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Abstract

We develop a model in which the current behavior of the fiscal and monetary
authorities influence agents’ beliefs about the way debt will be stabilized. The standard
policy mix consists of a virtuous fiscal authority that moves taxes in response to debt
and a Central Bank that has full control over inflation. When policy makers deviate
from this virtuous policy mix, agents conduct Bayesian learning to infer the likely
duration of the deviation. As agents observe more and more deviations, they become
increasingly pessimistic about a prompt return to the virtuous regime and inflation
starts moving to keep debt on a stable path. Shocks which were dormant under the
virtuous policy mix start now manifesting themselves. These changes are initially
imperceptible, but they unfold over decades and accelerate as agents get convinced
that the fiscal authority will not raise taxes. Dormant fiscal shocks can account for
the run-up of inflation in the ‘70s and the deflationary pressure of the early 2000s. We
point out that the currently low long term interest rates and inflation expectations

might hide the true risk of inflation faced by the US economy.

JEL Codes: D83, E52, E31, E62, E63
Keywords: Fiscal Policy, Monetary Policy, Markov-switching models, Bayesian learn-

ing, Inflation.

*This is a preliminary version. Correspondence: Francesco Bianchi, Duke University, 213 Social Sciences
Building, Box 90097, Durham, NC 27708-0097. E-mail: francesco.bianchi@duke.edu.



1 Introduction

The importance of modeling the interaction between fiscal and monetary policies goes back to
the seminal contribution of Sargent and Wallace (1981). However, in many of the models that
are routinely used to investigate the sources of macroeconomic fluctuations fiscal policy plays
only a marginal role. The vast majority of papers resolve the problem of the monetary/fiscal
policy coordination assuming that the fiscal authority stands ready to accommodate the
behavior of the monetary authority, keeping the process for debt on a stable path. This is a
strong assumption as a casual observation of the data shows that countries often experience
prolonged periods of severe fiscal imbalance. Quite interestingly, these episodes are frequently
followed by significant increases in inflation. In some cases, such increases are short lasting
and remarkably violent. In other cases, they unfold over many years, generally starting
with small increases and then gaining momentum. In this respect, an interesting case is
represented by the US Great Inflation of the 70s. Inflation started increasing in the mid-
60s, gained momentum in the early ’70s, and got out of control towards the end of that
same decade. Traditional models have a hard time in endogenously generating persistent
and accelerating increases in inflation and in explaining the cross-country heterogeneity
characterizing the link between inflation and fiscal discipline. In this paper we show that
a model in which fully rational agents are uncertain about the future conduct of monetary
and fiscal policies can account for these two features.

We model an economy populated by a continuum of agents that are fully rational and
understand that debt can be stabilized through movements in taxes or movements in infla-
tion. When the fiscal authority is virtuous and moves taxes in response to fluctuations in the
debt-to-GDP ratio, the Central Bank has full control over inflation. Under the assumption
of non-distortionary taxation, fiscal shocks do not have any effect on the real economy as
they only redistribute the timing of taxation. When policy makers deviate from this virtuous
rule, two situations can arise. If agents expect the return to the virtuous regime to be close
enough in time, inflation stability is preserved. However, if the deviation is expected to last
for a long period of time, high levels of debt require an increase in inflation.!

We build over this basic intuition and assume that when facing a deviation from the
virtuous rule, agents do not know how long it will take to move back. Instead, they have to
conduct Bayesian learning to infer the nature of the deviation. As they observe more and
more deviations, they get increasingly convinced that a prompt return to the virtuous regime

is very unlikely. Given that agents are fully rational and understand that debt has to be

'We consider non-distortionary taxation to isolate the effects related to fiscal virtue. The mechanism
described in this paper would still be at work in a model with distortionary taxation.



financed in one way or the other, the drift in agents’ beliefs determines a progressive increase
in inflation. The initial movement can be almost undetectable, but as initially optimistic
agents become relatively pessimistic, inflation accelerates, gaining momentum and getting
out of control. At the same time, expected and realized volatilities go up as shocks that
are dormant under the virtuous regime slowly start manifesting themselves. Therefore,
an external observer that were monitoring the economy focusing exclusively on output and
inflation would detect a run-up in inflation and an increase in volatility without any apparent
reason. The observer might then conclude that the volatility of the exogenous shocks and
the target for inflation have both increased.

Dormant shocks are undetectable when policy makers are virtuous or agents are opti-
mistic that they will be virtuous in the future because agents understand that any imbalance
in the debt-to-GDP ratio will be followed by an adjustment in taxation. As agents get dis-
couraged about the future behavior of policy makers, the effects of dormant shocks arise.
Therefore, dormant shocks can have effects many years after they occurred, as long as the
imbalance in the debt-to-GDP ratio that they generated is not totally reabsorbed by the time
the deviation from the virtuous regime occurs. Furthermore, even after a regime change,
their effects can be barely detectable if agents find extremely unlikely that policy makers
will engage in a long lasting deviation from the virtuous regime. In other words, depending
on policy makers’ fiscal virtue, inflation can stay low for many periods, as it takes time for
agents to get convinced that the economy entered a long lasting deviation. According to the
same logic, if on average policy makers spend a lot of time in the virtuous regime, agents
might become more tolerant when observing a long sequence of deviations. However, no
matter how optimistic agents are or how virtuous policy makers have been in the past, if a
deviation lasts for an extended period of time, agents will eventually get convinced that a
quick return to the virtuous regime is unlikely. In other words, following a deviation, fiscal
virtue can delay the effects of dormant shocks, but it cannot eliminate them.

The interaction between dormant shocks and fiscal virtue also provides an appealing
explanation for why countries with different levels of debt might have similar levels of inflation
for prolonged periods of time, but then experience very different outcomes during hard times.
When a virtuous regime prevails or agents are confident that it will prevail in the future, the
level of debt is substantially irrelevant. However, if agents get convinced that the economy
entered a long lasting deviation, then interest rate and inflation differentials open up. The
larger the difference in fiscal virtue, the larger the difference in the speed of learning, the
faster the opening of the inflation and interest rate differentials.

Given that the underlying mechanism relies on uncertainty around the source of financ-

ing for the debt-to-GDP ratio, all shocks that move this variable are potential candidates



to be dormant shocks. In an environment with no distortionary taxation, shocks to trans-
fers and taxes are particularly interesting, given that they do not have any effect on the
macroeconomic variables when the virtuous regime is in place, while they can generate large
fluctuations in inflation once policy makers start deviating. Furthermore, given that agents
are forward looking, even announced changes in expenditure and/or taxation would trigger
the inflationary mechanism.

We calibrate the model using the estimates obtained in Bianchi and Ilut (2011) and
we show that the presence of dormant shocks can explain some important stylized facts
regarding the evolution of inflation. First, the entire run-up of inflation of the ’70s can
be obtained considering only two shocks. The first spur of inflation, would be the result
of the announcement of the Great Society initiatives of president Lyndon Johnson around
1964, while the second acceleration would be caused by Ford’s tax cuts. The progressive
deterioration of agents’ beliefs explains why inflation seemed to gain momentum over time.
Second, as in Bianchi and Ilut (2011), the sudden drop in inflation of the early ’80s can be
explained by a sudden switch in the monetary/fiscal policy mix induced by the appointment
of Volcker. Finally, if we assume that even under the virtuous regime agents are concerned
about the possibility of a jump to the long lasting inflationary policy mix, we can account
for the risk of deflation of the early 2000s as a result of the large primary surpluses of the
"90s.

Finally, we use the model to make a series of considerations regarding the current sit-
uation. First, given that dormant shocks might take a long time to unfold, we should not
interpret the current low levels of inflation expectations and the long term interest rates as
reflecting a low risk of high inflation for the US economy. We show that if US policy makers
were to follow the current policy mix for a prolonged period of time, inflation might quickly
accelerate and get out of control. Second, we analyze the role of agents’ expectations about
the exit strategy in determining the effects of current policies, with a special focus on the
choice of keeping interest rates at zero for a prolonged period of time. If agents believe that
these exceptional measures will be followed by a return to a virtuous regime, then inflation
and output do not move. On the other hand, if US policy makers were to explicitly announce
that at least part of the current stock of debt will not be covered by an increase in taxes,
then inflation would increase quickly, lowering real interest rates and boosting the economy.
Finally, we show that a lack of coordination in the announcement made by the fiscal and
monetary authorities could have perverse consequences if agents were to interpret it as signal
of a likely conflict between the two authorities.

The role of fiscal policy in explaining the rise in inflation in the ’70s has been studied
by Sims (2009), Cochrane (1998, 2001), and, more recently, by Bianchi and Ilut (2011).



Cochrane (1998, 2001) takes a frictionless and model free approach, solving the government
budget constraint forward and treating the price level as the variable that is free to move
in order to keep the real value of debt in line with the present value of future real sur-
pluses. Bianchi and Ilut (2011) consider a DSGE model subject to a structural break in
the monetary /fiscal policy mix, while Sims (2009) relies on VAR and DSGE analysis. All
of these papers contain elements of the Fiscal Theory of Price Level, developed by Leeper
(1991), Sims (1994), Woodford (1994), and Woodford (1995).> We build on the results of
this literature, introducing Bayesian learning in a general equilibrium model in which agents
are fully aware of the trade-off between inflation and taxation. This has the important ef-
fect of creating a continuum of regimes indexed according to agents’ beliefs. Therefore, in
our model the strict distinction between Ricardian and non-Ricardian regimes typical of the
Fiscal Theory Price Level literature breaks down and is replaced by a series of intermediate
regimes that reflect agents’ expectations about the future conduct of fiscal and monetary
policies. Consequently, the economy experiences a smooth transition from the law of motion
that prevails under the virtuous regime to the one that characterizes a long lasting deviation.

