal rigidities, in line with what we explained in Section 2.2.

7 Conclusions

In this paper, we developed a novel class of models in which unfunded fiscal shocks coexist
with typical business cycle shocks to propose a fiscal theory of persistent inflation. We first
discussed the role of unfunded shocks in a series of stylized models. We then incorporated
unfunded fiscal shocks in a quantitative NK model. Our empirical results show that fiscal
inflation plays a major role in explaining persistent movements in inflation. We then use
the model to study the post-pandemic rise in inflation. Unfunded shocks sustained the
recovery, counteracting deflationary forces. The ARPA was enacted in an economy already
on a recovery path and exacerbated the rise in inflation because it was partially unfunded.

As external validation of the proposed mechanism, we show that the model is able to predict
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the effect of the ARPA out of sample, using real-time data. Absent further unfunded fiscal
shocks, inflation is expected to slowly revert to its long-term target, which is consistent with
a fiscal theory of persistent inflation.

Bianchi and Melosi (2017, 2022) emphasize the role of agents’ beliefs about future pol-
icymakers’ behavior to explain inflation dynamics in the aftermath of the Great Recession
and the Pandemic Recession, while in the current paper the post-pandemic rise in inflation
is caused by an increase in unfunded spending. In both cases, the analysis moves away from
the idea that debt is perceived as entirely backed by future taxation to make sense of the
rapid increase in inflation following large fiscal expansions.

While the interpretation of the recent inflation surge provided in this paper is qualitatively
consistent with these previous contributions, there are some important differences. With
respect to regime changes, the current framework allows for a continuum of intermediate
outcomes between the two canonical regimes and preserves the familiar propagation of shocks
that do not affect the amount of unfunded debt. This captures the idea that central bankers
might remain committed to long-term price stability but accommodate a temporary bout
of inflation to help with fiscal sustainability. On the other hand, regime changes allow
researchers to model swings in beliefs for a given policymakers’ behavior, whereas in this
paper we assume that beliefs and policy actions are perfectly aligned. While this is the
typical assumption employed in most macro models, we believe that it could be relaxed
in future research. In reality agents might have to learn the share of unfunded debt as
policymakers could lack the ability to perfectly coordinate and communicate their policies
(Melosi 2017). The speed of learning could be slow as in Bianchi and Melosi (2014), but
also subject to sudden accelerations as in Bassetto and Miller (2022). Combining the two
approaches would allow researchers to retain the possibility of rapid swings in beliefs as in
Bianchi and Melosi (2017, 2022) while at the same time preserving the desirable features
of the current framework. Notably, in our estimates the share of unfunded debt typically
moves sluggishly, but it is also subject to more rapid changes during important economic
events such as the Volcker disinflation or the Covid-19 pandemic. This critical finding from
our work suggests that the combination of the two approaches is a promising direction for

future research.
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A Solving Economies with Partially Unfunded Debt

To prove that the system of equations (11), (12), (13), (14), are the correct policy functions
of the model with partially unfunded debt, we have to show that the two following claims
are true. First, the difference between the overall stock of debt and its unfunded share is
funded, that is, 55, — §£t = §%. Second, the inflation rate the central bank strives to stabilize
with active monetary policy in the actual economy is precisely the actual rate of inflation
net of the inflation needed to stabilize the unfunded debt (i.e., 70 = 71, — 7t[").

Both claims can be proved by constructing yet another parallel economy to pin down
(i) the share of inflation the monetary authority has to control with active monetary policy,
7, and (i) the share of funded debt, 5}, which is the share of debt the fiscal authority is

responsible to repay by raising future surpluses. This parallel economy is as follows:

By, = 7 (22)
Sl];wt = 57 (5% 1 727%71 ﬁy—(l—ﬁ)%tM), (23)
o= oMaM, (24)
TtM = 7 Sbt+(t- (25)

In this parallel economy, all fiscal shocks are funded, (M, and the policy mix is monetary led

(™ > 1 and ¥ > 1). The monetary and fiscal blocks are obtained as done for the other
economies we studied in the main text:

Etﬂ-tJrl = M7AT£M7 (26)

S = BT == BM] Sty + B P — 7 = (1= B)G]. (27)

To prove the first claim, we need to show that # = 7, —#f". This can be done by subtracting

equations (26) and (13) from equation (12). This yields:

R R M M{~ _~F _~M
Ee(fepr — Fppy — ) = @7 (Fe — 71y — 7). (28)
Because ¢ > 0, the above expression implies 7t; — #l° — M =0, i.e., #M = 7, — 7l

Let us now turn to the second claim. This claim requires us to show that §{)Wt = Spt — éf ‘-

Substituting the fiscal rule in equation (9) (with v/ = 0) and the monetary rule in equation

(10) into the law of motion of debt in equation (2), we obtain:!!

Bépe = (1—(1— B)VM)éb,t—l + (1 — 5>7M§b,t—1 + ¢M(7ATt—1 - 7ATtF—1) (29)
+o'm Ly —m+ (1= B)(G + ¢ (30)

Substituting (25) and (24) into (23) implies:
Bpe = (1= (1= B)v"))8pt—1 + oM m — 7" + (1= B¢ (31)

F M
"The fiscal rule could be equivalently expressed as 7¢/7 = (b,g,l/b,{‘fl)7 (b,{vfl/b)7 S G
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Figure 11: Response of Model Variables to a Fiscal Shock.

Repeating the same steps for the shadow economy with unfunded debt yields:

Bsp, = (1= (1= B)y")spms + 0" Ter — &) + (1= B)¢ (32)

Subtracting 55% and Bé‘{i . from (33, yields:
B(S00 = S5 — 84e) = (1= (L= BIv™) (-1 — 851 — 8pe1) (33)
+M(Fy — A — M) — A 4+ 2T+ AM (34)

Using the first claim, 7" = 7, — [, it follows that 5}, = 3, — 5}, for every period .
Finally, Figure 11 shows the complete plot of the response of all the variables of the toy

model to funded and unfunded fiscal shocks.

B Production Economies: Linearized Equations

B.1 Flexible-price model
Euler equation
K11 = ye + 74 (35)
Labor supply
no . ~ ~r
T = U + W, (36)
Labor demand
UA); = —O(ﬁt (37)



Production function

g = (1 —a)n (38)

Equations (35) to (38) denote an autonomous system that solves for the real block of the
economy, ¥, 1y, Wy, 7r. However, inflation is not determined. We introduce the behavior of
the monetary and fiscal authorithies to pin down the path of inflation.

