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1 Introduction

The Fiscal Theory of the Price Level (FTPL) reminds us that the effectiveness of

monetary policy always depends on the behavior of the fiscal authority (Leeper and

Leith (2016)). If the fiscal authority maintains a debt-stabilizing or “passive” fis-

cal stance on its debt, Ricardian Equivalence obtains and central banks can control

inflation using implementable rules that are “active” (i.e. satisfy the Taylor Prin-

ciple). If fiscal policy is inconsistent with long-run debt stability, or “active”, cen-

tral banks must accommodate debt-stabilizing inflation by conducting a “passive”

monetary policy that violates the Taylor Principle. Leeper (1991) shows that these

active-passive policy configurations ensure determinacy, and that passive-passive and

active-active policy interactions furthermore preclude determinacy. Schmitt-Grohe

and Uribe (2007) show a tight relationship between these determinacy conditions

and the optimal simple interest rate rule in a New Keynesian model.

The above mentioned work, and most FTPL papers, assume that the fiscal pol-

icy stance or “regime” is time-invariant (i.e. fixed, permanent). These assump-

tions cannot account for time-variation in the fiscal stance, nor do they account for

agents’ uncertainty about future fiscal policy. In fact, Bianchi (2012), Bianchi and

Ilut (2017), Bianchi and Melosi (2017), Davig and Leeper (2006, 2011), Chen, Leeper

and Leith (2018), Gonzalez-Astudillo (2018), Kliem et al. (2016a, 2016b), among

others, provide evidence in support of ongoing or recurring fiscal regime changes. In

environments with recurring regime changes, we cannot appeal to Leeper (1991) or

Schmitt-Grohe and Uribe (2007) to make conclusions about what good monetary pol-

icy looks like. What are some necessary and sufficient conditions for stable inflation

in these regime-switching environments? How can central banks implement policy

rules optimally when fiscal stances recurrently change? Additionally, fiscal regimes
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and regime changes are unobserved, and this explains, for example, how prominent

papers in the literature may disagree over the timing of regime change (see section

5).1 Given these econometric challenges, how should central banks conduct policy in

environments with unobserved regimes and unobserved regime changes?

This paper provides answers to these questions by examining the performance of

simple interest rate rules in New Keynesian models with recurring active fiscal policy

regimes. Policy performance is measured by the variance of the inflation gap, and

central banks select implementable interest rate rules that minimize this variance

taking fiscal policy as given. We use techniques in Cho (2016), Cho (2019) and Fo-

erster et al. (2016) to solve our regime-switching model under rational expectations

and to ensure that optimal policy promotes determinacy. We develop new techniques

to study optimal policy in economies with adaptive learning agents and unobserved

regime changes. In this paper, we endeavor to broadly characterize the optimal re-

sponse of monetary policy to fiscal policy, and we do so by studying a large set of fiscal

policies that feature time-varying fiscal stances on the debt. There are at least two

reasons why this paper considers a broad set of fiscal policies. First, many different

fiscal policy scenarios could unfold in the 21st century. Second, the aforementioned

econometric challenges suggest a potentially wide range of empirically relevant fiscal

policies.

Under rational expectations, we find that central banks should set a permanent

(“regime-independent”) interest rate peg whenever conditions allow central banks to

select a unique equilibrium using any regime-independent passive monetary policy.2

1See Leeper and Leith (2016) for more on the observational equivalence problems that plague the
FTPL literature.

2We define regime-independent and regime-dependent policy in section 2. Intuitively, a regime-
independent monetary policy does not depend on the current fiscal stance, whereas under a regime-
dependent monetary policy, the current monetary policy stance depends on the current fiscal regime.
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There is a strikingly large set of fiscal policy parameterizations for which this is true,

and these policies can involve non-trivially persistent passive fiscal policy regimes.

We call these fiscal policies “overall active”. Similarly, it is optimal for central banks

to set a regime-independent active monetary policy when conditions enable central

banks to promote determinacy using any regime-independent active monetary pol-

icy. These policies, which feature non-trivially persistent active fiscal regimes, are

referred to as “overall passive”. If fiscal policy is overall active or overall passive,

then we can apply the Leeper (1991) conditions across regimes: an overall passive

(active) fiscal policy can be paired with a regime-independent active (passive) mone-

tary policy. Furthermore, it is optimal for central banks to ignore regime changes in

the overall active and overall passive cases, despite the fact that these regime changes

may substantially alter the data generating process for inflation. Hence, these are

cases for which variation in the fiscal policy stance should not matter for monetary

policymakers, and given that fiscal regime changes are unobserved in the real world,

this is a convenient result.

In the remaining cases, central banks often need to respond to regime change in

order to stabilize inflation. These are often cases for which the Leeper (1991) policy

recommendations apply within regimes since optimal monetary policy sometimes in-

volves an active monetary policy stance during passive fiscal regimes and a passive

monetary policy stance during active fiscal regimes. We refer to these fiscal policies

as “overall switching” fiscal policies since they often require central banks to switch

monetary policy stances every time the fiscal stance changes. This result is concern-

ing: econometricians do not observe regime change, but monetary policymakers must

infer regime change in order to implement regime-dependent policy. Our analysis of

overall switching policy brings another interesting result to light: overall switching

3



policies, as we show, can only support non-Ricardian equilibria in which the bond

valuation equation of Cochrane (2001) determines inflation, but despite the fact that

this is true, indeterminacy under passive monetary policy, particular interest rate

pegs, can still arise.

After studying optimal monetary policy in a simple New Keynesian model, we

study optimal monetary policy subject to fiscal policy using the estimated models

and policy rules presented in Bianchi and Ilut (2017), Bianchi and Melosi (2017),

Chen, Leeper and Leith (2018), Davig and Leeper (2006), and Davig and Leeper

(2011). Estimates from these models suggest that the overall U.S. fiscal policy stance

could be overall passive, overall active, or overall swiching. Hence, a large fiscal

policy parameter space supports empirically relevant fiscal policies. In the models

of Bianchi and Melosi (2017) and Chen, Leeper and Leith (2018), we find that the

Federal Reserve should have conducted regime-independent active monetary policy

over the entire duration of the postwar era. Davig and Leeper (2006) provide an

estimated fiscal rule that calls for an interest rate peg in our calibrated simple model.

These cases highlight the idea that recurring variation in the fiscal stance on debt

need not matter for our understanding of good monetary policy. The model in Bianchi

and Ilut (2017) and the fiscal rule from Davig and Leeper (2011), however, suggest

that regime-dependent monetary policy was optimal.

Our second contribution is to develop and apply a regime-switching model of

adaptive learning to study optimal policy when regimes are unobserved. Our learn-

ing model assumes that agents behave like econometricians: they estimate a Markov-

switching VAR for the economy’s aggregate variables, infer the underlying policy

regime using the Hamilton (1989) filter, and form forecasts based on their econo-

metric model. Our approach therefore complements the regime-switching learning
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approaches of Bianchi and Melosi (2013, 2018), Bullard and Singh (2012), Richter

and Throckmorton (2015), among others, where agents have sophisticated knowledge

of the structure of the economy. To the best of our knowledge, this is the first work

to fully extend the learning approach of Evans and Honkapohja (2001) to regime-

switching environments with unobserved regimes, correctly specified perceived laws

of motion, and self-referential feed-back.3 We find that our results under rational ex-

pectations carry over to models with learning agents, and we furthermore demonstrate

that the optimal policy selects a learnable equilibrium.

This paper is most closely related to the work of three optimal policy papers.

First, this paper complements Schmitt-Grohe and Uribe (2007) by allowing for time-

variation in fiscal policy stances. Second, we complement Orphanides and Williams

(2007), which studies the performance of simple interest rate rules under adaptive

learning, by considering models with richer fiscal policy specifications. Finally, we

complement Chen, Leeper and Leith (2018), which studies joint optimal monetary

and fiscal policy in a model with switching policies.4 Their paper derives fully op-

timal policy in a Stackelberg game. In contrast, we abstract from the possibility of

rich strategic interactions between monetary and fiscal policymakers, and look for

optimal simple, implementable policy rules that are robust to misspecifications about

private sector expectations. We model the fiscal stance as exogenous to the monetary

stance because this assumption allows us to efficiently analyze the optimal monetary

policy response to a wide variety of different assumptions about fiscal policy. This

assumption may also be reasonable in settings where the fiscal authority is strained

by partisan gridlock, fiscal limits, or being led by policymakers who challenge cen-

3Branch et al. (2013), McClung (2019) consider regime-switching adaptive learning models, but
only in a purely forward-looking model class in which regimes are observed.