Furthermore, agents in our model know that they do not know. Therefore, when forming
expectations, they take into account that their beliefs will evolve according to what they
observe. In this dimension, our approach is clearly different from the one used in the tradi-
tional learning literature that assumes anticipated utility, i.e. that agents form expectations
conditional on their beliefs without taking into account that these are likely to change in the
future. In our context, it is possible to go beyond the anticipated utility assumption because
there is only a finite number of relevant beliefs and they are strictly linked to the behavior
of policy makers through the learning mechanism, in a way that we can keep track of their
evolution.

In this respect, our paper is related to Eusepi and Preston (2011), who study the problem
of macroeconomic stability in a model in which agents use adaptive learning to make fore-
casts about the future evolution of fiscal and monetary variables. In their model, if agents
were fully rational, fiscal policy and the maturity structure of debt would be irrelevant be-
cause the Taylor Principle holds and fiscal policy is Ricardian. When agents do not know
the parameters of the true model, Ricardian equivalence may fail to hold. The important
difference with our paper is that the model of Eusepi and Preston (2011) does not feature the
mechanism of inflation formation proposed by the fiscal theory of price level which can only

arise in models with fully rational agents. In their context, non-Ricardian equivalence arises

2See Cochrane (2011) for an effective discussion of the difference between the early approach of Sargent
and Wallace (1981) and the subsequent analysis based on the Fiscal Theory of Price Level. See Atkeson
et al. (2009) for an alternative approach to price determination in monetary general equilibrium models.



because agents might erroneously regard bonds as net-wealth as in Barro (1974). Instead,
in this paper non-Ricardian equivalence arises because agents understand that debt can be
kept stable by movements in inflation or movements in taxation.

To the extent that the paper provides a theory for the movements in trend inflation,
our work is also related to Cogley et al. (2008), Benati (2008), Cogley et al. (2011), and
Coibion and Gorodichenko (2011). Cogley et al. (2008) study changes in the persistence of
the inflation gap measured in terms of short- to medium-term predictability. Coibion and
Gorodichenko (2011) point out that the determinacy region in a model with positive trend
inflation could be smaller than what implied by the Taylor principle. They conclude that
the US economy was still at risk of indeterminacy in the "70s, even if the Taylor principle
was likely to be satisfied, because of the high level of trend inflation. In this paper, the
learning mechanism generates a persistent increase in inflation that an external observer
would interpret as an increase in the target. Our work is also related to Primiceri (2006),
Cogley and Sargent (2005), and Sargent et al. (2006). These authors explain the events of
the "70 with models in which the beliefs of the monetary authority around the structure of
the economy are evolving over time.

In line with Cochrane (1998, 2001), we recognize the importance of allowing for a maturity
structure of government debt. Longer maturities imply important fluctuations in the return
of bonds and consequently in the present value of debt and Hall and Sargent (2010) show that
these revaluation effects explain a significant fraction of the fluctuations of the debt-to-GDP
ratio.

The idea that the monetary/fiscal policy mix can change over time has been explored
by Davig and Leeper (2006) and Favero and Monacelli (2005). These authors estimate
Markov-switching Taylor and fiscal rules, plugging them into a calibrated DSGE model.
Finally, the paper is obviously related to the extensive literature that explores the evolu-
tion of output and inflation over the past fifty years. Clarida et al. (2000) and Lubik and
Schorfheide (2004) point out that the in the '70s the economy was subject to the possibility
of self-fulfilling inflationary shocks because of the monetary policy rule that was followed at
that time. Ferndndez-Villaverde and Rubio-Ramirez (2007) and Ferndndez-Villaverde et al.
(2010) consider models with time-varying structural parameters and find substantial evi-
dence of parameter instability. Using a large scale DSGE model augmented with stochastic
volatilities, Justiniano and Primiceri (2008) find that investment shocks play a key role in
explaining the changes in the reduced form properties of the economy. Davig and Doh (2008)
estimate a New-Keynesian model in which structural parameters can change across regimes
to assess the sources that lead to a decline in inflation persistence. Bernanke and Mihov
(1998), Leeper and Zha (2003), Stock and Watson (2003), Canova and Gambetti (2004),



Kim and Nelson (2004), Cogley and Sargent (2006), and Primiceri (2005) provide little ev-
idence in favor of the view that the monetary policy rule has changed drastically. Finally,
Ireland (2007), Liu et al. (2008), and Schorfheide (2005) consider models in which the target
for inflation is moving over time.

The content of this paper can be summarized as follows. Section 2 describes the model,
outlining its properties under fixed coefficients. Section 3 introduces regime changes and
learning. Section 4 introduces the notion of dormant shocks and explains how they are
related to fiscal virtue. Section 5 and 6 put the theory at work: First looking at the past,

then looking at the future. Section 7 concludes.

2 The Model

We consider a New-Keynesian model augmented with a fiscal block. The model is a simplified
version of the one used in Bianchi and Ilut (2011).
Households

The representative household maximizes the following utility function:

EO [23020 ﬁsds [lOg (Cs - CI361;471) - hSH (1)

subject to the budget constraint:
P,Cy+ P"B" + PB; + T, = PWh, + B, |+ (1 + pP,") B]" | + P,D;

where D, stands for dividends paid by the firms, C; is consumption, h; is hours, W; is the
real wage, T stands for taxes, and C represents the average level of consumption in the
economy. The parameter ® captures the degree of external habit. The preference shock
ds has mean one and time series representation: log (d;) = p,log (di—1) + 04cq,. Following
Eusepi and Preston (2011) and Woodford (2001), we assume that there are two types of

government debt: one-period government debt, B} , in zero net supply with price P’ and

a more general portfolio of government debt, B;", in non-zero net supply with price P,".
The former debt instrument satisfies P° = R;'. The latter debt instrument has payment
structure p” ~(*1) for T > ¢ and 0 < p < 1. The value of such an instrument issued in period
t in any future period ¢t + j is Pt”jj_-j =p P;. The asset can be interpreted as a portfolio of
infinitely many bonds, with weights along the maturity structure given by p” =+, Varying
the parameter p varies the average maturity of debt.

Firms



Each of the monopolistically competitive firms face a downward-sloping demand curve:

Y.(j) = (R()/P) VY, (2)

where the parameter 1/v is the elasticity of substitution between two differentiated goods.
The firms take as given the general price level, P,, and level of real activity, ¥;. Whenever a
firm wants to change its price, it faces quadratic adjustment costs represented by an output

loss:
ACy(j) = 59 (Pi(j)/Piea () — )2 Yo () Po(5) / P (3)

where II;_; is the gross inflation rate that prevailed in the previous period.
The firm’s problem consists in choosing the price P;(j) to maximize the present value of

future profits:

where @) is the marginal value of a unit of the consumption good: Qs/Q: = 5 [uc(s)/uc(t)] .

Labor is the only input in a linear production function:

Y;s(j) = Al (]) (4)
where total factor productivity A; evolves according to an exogenous process:

InA;, = v+InA | +aq (5)
ar = Paai-1+ Ouai (6)

Government
The (linearized) total government expenditure as a fraction of GDP is assumed to follow

the exogenous process:

€t = PuCi—1 + OcL €L t

Imposing the restriction that one-period debt is in zero net supply, the flow budget

constraint of the government is given by:
BB = By (1+pP") = 5

where S; represents the primary surplus at time t. We rewrite the government budget

constraint in terms of debt-to-GDP ratio:

bt = (bﬁlRﬁLt) /(LY /Y1) — s



where 0" = P"By"/ (PY;), R{"1, = (1 + pP[™) /P["; is the realized return of the long term
bond, and s; = S;/ (F,;Y;) is the primary surplus as a fraction of GDP.

Monetary and Fiscal Rules

The Central Bank moves the FFR according to the rule:

Rt Rt—l PR(&t) Ht Y (&) Y; wy(ft)
w1 G

where R* is the steady-state (gross) nominal interest rate, Y;" is natural output, II* is the

(1—pr(&))
o get (7)

target level for gross inflation, and the fiscal authority moves taxes according to the following

rule:
T = pTe—1+ (1 —p;) [5b (gt)gﬁl + 0cér + 0y (?715—1 - @?—1)} tOoréry (8)

where 7, is the level of tax revenues with respect to GDP in linear deviations from the steady
state (7, = T}/ (P,Y?)), 5;” is the linear deviation of debt from the steady state and €, is an
i.i.d. shock. Note that taxes also respond to the level of expenditure e;.

In equations (7) and (8), &, is an unobserved state variable capturing the monetary /fiscal
policy combination that is in place at time t. The unobserved state takes on a finite number
of values j = 1,...,m and follows a Markov chain that evolves according to a transition
matrix P. More details about the structure of this matrix will be provided below and they

will be central to understand the implications of the model.

2.1 The linearized model

Once the model is solved, the variables can be rescaled in order to induce stationarity. The
model is then linearized with respect to taxes, government expenditure, and debt, whereas

it is loglinearized with respect to all the other variables. We obtain a system of equations:

1. IS curve:
~ Pyt 1—oy ! ~ E[Gi1]  (pa— Oy )
= Yy — R, — F -1 d] =

(9)
2. Phillips curve:

~ K ~ 1 1 15} .
T = (1 T 6) (1 — (I)’)/_l) [yt CI)”}/ [yt—l at]] —+ —1 T 671'1571 + —1 n 6Et [7Tt+1] (10)

3. Natural output:
TAEE STAREE (11)



10.

11.

