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FTPL and the Maturity Structure of Government
Debt in the New-Keynesian Model

Abstract

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 average 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 model-implied
expectations. In particular, we address the transmission channels of monetary and fiscal policy
shocks on the interest rate and inflation dynamics. Our results illustrate the role of the maturity of
existing debt in the wake of skyrocketing debt-to-GDP ratios and increasing government
expenditures. We highlight our results by quantifying the effects of the large-scale US fiscal
packages (CARES) and predict a surge in inflation if the deficits are not sufficiently backed by
future surpluses.
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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 packages
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 implemented
further stimulus packages (e.g., the American Rescue Plan, the Next Generation EU fund,
NGEU). The funding of these unprecedentedly large fiscal programs drastically increased
debt levels with yet unknown consequences (e.g., accounting for distributional effects,
CARES increases the debt-to-GDP ratio by 12% in Kaplan, Moll, and Violante, 2020).

In the macroeconomic literature, there are, however, open questions and ongoing de-
bates about the effects of sovereign debt on macro aggregates, inflation, the term structure,
and inflation expectations where no consensus has been reached. One central question here
is how the structure of outstanding government debt affects the transmission channels of
fiscal and monetary policy. Clearly, governments face a challenging task to maintain a
sustainable level and maturity structure of outstanding 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 will be the effect of those large-scale fiscal programs, in particular, how does
the maturity structure of outstanding debt affect those outcomes? This paper fills this
gap in the macroeconomic 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. Our application studies the effects
of the recent CARES Act trough the lens of fiscal theory. We depart from the existing
literature on the effects of the maturity structure of government debt in three dimensions.
First, our formulation allows us to link the macro model easily to term-structure models
in finance (Vasicek, 1977; Cox, Ingersoll, and Ross, 1985) and model-implied inflation
expectations. Our approach allows us to compute the term structure of interest rates and
inflation expectations by solving a partial differential equation, which is easily extended

to nonlinear solutions, default risk, and term premia. Second, in contrast to existing

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



approaches?, we directly compute zero-coupon bond prices for arbitrary maturities and
states and then show 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 average maturity of outstanding
US government debt and study aggregate dynamics. We find that the average maturity of
debt has important implications for the transmission channels of both monetary and fiscal
policy. Our results show how the maturity of existing sovereign debt 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 immediate asset pricing effect. Second, we illustrate how
inflation expectations and the term structure helps in identifying permanent policy shocks.
Here, the maturity structure often produces some unpleasant short-term side effects. For
example, a permanently lower inflation target increases current inflation and interest rates,
but reduces long-term bond yields due to the re-evaluation of existing bonds.

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).

In line with the existing literature on the fiscal theory, we confirm a prominent role

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).



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 otherwise 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
government 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 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 identifying 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 would work solely through the indirect effect.

Many theoretical and empirical studies recognize an important effect of the maturity
structure of government 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. Similarly, Lustig et al. (2008) study the optimal policy
if the fiscal authority is constrained by its ability to lend and only 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.

More recently, Kaplan et al. (2020) and Bayer, Born, and Luetticke (2021) also evaluate

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 (2022c) 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, Nutio, and Passadore, 2019).
For example, Bigio et al. (2019) show how liquidity costs can prevent an instantaneous re-balancing across
maturities and identify different forces that ultimately shape the optimal debt-maturity distribution.



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 public
debt as private liquidity, Bayer et al. (2021) find that the expansionary stimulus programs
decreased the liquidity premium of government bonds over less liquid assets.

The rest of the paper is organized as follows. First, in Section 2 we formalize the sim-
ple perfect-foresight FTPL-NK model and study dynamics of transitory and permanent
structural zero-probability shocks. In Section 3 we provide a thorough analysis and simu-
lation of the CARES Act of 2020 and discuss the recent surge in inflation and differences

to the aftermath of the global financial crisis in 2008. Section 4 concludes.

