| Australian
« &, National

University

Crawford School of Public Policy

CAMA

Centre for Applied Macroeconomic Analysis

Inflation Dynamics: The Role of Public Debt and
Policy Regimes

Saroj Bhattarai
Department of Economics, Pennsylvania State University

Jae Won Lee
Department of Economics, Seoul National University

Woong Yong Park
Faculty of Business and Economics, University of Hong Kong and
Centre for Applied Macroeconomics Analysis

Abstract

We investigate the roles of a time-varying inflation target and monetary and fiscal policy
stances on the dynamics of inflation in a DSGE model. Under an active monetary and
passive fiscal policy regime, inflation closely follows the path of the inflation target and a
stronger reaction of monetary policy to inflation decreases the response of inflation to
non-policy shocks. In sharp contrast, under an active fiscal and passive monetary policy
regime, inflation moves in an opposite direction from the inflation target and a stronger
reaction of monetary policy to inflation increases the response of inflation to non-policy
shocks. Moreover, a higher level of government debt leads to a greater response of
inflation while a weaker response of fiscal policy to debt decreases the response of
inflation to non-policy shocks. These results are due to variation in the value of public
debt that leads to wealth effects on households. Finally, under a passive monetary and
passive fiscal policy regime, both monetary and fiscal policy parameters matter for
inflation dynamics, but because of equilibrium indeterminacy, theory provides no clear
answer on the overall behavior of inflation. We characterize these results analytically in a
simple model and numerically in a quantitative model.

THE AUSTRALIAN NATIONAL UNIVERSITY



Keywords

Time-varying inflation target, Inflation response, Public debt, Monetary and fiscal policy
regimes, Monetary and fiscal policy stances, DSGE model

JEL Classification

E31, E52, E6G3

Address for correspondence:

(E) cama.admin@anu.edu.au

The Centre for Applied Macroeconomic Analysis in the Crawford School of Public Policy has been
established to build strong links between professional macroeconomists. It provides a forum for quality
macroeconomic research and discussion of policy issues between academia, government and the private
sector.

The Crawford School of Public Policy is the Australian National University’s public policy school,
serving and influencing Australia, Asia and the Pacific through advanced policy research, graduate and
executive education, and policy impact.

THE AUSTRALIAN NATIONAL UNIVERSITY



Inflation Dynamics:
The Role of Public Debt and Policy Regimes*

Saroj Bhattarail Jae Won Leef and Woong Yong Park®

Abstract

We investigate the roles of a time-varying inflation target and monetary and fiscal
policy stances on the dynamics of inflation in a DSGE model. Under an active monetary
and passive fiscal policy regime, inflation closely follows the path of the inflation target
and a stronger reaction of monetary policy to inflation decreases the response of infla-
tion to non-policy shocks. In sharp contrast, under an active fiscal and passive monetary
policy regime, inflation moves in an opposite direction from the inflation target and a
stronger reaction of monetary policy to inflation increases the response of inflation to
non-policy shocks. Moreover, a higher level of government debt leads to a greater re-
sponse of inflation while a weaker response of fiscal policy to debt decreases the response
of inflation to non-policy shocks. These results are due to variation in the value of pub-
lic debt that leads to wealth effects on households. Finally, under a passive monetary
and passive fiscal policy regime, both monetary and fiscal policy parameters matter for
inflation dynamics, but because of equilibrium indeterminacy, theory provides no clear
answer on the overall behavior of inflation. We characterize these results analytically in
a simple model and numerically in a quantitative model.

JEL Classification: E31, E52, E63

Keywords: Time-varying inflation target, Inflation response, Public debt, Monetary

and fiscal policy regimes, Monetary and fiscal policy stances, DSGE model

*We are grateful to Seonghoon Cho, Ricardo Reis, Felipe Schwartzman, Neil Wallace, Tack Yun, seminar
participants at University of Hong Kong and Bank of Korea, and conference participants at the 15" KEA
International Conference and the 2013 Society of Economic Dynamics Annual Meeting for comments and
criticisms. We thank Seven Liu for research assistance. This version: November 2013.

tDepartment of Economics, Pennsylvania State University. Email: sub31@psu.edu.

iDepartment of Economics, Seoul National University. Email: jwlee7@snu.ac.kr.

$Faculty of Business and Economics, University of Hong Kong and Centre for Applied Macroeconomic
Analysis (CAMA), Australian National University. Email: wypark@hku.hk.



1 Introduction

Using a micro-founded model, we address three classic questions in monetary economics and
policy in this paper. First, does monetary policy always properly control the dynamics and
path of inflation? Specifically, can a time-varying inflation target decisively influence the
path of actual inflation? Second, does the level of public debt affect inflation dynamics? In
particular, does a higher level of public debt lead to a greater equilibrium response of inflation?
Third, what are the roles of monetary and fiscal policy stances on inflation dynamics and
the effects of changes in policy stances on the equilibrium response of inflation to various
shocks impinging on the economy? For example, what happens to the equilibrium behavior of
inflation when the monetary policy stance changes to a more aggressive response to inflation?
Does the fiscal policy stance with respect to public debt matter for inflation dynamics? If yes,
then how does a variation in the fiscal policy stance affect inflation?

These issues, while long of great interest in monetary economics, have received a renewed
interest recently. A prominent illustration is the research that aims to provide an explanation
to the rise of U.S. inflation in the 1970s and its subsequent fall in the 1980s. Proposed
explanations typically rely on changes in the dynamics of the inflation target and/or changes
in policy stances: Ireland (2007) and Cogley, Primiceri, and Sargent (2010) propose a rise in a
persistent time-varying inflation target as an explanation for the rise of inflation in the 1970s;
Clarida, Gali, and Gertler (2000), Lubik and Schorfheide (2004), and Bhattarai, Lee, and
Park (2012a and 2012b) argue that a weak monetary policy stance with respect to inflation in
the pre-Volcker period implied indeterminacy of equilibria, which in turn, increased inflation
due to self-fulfilling beliefs; while Sims (2011) and Bianchi and Ilut (2012) argue that a weak
response of taxes to debt led to an increase in inflation in the 1970s as a response to increases in
government spending.! Moreover, rising levels of public debt in many countries have recently
raised concerns on such a development leading to future inflation.

Motivated by these considerations, in the first part of the paper, we provide a complete
and analytical characterization of these questions in a simple sticky-price dynamic stochastic
general equilibrium (DSGE) model with feedback policy rules. We analyze three different
policy regimes. The first policy regime is an active monetary and passive fiscal policy regime,
where a high response of interest rates to inflation is coupled with a high response of taxes to
outstanding public debt.? This is the most common policy regime considered in the literature
where a unique stable equilibrium exists. In this regime, inflation closely follows the path of

the inflation target and stronger the systematic reaction of monetary policy to inflation, more

!Some well-known papers, such as Primiceri (2006) and Sargent, Williams, and Zha (2006), provide a
learning-based explanation for the rise and fall of U.S. inflation. Others, such as Sims and Zha (2006), have
attributed the rise and fall of U.S. inflation to time-varying volatility of shocks.

2We use the language of Leeper (1991) in characterizing policies as active and passive.
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closely will actual inflation follow the inflation target. Finally, the level of public debt and
the fiscal policy stance plays no role in price level determination. These results are standard
since in this regime, monetary policy controls inflation dynamics.

Second, we analyze an active fiscal and passive monetary policy regime, where a low
response of interest rates to inflation is coupled with a low response of taxes to outstanding
public debt.? A unique stable equilibrium exists with this combination of monetary and fiscal
policies as well. In this regime, in sharp contrast to the previous regime, inflation moves in
an opposite direction from the inflation target on impact. In fact, stronger the systematic
reaction of monetary policy to inflation, greater will be the divergence between the inflation
target and actual inflation. In addition, and again in sharp contrast to the active monetary
and passive fiscal regime, a stronger reaction of monetary policy to inflation increases the
response of inflation to various non-policy shocks and raises inflation volatility. Moreover,
now, fiscal policy — the level of public debt and the fiscal policy stance — matters for inflation
dynamics. In particular, a higher level of public debt leads to an increase in inflation, the
magnitude of which rises as fiscal policy becomes more active (i.e. a weaker response of taxes
to debt). In addition, we show that a more active fiscal policy leads to a weaker response of
inflation to non-policy shocks.

These results arise because of the wealth effect on households as the value of outstanding

government debt varies due to interest rate and tax changes.!

Under the active monetary
and passive fiscal policy regime, because the systematic response of interest rates to inflation
was greater than one, expected inflation decreases in response to an unanticipated increase
in interest rates. In this regime, in contrast, when monetary policy raises interest rates —
whether responding to a decrease in the inflation target or to other non-policy shocks — the
value of government debt rises to cover the increased interest expense. This leads to a positive
wealth effect on those who hold government debt, the households, because they perceive this
increase in value of government debt as increasing their wealth since it is not matched by
tax increases that are enough to satisfy the intertemporal government budget constraint at
prevailing prices. The positive wealth effect then leads to increased spending by households
which in turn increases inflation in equilibrium. Thus, inflation will move in the opposite
direction from the lowered inflation target. Moreover, greater the systematic response of
interest rates to inflation, as long as this response is less than one-for-one, it only serves to

make this positive wealth effect stronger. Then, the equilibrium response of inflation to both

3For early treatments of this policy regime in simple models, see among others, Leeper (1991), Sims (1994),
and Woodford (1995). Kim (2003) and Canzoneri, Cumby, and Diba (2011) present numerical results on the
effects of some shocks in a sticky-price model under this policy regime. Our contribution is an analytical
characterization of both the solution as well as the comparative statics with respect to policy parameters.

4As we explain in detail in the paper, this mechanism is distinct from the classic mechanism proposed by
Sargent and Wallace (1981) that is related to monetization of public debt.
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policy and non-policy shocks will be even higher.

Similarly, fiscal policy matters for inflation dynamics as first, a higher level of public
debt leads to an increase in inflation as it leads to a higher wealth effect on households.
Second, fiscal policy stance also affects inflation, but unlike monetary policy stance, it affects
household wealth by controlling directly the magnitude of the change in tax revenues — rather
than interest expenses — after a shock. In particular, when non-policy shocks hit the economy;,
the resulting changes in lump-sum taxes cause a wealth effect on households, again because
tax changes do not respond strongly enough to debt.” Moreover, weaker the response of taxes
to debt, lower is this wealth effect. Thus, spending and thereby inflation, responds by less to
both the level of debt outstanding as well as non-policy shocks.

Third, we explore a passive monetary and passive fiscal policy regime, where a low response
of interest rates to inflation is coupled with a high response of taxes to outstanding government
debt. In this regime, there is equilibrium indeterminacy and both fundamental and sunspot
shocks affect inflation. Importantly, generally, both monetary and fiscal policy stances matter
for inflation dynamics, although the level of government debt does not affect inflation. Due to
the potential for self-fulfilling beliefs however, theory provides no clear guidance on the overall
behavior of inflation.

While at first we provide closed-form solutions for a simple model, in the second part of
the paper, we also conduct a quantitative experiment with a richer DSGE model that includes
a variety of shocks and frictions. We show that for realistic parameter values, our analytical
results continue to apply in such a model.

Our results have implications for both the empirical and theoretical literature in monetary
economics.® For example, consider the recent practice in papers that estimate monetary DSGE
models of using a time-varying inflation target process to explain the low frequency movement
in actual inflation. In particular, Ireland (2007) and Cogley, Primiceri, and Sargent (2010)
show that the estimated inflation target tracks actual inflation remarkably well in post-WWII
U.S. data. Moreover, in a recent comprehensive study of various monetary policy reaction
functions, Curdia, Ferrero, Ng, and Tambalotti (2011) show that using a persistent time-
varying inflation target improves the fit of the model since it helps capture the low frequency
variation in inflation. Our results show that this strategy works only if one imposes an active
monetary and passive fiscal policy regime while estimating the model as well as ensures that
the inflation target shock is more persistent than other non-policy shocks.” Indeed, using an

estimated DSGE model and a pre-Volcker and a post-Volcker subsample analysis, Bhattarai,

®Changes in lump-sum taxes thus affect consumption in this economy due to the wealth effect.

6For a recent survey of the literature on monetary and fiscal policy interactions, see Canzoneri, Cumby,
and Diba (2011).

"Curdia, Ferrero, Ng, and Tambalotti (2011) use U.S. data from 1987 : ITI to 2009 : ITI, a period during
which an active monetary and passive fiscal policy regime is certainly a reasonable description of policy.
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Lee, and Park (2012b) show that the correlation between inflation and the smoothed inflation
target backed out after estimation varies significantly depending on which policy regime one
imposes during estimation. Figure 1, reproduced from that paper, makes the point clear as
it shows that while under an active monetary and passive fiscal policy regime, the long-run
correlation between the inflation target and actual inflation is high and positive, under a
passive monetary and active fiscal policy regime, it is strongly negative. Moreover, under a
passive monetary and passive fiscal policy regime, while theoretically the correlation between
the inflation target and actual inflation is not pinned down, empirically, the correlation is
close to zero.

Our theoretical results show that under a passive monetary and passive fiscal policy regime,
while public debt is not a state variable, both monetary and fiscal policy stances matter for
inflation dynamics. Thus, in bringing a model under indeterminacy to the data, dropping
fiscal policy from the model is a source of misspecification. We thus derive new results by
generalizing Lubik and Schorfheide (2003), who did not specify fiscal policy explicitly. Finally,
we show that the effects of an aggressive monetary policy stance, or a “hawkish” central bank,
on inflation depends critically on the joint behavior of monetary and fiscal policy. In particular,
we establish that in a passive monetary and active fiscal policy regime, an aggressive reaction
to inflation by the central bank actually ends up destabilizing inflation in response to non-
policy shocks. Thus, any prescription for monetary policy behavior has to take into account

the prevailing fiscal policy regime.®

2 Simple Model

For our analytical analysis, we consider a prototypical DSGE model with nominal rigidities.”