Monetary policy rule:
R, = Pr (&) Ry + (1= pr (&) [¢r (&) T+ ¥, (&) W — U] + orery
Fiscal rule:
Te=p, 71+ (1= p,) [5b (&)gﬁl + 06 + 0y (?71:—1 - 37?_1)} + 076t

Debt:
b = B 0B (B = G+ G — = 7 ) = T+

Return long term bond:
R, = R'pP — P
No arbitrage:
Ry = By [Rip4]

Expenditure:

€t = Pe€t—1 T Oc€ey

Technology:

Ay = Paat—1 + Og€at

Demand shock:

dy = pgdi—1 + 0g€as

(13)

(14)

(15)

(16)

(18)

(19)

If we define the vector 6 containing the structural parameters of the model and the

DSGE state vector S;, then we can rewrite the system of equations described above in a

more compact form:

Lo (§,0) S; =T (gt? 0)Si1+ ¥ (€t7 0) Qe + Iln,

(20)

with 7, a vector containing the expectations errors and () is a diagonal matrix containing the

standard deviations of the shocks. Notice that the system of equations will differ according

to the regime that is in place. In what follows, we will describe the assumption about the

parameter values across the different regimes and the properties of the transition matrix P.

10



2.2 Fixed coefficients and determinacy regions

Before describing the features of the model with regime changes, it is useful to analyze the
properties of its fixed coefficient counterpart. The two policy rules and the linearized budget

constraint are key to determine existence and uniqueness of a solution:

Ry = pp (€7) Ry + (1= pp) ¥, (€7) T+

Fo= 701+ (1= p.) 8y (E7) O, + ...

bt o= BN 4 Tt +ip,
— b= (ﬁfl — 0 ( fp)) bty + ...

where for simplicity we have assumed p, = 0.

Following Leeper (1991), we can distinguish four regions of the parameter space according
to the behavior of policy makers. Monetary policy is defined as active when it reacts strongly
to deviations of inflation from the target. The exact condition is generally a function of all
parameters of the model, but it approximately coincides with the Taylor principle: React
more than one to one to inflation, i.e. 1. > 1. Fiscal policy is passive to the extent
that it passively accommodates the behavior of the monetary authority. This means that
the fiscal authority will move taxes in response to deviations of debt from its steady state
in order to keep it on a stable trajectory. In terms of parameter values, this boils down
to making sure that ! [ 56} < 1, that for reasonable parameter values implies 9, >
1/8—1. Leeper (1991) shows that for two of the four regions a unique solution exists. These
correspond to the Active Monetary /Passive Fiscal (AM/PF) and Passive Monetary/Active
Fiscal (PM/AF). The former is the most familiar one: The Taylor principle is satisfied
and fiscal policy is Ricardian, given that the fiscal authority moves taxes in order to keep
the process for debt stable. We will label this policy combination as the virtuous regime.
The second determinacy region (Passive Monetary/Active Fiscal) is less familiar. In this
case, the monetary authority is relatively unresponsive to fluctuations in inflation, while
the fiscal authority does not respond strongly enough to movements in the debt-to-GDP
ratio. Under this regime, inflation has to move in order to keep debt on a stable path
and, even in absence of distortionary taxation, fiscal shocks have an impact on output.
With a slight abuse of language, we will label this regime inflationary. Finally, when both
authorities behave independently (AM/AF) no equilibrium exists, whereas when both of
them are passive (PM/PF) the economy is subject to multiple equilibria.

In applied work, a lot of attention has been devoted to the standard determinacy region

11



Active Fiscal (AF) Passive Fiscal (PF)

Active Monetary (AM) No Solution Determinacy
Passive Monetary (PM) Determinacy Indeterminacy

Table 1: Partition of the parameter space according to existence and uniqueness of a solution
following Leeper (1991).

and to the problem of indeterminacy (see Clarida et al. (2000) and Lubik and Schorfheide
(2004)), whereas the flipped determinacy region has often been regarded as an implausible
candidate to explain movements in the real economy. A popular argument is based on
the idea that even if the government does not constantly move taxes in order to stabilize
debt, that does not imply that it will never do it. In other words, even if agents observe
the PM/AF regime for a while, this does not mean that they are going to expect such a
situation to prevail forever.

We start from this argument to construct a model in which the presence of a period of
PM/AF policy mix does not necessarily imply that the economy is subject to inflationary
pressure. At the same time, we are interested in modeling the consequences of long lasting
deviations to this regime. If it is certainly reasonable to assume that a deviation of few quar-
ters should not imply that agents lose confidence about the commitment of the government
to stabilize debt, the same cannot be said of a deviation that lasts for decades.

In Section 3.1, we start building the intuition using a model in which agents can exactly
observe the behavior of policy makers. This model will serve as benchmark for the full model

with learning that will be introduced in Section 3.2.

3 Regime changes and agents’ beliefs

Consider the model described by the system of equations (9)-(19) subject to regime changes
and assume that the evolution of the monetary/fiscal policy mix can be described by a

three-regime Markov switching process whose transition matrix H is:

P11 P12 P13
H = 1 —po po2
1 — pa3 P33

We will make use of the following two guidelines to characterize the matrix H and the
three regimes. First, fiscal and monetary authorities do not have to pursue their goals on a
daily basis. Deviations from the Taylor principle are possible and the fiscal authority does

not have to constantly move taxes in order to keep debt on target. What is truly necessary is
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that over a medium-long horizon policy makers act responsibly and that agents understand
this. In fact, it is quite reasonable that policy makers want to retain some flexibility in order
to respond effectively to extraordinary events. To model this feature, we introduce two
regimes. Regime 1 is the virtuous regime: the Taylor principle is satisfied and fiscal policy
accommodates the behavior of the monetary authority (i.e. monetary policy is active and
fiscal policy is passive, 1, (£7 = 1) =2 > 1 and 6, (¢, = 1) = §; > 1/3—1). Under regime
2, the central bank reacts less than one-for-one to inflation and the fiscal authority does not
move taxes in response to movements in government debt (i.e., 1 (£, = 2) = £ < 1 and
0y (€, =2) = 6; <1/ —1). To capture the idea that these deviations are short lasting, we
set the persistence of regime 2 to a relatively low value, i.e. pyy << 1.

Second, we want to allow for the possibility of long lasting deviations from the standard
policy practice. Therefore, we characterize regime 3 as having the same parameters of regime
2, but different persistence: ¢, (£, =3) = (&, =2) =¢r < 1,6, (&, =3) =0 (§, =2) =
534 < 1/8 —1, and p33 >> pge. It is important to stress that even if the parameters entering
the Taylor and fiscal rules are the same, the two regimes are in fact different. This is because
the different persistence has deep implications on what agents expect about the future, as it
will be illustrated in Section 3.1. Given that these deviations represent a substantive shift
in the conduct of monetary and fiscal policies, we assume that when in the virtuous regime
policy makers are more likely to engage in a short lasting deviation (p12 > pi3).

Summarizing, we make the following assumptions on the transition matrix H:

A1 pos < ps3, implying that the regime 3 is more persistent than regime 2.

A2 pi5 > pi13, implying that switches from the active regime to the short-lasting PM/AF

regime are expected to be relatively common.

3.1 Perfect information

Before moving to the full model with learning, we will analyze the properties of the companion
model in which agents can observe all aspects of the economy, including the regime that is
in place at each point in time.

We calibrate the model using the estimates obtained by Bianchi and Ilut (2011) when
fitting a slightly richer model to US data. The values are reported in Table 2. Bianchi
and Ilut (2011) consider a fully credible permanent switch from the inflationary regime to
the virtuous regime. If agents regard the regime they live in as prevailing forever, the first

regime is non-Ricardian, while the second is not. However, when agents are aware of regime
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Parameter  Value ‘ Parameter Value | Parameter Value
P (€7 =1) 0.6244 O 0.7045 1000 R 0.1972
Y (€7 =2) 23522 dy 0.0869 1000, 0.4564
¥, (&P =1) 0.3716 Pe 0.995 1000, 0.6518
Y, (&P =2) 0.1527 P 0.7779 1000, 0.3653
pr (&P =1) 0.8480 Py 0.4540 10004 6.9498
pr (&P =2) 0.8132 Pd 0.6125 1000, 0.3653
Orp (€7 =1) 0 K 0.0128 pu1 0.9000
9,5 (€7 =2) 0.0327 | 1001ln(vy) 0.4896 D12 0.0990
p, (&7 =1) 0.7306 b* 0.9644 Da2 0.7000
p, (& =2) 0.8921 T* 0.1846 D33 0.9900

Table 2: Parameter choices of the DSGE parameters and of the transition matrix diagonal
elements based on Bianchi and Ilut (2011).

changes, agents’ expectations play a crucial role in determining if a regime is Ricardian or
not (see also Davig and Leeper (2007)).

When agents are aware of regime changes, standard solution methods do not apply.
Instead, we need to use one of the solutions methods developed to handle Markov-switching
general equilibrium models. The solution algorithm employed in this paper is based on the
work of Farmer et al. (2010). The authors show that it is possible to reduce the task of
finding a Minimal State Variable solution to that of computing the roots of a quadratic
polynomial in several variables. When a MSV solution exists, it can be characterized as a
regime switching vector-autoregression, of the kind studied by Hamilton (1989), Chib (1996),
and Sims and Zha (2006):

Sy =T (&7,0,H) i1+ R (7,0, H) Qs (21)

It is worth emphasizing that the law of motion of the DSGE states depends on the
structural parameters (6), the regime in place (§,), and the probability of moving across
regimes (H). This means that what happens under regime i does not only depend on the
structural parameters describing that particular regime, but also on what agents expect is
going to happen under alternative regimes and on how likely it is that a regime change will
occur in the future. In other words, agents’ beliefs matter for the law of motion governing
the economy. From now on, a more compact notation will be used: 7' (¢,) =T (¢,,0, H) and
R(&) =R (&, 0, H).