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 Monetary policy or 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)
dm = (p(m — ) — kay)dt (2)
diy = O0(on(m =) + Gy Y/ yss — 1) = (i — i7))dl, (3)

in which x; is the output gap, y; is output, ¢; is the nominal interest rate, p the rate
of time preference, m; is inflation, where x controls the degree of price stickiness with
Kk — 00 as the frictionless (flexible price) and x — 0 perfectly inelastic (fixed price) limits,
0 controls interest rate smoothing with § — oo implying the traditional feedback rule,
iv =iy + ¢n(m — ) + dy(yr/yss — 1), and with 77 and i} being parametric values.

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

dat = ((’lt — Tt)at — St)dt (4)
dse = f(st, y, ar)dt, (5)

in which a; is the real value of sovereign debt (held by households), and s; = T} — g, is the



primary surplus, where T; denotes lump-sum tax revenues and ¢; government spending
other than interest payments. It represents the net payments to holders of bonds, both
through interest and retirement of outstanding debt (cf. Sims, 2011). In what follows, 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

a; = nt_pf = E, /OO e~ Jiv=m)dug qqy (6)
Pt 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 limy_,., e~ ftT(i“_““)d”aT = 0.7 Rather than being a budget constraint or
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 long-term debt as perpetuities. We introduce bonds
with decaying coupon payments (similar to Woodford, 2001), and assume that longer-term
bonds (average duration) are amortized at rate  and pay a nominal coupon x+¢ 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),

dpl = (i — (O + 8)/p} — 6))pbdt +ddy,  Ey(ddy) =0 (7)

in which dépg captures discrete changes in the bond price due to zero-probability structural
shocks, with x = iy 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, dépzz reminds us that the variable p? can jump (forward-looking).
In theory, we can issue floating debt which pays at y = 7, 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~ XHN@= 4 Ydu, (8)
¢

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).



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 x = 0.03 (see Del Negro and Sims, 2015).8

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?, which is determined in general
equilibrium, can jump due to changes in either future surplus s, or the future discount
rate i, —m, for u >t (direct FTPL effect). Because with short-term debt p; = 1, the direct
FTPL requires the presence of longer-term debt. The bond price effect then passes on to
the value of debt, inducing a jump in a; (market value), i.e., a forward-looking variable.
Hence, the average duration § of the maturity structure of government debt determines
the strength of the direct FTPL effect, such that § — oo eliminates jumps in p?.

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

realistic 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 contem-
poraneous responses using simple fiscal policy rules (Sims, 2011; Cochrane, 2018), most
empirical studies suggest that there is a time lag (inertia) between the relevant variables
and the policy response, such as changes in the tax code or a revised public expenditure
budget plan (cf. Kliem et al., 2016; Bianchi and Melosi, 2019). In this paper, we provide
a general framework, where the specifications can be coherently studied and which allows

us to investigate the effects of temporary and permanent shocks. Starting with the central

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.



FTPL-NK equation in (5), s; = T; — ¢, and specifying a tax rule as
dTi = pr (1y(ye/yss — 1) + Talar — ase) = (T = T77)) dt, (9)

where p, controls the degree of inertia with p, — oo as the flexible limit (feedback rule),
in which 7, = T3 + 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

dgt - pg (wy(yt/yss - 1) + (pa(at - ass) - (gt - g;fk)) dt7 (10)

where p, controls the degree of inertia with p, — oo as the flexible limit (feedback rule),
in which ¢, = g; + @y (V1/Yss — 1) + @alas — ass). For p, — 0 we obtain the inelastic limit
where g, = ¢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 (Ty<yt/yss - 1) + Ta(at - ass) — (Tt — Tt*)) dt
—Pyg <¢y<yt/yss — 1)+ palay — ass) — (9 — g7)) dt.

