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1 Introduction

There is well-known theoretical support for the use of expansionary forward guidance

on interest rates, particularly when interest rates are constrained by the zero lower

bound (e.g. Eggertsson and Woodford, (2003)). Despite the effectiveness of forward

guidance in theory, the predictions of workhorse New Keynesian models do not accord

well with empirical studies of the effects of forward guidance in the U.S. (e.g. Del

Negro et al (2015), D’Amico and King (2015)). This discrepancy is dubbed “The

Forward Guidance Puzzle” (Del Negro et al. (2015)), and Kiley (2016), Cochrane

(2017b) and Canzoneri et al. (2018) make it clear that implausible responses to

anticipated structural changes are a general feature of New Keynesian analysis at the

zero lower bound (ZLB).

A large literature addresses the Forward Guidance Puzzle. For instance, McKay et

al. (2016) mute the response of agents to forward guidance by introducing borrowing

constraints that prevent agents from drawing down their savings over the forward

guidance horizon. Gabaix (2016) introduces an explicit discount factor into the Euler

equation and an additional discount factor into the Phillips Curve to model myopic

agents. Del Negro et al. (2015) show that a positive probability of death generates

effective discounting in the Euler equation when they introduce a perpetual youth

structure into the New Keynesian model. Carlstrom et al. (2015), Chung et al.

(2015), and Kiley (2016) introduce “sticky information” in the spirit of Mankiw and

Reis (2002). Cole (2015) replaces rational expectations with a model of adaptive

learning to demonstrate that bounded rationality lessens the effectiveness of forward

guidance in specific policy experiments.

This paper examines how the above mentioned exaggerated responses hinge on
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the assumption that fiscal policy is “passive” or, in other words, conducted in such

a way that variation in fiscal surpluses acts to stabilize government debt. The Fiscal

Theory of the Price Level (FTPL) literature studies macroeconomic dynamics under

the alternative assumption that fiscal policy is sometimes “active” or inconsistent

with long run debt stability. In economies with active fiscal policy, Ricardian equiv-

alence can be violated, leading agents to perceive holdings of government debt as

net wealth. This means that forward guidance announcements that credibly lower

(raise) expectations of future interest rates, and therefore future rates of return on

debt holdings, can have negative (positive) wealth effects that are absent in economies

with passive fiscal policy. As a result, we should expect active fiscal policy to reduce

the effectiveness of forward guidance in New Keynesian models, thereby reducing or

eliminating the Forward Guidance Puzzle. Since rising debt/GDP and looming fis-

cal crises are a feature of the Great Recession environment in which central banks

conduct forward guidance, active fiscal policy considerations may provide relevant

insights.1 This paper specifically examines the conditions under which permanent or

recurring active fiscal policy regimes can resolve the Forward Guidance Puzzle. Our

contributions are twofold.

First, we formally show that active fiscal policy can prevent implausible responses

of aggregate variables to policy announcements made during exogenous interest rate

regimes. Specifically, we provide analytic proof that the Leeper (1991) conditions de-

termine when linearized New Keynesian models exhibit a Forward Guidance Puzzle.

We furthermore employ regime-switching DSGE models to show that transient active

fiscal regimes are enough to eliminate Forward Guidance Puzzles. Hence, the kind of

1The following papers, among others, have provided some evidence of recurring fiscal regime
changes in the U.S.: Bianchi (2013), Bianchi and Ilut (2017), Bianchi and Melosi (2017), Chen et
al. (2018), and Davig and Leeper (2011).
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regime-switching that Bianchi and Melosi (2017) document to explain stable inflation

at the ZLB also solves the Forward Guidance Puzzle. This means that agents’ uncer-

tainty about future fiscal policy is enough to solve a Forward Guidance Puzzle even

if fiscal policy is, in fact, passive over the forward guidance horizon. This also means

that we do not need heroic assumptions about the time-invariance of fiscal policy to

solve the Forward Guidance Puzzle using the FTPL.

