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Abstract

How do skyrocketing debt-to-GDP ratios and government expenditures affect
inflation and how does this depend on the maturity structure of sovereign debt? In
this paper, we revisit the fiscal theory of the price level (FTPL) within the New
Keynesian (NK) model. We show in which cases the maturity of government debt
matters for the transmission of policy shocks. The central task of this paper is to
shed light on the theoretical predictions of the maturity structure on macro dynamics
with an emphasis on (expected) inflation. In particular, we show how fiscal- and
monetary policy shocks affect interest rate and inflation dynamics. We highlight
our results by quantifying the economic effects of the US COVID-19-emergency
fiscal package (CARES), and shed light on the surge of inflation in the FTPL-NK
model. In contrast, the CARES Act shocks have only small inflationary effects in
the corresponding NK model with active monetary policy.
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1 Introduction

In response to the global coronavirus pandemic, governments around the world tried to
cushion the economic downturn by financing large-scale fiscal support and relief pack-
ages such as the US Coronavirus Aid, Relief, and Economic Security (CARES) Act, with
unprecedented volumes. For example, when including loan guarantees, the CARES Act
amounts to about $2 trillion (or 10% of US GDP) with substantial budgetary effects.
The Congressional Budget Office (CBO) projects CARES to add $1.7 trillion to deficits
over the next decade.! In order to alleviate a deep recession, policy makers have imple-
mented further stimulus packages (e.g., the American Rescue Plan). The funding of these
unprecedentedly large fiscal programs drastically increased debt levels with yet unknown
consequences (e.g., accounting for distributional effects, CARES is expected to increase
the debt-to-GDP ratio by 12% in Kaplan, Moll, and Violante, 2020). This in turn led
to a resurgence of policy debates and macroeconomic research about the effects of public
debt and fiscal policy on macro aggregates, inflation, and inflation expectations where no
consensus has been reached. One central question here is how government debt affects
the transmission channels of fiscal and monetary policy. Governments face a challenging
task to maintain a sustainable level and maturity structure of sovereign debt. On the
one hand, fiscal policy faces a financing decision on whether to either increase the level
of public debt or to raise taxes today. On the other hand, fiscal policy needs to decide
on whether to issue bonds with longer maturities, or to simply roll-over maturing debt
with short-term bonds. What impact can we anticipate from the recent large-scale fiscal
programs, specifically, how does the maturity structure of outstanding debt affect those
outcomes? This paper fills this gap in the analysis of fiscal and monetary policy.

In this paper we address the transmission of fiscal and monetary policy shocks on
interest rates and inflation dynamics in a framework which combines the fiscal theory of
the price level (FTPL) with the traditional New Keynesian (NK) model of inflation. Our
central aims are the theoretical predictions of transitory and permanent policy shocks,
which offer empirical testable implications for the role of the maturity structure of debt
on the transmission of fiscal and monetary policy. Within this framework we study the
effects of the recent CARES Act trough the lens of the fiscal theory. We depart from the
existing literature on the effects of the maturity structure of government debt in three
dimensions. First, our framework allows us to link the macro model to term-structure
models in finance (Vasicek, 1977; Cox, Ingersoll, and Ross, 1985), which sheds light on a
crucial facet: the distinction between temporary and permanent shocks. Our approach
allows us to compute the term structure of interest rates and inflation expectations by

solving a partial differential equation (PDE), which can be easily extended to nonlinear

!Congressional Budget Office, CARES Act, https://www.cbo.gov/publication /56334



solutions, default risk, and term premia. Second, in contrast to most existing approaches?,
we compute zero-coupon bond prices for arbitrary maturities and states and then show the
bounds for the effects of the maturity structure of government debt on macro dynamics
and inflation decomposition. Finally, we show that the fiscal theory in the continuous-time
version works through two distinct channels: (i) a direct FTPL effect through a discrete
jump in the price of existing bonds and (ii) an indirect effect through changing the path
of future real interest rates. While the first channel is a pure asset pricing channel, the
second channel is the traditional effect present in forward-looking rational expectations
models. Hence, even in the model with short-term debt, the fiscal theory has implications
on the future path of the real interest rate, in particular, the term structure of interest
rate, inflation expectations, and the real economy.

We calibrate a simple FTPL-NK model to match the maturity structure of outstand-
ing US government debt and study the aggregate effects of fiscal and monetary policy
instruments. We confirm that the maturity structure of existing public debt has impor-
tant implications for the transmission channels of monetary and fiscal policy. Our results
show how the average maturity significantly shapes the inflation response to fiscal and
monetary policy shocks. First, following a transitory monetary policy shock, a longer
maturity structure translates to a larger response in the real interest rate. In cases where
outstanding government debt consists solely of short-term debt, the traditional negative
correlation of the nominal interest rate and current inflation is reversed and term structure
and inflation expectations are more sensitive to shocks. Similarly, based on the underlying
maturity structure of government debt, expansionary fiscal policy leads to higher inflation
and more accumulation of debt with short-term debt. Our inflation decomposition shows
that with perpetuities, the inflation response to transitory shocks is dictated solely by
future fiscal policy with changes in future monetary policy being soaked up by an imme-
diate asset pricing effect. Second, we illustrate how inflation expectations and the term
structure help in identifying permanent policy shocks.

Our findings confirm the hypothesis that the CARES Act with its unprecedented
large-scale fiscal stimulus programs, i.e., the large cuts in primary surplus and hikes in
government debt, has generated a market response with strong inflationary effects but
effectively helped stimulating the real economy. However, the recent surge in inflation
and medium-term inflation expectations indicate that markets do not expect that the
newly issued debt is backed by subsequent higher future surpluses. This seems in contrast
to the aftermath of the global financial crisis and raises cautionary flags as hyperinflations
are widely believed to have fiscal origins (cf. Leeper and Leith, 2016). We contrast our
findings by directly comparing the impact of the same CARES Act shock in the simplified

NK model, which, in this instance, essentially reduces to a demand shock. While this shock

2 Among others see Leeper, Leith, and Liu (2019), Lustig, Sleet, and Yeltekin (2008), Faraglia, Marcet,
Oikonomou, and Scott (2013) or Faraglia, Marcet, Oikonomou, and Scott (2019).



successfully mitigates the decline in output and generates certain inflationary pressures,
it proves inadequate in counteracting the substantial deflationary effects of the ongoing
recession. In contrast, we show that FTPL implies a more subtle inflationary impact. In
addition to the increased demand resulting from government outlays and reduced taxes,
such programs typically involve both a debt and an asset pricing component.

In line with the existing literature on the fiscal theory, we confirm a prominent role
of those ideas in the FTPL-NK model with a plausible maturity structure of sovereign
debt (cf. Cochrane, 2001; Leeper and Leith, 2016).> Most theoretical studies, such as
Sims (2011, 2013), Leeper and Leith (2016), and Cochrane (2018), highlight important
insights, e.g., the role of long-term bonds in the simple NK model causing a ‘boomerang
inflation’ response to monetary policy shocks. In these models, long-term bonds are used
to offset an initial positive co-movement of the inflation and the interest rates.* Other
studies focus on the low-frequency relationship between the fiscal stance and inflation in
a model with long-term debt (see Kliem, Kriwoluzky, and Sarferaz, 2016) or the govern-
ment spending multiplier (see Leeper, Traum, and Walker, 2017). We are not aware of a
comprehensive study on the effects of fiscal and monetary policy shocks on inflation and
inflation expectations, or more generally about the role of fiscal theory in the NK model
with an empirically calibrated average maturity of existing sovereign debt. Unfortunately,
an inflation decomposition into a direct FTPL effect and an indirect effect is tricky and
less clear-cut in the discrete-time model because the price level can jump (which in the
continuous-time version is determined by past inflation). Hence, a continuous-time version
of the FTPL-NK model (see also Sims, 2011; Cochrane, 2018) helps isolating the effects
of the maturity structure because in the model with short-term debt, as in traditional NK
models with fiscal policy and sovereign debt, the direct bond pricing effect is zero and the
fiscal theory works solely through the indirect effect.

We do not discuss the optimal maturity structure of debt (debt-maturity management).
It is important to keep in mind that many theoretical and empirical studies recognize an
important effect of the maturity structure of public debt in a broader context of optimal
monetary and fiscal policies.” Leeper et al. (2019) show how high sovereign debt levels and
the debt-maturity structure can increase the ‘inflationary bias’. In this setup, higher debt
levels and shorter maturities increase the temptation of the policy maker to use surprise
inflation and to decrease the real value of government debt. Lustig et al. (2008) study

the optimal policy if the fiscal authority is constrained by its ability to lend and only

3In this paper we focus on the fiscal regime and neglect potential fiscal-monetary coordination problems
which may arise in a regime-switching model as in Bianchi (2012) or Bianchi and Melosi (2019).

4Cochrane (2023) and Liemen (2022) discuss alternative ideas and show that long-term debt is not
necessary to address this counterfactual response for short-term debt in the FTPL-NK model.

5Other papers study the optimal debt-maturity management (cf. Buera and Nicolini, 2004; Shin, 2007;
Faraglia, Marcet, and Scott, 2010; Debortoli, Nunes, and Yared, 2017; Bigio, Nufio, and Passadore, 2019).
Bigio et al. (2019) show how liquidity costs can prevent an instantaneous re-balancing across maturities
and identify different forces that shape the optimal debt-maturity distribution.



issues non-contingent nominal debt. In this case, optimal policy is achieved by almost the
exclusive use of long-term debt. Even though the holding return on long-term debt is more
volatile in contrast to short-term debt, it offers a hedge against fiscal shocks. Faraglia
et al. (2013) analyze how inflation is affected by the maturity of sovereign debt and debt
levels when fiscal and monetary policy are coordinated. They conclude that higher debt
levels cause higher inflation, while a longer maturity structure increases its persistence.

Recently, Kaplan et al. (2020) and Bayer, Born, and Luetticke (2021) also evaluate the
role of skyrocketing debt levels, following the large-scale fiscal stimulus programs within
the NK models with heterogeneous agents (HANK). Focusing on the role of liquidity, Bayer
et al. (2021) find that the expansionary stimulus programs decreased the liquidity premium
of government bonds. Closer to our analysis is Bianchi, Faccini, and Melosi (2023), who
propose a ‘fiscal theory of persistent inflation’, based on a framework where debt can be
partially unfunded. Except for the responses to unfunded fiscal shocks, monetary policy
acts actively and fiscal policy passively. Hence, monetary and fiscal regimes coexist. In
contrast, we focus solely on either the standard NK or FTPL-NK framework to elucidate
how the maturity structure influences the macro dynamics in each regime. Bianchi et al.
(2023) predict and match the observed rise in the inflation rate following the American
Rescue Plan Act of 2021. In line with our analysis, they argue that the surge of inflation
rates primarily occurred due to fiscal inflation. Di Giovanni, Kalemli-Ozcan, Silva, and
Yildirim (2023) estimate that between December 2019 and June 2022 around one-third of
US inflation is attributed to demand effects through the fiscal stimulus packages. In an
empirical study for 37 OECD countries Barro and Bianchi (2023) quantify the economic
effects of inflation: the real debt reduction through higher inflation effectively accounted,
on average, for about 50 to 60 percent of government financing.

The rest of the paper is organized as follows. In Section 2, we present a concep-
tual perfect-foresight FTPL-NK model and study the effects of transitory and permanent
structural zero-probability shocks. In Section 3, we provide a thorough analysis of the
CARES Act of 2020, and discuss the recent surge in inflation. Section 4 covers additional
discussions, and Section 5 concludes. Further results and illustrations are available in an

accompanying Online Appendix.