Note that we could add others variables such as the inflation rate, m;, which will be a
function of the relevant state variables.!” In a linearized version, such addition of variables
gives rise to different parametrization of the responses to the state variables. Our results
thus shed light on reasonable fiscal policy rules, which ultimately is an empirical question
and beyond the scope of our analysis (e.g., Kliem and Kriwoluzky, 2014).

Kliem and Kriwoluzky (2014) show that the standard fiscal policy rules, in which tax
rates respond to the level of output, are not supported by the data. Most contributions
in the FTPL literature, such as Sims (2011) and Cochrane (2018), study models with
an output response only.!! Kliem et al. (2016) find that there is only weak empirical
evidence in favor of output in fiscal policy rules, but rather evidence in favor of responses
with respect 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, in particular the size of parameters 7, and (,.

More generally, because the discussion for the appropriate fiscal policy rules applies to
both tax rates and government expenditures, we conclude that no consensus has emerged
yet about f(ay, s;,y;) in the surplus equation (5). In contrast to most central banks with

a clear mandate, the fiscal policy parameters may depend on political orientation and/or

OWith a fiscal policy rule responding to inflation, a higher interest rate may produce lower inflation
even with short-term debt (cf. Cochrane, 2022¢, Chap. 5.7).

" Note 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,.



institutional details. But this choice is far from being innocuous: To see the role of 7,
in determining active/passive fiscal policy, abstract from inflation dynamics, r;, = i, — 7,

and consider a simple feedback rule s; = sgs — 7,(a; — ass). A linearized version is

day = (ass(re — 7)) + (p — 7a) (ar — ass) )dt. (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 vice versa for the
case of 7, < p. As soon as fiscal policy turns passive, the fiscal policy block 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 completely decoupled from the underlying NK model.
Since our focus is on the recent surge in debt levels in times with monetary policy facing
an effective lower bound (ELB), we focus on the fiscal regime with 7, < p.

Our benchmark parametrization closely follows Kliem and Kriwoluzky (2014), which
allows for inertia in the fiscal policy rule for tax revenues. Since our focus is on the effects of
maturity on the transmission of shocks, we abstract from introducing distortionary taxes.
In the main text, we focus on a tax rule (9) with an output response 7, > 0 and an inelastic
fiscal expenditure target such that g, = g; with p;, — 0, and a corresponding 7} to match
the US debt-to-GDP ratio of about 108% right before the pandemic (2020Q1).'? We follow
Bilbiie, Monacelli, and Perotti (2019) and set the steady-state government consumption-
to-output ratio equal to 15.34%. A higher share of government consumption-to-output
of about 20%, similar to Justiniano, Primiceri, and Tambalotti (2013) and Eichenbaum,
Rebelo, and Trabandt (2020), only slightly affects the model dynamics.

Our benchmark parametrization is summarized in Table 1 such that the implied fiscal

rule f(s¢, Y, ar), in the law of motion for primary surplus (5), takes the form

(6,96, a1) = Ye/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>

1217.S. Office of Management and Budget and Federal Reserve Bank of St. Louis, Federal Debt: Total
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.




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

o 0.6 inflation response Taylor rule (fiscal regime)

¢y 0O output response Taylor rule

0 inertia Taylor rule

Tes inflation target rate

Ty output response fiscal tax rule (Sims, 2011; Cochrane, 2018)

1

0

1
7. 0 debt response fiscal tax rule

1 inertia of fiscal tax rule

0 output response fiscal expenditure rule

0 debt response fiscal expenditure rule
pg 0 inertia of fiscal expenditure rule
sg  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)

Hence, the equilibrium dynamics can be summarized as

dl’t = 14a

( (14a)
dm, = ( (14b)
dip = (¢a(m —77) — (3, — 37))dt (14c)

( (14d)
( (14e)

14e

dCLt =

dSt =

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 7y and z given the state variables iy, ag, and so.'* 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. Technically, we solve the system using the stable

eigenvalues in order to find the unique (backward) solution. The jumps in forward-looking

I3For an alternative parametrization, f(s, ye,ar) = (7o — @a)(ar — ass) — (s¢ — s}) together with a
slightly changed Phillips curve (14b), our results can be found in Appendix C.1 (cf. Table D.1).