4Chen, Leeper, and Leith (2018) also study rules-based policy, but we study optimal rules-based
policy under a wider range of assumptions about the overall fiscal policy stance.
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tral bank independence or otherwise attempt to pressure monetary policymakers into

accommodating the current fiscal stance.

This paper also contributes to a growing regime-switching monetary-fiscal policy

interactions literature. For instance, Bianchi (2012), Bianchi and Ilut (2017), Bianchi

and Melosi (2017, 2019), Chen, Leeper and Leith (2018), Davig and Leeper (2006,

2011), and Gonzalez-Astudillo (2018), among others, find evidence of fiscal and/or

monetary policy switches in the U.S, and study monetary-fiscal interactions in post-

Great Recession settings. Ascari et al. (2017) attempts to generalize Leeper (1991)

to environments with regime switching monetary and fiscal policy. Cho and Moreno

(2019) is the first paper to assess the determinacy properties of a regime-switching

model of monetary-fiscal policy interactions using techniques from Cho (2019). In con-

trast to these last two papers, we focus more on how the across-regimes or “overall”

behavior of the fiscal policymaker constrains the menu of monetary policies consistent

with determinacy. Additionally, this paper attempts to contribute to a learning liter-

ature involving models with monetary-fiscal policy interactions that includes Eusepi

and Preston (2011a, 2011b, 2012, 2018) and Bianchi and Melosi (2013).

Section 2 briefly introduces the model and estimation routine; section 3 derives the

optimal interest rate rules under rational expectations; section 4 discusses the optimal

interest rate rules under adaptive learning; section 5 discusses optimal interest rate

rules in estimated models, and the empirical plausibility of the overall active, overall

passive and overall switching fiscal policies; section 6 concludes.
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2 Model and Method

This section develops our model and approach to studying optimal monetary policy

subject to fiscal policy. Section 2.1 develops our model economy, and the monetary

policymaker’s optimal policy problem. Section 2.2 defines a fiscal policy taxonomy

that generalizes Leeper (1991) and allows us to categorize our optimal policy results

in sections 3 through 5.

2.1 Model and Policy Problem

We consider a log-linearized New Keynesian model that is augmented to include time-

varying fiscal policy as in Davig and Leeper (2011). Private sector behavior is given

by

ỹt = Etỹt+1 − σ−1(̂it − Etπ̂t+1) + udt (1)

π̂t = βEtπ̂t+1 + κỹt + ust (2)

udt = ρdu
d
t−1 + εdt (3)

ust = ρsu
s
t−1 + εst (4)

where all variables are expressed as percentage deviations from steady state, ỹ is the

output gap and π̂ is the inflation gap (i.e. π̂ = π̂ − π∗, where π∗ = 0), î is the

deviation of nominal interest rates from the nominal interest rate target, udt and ust

are demand and supply shocks. We furthermore use a parsimonious model of fiscal

policy: we assume that the government issues nominal debt and issues lump-sum

taxes to finance government expenditures. The government’s finances are subject to
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the following budget constraint:

bt
1 + it

+ τt =
bt−1

πt
+Gt

where b is real debt, G is real government spending, and τ is a surplus rule. To impose

structure on Gt, we follow An and Schorfheide (2007) and assume that government

spending is given by:

Gt = ξtYt

gt =
1

1− ξt
ln(gt) = ρgln(gt−1) + εgt

We include this government spending process in our model, in part, because it forces

debt dynamics to depend directly on output. In simple cases where we want to

abstract from the direct effects of output on debt, we simply set steady state gov-

ernment spending level, Ḡ, to zero, and εgt = 0. The log-linearized budget constraint

and exogenous government spending process are

b̂t = β−1(b̂t−1 − πt) + ît + β−1 Ḡ

B̄
ỹt (5)

−β−1((1− β) +
Ḡ

B̄
)τ̂t + β−1 Ȳ

B̄
ĝt

ĝt = ρgĝt−1 + εgt (6)

Real fiscal surpluses, τ̂t, are characterized by a rule of the form:

τ̂t = γ(st)b̂t−1 + uft (7)

uft = ρfu
f
t−1 + εft (8)
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The parameter γ(st) in (7) fully characterizes the fiscal policy stance on debt

in regime st. There are two types of policy stances: (1) an “active” fiscal regime

that is not consistent with long-run debt stability; (2) a “passive” regime that is

consistent with long-run debt stability. When β−1(1 − ((1 − β) + Ḡ/B̄)γ) < 1 (e.g.

when γ > 1 and Ḡ = 0), fiscal policy is passive; bonds evolve according to a stable

autoregressive process so that changes in i and π̂ are not needed to keep debt from

exploding. Additionally, a passive fiscal policy ensures Ricardian equivalence. When

fiscal policy is active for long enough (e.g. when a fixed active fiscal regime is in place),

surpluses do not stabilize the long-run real debt stock around the steady state level of

real debt. If we rule out default or seignorage, then inflation will have to shoulder the

burden of stabilizing government debt when fiscal policy is active. Since an active

fiscal policy is inconsistent with Ricardian equivalence, increases in the debt have

positive wealth effects that can induce a debt-stabilizing fiscal inflation under active

fiscal policy. Thus, γ can be an important determinant of inflation, but whether fiscal

inflation induces debt-stabilizing changes in real interest rates (i.e. real debt service

costs) depends on how monetary policy is conducted. We return to this shortly.

We assume that fiscal policy switches between a passive state, st = M , and an

active state, st = F , such that the following restriction holds for each fiscal policy we

consider: β−1(1− ((1− β) + Ḡ/B̄)γ(M)) < 1 < β−1(1− ((1− β) + Ḡ/B̄)γ(F )) (e.g.

γ(F ) < 1 < γ(M) whenever Ḡ = 0). We can write the transition probability matrix

associated to st, P , as:

P =

 pMM 1− pMM

1− pFF pFF


where pii = Pr(st = i|st−1 = i) for i = M,F . We now have the necessary ingredients

to define a fiscal policy:
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Definition 1 A fiscal policy (ΦF) is a set of coefficients of (7) and transition proba-

bilities governing the evolution of fiscal policy regimes: ΦF = {pMM , pFF , γ(M), γ(F )}.

Definition 1 states that a fiscal policy consists of both a description of the fiscal

policy stance on debt within a regime (i.e. γ(F ) < 1 < γ(M)) and the expected

duration of each regime (i.e. pMM and pFF ). This information completely charac-

terizes the fiscal stance on debt in all regimes. In keeping with a convention in the

regime-switching New Keynesian literature, we assume that the central bank conducts

monetary policy using a simple interest rate rule with switching coefficients:

ît = ρi(st)̂it−1 + (1− ρi(st)) (φπ(st)π̂t + φy(st)ỹt) + umt (9)

where st is the same process that drives variation in γ, î is the deviation of the nominal

interest rate from its target.5 As with fiscal policy, we define a monetary policy in

terms of the policy rule parameterization:

Definition 2 A monetary policy (ΦM) is a set of coefficients of the simple interest

rate rule (9): ΦM = {φπ(M), φπ(F ), φy(M), φy(F ), ρi(M), ρi(F )}.

Notice that this definition does not include the transition probabilities of the

Markov process, st. This is because st determines the fiscal policy stance, which the

central bank takes as given when it implements a monetary policy. Once the central

5We subject our policy rule to a i.i.d. monetary policy shock to help account for fluctuations of
i around its target value, or to capture any short-lived deviation of policy from the rule that might
be caused by disagreement among policymakers. In a simple model without debt, um is isomorphic
to a demand shock in the IS curve, which means that we can simultaneously account for the effects
of monetary policy disturbances and demand disturbances on monetary policy outcomes using a
single demand shock. In our model, however, um shows up in both the IS curve and indirectly in
the government budget constraint through î and this will have implications for optimal policy when
fiscal policy is non-Ricardian.
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bank announces a policy rule, equations (1)-(9) deliver a complete Markov-switching

DSGE model of the form:

xt = A(st)Etxt+1 +B(st)xt−1 + C(st)ut (10)

ut = ρut−1 + εt

where x = (y π i b τ)′ and u = (ud us uf um)′. In the remainder of the paper, we

study determinate models that admit unique solutions of the MSV form:

xt = Ω(st)xt−1 + Γ(st)ut (11)

Henceforth, we refer to a stable solution (11) as an equilibrium.6 To find solutions of

the form (11) and assess determinacy, we use the forward method in Cho (2016) and

the determinacy conditions in Cho (2016) and Cho (2019). The conditions in Cho

(2019) are necessary and sufficient for the existence of a unique mean-square stable

solution, but they fail when the underlying solution method fails to obtain a solution

with specific properties.7 In these cases, we may rely on the Gröbner bases approach

of Foerster et al. (2016) to ensure that no mean-square stable solution exists. Hence,

we are always able to classify a given model as determinate, indeterminate or explosive

(i.e. lacking any mean-square stable solutions).