2 The Model

In this section, we show how the FTPL mechanism outlined in Sims (2011) and Cochrane
(2018) is embedded in the continuous-time NK model (cf. Posch, 2020). For reasons of
clarity, we shortly discuss the main channels of FTPL in the linear NK framework and

abstract from the effects of uncertainty and nonlinearities.



2.1 Fiscal theory of monetary policy

As shown in Cochrane (2018), the presence of longer-term debt has effects on both the real
economy and on how monetary policy is conducted, and more generally how government

policies affect inflation. Consider the three-equation perfect-foresight NK model

de; = (iy —p—m)dt (1)
dmy = (p(m — 7)) — kay)dt (2)
diy = 0(pr(m — ) + Gy (Ye/yss — 1) — (i — i7))dt, (3)

in which z; is the output gap, y; is output, ¢; is the nominal interest rate, p the rate of
time preference, m; is inflation, x controls the degree of price stickiness with K — oo as
the frictionless (flexible price) and k — 0 perfectly inelastic (fixed price) limits, 6 controls
interest rate smoothing with § — oo implying the feedback rule, i; = i} + ¢ (m — 7)) +
&y (yt/yss — 1), and with long-run values 7} = 75, and i; = i, being parametric.

Following Cochrane (2018) we implement the fiscal theory of the price level (FTPL)
by closing the system with a fiscal block

dat = ((Zt — 7Tt>at - St>dt (4)
dse = [f(se,ye ar)dt, (5)

in which a, is the real value of sovereign debt (held by households), s; is the primary surplus
s = Ty — g4 following the fiscal rule f(s¢, yi, a;), where T} are lump-sum tax revenues, g,
government spending other than interest payments. It comprises the net payments to
holders of bonds through interest and retirement of outstanding debt (cf. Sims, 2011). We
use the notion of ‘sovereign debt’ and ‘government bonds’ interchangeably, which after all
can be considered as a medium of exchange (paper money).

The central equation in the FTPL-NK model links the primary surpluses to the real
value of sovereign debt. In fact, solving forward (4), the future path of primary surpluses

imposes a ‘constraint’ for fiscal policy (government budget constraint), because
n pb 00 .
a; = 2t = Et/ e~ Ji omm)dvg qy (6)
t

where n; denotes the number of outstanding bonds, p? the bond price, and p; the price level,
which must equal its (expected) real present value.® In this paper, we focus on bounded

solutions and limp_, ., e~ ftT(iv_“”)d”aT = 0.7 Rather than being a budget constraint or

6Cochrane (2018) as well as Sims (2011) abstract from government consumption, g;, in their framework,
such that primary surpluses correspond to taxes, s; = T;.

"Hence, we focus on the standard no-bubble solution (e.g., Sims, 2011; Cochrane, 2018). There is a
literature showing that a ‘bubble term’ can be important for the budget constraint (cf. Reis 2021).



limiting fiscal capacity, equation (6) should be thought of as being a valuation formula as
it asserts a value p? to the supply of government bonds n; and a given price level p;.

Similar to assuming perfectly flexible prices, it is unrealistic assuming that government
debt is either floating debt or perpetual debt (cf. Sims, 2011). In what follows, we refer
to floating debt as short-term and to perpetuities as long-term debt. We introduce bonds
with decaying coupon payments (similar to Woodford, 2001), and assume that longer-term
bonds at average duration are amortized at rate 6 and pay a nominal coupon y + ¢ such
that at steady state the bonds sell at par and results compare to Sims (2011). No-arbitrage
requires (see PDE approach Cochrane, 2005, chap. 19.4),

dpt = (i — ((x + 0)/p} — 0))pydt +ddyy,  Ei(dd,y) =0 (7)

in which dépg captures discrete changes in the bond price due to zero-probability structural
shocks, with x = i, such that pb, = 1 is identical to floating debt. Note that (7) is
not a stochastic differential equation (SDE) because the ‘shocks’ have zero probability.
Following the literature, dépzt; reminds us that the variable p? can jump (forward-looking).
In theory, we can issue floating debt which pays at y = ¢, and with § — oo average
duration approaches zero such that p? = 1. In contrast, for long-term bond we set § = 0

(cf. Sims, 2011). By integrating the linear approximation of equation (7), we obtain
p=1- Et/ e~ A= G G du, (8)
t

which shows that the initial response of the bond price is determined entirely by the
discounted and maturity-adjusted path of the nominal interest rate. If we use the average
duration of 6.8 years from the central bank’s Security Open Market Account (SOMA), we
calibrate 6 = 1/6.8 and y = 0.03 (see Del Negro and Sims, 2015).%

In contrast to the discrete-time model, the price level p; cannot jump and is given by
past price quotations (Calvo’s insight).” Because the number of outstanding bonds in (6)
is fixed and cannot jump either, only the bond price p? reacts to changes in either future
surplus s,, or the future real interest rate i,, — 7, for u > ¢ (direct FTPL effect). Because
with short-term debt p; = 1, the direct FTPL requires the presence of longer-term debt.
The bond price then passes on to the value of debt, inducing a jump in a; (market value),
i.e., making a; a forward-looking variable. As we show below, the average duration 1/
of the maturity structure of outstanding government debt determines the strength of the
direct FTPL effect, such that with short-term debt we eliminate jumps in p?.

The path of the primary surplus on the right-hand side of equation (6) is determined

8Below we use a zero-coupon bond with time-to-maturity of 1/§ years interchangeably.

9Because no mass of firms can change prices instantaneously, the NK Phillips curve allows a jump in
the inflation rate but not in the price level (cf. Cochrane, 2018, Online Appendix). Here, the price-level
jump of the discrete-time model rather translates into a smooth change by affecting inflation.



by fiscal policy, so by assumption, surpluses typically do not jump if the value of sovereign
debt changes (we discuss different scenarios below). Hence, changes in fiscal policy are
accommodated by the real interest rate (indirect FTPL effect) such that (6) is not violated.
So even without the presence of long-term debt, monetary policy must accommodate
future changes in fiscal policy. Although households are indifferent with respect to the
maturity of government debt because of arbitrage, the bottom line of this paper is to show
that it has important implications for inflation dynamics, the term structure, inflation
expectations, and the real economy. Thus, for ease of illustration, we focus on a fiscal
regime (or fiscal dominance) throughout the paper, while the insights are useful for a

regime-switching approach, as in Bianchi and Melosi (2019).

2.2 Simple fiscal policy rules versus policy inertia

There seems to be a consensus among economists that there is a systematic response of
fiscal policy to the state of the economy. While theoretical papers often assume simple
fiscal policy rules (Sims, 2011; Cochrane, 2018), most empirical studies suggest the pres-
ence of a time lag (or inertia) between the variables and the policy response (cf. Kliem
et al., 2016; Bianchi and Melosi, 2019). For instance, some time is typically required for
changes in the tax code or the publication of a revised budget plan. In what follows, we
propose a generic framework that facilitates the coherent study of different specifications
for fiscal policy rules, and which enables the study of the effects of both temporary and
permanent shocks. Starting with the definition of primary surplus in (5), s; = T, — ¢,

which implies ds; = d7T; — dg;, and specifying a tax rule as
ATy = pr (7y(We/Yss — 1) + Talaw — ass) — (1o = T7)) dt, (9)

where p, controls the degree of inertia with p, — oo as the flexible limit (feedback rule),
in which Ty = T} + 7, (y+/yss — 1) + Ta(ar — ass). For p, — 0 we obtain the inelastic limit

where T; = T}. This fiscal policy is accompanied by a rule for government spending

dge = pg (0y(Ye/yss — 1) + @alar — ass) — (90 — g7)) dt, (10)

where p, controls the degree of inertia with p, — oo as the flexible limit (feedback rule),
in which g; = g; + ¢y (Yt/yss — 1) + @alas — ass). For p, — 0 we obtain the inelastic limit
where g, = ¢;. In what follows, we refer to the model parameters, or more generally, to

the levels of government expenditures, taxes, and debt as ‘fiscal policy’, such that

ds; = pr (1y(ye/yss — 1) + Talay — ass) — (T, = T7)) dt
—pg (Ly(Ye/Yss — 1) + @alar — ass) — (g: — g7 ) dt.



Our results shed light on reasonable fiscal policy rules, which ultimately is an empirical
question and beyond the scope of our analysis (cf. Kliem and Kriwoluzky, 2014).1°

Kliem and Kriwoluzky (2014) show that the fiscal policy rules, in which tax rates
respond to the level of output, are not supported by the data. This is surprising as most
papers in the theoretical FTPL literature study an output response only (cf. Sims, 2011;
Cochrane, 2018).!" Kliem et al. (2016) find weak empirical evidence in favor of output in
fiscal policy rules, but rather evidence in favor of responses to the fiscal stance (such as
the level of debt or debt-to-GDP ratios). We follow the conventional approach and focus
on (locally) determinate solutions only. As shown in Leith and von Thadden (2008),
this has important implications for the admissible parameter set for a particular regime,
specifically the size of parameters 7, and ,.

Debates on fiscal policy rules for tax rates and government expenditures have yet to
reach a consensus about f(ay, s, y;) in the surplus equation (5). In contrast to central
banks with a clear mandate, the fiscal policy parameters depend on political orientation
and/or institutional details. But this choice is far from being innocuous: To see the
role of 7, in determining active/passive fiscal policy we abstract from inflation dynamics,

r{ = iy — m;, and consider a feedback rule s; = s55 — 7,(a; — ass). A linearized version is

day = (ass(r] —17) + (0 — Ta)(ar — ass))dL. (11)

If 7, > p in (11), the real debt dynamics would be non-explosive for bounded solutions.
Following Leeper (1991), this corresponds to passive fiscal policy and wvice versa for the
case of 7, < p. If fiscal policy turns passive, the fiscal block (excluding demand effects
from government spending) no longer affects other variables of the model, and the model
dynamics for non-fiscal-block variables coincide with the ones of the three-equation NK
model. While fiscal-block variables still respond to shocks, they remain decoupled from
the underlying NK model.'? Since our focus is on the recent surge in debt levels we focus
on the fiscal regime with 7, < p, and abstract from introducing distortionary taxes.

Our benchmark parametrization in Table 1 follows Kliem and Kriwoluzky (2014), and
allows for inertia in the fiscal policy rule for tax revenues. Specifically, the tax rule in (9)
has an output response 7, > 0 and an inelastic fiscal expenditure target such that g, = g;
in (10) with p, — 0, and a corresponding 7} to match the US debt-to-GDP ratio of
about 108% right before the pandemic (2020Q1).'* We target a steady-state government

ONote that we could add others variables such as the inflation rate, 7, which will be a function of
the relevant state variables. With a fiscal policy rule responding to inflation, a higher interest rate may
produce lower inflation even with short-term debt (cf. Section 4).

1Note that Sims (2011) and Cochrane (2018) impose p, — oo (feedback rule), and the fiscal policy
rule g = s4(y/yss — 1) can be replicated for p, — oo (feedback rule) and by setting ¢, = s,.

2Tiemen (2023) introduces distortionary taxes in a similar modelling framework. By doing so debt
becomes a relevant state variable in both monetary and fiscal regimes. If the economy is relatively far
away from its fiscal limit, dynamics are similar to the fiscal regime considered in our paper.