1 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.



variables 7; and x;, 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 a;. For example, consider a monetary policy shock de; = i, —i;_ in the model
with longer-term debt and store the implied initial price jump dépzz = p? — p?_. Consider
then the same monetary policy shock de; in the model with short-term debt, without bond
price effects (no direct FTPL effect), and a contemporaneous shock de, = a;—a;— = dépg,
i.e., use the stored 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, ay, S;)

Ty = :Z‘z(lt - Z.ss) + j‘a(a't - ass) + fs(st - 585)7 (15&)
Ty = Tss+ ﬁ-i(it - 'L.ss) + 77-(1(at - a'ss) + 7T-S(St - SSS)) (15b)
pg = pgs —i—ﬁ?(it — i) "‘ﬁZ(at — gs) +pg(5t — Sss), (15¢)

where bars denote the partial derivatives (slopes), evaluated at (iss, ass, Sss):

€Ty = xi(is& VUss, 535) Ussxa/( 'UssﬁZ)u

ZSS) vSS) SSS)p 5(]‘ vSSﬁa)/(l - ,USSﬁZ + pgsvssﬁ(g)a

8

e
I
8

v

(¢
(

Ts = Ty(iss, Vss, Sss) — PoVssTa/ (1 — UssPl),

T = Tillss, Vsss Sss) — DetssTa/ (1 — vgsPl),

Ta = Toliss: Vss, Sss)P(1 = Vsl ) /(1 = Vsl + DogVssDl )
Ts = Ty(iss, Uss, Sss) — PoVssTa/ (1 — UssP),

D] = Di(iss, Vs, 8ss) (1 — vsshl),

DL = P(iss, Vs, Sss) /(14 vssPl (iss, Vsss Sss) /P25

Do = Plliss, Uss, Sss) (1 — vsspl).

Here, v, = n;/p; defines the real number of bonds because the partial derivatives in terms
of a; (market value) reflect the indirect effects only, keeping fized the price of government

debt, pt, while the total effects are visible only in terms of vy (face value).

Proof. Appendix A4 m
Our linearized solution (15) thus gives the policy functions in terms of v, in Figure 1.
For illustration, we also show the policy functions in terms of a; (cf. Figure 2). Except

for the bond price p?, the policy functions coincide for different maturity structures and

10
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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.

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. 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.
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2.4 Term structure of interest rates

The term structure of interest rate, defined as the yield of zero-coupon bonds as a function
of their maturity, reveals important insights on expectations about the future path of
macro aggregates and inflation. Given the equilibrium prices, we can price any asset. The
no-arbitrage condition implies that the asset prices adjust such that the households will

be indifferent in their portfolio decision. Let us consider a nominal (zero-coupon) bond
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Figure 2: Policy functions for the parametrization in Table 1, showing the partial response
in terms of a; (indirect effects). Solid blue lines show policy functions with average dura-
tion, dashed black for perpetuities, and dotted red for short-term debt.

with unity payoff at maturity N:
" =E (67PN)‘t+N/ e Mdu) : (16)

where \; is the marginal value of wealth, or the current value shadow price, consistent
with equilibrium dynamics of macro aggregates. Note that the equilibrium price p? can be
computed along the same lines (because the maturity distribution is approximately expo-
nential with a duration of 1/4, the average-maturity bonds will share the same properties
as zero-coupon bonds at maturity 1/6). The equilibrium bond price can be obtained from

the fundamental pricing equation for the price pgN) (Cochrane, 2005, chap. 19.4):

B ((apf™) /o) = (168 09 0N +0,) dt = 0. (17)
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Observe that in equilibrium, the bond price pEN) is a function of the state variables, so

pM) = pgN)(it, ay, s¢), where from (14c), (14d), and (14e) we get

A" = (palm —77) — (i — i) (Op") /0i) it
+(0p"™ J0a) (i — m)ar — s)dt + (1 — sg)m; — (s, — 7)) dt