The log-linearized model around zero-inflation steady state can be summarized by:

v, - Etml—(}?t—EtﬁtH)w:, (1)
7 = kY + BEA 4, (2)
R, = ¢(F —7), (3)
Foo= b, (4)
by = By — bR, — M5, + bRy, (5)

8Loyo (1999) uses a similar result from a flexible price model to interpret the experience of Brazil in the
1970s and 1980s and shows that a strong response of interest rates to inflation can lead to a hyperinflationary
spiral under a passive monetary and active fiscal policy regime. Here, we work with a determinate equilibrium
in a sticky-price model. Relatedly, Sims (2004) shows in a very different set-up, also a flexible price model,
that a central bank might lose control of inflation if it is not adequately backed up by the treasury.

9Since this model is well-known, we provide a complete model description in the appendix.



o= piry + e (6)
Ty = pafi1tEns (7)

where Y} is the output gap, the difference between actual output Y; and the output that would
prevail under flexible prices, R, is the nominal interest rate, #, is inflation, and 7} — often
referred to as the natural rate of interest — is a composite shock that is a linear combination of
the structural shocks. In particular, we show in the appendix that demand-type shocks such
as preference shocks increase 77, while supply-type shocks such as technology shocks lower
7f. Equations (1) and (2) represent the intertemporal Euler equation and Phillips curve,
respectively, that are standard in monetary DSGE models. Here, 3 is the discount factor of
the household and x , the slope of the Phillips curve, is a composite parameter of the structural
parameters. '’

Monetary policy is modelled using an interest rate rule (3) that features a systematic
response of the nominal interest rate ]:Bt, with feedback parameter ¢, to the deviation of
inflation 7, from a time-varying target 7;. Fiscal policy is modelled using a tax rule (4)
that features a systematic response of the tax revenues 7;, with feedback parameter 1, to the
real maturity value of outstanding government debt b,_1. For simplicity, we assume that the
government issues one-period nominal debt and levies lump-sum taxes. Finally, Equation (5)
is the flow budget constraint of the government.

We assume in Equations (6) and (7) that both 7} and 7 follow a stationary AR(1) process
with 7.7.d. innovations. Ireland (2007) models that the Federal Reserve adjusts the inflation
target in response to the economy’s supply shocks but finds that the response is not statistically
significant. In light of this result, we make the exogeneity assumption on 7;. Cogley and
Sbordone (2008) and Cogley, Primiceri, and Sargent (2010) also use an exogenous AR process
to model the inflation target.!!

As is well-known, the existence and uniqueness of equilibrium depends crucially on the
prevailing monetary and fiscal policy regime. The equilibrium of the economy will be deter-

minate either if monetary policy is active while fiscal policy is passive or if monetary policy is

10We use X, to denote the log deviation of a variable X, from its steady state X, except for two fiscal
variables, by and 7. Following Woodford (2003), we let them represent respectively the deviation of the
maturity value of government debt and of government tax revenues (net of transfers) from their steady-state
levels, measured as a fraction of steady-state output: by = (bt - 13) JY and 7y = (14 — 7) /Y.

H'The assumption that 7 is stationary implies that the monetary authority does not permanently keep the
inflation target at a constant level but in the long run drives the inflation target back to the steady state level,
zero. We introduce this assumption for two reasons. First, the stationarity assumption allows us to work with
a standard framework. To assume that the inflation target has a unit root results in time-varying coefficients
of the Phillips curve as in Cogley and Sbordone (2008) or leads to a non-standard monetary policy rule for
with which the Taylor principle should be modified. Second, we will generally restrict p, to values close to 1,
thereby effectively ensuring that #; captures the persistent behavior of the inflation target set by the central
bank. Cogley, Primiceri, and Sargent (2010) use the same assumption.
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passive while fiscal policy is active. The equilibrium is indeterminate and multiple equilibria
exist if both monetary and fiscal policies are passive while no stable equilibrium exists if both
monetary and fiscal policies are active. In our model, monetary policy is active if ¢ > 1 and

fiscal policy is active if ¢ < 1 — f3.

2.1 Results

We analytically characterize the solution of the model either when a determinate equilibrium
exists or when there are multiple equilibria. We then derive several results regarding the
dynamics of inflation. Specifically, we study how the path of inflation depends on the path
of the inflation target, whether the level of debt outstanding matters for the behavior of
inflation, and how the response of inflation changes when monetary and fiscal policy stances
change within a policy regime. All the details of the derivations and the proofs of the various

propositions are provided in the appendix.

2.1.1 Active Monetary and Passive Fiscal Policy

Under an active monetary and passive fiscal (AMPF) policy regime, the solution for inflation
is:
T =® (o) 7 + T (9) 77, (8)

where ® (¢) and I' (¢) are functions of the monetary policy response parameter ¢.!? Note that
debt b,_; is not a state variable and thus inflation is only a function of the exogenous shocks
7y and 7;. Moreover, the fiscal policy response parameter 1) does not affect inflation.

We next characterize several properties of the solution. We first start with the response

of inflation to changes in the inflation target and the non-policy shock.

Proposition 1 (Direction of inflation response) Under AMPF, inflation moves in the
same direction as the inflation target &;. Moreover, inflation responds more (or less) than

one-for-one to changes in the inflation target if prices are sufficiently flexible (or sticky):
0<®(p) <1 Vee(0,k], and ®(¢)>1 Vi€ (R,00),

where = (1 —p,) (1 — Bp,) /py- Finally, inflation moves in the same direction in response
to the non-policy shock, ©; — that is,
I'(¢) > 0.

120bviously, ® (¢) and T (¢) in Equation (8) are a function of other structural parameters as well. From
here on after, we write the coefficients in a solution for inflation as a function of policy parameters only so as
to highlight their role in determining inflation dynamics.
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In this regime, since inflation moves in the same direction as the inflation target, we see
clearly that monetary policy controls the dynamics of inflation. As is natural, the response of
inflation to the inflation target shock depends on the extent of price stickiness in the economy:
smaller the degree of price stickiness, greater is the response of inflation. In particular, when
prices are sufficiently flexible (k > &), inflation overshoots the central bank’s target rate.'?
Proposition 1 also establishes that inflation moves in the same direction as the natural rate of
interest 7;. Hence, inflation increases in response to favorable demand shocks and decreases in
response to favorable supply shocks. This is a conventional result under the AMPF regime.

Next, we consider a comparative static exercise with respect to the policy parameter ¢,

which is the measure of the monetary policy stance.

Proposition 2 (Magnitude of inflation response and monetary policy stance) Under
AMPEF, the response of inflation to changes in the inflation target is decreasing (or increasing)

in ¢ if prices are sufficiently flexible (or sticky):

0% (¢)
99

The equality holds when k = k. Moreover, inflation responds less to non-policy shocks as the

0% (¢)
9¢

>0 Vke(0,r], and

<0 Vk € (R, 00).

monetary authority becomes more aggressive—that is, I' decreases as ¢ increases:

or (¢)

W<O.

In combination with Proposition 1, we now have the intuitive result that 7, will deviate
less from 7} as ¢ increases — for all values of x and after all types of shocks (policy and
non-policy). Moreover, due to the absence of an endogenous state variable in Equation (8),
the long-run variance of the “inflation gap,” o, — 7}, decreases when the monetary authority
reacts systematically strongly to inflation: OV AR(7t;—7})/0¢ < 0. Thus, if the central bank’s
objective is to stabilize the inflation gap, a more aggressive monetary policy stance is desired.

We conclude this subsection with a note that our results reveal an interesting point and
provide another interpretation of some recent results in the literature. Empirical studies such
as Cogley, Primiceri, and Sargent (2010), which specify active monetary policy, have found
that the low-frequency components of the inflation rate are explained almost entirely by a
time-varying inflation target. The literature’s strategy is to calibrate p,. to a large value, close

to a random walk. Our results — that 7, moves closely with 7} — are consistent with those

13While inflation in theory can either overshoot or undershoot variations in the inflation target, the model
in practice almost always generates “over-shooting” because the lower bound of x for ® (¢) > 1, found in
Proposition 1, is very small when p, has a value close to one, which is usually the case in the literature. For
example, at our benchmark parameterization (5 = 0.99; p,. = 0.995), & is less than 0.0001.
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findings. Moreover, as is clear from Equation (8), to the extent that the inflation target is
more persistent than other exogenous variables (p, > p,), the inflation target — relative to
other shocks — will dominate inflation dynamics, especially at low frequencies.

We now analyze another policy regime that leads to a determinate equilibrium.

2.1.2 Passive Monetary and Active Fiscal Policy

Under a passive monetary and active fiscal (PMAF) policy regime, the solution for inflation
is:
T =Q(d, ) by — (0, 9) 77 + T (0, 9) 7, (9)

where Q (¢,v), ®(¢,¢), and T'(¢p,v) are functions of both the monetary policy response
parameter ¢ and the fiscal policy response parameter ). Note that the dynamics of inflation
depend on public debt outstanding i)t_l, which is an endogenous state variable in the model.
This is an important difference from the case we analyzed under AMPF. As we explain below,
the wealth effect on households due to changes in the value of government debt and taxes,
which in turn affects households’ spending, is the main mechanism behind our results in this
section.

We next characterize several properties of the solution. We first start with the response of

inflation to changes in the inflation target, the non-policy shock, and public debt outstanding.

Proposition 3 (Direction of inflation response) Under PMAF, inflation moves in the

opposite direction in response to a change in the inflation target — that is,

(¢, 0) =0  for ¢ € (—00,4") and ¢ € [0,1),

where 0 < " < 1 —f3 is a reduced-form parameter. The equality holds when ¢ = 0. However,

inflation moves in the same direction in response to the non-policy shock, 7} — that is,

C(p,0) >0  for ¢ € (—o0,1—[) and ¢ € [0,1).

Finally, inflation moves in the same direction in response to a change in public debt outstand-
ing — that is,
Q(p,0) >0 for ¢ € (—o0,1—[) and ¢ € [0,1).

The result of Proposition 3 on the negative relationship between inflation and the inflation
target, which is in stark contrast to Proposition 1 under the AMPF regime, arises because

now changes in the value of government debt influence inflation dynamics.** Suppose that

! Note that for the first result of this proposition, there is a condition on 1 such that fiscal policy has to



the monetary authority unexpectedly lowers the inflation target. From Equation (3), this
increases the nominal interest rate on impact. An increase in the nominal interest rate results
in an increase of the value of government debt, due to an increase in interest expense. In this
active fiscal policy regime, since taxes do not adjust by enough to satisfy the intertemporal
government budget constraint at prevailing prices, the increase in the value of government debt
leads to a positive wealth effect on households who hold government debt. This positive wealth
effect then leads to higher spending, which pushes up inflation in equilibrium. Proposition 3 is
therefore, the key reason behind the negative relationship between inflation and the inflation
target under the PMAF policy regime shown in Figure 1.

Proposition 3 also establishes that under a PMAF regime, inflation moves in the same
direction as the non-policy shock. This result is the same as Proposition 1 under the AMPF
regime because even under the PMAF regime, the effect of a positive non-policy shock on the
economy is still to increase the output gap given the expectations as implied by Equation (1),
and in turn, inflation as implied by Equation (2).

Finally, Proposition 3 also shows that under a PMAF policy regime, inflation is affected
positively by changes in public debt outstanding b,_1. This is also in stark contrast to the
AMPF regime. This result is again a direct derivative of the wealth effect on households
discussed above that is a crucial mechanism under active fiscal policy. A higher level of public
debt outstanding, not matched by sufficient tax increases, is translated into higher wealth for
households, which increases spending and thereby inflation. Thus, even with lump-sum taxes,
a higher level of outstanding government debt is inflationary in this regime.

Next we consider a comparative static exercise with respect to the policy parameter ¢.

Proposition 4 (Magnitude of inflation response and monetary policy stance) Under
PMAF, inflation deviates even further from the inflation target when the monetary authority
is more aggressive — that is, ® increases as ¢ increases in the domain of [0,1):

oo — ok

$>0 for ¢ € (=00, ) and ¢ € [0,1),
where 0 < " < 1 — (3 is a reduced-form parameter. Moreover, inflation responds more to
non-policy shocks when the monetary authority is more aggressive—that is, I' increases as ¢
increases in the domain of [0,1):

or (¢,¢)

T>0 for ¢ € (=00, 1 —f3) and ¢ € [0, 1).

be “sufficiently” active. That is, ¥ < " < 1 — 3. As we argue in the appendix, this condition is unlikely to
be relevant empirically.
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Finally, inflation responds more to a change in public debt outstanding when the monetary
authority is more aggressive—that is, ) increases as ¢ increases in the domain of [0,1):

o0 (¢, %) >0 for ¢ e (—00,¢") and ¢ € [0,1),

d¢

7 kksk

where 0 < < 1 — [ is a reduced-form parameter.

In sharp contrast to our result under the AMPF regime in Proposition 2, Proposition 4
shows that under a PMAF regime, as the reaction of monetary policy to inflation increases,
so does the impact on inflation of a change in the inflation target.!® This is because when the
reaction of monetary policy to inflation increases, for a given decrease in the inflation target,
the nominal interest rate increase will be higher. This means that the value of government
debt increases by more, which in turn, increases the size of the wealth effect discussed above.
This then implies a greater effect on spending, and thereby, on inflation. Thus, a stronger
response of monetary policy to inflation ends up stabilizing inflation by less.

Moreover, Proposition 4 establishes that stronger the systematic response of monetary
policy to inflation, greater will be the response of inflation to the non-policy shocks in equi-
librium. This result is again in contrast to the result under the AMPF regime. What leads to
this result? When a positive non-policy shock hits the economy, it raises inflation. Now with
a higher ¢, interest rates will rise by more in response to this increase in inflation, as given
by Equation (3). Under the AMPF policy regime, this increase in interest rates would bring
expected inflation down. In this PMAF regime, however, the greater increase in interest rates
raises the value of government debt by a greater amount. This leads to a greater wealth effect
on the households, which increases inflation by a larger amount.