13U.S. Office of Management and Budget and Federal Reserve Bank of St. Louis, Federal Debt: Total



Table 1: Parametrization 1 (benchmark, similar to Kliem and Kriwoluzky, 2014).

p 0.03 subjective rate of time preference
K 0.4421 degree of price stickiness
Yss 1 normalized steady state output
¢ 0.6 inflation response Taylor rule (fiscal regime)
oy 0 output response Taylor rule
0 1 inertia Taylor rule
s 0 inflation target rate
Ty 1 output response fiscal tax rule (Sims, 2011; Cochrane, 2018)
Ta 0 debt response fiscal tax rule
pr 1 inertia of fiscal tax rule
oy 0 output response fiscal expenditure rule
0

debt response fiscal expenditure rule

pg 0O inertia of fiscal expenditure rule

sq  0.1534 government consumption to output ratio (Bilbiie et al., 2019)

sss  0.0324  steady-state surplus (to match US debt/GDP 2020Q1)

X 0.03 net coupon payments (Del Negro and Sims, 2015)

1/6 6.8 average duration of government bonds (Del Negro and Sims, 2015)

consumption-to-output ratio, s,, of 15.34% (cf. Bilbiie, Monacelli, and Perotti, 2019).
Note that a higher share of government consumption-to-output of about 20%, e.g., as
in Justiniano, Primiceri, and Tambalotti (2013) and Eichenbaum, Rebelo, and Trabandt
(2020), does not significantly change the model dynamics. Hence, the implied fiscal rule

f(se,yt, ar), in the law of motion for primary surplus (5), takes the form

F(56,9e,a0) = Yi/Yss — 1 — (8¢ — 57). (12)

Market clearing and the fiscal policy rule then imply (cf. Appendix A.1.3):

yt/yss - 1= (1 - Sg)xt- (13)
such that the equilibrium dynamics can be summarized as

14a
14b

( (14a)
( (14b)
diy, = (pn(mp — 7)) — (4 —3y))dt (14c)
(¢ (14d)
( (14e)

de‘t =

d’ﬂ't =

dat = 14d
dSt = 14e

Public Debt as Percent of Gross Domestic Product [GFDEGDQ188S], retrieved from FRED, Federal
Reserve Bank of St. Louis; https://fred.stlouisfed.org/series/ GFDEGDQ188S, January 13, 2022.



in which z;, m; are forward-looking (jump) variables, and a; satisfies (6).

2.3 Solution to the linearized equilibrium dynamics

Following the FTPL literature, we solve a linearized system around the steady state for
the initial values my and x given the state variables g, ag, and s¢.'® To this end, we use
an eigenvalue-decomposition on the Jacobian matrix of the set of differential equations
and study the local dynamics induced by an unexpected (zero-probability) shock on the
stable manifold back to a steady state. The jumps in forward-looking variables m; and z,
together with zero-probability shocks to the state variables i;, a;, and s;, determine the
initial values of the endogenous model variables.

In case of long-term debt, we use the bond price equation (7) and the dependence of
a; on the price in p? from the valuation equation (6). Note that we need the bond price
equation (7) only to pin down the initial price jump (direct FTPL effect), which translates
to a shock to ay, i.e., if we use the price jump as an additional structural shock to a;, the

short-term debt model has exactly the same solution as the model with long-term debt.

Proposition 1 (Linear solution) The linear approxzimation to the system of the model’s

equilibrium dynamics (14) implies a set of functions for given states (i, a;, S;)

Ty = fz(zt - Z‘ss) + ja(at - ass) + fs(st - Sss)7 (15&)
My = Tes+ ﬁ-i(it - iss) + ﬁ-a(at - ass) + 7T‘-S(St - 355)7 (15b)
pg = pgs —1—13?(2} — ) + ﬁg(at — Qgs) + ﬁg(st — Sss), (15¢)

where bars denote the slopes of policy functions evaluated at the steady state. The policy

functions can be equivalently expressed in terms of states (is, vy, S¢).

Proof. Details are available in Appendix A.4 m

Our linearized solution (15) thus gives the policy functions in terms of v; in Figure 1.
Alternatively, we may plot the policy functions in terms of a;. Except for the bond price
1%, the policy functions coincide for different maturity structures and correspond in terms
of a; to the short-term debt case in terms of v,. Figure 1 sheds light on how the maturity
structure of government debt matters for the responses of macro aggregates with changes
in the state variables. Probably the most striking result is the link between inflation and
interest rates: For the average duration of government bonds in the data (blue solid),

we obtain the traditional negative link between interest rates and current inflation rates.

MFor an alternative parametrization, f(s, v, ar) = (7o — @a)(ar — ass) — (8¢ — s7) together with a
slightly changed Phillips curve (14b), our results can be found in Online Appendix C.1 (cf. Table D.1).

15 Alternative approaches, which can account for non-linearities and risk, either solve the boundary
value problem for a grid of state variables to approximate the policy function (cf. Posch, 2020), or use
perturbation (cf. Parra-Alvarez, Polattimur, and Posch, 2021) to obtain the policy functions.
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Figure 1: Policy functions for the parametrization in Table 1, showing the total response
in terms of v; (indirect and direct effects). Solid blue lines show policy functions with
average duration, dashed black for perpetuities, and dotted red for short-term debt.

This shows that the fiscal regime is crucial to the traditional effect of monetary policy.
A knife-edge case exists in which the direct FTPL effect offsets the indirect effect and

interest rates would have no contemporaneous effect on inflation.!®

2.4 Inflation decomposition and expected inflation

Inflation and expected inflation are key determinants of monetary policy. In what follows
we decompose the total effects of zero-probability shocks on those key variables from
their transitional dynamics. By the inflation decompositions we answer the question how
much structural shocks contribute to the observed responses and which channels reinforce
or dampen the inflationary effects of the shocks. In a fiscal-theoretic interpretation, our
inflation decompositions answer “what changes in variables caused the observed inflation”
(our decomposition follows Cochrane, 2022a, 2023).

Inflation decomposition. For our decomposition based on the transitional dynamics,

16Figure D.2 in the Online Appendix shows the corresponding policy functions in the simple NK model
without FTPL, which are the same for v; and a; (except p?). In this case, the policy function coefficients
for debt and taxes are equal to zero and maturity would not matter for non-fiscal-block variables.
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we start with the linearized debt evolution using r = i, — 7ss = p and sgs = pags,
d(ar/ass — 1) = (iy — mp + r(ay/ass — 1) — s¢/ass)dt, and thus

ayfass — 1 = Et/ e*T(“*t)su/assdu — Et/ e r(u=t) (4 — Ty )du,
t t

which is the linearized present value formula corresponding to (6). The real value of debt
is the present value of surpluses, discounted at the (steady-state) real interest rate.
From the linearized definition (6), the real value of sovereign debt (market value) can

be decomposed into
at/ass —-1= Ut/vss -1 +p?/pgs - 17 (16)

either by changes in debt issued or valuation (direct effects). Hence, we get the identity

/ e du = / e_r(“_t)iudu—/ e_r(“_t)su/assdu
t t t

) /0% — 14 vy /ves — 1 (17)

in the perfect-foresight model, which allows us, for example, to decompose the effects of
zero-probability shocks on present values of future inflation into changes in the present
value of future interest rates (monetary policy), the present value of changes in future
surpluses (fiscal policy), and the FTPL effects (real debt decomposition).

Recall that the direct FTPL effect is strongest for perpetuities with § — 0. Changes
in future interest rates (monetary policy) are absorbed in an initial re-evaluation of real
sovereign debt, and fiscal policy fully determines inflation. In contrast, in the short-
term model with 0 — oo, changes in monetary policy affect future expected inflation
most. For illustration, suppose that 7,3 = 0 and x = is, = r, from (8) the bond price is
W =1 —ftoo e~ )=t (5, —i.)du.. Hence, the strength of the direct FTPL effect depends
on both the average maturity 1/6 and future monetary policy, such that (17) at t = 0 and
for vg = vy reads [ e du = [T e (1 — e7) (iy—iss)du— [~ €75y — Sus) [ assdu.
It shows that for § — 0 monetary policy is fully captured in the bond price p?, therefore
irrelevant for future inflation, and fiscal policy fully determines inflation.

Inflation expectations. We can study the effects of monetary and fiscal policy shocks
on the model-implied expected inflation, e.g., to confront the rational expectation forecast
results with survey data. From (14b), the Phillips curve is m, — 7} = & [, e *""Dz,du.
The inflation rate, m;, denotes current expected inflation measured as deviation from its
policy target rate m;. Multiplying the differential equation for the inflation rate by the

integrating factor and evaluating from ¢ to t + N, we obtain

t+N
N = Eyman) =7 + N (m — 1) — /iepN/ e P Vg, du. (18)
t

12



Intuitively, the model-implied inflation forecast is a forward contract to inflation, which
can be more informative than using forward rates (Giirkaynak, Sack, and Wright, 2007).
Similar to the term structure of interest rate, we compute the 7,y as a function of the
current state variables (i;, a;, and s;) and the fixed forecasting horizon N. For the N-year

ahead future expected inflation rate, we compute 7T§N) from (cf. Section A.5)

omV JON = (¢ul(m — 7)) — (i — i) (Om™) /0i) dt
+(07™ J0ay) (i — m)ay — s0)dt + (7™ /0s,) (1 — s,)ze — (s, — s7)) dt

together with the known solution (15) and by imposing the boundary condition 7r,£0) = Ty.

Similar to the term structure of interest rates, the solution to the PDE then implies the

N-years ahead inflation expectations for a given state variable as

7T,£N) = 7T(N) (Z.t, Ay, St). (19)

Because the model time unit is years, the N-year ahead inflation forecast WEN) refers to
the empirical NY1Y measure. As a simple approximation, we may define the weighted

sum of N-year ahead inflation forecast for the successive k years 7T§N’k) as

) & (1/k) In (Z (1+ wt(“)). (20)

=N

which shed some light on the effects of model-implied inflation expectations.

2.5 Fiscal- and monetary policy shocks

Defining fiscal policy shocks as changes in fiscal policy without changing the nominal
interest rate or the monetary policy rule, we can answer the question of how maturity
matters in the model for the transition of unexpected (zero-probability) shocks. Similarly,
we consider unexpected changes in monetary policy without immediate changes in surplus

or the fiscal policy rule (cf. Cochrane, 2018).

2.5.1 Transitory shocks

Fiscal policy. Let us define a fiscal policy shock as an unexpected change in surplus (or
its components), with no change in monetary policy. We can answer the question of how
maturity matters in the model for the transition of zero-probability fiscal policy shocks.
Consider an expansive fiscal policy shock (cut T; by 2.5 percent). An unexpected cut
in taxes (decreases surplus s;) has expansionary effects on output and thus unambiguously
increases inflation and leads to higher inflation expectations, such that for a given short-

term rate, the real interest rate is lower (cf. Figure 1). This in turn causes the monetary
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Figure 2: Transitory fiscal policy shock for the parametrization in Table 1. Decrease
in taxes (surplus) by 2.5 percent. Solid blue lines show the responses matching average
duration, dashed black for perpetuities, and dotted red for short-term debt.

authority, following a Taylor rule, to increase nominal rates, whereas the effects on 5-year
bond yields are being driven by higher inflation expectations. Lower primary surpluses,
after an initial devaluation of real government debt, lead to further accumulation of debt
and are accompanied by higher future inflation. The net present value of future inflation is
positive, ranging from 0.28 to 0.48 percentage points depending on the maturity structure
of government debt (cf. Table 2). Hence, the total effect on inflation can be attributed
to either fiscal policy (black dashed), where future monetary policy is soaked up by lower
bond prices, or a mix of monetary and fiscal policy (blue solid and red dotted).