Why would a central bank adjust its monetary policy stance in response to re-

6We do not consider any dynamically unstable or explosive solution to the model an equilibrium.
We follow other papers and use the mean-square stability concept to determine dynamic stability of
solutions (11).

7If the appropriate solution, called the “MOD solution” in Cho (2019), is obtained via the forward
method of Cho (2016), then we can easily check to see if the model is determinate, indeterminate or
has no mean-square stable solutions. In some cases where we cannot obtain the MOD solution using
the forward method, we compute the full set of solutions using methods in Foerster et al. (2016),
and check to see if stable solutions exist. We only use Foerster et al. (2016) in these special cases
because their solution procedure is computationally intensive. Interested readers are referred to Cho
(2019) and Foerster et al. (2016) for more information.
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curring fiscal regime changes? We offer two reasons. First, a change in the fiscal

policy stance may impact the equilibrium dynamics of inflation, and this could give

an inflation-targeting central bank an incentive to choose a specific monetary policy.

We formalize this idea by presenting our central bank with the following optimization

problem:

min
ΦM

var(π̂)

s.t. a unique equilibrium satisfying (1)− (9) exists.

and ΦM ∈ R6
+

(12)

The optimization problem constrains the central bank to implement a policy that

ensures the existence of a unique equilibrium (discussed above), taking the equilibrium

conditions (1)-(9) as given, using non-negative coefficients in the policy rule. The

coefficients of (9) that minimize the variance of the inflation gap, var(π̂), is referred

to as the optimal policy.

Definition 3 The optimal monetary policy is a solution to the central bank’s

optimization problem (12).

Second, the central bank may want to change its monetary policy stance in re-

sponse to underlying fiscal policy regime changes in order to ensure the existence of

a unique equilibrium (determinacy). In other words, the determinacy constraint in

our optimal policy problem could bind and therefore force monetary policymakers to

implement policies that depend on the current fiscal regime. To understand how fiscal

policy regime change may impact the determinacy properties of the underlying model,

it’s helpful to consider a simple linear version of the model in which γ(M) = γ(F ) = γ,

ρi(M) = ρi(F ) = 0, φπ(M) = φπ(F ) = φπ, and φy(M) = φy(F ) = φy. Woodford

(1998) gives simple conditions for determinacy in the simple version of our model that
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satisfies these restrictions on policy (assuming Ḡ = 0 and ρi = 0). We refer to these

conditions as the Leeper (1991) conditions:

Table 1: Leeper (1991) Conditions for Determinacy

φπ > 1− 1−β
κ
φy φπ < 1− 1−β

κ
φy

γ ∈ (1, β
−1+1
β−1−1

) Determinate Indeterminate

γ /∈ (1, β
−1+1
β−1−1

) No stable solution Determinate

In the first determinate region of the policy parameter space, fiscal policy is passive

(γ > 1) while monetary policy is active (φπ > 1 − 1−β
κ
φy). This is the standard

assumption in most New Keynesian research. Since passive fiscal policy supports

Ricardian equivalence, and debt does not matter for inflation in a Ricardian world,

the central bank is able to stabilize inflation (i.e. eliminate sunspot volatility) by

conducting an anti-inflationary or “active” monetary policy subject to passive fiscal

policy.

In the second determinate region, fiscal policy is active (γ < 1) while monetary

policy is passive (φπ < 1 − 1−β
κ
φy). This is the standard assumption in most of the

FTPL literature. Since Ricardian equivalence fails under active fiscal policy, agents

view government debt as net wealth. Hence, anything which raises the real value

of debt above its steady state value causes inflation. If the central bank responds

to increases in inflation using an active interest rate rule, it will raise real interest

rates–i.e. the real return on government debt–which agents interpret as an additional

increase in their net wealth. This, in turn, leads to still higher inflation and eventually,

the central bank will lose control of inflation unless it abandons its active monetary

policy. On the other hand, a passive monetary policy lowers real interest rates in

response to a positive inflation gap. This suggests that passive monetary policy

generates the necessary real interest rate movements for debt-stabilizing inflation to
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occur. The Leeper (1991) conditions show that this is the case. Our model features

switching between active and passive fiscal policy configurations, and these switches

prevent us from using the Leeper (1991) conditions to predict when policy promotes

determinacy. We revisit this limitation in section 2.2, where we propose a useful way

of generalizing Leeper (1991).

In sections 3 and 5, we study optimal monetary policy subject to fiscal policy via

the following steps:

1. Specify a large set of fiscal policies, ΘF = {ΦF |ΦF ∈ [0, 1]× [0, 1]× R2}.

2. Specify a large set of monetary policies, ΘM = {ΦM |ΦM ∈ R6
+}.

3. For each ΦF ∈ ΘF , conduct a grid search over ΘM to find Φ∗M ∈ ΘM that solves

(12) using solution techniques from Cho (2016), or Foerster et al. (2016) if

necessary, determinacy criteria from Cho (2016) and Cho (2019), and methods

for computing the variance of multivariate Markov-switching ARMA models

from Francq and Zaköıan (2001). Φ∗M is the optimal simple interest rate rule

subject to ΦF .

To implement this procedure, a model parameterization must be selected, and we vary

model calibrations in our section 3 analysis to ensure that our results are reasonably

insensitive to the underlying model parameterization.8

2.2 Fiscal Policy Taxonomy

To characterize how fiscal policy constrains central bankers in our model with time-

varying policy stances, we employ a generalization of Leeper (1991). Our taxonomy

8Our benchmark calibration assumes β = .99, κ = .1, σ = 1, ρd = ρs = ρf = 0.5, Ḡ = 0, Σ = aI4,
where Σ is the variance-covariance matrix for the i.i.d. innovations to the economy and a > 0.

14



considers three types of fiscal policy stances: (1) “overall passive” policies; (2) “overall

active” policies; (3) “overall switching” policies. The proposed taxonomy utilizes the

concept of regime-independent monetary policy.

Definition 4 A regime-independent monetary policy is a monetary policy such

that ρi(M) = ρi(F ) and φπ(M) = φπ(F ) and φy(M) = φy(F ).

Intuitively, a regime-independent monetary policy does not require the central bank to

observe and respond to underlying fiscal regime change, since a regime-independent

rule does not depend on st. In order to implement a regime-independent mone-

tary policy, the central bank simply announces its rule at some initial period, and

then adjusts nominal interest rates in response to π̂t, ỹt, and ît−1 in each subse-

quent period. Given that the fiscal policy regimes are not observed in the real-world,

there are tremendous practical benefits associated with the implementation of regime-

independent monetary policy.

Definition 5 A regime-dependent monetary policy is a monetary policy such

that ρi(M) 6= ρi(F ) or φπ(M) 6= φπ(F ) or φy(M) 6= φy(F ).

Intuitively, a regime-dependent monetary policy requires the central bank to observe

and respond to underlying fiscal regime changes. This is because the coefficients

of a regime-dependent interest rate rule are functions of st. Given that the fiscal

policy regimes are not observed in the real-world, there are substantial disadvantages

associated with the implementation of regime-dependent monetary policies. We now

characterize our three categories of switching fiscal policy mentioned above.

Definition 6 A fiscal policy is overall passive if φπ(M) = φπ(F ) = α for all α > 1

yields a determinate equilibrium.
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An overall passive policy can be paired with any regime-independent active interest

rate rule to yield a unique equilibrium. Hence, these are fiscal policies under which

the central bank has the advantage of being able to control inflation with a regime-

independent monetary policy. Under overall passive fiscal policy, we can pretend

that the passive fiscal regime is fixed and permanent, and then appeal to Leeper

(1991) which advises us to implement a regime-independent active monetary policy.