Real rate definition

Tr = Pt — By (39)
Taylor rule
Fug = 05 (o = 7) + 6 7] (40)
Evolution of debt-to-GDP
So0 =B (e—1 — Gt + Pop—1 — T + 801 — (1 — B)7) (41)
Fiscal rule
Ty = 7M<§b,t—1 - <§5:t71) + 7F§5t71 + CtF + CtM (42)

The system of equations above is supplemented with a block of equations that characterize
the shadow economy. This block consists in an additional set of equations (35) to (42), where
any variable that refers to the actual economy z; is replaced by the same variable in the
shadow economy z!', funded shocks ¢(Mare shut down, and the central Bank only responds

to deviations of inflation from its long-run target.

B.2 New Keynesian model

Euler equation

Eigii1 =0 + 74 (43)
Labor supply
1fnm — o+ @] (44)
New Keynesian Phillips Curve
7 = KWy + PE (45)
Production function
= (1 —a)ny (46)
Real rate definition
T = Pt — Byt (47)



Taylor rule

Fug = 05 (o = 7)) + 677 (48)
Evolution of debt-to-GDP
b1 =B (Gem1 — Gt + Prg—1 — fe 4 Sp1 — (1= B)Fr) (49)
Fiscal rule
fo =M (Boamr — S5y 1) 9 550 GG (50)

The block of equations that characterize the shadow economy consists in an additional
set of equations (43) to (50), where any variable that refers to the actual economy z; is
replaced by the same variable in the shadow economy !, funded shocks (Mare shut down,
and the central Bank only responds to deviations of inflation from its long-run target.

Plugging eq.(47) into (43), and combining eq.(44) and (46) to substitute for w; into
eq.(45), it is possible to express the New-Keynesian block (eq.43) to (48)) as three equations:

EtQey1 = G + Trp — Eemriga, (51)
e = Ky + PR, (52)

where & = (& — 1) k and 7 = 1, and
Pog = 03 (Te = 7)) + 05 (7T]) + Syl (53)

B.3 Calibration

The parameter values of the model are calibrated to the estimated model and reported in

Table 3. See the posterior mode of Table 1 and Table 2 in the paper.

C The Role of the Maturity Structure

This appendix derives the role of the maturity structure in determining the initial response
to inflation in a flexible prices economy featuring non-distortionary taxation and a Taylor

rule.



Parameter Value Description

Preferences, technology and price frictions

6] 0.99 Discount factor

« 0.33 Elasticity production fn

N 0.4 Average hours worked

II 1 Gross steady-state inflation
Sp 2.45 debt to output ratio

K 0.02 Slope Phillips curve

Monetary and fiscal authorities

Taylor rule response to regular inflation

M
¢7r 2 (7.‘. _ 7TF)
M 1.5 Debt response with surplus (s, — st)
oF 0 Taylor rule response to unfunded inflation

T (7TF)

AF 0 Debt response with surplus (si)

Shocks
Pr 0.5 Autocorrel. fiscal shocks

STD, 1 St. dev. fiscal shocks

Table 3: Calibrated parameter values in the simple model with price rigidities



C.1 A model with flexible prices and a maturity structure

This appendix describes the role of the central bank response to inflation and the maturity
of outstanding debt in determining the response of inflation to a shock to primary surpluses
in a model with flexible prices. To simplify the exposition, we assume that there are only
unfunded shocks. As explained in the paper, under a Monetary-led policy mix fiscal shocks
do not have any effect, so introducing a maturity structure does not affect the propagation
of funded fiscal shocks in this simple flexible-prices model.

As in our quantitative model, we assume that there are two types of government bonds:
One-period government bonds, By, in zero net supply with price R;é and a more general
portfolio of government bonds, B;", in non-zero net supply with price Pt(m). The latter debt
instrument has payment structure p’ =Y for T > ¢ and 0 < p < 1. The value of such
an instrument issued in period ¢ in any future period t 4 7 is Pt”j;j =pl Pit;. The asset
can be interpreted as a portfolio of infinitely many bonds, with weights along the maturity
structure given by p?~(+Y_ Varying the parameter p varies the average maturity of debt.
The rest of the model is standard and it is described in the body of the paper.

The linearized system of equations is described as follows. All variables are expressed in

log-deviations from the steady state.

Euler equation
Et [gt+1] - th = f.t (54)

where 7; is the real interest rate and g, is real output.

Labor supply
n

= G0+ @) 55
T Yp + wy (55)

where 7, is hours and wj is the real wage.

Labor demand

Production function

= (1 —a)n (57)

Equations (54) to (57) denote an autonomous system that solves for the real block of the
economy, ¥, 1y, Wy, 7. However, inflation is not determined. We introduce the behavior of

the monetary and fiscal authorithies to pin down the path of inflation.

e Real rate definition
'f't — fn,t - Et [ﬁt+1] (58)

6



where 7, ; is the nominal interest rate and 7, is inflation.

e Taylor rule
ot = Oy (59)

e Fiscal rule

%t = p‘r?tfl + & (60>

e Return on the portfolio of bonds with long maturity

Tngtrl — WPir1 — Dy

where we have defined @ = p/R,, < 1, with R,, the steady-state gross nominal interest

rate and p the parameter controlling the average maturity of the portfolio of long term
bonds.

e Non-arbitrage condition for the portfolio of bonds with long maturity

~(1) _ -~m
Triter = Tt = By [Tn,t,tﬂ] :

where ﬁlzt 41 is the nominal return between ¢ and ¢ + 1 of a degenerate console with
average maturity equal to 1. This is by definition equal to a one-period bond whose

nominal return is known in advance and equal to the short-term interest rate 7, ;.

e Linearized government budget constraint:
_ ~ ~ T <
§th =f ' (§th_1 + ?:Lrjt—l,t - Ty — A?Jt) - S_th (61)
where 5}, is the debt-to-GDP ratio, 777", _; ; is the return between period t-1 and t of a
console that mimics a portfolio of bonds with average maturity m, and 7; is the primary
surplus as a fraction of GDP. The parameters 7 and s, denote the steady states of the

corresponding variables.

e Without maturity structure, the government budget constraint becomes:

—~ 1/~ —~ ~ ~ T ~
Spt = ! (Sp—1 + Thp—1 — T — AYy) — S—Tt (62)
b

We follow Cochrane (2022) and derive two additional relations that will be used in our

derivations below:!?

~m 0 j—1l=m
yz :_E j:lw Tntt+j

AE; 1 [?th,tﬂ] == Z:; ijEfH [mHLtHH}

12Cochrane (2022) has a typo in the appendix (page 568) with the exponent equal to to j instead of j — 1
in the first expression. The results derived here and in the book are not affected by the typo.