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

(6 (e — 7)) — (30 — i) (OP™ J0i) + (1= sg)z — (50— 57))(Opy™) [Dsy)
(i — m)ay — s)(@0py" J0a,) = (9p™ JON) + ipy™. (18)

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

for any given interest rate and maturity:

?/zSN) = y(N)(itaata St) = —10gpz(tN)(it>at> st)/N. (19)

Our strategy is to use collocation to approximate the function pgN) ~ O(N, 1, ar, $¢)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:

((bﬂ—<ﬂ't — 7Tz<) — (’lt — Z:))@é(N, ’it, Ay, 3t>'U -+ ((Zt — Wt)at — St)q)g<N, ’it, Ay, St)’U
+((1 = sg)xe — (8¢ — 7)) PY (N, i, ar, s.)v = PN, it ar, $¢)v + 4PN, e, ag, $¢),

or

(1= sg)ar — (s¢ — 57)) ) + (i — ) ar — 5¢) P
+(pn(me — 7)) — (i — 1)) — B} — i P)v = 0y, (20)

where n = ny - ny - ng-ny with boundary condition ®(0, 4, a¢, s;)v = 1,,. So we concatenate
the two matrices and solve the linear system for the unknown coefficients. While in this
paper, we focus on the expectation channel and abstract from other determinants such as
risk premia and liquidity, an extension to include risk and term premia in the analysis is
straightforward (cf. Posch, 2020). In particular we want to study the effects of temporary

and permanent shocks on the term structure of interest rates.

2.5 Inflation decomposition and expected inflation

Inflation and expected inflation are key determinants of monetary policy. In what follows
we decompose the total effects of structural shocks on those key variables from their

theoretical impulse response functions (IRFs). By the decompositions we answer the

13



question how much such shocks contribute to the observed response.
For our decomposition based on the IRFs, we start with the linearized debt evolution

using r = igs — s = p and sg5 = pags (our decomposition follows Cochrane, 2022a,c)
d(a¢/ass — 1) = (i — m + 1(ay/ass — 1) — s/ ags)dt

and - -
ayfass — 1 = Et/ e’r(“’t)su/assdu — Et/ e r(u=t) (4, — my)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 real interest rate.
From the linearized definition (6), the real value of sovereign debt (market value) can

be decomposed into
at/ass_l :'Ut/vss_1+plt)/pgs_ 17 (21)

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

t t t

+pg/pgs — 14+ /v — 1 (22)

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 direct effects (real debt decomposition).

Moreover, from (8) and with y = r and v; = vy, in the perfect-foresight model

P / e (G i iy,
t

we conclude that the strength of the direct FTPL bond price effect depends on both the
average maturity 1/0 and the expected future path of monetary policy, at t = 0,

/ e "(my — mss)du = / e ™ (1 — 6_6“) (1 — 1gs)du — / e " (sy — Sss)/assdu.
0 0 0

The effect is strongest for perpetuities with 6 — 0, where all changes in future interest
rates (monetary policy) will be soaked up in an initial re-evaluation of sovereign debt, and
fiscal policy fully determines inflation. In contrast, in the short-term model with § — oo,
changes in future monetary policy affect future expected inflation most.