To facilitate the interpretation of the results, we combine the law of motion (21) with

a system of observation equations including variables that often enter the economic debate.
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The result is a model cast in state space form:

Y, = D(0)+ ZS, (22)
Seo= T(&") S+ R(§") Qe (23)

where Y; is a vector containing the observables, D is a column vector containing the steady
state values, Z is a matrix mapping the Markov-switching law of motion (23) into the
observables. We reconstruct the following observables: real GDP growth rate, annualized
quarterly inflation, annualized quarterly FFR, and debt to GDP ratio on a quarterly basis.

The simplest way to understand the properties of the different regimes is to look at
impulse responses. Figure 1 contains the results. We shall start focusing on the response to an
expenditure shock, reported in the last row. The difference between the long lasting PM/AF
regime and the other two regimes is particularly striking. Under the virtuous regime and the
short lasting PM/AF regime, this shock does not have any effect on inflation and output,
whereas under the long lasting PM/AF regime we observe a large and persistent increase
in inflation and an expansion in output. Under the virtuous regime and the short lasting
PM/AF regime, the debt-to-GDP ratio starts increasing slowly and steadily in response to
the increase in expenditure. The two paths differ only to the extent that under the virtuous
regime the government is increasing taxes in response to the increase in debt. Under the
PM/AF regime we observe a sudden drop in the debt-to-GDP ratio, due to higher expected
future short term interest rates, and then a smooth decline as a result of the high inflation.
Then the variable goes back to the steady state from below because of the increased level of
expenditure.

The first row reports the responses to a monetary policy shock. Under all regimes, the
Federal Reserve retains the ability to generate a recession and a subsequent short run decline
in inflation. However, under the long lasting PM/AF regime, the initial decline in inflation
fires back. This "stepping on a rake" effect (Sims (2009)) implies that the Central Bank
might have the illusion of being able to control inflation, even if this ability is in fact lost the
moment that its actions are not adequately supported by the fiscal authority. The response
of the debt-to-GDP ratio is also substantially different when the long lasting PM/AF regime
is in place: Under the virtuous regime and short lasting PM/AF, the ratio increases quickly
due to the decline in output and high real interest rates, whereas under the long lasting
PM/AF regime we observe a sudden drop caused by a value loss, then a modest increase due
to the slowdown of the economy, and finally a smooth decline as a consequence of the high
inflation. Notice that under the short lasting PM/AF regime, inflation declines smoothly and

the debt-to-GDP ratio increases without showing any revaluation effect. This occurs despite
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Figure 2: The two columns report respectively the one-step-ahead probability of entering a
period of PM/AF policy and the expected number of consecutive periods of PM/AF under
the different regimes assuming that agents have perfect information.

the fact that the taxation rule in place at the time of the shock determines an increase
in the debt-to-GDP ratio that could appear to be "permanent" to an external observer.
Summarizing, while the long lasting PM/AF is still an inflationary regime, the short lasting
PM/AF is not, even if policy makers behave in the same way.

From these impulse responses, it should be clear that while the short lasting PM/AF
regime is a Ricardian regime, the same cannot be said of the long lasting PM/AF regime.
The interesting fact here is that the behavior of the two authorities is identical across the
two regimes. The two regimes differ to the extent that they induce different expectations
for the future. To illustrate this point, for each regime, Figure 2 reports the one-step-
ahead probability of being in the PM/AF regime next period and the expected number
of consecutive deviations from the virtuous policy mix. When the economy is under the
virtuous regime, agents are confident of staying there for a while and the expected number
of consecutive deviations is very low. When under the short lasting PM/AF regime, the
one-step-ahead probability increases substantially, but the expected number of consecutive
deviations is still very low (2.33). Finally and most importantly, when the economy moves
to the long lasting PM/AF regime, the number of consecutive deviations expected by the
agents increases substantially.

The results shown above allow us to make the first important point: In a model with
recurrent regime changes the policy mix is not enough to establish if a regime is Ricardian
or not. Instead, the persistence of the regime becomes a key ingredient given that it affects

agents’ expectations about the conduct of fiscal and monetary policy in the medium and
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long run. When agents are confident about a prompt return to the virtuous policy mix,

Ricardian equivalence holds, as is the case for the short lasting PM/AF regime.

3.2 Bayesian Learning

We are now ready to analyze the case in which agents cannot observe the regime they
are in. Let F; be the information set of the forward-looking agents (i.e., households and
firms). It is assumed that agents observe the history of the endogenous variables as well as
the history of the structural shocks, including the monetary policy shock. However, agents
do not observe the history of regimes. Instead, they need to infer their evolution to form
expectations about future realizations of forward-looking variables. Agents conduct Bayesian
learning over regimes and regime changes are modeled as the three-regime Markov switching
process described above. In this context, the transition matrix H also reflects agents’ priors
about the evolution of the monetary /fiscal policy mix.?

Note that since agents know the history of endogenous variables and shocks, they can
exactly infer the policy mix that is in place at each point in time. While the virtuous regime
is fully revealing, agents do not know whether the short-lasting regime 2 or the long-lasting
regime 3 is in place when the PM/AF mix prevails. Agents, thus, have to learn the nature
of the deviation from the virtuous regime in order to form expectations over the endogenous
variables of the economy.

An important result is then the following: Agents will grow more and more pessimistic
about moving back to the virtuous regime, the longer the time spent under the inflationary
regime. To see this, note that after having observed 7 > 1 consecutive deviations from the
virtuous regime, agents believe that policy makers will keep deviating in the next period
t + 1 with probability:*

2 (IQ)T + P13

P33

_ .
m(w) 4 P13

p22 \ P33 P33

prob{s.1 # 1|Fi} =

(24)

The probability prob{s;;1 # 1|F;} has a number of properties that shed light on the

key features of the learning mechanism. Since pss < ps33, this probability is monotonically

3In the model, agents conduct Bayesian learning over the history of realized regimes. In order for the
learning problem to be correctly specified from a mathematical point of view, we need to provide a model
describing the evolution of regimes perceived by agents. This model is called a-priori as it not conditional
on having observed any shock or endogenous variable.

4This result basically comes from applying the Bayes’ theorem and then combining the resulting proba-
bilities with the transition matrix P. See Bianchi and Melosi (2011) for a detailed derivation.
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increasing with respect to the number of last consecutive deviations 7. That is, for any 7 > 1

otz _ro(5) () (E)

7 e () )

P22 \ P33 P33

As the number of periods 7 in which the PM/AF policy mix has prevailed, agents will become
more and more pessimistic about the odds of switching to the virtuous regime in the next
period. The reason is that as the authorities keep deviating from the virtuous regime, agents
get increasingly convinced that they are engaging in a long-lasting deviation (regime 3) from
where switching to the virtuous regime is more unlikely (pgs < ps3).

Furthermore, agents’ pessimism admits an upper and lower bound. If policy makers
deviate from the virtuous regime for a very long time, agents will eventually get convinced
of being in the long lasting PM/AF regime and the probability of observing the PM/AF

policy mix in the next period degenerates to the persistence of such a regime:

Tlig}oprob {5141 # 1| Fi} = pas (25)

Hence, ps33 is the upper bound for agents’ pessimism. This implies that for each ¢ > 0, there

exists an integer 7* such that:
P33 —prob{sy # Ut =7} <e (26)

with the important result that for any 7 > 7* agents’ beliefs can be effectively approximated
using the properties of the long lasting PM/AF regime.

As far as the lower bound is concerned, when agents observe policy makers deviating for
the first time (i.e., 7 = 1), then equation (24) shows that the probability of staying in the
passive regime is an average of the persistence of the two passive regimes pss and p3z with
weights p1a/ (p12 + p13) and pi3/ (p12 + p13). This weighted average is the lower bound for
agents’ pessimism. The smaller the conditional probability pi3/ (p12 + p13), the closer the
lower bound will be to pas.

The intuition behind such a lower and upper bound for the waves of agents’ pessimism
goes as follows. When agents observe policy makers deviating from the virtuous regime
for the first time (7 = 1), they don’t know if they entered the long lasting or the short
lasting deviation. Then, the weight that they assign to a long lasting deviation depends
on the ratio pis/p13, excluding the degenerate case in which one of these two probabilities
is zero. Consequently, the probability of observing another deviation next period will be a

weighted average of pss and ps3. As policy makers keep deviating, agents get increasingly
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Figure 3: From left to right, the three columns describe, as a function of the number of
consecutive deviations 7, the evolution of agents’ beliefs, the one-step-ahead probability of
observing the PM/AF policy mix, and the expected number of consecutive deviations.

more convinced that the economy entered the long-lasting PM/AF regime. Since the short
lasting regime is characterized by low persistence (i.e., p22 < ps3), the probability of staying in
the PM/AF regime in period t+ 1 will increase as the weight assigned to psy is monotonically
decreasing. When policy makers have deviated from the virtuous regime for a sufficiently
large number 7* of periods, agents are then sure to be in the long-lasting PM/AF regime.
Consequently, their pessimism will reach its upper bound, which is the probability that next
period’s policy mix will be again PM/AF conditional on being in the long-lasting passive
regime, pss.

These ideas are summarized in Figure 3. The first column describes the evolution of
agents’ beliefs as a function of the number of observed deviations from the virtuous regime.
The virtuous regime is fully revealing, therefore agents do not face any uncertainty.” When
agents observe the first deviation, they are relatively confident that the prevailing regime is
the short lasting PM/AF regime, given the assumption pjo > p13. However, as the number
of deviations grows, agents become more and more convinced that the economy entered the
long lasting regime. This has important implications on agents’ expectations regarding the
future behavior of policy makers. The second and third columns of Figure 3 report the
one-step-ahead probability of observing the PM/AF policy mix and the expected number
of deviations implied by the drift in beliefs. As agents observe more and more deviations,
they become more and more pessimistic and the expected number of consecutive deviations

eventually coincides with the one prevailing under the long lasting PM/AF regime. Later

°In section DDD we will relax this assumption, extending the model to have a short lasting and a long
lasting AM/PF regime. TO BE ADDED.
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on we will show that this drift in beliefs about the future behavior of policy makers has
deep implications for the way shocks propagate into the economy. However, first we need to

explain how the model with learning is solved.