The first expression above is obtained by solving (65) forward for p}*. To obtain the

second expression, we shift the time index by one period and take innovations:

o .
~mn ~m . j—1 ~m
Py E [thrl] o Zj:l w AEt+1rn7t+j,t+j+1
ot (7, P —E + = N7 SIAR, P
ntt+1 i t ntt+1 Py = i=1 t+17n b4 jt45+1
-~m > J -~m
ABa T = — E iz AR 1T i

We are interested in the response to fiscal shocks. The model also features a production
block, but under the assumption of non-distortionary taxation and flexible prices, the deter-
mination of real activity and real interest rates is independent of monetary policy and fiscal
policy. Thus, without loss of generality, we assume that there are no other shocks apart
from fiscal shocks. This implies that the ex-ante real interest rate will be constant over time,
7 = Tt — E¢ [T41] = 0, as there are not shocks that can move the (ex-ante) real interest

rate.

C.1.1 Responses to a fiscal shock

We are interested in deriving impulse responses to a shock to primary surpluses. We consider
two cases. In the first case debt is all one-period, while in the second case we allow for a

maturity structure controlled by the parameter p that in turn controls w = p/R,,.

No maturity structure

We can shift the time index for the linearized budget constraint (62) by one period:

-
~ —1 /s~ ~ ~ ~ ~
Spiv1 = 3 (Sb,t + Tt — M1 — A1) — S—Tt+1
b

Taking expectations and solving forward for s :

BT

Spt = BSpi1 + ?Tt—&-l (Tt — Te41) + Al

Spr = [Z] 05 (/687—) Tt+1+j:| — K, [Zio B (Pt — /ﬁt+1+j)} + Eq [Z:io 5jA/y\t+1+j}

Following Cochrane (2022), we take the change in expectations between t and t + 1:

0=AE; [Z B <BT) Tt+1+j:| —AE [Zj:o o (Pntrs — %\t+1+j>} +AE; [Z::O BJA@HH}

We can now use the fact that in this flexible prices model real interest rates and growth

are exogenous with respect to fiscal innovations:

Tor1 — By (Te1) = —AEi 4 {Z B (BT) 7_t+1+J:|

where we have used the fact that E, [Z;io B (Pt —%HH]-)] = Tpt — B¢ (T41) and
Eiv1 |Doeo B (Puirj — Ti14j)| = Tox — Tes1. Thus, the inflation surprise 7], = 741 —
t+1 =0 ntt+j — Me+ldi)| = Tngt — Tgt1- us, the atlon Surprise 7.q; = 741



E; (Ty11) = AEy 1 [Ty41] is purely determined by the change in the present discounted value
(PDV) of future primary surpluses. Given that primary surpluses follow and AR(1) process

Ti41 = Pr7t + Erp41, We get that the initial jump in inflation is:

~ ~ o i (BT &
Terr — B (Te1) = —AEyp {Z g (i—b) Tt+1+j:|

7=0
= - {ZZO (/BpT)j (i—:) 5T,t+l:|
= - (1 - 5!97)_1 <i_:) Ert41

This gives us the initial response of inflation to a fiscal shock. What determines the
subsequent propagation? This can be obtained combining the Taylor rule with the Fisherian
equation:

¢ﬁt = E; [ﬁt—f—l]
where we have used the fact that 7, = 0. We have:
Tep1 = QT + 04y

Thus, the persistence of inflation is controlled by the Taylor rule coefficient ¢. The
central bank, by moving the nominal interest rate, sets expected inflation. If, in turn, the
central bank moves the nominal interest rate in response to current inflation, the central
bank creates a persistent movement in inflation. Notice that this movement in expected
inflation does not have a role in determining the size of the initial jump in inflation. This is
because expected inflation cannot be used to devalue short-term bonds that have not been

issued yet. As we will see in the next subsection, this result changes once we introduce a

maturity structure. However, even in that case the persistence of inflation will be controlled
by ¢.
With maturity structure

We can shift the time index for the linearized budget constraint (61) by one period:

-
~m _ =1 (2m ~m =~ ~ ~
Sht+1 = B <8b,t T V1 — Tl — Ayt+1) - 8—th+1

Taking expectations and solving forward for s :

my , BT ~ _
Spy = Béf,,t}rl + T (?th,tﬂ - 7Tt+1) + Al
[ele} . 57' Y 0 . R 0 N
ngt = B {E :j:O oy (? Tearyg | — B D :j:O g (?Z:Lt—i-j,t—i-l-s-j - 7Tt+1+j)] + E [E =0 6]Ayt+l+j:|

Following Cochrane (2022), we take the change in expectations between t and ¢ + 1:
0o . 67’ - 00 . R 00 N
0=AE; [Z]‘o B <— Tev14j | —AEp [ijo B (Prtijstes — 7Tt+1+j)} +AE 44 [ijo ﬁjAyt+1+J}

s
We can now use the fact that real interest rates and growth are exogenous and constant



with respect to fiscal innovations:

BT N
0=AE; {ijo B ( . Torirj| — ARy [ Tt 41 — Tpy1]
We then use the fact that:

AE; 4 [mt,t—l—l} = - Zoil
-1 & AR 1 (T jeerey = Fevies) + Fevre]

= - Z - ijEtJrl [ﬁt+1+j]

J “~m
@’ AE 41 [Tn,t+j,t+1+j}

and obtain:

Z?OOWJAE‘/H [Ter145] = —AE {Z Y <BT) TtHﬂ} (63)

j:
Thus, the initial inflation surprise 0], ; = 71 —E; (T41) = AEi4q [Ti41] now depends on both
the revision in expected inflation and the change in the PDV of future primary surpluses.
Thus, to find the initial response of inflation we also need to know what happens to inflation
going forward. This is because part of the adjustment is driven by a revaluation effect that
depends on how persistent inflation is and how the central bank reacts to it. As before,
the persistence of inflation can be obtained combining the Taylor rule with the Fisherian
equation:
o7 = By [Ti14]
where we have used the fact that 7, = 0. We have:
Tyl = O + 0
If follows, that:
ABi [Te] = 0y
AE; 11 [%\t+1+j] = ¢j7lf+1

We can plug this in (63) to obtain the initial response of inflation:

Ny = — (1= ¢w) ARy {Zjo B (BT> Tt+1+J:| (64)

Sb
Given that primary surpluses follow and AR(1) process 7,11 = p.7; + €441, We get that

the initial jump in inflation is:

%t+1 — E, (ﬁt+1> = - (1 - ¢w) AR [Z 5] <ﬂ7—) Tt+1+]}

- —(1-¢w) [Zio (Bp-)’ (%) 5”“]

4 (BT
= —(1-¢w)(1-0Bp,) ' <8_b Ertt1
As before, the persistence of inflation is controlled by the Taylor rule coefficient ¢. The
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central bank, by moving the nominal interest rate, sets expected inflation. If, in turn, the
central bank moves the nominal interest rate in response to current inflation, the central
bank creates a persistent movement in inflation. However, now this movement in expected
inflation reduces the initial jump in inflation. This is because with a persistent movement
in inflation and a maturity structure, the increase in long term interest rates devalues the
current outstanding long-term bonds. The initial response declines if ¢ increases or if w
increases. For a given maturity (cw > 0), a larger ¢ determines a larger increase in long-term
interest rates for given inflation path, devaluing outstanding long-term bonds. For a given
¢ > 0, a longer maturity (larger w) implies a stronger response of nominal interest rates and
a larger depreciation of long-term bonds. Note that if any of these two parameters is equal
to zero, then the initial response collapses to what obtained with no maturity structure. If
w > 0 but ¢ = 0, expected inflation and long-term interes rates do not increase, so expected
inflation cannot devalue currently outstanding long-term bonds. If ¢ > 0 but @ = 0, there

are no outstanding long-term bonds to be devalued in the first place.