In fact, the maturity structure of government debt matters most for the direct FTPL
effect, which dampens the effects on interest rates, inflation, and output dynamics. The
unexpected fiscal policy shock devalues nominal government bonds and output increases,

which initially leads to a lower debt-to-GDP ratio. Here, the initial deficits are not repaid
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Table 2: Inflation decomposition (17) for the tax cut in Figure 2.

Debt fooo e ", du fooo e ", du fooo e sy assdu pg/pgS -1
Maturity inflation interest rate surplus direct effect
Long-Term 0.28 0.17 —0.28 —-0.17
Average 0.33 0.19 —0.26 —0.12
Short-Term 0.48 0.28 —-0.2 0

by subsequent surpluses or output growth but at the cost of higher inflation and more
nominal debt, which is inflated away by subsequent inflation with no permanent changes
in the real value of debt. In fact, this is like a ‘partial default’ on nominal debt. For the
case of short-term debt only, higher output leads, after a decrease in the debt-to-GDP
ratio, to more debt accumulation because the direct effect is missing. All deficits are being
inflated away. What may seem like a deal, “the trick is to convince people that sinning
once [...] is a once-and-never-again devaluation or at best a rare state-contingent default,
not the beginning of a bad habit.” (Cochrane, 2023, p.245).17

Along the same line, consider a fiscal policy shock of unexpectedly issuing new debt
(increase n; by 3 percent). We are particularly interested in such shock because debt levels
increased dramatically during the COVID-19 pandemic. Suppose that this increase leaves
long-run surpluses and the average maturity unchanged (i.e., a transitory shock). The
newly issued debt creates unexpected inflation and raises inflation expectations because
the debt is not fully paid back by subsequent surpluses and has expansionary effects
through a lower real interest rate (cf. Figure 3). Depending on the maturity, a significant
portion of the newly issued debt is inflated away. The net present value of future expected
inflation ranges from 2.08 to 3.49 percentage points depending on the maturity structure
of government debt (cf. Table 3). It is most striking for long-term debt, where only one
third of the initial debt shock is repaid by higher surpluses. Only the remainder creates
unexpected future inflation, and future monetary policy is soaked up by lower bond prices
(black dashed). Hence, the total effect on inflation and on inflation expectations is smallest
due to direct FTPL effect. For the case of short-term debt, the devaluation of government
debt does not offset the effects of higher interest rates and results in the highest net present
value of future inflation, even higher than the initial debt shock (red dotted).

Hence, the maturity structure of government debt matters because the newly issued

debt devaluates long-term debt such that the initial increase in real debt (market value)

1"Note that the number of outstanding nominal bonds increases permanently to ngs = vsspteftoo mudu

e.g., the fiscal policy shock in Figure 1 increases nominal debt by a factor of 1.5.
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Figure 3: Transitory fiscal policy shock for the parametrization in Table 1. Increase in
government debt by 3 percent. Solid blue lines show the responses matching average
duration, dashed black for perpetuities, and dotted red for short-term debt.

is lower and the effect on inflation is largest for short-term debt. The indirect effect rises
inflation and inflation expectations, which forces the monetary authority to increase nom-
inal interest rates. Though the higher output also leads to higher tax receipts and implies
a larger future primary surplus, the stimulus only partially accounts for the increased
liabilities. Eventually, the unexpected increase in real debt (or face value) is inflated away
by unexpected future inflation and is partially repaid by higher surpluses. However, the
number of outstanding nominal bonds increases to ngs = vspre ™ e.g. the 3 percent
newly issued debt will increase nominal debt by a factor more than 3.5.

Monetary policy. Consider an accommodative transitory monetary policy shock of 100
basis points (bp), i.e., the policy rate i, decreases by 1 percentage point. An unexpected
decrease in nominal interest rates ¢; initially has expansionary effects on output because

the real interest rate decreases (cf. Figure 4). This effect is larger the longer the average
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Table 3: Inflation decomposition (17) for the debt shock in Figure 3.

Debt fooo e ", du fooo e g, du fooo e sy /assdu pg/pgS -1 wy/uss—1
Maturity inflation interest rate surplus direct effect debt shock
Long-Term 2.08 1.21 0.92 —1.21 3.00
Average 2.44 1.42 1.08 —-0.90 3.00
Short-Term 3.49 2.03 1.54 0 3.00

maturity of government debt (i.e., ‘stepping on a rake effect of inflation’ for perpetuities).
Here, the maturity structure matters because the monetary policy shock decreases the
real interest rate even more for long-term bonds (black dashed) than with only short-term
debt (red dotted). Because with short-term debt the direct FTPL effect is missing, the
real debt does not respond immediately and we are left with the indirect FTPL effect,
which unambiguously lowers inflation on impact (cf. Cochrane, 2018).

Fiscal authorities react following the specified fiscal rule and because of the increased
output this results into higher surpluses from increased tax receipts. A higher surplus then
lowers inflation (cf. Figure 1), which again slowly increases the real interest rate. Again,
the sign of the initial response of inflation depends on the current maturity structure,
which is has been shown by the policy functions before. Future expected inflation turns
negative for all maturities (as shown in Figure 4). In fact, the net present value of future
expected inflation is negative, ranging from —0.29 to —1.62 percentage points depending
on the maturity of government debt (cf. Table 4). Here, the negative effect on inflation
can be attributed to either fiscal policy only (black dashed), where future monetary policy
is soaked up by higher bond prices, or a mix of monetary and fiscal policy (solid blue),
which is buffered by lower net present value of future tax receipts (red dotted).

The direct effect of FTPL results in an increase in the value of government debt, with
bonds appreciating, even more than output such that lower interest rates initially lead to a
higher debt-to-GDP ratio. With short-term debt only, essentially the picture is completely
reversed: government debt initially is reduced because of higher output, which leads to a

substantially lower debt-to-GDP ratio — maturity matters even qualitatively.

2.5.2 Permanent shocks

Fiscal policy. Consider an expansive fiscal policy shock (cut T} by 2.5 percent).!® An

unexpected change in future tax revenues (decreases surplus s;) has expansionary effects

18 A contemporaneous fiscal policy shock T; = 0.975T;_ with permanent effects, T7* = 0.975T%, has a
similar decomposition and would create more unexpected inflation.
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Figure 4: Transitory monetary policy shock for the parametrization in Table 1. Decrease in
nominal interest rate by 1 percentage point. Solid blue lines show the responses matching
average duration, dashed black for perpetuities, and dotted red for short-term debt.

on output today and thus increases current inflation and inflation expectations, which
lowers real interest rates (cf. Figure 5). The stimulus to output quickly leads to higher
tax revenues in the short run at the cost of surging inflation rates. In this case, the net
present value of future inflation is large, ranging from 10.71 to 17.39 percentage points
depending on the maturity structure of government debt (cf. Table 5). Why is the effect
so inflationary? Our permanent fiscal policy shock leads to an instantaneous devaluation
of long-term debt and slightly dampens the effects on interest rate and inflation dynamics.
But the total effect on inflation is substantial and can be attributed either solely to fiscal
policy (black dashed), where future monetary policy is soaked up by lower bond prices, or
to a mix of monetary and fiscal policy (solid blue and red dotted). The increased demand
unambiguously rises inflation (decreases the real interest rate), which causes the monetary

authority to adjust the nominal interest rates. Temporarily higher tax revenues (higher
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Table 4: Inflation decomposition (17) for the monetary policy shock in Figure 4.

Debt foo e "m,du foo e ", du fo e sy /assdu pg/pgS -1
Maturity inflation interest rate surplus direct effect
Long-Term —0.29 —1.14 0.29 1.14
Average —0.48 —1.25 0.21 0.98
Short-Term —1.62 —-1.91 —0.29 0

surplus) then lead to a further decline of government debt, and the debt-to-GDP ratio
converges to its lower steady-state level. In fact, a lower long-run value of debt has even
more inflationary impact than an unexpected higher level of debt today (cf. Figure 3).
Is that a surprising result? Not when viewed through the lens of the fiscal theory:
A change in the long-run tax receipts, T} = T = 0.975T}, translates into changes in

TL€’LU

primary surplus, s = T"" — g .. and the market value of sovereign debt, a¢" = s /p,

or the real value of outstanding debt, v = a™* /pb,. From the identity (17),

/ e T dy = / e Tlu- tzudu—/ e (U= tsu/a”ewdu
t t t

+p?/pss 1+ Ut/vnew -1

such that a permanent fiscal policy shock of 2.5 percent lower long-run tax receipts, will
decrease the real surplus s7¢"/s;s — 1 by about 14.3 percent, which for given outstanding

new — 1 of more than 15 percent. Because

debt v, leads to an implicit debt shock v, /v"s
the current level v, now is ‘too high’ relative to the new and lower v}, the decrease in
long-term debt has similar effects than an unexpected temporary increase in outstanding
debt as shown in Figure 3. To put those effects into perspective: Recall that the number
of outstanding nominal bonds increases to ngs = Vi<, el mdu Hence, the 2.5 percent
lower long-run value of tax revenues leads to a decrease in real debt by 16.7 percent, but an
increase of outstanding nominal debt by a factor more than 12.5! Any austerity measure
leading to higher tax receipts, T, and/or lower government consumption, g;, such that
the steady-state primary surplus, sy = T} — g;, increases, eventually need to increase the

long-run real bond supply, and the outstanding debt-to-GDP ratio.®

9For a permanent monetary policy shock, the interested reader is referred to our Online Appendix.
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Figure 5: Permanent fiscal policy shock for the parametrization in Table 1. Decrease

of Tss by 2.5 percent to 10" = 0.975T

. Solid blue lines show the responses matching

average duration, dashed black for perpetuities, and dotted red for short-term debt.

Table 5: Inflation decomposition (17) for the permanent tax shock in Figure 5.

Debt Femdu | [T e Migdu [0 e sy Jalédu ph/phy — 1 wo/vleY — 1
Maturity inflation interest rate surplus direct effect  debt shock
Long-Term 10.71 6.24 6.03 —6.24 16.74
Average 12.47 7.26 6.93 —4.60 16.74
Short-Term 17.39 10.13 9.48 0 16.74

3 The CARES Act

The Coronavirus Aid, Relief, and Economic Security (CARES) Act is an extensive US

economic stimulus package that was signed into law on March 27, 2020, in response to
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Figure 6: Time series plots of the US data from 2015Q1 through 2023Q2 from the Federal
Reserve Bank of St. Louis Economic Dataset (FRED) as defined in Table A.1. Dashed
line: 2020Q1, Solid line: 2020Q2 (CARES Act signed into law on March 27, 2020).

the COVID-19 pandemic. Its central objective was a direct and fast assistance for the
real economy in order to keep it afloat and as functioning as possible. The unprecedented
volume of the act is estimated to be more than $2 trillion (10% of US GDP). Because
CARES includes loan guarantees, the Congressional Budget Office (CBO) projects smaller
budgetary effects. Still, the CBO estimates that CARES will add $1.7 trillion to deficits
between 2020 and 2030, but most effects take place until 2022.

Figure 6 shows empirical time-series data for our key variables in the FTPL-NK model
in the years around the CARES Act, which was signed into law on March 2, 2020.2° In
what follows, we assume that the stimulus package arrives as a (structural) zero-probability
shock. Due to the emergency character of the program in response to the COVID-19

pandemic, we consider zero-probability shocks as a reasonable assumption.