Finally, Proposition 4 shows that a greater systematic response of interest rates to inflation
leads to a greater response of inflation to public debt outstanding. Again, this result arises
because with a stronger response of interest rates to inflation, the wealth effect gets amplified.
As shown in Proposition 3, a higher value of b,_ increases inflation. While the monetary
authority raises the interest rate in response to the increased inflation, the interest rate will
rise by more with a higher ¢, which in turn will deliver a stronger wealth effect.

In this regime, since fiscal policy also matters for inflation dynamics, we next establish a

result related to the fiscal policy stance.

Proposition 5 (Magnitude of inflation response and fiscal policy stance) Under PMAF,

inflation deviates even further from the inflation target as the fiscal authority becomes more

15 Again, note that for the first and the third result of Proposition 4, there is a condition on % such that

fiscal policy has to be “sufficiently” active. That is, ¢» <1 ,9 < 1— 5. As we argue in the appendix, this
condition is unlikely to be relevant empirically.
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active — that is, ® increases as 1) decreases in the domain of (—oo,1 — f3):

92(9) _ for ¢ € (00,1~ f) and ¢ € [0,1).

O
Moreover, inflation responds less in response to non-policy shocks as the fiscal authority be-
comes more active—that is, I' decreases as 1) decreases in the domain of (—oo,1 — [3):

M>O f()'r wE(—OO,l—B)and¢e[071)'

o
Finally, inflation responds more to a change in public debt outstanding when the fiscal authority
becomes more active—that is, §) increases as 1 decreases in the domain of (—oo, 1 — (3):

o

In this PMAF regime, Proposition 5 shows that as fiscal policy becomes more active,
inflation responds more strongly, and in the opposite direction, to changes in the inflation
target. This result arises because as 1) decreases, taxes respond less strongly to debt as given
by Equation (4). Then the wealth effect due to interest rate changes described above becomes
amplified. This increased wealth effect in turn leads to greater spending and thereby a stronger
response of inflation.

Proposition 5 also shows that weaker is the response of taxes to debt, lower is the response
of inflation to the non-policy shock. When a positive 7} shock hits the economy, as we
discussed above, it leads to higher inflation. This lowers the value of government debt. From
Equation (4), this implies that taxes will decrease. Now, lower is v, smaller is the decrease in
taxes. Even though taxes are lump-sum in our model, when the regime is PMAF, tax changes
lead to a wealth effect on households. With a smaller decrease in taxes, the wealth effect is
smaller, which in turn leads to a smaller change in spending and thereby inflation. Finally,
the last result in Proposition 5 shows that inflation responds more to a change in public debt
outstanding when fiscal authority becomes more active arises because the wealth effect gets
magnified when taxes respond less to public debt outstanding.

So far, we have provided analytical results in the PMAF regime for the initial response
of inflation. Because of the role of an endogenous state variable, it is cumbersome to derive
closed-form results for the full dynamic response of inflation. We therefore, resort to numerical
solutions to show that our results on the initial response of inflation are general indications
of the overall dynamic responses as well.

We show in Figure 2 the response of inflation to a one percent decrease in the inflation

target under varying degrees of monetary and fiscal policy stances. The figure highlights our
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results above in Propositions 3, 4, and 5 and shows that while our analytics focused on the
impact response of inflation, the same economic intuition can be extended to longer horizons.
Indeed, it clearly shows that the deviation of inflation from the target continues to be greater
in periods following the change in the inflation target, as monetary and fiscal policies become
more active.'® The reason is that when ¢ is higher (and/or 1) is lower), the interest rate will be
persistently higher after a decrease in the inflation target to the extent that the inflation target
is persistent. This leads to a persistently higher value of public debt, which in turn, leads
to a persistently positive wealth effect and a persistently higher inflation. What is more, as
monetary and/or fiscal policy is more active, inflation depends more strongly on government
indebtedness — that is, as shown above in Propositions 4 and 5, §2(¢,) is increasing in
¢ and decreasing in 1. This property magnifies the mechanism through which larger debt
outstanding influences the dynamics of inflation.

Figure 3 illustrates our results on the inflation response to non-policy shocks under varying
degrees of monetary and fiscal policy reactions to inflation and debt, respectively. The figure
highlights our analytical results above on the impact response of inflation and the dynamic
responses of inflation reveal an interesting pattern: while the initial response of inflation is
positive in response to the shock 7} and it remains positive for a number of periods, after some
time, inflation goes below steady state.!'” The intuition for this result is again related to the
dynamics of government debt. Initially, the increase in inflation lowers the value of government
debt. In this regime, this decrease in the value of government debt leads to a negative wealth
effect on households. This negative wealth effect leads to a decrease in spending by households,
which eventually leads to inflation decreasing and going below steady state. Moreover, note
that in Panel (a) of Figure 3 one sees that the paths intersect after a certain number of periods.
This feature arises because when inflation goes below steady state, it leads to a decrease in
nominal interest rates, as given by Equation (3). This decrease in interest rate leads to a
negative wealth effect. Higher the value of ¢, greater is this negative wealth effect. Thus, once
inflation goes below steady state, due to the negative wealth effect that depresses spending,
there is a tendency for inflation to continue below steady for a while. This effect is more
pronounced when ¢ is higher, which in turn, implies that the paths for different levels of ¢
will cross.

We next delve further into this issue. Figure 4 shows results for the inflation response

16Kim (2003) and Canzoneri, Cumby, and Diba (2011) present impulse response of inflation to a monetary
shock under PMAF and show that a positive interest rate shock leads to an increase in inflation for several
periods. Since a positive interest rate shock and a drop in the inflation target behave similarly, our results are
consistent with theirs. They do not however, consider detailed comparative statics with respect to monetary
and fiscal policy parameters.

17Kim (2003) also present impulse response of inflation to aggregate demand and aggregate supply shocks
under PMAF and notes this behavior of “inflation reversal.” He does not however, consider detailed compar-
ative statics with respect to monetary and fiscal policy parameters.
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to non-policy shocks under varying degrees of monetary policy reaction to inflation and for
different levels of persistence of the non-policy shocks. As is to be expected, the greater the
persistence of the shock, the more persistent will be the response of inflation. Moreover, the
pattern of inflation initially remaining above steady state and then eventually going below
steady state is robust to various levels of persistence of the shock.

Figure 5 illustrates our results on the effect of a change in public debt outstanding on
inflation and how the effect varies with monetary and fiscal policy stances.'® We consider a
one percent increase in debt outstanding and show that, as proved in Propositions 3, 4, and
5, it leads to a positive initial response of inflation, the extent of which increases as monetary
and fiscal policy become more active. Moreover, Figure 5 shows that the analytical results
on the initial effect on inflation extend robustly to the dynamic response: the response of
inflation continues to be greater in periods following a change in public debt outstanding, as
monetary and fiscal policies become more active.

The results on the dynamic responses of inflation have an important implication for the
relationship between the monetary policy stance and the volatility of inflation — a primary
policy objective of central banks. As Figure 3 illustrates, under PMAF, while the response
of inflation deviation is not greater for every time period when ¢ is higher, it is certainly the
case for most periods — especially the initial periods. To the extent that initial responses of
inflation to shocks dominate in the second moment of inflation dynamics, the volatility of
inflation will be larger when monetary policy reaction is stronger.'” Figure 6 illustrates this
result. Under AMPF, a more hawkish monetary policy leads to a smaller standard deviation
of inflation as discussed earlier. Under PMAF, however, a stronger monetary policy reaction
to inflation instead leads to a higher volatility of inflation.

Finally, we consider a regime where there is equilibrium indeterminacy as both monetary

and fiscal policies are passive.

2.1.3 Passive Monetary and Passive Fiscal Policy

Under a passive monetary and passive fiscal (PMPF) policy regime, multiple equilibria exist.

We can express the solution for inflation as:

7A7t = _"fﬁilﬁfl +ﬁ71ﬁ-t71 - (I)w (¢7 1/}> ﬁ-: - FTI' (¢7 ¢) f: +A7r (¢7 1/)) (Mwﬁ-: + Mrf;ﬁk + C:) ) (10)

18 Obviously, what is needed to compute these figures in addition to the solution for inflation is the equilib-
rium law of motion of debt, the closed-form expression for which is provided in the appendix.

Tnitial responses are disproportionately important for the variance of the inflation rate because the squared
size of the initial response to a shock is substantially bigger than those of the responses in the following periods
as can be seen in Figure 3. This argument is reminiscent of the difference in outcomes when monetary policy
is analyzed under commitment and discretion, also known as the stabilization bias.
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where (} is a sunspot shock that is independent of the fundamental shocks to the economy.
Moreover, M, and M, are new parameters introduced due to indeterminacy that are not
pinned down by the structural parameters of the model, while ® (¢,v) and I' (¢, 1) capture
the part of the solution that is determined uniquely by the structural parameters.?’

In this regime, we establish the following result where for analytical tractability, we focus

on iid shocks.

Proposition 6 Suppose that p, = p, = 0. Under PMPF

O (p,9) >0 and I' (p,90) >0  for ¢ € (1 —f,00) and ¢ € [0,1).
The equality holds when ¢ = 0. Moreover, b,_1 is not a state variable for inflation.

Proposition 6 thus shows that under PMPF, for the part of the solution that is determined
by the structural parameters of the model, the initial response of inflation to 7; and 7}
depends on both monetary and fiscal policy parameters. In this respect, the solution is similar
to that under the PMAF regime and unlike that under the AMPF regime. Thus, under
indeterminacy, not explicitly specifying fiscal policy in the model, even though it is passive,
is a source of misspecification. Moreover, Proposition 6 establishes that b;—1 does not directly
affect inflation dynamics under the PMPF regime. This is a critical difference from the PMAF
regime. Therefore, while indeterminacy changes the propagation mechanism of fundamental
shocks compared to AMPF and PMAF, it does not introduce public debt as a state variable
unlike PMAF since fiscal policy is passive. Thus, fiscal policy affects the equilibrium law of
motion of inflation in a subtle but important way under PMPF, implying that it cannot be
left unspecified in the model.

Finally, for the part of the solution that is determined by the structural parameters of

the model, inflation moves in the opposite direction from a change in the inflation target.?!

20For the complete description of the notation, see the appendix. Our solution methodology follows Lubik
and Schorfheide (2003). The assumption that ¢} is independent of the fundamental shocks is not consequential
for the dynamics of inflation. The last term in (10) appearing due to indeterminacy, M, #; + M, 7} + (;, can
be written as a single composite non-fundamental shock that may be correlated with the fundamental shocks
to any extent. Let us denote the non-fundamental shock by 6: . Then, there are three parameters for the
distribution of é: — the covariance with 7} and 7, and the variance — for which there exists a one-to-one
mapping with M, M, and the variance of {;. That is, one can always find a unique non-fundamental shock
that is in general correlated with the fundamental shocks and implies equivalent dynamics for inflation.

2'Lubik and Schorfheide (2003) show in a three-equation model without fiscal policy and variables that
for the part of the solution determined by structural parameters of the model, the initial effect of a positive
monetary shock on inflation is positive. Our results are thus consistent with theirs, since a positive monetary
shock and a negative inflation target shock behave similarly, and moreover, provide a generalization since we
consider a model with fiscal policy. In addition, as we note above, not including fiscal policy explicitly under
indeterminacy is a source of misspecification.
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This is again similar to the case under the PMAF regime. Unlike the case under PMAF (and
AMPF) however, the initial effect of the shock 7} on inflation is negative.

Importantly, note that the overall relationship between inflation and the inflation target
and the total initial effect of 7} on inflation is ambiguous, depending on the values taken
on by M, and M,. If agents form self-fulfilling expectations that an increase in the infla-
tion target pushes up inflation significantly (A (¢,%) M, > ® (¢,1)), then inflation indeed
responds positively to the increase of the inflation target. Therefore, in general, the question
of how inflation is related to the inflation target (and how inflation responds to 7}) can be
answered only empirically as it will depend on the estimates of both non-structural and struc-
tural parameters. For example, in an estimated model of the US economy in the pre-Volcker
era, Bhattarai, Lee, and Park (2012b) find that an increase of the inflation target decreases

inflation, as depicted in Figure 1.

2.2 Comparison with Unpleasant Monetarist Arithmetic

So far, we have shown that one of the major differences between an AMPF and a PMAF
policy regime is in the response of inflation to a change in the inflation target and public
debt outstanding. A classic model provided by Sargent and Wallace (1981), where the central
bank monetizes government debt as it is under “fiscal dominance,” is another example in
the literature where government debt can influence inflation dynamics. In this section we
illustrate the main mechanism behind this well-known “Unpleasant Monetarist Arithmetic”
result using an extension of our model and analyze how some properties of the PMAF regime
differ from that of a fiscal dominance regime in the spirit of Sargent and Wallace (1981).%?
To illustrate the unpleasant monetarist arithmetic mechanism, we make some minimal
changes to our model. In particular, since the mechanism requires the central bank to raise
seigniorage revenues to back up government debt when taxes do not respond strongly enough
to debt, we introduce money by using the money-in-the-utility specification. This leads to
a standard money demand function, m; = nyﬁ — ant: where 1y is real balances and 7,
and 7, are (semi-)elasticity of money demand, and extends the government budget constraint
to include the revenue raised by money creation. In addition, rather than an interest-rate
rule, we now model monetary policy using a seigniorage rule in the tradition of Sargent

and Wallace (1981).%% Specifically, the government budget constraint and seigniorage-based

22Canzoneri, Cumby, and Diba (2011) is a recent comparison of these two mechanisms. Our relative
contribution is to explain these issues in a unified framework of a sticky price model with policy rules and a
focus on dynamics.