Therefore, we can apply Leeper (1991) across fiscal regimes in the case of overall

passive fiscal policy. We note that overall passive policy can feature non-trivial and

highly persistent active fiscal policy regimes (e.g. see Figure 5, which shows values of

γ(M) and γ(F ) that deliver overall passive policy under the assumption that active

fiscal policy is in effect roughly half of the time). From 2.1, we know that fiscal policy

Figure 1: Overall Passive Fiscal Policy

Notes: the determinacy region is dark gray; indeterminacy is light gray; no stable
solutions is white; the red dashed line traces the locus of regime-independent monetary
policies.

16



must be consistent with Ricardian equivalence in order for permanent active monetary

policy to stabilize inflation in our model. Hence, an overall passive fiscal policy ensures

Ricardian equivalence. Since overall passive fiscal policy is Ricardian, real fiscal

surpluses must be able to systematically stabilize real debt around its steady state

value without any systematic assistance from î or π̂.9 This means that the following

process for b̂ is mean-square stable for any initial debt value, b̂0, under Ricardian

fiscal policy: b̂t = β−1(1− (1− β + Ḡ/B̄)γ(i))b̂t−1. Assuming pMM + pFF > 1:10, the

following conditions are necessary and sufficient for the mean-square stability of the

aforementioned process

(pMM + pFF − 1)h2
Fh

2
M < 1 (13)

pMMh
2
M(1− h2

F ) + pFFh
2
F (1− h2

M) + h2
Mh

2
F < 1 (14)

where hi = β−1(1− (1−β+ Ḡ/B̄)γ(i)) for i = M,F . These conditions, which Ascari

et al. (2017) present, tell us when the budget constraint implies a mean-square

stable autoregressive process for debt. If a fiscal policy satisfies these conditions,

then debt stability does not require accommodative monetary policy, and this allows

monetary policymakers to determine inflation in the non-policy block of the New

Keynesian model, which is given by (1)-(4). Since (1)-(4) and (9) comprise a simple

New Keynesian model, determinacy requires active monetary policy. Figure 1 shows

regions of determinacy, indeterminacy and non-existence of stable solutions for a

model with overall passive policy. Note that if we allow for γ(M) = γ(F ) > 1 then

fixed passive fiscal policy emerges as a special case of an overall passive policy. Hence,

9Put differently, under regime-independent active monetary policy there is a unique solution for
î, ỹ, and π̂ that satifies (1)-(4) and (9) in complete isolation from (5), (7)-(8). Hence, π̂ cannot jump

to stabilize b̂ in (5). It follows that τ̂ must provide debt stability.
10We are interested in highly persistent regimes, which makes this a harmless assumption.
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our approach could nest the class of linear New Keynesian models with fixed passive

fiscal policy.

Definition 7 A fiscal policy is overall active if φπ(M) = φπ(M) = α for all α < 1

yields a determinate equilibrium.

An overall active policy can be paired with any regime-independent passive inter-

est rate rule to yield a unique equilibrium. Hence, these are fiscal policies under

which the central bank has the advantage of being able to control inflation with a

regime-independent monetary policy. Under overall active fiscal policy, we can pre-

tend that the active fiscal regime is fixed and permanent, and then appeal to Leeper

(1991) which advises us to implement a regime-independent passive monetary policy.

Therefore, we can apply Leeper (1991) across fiscal regimes in the case of overall ac-

tive fiscal policy. We note that overall active policy can feature non-trivial and highly

persistent passive fiscal policy regimes (e.g. see Figure 5). We also note that an over-

all active policy must violate (13)-(14), since otherwise an overall active policy would

support a Ricardian equilibrium in which passive monetary policy leads to indeter-

minacy. Hence, any equilibrium under overall active fiscal policy is non-Ricardian.

Figure 2 shows regions of determinacy, indeterminacy and non-existence of stable

solutions for a model with overall active policy. Note that if we allow for γ(M) =

γ(F ) < 1 then fixed active fiscal policy emerges as a special case of an overall active

policy. Hence, our approach could nest the class of linear New Keynesian models with

fixed active fiscal policy.

Definition 8 A fiscal policy is overall switching if there exists α∗ < 1 and α
′
> 1

such that neither φπ(M) = φπ(F ) = α∗ nor φπ(M) = φπ(F ) = α
′

yield a determinate

equilibrium.
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Figure 2: Overall Active Fiscal Policy

Notes: the determinacy region is dark gray; indeterminacy is light gray; no stable
solutions is white; the red dashed line traces the locus of regime-independent monetary
policies.

The set of overall switching fiscal policies is the complement of the set of overall

active and passive policies. Intuitively, an overall switching policy is neither active

enough in the long-run to support all passive monetary policies nor passive enough

in the long-run to support all active monetary policies. These fiscal policies are

balanced in the sense that they are not obviously more active or passive overall. For

example, an overall switching policy may feature slow-changing, strongly active and

strongly passive regimes, or fast-changing weakly active and weakly passive fiscal

policy regimes. We note that an overall switching fiscal policy must violate (13)-(14),

since otherwise an overall switching fiscal policy must support a unique equilibrium

with φπ(F ) = φπ(F ) = α for any α > 1, a contradiction. Hence, any equilibrium

under overall switching fiscal policy is a non-Ricardian equilibrium.

Figure 3 shows determinacy regions for policies that feature highly persistent
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Figure 3: Overall Switching Fiscal Policy

Notes: the determinacy region is dark gray; indeterminacy is light gray; no stable
solutions is white; the red dashed line traces the locus of regime-independent monetary
policies.

and/or strongly active and passive regimes. As Figure 3 suggests, switching fiscal

policies involving highly persistent and/or strongly active and passive regimes typ-

ically allow monetary authorities to be hawkish during passive fiscal regimes and

dovish during active fiscal regimes. Figure 4 shows determinacy regions for policies

that feature fast-changing and/or weakly active and passive regimes. In these sce-

narios, central bankers face a meager menu of policy options. Typically, determinacy

regions for overall switching policies will resemble either Figure 3 or 4 depending on

the strength of fiscal policy responses to debt within a regime and the persistence of

regimes.

It’s important to note that since overall switching policy is non-Ricardian, overall

switching policy will not passively adjust the future path of fiscal surpluses to make

any price path consistent with the bond valuation of Cochrane (2011), which is an

equilibrium condition in our model (e.g. see Cochrane (2019) and Leeper and Leith

(2016)). This means that we cannot use active monetary policy to select a price
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path, but under the assumption of a fixed active fiscal regime (e.g. exogenous fiscal

surpluses such that γ(M) = γ(F ) = 0) we can determine prices as a function of

outstanding debt and the present value of expected future fiscal surpluses if central

banks conduct a passive monetary policy such as a peg. Our analysis shows that

interest rate pegs are not sufficient for determinacy under non-Ricardian fiscal policy

more generally. For example, if passive regimes are persistent enough, then there will

be states of the world that require central banks to be less passive, potentially even

active, for determinacy to obtain.

Figure 4: Overall Switching Fiscal Policy

Notes: the determinacy region is dark gray; indeterminacy is light gray; no stable
solutions is white; the red dashed line traces the locus of regime-independent monetary
policies.

This section has thus far constructed a fiscal taxonomy that is defined in terms of

monetary policy parameters. We define categories of fiscal policy in terms of monetary

policy because it allows us to concisely describe the menu of monetary policies a

central bank can use to implement a unique equilibrium given a particularly fiscal

policy. Our taxonomy may therefore prove useful for a central bank that approaches

a problem such as (12). However, we may be curious to know which assumptions
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about fiscal policy lead to the classification of a fiscal policy as overall active, etc.,

and we may also be curious to know whether some, all or none of the categories are

empirically plausible. Section 5 discusses empirical plausibility, and figure 5 displays

the fiscal taxonomy in (γ(M), γ(F )) space when pMM = pFF = .95 and the benchmark

calibration is in effect.11

Figure 5: Fiscal Policy Taxonomy and Fiscal Policy Parameter Space

Notes: The darkest region corresponds to Overall Active; light gray corresponds to
Overall Switching; white corresponds to Overall Passive. The model calibration is the
benchmark calibration with pMM = pFF = .95.