Similarly, inflation expectations are at the core of monetary policy, often considered
even as a separate variable. Hence, we can study the effects of monetary and fiscal policy

shocks on the model-implied expected inflation, e.g., to confront the rational expectation

14



forecast results with survey data. From the Phillips curve in (14b) it follows
T — T, = KJ/ e P 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 ¢t to t + N, we obtain
t+N
N = Ey(mpyn) = 7 + N (my — 1) — ﬁepN/ e Pz, du. (23)
t

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).
We compute the rational expectation forecast 7,y as a function of the current state
variables (i, a;, and s;) and the fixed forecasting horizon N. Hence, for the N-year ahead

future expected inflation rate, we compute 7T§N) from (using Feynman-Kac)

oM JON = (¢n(m — 77) — (iy — D)) (0N /0iy) dt

+(0mN) J0ay) ((iy — m)ay — s,)dt + (Om ™) /0s,) (1 = sg)a, — (s — s7)) dt
together with the known solution (15) and by imposing the boundary condition 7Tt(0) = T
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

N :

7Tt( ) = 7T(N) (’lt, Ay, St). (24)

Our strategy is to use collocation to approximate the function 7T§N) ~ O(N, i, aq, ).
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

(1= sg)my — (se — 7)) P + (i — m)ay — 5,) P
+(pr(me — 7)) — (i — ;) Py — ) )v = 0y,

where n = ny - ny - n3 - ny with the boundary condition ®(0, 4, as, s;)v = 1,, - 1. So we

concatenate the two matrices and solve the linear system for the unknown coefficients.
Because the model time unit is years, the N-year ahead inflation forecast 7r§N> 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

k
VR (1/k)In (Z (1+ wﬁ“)). (25)

=N
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Figure 3: 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.

Table 2: Inflation decomposition (22) for the monetary policy shock in Figure 3.

Debt fooo e "r,du fooo e ", du OOO e sy /assdu pg/pls’S -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

2.6 Monetary and/or fiscal policy and transitional dynamics

Defining monetary policy shocks as changes in monetary policy with no exogenous changes
in surplus (cf. Cochrane, 2018), 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 fiscal policy without changing the nominal interest rate.

2.6.1 Transitory shocks

Consider an expansionary transitory monetary policy shock of 100 basis points (bp), i.e.,

the policy rate 7, decreases unexpectedly by 1 percentage point. That unexpected decrease
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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.

in nominal interest rates i, initially has expansionary effects on output because the real
interest rate decreases (cf. Figure 3). This effect is larger the longer the average 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 now habitually react following the specified fiscal rule and respond
to the increased output by higher surpluses from increased tax receipts. A higher surplus
then lowers inflation (cf. Figure 1), which again slowly increases the real interest rate.
While the sign of the initial response of inflation depends on the maturity structure, which
is basically dictated by the policy functions, 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 2). Here, the negative effect on inflation can be
attributed to either fiscal policy (black dashed), where future monetary policy is soaked
up by higher bond prices, or a mix of monetary and fiscal policy, which is buffered by
lower net present value of future tax receipts (solid blue and red dotted).

The direct FTPL effect increases the value of government debt as bonds appreciate,

17



absolute deviation

perc. deviation

perc. deviation

level

«10% Interest Rate «103 Inflation Rate
5 ,'I‘ ‘\.\~\ 2 \\
0 0 s
-5 2
0 5 10 0 5
%1073 Output
.
\
1 S
0
-1
0 5 10 0 5
Taxes Gov. Consumption
0.01
0.02
0 0
0.02
-0.01
0 5 10 0 5

years

years

10

0 5 10
Debt-To-GDP
1.082
1.08 77—
F/
4
1.078
0 5 10

0.1

-0.1

«1073 Real Interest Rate

Primary Surplus

0 5

10
years

Figure 5: 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.

Table 3: Inflation decomposition (22) for the fiscal policy shock in Figure 5.

Debt fooo e ", du fooo e ", du fooo e sy /assdu  p§/pby — 1
Maturity inflation interest rate surplus direct effect
Long-Term 0.29 0.17 —-0.29 —-0.17
Average 0.34 0.20 —0.27 —0.12
Short-Term 0.48 0.28 —0.20 0

even more than output in the case of perpetuities such that lower interest rates initially
lead to a higher debt-to-GDP ratio. With short-term debt only, essentially the picture
is reversed: government debt initially is reduced because of higher output, which in turn
leads to a substantially lower debt-to-GDP ratio.