C.1.2 Details on the maturity structure

In what follows, we provide additional details about the derivation of the linearized govern-
ment budget constraint and the way in which we model the maturity structure.

We can rewrite the government budget constraint using its market value P" B}™:
BB = B, (1+pF") =T,
(PrBr) /(P = (B pY) /(P | (R0 ™ [(1+ pP) /PR] = Tif (PY)

ngt = SZ:Lt—l (HtY;:/Yt—l)_l RqT,t—Lt — T

where sp, = (P"B}") / (P;Y;) is the market value of government debt with respect to GDP,
7 = Ti/ (PY;) is the primary surplus to GDP ratio, and R}, |, = (1 + pP/") /P, is the
gross nominal return of the maturity bonds in non-zero net supply.
The definition of return for the bonds in non-zero net supply deserves some explanation.
If P/™ is the price of a bond issued today that pays p’ for all future j periods, it must be
the case that the same bond issued k periods ago has price P"* = p*P™ given that all
payments are smaller by the amount p*. Now consider the return of an asset that has been
issued k periods ago:
Pkl +pkpt(m) 14 pPr"
R S
This modeling choice is convenient given that it does not require to keep track of the

m—k  __ _ p(m)
Rn,t—l,t - - Rn,t—l,t
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issuing date. Consider a bond that was issued last period. Today it pays p° = 1. Then, we
can convert the quantity of bonds with seniority 1 in bonds with seniority 0: B/";' = pB™",.
Then, we can use the price of new bonds for these assets, such that the total resources
available at time t are (14 pP/™) Bf",. This is the relation used in the household budget
constraint. Note that these relations are implicit in the payment structure and definition of
the asset, but these considerations might help in making them more transparent.

We can use a non-arbitrage condition derived from the Euler equation to link R, 4
and R, ;:

m — 1+ thn-i’fl
n,t,t+1 Ptm

Rn,t = Et [an,t,t—i-l}

In steady state:
_ 1+ pP _ pm

R,
pm "

Loglinearizing:

14 pP™
R = PE [P — T@n

= pE, [B] — Raby'
Therefore we have two equations describing the relation between short and long term
bonds:
?th,tJrl = Rﬁlpﬁ?il -

~(1) _ ~m
Tptte1l = Tnt = E, [Tn,t,tﬂ]

where the second relation implies that if the bonds have maturity equal to 1 (p = 0) their
expected return is known and equal to the short term interest rate controlled by the central
bank.

If we define w = p/R,, < 1, we obtain the type of maturity structure used in Cochrane
(2022):

?ﬁmﬂ = wml - (65)

~ ~(m)
Tt = By [rn,t,t—&—l

D The Log-Linearized Model

This model features a trend in the state of labor-augmenting technological progress. In order
Y, x5 _ C° s

to make the model stationary, we define the following variables: y; = 7t, ¢;° = ——, ¢} =
t t

¢t N_¢Y . K o, _ G . _ Z p _ P"BP _ prBpr _ W S _ AS

At’ct = At’kt_At’gt—At’Zt—At’bt_ P A, y Sbt = P,Y, ,wt—PtAt,and)\t —AtAt-

12



We list below the equations of the log-linear model, starting with those that characterize the
actual-economy block.

Production function:

. +Q7 - .
g, =Y [ak:t +(1-a)l. (66)
Capital-labor ratio:
Frp — W = Ly — k. (67)
Marginal cost:
W/T/a = OH:K’t + (1 - Oé) ’UA)t. (68)
Phillips curve:
. N Xp - — NG ~ NKPC
= E — T 69
Ty T3 (Ti1 + 1+Xpﬁ7rt 1+ Kpmcy + Kphly + Kplly , (69)
where £, = [(1 = Bwp) (1 — wp)] / [wp (1 4 Bxp)] -
Saver household’s FOC for consumption:
o . 0 . e* 0 ., ©
)\ts = Uf — o eut — o — QCtS + o ectfl - mTC,h (70)

where 4§ = uf — .

Public/private consumption in utility:

c a
G = cd +agyg g cd +ngg 4 (71)
Euler equation:
A =y B — Byt — B, + 7. (72)
Maturity structure of debt:
Frg + P = %Etﬁt’il " (73)

Saver household’s FOC for capacity utilization:

TK . (LR
_ TKTK,t =1 w’/t- (74)

TRt — 7
Saver household’s FOC for capital:

th = ]Et’ﬁ'tJrl — 7’A’n7t -+ 567% (1 — TK) TKEth,tJrl — 667%TK7”K]E,57A'K7H_1 + 667% (1 — 5) ]thAt+1 — ,&:p

(75)
Saver household’s FOC for investment:
~ ~ 1 A~ A7 5 A~ /B ~ 1 ~
a o o T . —E _ ]E a — L 76
Zt+ 1+/8ut (1+/B) 862%% ut 1 +/@ tlt—‘rl 1 —‘—ﬁ tut—l—l 1 +ﬁlt 1 ( )
Effective capital:
]%t - ﬁt —|— ]%t,1 - 7?1/? (77)
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Law of motion for capital:

ki=(1-0)e” @_1 - ag) + 1= (1=8)e] [(1+B)se +1i] . (78)
Hand-to-mouth household’s budget constraint:

oy 7o+ (1 +7¢0) N ct =(1—7)wlL (wt + Lt) — TLwLTL s + 22 (79)

Wage equation:

A 1 ﬁ ~ A - 3 L . Xw 4
W, = + Eytyyq — Ko |0 — ELy + N — ———7 Ty
t 1+6t1 1+ﬁtt+1 [tft ¢ _TLL,t:| 1+6t1
BRI B X . L+ Axw — pab
—T + Eimiq + uy ¢ Rl 80
1+6t 1+/8tt+1 1+Bt1 1+ﬁ 77t ()
where k£, = [(1 — fwy) (1 — wy)]/ [ww (1+75) (1 + %)} .
Aggregate households’ consumption
ety = (1 —p)é 4+ N pel. (81)
Aggregate resource constraint:
Yyge = ¢ + iy + g + ¥ (1) ki (82)
Government budget constraint:
b~ k L .
gbt + TKTKQ |:7—Kt +Tr + kt} + TL@UZ |:7_Lt + w; + Lt + Tcy (Tt + )
1b A bp -
- 5 (b1 — 70— Py — ] +§—P —l—ygt—Fth (83)
Fiscal Rules:
Gt = pagi—1 — (1 = pg) ")’G(gb,tfl - §bF:t—l) + Cgot5 (84)
2 =pzEg — (1= pz) [ 12(8p1 = 85-1) + Goyli] + Ces (85)
Zt_zt+<t +Ct ) (86)
7A—L,t = pL%L,t—l + (1 - PL) 7L(§b,t—1 - éit—l): (87)
%K,t = pK%K,t—l + (1 = pr) v (Sb-1 — §5t—1)- (88)

Monetary Rule:
TAn,t = max (_ 1nE7 prfn,t—l + (1 - pr) [¢w(ﬁt - ﬁf) + qbyigt} + u?) . (89)
The variables with the superscript F' in equations (84) to (89) above belong to the shadow
economy. In turn, the block of equations that characterize the shadow economy consists in

an additional set of equations (66) to (83), where any variable that refers to the actual

economy z; is replaced by the same variable in the shadow economy z!', plus the rule for
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the monetary authority
Prg = max (—In R, p,ig, g + (1= p,) [6n7) + &9/ | + ") (90)
and the rules for the fiscal authority,

9l = padl s — (1= pa) vadf 1 + Cor (91)

20 = bl + p22 = (L= p2) v2801 + G, (92)
a=25"+¢, (93)

%Et = pL%[lit—l +(1—pr) VLéit—la (94)

Tioy = PETip + (1= pr) YKc8h 4 1. (95)

E The Data Set

Real GDP growth is computed as the growth rate of nominal GDP (GDP), divided by the
GDP deflator (JGDP). Real consumption growth is the growth rate of the sum of personal
consumption expenditures in non durable goods (PCND) and services (PCESV), divided by
their price indexes (DNDGRG3MO086SBEA and DSERRG3MO086SBEA, respectively). Real
investment growth is the growth rate of the sum of gross private domestic investment (GP-
DICTPI) and personal consumption expenditures in durable goods (PCDG), divided by
the respective price deflators (GPDICTPI and DDURRG3MO086SBEA), and scaled by the
164 US civilian population (CNP160V). We construct a measure of hours per capita by
dividing total hours worked (PRS85006023) by population (CNP160V). We then construct
a measure of the hours gap by taking the difference of hours per capita from its trend,
which is computed as a fourth degree polynomial. We compute a measure of hourly wages
dividing wage compensation (A576RC1) by average weekly hours in the nonfarm business
sector (PRS85006023). Based on this series, we create a nominal wage index, which we
divide by an index of the GDP deflator (based on JGDP) and take growth rates. The
debt to GDP ratio is constructed dividing the nominal market value of gross federal debt
(MVGFDO027TMNFRBDAL) by nominal GDP (GDP). The growth of government consump-
tion and investment expenditures is computed as follows. We add nominal federal govern-
ment consumption expenditures (A957RC1Q027SBEA) to nominal gross government invest-
ment (A787RC1Q027SBEA), divide by the implicit price deflator (A822RD3Q086SBEA)
and by an index of the U.S. population, with base 2012Q3 (CNP160V) and finally take
growth rates. The growth of real government transfers is computed as follows. We add
government social benefits (BO87RC1Q027SBEA) to other current transfer payments, which

include grants-in-aid to state and local governments (FGSL), create an index with base
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2012Q3, divide by an index of the U.S. population (CNP160V) and an index of the GDP
deflator (GDPDEF) with the same base year and finally take growth rates. Inflation is com-
puted as the rate of growth of the GDP deflator (JGDP) and the interest rate is given the
Effective Federal Funds Rate (FEDFUNDS). Finally, we also employ the 5-year breakeven

inflation rate as a noisy measure of inflation expectations (T5YIE).
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F Second Sample Estimates

Table 4 shows the prior and the posterior moments for the parameters estimated in the second
sample. In the second sample estimation, we add the time series of the 5-year Breakeven
inflation, which is observed up to a Gaussian mean-zero measurement error whose standard
deviation is denoted by o}". The prior for the parameters that are estimated in the first
sample is centered at their posterior mode in the first sample. We report only the posterior
mode of the parameters estimated in the second sample. The prior and posterior moments
of the parameters of the factor model governing the contemporaneous correlation of forward

guidance shocks follows closely Campbell et al. (2017) and is not shown here.

Priors and Posteriors for the Structural Parameters

Posterior Distribution Prior Distribution
Param Description Mode Type Mean  Std
el St.dev. gov. cons. 4.5701 IG | 2.0042 | 0.500
ay St.dev. funded transfers 4.9934 IG | 2.9525 | 0.500
05 St.dev. unfunded transfers 1.3908 IG | 0.5960 | 0.500
o St.dev. short-term transfers 4.9934 IG | 0.3897 | 0.500
Oq St.dev. technology 3.6794 IG | 1.2159 | 0.500
op St.dev. preference 4.9979 IG | 4.9930 | 0.500
Om St.dev. mon. policy 0.1125 IG | 0.2420 | 0.500
o; St.dev. investment 2.6127 IG | 0.4976 | 0.500
Ow St.dev. wage markup 0.6598 IG | 0.3453 | 0.500
op St.dev. price markup 0.1387 IG | 0.1694 | 0.500
Orp St.dev. risk premium 3.1232 IG | 0.3824 | 0.500
o.nrpc St.dev. infl. drift 4.9862 IG | 1.3257 | 0.500
odpp  Measur. error GDP 1.6964 IG | 0.4338 | 0.200
Thy Measur. error Debt/GDP 4.9908 IG | 0.3245 | 0.200
T Measur. error 5y infl. expectations 0.2014 IG | 0.5000 | 0.200

Table 4: Posterior modes, medians, 90% posterior credible sets, and prior moments for the structural parameters estimated
in the second sample (2008:Q1-2022:Q3). The letters in the column with the heading “Prior Type” indicate the prior density
function: N, G, and B stand for Normal, Gamma, and Beta, respectively.
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G Historical Decomposition

Figure 12 shows the historical decomposition of inflation (upper panel) and GDP growth
(lower panel). This decomposition is more detailed than the one shown in Figure 7 in the
main text. In the figure in the appendix, we show the contribution of the monetary policy
shocks, that of the unfunded transfers shocks, and that of the other fiscal shocks (the g shocks
and the (funded) transitory shocks to transfers). The contributions of all these shocks are
wrapped in the gray bar of the figure shown in the main text.