3 Optimal Policy with Rational Expectations

This section examines solutions to (12) under the assumption that agents from ratio-

nal expectations. Because our approach to optimal policy prioritizes stable inflation,

11pMM = pFF = .95 is reasonably close to estimated of regime persistence obtained in Davig and
Leeper (2006, 2011), among other papers.
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we find that φy(M) = φy(F ) = 0 reduces the variance of the inflation gap in our

numerical search. This finding agrees with Schmitt-Grohe and Uribe (2007) who

also find that aggressive responses of monetary policy to output are suboptimal in

a DSGE environment with active or passive fiscal policy. Accordingly, our optimal

policy analysis in the remainder of the paper implicitly applies to a restricted class

of rules of the form:

it = ρi(st)it−1 + (1− ρi(st))φπ(st)πt

We present our results through a series of claims contained in this section.

Claim 1 If fiscal policy is overall passive then the optimal monetary policy satisfies

φπ(st) = φ̄π → ∞ ∀st

Straightforward reasoning supports Claim 1: an overall passive policy supports a

mean-square stable autoregressive process for debt. Consequently, central banks do

not need to accommodate fiscal policy and this allows monetary policymakers to

determine inflation through the non-policy block, which is given by (1)-(4), using

(9). (1)-(4), and (9) jointly comprise a version of the standard New Keynesian model

developed in Woodford (2003), and it is easy to show that the condition φπ(st) =

φ̄π →∞ is sufficient for determinacy and var(π̂)→ 0 as φπ(st) = φ̄π →∞. Hence, a

central bank cannot do a better job of stabilizing inflation using a regime-dependent

monetary policy when fiscal policy is overall passive. We emphasize that optimal

policy is regime-independent because the fiscal stance never matters for inflation in

the Ricardian equilibrium the optimal policy selects. Therefore, under overall passive

fiscal policy, recurring changes in the fiscal stance should not matter to monetary
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policymakers.

Claim 2 If fiscal policy is overall active then the optimal monetary policy is a per-

manent interest rate peg (i.e. φπ(M) = φπ(F ) = 0).

While we cannot prove Claim 2 formally, our claim relies on the following numerical

support: for all overall active policies in pMM ∈ [.9, 1], pFF ∈ [.9, 1], γ(M) ∈ [−10, 10],

and γ(F ) ∈ [−10, 10], the interest rate peg is optimal. For each parameterization of

β, κ, σ, the shock persistence and variance-covariance parameters we consider, we

search over approximately 64,000 overall active policies and find that the interest

rate peg is optimal for each one of them. For robustness, we consider a number of

reasonable alternative parameterizations.

We add the word “reasonable” because non-Ricardian fiscal policy can present a

tradeoff between stabilizing inflation in response to private sector shocks (i.e. demand

and supply shocks), and stabilizing inflation in response to policy shocks. In conjunc-

tion with active fiscal policy, private sector shocks may call for time-varying inflation

reaction coefficients when σ and κ are relatively large, while pegs perform best in

response to monetary and fiscal policy shocks. As a result, the optimal monetary

policy in a model with overall active fiscal policy depends on the net effect of these

competing influences on inflation. However, we find that σ and κ must be relatively

high and the variance and persistence of the private sector shocks must be implau-

sibly large relative to the variance and persistence of the public sector shocks for an

interest rate peg to be suboptimal under overall active fiscal policy. For example,

if we exclude policy shocks from the model, but include supply and demand shocks

and calibrate everything else at the benchmark calibration, the optimal monetary

is still an interest rate peg under overall active policy. If, however, we set σ = 3,

κ = .8 and ρd = ρs = 0.99, and exclude the policy shocks, then the optimal policy
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is given by φπ(M) = 0.72, φπ(F ) = 0, ρi(M) = ρi(F ) = 0.99. If we only include

the supply (demand) shock and the i.i.d monetary policy shock, umt , when σ = 3,

κ = .8, ρs = ρd = 0.99 then the peg only becomes suboptimal if the variance of umt

is less than 0.015% (1.313%) of the variance of ust (udt ).
12 Since any estimated model

is unlikely to reject the inclusion of policy shocks, we conclude that the interest rate

peg is optimal under overall active fiscal policy for any reasonable parameterization.

Why do pegs perform so well under overall active fiscal policy? To illustrate,

consider a shock which raises debt and therefore spurs fiscal inflation. Under a peg,

nominal interest rates do not rise in response to the higher inflation, and this permits a

large drop in real debt service costs. The result is a sudden one-time spike in inflation.

Alternatively, if the central bank uses a rule with φ(F ) > 0 or φ(M) > 0, then the

fiscal inflation will raise debt service costs relative to costs implied by the peg, and this

propagates inflation into the future. Hence, pegs are a particularly effective means of

generating rapid debt-stabilizing inflation in environments where fiscal disturbances to

inflation are reasonably strong. These debt-stabilizing properties of pegs are discussed

in a number of works that study model economies with fixed fiscal regimes (e.g. see

Leeper and Leith (2016)). The fact that the peg is also optimal under overall active

fiscal policy suggests that overall active fiscal policies involve recurring fiscal regime

changes that should not matter to monetary policymakers. This is a striking result,

given that these recurring fiscal regime changes alter the within-regime dynamics of

inflation, and given that passive fiscal regimes can be highly persistent under overall

active fiscal policy. Nonetheless, if fiscal policy is overall active, then the central bank

should ignore the passive fiscal regime completely.

Claim 3 If fiscal policy is overall switching, then the optimal monetary policy is

12I.e. var(umt ) ≤ .00015var(ust ) or var(umt ) ≤ .01313var(udt ).
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regime-dependent and parameter-dependent.

The fact that optimal monetary policy under overall switching policy is so parameter-

dependent means that we cannot straightforwardly obtain the kind of simple policy

recommendations we develop in our study of overall active and overall passive fis-

cal policy. We note that the optimal simple rule often features φ(M) > 1 > φ(F ),

and this suggests that we should apply the intuition of Leeper (1991) within policy

regimes when we consider overall switching policy. But while φ(M) > 1 > φ(F ) may

be sufficient for determinacy under one overall switching policy, it could insufficient

under another overall switching policy. Hence, our analysis suggests a need to re-

solve uncertainty about the underlying fiscal regime, as well as model or parameter

uncertainty, if we think fiscal policy is likely an overall switching policy.

4 Optimal Policy with Adaptive Learning

The rational expectations analysis of section 3 makes implausible assumptions about

agents’ understanding of the structure of the economy and, in particular, the stance

of fiscal policy. We can make this claim in virtually any DSGE environment, but in

our regime-switching framework, rational expectations assumes that both the fiscal

stance within a regime and changes in fiscal regimes are observed. If econometricians

don’t know the details of fiscal policy within or across regimes, and don’t observe

regime change itself, then why would we assume economic agents do?

This section studies the optimal policy problem (12) in an economy where private-

sector agents estimate regime-switching laws of motion for the observable endoge-

nous variables. Agents believe fiscal regime change occurs, and therefore they utilize

regime-switching econometric models, but they cannot observe the regime change and
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therefore must estimate the contemporaneous probability of being in a given state.

As we discuss in the introduction, the model of adaptive learning presented in this

section is its own methodological contribution.13

Our adaptive learning approach has some advantages. First, our model of expec-

tations formation assumes that agents behave like econometricians, and this makes it

a more realistic model of expectations formation than some alternative models in the

learning literature. Second, our learning model assumes that agents believe in regime

change a priori, and have specific prior beliefs about the kind of regime change that

may occur in the future. In contrast, adaptive learning agents with linear perceived

laws of motions (e.g. linear least squares learners) don’t entertain the possibility of

regime change–their forecasting models assume that the current estimated regime is

in place forever.14

4.1 Main Findings under Adaptive Learning

Our model of adaptive learning applies the fully recursive techniques for estimating

Markov-switching autoregressive processes developed in Legland and Mevel (1997)

and Krishnamurthy and Yin (2002) to models of the form (10). Under adaptive

learning, agents do not know (10), but they believe that the economy’s law of motion

is given by the following perceived law of motion (PLM):

xt = a(st) + b(st)xt−1 + c(st)ut (15)

13The work fully extends Evans and Honkapohja (2001) to regime-switching environments because
our model is presented as a stochastic recursive algorithm. Hence, we can simulate our model without
encountering the curse of dimensionality.