3.2.1 Solving the model with learning

It is very important to emphasize that the evolution of agents’ beliefs about the future
conduct of fiscal and monetary policy plays a critical role in the Markov-switching model
with learning. In fact, unlike the perfect information model described in Section 3.1, the
dynamics of the endogenous variables in the model with learning cannot be fully captured
by the three policy regimes (i.e., virtuous, short-lasting PM/AF, and long-lasting PM/AF).
Instead, agents expect different dynamics for next period’s endogenous variables depending
on the degree of their pessimism about a return to the virtuous regime.

Therefore, learning requires expanding the number of regimes and re-defining them as a
combination between policy makers’ behavior and agents’ beliefs. Such new regimes reflect
different degrees of pessimism while agents are learning about the persistence of the deviation
from the virtuous regime. Bianchi and Melosi (2011) show that the Markov-switching model
(9)-(19) with three regimes s; and learning can be recasted in terms of an expanded set of
(7* + 1) > 3 new regimes. The increased number of regimes captures the degree of pessimism
associated with observing deviations from the virtuous regime for 7 = 1...7* periods, where
7% > 0 is define by the condition (26). The structural parameters for the expanded system

of equations are defined as

GAMIPE it i =1, fe. 7 =0

0 (i) =
(@ OPMIAE i i > 1, fe. 7> 1

and the transition matrix 7:2 is defined as:

P11 D12 + Di3 0
1— P12p22+Pp13P33 0 P12p22+Pp13P33
P%2+p13 9 p12+p13
P12P535+P13P33
— =22 2033 0 0
~ P12p22+Pp13P33
*-1 T*—1 *-1 T*—1
1 o plQng )+p13p§,3* ) O O O 0 p12pg2* )+p13pg3* )
=) —2 -2 —2
p12p5] *)-i-plap;% ) p12p5] :+p13p§,§ )
1 P12D0%5 +P13D55 0 0 0 0 P12DP%, +P13D55
(=% —1) (rF—1) (% —1) (7% —1)
L P12P3s +p13P33 P12P32 +p13P33 .
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where the total 7* + 1 regimes is given by:
[<9AM/PF,T _ 0) ’ (HPM/AF’T _ 1) 7 <9PM/AF77_ _ 2) o <9PM/AF’ . 7_*)}

Hence, one can recast the Markov-switching DSGE model with learning in (9)-(19) as
a Markov-switching Rational Expectations system, in which the regimes are re-defined in
terms of realized duration of the passive regimes, 7;. This result allows us to solve the model
with regime switches and learning by applying any of the standard methods developed to
solve this new class of models. In this paper, we apply the methodology derived by Farmer
et al. (2010).

It is worth emphasizing that this way of recasting the learning process allows us to easily
model the behavior of agents that are aware of the fact that their beliefs will change in
the future according to what they observe in the economy. This represents a substantial
difference with the anticipated utility approach in which agents form expectations without
taking into account that their beliefs about the economy will change over time. Furthermore,
the approach described above differs from the one traditionally used in the learning literature
in which agents form expectations according to a reduced form law of motion that is updated
recursively (for example OLS regressions). The advantage of adaptive learning is the extreme
flexibility given that, at least in principle, no restrictions need to be imposed on the type
of parameter instability characterizing the model. However, such flexibility does not come
without a cost, given that agents are not really aware of the model they live in, but only
of the implied law of motion. Instead, in this paper agents fully understand the model and
they are aware of the trade-offs that characterize it. They are uncertain about the future
behavior of policy makers and this has important consequences for the law of motion of the

economy, as shown below.

3.2.2 Impulse responses

In order to understand the properties of the model, we will start illustrating how learning
affects the propagation of the shocks. Figure 4 contains impulse responses conditional on
different starting values of 7 and assuming that the PM/AF regime is in place over the entire
horizon. The dark/reddish colors correspond to large starting values for 7, while as the colors
become lighter and lighter turning into light blue, the starting number of deviations falls to
1 (i.e. at the time of the shock agents observe the first deviation to the PM/AF regime).

We do not report here the response under the virtuous regime because this would look very
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similar to the one prevailing under perfect information, as the regime is fully revealing.’

Before proceeding, it is worth stressing an important point. The assumption that the
PM/AF regime prevails over the entire horizon implies that the number of observed devia-
tions 7 grows over time. This in turn determines a progressive change in the law of motion
as agents become more and more convinced of being in the long lasting PM/AF regime.
The law of motion then stabilizes in the moment agents are certain that they entered a long
lasting deviation (7 = 7*). The law of motion would change again in the moment agents
were to observe a return to the virtuous regime.

Fiscal expenditure

We shall start considering the responses to a fiscal expenditure shock when agents have
observed a large number of consecutive deviations. In this case agents are substantially
convinced of being in the long lasting PM/AF regime. As a result, the impulse responses
resemble very closely the ones implied by the same regime under perfect information.” Fol-
lowing a shock to government expenditure, inflation increases on impact and reaches its peak
after 12 quarters. At the same time, the debt-to-GDP ratio experiences a discrete jump as
a result of higher growth, larger inflation, and a drop in the price of long term bonds.

When the initial number of deviations is low, these effects are initially mitigated because
agents do not know the nature of the observed deviation. Initially inflation and GDP growth
barely move, even if the current behavior of policy makers is unchanged. Furthermore, we
do not observe the jump in the debt-to-GDP ratio, given that agents are fairly confident
that the government will eventually increase taxes, and there is no significant change in real
interest rates and output growth. However, as agents observe more and more deviations,
their expectations start drifting, the law of motion evolves, and the non-Ricardian dynamics
start playing an important role. Inflation starts increasing smoothly and persistently and
reaches its peak after approximately eight years. Symmetrically, output starts growing, real
interest rates decline, and the debt-to-GDP ratio falls.

The ability to control inflation

When the initial number of deviations is small, in response to a monetary policy shock
inflation declines on impact and stays below the steady state for several periods (around three
years in the example considered here). However, as agents become aware of the possibility

that the economy is going through a long lasting deviation, inflation starts increasing and

6Nevertheless the impulse responses would not be identical because the uncertainty that prevails under
the PM/AF regime also affects the law of motion under the virtuous regime.

"However, even when agents think that they are in the long-lasting PM/AF regime with probability
one, the law of motion still slightly differs from the one implied by the model with perfect information
because agents’ expectations about the future reflect the additional uncertainty deriving from the learning
mechanism.
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the stepping on a rake effect appears. If agents have already observed a large number of
deviations, the entire sequence of events occurs more quickly and inflation stays below the
steady state for only few years. These dynamics have two important implications. First,
when the initial number of deviations is small, a central bank might be induced to think
that everything is fine for a long time, given that the stepping on a rake effect does not
immediately manifest itself. Second, as policy makers keep deviating and the ability of the
central bank to control inflation deteriorates, a central bank might erroneously be induced
to think that structural changes are occurring in the economy that are making the sacrifice

ratio less favorable.

4 Dormant shocks and Fiscal Virtue

As shown in Section 3.2.2, when learning is introduced in the model with regime changes, the
economy responds gradually to the shocks as agents update their beliefs about the future
behavior of policy-makers. The response to fiscal shocks is particularly interesting, given
that the learning mechanism can substantially prolong their effects and move the peak of
the responses further into the future. In this section, we will analyze these features more in
details introducing the notion of dormant shocks and characterizing their effects as a function

of fiscal virtue.

4.1 Dormant shocks

Figure 5 considers a one standard deviation increase in expenditure occurring at time 0,
followed after 5 years by a change in the monetary/fiscal policy mix from the virtuous
regime to the PM/AF regime. The left panel reports the impulse responses while the right
panel contains the evolution of expected volatility at different horizons, from 1 year (light
blue) to 5 years (dark red). This measure of uncertainty is computed taking into account
the possibility of regime changes and the evolution of agents’ beliefs.®

Notice that as long as the virtuous regime prevails the effects on inflation, output, and
FFR are basically undetectable as agents expect taxes to be raised in order to repay the
growing debt. However, as soon the policy mix changes, the learning process begins. At
this point an external observer that were focusing exclusively on the three standard macro-
economic variables would be observing a slow moving increase in inflation, an acceleration
in output growth (and a positive output gap), combined with a weak response of the FFR.

All of these changes would be without any apparent explanation, as no new shocks have oc-

8Please refer to Bianchi (2011) for technical details.
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Figure 5: The two columns report the evolution of the endogenous variables and the cor-
respondent expected volatilities assuming an expenditure shock occurring at time 0 and a
regime change from the AM/PF to the PM/AF regime after five years. In the right column,
moving from the light blue to the dark red the time horizon increases from one to five years.
Expected volatilities are computed taking into account the possibility of regime changes.

curred. Fiscal shocks have therefore an interesting property in this environment: They can
manifest themselves many years after they occurred. In the meantime, they are just dormant
shocks, given that they do not have any apparent effect on the three standard macroeconomic
variables. Notice that this aspect makes them very hard to identify. If an econometrician
were trying to understand the causes of the slow-moving increase in inflation, he might be
tempted to conclude that a change in the target for inflation occurred. On the other hand, he
might want to include fiscal variables in order to estimate the model under the assumption
that a non-Ricardian regime is in place. However, if he happens to exclude the early years
of the sample, he might have a very hard time trying to recover any movement in the fiscal
variables that could in fact explain the slow moving increase in inflation.