Figure 12 shows that funded shocks have sometimes visible effects, while monetary policy
shocks have typically very small effects. However, as in the previous draft, the impact of
funded shocks on inflation is much smaller than the impact of unfunded shocks. This result
is consistent with the impulse responses of Figure 4 in the paper that show that funded and
unfunded shocks have very different effects, both qualitatively and quantitatively. This is
despite the fact that we allow for hand-to-mouth agents. Unfunded shocks generate large
effects because the central bank accommodates the increase in inflation necessary to stabilize
the increase in spending. With respect to the small estimated effect of funded shocks, we
believe that our results are consistent with recent studies based on micro data. For example,
Parker et al. (2022) shows that the direct impact of the post-pandemic fiscal stimulus is in
fact quite small. With respect to the role of monetary policy shocks, it is quite common
that monetary policy shocks explain a relatively small portion of macroeconomic volatility
(both in VAR and in DSGE). See, for example, 77 (sme). In our model, monetary policy
shocks are even less important because the model interprets some deviations from active
inflation stabilization as accommodation of fiscal inflation, as opposed to a monetary policy
shock. This of course does not mean that monetary policy is irrelevant, but only that the
deviations from the rules explain a small amount of macro volatility. In fact, in our paper
monetary policy plays an important role to the extent that it accommodates movements in

fiscal inflation, determining persistent movements in inflation.
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Figure 12: Drivers of Inflation and GDP growth: Additional details. The red solid lines correspond to annualized
quarterly inflation (top panel) and annualized GDP growth (lower panel). The bars represent the cumulative contributions of
unfunded transfers shocks (black bars), monetary policy shocks (red bars), unfunded transfers shocks (green bars), the other
fiscal shocks (the g shocks, (4.¢, and, the transitory funded shocks to transfers, (.,+) (blue bars), and nonpolicy shocks (white
bars) on the two variables. The white bars also include the steady state and the initial conditions for the two variables and, for
GDP growth, the measurement error. Other policy shocks include shocks to funded transfers, shocks to government purchases,
and unanticipated and anticipated monetary policy shocks. Shocks are estimated using the Kalman smoother and setting the
model parameters at their posterior mode.

H ARPA Stimulus Decomposition: Funded vs. Un-
funded Transfers
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Figure 13: Estimated Decomposition of U.S. Government Transfers (red solid line) into their funded and unfunded components.
These components isolate the cumulative effects of the historical realizations of funded or unfunded shocks on transfers in
percentage points. These realizations are estimated using the smoother Kalman filter. Parameters are set at their posterior
mode.

I Estimation of the Small-Scale Model

We estimate a version of the simple New Keynesian model presented in Section (3) and
augmented to include shocks to the growth rate of TFP, preferences, markups, taxes, gov-
ernment spending, funded and unfunded shock to long-term transfers, a shock to short term
transfers a monetary shock. We include the following observable variables in estimation:
real GDP growth, inflation as measured by the GDP deflator, the Federal Funds rate, the
debt-to-GDP ratio, government purchases, and the growth rate of taxes and transfers. All
fiscal variables are expressed as a fraction of GDP. For the construction of these series and
their sources we refer to Section (E). We follow the same two-sample approach to estimation
explained in Section (4.1). Specifically, over the post-2008 period we add the data for the
path of the Federal funds rates and a full array of forward guidance shocks.

The model is a stripped down version of the model in Bianchi and Melosi (2022), under
the restrictions that there are no different regimes, no habits, and no long term bonds. We
refer to that paper for further details. This model consists of a standard three-equation
New Keynesian block and a fiscal block that allows for unfunded fiscal transfers shocks. The
system of linearized equations is reported below, using the same notation of the medium-scale
model in Section (D).
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IS:
G = — [Pt — B — (1 — po) ﬁ’?] + pati + Eifierr + (1 = pg) e, (96)

where In(A; /A1) = s+ a, ar = paar—1 + €at-
Phillips curve:

N 67 N - ~ -
T =K {(1 + m) Yt — gt:| + BE T + 171, (97)

v

where we have used the rescaled markup 77 = & (E

)6t and v denotes the elasticity of
substitution.

Taylor rule:

Pog =max{—InR, p,fpy1+ (1= pp) [0n(Fe — 7)) + &y (G0 — G7)] + i}, (98)
where the output target y; is given by

1 U = G
—
Government budget constraint
Spy = 5_1§b,t—1 + 887" (ot — Ut + Qo1 — Uy — ) — Tt + 21 + g_lgta (99)
Government spending;:
Gt = pgfi—1 + ¢ (100)
Tax rule:
%t = pT%t—l + (1 - p'r) [7751%—1 + Ve (5; + g_lgt) + Vry (gt - g:)] + CtT (101)
Transfers:
G—Z = p (B — 7))+ (1= p2) oy (G — G7) + ¢4 (102)

Long-term component of transfers
H =0+ G (103)
The variables with superscripts M in equations (98) and (101) to (103) above belong to
the shadow economy. In turn, the block of equations characterizing the shadow economy
consists in an additional set of equations (96) to (102), where any variable that refers to the
actual economy x; is replaced by the same variable in the shadow economy z}, plus the rule
for the long component of transfers:
M=+ G (104)
Prior and posterior distributions related to the estimation of this small-scale NK model
are reported in Tables 5 and 6.

The main output of the estimation is reported in Figure 14, which shows the dynamics of

inflation (black dashed line) together with the rate of inflation predicted by fiscally unfunded
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Figure 14: The black dashed line is the inflation rate in the data. The blue solid line is the predicted rate of inflation conditional
on unfunded fiscal transfers shocks.

transfers shocks (solid blue line). The result illustrate that the unfunded shocks explain

persistent inflation remarkably well. Hence, we conclude that the result that unfunded

fiscal shocks explain persistent inflation is not due to the many auxiliary assumption that
characterize the medium-scale model of Section (3).

22

2020



Priors and Posteriors for the Structural Parameters

Posterior Distribution Prior Distribution

Param Description Mode Type Mean  Std
K Slope Phillips Curve 0.0113 G 0.300 | 0.15
100r  Steady state inflation 0.5066 N 0.500 | 0.05
1005  Steady state growth 0.4221 N 0.400 | 0.05
Sp Steady state debt/GDP 2.1386 N 2.400 | 0.05
g Steady state gov. spending 1.0922 N 1.080 | 0.05
T Steady state tax rate 0.1616 N 0.175 | 0.05
Y.y  Elasticity of transf. to output —0.0197 N —0.400 | 0.20
Oy Interest response to y 1.4128 N 0.400 | 0.20
On Interest response to 7 1.8924 N 2.500 | 0.30
Or ARI1 coeff Taylor rule 0.7963 B 0.500 | 0.20
Ve Spending elasticity of taxes 0.0043 B 0.500 | 0.20
vry  Debt elasticity of taxes 0.0163 G 0.070 | 0.02
0z ARI1 coeff short term transfers 0.5007 B 0.200 | 0.05
por ARI coeff taxes 0.4977 B 0.500 | 0.20

Table 5: Posterior modes and prior moments for the structural parameters. The letters in the column with the heading “Prior
Type” indicate the prior density function: N, G, and B stand for Normal, Gamma, and Beta, respectively.