ZFiscal policy also follows a tax-based rule. Thus we do not consider a game between the monetary and
fiscal authority.
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monetary policy rule are given respectively as:

by = B Wy — B ory— BV — BL5, 4+ DR,
Sy = fbét—l‘FEs,m

where §, = m (my —my_1 + 7;) is seigniorage and e, is a shock. The central bank may
adjust seigniorage in response to changes in government debt outstanding if £, # 0. Finally,
Equations (1) and (2), as well as the fiscal policy rule (4), continue to apply in this model.?*

As we have discussed before, the PMAF policy regime operates through changes in house-
hold spending arising from wealth effects that are generated because the government budget
constraint is not satisfied at prevailing prices. As a result of these spending changes, infla-
tion evolves and revalues government debt to ensure that the government budget constraint
is satisfied in equilibrium. On the other hand, the fiscal dominance regime of this section
operates through revenue generation by money creation. To make this distinction stark, we

now assume that b = 0, which simplifies the government budget constraint to:
b= 0oy — B — 575, (11)

Now, there simply is no possibility of inflation revaluing debt to lead to stable dynamics as
inflation does not affect debt dynamics at all.?> Therefore, the only way in which debt dy-
namics can be stable even when taxes do not respond strongly enough to debt is if seigniorage
revenues §; adjust. That is, the central bank has to monetize government debt.

We now define two regimes that lead to a unique stable equilibrium: a “monetary domi-
nance” regime and a “fiscal dominance” regime. In the monetary dominance regime, monetary
policy sets an exogenous stochastic path for seigniorage without concerning itself with debt
stabilization (£, = 0), while fiscal policy adjusts taxes by enough to stabilize debt (a high
enough ). In the fiscal dominance regime, monetary policy has to adjust seigniorage revenue
to adjust for debt (a positive and large enough &,) since fiscal policy does not adjust taxes
by enough to stabilize debt (a low ¢). The exact bounds on &, and 1) that characterize these
regimes are: monetary dominance by £, = 0 and ¢» > 1 — (3, and fiscal dominance by &, > 0
and ¢ < 1 — 3.2° Note that if seigniorage and tax revenues jointly do not adjust by enough to
back up debt (£, +1 < 1— ), then a stable equilibrium does not exist. Finally, unlike before,

there is no possibility of indeterminacy of equilibria as with a seigniorage/money supply based

24 For concreteness of comparison, we abstract from non-policy shocks in this section. Thus, Y, =Y.

25 Another way to make the same point would be to have real government bonds, as in Sargent and Wallace
(1981), instead of nominal government bonds.

26The detailed derivations are in the appendix. Also, for fiscal dominance to lead to stable dynamics, we
need to have £, + ¢ > 1 — (.
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monetary policy rule.?”

In the appendix, we prove the following result.

Proposition 7 Under monetary dominance, bi_1 is not a state variable of the model and
¢ evolves independently of public debt dynamics. Under fiscal dominance, bi_1 is a state

variable of the model.

It is relatively straightforward to understand the intuition behind Proposition 7. Under
monetary dominance, the model becomes block-recursive where the tax rule (4) and Equation
(11) determine the (stable) dynamics of b, and 7, independently of other model variables.
Under fiscal dominance, as is clear from the system of equilibrium conditions, b,_1 is a state
variable as seigniorage revenues have to adjust to back up (part of) public debt. In this sense,
the fiscal dominance regime is similar to the PMAF regime.

We next show how inflation evolves when the model is perturbed by the seigniorage shock
s+ and a change in outstanding government debt. We rely on numerical results as the model
is cumbersome to solve in closed-form.?® Panel (a) of Figure 7 shows that in response to a
positive seigniorage shock, inflation increases under both the monetary and fiscal dominance
regimes. This result is robust to a wide range of realistic parameter values and simply reflects
the fact that money creation is inflationary. In particular this result illustrates a difference
between the fiscal dominance regime and the PMAF regime. Recall that in Proposition 3 we
had shown that the effect of an increase in the inflation target was in the opposite direction
under the PMAF regime as compared to the AMPF regime. This is not the case here.
Moreover, while considering the dynamics and comparing Panel (a) with Panel (b) of Figure
7, which plots the response of seigniorage to the shock, it is clear that regardless of the regime,
inflation is a monetary phenomenon. This is also different from the comparison between the
AMPF and PMAF regimes. At the same time however, note that after some periods, inflation
goes below steady state for several periods under fiscal dominance but not under monetary
dominance. This result is in the spirit of Sargent and Wallace (1981) since it shows that under
fiscal dominance, the central bank eventually has to reduce seigniorage and decrease inflation
after expanding seigniorage currently. Thus, in this sense there is a similarity with PMAF in

that the central bank has imperfect control over inflation dynamics.

2TSargent and Wallace (1981) make a related point in their classic study as well.

28We use a standard calibration of 3 = 0.99 and x = 0.179. For the elasticity parameters of the money
demand function, we use values similar to the estimates in Ireland (2004): 7, = 0.014 and 7, = 1.386. We use
m =1, which does not affect model dynamics qualitatively. For policy parameters, we set £, = 0 and ¢ = 0.1
for the monetary dominance case and &, = 0.1 and ¢ = 0 for the fiscal dominance case. The shock to the
seignorage follows an AR(1) process with AR coefficient 0.995 while a change in government debt outstanding
is one-time only.
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Panel (c) of Figure 7 shows that in response to an increase in public debt outstanding,
inflation increases under fiscal dominance while it is not affected at all under monetary dom-
inance. This is indeed one implication of Proposition 7 since under monetary dominance,
public debt is not a state variable. Since in this regime taxes do not fully back debt, when
public debt outstanding increases, seigniorage revenues have to be raised to avoid explosive
debt dynamics and fulfill the government budget constraint. Increase in seigniorage then gen-
erates inflation. Thus, with respect to the implication of government debt outstanding for
inflation dynamics, the fiscal dominance regime is similar to the PMAF regime.

We have thus shown that in some respects the fiscal dominance regime of Sargent and
Wallace (1981) is similar to the PMAF regime. In particular, under both regimes, government
debt affects inflation dynamics and an increase in government debt outstanding is inflationary.
It is important to note however, that the mechanisms that lead to this similar result are
different. In fact we have illustrated them in model environments where we have shut down
one mechanism at a time. We presented the PMAF regime in a model without money, where
the possibility of revenues from money creation backing debt never arises. The channel that
leads to the government budget constraint being satisfied even with a low response of taxes to
debt is then revaluation of nominal debt by inflation. We then presented the fiscal dominance
regime in a model where the possibility of revaluation of nominal debt never arises because
inflation does not affect (up to linear approximation) debt dynamics at all. The channel that
leads to the government budget constraint being satisfied even with a low response of taxes

to debt is then revenue generation through printing of money.

3 Quantitative Model

In this section, we assess whether the results found analytically with the simple model also hold
in a quantitative model that features a rich set of frictions and shocks along the lines of Smets
and Wouters (2007). In particular, our model, other than a slightly different specification of
monetary policy rule and an inclusion of a fiscal block, is very similar to Del Negro, Schorfheide,
Smets, and Wouters (2007) and Justiniano, Primiceri, and Tambalotti (2010).%

For our numerical exercise, we use the posterior median estimates of Justiniano, Primiceri,
and Tambalotti (2010) for all the parameters related to preferences and technology. For all

three policy regimes, we also use the same value as their posterior median estimates for the

29The main differences in the monetary policy rule specification is that we include a time-varying inflation
target while excluding the growth rate of the output gap. Fiscal policy on the other hand is modelled using a
tax rule that features tax smoothing and a systematic response of the tax revenues to the level of outstanding
government debt as in (4). In addition, the government spending-to-output ratio evolves exogenously as a
time-varying fraction of output. As before, we obtain a first-order approximation of the equilibrium conditions
around a steady state (after normalization since there is growth) and solve using standard methods.
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monetary policy feedback parameter on output gap. For the tax smoothing parameter in the
fiscal policy rule, we use the posterior estimate of Bhattarai, Lee, and Park (2012b), while for
the steady state level of the maturity value of debt-to-output, we use the sample average from
U.S. data. We then conduct several comparative static exercises with respect to the policy
feedback parameters on inflation and government debt outstanding.®® We provide the details
of the numerical exercise with a complete model description in the appendix.

The numerical results from this quantitative model are consistent with our analytical
results from the simple model. We present impulse response functions to a change in the
inflation target and public debt outstanding. For non-policy shocks, to preserve space, we

only present results on the volatility of inflation.?!

3.1 A Change in the Inflation Target

Panels (a)-(d) of Figure 8 show for the three policy regimes the impulse response of inflation
to an unanticipated change in the inflation target, varying the degree of monetary policy
stance. They clearly illustrate one of the main results of our paper: under AMPF, inflation
moves in the same direction as the inflation target and that higher the systematic response of
monetary policy to inflation, smaller is the gap between inflation and the inflation target; while
under PMAF, in sharp contrast, inflation moves in an opposite direction from the inflation
target and higher is the systematic response of monetary policy to inflation, larger is the gap
between inflation and the inflation target. Moreover, under PMPF, depending on the value of
the parameter M, , which governs how self-fulfilling beliefs are formed under indeterminacy,
inflation could either move in the same direction as the inflation target or in an opposite
direction. Finally, under PMAF, Panel (e) of Figure 8 shows that lower is the response of

taxes to debt, greater is the gap between inflation and the inflation target.

3.2 A Change in Public Debt Outstanding

Similar to the simple model, under AMPF and PMPF, a change in public debt outstanding
does not affect inflation in equilibrium as public debt outstanding is not a state variable. Figure
9 therefore shows results only for the PMAF policy regime. Consistent with the analytical

result for the simple model, we find that inflation increases when the level of public debt

30 As in the simple model, the existence and uniqueness of equilibrium depends on the prevailing monetary
and fiscal policy regime. In this richer model, since we are unable to analytically characterize the exact
parameter boundaries that lead to various regimes, we determine them numerically.

31'We have six non-policy shocks: neutral technology shock, government spending, investment specific
technology shock, price markup shock, wage markup shock, and a preference shock. Even for impulse responses,
our numerical results are consistent with the analytical model except for two cases of differences with respect
to the initial impact on inflation. We provide all the figures as well as detailed explanations in the appendix.
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outstanding increases and that moreover, the response of inflation is higher when monetary
policy responds more strongly to inflation and when taxes respond less strongly to public debt

outstanding.

3.3 Non-policy Shocks

We now present the volatility of inflation in the presence of six non-policy shocks. This
is especially pertinent because arguably, focusing on the volatility of inflation is the most
sensible metric for inflation dynamics in this model which features various adjustment costs
and internal propagation mechanisms. Figure 10 shows under the three policy regimes the
standard deviation of inflation, varying the degree of monetary policy stance. Panels (a) and
(b) clearly depict one of the main results of our paper: in response to non-policy shocks under
AMPF, inflation volatility decreases as monetary policy responds strongly to inflation, while in
sharp contrast, under PMAF, inflation volatility increases. In this particular parameterization,
Panel (c) shows that under PMPF, inflation volatility increases as monetary policy responds

more strongly to inflation.

4 Conclusion

In this paper we characterize the dynamics of inflation under different monetary and fiscal
policy combinations in a standard DSGE model. First, using a simple set-up that allows for
closed-form solutions, we show that answers to some classic questions in monetary economics,
such as whether monetary policy controls inflation fully, whether higher level of government
debt is inflationary, and how changes in monetary and fiscal policy stances affect inflation,
depend crucially on the prevailing policy regime. Second, we show that our insights continue

to hold in a richer quantitative model.
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Figure 1: Inflation vs. estimated inflation target under different policy regimes in an estimated
model using U.S. data.

Notes: The estimated inflation target is the point-wise posterior mean of the inflation
target under different policy regimes in an estimated model using U.S. data in Bhattarai, Lee,
and Park (2012b), from which the figure is reproduced.
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Figure 2: The response of inflation to a one percent decrease in the inflation target under the
PMAF regime.
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Figure 3: The response of inflation to a one percent increase in the non-policy shock under

the PMAF regime.
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Figure 4: The response of inflation to a one percent increase in the non-policy shock with
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Figure 5: The response of inflation to a one percent increase in the level of debt-outstanding
under the PMAF regime.
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Figure 6: Standard deviation of inflation across different values of ¢ conditional on the non-
policy shocks.

Notes: The standard deviation is rescaled so that it is equal to 1 when ¢ = 3 under AMPF
and ¢ = 0 under PMAF.

29



(a) Responses of inflation (b) Responses of seigniorage (c) Responses of inflation
to the seigniorage shock to the seigniorag e shock to a change in debt outstanding

18 18 0.6
16| | Monetary dominance
' 05 | = = = Fiscal dominance
S g 14t 18 |
Q Q Q
g g 12f {1 8 04rl
(%] n 2
2 2 z !
2] (%] 0
@ @ 08 r \ 1 @ \
£ £ \ g o2 \
s s 06p '\ 1 8 \
@ '« LN\ | @ \
s 5 o \ S oy N
a kS N kS| S
3 S 027 12 -
) ] \ [ e w
o o ~ [a} 0 ==
O ..................... - \ ‘ - 444444
-0.2 ‘ ‘ ‘ -0.1 ‘ ‘ ‘
0 10 20 30 40 0 10 20 30 40
Periods after impact Periods after impact Periods after impact

Figure 7: The impact of a one percent increase in the seigniorage shock and a one percent
increase in debt outstanding in the unpleasant monetarist arithmetic model in the spirit of
Sargent and Wallace (1981).
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Figure 8: The response of inflation to a one percent decrease in the inflation target in the
quantitative model.
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Figure 9: The response of inflation to a one percent increase in debt outstanding in the PMAF
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(a) AMPF (b) PMAF (c) PMPF

Figure 10: Standard deviation of inflation across different values of ¢, conditional on the
non-policy shocks in the quantitative model.