20Data retrieved from FRED, Federal Reserve Bank of St. Louis (cf. detailed description in Table A.1).
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Table 6: Upper Part: Predictions of the CARES Act by the Congressional Budget Office
(CBO), the Joint Committee on Taxation, and estimated effect on debt-to-GDP ratio
from Kaplan et al. (2020). Lower part: Translation to the theoretical model.

CARES Act: Empirical Figures

Billions of Dollars as % of GDP  as % of Outlays
(receipts) 2019

A Increased Mandatory Outlays 988 4.6% 22.2%

B Increased Discretionary Outlays 326 1.5% 7.3%

C Decreased Revenues 408 1.9% 11.8%

D Increase of debt-to-GDP Ratio: 12% (cf. Kaplan et al., 2020)

CARES Act: Model Variables
abs. Change as % of GDP  as % of Steady
State Value

A+B = Shock ¢ 0.061 6.1% 39.8%

C =  Shock T; —0.019 -1.9% -10.2%

D = Shock v /ys by 12% (either temporary and/or permanent)

Sources: Congressional Budget Office (2020).

3.1 Taking the model to the data

Table 6 shows the CBO’s breakdown of the $1.7 trillion into outlays and receipts. The size
of the budgetary relevant part of the CARES Act exceeds more than 8% of US GDP. We
use the Kaplan et al. (2020) estimate, that increased outlays (6.1% of GDP) together with
decreased revenues (1.9% of GDP) are going to increase the debt-to-GDP ratio by about
12%. In the lower part of Table 6 we translate the CARES Act into zero-probability shocks
in the FTPL-NK model. We attribute the increase in outlays to an unexpected rise in g;
by 6.1% of GDP, which corresponds to an increase in government consumption by about
39.8%. In the empirical data, the rise in mandatory and discretionary outlays amounts to
29.5% of total expenditures in 2019. Analogously, we attribute the decrease in revenues as
a revenue shock by 1.9% of GDP, which translates to a decrease in tax receipts by 10.2%.
Empirically, the initial decrease in revenues looks smaller, but was about the same order
of magnitude (11.8% of total receipts in 2019). As a consequence of the large increase

in current government expenditures and a simultaneous drop in current tax receipts in
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2020Q2, the primary deficits increased by roughly 150%.2! Both tax receipts and primary
surpluses followed S-shape dynamics. In order to finance the CARES Act, the US had
to take on new debt, which is reflected in the upward jump in total public debt by 20%
in 2020Q2. Despite the strong increase in the deficit and the cut in the funds rate, GDP
decreased substantially in the second quarter of 2020.

Let us quantify the large-scale fiscal stimulus package, henceforth CARES Act shock
(cf. Table 6). We translate the empirical figures to the model variables as zero-probability
shocks to government consumption, dg; (A + B = 6.1% of GDP), to tax receipts, d7;
(C = —1.9% of GDP), such that the primary surplus turns into a large deficit of roughly
so &~ —8% of GDP, or ds; =~ —250%, and newly issued debt, dv;/vss = 0.12, which implies
d(ve/y) = 12% (D = 12% of GDP), together with an accommodative monetary policy
shock of 150 bp.2? Note that an increase in debt also increases output on impact, so we
define D as newly issued debt, i.e., a shock to outstanding debt v, (or v;/yss) because we
normalize yss = 1, rather than a shock directly to the debt-to-GDP ratio. We match the
12% increase for (short-term) debt-to-GDP ratio for dv; = 0.1296, which in fact is a lower
bound given the huge increase in the observed debt-to-GDP ratio.

In order to model a realistic scenario for the US economy in 2020Q1, we employ our
benchmark parametrization in Table 1, except for two modifications regarding the surplus
dynamics and the level of the natural rate. First, we want to model a persistent shock to
government consumption with own dynamics (and thus surplus dynamics). Hence, we set

pg = 1 and assume a counter-cyclical output response of ¢, = —s,,

dge = (=59t /yss — 1) — (g: — g7)) dt, (21)

e.g., to model policies like food stamps or unemployment insurance which imply that the
surplus reacts pro-cyclically (cf. Sims, 2011; Cochrane, 2023). Second, we follow Werning
(2011) and consider a shock to the natural rate r; (preference shock), i.e., the real interest
rate that would prevail in the flexible-price outcome, to model that the economy is close
to a liquidity trap. Hence, we introduce an autoregressive shock process d; with pg > 0,

which determines the persistence of an exogenous (zero-probability) shock,
ddy = —pa(d; — 1) dt (22)

such that r, = p+ pa(d; — 1) defines the ‘natural rate’ of interest (cf. Posch, 2020). We
initialize the size of the shock dy in order to generate a drop in output in 2020Q1, which

implies an initial natural rate ry =~ —0.1 with persistence p; = 0.6501. In the absence of

21Tn order to keep the data close to the definition in the model, we abstract from interest rate costs.
For an alternative definition of primary surpluses including interest rate costs see Cochrane (2023).

22We use the notion of zero-probability shocks and initializing the economy at particular state variables
interchangeably. Formally, we refer to zero-probability shocks, for example, dg, = (-)dt + dd,, with
E(dd,,) = 0, similar to (7). We refer to the Online Appendix for alternative counterfactual scenarios.

23



the fiscal package, this would have implied a severe recession (as shown in Figure D.15).
Moreover, keep in mind that monetary policy was not silent in response to the global
coronavirus pandemic, but reacted to the large drop in output and fears of deflationary
pressures. In March 2020, the Federal Reserve decreased the federal funds rate in two
steps from 1.58% to 0.05%. Because the rate cuts roughly occurred in the same period of
time, we model this by an accommodative monetary policy shock of 150 bp.

Given the surge in inflation rates in the aftermath of the COVID-19 pandemic, as
shown in Figure 6, a significant body of literature has emerged. Many different theories
try to shed light on understanding their origins and on predicting the future paths of
inflation. Harding, Lindé, and Trabandt (2022, 2023) argue that the inflation dynamics
can be explained in terms of cost-push or supply shocks together with a quasi-kinked
demand function. Lorenzoni and Werning (2023) use the NK model with wage and price
rigidities and show that inflation can be interpreted as the the result of inconsistent
aspirations for relative prices (real wages). Closer to our analysis, Bianchi et al. (2023)
show that unfunded fiscal policy shocks can predict the inflationary effects.?® On the
empirical front, Di Giovanni et al. (2023) estimate that around two-thirds of US inflation
can be attributed to aggregate demand shocks and the other third to supply shocks (based
on an disaggregated NK model similar to Baqaee and Farhi, 2022). At least half of the
total aggregate demand shocks is attributed to the fiscal stimulus packages.

A key question of the related current debate on the surge in sovereign debt is whether
the unprecedented value of newly issued debt increased the long-run debt-to-GDP ratio.?*
The answer to this question is linked and contributes to the discussion on unfunded fiscal
policy shocks (cf. Bianchi et al., 2023). By looking at different scenarios, we shed light
on the debate of permanent vs. temporary changes in the debt-to-GDP ratio and give
more insights into the channels and predictions of the FTPL-NK model in contrast to the
simple NK model (cf. Section 3.3).

3.2 The economic effects of the CARES Act shock

Let us now quantify the economic effects of the CARES Act shock in the FTPL-NK model.
Figure 7 shows the effects of the CARES Act shock together with a contemporaneous
shock to the natural rate dr; = —0.1, and a monetary policy shock di; = —0.015 on our
variables of interest for the next 10 years, thereby initializing the US economy to roughly
match the empirical figures at 2020Q1 (cf. Figure 6).

Both shocks to the primary surplus (dg; = 0.061 and d7; = —0.019), and the shock to

Z3Bianchi et al. (2023) study the American Rescue Plan Act (ARPA), which was signed into law a year
after the CARES Act. Though both large-scale fiscal packages were of similar size (ARPA was about $1.9
trillion), we are interested in the effects of the emergency character of CARES due to its unprecedented
immediate upward jump in public debt in recent history (cf. Figure A.1).

Z4Note that both the debt-to-GDP ratio measured in face value v /y,s and market value a¢% [y,
would be affected at the same order of magnitude as long as p’, = 1.

24



the debt-to-GDP ratio are expansionary (dv; = 0.1296). The natural rate shock led to a
decline in output and inflation, as evidenced in counterfactual scenarios. This impact was
partially mitigated by accommodative monetary policy. However, the combined effects
of contemporaneous shocks resulted in an initial inflationary effect of approximately 100
basis points (bp) on impact, gradually escalating to around 400 bp. Furthermore, these
shocks raised 5-year ahead inflation expectations by approximately 200 bp and long-term
expectations by about 50 bp. Consequently, for a given short-term rate, the real interest
rate experienced a decrease by —250 bp.

As a positive result, it can be noted that fiscal and monetary policy helped to avoid
a deep recession in 2020Q2. In our counterfactual simulations, most of the output loss
due to the natural rate shock was effectively offset by the two policies: Without the fiscal
emergency package the initial response of output in the FTPL-NK model would have been
more than —12.5% along with large deflationary effects. Hence, fiscal policy, namely the
CARES Act shock, proved most effective in mitigating the recession, substantially limiting
the decline in output to about —3%. Without an accommodative monetary policy, the
output loss would have been slightly larger around —4%.

The dire effects on inflation are most evident by looking at the inflation decomposition
(cf. Table 7). If the CARES Act shock was purely an emergency package not backed by
future fiscal adjustments (‘unfunded fiscal shock’ in Bianchi et al., 2023), the FTPL-NK
model predicts substantial and persistent inflationary effects. Our results show that for
the 12% increase in outstanding debt, together with the 3% decrease of future surplus
(fiscal policy), and with the resulting 11% higher future interest rates (monetary policy),
which for the prevailing average maturity of debt is partly offset by —5% by the direct
FTPL effect (asset pricing), the total effect on inflation is substantial and generates about
21% future inflation. Modifying our initial assumption of a constant average maturity, the
economic effects of the CARES Act shock on future inflation would have been between
17% (long-term debt) and 26.5% (short-term debt) as shown in Table 7 and illustrated
in Figure 7. Note that with long-term debt only, the higher future interest rates are fully
anticipated by a devaluation of nominal government bonds. With short-term debt only,
this asset pricing effect is not present, and therefore the inflationary effects of lower future
surpluses and higher government debt are highest.

Note that the debt-to-GDP ratio in the FTPL-NK model is shown as a;/y;. Because
the total public debt reported by the government typically refers to the face value of
outstanding obligations, the corresponding figure is the dotted red line in the transitional
dynamics for the government debt and the debt-to-GDP ratio (short-term debt), together
with the average maturity (solid blue) in the remaining plots of Figure 7.

Hence, the CARES Act shock (decreased surplus and increased debt) unambiguously
led to higher bond yields, inflation, and inflation expectations, which eventually forced

the monetary authority to increase nominal rates. The real interest rate persistently
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Figure 7: CARES Act shock and monetary policy shock, parametrization in Table 1 with

pg = 1 and ¢,

—54. Decrease in surplus by 8 percent of GDP, increase in debt by 12

percent and interest rate cut by 150 bp. Solid blue lines show the responses matching
average duration, dashed black for perpetuities, and dotted red for short-term debt.

Table 7: Inflation decomposition (17) for the CARES Act shock in Figure 7.