Priors and Posteriors for the Exogenous Processes

Posterior Distribution

Prior Distribution

Param Description Mode Type Mean  Std
Pg AR coeff. gov. cons 0.9787 B 0.500 0.100
Py AR coeff. long transfers 0.9951 B 0.995 0.001
Pa AR coeff. technology 0.5765 B 0.500 0.100
Ob AR coeff. preference 0.8735 B 0.500 0.100
Pu AR coeff. markup 0.2082 B 0.500 0.200
Om AR coeff. mon. policy 0.2052 1G 0.500 0.200
oy St dev gov cons. 0.0064 1G 0.500 0.200
Oq St dev technology 0.4247 1G 0.100 0.050
or St dev tax 0.0072 1G 0.500 0.200
op St dev preference 2.3997 1G 0.250 0.200
o St dev short transfers 0.0071 IG 0.500 0.200
oy St dev markup 0.1662 1G 0.500 0.200

oM St dev long funded trans. 0.0163 1G 0.500 0.200
o St dev long unfunded trans. 0.0158 1G 0.100 0.050

Table 6: Posterior modes and prior moments for the exogenous processes. The letters in the column with the heading “Prior
Type” indicate the prior density function: N, G, and B stand for Normal, Gamma, and Beta, respectively.

J Robustness checks

In this Appendix, we conduct a series of additional exercises. We first discuss how persistent

fiscal inflation differs from an exogenous time-varying inflation target. We then provide

external validation for our results based on a VAR.
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Figure 15: Propagation of unfunded fiscal shocks vs. exogenous inflation target in the estimated model. The
impulse responses of a shock to the exogenous inflation target are obtained by calibrating the standard deviation to match the
long-term impulse response of inflation to an estimated shock to unfunded transfers.

J.1 Time-varying exogenous target

In Section 2, we discussed that unfunded fiscal shocks generate low frequency movements in
inflation that are accommodated by the central bank. When the response to these movements
in inflation is restricted to zero, like in our baseline analysis, the central bank’s Taylor rule
can be rewritten in a way that is isomorphic to having a time-varying inflation target.
However, while the Taylor rule appears as such, the movements in inflation have a fiscal
origin and need to obey specific cross-equation restrictions, leading to our fiscal theory
of persistent inflation. In this subsection, we further elaborate on this point by showing
that our estimated measure of fiscal inflation is not observationally equivalent to having an
exogenous time-varying inflation target. This is because fiscal inflation and an exogenous
inflation target generate different commovement of the variables of interest.

To illustrate this point, we compare the impulse responses to an unfunded fiscal shock to
the impulse responses to a shock to the exogenous inflation target. In this second scenario,
we modify our baseline model to have an exogenous target that evolves according to an
AR(1) process. Specifically, ignoring the effective lower bound constraint, the the Taylor

rule becomes:
7A’n,t = pr'fn,tfl + (1 - pr) [¢7r (frt - ﬁtET> + (éygt} + u;n, (1O5>

where the exogenous target follows the process:

~

= pprfiy el (106)
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Figure 15 presents the results. We choose the size of the initial shock to the target to
match the long-term response of inflation (10 years).

A clear trade-off arises when trying to replicate the dynamics of fiscal inflation with
an exogenous inflation target shock. If the properties of the exogenous target shock are
chosen to match the long-term response of inflation, then the real interest rate and transfers
barely move and inflation does not feature the large increase at the time of the shock.
This point is particularly important because it is what allows our model to account for the
observed dynamics of inflation following the pandemic. Fiscal inflation can at the same time
generate large and persistent movements in inflation, while the time-varying exogenous target
necessarily fails in one of the two dimensions because it does not obey the cross-equation
restrictions that identify the unfunded fiscal shocks.

Finally, it is important to underscore that the direction of causality is different. In the
case of persistent fiscal inflation, the fiscal shock triggers inflationary pressure that the central
bank accommodates. In the case of a shock to the exogenous inflation target, the central
bank cuts rates to achieve a higher target. To make sense of the post-pandemic inflation,
with interest rates already stuck at the zero lower bound, the first mechanism appears much
more plausible. The ability of the model to account for the post-pandemic rise of inflation

out of sample is an important validation for the mechanism proposed in this paper.

J.2 Model-free evidence of fiscal inflation

In this section, we estimate a VAR using the same variables used to estimate the empirical
DSGE model (Section 4.1) plus the mean of the Michigan Survey 1-year-ahead inflation
expectations over the sample period (1960:Q1 to 2007:Q4).!3 The objective of this section
is to provide some “model-free” evidence to support the general mechanism studied in this
paper.

Unfunded fiscal shocks are identified by imposing minimal parametric restrictions con-
cerning the responses of the monetary and fiscal authorities to inflation and the debt-to-GDP
ratio. Specifically, we assume that an unfunded fiscal shock raises real transfers growth for
two years while the monetary authority refrains from responding by raising the FFR over

the same period. The debt-to-GDP ratio is expected to fall for five years after the shock.*

13We do not estimate the model in the subsequent period to avoid issues with the federal funds rate being
mired at zero for several years. Since the trend component of inflation is very volatile in the first sample
period, our exercise is pertinent. We cannot use breakeven inflation expectations as we did in the second-
sample estimation of the empirical model in Section 4 because this series is not available prior to the 2000s.
Following Sims and Zha (1998), we adopt a unit root prior for the parameters of the VAR with a pre-sample
of four quarters. The prior hyperparameters are chosen so as to maximize the marginal likelihood.

4In Appendix J.3, we show that results are virtually unchanged if we do not impose any restrictions on
the response of the debt-to-GDP ratio over the first two years following the shock.
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Figure 16: Propagation of unfunded fiscal shocks in a model-free setting. Unfunded fiscal shocks are identified by imposing
that these shocks raise real transfers growth for two years while the monetary authority refrains from increasing the federal
funds rate (FFR) in that period. The debt-to-GDP ratio is expected to fall for five years after the shock. The first figure on
the left compares inflation in the data (red dotted line) with inflation explained by the identified unfunded fiscal shocks in
the first sample 1960:Q1-2007:Q4 (the blue solid line). The figures on the right show the response of the FFR, debt-to-GDP
ratio, inflation, and the Michigan Survey’s one-year inflation expectations to the identified unfunded fiscal shock. The black
lines denote the posterior median of these responses and the gray bands their 60 percent posterior interval. The x-axes report
quarters following the shock. Inflation and inflation expectations, and the FFR are expressed in percentage points of annualized
rates.