14Even if agents implicitly account for the possibility of regime change by using high gain pa-
rameters in their estimation routines, their forecasting models still do not account for uncertainty
about the longevity of the current regime. With regime-switching forecasting models, agents always
believe that a regime change will occur in the future.
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where st = M,F . Notice that this perceived law of motion has the same functional

form as the MSV law of motion (11), which implies that agents can learn the rational

expectations equilibrium law of motion provided that their estimates of a(st), b(st),

and c(st) converge to their rational expectations values (i.e. if a(st)→ 0n×1, b(st)→

Ω(st) and c(st) → Γ(st) for all st). If a rational expectations equilibrium can be

learned, it is said to be “stable under learning” or “expectationally stable” (“E-

stable”) (see McClung (2019) for more about E-stability in this class of models). Our

task in this section is to solve the policy problem (12) when agents’ beliefs are in

some vicinity of the unique rational expectations equilibrium implemented by the

corresponding monetary policy rule.

Agents use their PLM to form forecasts, Êtxt+1, using time-t information, It =

{τt, xt−1, xt−2, . . . , x0;ut−1, . . . , u0}. We note three things about It. First, we include

τt because it is predetermined (i.e. depends only on exogenous variables and lagged

endogenous variables) and because agents need some contemporaneous signal of the

policy state at time t. Second, we exclude contemporaneous i.i.d. innovations to the

economy from agents’ information set to make it more challenging for agents to infer

the policy state. Third, for the sake of efficiency, we assume that agents know the

true transition probabilities, P , though in principle, agents could estimate transition

probabilities recursively.

Agents are assumed to learn a(st), b(st), c(st) in real-time and we collect these

parameters in the vector Φ. The appendix shows how to write the law of motion for

Φ as a stochastic recursive algorithm:

Φt = Φt−1 + γS(xt, It; Φt−1) + εtMt (16)
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Krishnamurthy and Yin (2002) and Legland and Mevel (1997) provide both a recur-

sive conditional least squares (RCLS) and a maximum likelihood estimation (MLE)

algorithm that assume the form (16). Our choice of RCLS or MLE affects S(·),

and each algorithm corresponds to an algorithm governing the evolution of S(·). We

develop both the RCLS and MLE algorithms in the appendix, but use the RCLS algo-

rithm because it attempts to implement least squares within regimes and is therefore

the closest estimator to the recursive least squares algorithm used in most adaptive

learning research.15 It is important to recognize that estimates in (16) depend on

agents’ estimates of the current state, p̂t|It , which is calculated in each period using a

recursive application of the Hamilton (1989) filter (“Hamilton filter” henceforth). We

use p̂it|It to denote agents’ perceived probability that st = i conditional on It. The

real-time learning routine consists of three recursive algorithms: (16), the algorithm

for S(·), and the Hamilton filter. Having specified agents’ information sets, and esti-

mation algorithms, we can specify the sequence of events that lead to equilibrium at

time t:

1. Agents observe τt and update p̂t|It using Hamilton filter.

15If we include st in It for all t the RCLS algorithm will estimate S separate linear models using
least squares. Therefore, the RCLS nests RLS in the special case where S = 1. Furthermore,
McClung (2019) derives E-stability conditions under the assumption st ∈ It.
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2. Agents form forecasts, Êtxt+1, using t−1 estimates at−1(st), bt−1(st), ct−1(st), p̂ij:

Êtxt+1 = (p̂Mt|ItpMM + p̂Ft|ItpFM)a(M) + (p̂Mt|ItpMF + p̂Ft|ItpFF )a(F ) +

p̂Mt|ItpMMb(M)(a(M) + b(M)xt−1 + c(M)ρut−1) +

p̂Mt|ItpMF b(F )(a(M) + b(M)xt−1 + c(M)ρut−1) +

p̂Ft|ItpFMb(M)(a(F ) + b(F )xt−1 + c(F )ρut−1) +

p̂Ft|ItpFF b(F )(a(F ) + b(F )xt−1 + c(F )ρut−1) +

(p̂Mt|ItpMM + p̂Ft|ItpFM)c(M)ρ2ut−1 +

(p̂Mt|ItpMF + p̂Ft|ItpFF )c(F )ρ2ut−1

3. xt is generated from the actual law of motion

xt = A(st)Êtxt+1 +B(st)xt−1 + C(st)ut

4. Agents observe xt and add it to their information sets.

5. Agents update their coefficient estimates and prediction filter.

6. Forward t to t+ 1 and repeat steps 1-5.

Before studying policy performance in this environment, we first study whether

agents can learn the rational expectations equilibrium corresponding to some of the

optimal monetary policies under RE that we derive in section 3.16 In this exercise,

agents’ beliefs are set randomly and incorrectly such that agents must learn the REE

coefficients over time. For all the optimal monetary policy model calibrations we con-

sider, beliefs eventually converge to their rational expectations equilibrium values.

16We use a decreasing gain parameter in the learnability exercises described in this paragraph.
See Legland and Mevel (1997) for more on the selection of decreasing gain parameters.
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Figure 6 illustrates the convergence of beliefs for a model with overall switching fiscal

policy that is calibrated with the optimal monetary policy under rational expecta-

tions. In this figure, we plot the difference of actual beliefs and rational expectations

equilibrium beliefs over time (i.e. a value of 0 means that beliefs equal the rational

expectations equilibrium). Our analysis suggests that optimal policy under rational

expectations promotes learnable equilibrium.

Figure 6: Coefficient Estimate Errors in Hidden Markov Model of Learning

The top row of panels features the VAR-coefficients for π and y on lagged debt in
regime M; the bottom row of panels features the VAR-coefficients for π and y on
lagged debt in regime F.

To help better understand the impact that learning has on the optimal monetary

policy question, we study policy performance in a model with constant gain learning

and a gain parameter equal to .01.17 We approximate the variance of inflation and

output by simulating the model for 100,000 periods and computing sample variances.18

17The learning algorithm is also augmented with a ridge correction mechanism as in Slobydan
and Wouters (2012), and projection facility that prevents estimates from updating if the updated
parameters imply a Markov-switching VAR that is not mean-square-stable. We invoke the projection
facility and ridge correction mechanism in far less than 1% of simulated periods.

18Each simulation uses the same 100,000 realizations of shocks. We do this to help mitigate the
potential for large outlier shocks to bias our sample variances.
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Table 2: Rational Expectations (RE) vs. Adaptive Learning (AL)

Fiscal
Stance

(γ(M), γ(F )) Optimal RE Φ∗M Optimal AL Φ∗M

OA (1.5, 0) (0, 0, 0, 0) (0, 0, 0, 0)
OS (5,−5) (0.80, 0.08, 0, 0) (0.96, 0, 0.80, 0.42)

Note: Φ∗M = (φπ(M), φπ(F ), ρi(M), ρi(F )). As in section 3, φy(M) = φy(F ) = 0 is
optimal in the calibrations we consider.

Our approach to solving for the optimal monetary policy is the same as in section

3 with one exception: instead of solving the model under rational expectations and

computing the true variance of inflation for each policy parameterization, we compute

the sample variance in real-time learning simulations as described above. Specifically,

we find the optimal monetary policy under learning subject to fiscal policy via the

following steps:

1. Specify a set of fiscal policies, ΘF = {ΦF |ΦF ∈ [0, 1]× [0, 1]× R2}.

2. Specify a large set of monetary policies, ΘM = {ΦM |ΦM ∈ R6
+}.

3. For each ΦF ∈ ΘF , conduct a grid search over ΦM to find Φ∗M ∈ ΘM that

minimizes the sample variance of the inflation gap in a 100,000 period simulation

with adaptive learning agents.

Table 2 presents findings for an overall active and an overall switching calibration.

Since overall passive policies are Ricardian, and optimal policies under adaptive learn-

ing in economies where Ricardian equivalence holds are studied in other work (e.g.

Orphanides and Williams (2007)), we focus on optimal policy under adaptive learning

in economies with overall switching and overall active fiscal policy. We find that our

main results from section 3 are robust to adaptive learning. For example, the optimal
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simple interest rate rule subject to overall switching policy under learning is always

found to be a regime-dependent interest rate rule. Similarly, the optimal simple in-

terest rate rule subject to overall active policy under learning is always found to be

an interest rate peg. Table 2 contains some results from one simulation.