Debt fooo e ", du fooo e ", du fooo e sy fassdu  pY/ply — 1 wo/vss — 1
Maturity inflation interest rate surplus direct effect debt shock
Long-Term 16.99 8.44 —4.99 —8.44 12.00
Average 20.82 10.67 —-3.21 —5.06 12.00
Short-Term 26.55 14.01 —0.54 0 12.00

remained below its equilibrium value, even after the dissipation of the natural rate shock.

Through the lens of fiscal theory, this unprecedented large-scale fiscal program, which is
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not followed by sufficiently higher subsequent surpluses, was expected to spur inflation
and inflation expectations. Despite the slight shift towards a positive primary surplus, the
newly issued debt will be fully deflated away by higher future inflation. A shorter average
maturity of government debt would have resulted in an even more pronounced impact on
future inflation. The primary takeaway from this experiment is that, in avoiding a deep
recession, there exists a trade-off: a surge in inflation due to the unexpected build-up of

government debt and the expansionary surpluses in both outlays and revenues.

3.3 A permanent shock scenario?

A key question is whether the observed large-scale fiscal operations are funded or backed by
subsequent higher future surpluses. In what follows we address the case if the CARES Act
shock was (partially) backed by future fiscal adjustments. What do responses to inflation
and inflation expectations tell us about agents’ beliefs at the core of the fiscal theory?
From the fiscal theory point of view, this question translates to whether the increase in
debt is followed by a subsequent higher future surplus. While the higher future surplus
does not necessarily have to be permanent, possibly the cleanest analysis is to ask whether
the CARES Act shock is considered permanent or transitory. In what follows, we consider
a scenario in which the CARES Act shock does have a permanent component causing a

higher long-run debt-to-GDP ratio. Because the debt level is ultimately determined by

new — onew

future surpluses, a higher debt level al" = s7¢

/p requires higher surpluses s"¢”. Put
differently, the real debt level or debt-to-GDP ratio increases permanently only if agents
presume that the newly issued debt is financed by either higher revenues and/or lower
government consumption (i.e., backed by higher future surpluses).

Suppose the economy is at the steady-state at ¢ = 0. In what follows, we define
unfunded fiscal shocks based on the identity in (17) as follows: A funded fiscal policy shock
to s; demands fooo Su/ass du = 1—vg/vss. Any fiscal policy shock fooo Su/ass du < 1—1vg /v
would be partially unfunded. Similarly, as long as vg/vgs — 1 > fooo Su/ass du, the newly
issued debt is (partially) unfunded. Based on this definition, similar to Bianchi et al.
(2023), funded fiscal shocks are irrelevant for inflation, while unfunded fiscal shocks lead
to an increase in inflation accommodated by the monetary authority. Note that our
definition is consistent as long as the fiscal rule f(s;,y,a;) is unchanged. Of course, we
may think of scenarios where the surplus rule is changed without changing the long-run
debt-to-GDP ratio such that a fiscal policy shock is funded.

Consider now a situation in which a fraction « of the newly issued debt is funded by
subsequent higher revenues, so that v = vg + a(vg — vss). Then « is interpreted as
the fraction of the newly issued debt vy — vss = Dugs backed by higher future surpluses.
If the observed shock to debt v; was permanent, i.e., the newly issued debt was backed

by higher future surpluses, we set a = 1. If a fraction « of the newly issued debt aD is
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backed by higher future surpluses, we may restrict a > 0. The case of @ = 1 shows that
from the fiscal theory point of view, an initial shock to v; does not lead to an unexpected
‘debt shock’. In fact, the effective ‘debt shock’ size in our inflation decomposition (17) is
(1+D)/(1+aD)—1>0. Any value of a > 1 implies that the long-run increase in the
outstanding debt-to-GDP ratio would be higher than the initial shock to v;.

For illustration, suppose that half (or all) of the newly issued debt is permanent, i.e.,
backed by subsequent higher future surpluses, @ = 0.5 (or a = 1), which for D = 0.12
implies a ‘debt shock’ of 5.66% (or 0%). In our simulations we find that output decreases
by about 3% (or 5%) and the initial impact on inflation would be even negative in those
scenarios. Nevertheless, the CARES Act shock would have caused about 15.5% (or 10.5%)
future inflation. Similarly, under what conditions for o would the CARES Act shock be
considered a funded fiscal policy shock? In fact, to have a funded fiscal policy shock,
we would need « to be about 2.25, or put differently a long-run debt-to-GDP ratio of
e fy.e = 1.33 (i.e., a 25% higher debt-to-GDP ratio).? In this situation, both the
debt shock and the surplus shocks would be funded, albeit at the expense of a significant
economic downturn and deflation, comparable in magnitude to the counterfactual scenario.
Comparing the transitory shock to the permanent scenarios, we may conclude that only
the CARES Act shock in which the newly issued debt is not sufficiently backed by higher
future surpluses leads to a surge in future expected inflation similar to the observed
response. Our results confirm Bianchi et al. (2023), who attribute the economic rebound
at the end of 2020 to the CARES Act to combat the consequences of the pandemic crisis,
and that the package was partially unfunded.

3.4 An active monetary policy scenario?

To what extent does the choice of equilibrium (active fiscal/passive monetary policy)
shape the results? Let us contrast these outcomes with the effects of the CARES Act
shock in the simple NK model.?® Recall that with 7, > p in the debt dynamics (11), a
determinate solution requires an active monetary/passive fiscal policy regime (cf. Leeper,
1991). Hence, we may select an alternative equilibrium by presuming an inflation response
¢ = 1.6 and a response to debt 7, = 0.25. In the presence of an active monetary policy,
the majority of the fiscal components, in particular tax and debt shocks, do not impact the
dynamics of the underlying model as the direct FTPL effects cease to exist. Proposition

1 provides a straightforward perspective on the key distinctions between the simple NK

25The results are shown in the Appendix, for o = 0.5 in Figure A.2 and Table A.2. We refer to the
Online Appendix for o = 1 in Figure D.20 and Table D.11, the counterfactual analysis of no CARES Act
shock (Figure D.15, Table D.6), and the funded shock scenario (Figure D.21, Table D.12).

26We focus on the effects through the lens of the simple NK model. There are various extensions such
as heterogeneous agents Bayer et al. (2021), quasi-kinked demand functions Harding et al. (2022, 2023),
and real wage rigidities Lorenzoni and Werning (2023).
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model and the FTPL-NK model. For instance, the inflation rate can be expressed as

Ty — Tgs = fz(lt - issz _I'Z?g(gt - gss) + 7?T<T;f - Tss)j“' 7Tra(at - assz_{' f—d(dt - dssl 3

Vv VvV Vv Vv
monetary policy fiscal policy FTPL effects natural rate shock

where we can further decompose the FTPL effects into

ﬁa(at - ass) = ZTra ((Ut - Uss)pgg) +z?a ((p? - pgs)vss) .

- / J/

~~

Vv vV
FTPL effects debt effect maturity effect

In the active monetary policy scenario the policy function coefficients, 7, = 0 and 7 = 0,

are equal to zero such that the inflation rate reads

Ty — Tgg = ﬁi(lt - Zss) +7Trg(gt - gss) + ﬁ-d(dt - dss) .
- ~~ o ~ 7 ~~ g
monetary policy fiscal policy natural rate shock

Hence, in an active monetary policy regime, the CARES Act shock effectively reduces to
a demand shock (an increase in government consumption).

Figure 8 and Table 8 summarize the effects of the CARES Act shock and the contem-
poraneous interest rate cut under an active monetary policy. We utilize the same adverse
natural shock, leading to a substantial initial recession and deflationary pressures. No-
tably, the effectiveness of the CARES Act is significantly diminished compared to the
FTPL-NK model, resulting in a pronounced recession with deflation.

In the simple NK model, we observe an initial decline of output by 6 percentage
points, factoring in the inflationary effects of the CARES Act. In contrast the output
loss exceeds 10 percentage points in the counterfactual scenarios without the stimulus

" Moreover, the fall in output is not followed by a temporary boom in the

package.?
simple NK model. What is most striking, however, is that the model fails to generate the
inflation rates in the data (Figure 6). While the demand shock and an accommodative
monetary policy do induce some inflationary pressure, the net present value of future
inflation (—6.9 percentage points) is just 1 percentage point larger than the one in the

counterfactual analysis (—7.9 percentage points) without the CARES Act Shock.

4 Further discussion

Our parametrization in Table 1 with policy functions in Figure 1 suggests that sovereign
debt with average maturities 1/6 > 0 is crucial for obtaining the traditional negative
relationship between (current) inflation and the interest rate in the FTPL-NK model
(similar to Sims, 2011; Leeper and Leith, 2016; Cochrane, 2018). It should be clarified,

27See Online Appendix for the counterfactional analysis (cf. Figures D.15 and D.16, Table D.7).
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Figure 8: Transitory CARES Act shock with monetary policy shock for the parametriza-
tion in Table 1 with p, = 1 and ¢, = —s, and active monetary policy with ¢, = 1.6 and
To = 0.25. Decrease in surplus by 8 percent of GDP, interest rate cut by 150 bp. and
increase in debt (face value) by 12 percent. Solid blue lines show the responses matching
average duration, dashed black for perpetuities, and dotted red for short-term debt.

Table 8: Inflation decomposition (17) for the CARES Act shock in Figure 8.

Debt JoS e Mmdu | [0 e iy du [T e sy /assdu /s — 1 wo/ves — 1
Maturity inflation interest rate surplus direct effect debt shock
Long-Term —6.90 —12.17 18.90 12.17 12.00
Average —6.90 —12.17 16.02 9.29 12.00
Short-Term —6.90 —12.17 6.73 0 12.00

however, that long-term debt is useful but neither a necessary nor a sufficient condition
to establish the negative link. As shown in Cochrane (2023), a contractionary monetary
policy shock can initially decrease the inflation rate even in the presence of short-term
debt when we allow for a direct inflation response in the fiscal policy rule. While this

specification might be empirically controversial, the consequences are intriguing and point
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toward the need to intensify research on fiscal policy rules.
Should not the fiscal policy be aware of its inflationary impact? Note that we may
introduce an explicit inflation response for our parametrization in Table 1, we may replace

either fiscal policy rule, e.g., the tax response (9) by
dﬂ - pT<Ty(yt/yss - 1) + Ta(at - ass) + TTI'<7Tt - 7:) - (ﬂ - Tss))dt' (23)

It is noteworthy that this represents a specification of f(s, ¥, a;) in the dynamics of the
primary surplus (5) for z; # 0 in Proposition 1, because inflation is a function of the state
variables, m, = 7(is, as, ¢). Indeed, a negative slope 7; can be achieved even for short-term
debt in the corresponding policy function. Otherwise, an inflation response 7, = 1 does
not qualitatively change the policy functions (cf. Online Appendix, Figure D.3). Similarly,
Liemen (2022) shows how to obtain the negative inflation response with short-term debt
in the FTPL-NK model with capital. In either way, the average maturity still plays a
prominent role as longer-term bonds shape model dynamics.

More generally, a credible fiscal policy does not inflate away debt but largely consists
of borrowing and credibly promising future surpluses to repay debt (cf. Cochrane, 2023).
Hence, a today’s surplus decline must turn around and rise later on: a particular function
f(st,ys,ar) to which is referred to as an “S-shaped” surplus response. As discussed in
Section 3.3, the degree to which debt is funded, i.e., backed by higher future surpluses
determines the extent at which the net present value of primary surpluses dampens or
magnifies the present value of future inflation. In the light of the recent emergency stimulus
package and the potential adverse distributional effects of inflation, we need to contemplate
credible fiscal policy rules that prevent such strong inflationary effects.