It should be noted that all business cycle shocks can also affect real government transfers.
For instance, a recessionary shock is likely to raise transfers. However, such shock would also
increase the debt-to-GDP ratio, which would violate one of our identifying restrictions. An
exogenous change to the central bank’s inflation target would lower the debt-to-GDP ratio
and the FFR. However, as shown in Figure 15, this shock to the central bank’s target would
also lower transfers, which is at odd with our identifying restrictions. Finally, an expansion-
ary shock to funded transfers would increase the debt-to-GDP ratio and, most likely, the
federal funds rate. Both responses are ruled out by our identifying assumptions.®

The VAR is not subject to the theoretical cross-equation restrictions characterizing the
micro-founded models considered so far. Thus, this exercise provides further corroborating
evidence that our main findings are not driven by auxiliary assumptions embedded in the

baseline model. The plot on the left of Figure 16 compares inflation in the data (red dotted

150One might be concerned about the consistency of the VAR with the estimated structural model since we
do not explicitly model the shadow economy in the VAR model. However, the shadow economy is just an
accounting exercise that is justified by the assumptions that (i) agents are rational and have full information
and (#) the monetary and fiscal authority always coordinate their policies consistently with fiscal inflation
#F. We do not make these assumptions in the VAR model since we want to be agnostic as to whether agents
are perfectly informed and how policymakers coordinate monetary and fiscal policies.
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line) with inflation explained by the unfunded fiscal shocks identified in the VAR model (blue
solid line). Consistently with the predictions of our estimated structural model shown in
Subsection 5.3, the identified unfunded transfers shocks play an important role in explaining
the run-up and the subsequent slow down in inflation in the first three decades of the sample.
Since we use only minimal restrictions to identify the unfunded fiscal shocks, one should
not expect that the historical contribution of this shock to inflation mimics exactly that
of the unfunded fiscal shocks in the structural model. For instance, shocks to unfunded
transfers may not increase total government transfers. This is the case when a larger funded
transfers shock lowers total transfers. To the extent that funded and unfunded transfers
shocks are orthogonal, this is not an issue for our sign-restriction identification strategy.
However, in a short sample, the estimated shocks may violate the orthogonality condition
and, when this is the case, our identification procedure may discard some genuine shocks to
unfunded transfers. That said, it is reassuring that unfunded shocks identified with minimal
theoretical restrictions play an important role in explaining persistent inflation analogously
to the unfunded transfers shocks estimated in our microfounded model.

The four panels on the right side of the figure show the response of the FFR, debt-to-GDP
ratio, inflation, and the Michigan Survey’s one-year inflation expectations to the identified
unfunded fiscal shock. Inflation and inflation expectations are unrestricted variables and
their response is not significantly different from zero at first. Nevertheless, they then become
positive and significant, and remain heightened for many years — consistently with our fiscal

theory of persistent inflation.
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Figure 17: Propagation of unfunded fiscal shocks when no restrictions are imposed on the response of debt-to-
GDP ratio to unfunded transfers shocks over the first two years. Unfunded fiscal shocks are identified by imposing
that these shocks raise real transfers growth for two years while the monetary authority refrains from increasing the federal
funds rate (FFR) in that period. The debt-to-GDP ratio is expected to fall two years after the shock and for the next three
years. The first figure on the left compares inflation in the data (red dotted line) with inflation explained by the identified
unfunded fiscal shocks in the first sample 1960:Q1-2007:Q4 (the blue solid line). The figures on the right show the response of
the FFR, debt-to-GDP ratio, inflation, and the Michigan Survey’s one-year inflation expectations to the identified unfunded
fiscal shock. The black lines denote the posterior median of these responses and the gray bands their 60 percent posterior
interval. The x-axes report quarters following the shock. Inflation and inflation expectations, and the FFR are expressed in
percentage points of annualized rates.

J.3 VAR evidence: Unrestricted initial response for debt

When we identify unfunded transfers shocks in the VAR model in Section J.2, we impose
restrictions on both the short-term and long-term response of debt-to-GDP ratio. One could
argue that, outside our structural model, the response of debt-to-GDP is in the long-run
negative, but short-run behavior might be more governed by other dynamics. To address
this concern, in this appendix, we redo the analysis shown in Section 17 without imposing
any restrictions on the response of debt-to-GDP ratio in the two years following the identified
unfunded fiscal shocks. That is, an unfunded fiscal shock raises real transfers growth for two
years while the monetary authority refrains from responding by raising the FFR over the
same period. The debt-to-GDP ratio is expected to fall for five years after the shock. Figure
17 shows the results shown in Figure 16 of the text when we impose no restrictions on the
response of debt-to-GDP ratio in the short run. The results shown in both figures are very
similar, suggesting that imposing the short-term restrictions on the response of debt-to-GDP
ratio to the identified unfunded fiscal shock does not significantly alter the results of our VAR

analysis shown in Section J.2 of the paper.
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Figure 18: Impulse response function of selected variables implied by the VAR model introduced in Section J.2.
The observable variables are the same as the ones used to estimate the empirical structural model in the first sample except for
the addition of Michigan Survey’s 12-month inflation expectations.

In Figure 18, we show the response of a selected number of variables to the unfunded
transfers shocks identified in the estimated VAR model. This picture shows the responses
in the case where we impose restrictions on the short-term response of debt-to-GDP ratio.
The case of when such restrictions are not impose is extremely similar to the one shown in

Figure 18.

K Identification of unfunded fiscal shocks: the role of

real activity

In Figure 19, we show the response of GDP growth, GDP, and hours to an unfunded transfers
shock, a funded fiscal shock, and a persistent cost-push shock. Both GDP and hours are
observed when we estimate the model. The shock to the unfunded transfers is the only shock
that raises the rate of inflation (see Figure 4 in the main text) and real activity in the longer
run. While both the persistent cost-push shock and the shock to the unfunded transfers are
inflationary, the former lowers GDP and hours unlike the latter shock. This finding suggests
that identification of these two shocks is also achieved by the differential response of GDP
growth and hours to these shocks, which, as shown in Figure 4 of the main text, increase
inflation in the long run.

The shock to funded transfers increases the level of GDP and hours only temporarily
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Figure 19: Impulse Responses for quantitative model. Impulse responses for GDP growth, the level of GDP, and hours
worked to a shock to funded transfers (black dashed line), to unfunded transfers (blue solid line), and to the persistent cost-
push shock (red dotted-dashed line). Units: percentage deviations from steady-state values and balanced growth paths. The
magnitude of the initial shocks is set to be equal to one-standard deviation as estimated in the second sample (2008:Q1-2022:Q4)

and, as shown in Figure 4 of the main text, it fails to meaningfully affect inflation in the
long run.
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