4.2 Robustness

We briefly address some limitations of our approach to bounded rationality in sec-

tion 4.1. First, our approach assumes that agents use one-step-ahead decision rules,

as opposed to the infinite-horizon decision rules studied in many adaptive learning

papers, especially Preston (2005). We do not consider infinite-horizon learning in

section 4.1 because the one-step-ahead model given by (10) is easier to compute and,

as a result, we are able to consider a wider range of fiscal policies in our analysis.

We have simulated the economy under infinite-horizon learning using techniques from

Bianchi (2016) to compute decision-rules under IH learning. We have yet to identify

a case where our essential results under one-step-shead learning are not robust to

infinite-horizon learning.

Second, section 4.1 studies optimal policy in an economy where private-sector

agents are adaptive learners, but central banks observe the policy regime and are

able to respond perfectly to contemporaneous switches in fiscal policy. What happens

when the central bank and private-sector agents have the same information? We

might alternatively assume that the central bank employs a model of the form:

it = p̂Mt|It (ρi(M)it−1 + (1− ρi(M))φπ(M)πt) (17)

p̂Ft|It (ρi(F )it−1 + (1− ρi(F ))φπ(F )πt)
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If central banks perfectly infer the underlying policy state, then (17) simply becomes

(9). Since private-sector agents typically do infer the underlying state well, we are

not concerned the assumption that central banks observe the regime (e.g. see Figure

7).

Figure 7: Estimated State Probabilities

Notes: Blue line is p̂Mt|It and the red-dashed line equals 1 if st = M and 0 otherwise.

5 Empirical Considerations

In this section, we show that several prominent empirical investigations of the U.S. fis-

cal stance support very different conclusions about the overall fiscal stance, and the

appropriate counterfactual response of monetary policy to fiscal policy in the U.S.

Specifically, we focus on five papers: Bianchi and Ilut (2017), Bianchi and Melosi

(2017), Chen, Leeper and Leith (2018), Davig and Leeper (2006), Davig and Leeper

(2011). For each paper, we do two things: first, we assess whether the estimated

model implies overall active, overall passive or overall switching fiscal policy. Second,

we conduct a counterfactual exercise that finds the optimal monetary policy under
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rational expectations taking the estimated fiscal stance and estimated model param-

eters as given.19 Since Bianchi and Ilut (2017), Bianchi and Melosi (2017), Chen,

Leeper and Leith (2018) estimate DSGE models, we find the simple interest rate rule

in their estimated models. Davig and Leeper (2006, 2011) estimate univariate policy

rules, and we embed their estimated policy rules in the model we develop in section

2 to solve for the optimal monetary policy. Our main findings, which we describe

below, are presented in Table 3.

Bianchi and Ilut (2017) estimates a New Keynesian model with policy rules sim-

ilar to (7) and (9) using Bayesian techniques and postwar U.S. data. We calibrate

their model at the mean and mode values of the posterior distribution for all param-

eter values except for the interest rate rule parameters. We then vary the interest

rate rule parameterization and apply our methodology to detect whether the model

is overall passive, overall active or overall switching. At the posterior mean and

mode, the model is overall switching, but close to being overall passive. That is, the

model would exhibit barely explosive debt dynamics in a Ricardian solution under a

regime-independent active monetary policy,20 but exhibits a unique equilibrium under

suitable regime-dependent monetary policy. Because the posterior mean and mode

parameterization are so close to yielding overall passive fiscal policy, the posterior

distribution likely puts non-trivial probability on overall switching or overall passive

fiscal policy (i.e. it is unlikely that the posterior distribution strongly suggests one

fiscal policy type over the other). At the posterior mean, the optimal monetary policy

19As before, the optimal monetary policy is the simple interest rate rule (9) that minimizes variance
of the inflation gap and selects a unique equilibrium taking all equilibrium conditions and fiscal policy
equations as given.

20We find that debt is barely mean-square unstable under regime-independent active monetary
policy. Specifically, for processes of the form (11), mean-square stability obtains if and only if

r(Ψ̄Ω⊗Ω) < 1 where r()̇ denotes the spectral radius of its argument, and Ψ̄Ω⊗Ω is defined in Cho
(2016) and Cho (2019). For the posterior model parameterization of the benchmark model in Bianchi
and Ilut (2017), we find r(Ψ̄Ω⊗Ω) = 1.0018.
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features strongly active monetary policy in the passive fiscal regime (φπ(M) = 6.25)

and an interest rate peg in the active fiscal regime. The ratio of the inflation gap

variance under optimal monetary policy and the inflation gap variance under the esti-

mated monetary policy rule, which is reported as var(π̂(Φopt
M ))/var(π̂(Φest

M )) in Table

3, is equal to 0.40.

Bianchi and Melosi (2017) and Chen, Leeper, Leith (2018) also estimate New

Keynesian models with switching fiscal and monetary policy using Bayesian tech-

niques. The posterior mean estimates in both papers support overall passive policy,

but again, the posterior distribution almost surely places a great deal of the proba-

bility mass on overall switching policy.21 These papers differ from Bianchi and Ilut

(2017) in important ways. Particularly, Chen, Leeper, Leith (2018) find that a switch

from active to passive fiscal policy did not occur until the 1990s, whereas Bianchi

and Ilut (2017) find evidence of a similar shift in the fiscal stance during the 80s.

Chen, Leeper, Leith (2018) attributes the discrepancy to different prior assumptions

about transition probabilities, but the fact this disagreement exists underscores the

inherent unobservability of the prevailing fiscal stance, and points towards a need to

understand the consequences of regime change for monetary policy outcomes. Still,

both models support overall switching or overall passive conclusions. At the pos-

terior mean of the Bianchi and Melosi model and the posterior mode of the Chen,

Leeper and Leith model, the optimal monetary policy is a regime-independent active

monetary policy with unboundedly large inflation reaction coefficients. Hence, these

papers suggest that the Federal Reserve should not have deviated from an active mon-

etary policy stance during the sample period–all deviations were unnecessary from

21Our findings are consistent with Cho and Moreno (2019), which is the first paper to study the
determinacy properties of the Bianchi and Melosi (2017) model. We use the posterior mean estimates
from the model with rules-based policy only in Chen, Leeper, and Leith (2018).
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the standpoint of debt stability.

Davig and Leeper (2006) and Davig and Leeper (2011) support starkly different

conclusions about the U.S. fiscal stance and corresponding optimal monetary policy.

They estimate regime-switching rules for fiscal and monetary policy using post-war

U.S. data. Because their rules are estimated in isolation from the rest of the model,

we embed them in our model and check to see whether policy is overall active, passive

or switching. In our model, Davig and Leeper (2006) supports overall active policy,

whereas Davig and Leeper (2011) firmly support overall switching policy. Unsurpris-

ingly, an interest rate peg is optimal according to Davig and Leeper (2006). More

surprisingly, we find that our calibrated model becomes explosive (i.e. lacks mean-

square stable solutions) when we embed both the estimated monetary policy rule and

estimated fiscal policy rule from Davig and Leeper (2006) in the model. When we

embed the Davig and Leeper (2011) fiscal rule into our calibrated model, we find

that optimal monetary policy features passive monetary policy in both the active and

passive fiscal regimes. This result, which contrasts sharply with the results from the

overall switching model of Bianchi and Ilut, is partly driven by the fact that γ(F ) < 0

in the estimated active fiscal regime of Davig and Leeper (2011), while γ(F ) = 0 in

Bianchi and Ilut (2017). Importantly, the magnitude of γ(M) in Davig and Leeper

(2011) is large enough to prevent the interest rate peg from generating a determinate

equilibrium. Therefore, the model is overall switching, and the determinacy criterion

in (12) constrains the optimal monetary policy to be regime-dependent.