A more subtle issue is the assumption of perfect foresight. Thus, the absence of risk
implies that there is no term premium and/or default risk premium. In particular, our
analysis neglects a potential feedback of the fiscal stance on risk premia. Though it goes
beyond the scope of the present analysis, this limits the insights for the term structure and
inflation expectation analysis (cf. Posch, 2020, for the effects of risk in the NK model). In
crisis periods, governments can only ‘devalue’ via inflation rather than default explicitly.
Because sovereign bonds are valued by the present value formula, changes of default risk

due to fiscal shocks may have substantial effects on the price of existing bonds.

5 Conclusion

We revisit the fiscal theory within the NK framework and highlight the role of the maturity
structure of sovereign debt. Our results show that the maturity structure is essential
for the implications of the FTPL-NK model and plays a key role in the propagation of

temporary and permanent policy shocks.
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We highlight our results by quantifying the economic effects of the US COVID-19-
emergency fiscal package (CARES), which we translate to zero-probability shocks to the
primary surplus of about 8 percent of GDP and to the debt (face value) by 12 percent. The
stimulus package is able to successfully prevent a deep recession but without a credible
future (S-shaped) policy change, the FTPL-NK model predicts a surge in inflation, which
amounts to an increase of the net present value of future inflation about the same size as
the increase of newly issued debt. We show how this dramatic inflation response not only
depends on the average maturity of existing bonds, but also primarily on the perception
of agents whether the large-scale fiscal operations are ultimately backed by a higher future
surplus or not. In contrast to the aftermath of the global financial crisis of 2008, where
the inflation response was not as strong or inflation even declined, the recent surge in
inflation and medium-term inflation expectations indicates that the newly issued debt is
not considered as being backed by subsequent higher surpluses.

Those results are compared to the simple NK framework, where the CARES Act
shock basically reduces to a demand shock. Similar to the FTPL-NK model, the increase
in government expenditures prevents a deep economic recession. In the absence of the
debt and maturity channels, however, there are only negligible inflationary effects, which
are unable to offset the strong deflationary pressure induced by the COVID recession.

Our paper is a promising starting point for using the fiscal theory in more elaborate
models, including regime-switching models, nonlinearities, and stochastic shocks: First,
our results for the term structure of interest rates and inflation expectations are useful
quantifying the term premium and default premium of sovereign debt. Hence, our model
is a useful starting point for models with term premia (cf. Posch, 2020), convenience yield,
or default risk. Second, more research is needed for the surplus dynamics, e.g., estimating
the parameters of the fiscal policy rule (cf. Kliem et al., 2016). Third, it seems important
to study the effects of realistic maturity sructures in the medium-size NK models including
regime switches (cf. Bianchi and Melosi, 2019), real rigidities and financial frictions (cf.
Lorenzoni and Werning, 2023; Brunnermeier and Sannikov, 2014), and productive capital
(cf. Brunnermeier, Merkel, and Sannikov, 2021; Liemen, 2022), and to study the effects and
transmission in models with heterogeneous agents (cf. Kaplan, Moll, and Violante, 2018;
Bayer et al., 2021). This opens the path toward a more profound fiscal policy evaluation

and to address questions of fiscal limits and sovereign defaults (fiscal sustainability).
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A Appendix

A.1 Technical details FTPL model

In this paper, we use a linear version of the micro-founded NK model (cf. Posch, 2020).

A.1.1 Households

Let the reward function of the households be given as

o) l1+19
EO/O e Pt {logct —wllﬁ}dt, v >0, (A1)

where p denotes the subjective rate of time preference, v/ is the inverse of the Frisch
labor supply elasticity, and v scales the disutility from working by supplying labor in
terms of hours I; (we use ¢ to normalize [;; = 1). Let n; denote the number of shares of
government bonds; assuming that each bond has a nominal value of one unit, whereas p?

is the equilibrium price of bonds. Suppose the household earns a disposable income of
0°ng + prwely — piTy + peF

where §¢ are coupon payments, p; is the price level (or price of the consumption good), w;
is the real wage, T} are lump-sum taxes, and F; are the profits of the firms in the economy.

Hence, the household’s budget constraint reads
dny = ((5cnt — pice + pewily — pi Ty + pof o) /D) — 57%) dt, (A.2)

in which p? denotes the bond price.

The first-order condition for households to maximize (A.1) subject to (A.2) is
@/Jlfct = mc;, (A.3)

which is the standard static optimality condition between labor and consumption. Hence,

for the given preferences (A.1), the Euler equation for consumption reads (cf. Posch, 2020)
dCt = (/Lt — Ty — p)Ct dt, <A4)

or the linearized version

dey & (i — p — mp)css dt, (A.5)

with m; being determined in general equilibrium.
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A.1.2 The final good producer

There is one final good, produced using intermediate goods with

1 e—1 5%1
Y = (/ Yi® dz') , (A.6)
0

where ¢ is the elasticity of substitution.
Final good producers are perfectly competitive and maximize profits subject to the
production function (A.6), taking as given all intermediate goods prices p;; and the final

good price p;. Hence, the input demand functions associated with this problem are:

and

1 1—e¢
Pe = (/ p}tedi) (A.7)
0

is the (aggregate) price level.

A.1.3 Intermediate good producers

Each intermediate firm produces differentiated goods out of labor using y;; = l;;, where [
is the amount of the labor input rented by the firm. Therefore, the marginal cost of the
intermediate good producer is the same across firms mc; = wy

The monopolistic firms engage in price setting a la Calvo, which then gives rise to the
linearized NK Phillips curve (see, e.g., Leith and von Thadden, 2008; Posch, 2020)

d(m — mss) = (p(mp — Wss) — Ko(mey/megs — 1)) dt. (A.8)
Note that from (A.3) vy’c; = me; such that a linearized version is
meg/mess — 1= (¢ /css — 1) + Ny /yss — 1).

Moreover, for the parametrization in Table 1, we have that g, = g, and thus

d(ﬂ-t - 7755) = (p(ﬂt - 71-SS) - “0((Ct/css - 1) + ﬁ(yt/yss - 1))) dt
= (p(m — mgs) — ky) dt (A.9)

as in (2), where z; = (y¢/yss — 1)/(1 — s,) is the output gap and k = k(1 + (1 — s,))

captures ‘price stickiness’. Our definition of the output gap is to formulate the benchmark

model as close as possible to the one used in the literature, where typically s, = 0.
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Note that with this definition of the output gap, we obtain (1) from (A.5) as

d(yt - gss) = (Zt —pP— Trt)(yss - gss) dt
= (e —p—m)(1 = sg)yss dt

after inserting our definition z; = (y;/yss — 1)/(1 — sg).

For variable government consumption (e.g., Table D.1, Online Appendix),

mey/mess =1~ (L+0(1 = 89)) (e /yss — 1)/ (1 = 8g) = (9t/gss = 1)54/(1 = 5)
= (L+ 91 = sg))ze = (91/9ss — 1)59/(1 = 5)

and thus the linearized Phillips curve in the generalized version reads
d(ﬂ-t - 7Tss) ~ (p(ﬂ-t - 7Tss) — KTy + '%Osg/(1 - Sg)(gt/gss - 1)) dt. (AlO)

A.1.4 Government

We assume that the monetary authority sets the nominal interest rate i; of short-term

bonds through open market operations according to either the feedback model,

Z.t - Z;tk = qbﬂ(ﬂ-t - ﬂ-:) + ¢y(yt/yss - 1)7 ¢7r > 07 ¢y 2 O) (A]-la)

or the partial adjustment model,
dit = H(wa(ﬂ-t - W:) + Qby(yt/yss - 1) - (it - i:))dt’ 0> 07 (A'llb)

which includes a response to inflation and output, and a desire to smooth interest rates.

The fiscal authority trades a nominal non-contingent bond. Let n; be the outstanding
stock of nominal government bonds, i.e., the total nominal value of outstanding debt. The
government incurs a real primary surplus s; = T; — ¢g; where revenues T; and expenditure
g rules are given in (9) and (10). Each bond pays a proportional coupon x per unit of
time and is amortized at the rate 6. Hence, the government faces the constraint that the
newly issued debt must cover amortization plus coupon payments of outstanding debt,

net of the primary surplus such that the nominal value of outstanding debt follows
dn; = (((5 + )N — pesy) /08 — 5nt) dt, (A.12)

where p? is the bond price.
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A.1.5 Aggregation

First, market clearing demands:
p=c+g=c+1—s, (A.13)

and suppose aggregate output is produced according to y; = [;, in which we normalized
to yss = lss = 1 in the benchmark parametrization, and the income is y; = wl; + F .
All outstanding sovereign debt is owned by households, so (A.2) and (A.12) yield

(0 4+ x)ne — pese = 0Ny — prcy + prwely — Py + pef 4.
Recall that the real value of sovereign debt is defined as in (6), a; = n:p?/p;. In equilibrium,
indt = ((x +0)/p} = 8)dt + (1/p7) dp;
such that the bond price follows (7). We define the inflation rate m; such that
dp; = mpedt. (A.14)
Hence, the budget constraint of the fiscal authority (6) can be written as

da; = (p{dny + nedp] — np}/pedpy)/pe
= ((5 + X)nt/pt — St) dt — (5at dt + CLt’it dt — (((5 + X)nt/pt — 5@15) dt — ATy dt,

which is equation (4) in the fiscal block.

Similarly, the household’s budget constraint (A.2) can be written as

da; = (pfdn +ny dp} — nup} /pe dpr) /e
= ((6 4+ x)ae/p) — s) At — Say + a,(1/p}) dp} — aym, dt
= ((6 4+ X)ae/p) — s) At — Saz + (—=((6 + X)/p} — 8) + i) ardt — aymy dt
= —s,dt + i,aq,dt — apmy dt
= ((ig — m)ay +wly — ¢y — Ty + F¢) dt,

which again shows that the household’s budget constraint coincides with the aggregate
resource constraint. Using (A.2) and (A.12), together with market clearing (A.13), the

coupon payments cover payouts and amortization such that 6 = 9§ + y.
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A.1.6 Steady-state values
From (1), (4), and (7), we obtain i,s = p + Tss, ass = Sss/p, and p, = 1. In this model

e—1
Mmcss = Wss = e )

where ¢ is the elasticity of substitution between intermediate goods. Moreover, condition
(A.3) implies together with the market clearing condition (A.13) that i’ c. = wss.
Observe that ¢ss = Yss — gss = lss — gss, defining s, = g5/yss such that

¢l1+19( g) = Wgs.

Hence, we parameterize 1) = wy,las’ ") /(1 — s,) to normalize the steady-state output
Yss = lss - ]-7 such that Fss - 1/67 Css = 11— Gss; Tss = Sgs T Gss-

A.2 Reformulation in terms of real outstanding debt

Recall from equation (A.12) that dn, = (((6 + x)n — pesi) /p} — ony) dt. With the price

level following dp; = pymdt, vy = ny/py, is the real value of outstanding debt. following

dv, = (((6 4+ x) /Pl — 0 — m) v — s¢/p}) dt. (A.15)

Thus, we can rewrite our baseline model as

dz, = (iy—p—m)dt (A.16a)
dmy = (p(my — 7)) — kay)dt (A.16b)
di;, = (¢p(m—m)) — ( iy —4y))dt (A.16¢)
dv, = (((6+x)/p) — 6 —m) v — s:/p}) dt (A.16d)
ds; = ((1—sg)xe — (s¢ — s;))dt. (A.16e)

Sims (2011) and Cochrane (2018) consider the real value of debt, a;, as the relevant state
variable, which can jump due to changes in the bond price. In contrast the real face value
of debt, v; = n;/p;, does not jump. We can use v; together with the bond price, p?, to

obtain the real debt (market value) a; = v;p? as in (6).