Notes: The standard deviation is rescaled so that it is equal to 1 when ¢ = 3 under AMPF
and ¢ = 0 under PMAF and PMPF. The self-fulfilling beliefs and the sunspot shock are
turned off under PMPF.
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Appendix

A Simple Model

A.1 Households

Identical households choose sequences of {Cy, By, Ny, Dyy1} to solve:

max Fy B4d; |log Cy —
t=0 1+¢

subject to
P,Cy+ By + E [Qu4+1D41]) = R—1By—1 + Dy + Wy N, + 11, — P74,

where C} is consumption, N; is labor hours, P; is the price level, B; is the amount of one-period risk-less
nominal government bond, R; is the gross nominal interest rate, W; is the nominal wage rate, II; is profits of
intermediate firms, and 7; is government taxes net of transfers. The parameter, ¢ > 0, denotes the inverse
of the Frisch elasticity of labor supply, while d; represents an intertemporal preference shock. In addition to
the government bond, households trade at time ¢ one-period state-contingent nominal securities Dy at price

Qti+1-

A.2 Firms

Perfectly competitive firms produce the final good, Y, by assembling intermediate goods, Y;(7), through a
constant-elasticity-of-substitution (CES) technology

n—(/ Yt(z')edz'> ,
0

where 6 > 1 denotes the elasticity of substitution between intermediate goods. The corresponding price index

1 =
Py = </ Pt(i)ladz) ,
0

where P;(7) is the price of the intermediate good i. The optimal demand for Y;(4) is given by

Yili) = (Pt(i)yyt.

Monopolistically competitive firms produce intermediate goods using the production function, Y;(i) =

for the final consumption good is

atN¢(7), where N(7) denotes the labor hours employed by firm ¢ and a; represents exogenous economy-wide
productivity. Prices are sticky. A firm adjusts its price, P;(i), with probability 1 — a each period, to maximize

the present discounted value of future profits:

= . W, .
BeS Qe [Pii) = 5| Vi)
=0 t+k
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A.3 Government

Each period, the government collects lump-sum tax revenues 7; and issues one-period nominal bonds B; to
finance its consumption Gy, and interest payments. Accordingly, the flow budget constraint is given by:
By By

R,
P, =17p,

+Gt_7—t-

For simplicity, we assume G; = 0, which is inconsequential for our theoretical results. The flow budget
constraint can be rewritten as:

_ 1
Rt lbt =bi1— — Ty,
Tt

where b; = Rt% denotes the real maturity value of government debt.
The monetary and fiscal policies are described by simple rules. The monetary authority responds to

deviations of the inflation rate from its time-varying target rate, 7}, by setting the nominal interest rate

according to:
Ry

R \n:) "~

where R is the steady-state value of R,. Similarly, the fiscal authority sets the tax revenues according to:
_ (bt_l > v

=\ ) -

where 7 and b are respectively the steady state value of 7; and bs.

S~

A.4 Approximate Model

We log-linearize the equilibrium conditions around the non-stochastic steady state with values {ﬁ‘, Y, R, b, 7’}.
In particular, we assume that inflation is zero in the steady state: © = 0. Since the log-linearized model is

standard, we omit a detailed derivation. The approximate model is characterized by the following equations:

YV, = EYi— (Rt - Etﬁtﬂ) — Ey[Ady41],
Foo= (V=) + BB,

R, = ¢(fi—#7),

Foo= b,

by = B b1 — B bRty — B+ bRy

In the equations above, we use X; to denote the log deviation of a variable X, from its steady state X
(Xt =In X;—In X), except for two fiscal variables, b, and 7. Following Woodford (2003), we let them represent
respectively the deviation of the maturity value of government debt and of government tax revenues (net of
transfers) from their steady-state levels, measured as a percentage of steady-state output: by = (bt - l;) Y
and 7y = (74 — 7) /Y. In our simple model, (the log-deviation of) the natural level of output and the slope of
the Phillips curve are respectively given as Y} = a; and & = (1 — a) (1 — af) /a.

The model can be reduced to a dynamic system of < 7, I;t, 17}}

Y, = EYi — ¢ (7 — 7)) + Eyftpa + 77,
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Ty = F&f/t-*-ﬂEthtH’ (12)
by = BN — )by —b(B7F — @) 7y — boR],

where f@ = Yt — Yt” represents the output gap and 7} is a linear combination of all non-policy shocks (of both
supply and demand types). It is often referred to as the natural rate of interest because it is the real interest

rate that would prevail under flexible prices. In our simple model, it is specifically given as:
Pt = By [Adgs] — Er[Adi).

Note that demand-type shocks raise 7, while supply-type shocks lower ;.

B Solution of the Simple Model

In this section, we solve for the equilibrium time paths of {frt, by, f@} given exogenous variables summarized

by the policy and non-policy shocks, {7}, 7;}. To this end, we assume the exogenous random variables follow

AR(1) processes:

ﬁ-: = pwﬁ;ﬁkfl+67";t’
’F: S P7~ff71 + E'r',t-
We first write (12) in state space form:
110 Vi 1 ¢ 0 Y,
0 ﬂ 0 Et ﬁt+1 = —K 1 0 ’ﬁ't
0 0 1 be 0 -b(B-¢) BI1-w) be-1
—¢ -1 .
7
+1 0 0 ( i) (13)
— ’rt
b 0
~1
1 1
We then pre-multiply | 0 3 0 to both sides of the equation (13):
0 0 1
Vi N 0 Y, —¢ 1 .
7
Bl 7o | =] —sp gt 0 7 |+ 0 0 (t)
~ _ - - 7
by 0 —b (B —¢) BTHL—9) be—1 ~bp 0 !

=G

The coefficient matrix, G, can be decomposed as G = VDV !, where D is a diagonal matrix whose elements

are the eigenvalues of G. The system then can be written as:

Vi er 0 0 Y, —¢ -1 .
T
Et ﬁ-tJrl :V 0 €9 0 V71 ’ﬁ't + 0 0 < Ai )7
R ~ — T
by 0 0 e bi1 b 0 !
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where

1 2
o= o <ﬁ+n+1+\/(6+f<c+1) — 48 (1+v0) )
e2=B""(1—1)
ey — ﬁ+n+1—\/(ﬁ+/ﬁ+1)274ﬁ(1+/€¢)
57 93
V11 V12 V13 q1 q2 0
V= V21 V22 V23 and vol= Go1 G2 1
1 1 1 31 qz2 0

The elements of V' and V! are nonlinear functions of the model parameters. For later use, we note that:

2(1— ) — <ﬁ+ﬁ+1—\/(ﬁ+lﬁ+1)2—4ﬁ(1+ﬁ¢w))
20 (1 — Bo)

V23 =

T . . T
Finally, letting X; = ( Tit Tot T3y ) =V-! ( Yo 7w b ) , we rewrite the system as:

er 0 —Pq11 —q11 o
EXipi=| 0 e 0 | Xe+ | —¢(q1+b) —gu < Tt ) . (14)
0 0 ey —q31 —q31

Each element of X; is given by:

T1: = quYi + Qafe,
Tt = qn Vi + qoafts + i1,

T3¢ = q31Y; + @327

B.1 Active Monetary and Passive Fiscal Policy

Under AMPF, e; and e3 are outside the unit circle, while eg is inside the circle. We thus use the first and
third rows of the system (14) to draw linear restrictions between model variables. Substituting out the future

values of x1; and w3, recursively, we obtain:

L/
$1,t:;2 o Bz 1k (15)

Ly

! E ! ' Bz (16)
T34 = — — z
3,t es es t<3,t+k>

k=0

where

* ~ % Ak
21t = ¢quiTy + quity,

* A Ak
234 = Qqa17; + gzt
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These equations imply:

* _ k ~x k ax
B2 141 = dqu1pa7t + quiprty

ko~ x k A
Eizy 1 = dq310727¢ + az1pp 7y

Plugging these equations into (15) and (16), we obtain:

1 /1) 1
T1p = — — | B2l = dqn i 4+ qu
! kZ:O (61) L e —pg !
1S ( 1 )’“ 1,
34 = — — | Eiz3,, = $q31 7y + g3
€3 kZ:O €3 3,t+k €3 — Pr K
which leads to:
¥, ~ 1 A% 1 A%
Y, = —qﬁﬂ't +¢ T + Tt
q11 €1 — Pr €1 — Pr
Y, ~ 1 A%k 1 A%
Y, = —qﬂﬂ't +¢ T + Tt
q31 €3 — Pr €3 — Pr

Since the above system has two equations and two endogenous variables, we can easily solve for 7#; and Y;.

Moreover, 7; and f’t do not depend on l;t_l. We use the method of undetermined coefficients and obtain:

i =@ (¢) 7, +T(9) 7
Yi=@" ()7 + TV (¢)7;

where
= K:(b
®(¢) = k(p—p)+ (1 —p.)(1—PBp,)
I'(¢)= k(d—p,.)+ (1 —p.)(1=PBp,)
o o (1—Bp,)
PO = T+ A=) (1= Fr)
FY (¢) - (1 - 6pr)

"R —p)+(L=p) (1= Bp)

B.2 Passive Monetary and Active Fiscal Policy

We consider the case in which ¢, € [0,1) and 1) € (—o0,t) where ¢ = 1 — f is the upper bound for active
fiscal policy. We then can show that e; > 1, e3 > 1 and ez € (0, 1) in that parameter space. Consequently the

first two rows in (14) provide linear restrictions. From the rows, we obtain:

k
1 =/1 2
L1t = — E - tZ
e & e1 1,t+k>

(17)

(18)



where

* ~ % A%
21 = dqu Ty + quity,

25, = ¢ (g1 +b) 7} + g1y
The equations above imply:

* k o~ kA%
Ei2] 41, = dquipaTy + quiprty

B2y, =0 (QQ1 + B) PERT + ity

Plugging these equations into (15) and (16), we obtain:

Tt

I/ 1\, o, I
— E () Eiz1 411 = ¢qu p+qu———"
€1, \é €1 — Pr €1 — Pr

T 27 Pr

LS (L) Bt =l ) i
Toy = — — z = q s q T
2,t es — ey t<2 t+k 21 s —p t 21 e P t

Equation (19) implies:

¥, ~ 1 Ak A%
Y, = —(]1—27Tt + ¢ T+ 7
qi1 €1 — Pr €1 — Pr

We plug (21) into (20) to get:
qi2 . I .

1 N R - -
@1 |——T+ ¢ Ty + Tt}+QQ27Tt+bt1¢(Q21+b)
q11 €1 — Pr er — p,

€y —

T

Solving for 74, we obtain 7; as a function of state variables, {bt,l, 7y, r;‘} :

1 1

Ty 4 g

~ 7 7 1 1 ok
= Qb1 — Q¢ [((Jﬂ +) — g2 } Ty + Qg [
€2 — P €1 = Pr
where

0 q11
q12921 — q11922
bk (1 — Bo)
W+ (B4 k=10 —r(1-B0)

q21

e —p, e p,

(19)

(20)

(21)

(22)

For further analysis, it is useful to express the coefficients on the state variables in terms of model parameters.

To this end, we use the results in the following lemmas.
B(e2—e3)

B1-pp) = O
Proof of Lemma 1: Note that

Lemma 1: Q =

913921 — 911923 _ .
det (V1) 2

11922 — q12921 _ "
det (V1) o
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Therefore,

0 X ga1 — q11 = —q11 = det (Vﬁl) X V93,
G122 — Q1221 = det (V) x vz = det (V1) x 1.

It follows that

0= q11
d12421 — 411422

2(1— ) — <ﬂ+f@+1—\/(ﬁ+/<a+1)2—4ﬁ(1+/<a¢)>

20 (1 - B9)
_2(1-9)—20ey _ Plea—es)
2% (1 - o) b(1—Bg) ~

= V23

Lemma 2: Qqgo1 (61 — €2) = —kB7 L

Proof of Lemma 2: We have

(e1 —e2)

Qq21(61_62)2€(62763) B’i(liﬁ(ﬁ)

(1-59) v+ (B+r—1)¢—r(l—B)

(e2 —e3) (e1 — e2) e1ez — €2 —eje3 + eze3

= KkfB— = KkfB—
Vi (B+r-1)Y—k(1-50) Vi+(B+r-1)Y—k(1-50)
() (61 + e3 — 62) — e1€e3 (1_1/))(52+H+¢) — €1€3
:/{//B ) :/{//B )
Vi+(B+r—1)Y—k(1-50) Vi (B+r-1)Y—rk(1-50)
Ciett) Lo L [(1— ) (B+ K +1) — 8 — kB9]

= Kp

P Brr-Do-r(1-00) " PP+ B+r-1)b—nr(l—pe)
P e e e Ve ) I
PP+ (B+k— 1) — k(1 —Bo) '

Using the results from these two lemmas, we can simplify (22) as:

o= Q¢ ) by — @ (6, 0) 7 + T (6, 0) 7 (23)
where
_ Blea—e3)
Q(p,v) = m7
7 o o —1
B(O.0)=0x0(60),  where O(,y) = b
-1
T (¢,0) = i

(ex —p,)(e2 = p,)

It then follows that the law of motion for b, is given as:

by = esbi_1 —bp [L — (B~ — ¢) O] 77 —b (87" — ¢) Iy
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B.3 Passive Monetary and Passive Fiscal Policy

Finally, we consider the case in which ¢, € [0,1) and ¢ € (¢),00). Then, only one root (e1) is explosive and
there will exist multiple solutions to the model, which makes it more difficult to obtain analytical results. For
analytical tractability, we focus on a case in which the shocks are i.i.d.

Our solution methodology follows that of Lubik and Schorfheide (2003). Let us first introduce two new

variables, fz/ = Etf/tﬂ and & = E;7y41, and rewrite the model as:

1 0 0 0 O Y; 0 0 0 0 Y1
01 0 0 O T 0 0 1 0 Ti—1
00110 Y 1=]100 1 ¢ 0 i
000 5 0 i 0 0 —k 1 0 Y
000 0 1 by 00 0 —b(B'=9) B 1-9) b1
0 0 1 0
0 0 . 0 1
Ty n
+ _¢ _1 < 't >+ 1 ¢ < i )
7
0 0 ‘ —r 1 n
—bp 0 0 -b(B7'—9)
Since the system is block-recursive, we solve the lower block first:
11 & 1 ¢ 0 €1
0 B 0 & =1 —F 1 0 §io1
0 0 be 0 b -9) B(1-v) b1
—¢ -1 e 1 10) v
+| o o0 < " >+ — 1 ("; )
— T —
“bp 0 ‘ 0 —b(8'—9) e
-1
1 0
Pre-multiply | 0 8 0 to both sides of the equation and obtain:
0
: e 0 3
Tol=l e 5! 0 Y (24)
by 0 b8 -9) BTII-Y) b1
=G
—¢ -1 . kBT 1 ¢—p1 v
Ty —1 —1 un
+ 0 0 N —kp 164 S
_ T = n
~bp 0 ! 0 S CE) !