The increase in inflation is not the only effect of the changed economic environment.
As outlined in the right column, agents also face an increase in uncertainty. The expected
volatility smoothly increases as agents become more and more convinced of having entered a
prolonged period of PM/AF policy mix. Dormant shocks have therefore another interesting
effect: After many years they can cause an increase in the volatility of the endogenous

variables and consequently in agents’ uncertainty. Once again, these effects are dormant as
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Figure 6: The figure considers the effects of a "dormant shock" to fiscal expenditure for
transition matrices that differ according to the a-priori relative probability of a short lasting
deviation. The shock occurs at time 0, while the regime change occurs after 20 periods (red
vertical bar). The different a-priori beliefs are captured by the different periods necessary to
convince agents that they entered a long lasting deviation (7).

long as the economy is under the virtuous regime.

Summarizing, an observer that were monitoring the evolution of our hypothetical econ-
omy would be detecting a progressive increase in volatility and uncertainty, measured by
expected volatility. At the same time, she would observe a smooth increase in inflation that
seems to gain momentum over time. Furthermore, while output growth and inflation move
in the same direction during the run-up of inflation, the correlation inverts sign once inflation
reaches its peak. Therefore, we observe an episode of stagflation, with high inflation and
low growth. The increase in the volatility of inflation has three causes. First, given that
the Fed reacts less strongly to deviations of inflation from the target, any shock has a larger
direct impact on the dynamics of inflation. Second, any shock that moves the debt-to-GDP
ratio is also going to have an indirect impact on all the macroeconomic variables. Third, the
expenditure and taxation shocks that are neutral in a Ricardian world, start having larger

and larger effects as agents’ beliefs drift over time.
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*

100p13/ (P12 + p13)  pe2 7° | 100pis/ (p1a +p13) p2 T

.04 0.70 40 1.00 90 97
20 0.70 36 1.00 .80 48
1.00 0.70 31 1.00 .70 31
2.00 0.70 26 1.00 .60 23

Table 3: Parameter values used in the study of dormant shocks. The persistences of the long
lasting PM/AF regime and of the AM/PF regime are fixed at .99 and .95, respectively.

4.2 Fiscal Virtue

The previous section has emphasized that dormant shocks can have effects many years after
they occurred. In this section we will elaborate more on this point, trying to understand
what determines the lag between the time of the regime change and the peak of the inflation
increase that such a regime change triggers.

Figure 6 considers the same exercise of the previous subsection for different values of
the ratio p13/ (p12 + p13). Recall that this ratio controls agents’ a-priori beliefs of entering a
long lasting versus a short lasting deviation. In other words, it determines the probability
attached to the long lasting regime once agents observe the first realization of the PM/AF
policy mix. As this ratio declines, agents are a-priori more and more optimistic about
the possibility of facing only a temporary deviation to the PM/AF. Consequently, it takes
longer for agents to get convinced that they entered a long lasting deviation. To capture
this idea, the different curves are labelled according to the implied 7%, i.e. the number of
deviations required for agents’ beliefs to approximately coincide with the ones implied by
the long lasting PM/AF regime. As explained in Subsection 3.2 this value represents an
upper bound on agents’ pessimism. The dotted green line represents the benchmark case in
which p13/ (p12 + p13) = 1% and 7* = 31. Table 3 summarizes the mapping for the other
three curves.

As the ratio p13/ (p12 + p13) declines and 7* increases, the peak of the inflation spur moves
to the right. When agents attach a conditional probability of .04% to the long lasting regime,
the peak in inflation occurs almost 15 years after the shock took place and 10 years after the
regime change occurred. When instead agents are relatively pessimistic and p13/ (p12 + p13) =
5%, the learning process is faster and the peak of inflation occurs only 6/7 years after the
regime change. How should we interpret these changes? Given that the ratio p13/ (p12 + pi13)
controls the a-priori beliefs of agents, it is capturing the credibility of policy-makers in agents’
eyes. The most rigorous assumption would imply that agents’ a-priori beliefs are based on
some historical evidence, in which case the matrix H would be pinned down by the relative

frequency of short lasting and long lasting deviations. Alternatively, we could imagine that
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Figure 7: The figure considers the effects of a "dormant shock" to fiscal expenditure for tran-
sition matrices that differ according to the relative persistence of the two PM/AF regimes.
The shock occurs at time 0, while the regime change occurs after 20 periods (red vertical
bar). The different a-priori beliefs are captured by the different periods necessary to convince
agents that they entered a long lasting deviation (7*).

agents form subjective conjectures about how likely it is that the government will engage in
a persistent deviation from the virtuous. In other words, agents could retain the occurrence
of a long lasting deviation to the PM/AF regime almost impossible, simply because they do
not believe that the government can decide not to increase taxes in order to repay debt. Or,
instead, agents might be very skeptical about the commitment to fiscal stability because of
some previous events. However, no matter what agents’ a-priori beliefs are and where they
come from, as long as agents update them according to what they observe, the government
cannot indefinitely avoid increasing taxes. In other words, no matter how optimistic agents
are, it the government deviates for a long period of time, eventually it will induce a change
in expectations leading to an increase in inflation and uncertainty. At the same time, if the
government has been virtuous in the past, it has probably built some reputation for avoiding
long lasting deviations. This translates into a low value for py3/ (p12 + p13) and implies that
policy makers can deviate for a longer period of time without losing control of inflation
expectations.

However, the a-priori relative probability of the two deviations is not the only margin

that affects the timing of the peak of inflation. The relative persistence of the short and
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long lasting deviations, pas/pss, is also important. When pos /pss is low, the learning process
is faster as agents need only few consecutive observations to conclude that they entered a
long lasting deviation. In the limiting case in which the ratio is zero, agents just need two
consecutive deviations to conclude that they entered a long lasting regime and that with
very high probability they will face a long series of PM/AF realizations. On the other hand,
when poy/p33 is large the learning process unfolds very slowly and consequently the peak of
inflation moves further to the right. Figure 7 illustrates this point. The benchmark case is
once again represented by the dotted line and the parameterizations are summarized in Table
3. Notice that when pgs/ps3 = .9/.99 = 0.4762 the peak of inflation occurs more than 20
years after the shock occurred and more than 15 years after the regime took place. Even in
this case, the ratio can be interpreted as characterizing policy makers’ credibility, but across
a different dimension. Specifically, agents might have different views about what it means for
a deviation to be short lasting. When, for a given persistence of the long lasting regime, this
ratio increases, it means that agents can tolerate a longer series of deviations before deciding
that they entered a long lasting PM/AF regime. Even in this case, the relative persistence
of the two regimes can be the result of some past evidence or determined by an arbitrary
conjecture about what it means for a regime to be short lasting. What matters is that the
persistences of the two regimes differ largely enough to make the distinction meaningful.
Furthermore, it is important to keep in mind that the characterization of one regime affects
the laws of motion of all the others. This implies that for a given set of parameters there is
a limit to how large the ratio pss/ps3 can be made without causing the short lasting regime,
and possibly the virtuous regime, to be inflationary.

Learning makes the unfolding of the effects of dormant shocks smooth, a property that
seems appropriate to characterize inflation dynamics in economies, such as the US, with
a strong reputation. Countries for which the commitment to fiscal responsibility is less
clear are more likely to be subject to sudden shifts in agents’ expectations as agents need
only a few deviations in order to decide that the economy entered a non-Ricardian regime.
This suggests an interesting interpretation of the different impulse responses considered in
this subsection: Following a shock of the same magnitude, countries with different levels
of fiscal virtue might experience similar levels of inflation as long a virtuous regime is in
place. However, once the two economies experience a deviation from the virtuous regime,
substantial inflation differentials would arise as the speed of learning greatly differs across

the two countries.
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Figure 8: The two columns report the evolution of the endogenous variables in response to
(negative) shocks to technology and preferences assuming a regime change from the AM/PF
to the PM/AF regime occurring after five years (red dashed vertical line).

4.3 Dormant Technology and Demand Shocks

Figure 8 considers the same sequence of regime changes focusing on (negative) demand and
technology shocks. Now the shocks have some effects in the short run, as they both move
output and inflation and trigger a response by the Federal Reserve. However, after few years
the economy seems back to the steady state until the regime change occurs. Once again the
learning process gradually determines an increase in inflation as agents’ expectations about
the future become more and more grim.

These results outline the important point that all shocks have a dormant component
when an economy is subject to fluctuations between different regimes. This is because all
shocks move the debt-to-GDP ratio, making the economy subject to the possibility of a

disanchoring of expectations once policy makers deviate from the virtuous regime.

5 A Look at the Past...

In the previous section, we have introduced the concept of dormant shocks and shown how
they can propagate slowly over time and have the largest impact many years after they took

place. We will now put the theory to work showing how a few shocks, combined with the
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Figure 9: The figure shows the results for a simulation meant to illustrate the properties
of the model with learning. Four events are key. First, a large shock to the long term
component of expenditure and a switch from the AM/PF to the PM/AF regime assumed
to coincide with the first reference to the Great Society made by President Johnson (first
solid vertical line). Second, the Ford’s tax cut (second solid vertical line). Third, the switch
from the PM/AF to the AM/PF regime a few quarters after the appointment of Volcker
(dashed vertical line). Fourth, the large primary surpluses of the ’90s, captured by a series
of favorable shocks to tax revenues and expenditure.

learning mechanism, can go a long way in explaining the historical dynamics of inflation.

First, we will show how the learning mechanism can account for the slow moving increase
in inflation even when only few shocks are considered. Specifically, we will show that two
events could be central to understand the two spurs of inflation of the ’70s. The first one
coincides with the first reference to the "Great Society" made by President Johnson in May
1964. We model this as a large shock to the long term component of government expenditure.
The second shock is President Ford’s tax cut in the mid-"70s .