Why do these papers disagree about the overall U.S. fiscal stance? For one,

22For overall switching (OS) models (i.e. Davig and Leeper (2011), Bianchi and Ilut (2017)), we
impose ρi(M) = ρi(F ) = φy(M) = φy(F ) = 0 and find the restricted optimal monetary policy of
the form: it = φπ(st)πt. We make this assumption because determinacy regions for the OS models
considered here are vast. This assumption does not undermine our main claim about OS optimal
policy: optimal monetary policy subject to OS fiscal policy is difficult to characterize.
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Table 3: Optimal Monetary Policy in Estimated Models

Fiscal
Stance

Estimated
(φπ(M), φπ(F ))

Optimal
(φπ(M), φπ(F ))

var(π̂(Φopt
M ))

var(π̂(Φest
M ))

Bianchi & Ilut (2017) OS (2.38,0.50) (6.25,0.00)* 0.40
Bianchi & Melosi (2017) OP (1.60,0.64) (1000.00,1000.00)† ≈ 0.00
Chen et al. (2018) OP (3.07,0.98)‡ (1000.00,1000.00) ≈ 0.00
Davig & Leeper (2006) OA (1.31,0.52) (0.00,0.00) 0.00
Davig & Leeper (2011) OS (1.29,0.53) (0.88,0.00)* 0.72

*See footnote.22

†Grid search only considers φπ(M) ≤ 1000, φπ(F ) ≤ 1000.
‡Chen et al. (2018) report two active monetary policy regime estimates. In this
table, we report the estimated inflation reaction coefficient corresponding to the active
monetary, passive fiscal regime.

these paper may disagree because the regimes are unobserved, which makes regime

identification sensitive to model assumptions. The first three papers we discuss share

two things in common, however: (1) they jointly estimate policy rules in DSGE

frameworks; (2) they restrict γ(F ) ≥ 0. On the other hand, Davig and Leeper

(2006), and Davig and Leeper (2011) neither jointly estimate a DSGE model, nor

restrict γ(F ) ≥ 0 (in fact, they both find γ(F ) < 0). Bianchi and Ilut impose a

uniform prior on γ(F ) that allows γ(F ) to take on values in a range of non-negative

values including passive fiscal policy values, but their estimates choose γ(F ) = 0.

This suggests that their estimate of γ(F ) could also be negative under looser priors.

Why don’t these papers allow for negative γ(F )? One possible reason is that

negative γ(F ) implies a non-sense behavioral rule according to which the government

systematically raises deficits in every period in which real debt is above its steady

state value. But this perspective requires that we first interpret (7) as a behavioral

rule. An alternative view assumes that (7) simply describes correlations between

taxes and government debt in different states of the world. Perhaps there is a state
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of the world for which debt and deficits are strongly positively correlated, such that

a higher debt stock today is expected to correspond to, but not necessarily cause,

higher deficits tomorrow. The fact that γ(M) > 1 is expected to occur sometime in

the future, means that agents would not expect this positive correlation to persistent

indefinitely. If γ(F ) < 0 is a defensible parameterization under certain assumptions,

and we use prior distributions that allow for γ(F ) < 0, then maybe our estimates using

models in the above mentioned papers are more likely to identify overall switching or

even overall active fiscal policy in the postwar US data. Future research could further

examine the implications of relaxing prior assumptions about γ(F ).

The fact that these papers support different conclusions about the appropriate

monetary response to fiscal policy, the timing of regime change, etc., is one reason we

consider a wide range of fiscal policies in our analysis. These disagreements between

the above mentioned papers show that fiscal policy expectations are not observed and

potentially not well-anchored. Hence, we need to think about how to conduct policy

under different assumptions about fiscal policy.

The idea that fiscal expectations may not be well-anchored, leads us to the other

reason we consider a broad range of fiscal policies: we do not know how to characterize

the kind of uncertainty about future fiscal regime change that agents have faced since

the Great Recession, and will face in decades to come. If there has been a kind of break

or change in the way regime uncertainty affects agents’ forecasts, then our estimate

of the persistence of fiscal regimes prior to 2008 may not inform our understanding of

expectations formation after 2008. The strength and persistence of estimated passive

fiscal regimes in Bianchi and Ilut (2017), Bianchi and Melosi (2017), Chen, Leeper,

and Leith (2018), may depend on spells of passive fiscal policy during the Great

Moderation. Do agents expect a return to this policy setting?
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6. Conclusion

This paper studies optimal interest rate rules in economies with recurring active fiscal

regimes. Using a generalization of the Leeper (1991) determinacy conditions, we argue

that there are empirically relevant cases where recurring changes in the fiscal stance

on debt should not matter for monetary policymakers. These cases involve dominant

regimes, and the optimal simple interest rate in the presence of a dominant active

(passive) regime is an interest rate peg (regime-independent active monetary policy).

In all remaining cases, regime-dependent policy is optimal, and often necessary for

determinacy. These results hold under rational expectations, and in a novel adaptive

learning model with unobserved policy regimes. We also showed that estimates of

the overall U.S. fiscal stance support all three regions of the fiscal policy parameter

space.
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Appendix: Adaptive Learning Algorithm

The algorithms described in Legland and Mevel (1997) and Krishnamurthy and Yin

(2002) make inferences about the coefficients, Φ(st), and the Markov process, st,

using two related recursive processes. First, agents make inferences about st using

a prediction filter of the form introduced by Hamilton (1989). To develop this filter

we first define within-regime conditional densities for x, fst = f(xt|It, st). In a model

with normally distributed i.i.d innovations to our exogenous driving process and an

arbitrary number of Markov states, S, fst assumes the following form:

fst = (2π)−n/2|Σ|−.5exp{−.5(xt − µ(st)t−1)′Σ−1(xt − µ(st)t−1)}

where µ(st)t−1 = at−1(st) + bt−1(st)xt−1 + ct−1(st)ut and Σ is the covariance-variance

matrix. To make future calculations easier, we define the following matrices:

ft = (f1t, f2t . . . , fSt)
′

Ft = diag(f1t, f2t . . . , fSt)

Let p̂it|It = Pr(st = i|It), and p̂t|It = (p̂1t|It , p̂2t|It , . . . , p̂St|It)
′. p̂t follows the recursion:

p̂t+1|It =
P ′Ftp̂t|It
f ′t p̂t|It

(18)

where it is assumed that agents know the true transition probabilities in P . The pre-

diction filter in the last equation completely describes how agents recursively compute

their predictions for today’s state. Since agents observe τt before making decisions

that generate xt, we modify the above prediction filter at the beginning of time t by

replacing xt − µ(st)t−1 with τt − aτ,t−1(st) − bτ,t−1(st)xt−1 − cτ,t−1(st)ut. The second
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recursive process in the algorithms presented by Krishnamurthy and Yin (2002) and

LeGland and Mevel (1997) updates the parameter estimates, Φ(st), according to:

Φt = Φt−1 + γS(xt, It; Φt−1) + εtMt

where Φt is a k×1 vector23 that contains the elements of Φ(st) for all st, γ is the gain

parameter and Mt is a correction term that brings Φt into some reasonably defined

constraint set G (i.e. we use a projection facility in our implementation of their

algorithms). The function S(xt, It; Φt−1) is the only thing that varies across the two

estimation routines we consider in the paper. For the RMLE algorithm, S(xt, It,Φt−1)

is given by the following equations:

S(xt, It,Φt−1) = (S1(xt, It,Φt−1), . . . , Sk(xt, It,Φt−1))′

where

Sl(xt, It,Φt−1) =
f ′tω

l
t

f ′t p̂t|t−1

+
(∂f ′t/∂Φl

t)p̂t|t−1

f ′t p̂t|t−1

for all l ∈ {1, ..., k} and ωlt =
∂p̂t|t−1

∂Φl
t

. We update ωlt recursively as follows:

ωlt+1 = R1tω
l
t +R2t

23In our model with S = 2, n endogenous variables and m endogenous variables, k = 2(n(n+ 1) +
nm).
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where

R1t = P ′(I −
Ftp̂t|t−11

′
s

f ′t p̂t|t−1

)
Ft

f ′t p̂t|t−1

R2t = P ′(I −
Ftp̂t|t−11

′
s

f ′t p̂t|t−1

)
(∂Ft)/(∂Φl

t)p̂t|t−1

f ′t p̂t|t−1

(16), the RMLE equations for S(), (18), and initial conditions, give us the RMLE

algorithm. To derive the RCLS algorithm we only need to change our definition of

Sl(xt, It−1,Φt−1) as follows:

Sl(xt, It,Φt−1) = (φΦt−1(xt − φ′Φt−1
p̂t|t−1))′ωlt + (

∂φΦt−1

∂Φl
t−1

(xt − φ′Φt−1
p̂t|t−1))′p̂t|t−1

where φΦt−1 is a matrix that collects the conditional mean for each state (i.e. µ(s)t−1

for each s ∈ {1, . . . , S}).
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