As before, the coefficient matrix, G, can be decomposed as G = VDV L. The system then can be written as:

! s 0 0 38
& |=V] 0 e 0 |V ¢,
i)t 0 0 e3 l;t—l
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-1 —1
o T i _+11 i __51 n
+1 o o RS 8 .

“bp 0 ' 0 -5 -9 K
Note that G is the same as under AMPF and PMAF, and hence e, ez, e3, V and V™! are the same as under
T1t ff
AMPF and PMAF. We can show that e; > 1, and ez,e3 € (0,1). Let X; = | ap, | =V~ ' [ & |, and
T3t Et
rewrite the system as:
egc 0 O g1 qi2 O -9 -1 o
Xe=1 0 e 0 [Xima+| g1 g2 1 0 0 ( fi )
0 0 e3 @1 q32 0 —b¢p 0 !
g qi2 0 KB4 ¢—p" Y
T @1 g2 1 —kB gt ( ntﬁ )
31 qz2 0 0 (87" —9) !

Note that 1, in particular has an unstable root e; and satisfies:

it
Tt = €1$1,t71+( —0q11  —qu ) .

t

Y
_ _ n
+ ( KB (g — qr2) +aun —B " (g1 — qu2) + dan ) < 77]; > :
t
Using the singular value decomposition, one can obtain:

( kB (g — qi2) F g —B7 (g1 — qu2) + daus )

kB8~ (q11—qi2)+q11 —B7 N q11—q12)+¢q11

d d
= ( d 0 ) v (—571(Q11;II12)+¢(111) 0 (ﬂ371(411;(112)+qn) )

where a singular value d is given as:

d= \/[5571 (q11 — q12) + CI11]2 + [—571 (q11 — qu2) + ¢Q11]2,

and vg = 1 or —1. Since one of the singular values is zero, vy is not uniquely determined. Now apply

Proposition 1 of Lubik and Schorfheide (2003; 2004). We then obtain:
Y w8~ (g1 —qi2)+qn o
Un _ e 1 ( ) Ty
< nr ) o ( *371(Q11QQ12)+¢¢]11 ) x d X Ix(=¢qu —qu 7
_B_I(QH—dfhz)-Hf"hl ﬁ':
+ _MI%Z)W M Py + G

1 nB’l(q11;q12)+q11 ﬁ:
T4 —571(‘11171412)-0—45(111 ( —¢q11 —qu ) P

t



-8~ (gqu1—q12)+¢an A%
+ ( _Hﬁfl(!h;i*lhz)Jr(nl ) {M ( 72: ) +CZ}’
- t
where the elements of the matrix, M = ( M, M, ), are new parameters introduced due to indeterminacy.
Note that we chose vg = 1, which does not matter practically. This is because vy is multiplied to M and ¢}
that are not pinned down by the structural parameters of the model. For vg = —1, we can simply change the

sign of M and (j.

Moreover, the dynamics of inflation can be characterized as:

e o= &+ n; =E i +n)
= —kBTY1+ B Ry — Br (6,0) 7] — T (6,0) 7
FAx (¢, 0) (Myfty + Mpif + () s (25)
where
B (6,0) = 0% [67 (an — @2) — dan],
Ix(99) = % B~ (g1 — q12) — dqu1] ,
Ar(6y0) = _f‘iﬁfl (g1 — q12) + ity

d

Note that we substituted the Phillips curve (12) for E;_17:. Since the solution imposes a restriction on Y, 1
and 7;_; such that x; ;1 = Q1137t_1 + q127¢—1 = 0 for all ¢, the solution for inflation (25) is valid only when

the state variables fﬁ_l and 7;_1 satisfy quf/t_l + q127—1 = 0.

B.4 Proofs
B.4.1 Proofs under AMPF

Proof of Proposition 1 Showing ®(¢) > 0 and I' (¢) > 0 is straightforward since x > 0; ¢ > p.;
(1—p.)>0; (1=PBp,)>0; 6> p,; (1—p,)>0;and (1 — Bp,) > 0.3 In addition, it is also straightforward

to show that ® (¢) is increasing in x by taking a partial derivative and:

(o) > 1, for k > (1= p”)p(l — ﬁp”).
Proof of Proposition 2 Take the partial derivative:

5
a(b [K (¢_pﬂ)+(1_pﬂ) (1 _BPW)]

The denominator is always positive. Therefore, the sign of the numerator will determine the sign of the

derivative. We thus have:

02(9) 0, f0r0<m<(1—pw)(1—5pw)’

0¢ Pr

32See the previous section for the analytical solution for ® (¢), I' (¢), and other coefficients.
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aq(;éjs) _ 07 for K = (1 — p‘/r)p(: B /Bpﬂ')’
aq;((b(b) < 07 for k > (1 — p‘n')p(: B /Bpﬂ') )

It is trivial to show 81(;(¢¢) < 0.

B.4.2 Proofs under PMAF
Proof of Proposition 3

(I) To prove ® (¢,4) > 0, it suffices to show © (¢, 1) is positive since 0 < ¢ < 1. Let us rewrite © (¢, )
by substituting out :
Blex—es) (e1 = pg) — KB (1= B9)
(61 - pﬂ') (62 - 1071') (1 - ﬂ(ﬁ)
_Blez—e3)(er —e2tea—p) — KB (1 - f9)
(61 - p7r) (62 - p‘/r) (1 - /B¢)
_ Blea—es)(er—e) — KB (1= Bo) + B (e2 —es) (e2 — p,)
(e1 = pr) (e2 — py) (1 = B9)
L[ (BHr— 1w — k(- 50)] — 5 (1— B6) + B les — e) (e2 — py)
B (61 —pﬂ') (62_p7l') (1_B¢)

O =

3 B r— D]+ Ble—es) (e — py)
- (1= p) (62— pr) (1— 39) (26)

Substitute ¥ out using ¥ = 1 — fes:

—L (1= Be2)’ + (B+r— 1) (1= Bea)| + B ez — e5) (e2 — ps)
B (61 _pﬂ') (62_1077) (1_ﬁ¢)
_ B (es—e3) (e2 — pr) — (1= Bea)” — (B+k — 1) (1 — Bes)
Bler = py) (e2 — pr) (1 = B9)
_ B (3~ (es+ pr)ea+ pres) — (823 —2Bea +1) — (B+K—1) + (B+ K1) fes
Bler —py) (e2 — pr) (1 — B9)

_ B (paes — (e3 + pr)ea) +28e2 — (B+ k) + (B+ £ — 1) Bes
/B (61 - pﬂ) (62 - pﬂ) (1 - B¢)
B (8% (1 —e3) + B (1 — Bp,) + Br| e2 + B p e — (B + k)
B(el - pﬂ') (62 - prr) (1 - ﬁqb)

The denominator is unambiguously positive for all parameter values under PMAF, and © will therefore

be positive if and only if the numerator is also positive. Note that the numerator is a linear and
increasing function of ey because the slope, [62 (1 —es) 4+ B (1 — Bp,) + Br], is positive. This implies
that © > 0 for sufficiently large es — or sufficiently small 1. It is straightforward to show that © > 0 if
and only if —oo < 1) < )" where:

(B+r)=Fpxes | BHr—Fpees
B(l—e3)+(1—Bps)+ & Bler = px)

P =1-—
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(D)
(I11)

It remains to show that " is positive. Note that the denominator of " is positive. Consider the
numerator, g(¢) = B(e1 —p,) — (B+£K— 52/)71.63). Given other parameters, g (¢) has the smallest
value at ¢ = 1 because ¢’ (¢) < 0. Evaluate g (¢) at ¢ = 1:

K41

5 —pw> — (B+k—Bp,)

9(0) = 8(er = p2) = (5w~ Fpyea) =
which implies ¢" > 0. Finally, redefining ¢" as ¢)" = min {1,7)*, 17)}, we establish that:

<y <

-B

In addition, we can show that 1" depends crucially on the slope of the Phillips curve and satisfies:

lim ¢¥" =0

K— 00

111%17;*:1—5.

Therefore, the interval of i) that makes ® positive — i.e. that makes the coefficient on 7} negative —
always contains zero (i.e. always includes the benchmark FTPL case). In addition, the interval covers
the AF region (—oo < 1 < 1)) almost entirely. The interval coincides exactly with the entire AF region
when prices are fully sticky (i.e. when x = 0). In other cases, the upper bound for positive ®, 9", is

positive, but may be slightly below the upper bound for AF, 1.

It is trivial to show I' (¢,)) > 0 because e; > 1 > p, and ez > 1 > p,. under PMAF.

It is trivial to show Q (¢, ) = b(? /3?)) > 0 because ea > 1 > e3 and 1 > 3¢ under PMAF. (Also see

Lemma 1)

Proof of Proposition 4

D

To show %‘Z’w) > 0, let us first consider 90(0.9) .

99
{ bler — pr)° (2 — pr) + 95 <e1—pﬂ><ez—pﬂ> }
90 (4,4) — G (2= ) [© B( pr) = KB
o (&1 —m (e2—p,)?
C Z3b(er—pe) (2 —pa) = G2 (e2 —pr) BTH G2b(er — o)t — GERBT
- (e1— pr)’ (e2 = py)’ o (er— ) (e —m

Now let us take the partial derivative of ® (¢,1)) with respect to ¢:

92 (6, 9) _ 90 (4,9)
pe = OB.0)+ o
— Ql_)(el 71071—)7"{571 %5(61 —Pw)z aesliﬁf
 (@=pr) (2 =) (e1 — pw)2 (e2 — py)

B (¢ — ) — (e1 — p) B+ 993 (1 — ) — o3BT
(el_pﬂ') (62_ 77)
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Since the denominator is positive,

%‘Z;w) > 0 if and only if the numerator is positive — that is,

0< 0% (¢, ¥)
0o
B (e2 —e3) 2 5 Oes _
0<w(€1*m) —(e1— pg) kB +¢8¢ b(er —py) 7¢6‘7q§ﬁ
Blez—es) gzs@b OGERBT! + (e1 — pr) wBT
(1-pB¢) d¢ (e1 — p,)°
B (es — e3) Bes — ez — (1 - Bo) 52 ¢863 KB+ (e1— pr) KB
a0 T sy (e~ pa)?
) ¢ae3 KB+ (e1— pr) KB Bo  Oes
TP gy (e1—p.)° T -59) 96
¢853'€5 +(e1 — pr) kB! Bo  Be
2 e
> Pez > fea+(1-5¢) { (e1 — p,T) * (1—-pB9¢) 09
$GLRBT 4 (e1 — pr) kBT 8o e
2 7T 3
=P <1—|Bes+(1-po) { P +(1—6¢)87¢

_ o2 ) mpT orp! KB B
=wv<l des (1= 50) {(elpﬂ)+<€1€3) l(el—ﬂw)2+<lﬁ¢)}}}
In sum,
%ﬁiﬂ/’) >0« < @**
where 1 1 1
s a2 KB~ KB~ KB p
v gt {(e1 —on) T er—e) [<e1 —pp - ﬁ¢>] H

As before, it remains to show that 9" is positive. First, suppose " > 9" or 9" > 4", We have
already shown ¥ > 0 above, and it will be shown """ > 0 below. Thus, it must be that ¢ > 0.
Suppose instead ¢ <" and 9" < """, In this case, if ) < 9", then © (¢,7) > 0 and %ﬁ;d’) > 0.
But, we can show from (26) that a@(¢> 90Y) 0 at ¢ = 0 if %‘Z)’w) > 0, which implies %‘Z)’w) > 0 at
1 = 0. Since ¢ < 9" is the sufficient and necessary condition for %ﬁ;w) >0
zero. Therefore, 9" > 0. Finally, redefining 9" as ¢" =min {¢)"", ¢}, we establish that:

, it should always contain

<y <Pp=1-p

In addition, similar to ¢", it can be shown that:

lim ¢ =

KR—00

lim " —p.

k—0

(IT) Showing %ﬁ;d}) > 0 is trivial because 6‘31 < 0 and ey > 1 under PMAF.
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(IIT) To show %‘Z;w) > 0, take the partial derivative of Q (¢, 1) with respect to ¢:

90 pPer—PBes—(1-P0) 52 5 h(e)
9 b (1~ pg)’ S b-pe)”

where 5
Mmzﬂ@—ﬁ@—u—ﬂ@gg
0.

is clearly positive, 8—2 and h(¢) must have the same sign. Note that

Since %

B 1
(1-B¢)?
863

h(¢)>0<:>662>5e3+(1_5¢)87¢

K .. Oes _ r
<:>/562>ﬁe3+(1_ﬂ¢)g+ﬁ+1—2563 < 06 B+r+1—20es >0>

<:>562>563+(1—5¢)ﬁ

(e1 —e3)

B’eres — B3+ (1 — o) k

B(e1 —es)
B+ k- B}

B (61 - 63)

_ B+r—p%3  Bler—e3)— (B+ K — B%€3)
IR Bler—es) B (e1 — e3)
— ——
e

<~ ey >

<~ fBeqy >

Once again, it remains to show that ¢ is positive. Consider the numerator of ", g(¢) =
B(er —e3) — (5 + kK- 6263). Given other parameters, g (¢) has the smallest value at ¢ = 1 because
g’ (¢) < 0. Evaluate g (¢) at ¢ = 1:

K41
B

9(1)25(61—63)—(6+H—ﬂ26§)=ﬂ<

=(1-8)">0.

—1) —(B+x-p%

which implies """ > 0. Finally, redefining 9" as ¢"" =min {¢)""", 1}, we establish that:

<
Il

1-p

In addition, similar to ¢" and ¢"", it can be shown that:

7 kck ok

lim ¢ =0
m%{ﬁ*** =1-8.