We modify our basic calibration in two dimensions. First, we make the learning process
substantially slower making the short lasting and long lasting PM/AF persistences more
similar. Second, we increase the relative a-priori probability of moving to the long lasting
PM/AF higher and decrease the persistence of the virtuous regime. This second change does
not play any role in explaining the high inflation of the '70s but it helps in explaining the
risk of deflation faced by the US economy in the late ’90s and early 2000’s as the result of

the large primary surpluses during those years. The underlying intuition goes as follows.
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Making the long lasting PM/AF more likely determines a "contamination effect" on the
virtuous regime, with the result that even under such a regime fiscal shocks have some effect
on the level of inflation. These effects are mild, given that the relative probability is still
small, but not negligible. We then consider the following parameterization for the transition

matrix:

9200 .0720 .0080
H = | .0600 .9400
.0050 9950

These values imply that it takes quite a long time for agents to get convinced that they
entered a non-Ricardian world. Specifically, 7* is in this case equal to 110 quarters, implying
that it takes more than 27 years for agents to be sure that they live in a long lasting PM/AF
regime. On the other hand, agents are a-priori relatively worried about the possibility of
entering this world: Following the first deviation, agents attach a pi3/ (p12 + p13) = 10%
probability to having entered the long lasting PM/AF regime. Therefore, even when the
virtuous regime is in place, agents are so concerned about the possibility of entering the long
lasting PM/AF regime that high debt implies inflationary pressure.

The simulation is started using the smoothed estimates for the DSGE states obtained by
Bianchi and Tlut (2011).° Figure 9 reports the simulated values for inflation, expenditure,
and tax revenues. The black solid vertical lines mark the two key events that are used to
explain the increase in trend inflation of the "70s. We assume that the a switch from the
virtuous regime to the PM/AF regime with the first reference to the Great Society plans.
We use the results of Bianchi and Ilut (2011) to pin down the switch from the PM/AF to
the virtuous regime, occurring in mid-1980, a few quarters after the appointment of Volcker
(August 1979).

Several aspects of this simulation are worth being mentioned. First, following the Great
Society shock, inflation starts to rise, but very smoothly. In the short run, such low frequency
movements are probably hard to detect. Second, by the time the ’Ford’s tax cut’ shock hits,
inflation has already gained some momentum due to the acceleration in agents’ pessimism.
Agents are now more pessimistic about the possibility of a quick return to the virtuous
regime. Consequently, inflation rises faster following this second fiscal shock. Third, the
switch to the virtuous regime determines a sudden drop in inflation as agents’ beliefs about
the future behavior of policy makers are subject to a drastic swing. Fiscal shocks are now

largely sterilized as agents revise their expectations about the way the debt will be financed.

9A fully specified estimation exercise is on our research agenda, but at this stage it is unfeasible as it
takes a long time to solve a MS-DSGE model with hundreds of regime.
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However, as explained above, because agents are still worried about the possibility of a
regime change and expenditure is still high, inflation does not go back to the steady level.
Instead, it stabilizes on a larger value that reflects the deviation of government debt from
its own steady state. Finally, the large primary surpluses of the ’90s determine a smooth
and persistent decline in inflation that gets dangerously close to zero. This feature is again
linked to the fact that even when the economy is under the virtuous regime, agents are
concerned about the size of debt. As the debt gets largely reduced, inflation expectations
decline accordingly.

Summarizing, in this Section we have taken an historical perspective to show how dormant
shocks can be used to explain low frequency movements in the process for inflation. An
important lesson is that it might take a long time to see significant effects of these shocks
on inflation and a false sense of security might pervade policy makers. We have also shown
how, with appropriate assumptions on the transition matrix H, it is possible to generate a
contamination effect from the inflationary regime to the virtuous regime. This allowed us to
link the low inflation of the late '90s early 2000s to the large primary surpluses run by the

Clinton administration.

6 ...to find out the Future

What are the consequences of the previous analysis for the current situation? Is the US
economy heading toward a prolonged period of high inflation? Should policy makers feel
reinsured that long term interest rates and inflation expectations seem to be under control?
In order to answer these questions we will consider a series of forecasts conditional on different

scenarios on the policy makers’ behavior.

6.1 Basic scenarios: No announcements about the exit strategy

In this subsection we consider two benchmark simulations that are characterized by different
transition matrices H. Policy makers announce that the economy will be at the zero-lower-
bound for one year. We approximate such an announcement using a third regime that has
the same characteristics of the PM/AF regime, but for which the response to the output
gap is set to zero. We believe this is a convenient and potentially appropriate way to model
the zero-lower-bound, given that the Central Bank would probably react if inflation started
rising substantially.

For each simulation, we consider two alternative scenarios. In the first one, the zero-lower-

bound period is followed by the PM/AF policy, while in the second case the virtuous policy
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Figure 10: Conditional forecasts based on a transition matrix that implies high reputa-
tion of policy-makers in preventing large fluctuations in inflation. The zero-lower-bound is
announced for one year. After that, two scenarios are considered: Always PM/AF or al-
ways AM/PF. In both cases, no announcement is made about the exit strategy from the
zero-lower-bound. Five year ahead inflation expectations and the 5-year yield are computed
taking into account the possibility of regime changes.

mix prevails. Furthermore, we assume that policy makers do not make any announcement
regarding the exit strategy, so agents do not know how the economy will evolve after the zero-
lower-bound period. Therefore, it is very important to specify what agents expect is going
to happen once the deviation is over. We assume that in the last period of the announced
deviation, the probability that agents attach to going back to the virtuous regime is equal to
the one that would prevail if they had observed one year of PM/AF policy. Notice that agents
anticipate that this is the way they will think one year from the time of the announcement.
This assumption is not of secondary importance, as it will become clear in the examples that
we will consider later on.

For each simulation, we compute the path for 5-year ahead inflation expectations and
the b-year interest rate. Both of them are computed taking into account the possibility of
regime changes using the methods developed in Bianchi (2011).

The first conditional forecast assumes a transition matrix that implies a high level of
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Figure 11: Conditional forecasts based on a transition matrix that implies low reputation
of policy-makers in preventing large fluctuations in inflation. The zero-lower-bound is an-
nounced for one year. After that, two scenarios are considered: Always PM/AF or always
AM/PF. In both cases, no announcement is made about the exit strategy from the zero-
lower-bound. Five year ahead inflation expectations and the 5-year yield are computed
taking into account the possibility of regime changes.

reputation for the monetary /fiscal policy mix:

9750 .0249 .0001
H = | .0800 .9200
.0100 9900

The a-priori beliefs that agents assign to a long lasting deviation is very low, .4%, and agents
tolerate relatively long deviations as the ratio pss/pss is relatively high. Therefore it takes
more than ten years for agents to get convinced that they entered a long lasting period of
PM/AF policy (7 = 129).

Figure 10 reports the results. The first aspect that is worth noting is that long term
inflation expectations are initially very well anchored independently of the behavior of policy
makers. In a similar fashion, the five year yield is very low, in line with what is observed in the
data. This is because even if the PM/AF policy mix prevails, agents are initially optimistic
about the probability of moving back to the virtuous combination. However, as time goes

by, the behavior of policy makers starts making a difference. If they insist in following the
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flipped regime combination, agents get increasingly convinced that the economy entered a
long lasting period of PM/AF policy mix. Accordingly, inflation and inflation expectations
start drifting. Eventually inflation gets to levels that are comparable to the ones observed
in the "70s. If instead the virtuous policy mix is in place, this pattern is absent, as agents
observe taxes being raised in order to stabilize debt. In both cases, GDP growth experiences
an acceleration in the short run that reflects the fact that the economy is going back to the
steady state. However, while under the virtuous policy combination output does not move
any further, if the PM/AF policy mix prevails, we observe very low frequency movements in
growth that reflect the slow revision in agents beliefs. Interestingly, the first spur of inflation
that is associated with the recovery dies out very quickly, with the result that an external
observer could be induced to think that the central bank has still full control of inflation
dynamics. But this is just an illusion, as the run-up of inflation that follows makes clear.

These conditional forecasts highlight the risks associated with trying to infer the risk
of high inflation looking at current inflation expectations or long term interest rates. If it
takes time for agents to learn about the nature of the deviation that they are currently
experiencing, than their expectations are likely to be initially very well anchored. This is
likely to be especially true for an economy like the US that, as suggested by Woodford (cite)
has experienced a prolonged period of monetary dominated policy mix. In such an economy,
the a-priori beliefs about the possibility of entering a long lasting deviation are arguably
very low. Furthermore, it is worth pointing out that short lasting interventions that do
not resolve the long run problems of debt sustainability cannot be interpreted as changes in
policy mix. These are only shocks that do not move agents’ beliefs about the resolution of
the long term sustainability of government debt.

Figure 11 conducts the same exercise using the transition matrix of Section 5. As ex-
plained before, this transition matrix assumes that even under the virtuous regime, agents
are concerned about the possibility of switching to the long lasting PM/AF regime. From
a qualitative point of view the results are similar to the ones obtained before. However,
inflation expectations are higher at the beginning of the simulation.

The difference between the two simulations can be interpreted in two ways. Policy makers
might have in fact more credibility than what is implied by this second simulation and more
in line with the first transition matrix. As explained before, the model considered here could
be extended to have a progressive change in agents’ beliefs about the persistence of the
virtuous regime. In that case, a prolonged period of AM/PF would have the consequence of
convincing agents that a long lasting PM/AF deviation is quite unlikely, rationalizing the
parameter choices made for the first simulation. Alternatively, we could imagine that during

the current crisis, agents have become more willing to hold government bonds because of a
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Figure 12: Conditional forecasts based on a transition matrix that implies high reputation
of policy-makers in preventing large fluctuations in inflation. The zero-lower-bound is an-
nounced for one year. After that, two scenarios are considered: Always PM/AF or always
AM/PF. In both cases, the exit strategies are announced and are fully credible. Five year
ahead inflation expectations and the 5-year yield are computed taking into account the
possibility of regime changes.