Along the same line, defining fiscal policy as a change in the surplus (or its compo-
nents), 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). That unexpected cut in taxes (de-
creases 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,
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Figure 6: 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.

the real interest rate is lower (cf. Figures 5 and 6).

Hence, expansive fiscal policy (decreased surplus) leads to more inflation and lowers
the real interest rate (cf. Figure 1). This in turn causes the monetary authority, following
a Taylor rule, to slightly increase nominal rates, whereas the effects on 5-year bond yields
are being driven mainly 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. In fact, the net present value of future inflation is
positive, ranging from 0.29 to 0.48 percentage points depending on the maturity structure
of government debt (cf. Table 3). Again, 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).

After all, 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
direct FTPL effect decreases the real value of government debt as bonds depreciate and
output increases, which initially leads even to a lower debt-to-GDP ratio. Here, the initial
deficits are not repaid by subsequent surpluses or output growth but at the cost of higher
inflation and more nominal debt, which is inflated away by subsequent unexpected inflation
with no permanent changes in the real value of debt. This in fact is like a ‘partial default’
on nominal debt. For the case of short-term debt, higher output leads after a decrease

in the debt-to-GDP ratio to more debt accumulation because the direct effect is missing,
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Figure 7: 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.

Table 4: Inflation decomposition (22) for the fiscal policy shock in Figure 7.

Debt JoS e Mmdu | [0 e iy du [T e sy /assdu po/pl — 1 wofvuss — 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

all deficits are being inflated away. What may seem like a deal, “the trick is to convince
people that sinning once does not portend a dissolute life; that this is a once-and-never-
again devaluation or at best a rare state-contingent default, not the beginning of a bad
habit.” (p.245 Cochrane, 2022c).

Finally, consider a fiscal policy shock of issuing new debt (increase n; by 3 percent).
Suppose that this increase in government debt leaves the average maturity unchanged,
Then, the

newly issued debt creates unexpected inflation and higher inflation expectations because

and that this unexpected change is without changes in long-run surpluses.

the debt is not fully paid back by subsequent surpluses (inflate away the debt) and has

expansionary effects through a lower real interest rate (cf. Figures 7 and 8). In fact, the
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Figure 8: 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.

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 4). It is most striking
for long-term debt, where the total effect on inflation and on inflation expectations is
smallest as 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). For the case of short-term debt, the direct effect
does not offset monetary policy, which results in the highest net present value of future
inflation, even higher than the initial debt shock (red dotted).

Again, the maturity structure of government debt matters because the direct FTPL
effect devaluates long-term debt such that the initial increase in real debt (market value)
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 (face value) is inflated away
by unexpected future inflation and is only partially repaid by higher surpluses. However,

the number of outstanding bonds increases permanently to ng, = vsseftoo mudu,
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Figure 9: Permanent monetary policy shock for the parametrization in Table 1. Decrease
mss = 0.02 by 50 bp to 77" = 0.015. Solid blue lines show the responses matching average

Ss

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

Table 5: Inflation decomposition (22) for the monetary policy shock in Figure 9.

Debt JoS e Mmdu | [0 e iy du [T e sy /assdu pg/pglsnew —1 w/vlew —1
Maturity inflation interest rate surplus direct effect  debt shock
Long-Term 8.02 5.16 3.34 —4.91 11.11
Average 2.39 1.88 0.85 —1.24 2.60
Short-Term 0.81 0.96 0.15 0 0

2.6.2 Permanent shocks

Consider a monetary policy shock decreasing the inflation target by 50 bp, or equivalently,
the policy interest rate target (which is isomorphic to the inflation target), i"¢" = p+m7¢v,
decreases by 0.5 percentage points. Suppose for the moment that the policy change is fully
credible and fully observed, i.e., does not require learning and filtering. An unexpected
lower long-term interest rate or inflation target then has an expansionary effect on outpu