Proof of Proposition 5

(I) To show %‘Z’u’) < 0 under PMAF, take the partial derivative of © = 2 (62(;;23_)23(_8’; z );;’;?17—1;256 9 with
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respect to es:

90 Bler—py)° (e2 —pr) (1= Bod) — (e1 — py) (1 — Bo) [B ez — e3) (e1 — py) — kB~ (1 — B9)]
des [(e1 = py) (e2 — py) (1 — B9))

(e1—pp) (1= Bo) [Bler — pr) (e2— pr) — Blea —e3) (e1 — pr) + 6B~ (1 — Bo)]
[(ex = pr) (€2 = py) (1 — Bo))?

(e1 — pr) (1 — B9) ;
[(ex = pr) (€2 = pr) (1 = Bo))?

where
gEB(el _pw)(e2_p7r)_/3(62 _63) (61 _pﬂ)—i_/{’ﬁ_l (1_6(15)

(e1=p,)(1=B¢)

Since =) Ster ) A-BIT

> 0, we focus on g, which can be written as:

g=PB[p2 — (e1 +e3) pr +eres] + KB (1—Bg).

Note that
B+r+1
e1+e3=——"777—
B
Ko+ 1
€13 — .
' 3

Using these, rewrite g and regard g as a function of p, € (0,1) given other parameters:

g(p)=Bp:—(B+r+1)p. +1+r8""

Note that ¢ (p,) is a convex and quadratic function of p_, and

g(0)=14+k8"">g(1)=r (" —1) >0.

Moreover,
g (0) < 0and ¢’ (1) <O0.

Therefore, it must be that g > 0 for p, € (0,1), 5 € (0,1) and € (0,00). Hence,

90 _ (e1—pg) (1= B9) g
dez  [(er — py) (e2 — py) (1 — B)]

This implies that

00 o
%<0 d%<0

because ey is decreasing in .

(IT) Showing (¢ “) > 0 is trivial because e; > 1 and 862 < 0 under PMAF.

(IIT) Showing % (¢ ) is also trivial as dej < 0.

Discussion on @/J ?7/1 ¢*** and @7} = 1 — (. Although the upper bounds, &, " and "
generally have different values, they converge to the same numbers as the slope of NKPC approaches to
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infinity and zero. In particular, all of them equal ©» = 1 — 3 — the "true" upper bound for AF — when x = 0.

However, ¢, ", """ and 1 would be indistinguishable in practice because 9", ", 4" € (0,9] and )
would have a tiny value.

B.4.3 Proof under PMPF

Proof of Proposition 6 To prove I'(¢,7) > 0 and @ (¢,9) = ¢I' (¢,9) > 0 (the equality holds at
¢ = 0), we show that

L(o) = % [87" (a0 — m2) — dau1] (27)
is always positive. Note that
e B3 = (W —1)
Cb(1-pg)
b _Bes(k =140+ 08) = (B+v+Bro—1)
v br (1~ Bg) ’
_ V23
m V11023 — V13V21
12 = —U13
2 V11023 — V13021
Then, (27) can be written as:
-1 -1
T (6,1) = V23 [(ﬁ —¢)vas + ’013] . (28)

d2 (v11v23 — V13021

Note that v13 = v93 = 0 at » = 1 — fes, and

O0vas Ovis
8’1/) < 0 and W < O,

which implies that v;3 and ve3 have the same sign for any values of ¥ given other parameters. This proves
that (28) is always positive since 37" > 1 > ¢ under PMPF, and consequently ® (¢,) = oI (¢,9) > 0.
Finally, it is clear from the solution that government debt is not a state variable for inflation. It is

straightforward to show that government debt is not a state variable for output as well.

B.4.4 A special case with repeated eigenvalues

In the proofs above, we implicitly assume that the matrix G has distinct eigenvalues. There is however one
special case in which G has repeated eigenvalues and hence is not diagonalizable. Such case arises when
1) = 1 — Bes and only under PMPF.?? In this case, one should use the Jordan decomposition — instead of the

eigenvalue decomposition — as G'= W.JW ! where

et 0 0 wir 0 wis
J = 0 €3 1 and W = w21 0 W3
0 0 e3 w31 W32 W33

33 This special case does not arise under AMPF and PMAF. Under AMPF, e3 > 1, and fiscal policy is active
at ¥ =1 — fes. Under PMAF, on the other hand, 0 < ez < 1, and fiscal policy is passive at ©» = 1 — [es.
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with

e =

216<ﬂ+n+1+\/(6+n+1)2—4ﬂ(1+m¢))7

63:216<ﬂ+l€+1—\/(6+f€+1)2—4ﬂ(1+m]§)).

Note that the eigenvalues are identical to the two of the three eigenvalues in the previous sections. Note that

1 Z12 0
W= 0 —ﬁ,‘i71 293
1 Z32 0

In particular,

212:7% < 0.
K

Then the unstable part of the system is the same as before except that ¢11 and g2 are now replaced by 1 and

212, respectively. Therefore

Pow) = 5[ (0 —m)—d] = 5 [(67 ~0) —F 2] >0,
(6.9) = 9L (6,9)20.

In addition, following the same steps as before, one can easily show that b;_1 does not directly affect the

dynamics of inflation and output expectation.

C DModel of Fiscal Dominance

We make only two deviations — that are necessary for our purpose — from the model we considered above
to illustrate the mechanism behind “Unpleasant Monetarist Arithmetic.” First, we introduce money as an
argument of household utility function following the money-in-the-utility (MIU) specification. Second, we
specify monetary policy rule differently. Specifically, the interest rate rule is replaced by a seignorage rule in
which under fiscal dominance, the monetary authority increases seignorage in response to an increase in the

outstanding value of government debt .34

C.1 Households

Identical households choose sequences of {Cy, By, My, Ny, Diy1} to maximize

1-9
(%) i
1-9 1+¢

)

Eo Y B |logCi+o
t=0

34To make this new model as close as possible to our baseline model, we still assume that the government
issues nominal debt unlike Sargent and Wallace (1981). We can instead assume that the debt is real, which
will be inconsequential for our results.
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subject to
P.Cy + By + M, + E [Qt,t+1Dt+1] =Ry 1B 1+ M1+ D+ W, Ny + 11, — Py,

where C; is consumption, %ﬁ is real balances, IN; is labor hours, P; is the price level, B; is the amount of
one-period risk-less nominal government bond, R; is the gross nominal interest rate, W; is the nominal wage
rate, II; is profits of intermediate firms, and 74 is government taxes net of transfers. The parameter, ¢ > 0,
denotes the inverse of the Frisch elasticity of labor supply while ¢ and ¢ are related to money demand. In
addition to the government bond, households trade at time ¢ one-period state-contingent nominal securities

Dy 11 at price Q11

C.2 Firms

The set-up for firms is identical to that of the baseline simple model.

C.3 Government

Each period, the government collects lump-sum taxes 74, supplies money M;, and issues one-period nominal
bonds B; to finance its consumption G, and interest payments. Accordingly, the flow budget constraint is

given by:
By M, Bty My
— + — =R
P R TR

+ Gt — Tt. (29)

For simplicity, we assume G; = 0, which is inconsequential for our theoretical results. The flow budget
constraint can be rewritten as:
R ', = btfli — Tt — St,
Tt
where b; = Rt% denotes the real maturity value of government debt and s; = (My — My_1) /P, is seignorage.
Monetary and fiscal policies are described by simple rules:

sp=&pbi—1 +Es5,0,

_ ()"
B b

where 7 and b are the steady state value of 7, and b;, respectively, and s, 1s an exogenous shock to the

=2

seignorage. Importantly, given the monetary policy rule, the central bank’s behavior could be dictated by
two (potentially conflicting) objectives: price stability and fiscal sustainability. Modeling monetary policy as
an exogenous path related to money supply is in the spirit of Sargent and Wallace (1981). Here, we allow
seigniorage to respond to outstanding debt in order to satisfy the government budget constraint when taxes

do not fully back-up debt. Such a case would constitute fiscal dominance.

C.4 Approximate Model

We log-linearize the equilibrium conditions around the non-stochastic steady state with values {7, Y,R,b,7,m,
5}. Again, we assume that inflation is zero in the steady state. Since the log-linearized model is standard, we

omit a detailed derivation. Let us denote by X, the log deviation of a variable X, from its steady state X
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()A(t = In X; — In X), except for three variables, b, 7 and §,. Following Woodford (2003), we define by, 7+
and §; as a deviation of b;, 74, and s; from the corresponding steady state values, measured as a ratio of
steady-state output: by = (bt - 13) /Y, # = (ry—7)/Y, and 4, = (s; — 5) /Y. The approximate model is

characterized by the following seven equations:
my = 77th - mRt7
Y, = EthJrl - (Rt - Etht+1> )
iy = kY + BE 41,
8¢ = gbét—l + €5t
7= b1,
by = B b1 + bRy — B bRty — BT — B4y,

¢ = (Mg — My—1 + 7)),

>

where k = (1 —a) (1 —-af) /o, n, = 1/9, n; = B/[(1 - B) V], and m = ¢(1 — 3). Note that we focus on a
case where b = 0 to make the distinction from the PMAF policy regime stark.

C.5 Equilibrium and Model Solution

One can reduce the model to a dynamic system of {Yt,ﬁ't, My, Bt}:

(1 + 77y77;1) Y, = EYiq + n;lmt + BTy, (30)
7ty = kY, + BEifet1, (31)
A 1
my = @btfl + 1 — T+ —Est, (32)
m m
be=B"" 11— (¥ +&) b1 — 57155,& (33)

For simplicity, we assume that €, ; is independent over time. Since it is difficult to derive a closed-form solution
for this model, we investigate the properties of its solution by reducing the number of endogenous variables.
Let p, = 871 [1 — (¥ +&,)]. There does not exist any stable solution if |p,| > 1.

Let us assume that |p,| < 1. Then, there exists a solution for b; regardless of the values of other parameters.

Note that from the seigniorage rule (32),

- 1
o= by i i+ e, (34
m m
which can be substituted for 71; in (31) as
- - A R R . R 1
KY; = %b (btq - ﬁbt) — (1 — BE41) + (g1 — Briv) + o (1= Bps)es (35)

Now use (34) and (35) to eliminate Y; and 7, in (30) and arrange terms to get

/BH_IEthQ — [(1 + ﬁ) I{_l + 1+ ﬁlﬁ_l (]. + ny’f]:l)] Etth
[T T U B) T (L g )] e — 5T (L g )t
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- %6571Et8t+1 + % [ 1487 (14 nynjl)] by — ik (14 77y77;1) by _q
1 _ _
:%K‘ ! (1+77y771 1) Es,ts

which is further reduced to

Eymyqo — [(frl + 1) + 87+ (1 +77y77;1)] Eymgqq
BT R 1)+ (BT 1) (L )] e = BT (L myn ) e

:% (=187 +8 + M+ )] o+ 87" (L+mmi )} bes

+ {%ﬁl (L +m,n;") + fnf”ﬁ* [=py + 87"+ 87 5+ (L +mym; )] } Eats (36)

using (33).
Therefore, the set of the state variables of the model includes m;_; and l;t,l only. Suppose that (36) has
a unique stable solution for 772,.° Given the state variables 77,1 and lA)t,l and the shock ¢, ; at the beginning

of the period ¢, my, lA)t, and Fymyy1 are determined. We can in turn determine Y, and 7, using (34) and (35).

C.6 Proof

C.6.1 Proof of Proposition 7

Under monetary dominance (£, = 0), real money balance 7i; is not dependent on government debt outstanding
b;_1 as can be seen in (36). Also, Y; and 7, evolve independently of b, as seen in (34) and (35) if &, = 0.
That is, under monetary dominance, the system becomes block-recursive and the private-sector equilibrium
and monetary policy are determined independently of the fiscal block (given that a solution exists). This is

not true in general and b;_ is a state variable under fiscal dominance since & #0.

D Quantitative Model

In this section, we provide a complete description of the quantitative model and the details of the numerical
exercise. We also present and discuss results with respect to non-policy shocks including neutral technology
shock, government spending, investment specific technology shock, price markup shock, wage markup shock,
and a preference shock. Results with respect to a change in the inflation target and public debt outstanding

are presented in the main text.

35We numerically checked that (36) has a unique stable solution for 772; for any reasonable values of the
structural parameters.
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D.1 Model Description
D.1.1 Households

There is a continuum of households in the unit interval. Each household specializes in the supply of a particular
type of labor. A household that supplies labor of type-j maximizes the utility function:
N 14+
Hg)

Eq ;ﬁ?t& log (Ctj *nctfl) w(l_ﬂp

)

where HtJ denotes the hours of type-j labor services, C; is aggregate consumption, and C’g is consumption
of household j. The parameters 3, ¢, and 7 are, respectively, the discount factor, the inverse of the (Frisch)
elasticity of labor supply, and the degree of external habit formation, while §; represents an intertemporal
preference shock that follows:

0y = 5?51 exp(€6,t)a

where g5 ~ i.i.d. N (0,0%).

Household j’s flow budget constraint is:
P,C] + PI] + Bl + E, |:Qt7t+1‘/t]_"_1i| = Wi (j)H] + V{ + Rt,le_l + Rfutl_(g_l — Pta(ut)f_(g_l + 11, — 13,

where P, is the price level, Bg is the amount of one-period risk-less nominal government bond held by household
J, Ry is the interest rate on the bond, W;(j) is the nominal wage rate for type-j labor, II; denotes profits of
intermediate firms, and 7} denotes government taxes.?S In addition to the government bond, households trade
at time t one-period state-contingent nominal securities Vt@rlat price Q¢ +4+1, and hence fully insure against
idiosyncratic risk.