"flight to quality" effect, as it has been suggested by Cochrane (2011). Such a change in
preferences would have the important effect of lowering the expected burden of debt and
would keep inflation expectations low even if agents find a switch to the long lasting PM/AF
regime quite likely. Future versions of this paper will explore these alternative explanations

in more detail.

6.2 Coordinated announcements

Since the beginning of the Great Recession, policy makers have been intervening very heavily
in the economy. The Federal Reserve and the Bush and Obama administrations have in most
of the cases tried to coordinate their actions. At the same time, the monetary and fiscal
authorities don’t seem to have reached the same level of coordination in announcing an exit
strategy. In what follows, we will show that such a lack of coordination might explain why
the policy interventions do not seem to have delivered significant effects.

Figure 12 considers two opposite announcements regarding the policy mix that will prevail

after the zero-lower-bound period. In the first case (solid blue line) the economy will enter
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a prolonged period of PM/AF policy. In the second case (dashed black line) the virtuous
regime will prevail. In both cases agents firmly believe the announcements made by the policy
makers. It is easy to see that the consequences of the two announced policies are completely
different. When policy makers commit to entering a long lasting deviation into the PM/AF
regime, inflation starts increasing immediately, real interest rates drop, and the economy
experiences a boom. At the same time, the debt-to-GDP ratio declines substantially. This
is the result of three events: The increase in output, the drop in real interest rates, and a
change in the value of long term bonds in response to the upward revision in short term
interest rates. None of these effects occurs when agents know that the economy will enter
the virtuous regime. Output grows, but this is simply the result of the economy going back
to the steady state, with the result that the losses experienced during the Great Recession
are never reabsorbed.

The model considered here does not have the necessary complexity to capture all aspects
of the current crisis. However, the key message that arises would likely survive in richer
models: It is not enough to announce a prolonged period of zero interest rates to give an
extra boost to the economy. What matters is what agents expect is going to happen after
such a period. Announcing a prolonged period of PM/AF policy would change things, but
at the cost of very high inflation, something that the Federal reserve is not willing to accept.
So far policy makers have not being able to resolve agents’ uncertainty about the future.
Given that it might take a long time for agents to decide that a prolonged deviation to the
PM/AF regime is ahead of them, we should not expect much from large fiscal interventions
given that agents are likely to expect an increase in taxes.

Fernandez-Villaverde et al. (2011) also point out the role of fiscal uncertainty in slow-
ing down the recovery during the current crisis. In their case, government debt is always
backed by future surpluses. However agents are uncertain about the timing of the budgetary
adjustments and the choices of the fiscal instruments (i.e. taxation or expenditure cuts).
An interesting extension for future research would consist in integrating the two approaches,

especially considering the change in volatility that derives from entering a long lasting period
of PM/AF policy.

6.3 Contradictory statements

In this last subsection we will show how the lack of coordination could become even more
dangerous in the moment that the signals that policy makers send to the public become
contradictory, something that is not far from happening in the current economic and political

climate.
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Figure 13: Conditional forecasts based on a transition matrix that implies high reputation
of policy-makers in preventing large fluctuations in inflation. The zero-lower-bound is an-
nounced for one year. Then five years of AM/AF regime follows. After that, three scenarios
are considered: Always AM/PF, always PM/AF with learning, long lasting PM/AF. In all of
the three cases, agents correctly anticipate the events. Five year ahead inflation expectations
and 5-year yield are computed taking into account the possibility of regime changes.

In recent years the Fed has repeatedly tried to make clear that the exceptional measures
taken during the current crisis should not be interpreted as evidence of a lack of commitment
to low and stable inflation in the future. At the same time, the explosive projections for
the debt-to-GDP ratio that are routinely presented by the government suggest that future
increases in taxes will not be large enough to balance the fiscal budget. According to what
we have seen so far these two "signals" are not consistent. The Fed cannot control inflation
if the fiscal authority is not committed to stabilize debt.

This lack of coordination could induce agents to think that a conflict between the two
authorities will eventually arise. In other words, agents could think that once the economy
has made its way through the crisis a period during which both policies are active could
follow. In this section we analyze this scenario, showing that things could go terribly wrong.

When taken in isolation, a regime in which both authorities are active implies no solution.
To see why, suppose that inflation is above the target and that the Federal reserve tries to
push it down by increasing the FFR more than one to one in response to the observed

deviation. This determines an increase in the real interest rate, a contraction in output and
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consequently an acceleration in the debt-to-GDP ratio. This would require an increase in
taxation, but agents know that this is not going to happen. Therefore, the adjustment has
to come through an increase in inflation that triggers an even larger increase in the FFR and
so on. Clearly, the economy is on an explosive path and no stable solution exists.

However, things are different when agents are aware of regime changes. In this case,
the consequences of a conflict between the two authorities are determined by agents’ beliefs
about the way the conflict will be resolved. We consider three scenarios. In all of them, the
Fed announces that interest rates will be kept near zero for a year. To implement the idea
that a conflict between the two authorities will follow, we assume that agents anticipate that
after the zero-lower-bound period the economy will enter an AM/AF regime with persistence
equal to .9. The three scenarios differ in terms of agents’ beliefs regarding which authority
will eventually prevail. In the first case, we assume that the economy will enter the virtuous
regime, while in the second and third simulations the fiscal authority will prevail. However,
in the second scenario agents do not take a stance on the nature of the deviation to the
PM/AF regime and the learning process starts as if agents had observed five periods of
PM/AF policy (the current one plus the four quarters associated with the initial zero-lower-
bound deviation). Instead, in the third simulation agents interpret the fact that the monetary
authority accommodates the behavior of the fiscal authority as a signal that the latter will
be the dominant authority.

Figure 13 reports the results. We shall start with the scenario in which agents expect
the monetary authority to prevail (solid blue line). In this case debt keeps accumulating
for some years, given that the fiscal authority is not adjusting taxes to stabilize debt, but
there are no effects on output and inflation as agents understand that eventually taxes will
be raised and debt will be repaid. Therefore, in this case the contradictory signals are not
problematic. The dashed black line considers the case in which agents expect the fiscal
authority to prevail, but they are "agnostic" about the nature of this deviation. Once again
we do not observe any effect on inflation and output in the short run as agents are still
confident that in the long run taxes will be raised. However, as policy makers engage in a
long series of deviations, agents become progressively more pessimistic and inflation starts
rising.

The last case is the most interesting one (dotted green line). Now agents anticipate
that the fiscal authority will eventually prevail and that this will inaugurate a prolonged
period of fiscal dominance. During the first year, under the zero lower bound, debt drops on
impact and inflation jumps as agents understand that taxes will never be raised. At the same
time, the economy experiences sustained growth because of the negative real interest rates.

Inflation expectations and long term interest rates reflect the expectation that inflation will
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be high in the future. This is in part due to the fact that debt will be financed through
inflation. However, this basic channel is exacerbated because agents expect a conflict between
the two policy authorities. After the zero-lower-bound period, the monetary authority tries
to push inflation down, causing a recession (notice how GDP growth is below the steady
state). However, agents believe that the fiscal authority will eventually prevail. Therefore,
the increase in real interest rates has the perverse effect of generating even more inflation
through the expectation channel. This creates a vicious circle that brings inflation and
nominal interest rates to become larger and larger. Finally, after five years, the monetary
authority gives up. We then observe a short run increase in the debt-to-GDP ratio as agents’
expectations about future short term interest rates are revised downward. The real interest
rate becomes negative, growth accelerates and then goes back to the steady state. At the
same time inflation keeps increasing for a couple of years and then goes back to the steady

state in twenty years.

7 Conclusions

When combining regime changes with a learning mechanism the strict distinction between
Ricardian and non-Ricardian regimes typical of the Fiscal Theory of Price Level literature
breaks down. In its stead, a continuum of regimes reflecting agents’ beliefs about the future
behavior of policy makers arises. As agents observe more and more deviations from a virtuous
regime in which the Fed has full control of inflation, they become increasingly convinced that
inflation will have to increase in order to stabilize the debt-to-GDP ratio. This implies that
the law of motion characterizing the economy evolves over time in response to what agents
observe. Therefore, the model is able to generate a run-up in inflation as relatively optimistic
agents become more and more pessimistic.

We introduced the notion of dormant shocks. These are shocks that move the debt-to-
GDP ratio and that have no effects on the macroeconomic variables when policy makers
behave according to a virtuous regime. However, as policy makers start deviating from such
a regime and agents become more and more discouraged about the possibility of moving back
to the virtuous regime, the effects of the dormant shocks arise, with a progressive movement
in inflation and an increase in uncertainty.

We have put the theory to work to explain the evolution of inflation in the US as the
result of a series of key events. First, the high and accelerating inflation of the ’'70s is
explained by a progressive deterioration of agents’ beliefs and two important fiscal shocks:
The announcement of the Lyndon Johnson’s Great Society Initiatives and Ford’s tax cuts.

Second, the sudden drop of the early ’80s is the result of a regime change coinciding with
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the appointment of Volcker. Third, we link the risk of deflation in the late ’90s to Clinton’s
primary surpluses.

Finally, we used the model to make a series of important points about the current situ-
ation. First, low inflation expectations and low long term interest rates are likely to reflect
the reputation US policy makers have built over the years. This means that the true risk of
inflation might be higher than what it appears and crucially related to the way policy makers
will behave in the future. Second, simply announcing a long period of very low interest rates
is not likely to have any significant impact on growth. Announcing a long lasting deviation
from the virtuous regime would. However, the remarks made by the Federal Reserve seem to
go in the opposite direction, given that the Chairman Bernanke has repeatedly stated that
inflation will be kept on target. Third, a lack of coordination between the fiscal and mon-
etary authority could lead to disastrous outcomes if agents were to anticipate a prolonged

conflict between the two authorities.
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