A.3 Linearized dynamics

In this paper use the linearized NK model, so we need to linearize the equations (A.4), (4),

and (7). Using 7} = 7rgs, 17 = iss = p+7ss, and s} = s, together with the parametrization
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of the benchmark model (cf. Table 1), the linearized equilibrium dynamics are

A7
A18
A.19
A.20
A.21
A.22

de;, = (iy —p—m)dt
dmy = (p(m — ms) — Kay) dt
dip = (fn(m — Tos) — (i — is))dt
(ass(iy —m — p) + play — ass) — (s¢ — Ss5))dt
dse = ((ye/yss — 1) — (s — s55)) dt
(

dpi’ = it — 1ss) + (X + ) (pg - 1)) dt,

dat =

~~ N /N N
~— ~— ~— ~— ~~— ~—

where

yt/yss —-1= (Ct — Cgs T g¢ — gss)/yss

such that with ¢; = gss we get k = (1 +9(1 — s,))ko, and

xy = (ye/yss — 1) /(1 — 39) = (ct/Cos — 1)(Cos/Yss) /(1 — Sg) =¢fcss — 1,

i.e., the consumption Euler equation can be written in terms of the output gap.?

A.4 Proof of Proposition 1

Recall that in the model with long-term debt, a predetermined state variable which does

not jump is v; rather than a;, hence, we linearize
4 — g5 = Pyy(Ve — Vss) + Vs (D — D3
such that the real value of government debt changes due to two channels
da, = p°, dv, + vg, dpl. (A.23)

The partial derivatives of the policy function x (i, a;, s;) show the indirect FTPL effect
for a given bond price, p?, such that we need to isolate the direct FTPL effect due to
the re-evaluation of sovereign debt. Now, evaluating the effect of a change to i; at some
reference point, say Z; = x;(iss, Gss, Sss), the slope of the policy function in terms of a;
would only include the indirect effect, keeping fix the price of government debt. Note that

our solution implies both p? = p®(is, vy, s;) or p? = p°(iys, ay, s¢) such that

dpi’ = p?(% Ut, St) diy + PZ(% Vg, St) dv + pg(ita Ut, St) dsy, (A-24)

28The equilibrium dynamics for variable government outlays are summarized in the Online Appendix.
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and dp? = pb(iy, ag, 5¢) diz + pP(4s, ag, s¢) day + p°(iy, az, s¢) ds; and thus using (A.23)

p?(ism Qss, Sss)
1-— Usspg (7:337 Ags, SSS)

b .
p (ZSS7 Qss, Sss)
- d A.25
1 - Usspg (7;337 Qgs, Sss) ot ( )

b .b(;
psspa<zssa Ags, Sss) dvt

b
dpy 1 N
- Usspa(zssa Qss, Sss)

diy +

and with (A.24) we conclude that pl(is,, Vss, Sss) = P2iss, Gss, Sss) /(1 — VssP8 (iss, Ass, Sss));
P2 (iss, Vs Sss) = P2l (iss, Gss, Sss) /(1 — V5Pl (s, Ass, 5s5)) for the slope with respect to v,

at the steady state, and p®(iss, Vss, Sss) = P2 (isss Usss Sss) /(1 — VssP (iss, Ass, Sss), hence

ﬁi) = p?(issa Qss, Sss) = p?(issy Vss, 833)(1 - Ussp(l;)u
252 = pZ(issa Qss, Sss) = pg (issa VUss, 355)/<1 + vssPZ(issa VUss, 355)/1723)7
]52 = pg (issa Qss, SSS) = pg(issa Vss, 855)(]- - Usspg)-

Similarly, for the inflation rate we can utilize
dmy = mi(ig, ve, 8¢) dig + 70, (i, Vg, 8¢) dng + 7 (ig, vg, 8¢) dsy (A.26)
or, equivalently,
dmy = m;(ig, ag, $¢) diy + 7o (1y, ar, 8¢) dag + 7ws(ig, ag, s¢) ds;. (A.27)
We substitute equation (A.23)
dm, = iy, ag, 8¢) dig + 7o iy, g, 50)p° dvg + 7 (iy, ag, ) dsg + VssTa iy, ay, s¢) dp.

Substitute by (A.25) and matching coefficients with (A.26) we arrive at

ﬁi = (issa Ass, Sss) - 71-i(issa Vss, SSS) - pgvssﬁ-a/(l - UssﬁZ)v
7_7a = 7T-a(is& Ass, Sss) = WU(/I;SS7 Uss, Sss)pgs(l - Ussﬁl;)/<1 - Ussﬁz + Usspgsﬁl;)a
7_1—3 = Ws(issa Ags, Sss) = Ty (issa Vss, Sss) - ﬁgvssﬁa/(l - UsspZ)'

We proceed analogously for the output gap, x(i¢, vy, s;) and z(iy, a, $¢). Except for notation

the derivations are identical to the inflation rate. Thus,

'fi = xi@ss; Ags, Sss) = xi(is& Vss, Sss) - ﬁgvssja/(l - Ussﬁgv
-’i'a = xv(is& Qss, Sss) = xv(issa Vss, Sss)pgs(l - UsspZ)/(l - Usspz + ’Usspgspl;)a
:Z‘s - xs(issy Qss, Sss) = xs@ssa VUss) SSS) - pgvssja/(l - Ussﬁ2)7

which closes the proof (because inflation rates and output gap are analogously).
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A.5 Term Structure of Interest Rates and Inflation
Observe that in equilibrium, the bond price pﬁN) is a function of the state variables, so

o™ = p™M (i, ay, 5,), where from (14c), (14d), and (14e) we get

A" = (palm — ) — (i — i) (O /0i) dt
+(0p™ J0a,) ((iy — m)ag — s0)dt + (1 — sg)x; — (s¢ — s7)) dt

together with the solution (15) and thus the PDE reads:

(6 (e — 1) — (i — i) (AP Di) + (1 = sg)z — (50— 57))(Ops™ D51
(i — m)ag — 5)(0pt J0a,) = (Opy JON) + igpt™. (A.28)

The solution to the pricing equation implies the complete term structure of interest rate

for any given interest rate and maturity:

" =y ™M (ir, ar,80) = —logpi™ (s, ar, 5) /N. (A.29)

Our strategy is to use collocation and we approximate the function pgN) ~ O(N, iy, a, 5¢)v,
in which v is an n-vector of coefficients and ® denotes the known n x n basis matrix, and

can compute the unknown coefficients from a linear interpolation equation,

(1 = sg)ar — (¢ — 57)) ) + ((ir — ) ar — 5¢) P}
Hpa(m — 7)) — (i — i})) Dy — D) — itCI))v =0, (A.30)

where n = ny - ny - n3-ng with boundary condition ®(0, i, as, s;)v = 1,,. So we concatenate
the two matrices and solve the linear system for the unknown coefficients.

Analogously to the above approach, we compute model-implied inflation expectations.
In this case, we approximate the function Wt(N) ~ ®(N, iy, a4, 8,)v. The n-vector v is a
vector of coefficients and ® denotes the known n x n basis matrix, and can compute the

unknown coefficients from the linear interpolation equation, e.g.,

(1 = sg)aze — (¢ — 7)) P + (i — m)ay — 5) P}
+(pr(my — 7)) — (i — i) Py — ) )v = 0y,

where n = ny - ny - ng - ny with the boundary condition ®(0, 4, as, s;)v = 1, - 7.
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A.6 Empirical Data

Table A.1: Federal Reserve Bank of St. Louis Economic Dataset (FRED).
(2015Q1 through 2023Q2, retrieved on Nov 11, 2023)

Interest Rate
(FEDFUNDS)

Inflation Rate
(PCEPI)

Real Interest Rate

Output
(GDPC1)

Gov. Debt
(GFDEBTN)

Debt-to-GDP
(GFDEGDQ188S)

Taxes
(W006RC1Q027SBEA)

Gov. Consumption
(FGEXPND)

Primary Surplus

Bond Yield: 5Y
(THREEFY5)

Expected Inflation: 5Y1Y
(EXPINF5YR)

Expected Inflation: 10Y1Y
(EXPINF10YR)

Federal Funds Effective Rate, Percent, Quarterly, Not Seasonally Adjusted, End of Period
https://fred.stlouisfed.org/series/fedfunds

Personal Consumption Expenditures: Chain-type Price Index, Percent Change from Year Ago,

Quarterly, Seasonally Adjusted, End of Period, https://fred.stlouisfed.org/series/PCEPI
Interest Rate - Inflation Rate

Real Gross Domestic Product, Percent Change from Year Ago, Quarterly,
Seasonally Adjusted Annual Rate, https://fred.stlouisfed.org/series/ GDPC1

Federal Debt: Total Public Debt, Percent Change from Year Ago, Quarterly End of Period,
Not Seasonally Adjusted, https://fred.stlouisfed.org/series/ GFDEBTN

Federal Debt: Total Public Debt as Percent of Gross Domestic Product, Percent of GDP
Quarterly, Seasonally Adjusted, https://fred.stlouisfed.org/series/gfdegdq188S

Federal government current tax receipts, Percent Change from Year Ago, Quarterly,
Seasonally Adjusted Annual Rate, https://fred.stlouisfed.org/series/WO006RC1Q027SBEA

Federal Government: Current Expenditures, Percent Change from Year Ago,
Quarterly, Seasonally Adjusted Annual Rate, https://fred.stlouisfed.org/series/FGEXPND

Taxes - Gov. Consumption

Fitted Yield on a 5 Year Zero Coupon Bond, Percent, Quarterly, Not Seasonally Adjusted
https://fred.stlouisfed.org/series/ THREEFY5

5-Year Expected Inflation, Percent, Quarterly, Not Seasonally Adjusted
https://fred.stlouisfed.org/series/ EXPINF5YR

10-Year Expected Inflation, Percent, Quarterly, Not Seasonally Adjusted
hhttps://fred.stlouisfed.org/series/EXPINF10YR

-t n N w
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Figure A.1: Bar chart on quarterly US Federal Debt: Total Public Debt from 2001Q1
through 2022Q4 from the Federal Reserve Bank of St. Louis Economic Dataset (FRED) as
defined in Table A.1. Red bar: 2020Q2 (CARES Act signed into law on March 27, 2020).
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A.7 A permanent shock scenario
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Figure A.2: CARES Act shock with monetary policy shock and with permanent increase
of vgs by 6 percent (v = 0.5) for the parametrization in Table 1 with p, = 1 and ¢, = —s,.

Decrease in surplus by 8 percent of GDP,

increase in debt (face value) by 12 percent and

interest rate cut by 150 bp. Solid blue lines show the responses matching average duration,
dashed black for perpetuities, and dotted red for short-term debt.

Table A.2: Inflation decomposition (17) for the CARES Act shock in Figure A.2.

Debt Joo e mydu | [0 e i du [T e sy falidu ph/pby — 1 wo/oiet — 1
Maturity inflation interest rate surplus direct effect  debt shock
Long-Term 12.40 5.77 —6.72 —5.77 5.67
Average 15.50 7.57 —5.36 -3.11 5.67
Short-Term 19.13 9.69 —-3.77 0 5.67
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