Moreover, Itj is investment, RF is the rental rate of effective capital u; K f_l where u; is the variable capacity
utilization rate, and a(u;) is the cost of capital utilization. In steady-state, v =1 and a(1) = 0. Moreover, in

the first-order approximation of the model, the only parameter that matters for the dynamic solution of the
a//(l)
a’(1)

. The capital accumulation equation is then given by:

_ _ I ,
Kg—(ld)KtjﬂJFHt(lS(Ijt ))Iga
t—1

where d is the depreciation rate and S(.) is the adjustment cost function. In steady-state, S = S =0 and

model is the curvature xy =

5" >0. 1, represents an investment shock that follows:

My = Mfi1 exp(Ept),

where £,,; ~ i.i.d. N (0,07).
Each household monopolistically provides differentiated labor. There are competitive employment agencies
that assemble these differentiated labor into a homogenous labor input that is sold to intermediate goods

firms. The assembling technology is a constant-elasticity-of-substitution (CES) production technology H; =

36 The budget constraint reflects our assumptions that each household owns an equal share of all intermediate
firms and receives the same amount of net lump-sum transfers from the government.
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1,¢

041 0 -1
joet )
< fol H, PLe dj) , where 0;,; denotes the time-varying elasticity of substitution between differentiated

labor. The corresponding wage index for the homogenous labor input is W; = ( fol Wi (j)lfalatdj) T and
the optimal demand for Ht] is given by Hg = (W(5)/ Wt)_e” H;. The elasticity of substitution 6; ; follows:

Oue _(_ h O\ exp(ers — vigri_1)
el,t -1) él -1 0l7t _1 P&l 1€1,t—1

where g4 ~ i.i.d. N (0,07).

Each household resets its nominal wage optimally with probability 1 — «,, every period. Households that

do not optimize adjust their wages according to the simple partial dynamic indexation rule:

Wi(j) = Wi1 () [mi—1ae—1]"™ [7a] 7,

where v, measures the extent of indexation and 7 is the steady-state value of the gross inflation rate =, =
P;/P;_;. All optimizing households choose a common wage W to maximize the present discounted value of

future utility:

i\
ok (Ht+k> —
Ey Z a3 _5t+k17 + Ak W H
k=0 T

where A4y is the marginal utility of nominal income.

D.1.2 Firms

The final good Y}, which is consumed by the government and households as well as used to invest, is produced

by perfectly competitive firms assembling intermediate goods, Y;(7), with a CES production technology

1 0p,t—1 %
Y, = ( / Yi(i) P dz’) ,
0

where 0,,; denotes the elasticity of substitution between intermediate goods. The corresponding price index

1 L
P, = </ Pt(i)lep,tdi> ;
0

where P;(7) is the price of the intermediate good 7. The optimal demand for Y;(4) is given by

Yii) = (f’t(i))_%’t Y,

Py

for the final consumption good is

The elasticity of substitution 6, ; follows:

Ope \ [ Op \ P O\
<9p7t - 1) - (917 -1 Ope—1 exp(EWf ,Upgp’t_l)

where e, ; ~ i.i.d. N (0,03).
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Monopolistically competitive firms produce intermediate goods using the production function:
. . - .
Yi(i) = max{(AH, (i)' K (i)* — AF; 0},

where Hy(i) and Ky(i) denote the homogenous labor and capital employed by firm ¢ and A; represents exoge-

nous economy-wide technological progress. The gross growth rate of technology a; = A;/A;_1 follows:
a; = a' " Peal | exp(ca.t),

where a is the steady-state value of a; and €, ~ iid. N (O7 Ui). F' is a fixed cost of production that ensure
that profits are zero in steady state.
A firm resets its price optimally with probability 1 — «, every period. Firms that do not optimize adjust

their price according to the simple partial dynamic indexation rule:
Py(i) = Py (4)m 27,

where v, measures the extent of indexation and 7 is the steady-state value of the gross inflation rate 7, =
P,/ P;_;. All optimizing firms choose a common price P;* to maximize the present discounted value of future
profits:

o0

B agQuuyk [P X nYirk (i) = W Hyx (i) — R Kok ()]

k=0

where
X, = (memepr - mep—1) ®ETVE k> 1
k =
b 1, k=0

D.1.3 Government

Budget Constraint FEach period, the government collects lump-sum tax revenues Ty and issues one-
period nominal bonds B; to finance its consumption G;, and interest payments. Accordingly, the flow budget
constraint is given by:

The flow budget constraint can be rewritten as:

+ G — 1.

- 1 ye—1 A
R, = by —
v ! lﬂ't Yy Ay

+ét — Tt

where b, = R,-2t denotes the real maturity value of government debt relative to output, Gt and T
Ptht y g

= G
= 3,

Il

Monetary Policy The central bank sets the nominal interest rate according to a Taylor-type rule:

1—
&7 Rtfl PR ﬂ (o Xt Py Pr ox (e )
R - R 7T?; X;k PERE),
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which features interest rate smoothing and systematic responses to deviation of GDP from its natural level
X; and deviation of inflation from a time-varying target 7;.>7 R is the steady-state value of R; and the
non-systematic monetary policy shock er ¢ is assumed to follow i.i.d. N (O, afq). The inflation target evolves
exogenously as:

mp =70 ()" explen ),

where €74 ~ iid. N (0,072,).

Fiscal Policy The fiscal authority sets the tax revenues according to:

ey [ ]

which features tax smoothing and a systematic response to lagged debt. 7 is the steady-state value of 7, while

b is the steady-state value of b;. Government spending follows an exogenous process given by:

1
gt

where the government spending shock follows:

P
gr=9 "19,%1 exp(egp),

where g4, ~ iid. N (0,07).

D.1.4 Equilibrium

Equilibrium is characterized by the prices and quantities that satisfy the households’ and firms’ optimality
conditions, the government budget constraint, monetary and fiscal policy rules, and the clearing conditions

for the product, labor, and asset markets:
T 1 1

| it [ Ra+otu) | Kidi=vi

0 0 0

1
/ H,(i)di = H;

0

1 .
| vidi=o,
0

1
/ Bidj=B,.
0

Note that CY = C, Itj =1I;, and KLl = K,_; due to the complete market assumption and the separability

between consumption and leisure. The capital accumulation equation in the aggregate is then given by:

_ _ I
Ki=1-d) Ky +p, [1 -9 (t” I,.
I

and the aggregate resource constraint and the definition of GDP then take the form:

37The natural level of output is the output that would prevail under flexible wages and prices and in the
absence of time-variation in the elasticity of subsitution over differentiated labor and goods varieties.
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Co+ L+ G+ a(w)Ki—1 =Y,
= Ct -+ It + Gt.

D.2 Approximate Model

We first solve the problem of households and firms given the monetary and fiscal policy rules and derive the
equilibrium conditions. We then use approximation methods to solve the model. First, the model features
a stochastic balanced growth path since the neutral technology shock contains a unit root. Therefore, we
de-trend variables on the balanced growth path by the level of the technology shock and write down all the
equilibrium conditions of the transformed model. Second, we compute the non-stochastic steady state of this
transformed model. Third, we obtain a first-order approximation of the equilibrium conditions around this
steady state. We then solve the approximated model using standard methods.

For a variable X;, let z; = %- We denote by Z; the log-deviation from steady state of x;, except for fiscal
variables, which are in terms of deviation from steady state.

We also, define some new variables: A\; = A4 P;A;, and ¢,,which is the lagrange multiplier on the capital
accumulation equation for the household’s optimization problem (that is, it is the shadow value of installed
capital), Opt = 9 71, and ¢, ; = alet 7 - We omit a detailed derivation and the equations characterizing the

approximate equlhbrlurn, after some manipulations, are given by:

A +F .
g = 4 [Akt (1 ,\)Ht]
Y
Xty = W+ Lt kt
. B . Tp o . . . .
o= 17 2 B + g ﬁ’Ypﬂ’til + fip [N (XTe) 4 (1 = N)e] + Kp0, 4
5\t = Rt + By <5\t+1 — Qg1 — 7AT75+1)
A nBa R a+nB na .
N = —F — _Féq — — - ¢+ — - G
' (a—np)(a —77) T @-nB)@-n) " (@a-nB)@-n)
nBap, — . (@a—nBps) +
ag + 5
(a—nﬁ)(a— n) @-nB)
(251‘, = (1- )/65‘7 E, (¢t+1 - CAltJrl) + (1 —(1—d) ﬁafl) E; {/A\t+1 — Qpy1 + XUig1
Moo= bty — @S (i — o1+ ay) + Ba2S By [l — iy + Gy
]Aft = u;+ ];f 1— G
ko= (-dat (ko—a) + (1= (0= d)a) (i + )
— 1 B PR
Wy = 155 W1 + 1+ﬁEﬂUt+1 — K {wt (@Lt +6; — )\t)}
Yo 1+57pA B . L+ By — Bp, .
E - w
+1+5 1+ﬁ 1+ﬁ tﬂ-t+1+1+ﬂt1 ]_+ﬁ at—‘—I{ Qlt
R, = PRRt71+(1—PR)[ (M= 7)) + ¢y (20— 27)] +erg
Ty = Yt — pfut
Yy
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A 1, e. 1. pk.
Yt = —=Gi+ —C+ -+ —u
7 ] ] U
. s e . S
be = B b1 -8 lb[ﬂ't+yt*yt—1+at]*RTt*FbRtﬁLRggt
%t = p‘r%t—l + (1 - p‘l’) ’d}i)t—l

— (1*/80‘;7)(170‘10) Ko = (lfﬁaw)(lfaw) and w = iqL
et VA S A =30

where p =5 — (1 —d), fp = "R Fu = G T (et
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D.3 Parameterization

Table 1: Benchmark Parameterization

Parameter Value Description

A 0.17 Capital share

d 0.025 Depreciation rate of capital
p 0.24 Price indexation

Yo 0.11 Wage indexation

100loga 0.48 SS technology growth rate
n 0.78 Consumption habit

1/ (1 — @p) 0.23 SS price markup

1/ (1_— 91) 0.15 SS wage markup

log H 0.38 SS log-hours

100(7 — 1) 0.71 SS quarterly inflation
100(8~1 = 1) 0.13 Discount factor

%) 3.79 Inverse Frisch elasticity

ap 0.84 Calvo prices

Oy 0.70 Calvo wages

X 5.30 Elasticity capital utilization costs
s” 2.85 Investment adjustment costs
Pr 0.82 Monetary rule smoothing
Pr 0.80 Fiscal rule smoothing

Pa 0.23 Neutral technology growth
Py 0.99 Government spending

Py 0.72 Investment

Pp 0.94 Price markup

12 0.97 Wage markup

Ps 0.67 Intertemporal preference
Up 0.77 Price markup MA

U] 0.91 Wage markup MA

1000 0.22 Monetary policy

1000, 0.88 Neutral technology growth
1000, 0.35 Government spending
1000, 6.03 Investment

1000, 0.14 Price markup

1000, 0.20 Wage markup

10005 0.04 Intertemporal preference

b 0.40 SS public debt

g 0.22 SS government spending
b, 0.07 Monetary rule output

o [0, 3] Monetary rule inflation

P [—0.1,0.1] Fiscal rule public debt

Note: The benchmark values of the parameters other than p., b, ¢ and v are the estimated median of
Justiniano, Primiceri and Tambalotti (2010). The value of p, is taken from Bhattarai, Lee and Park (2012)
and b is the sample average ratio of public debt to output in the U.S. For policy parameters ¢, and ¢, we try

different values for comparative statics.
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D.4 Results

D.4.1 A Change in the Inflation Target and Debt Outstanding

Results with respect to a change in the inflation target are presented in the main text.

D.4.2 Non-policy Shocks

Figure 11 shows under AMPF the impulse response of inflation to six non-policy shocks, varying the degree
of monetary policy stance. It is clear that inflation responds less on impact to a non-policy shock when the
systematic response of monetary policy to inflation is higher for all cases, except for the investment specific
technology shock. Even for this shock however, after 5 periods or so, the response is smaller in magnitude
for a greater ¢... In our simple model, where we abstract from investment, this shock is not present. In this
quantitative model, the initial response of inflation is higher for a greater ¢, because this shock directly and
significantly affects the capital rental cost for firms. Thus, when ¢, is greater, it can be the case that the
rise in marginal cost due to a positive investment specific shock outweighs the usual inflation stabilization
effect, thereby leading to a greater response of inflation. This result however, depends on all the other
parameters of the model, in particular, the extent of wage stickiness in the economy. This is because wage
stickiness determines the dynamics of wages, an important component of marginal cost. In fact in Figure
12, in an alternate parameterization, we show a case where inflation responds less on impact to this shock
with a greater ¢, which makes it consistent with our analytical results. In this alternate parameterization,
we decrease the extent of wage stickiness compared to the baseline case presented here, which magnifies
the inflation stabilization effect of monetary policy on wage costs and, thereby, damps down the increase in
inflation following an investment specific shock.

Figure 13 shows under PMAF the impulse response of inflation to six non-policy shocks, varying the degree
of monetary policy stance. It is clear that for all cases and in sharp contrast to AMPF, inflation responds
more on impact to a non-policy shock when the systematic response of monetary policy to inflation is higher.

Figure 14 shows under PMAF the impulse response of inflation to six non-policy shocks, varying the
degree of fiscal policy stance. It is clear that inflation responds less on impact to a non-policy shock when the
systematic response of fiscal policy to debt is lower for all cases, except for the neutral technology shock. This
result is different from our analytical results in the simple model. The reason is that this quantitative model
features stochastic growth and the technology shock is therefore a shock to the growth rate as opposed to a
shock to the level of technology, which was the case in the simple model. Thus, due to this, the shock can
significantly affect the dynamics of inflation as it plays a prominent role in the government budget constraint.

We do not present impulses responses under PMPF as the results clearly depend on the calibration of M.
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Figure 11: The response of inflation to a one percent increase in the non-policy shock under
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Figure 12: The response of inflation to a one percent increase in the investment specific shock
under an alternate parameterization (a,, = 0.3).
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Figure 13: The response of inflation to a one percent increase in the non-policy shock under
PMAF.
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Figure 14: The response of inflation to a one percent increase in the non-policy shock under
PMAF.
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