We emphasize that our results apply to a wide variety of anticipated structural

changes and policy announcements. This wide variety not only includes monetary

forward guidance policies of the kind considered in Del Negro et al. (2015), but also

the forward fiscal guidance of Canzoneri et al. (2018), and anticipated changes em-

bedded in the paradox of toil in Kiley (2016), among others. We obtain these results

by developing and applying new methods that determine when a model exhibits a

Forward Guidance Puzzle. These methods are efficient, easy to implement, and ap-

plicable to a general class of policy-relevant models, including larger DSGE models

and regime-switching DSGE models.2

Second, we simulate popular monetary forward guidance experiments to help

quantify the impotence of monetary forward guidance in models with permanent

or recurring active fiscal regimes. We emphasize two striking features of our simula-

tion results. First, the magnitude of Fiscal Theory effects is very large. We compare

common monetary forward guidance experiments in models with active and passive

fiscal policy, and show that inflation and output hardly respond in models with ac-

tive fiscal policy relative to models with permanent passive fiscal policy. These results

hold across different maturity structures of debt. Second, the expectations effects of

regime uncertainty–captured by the difference between regime-switching impulse re-

2Similar methods are presented in Gibbs and McClung (2019). This paper generalizes their
techniques to regime-switching DSGE models.
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sponses and fixed regime impulse responses–are massive. For example, the impulse

responses in our regime-switching model’s passive fiscal regime resembles the impulse

responses for the same forward guidance policy in the fixed active fiscal regime model

(e.g. compare Figure 3 and Figure 8).

Our contribution is most closely related to Cochrane (2017b). His analysis uses

an equilibrium condition to show that initial price jumps in response to, say, forward

guidance must correspond to specific movements in the present value of expected

future fiscal surpluses. This is true in any equilibrium, and Cochrane discusses as-

sumptions about expected fiscal policy that select Puzzle-free equilibria. However,

Cochrane (2017b) neither provides detailed discussion of actual fiscal policy assump-

tions that generate Puzzle-free equilibria, nor specifies actual equilibrium solutions

under the FTPL. In contrast, we use common policy rules from the New Keynesian

literature to formally and precisely describe fiscal policy assumptions that rule out a

Forward Guidance Puzzle. Our results are furthermore necessary and sufficient for

determinate models, and our approach may prove useful to practitioners who want

to know when a set of assumptions about fiscal policy and corresponding equilibrium

solution will permit desirable inflation jumps. Unlike Cochrane, we also study how

different fiscal policy assumptions affect equilibrium impulse responses in a number

of common forward guidance experiments. To the best of our knowledge, no work has

robustly analyzed the effects of forward guidance in models with active fiscal policy,

particularly models that allow for long-term debt or regime uncertainty.

Our contribution is also related to Cochrane (2017a, 2018a, 2018b), and Caramp

and Silva (2018), which study fiscal implications for anticipated monetary policy

changes. Cochrane (2017a, 2018a, 2018b) demonstrate wealth effects of long term

debt on forward guidance, but their focus is not on the Forward Guidance Puzzle
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per se. Caramp and Silva (2018) argues that the responsiveness of fiscal transfers to

monetary policy generates wealth effects that explain the monetary Forward Guidance

Puzzle, but their analysis abstracts from fiscal policy stances on the debt.3

Our paper, of course, attempts to contribute to a broader monetary-fiscal policy

interactions literature that examines regime-switching expectation effects and fiscal

constraints on the effectiveness of unconventional monetary policy. Here we mention

only a few recent papers that contribute to this literature. Chung et al. (2007),

Davig and Leeper (2011), Ascari et al. (2017), Bianchi and Ilut (2017), Bianchi and

Melosi (2017), Corhay et al. (2017) are all recent examples of papers that examine

expectation effects of recurring fiscal and monetary policy regimes on current policy

outcomes. Additionally, Sims (2013), Leeper and Leith (2016), Corhay et al. (2017),

all examine unconventional policy and the maturity structure of debt in economies

with non-Ricardian fiscal policymakers. Ascari et al. (2017) discusses forward guid-

ance on future policy regimes and its implications for the efficacy of monetary and

fiscal policy at the zero lower bound. Unlike the papers mentioned in this paragraph,

we study the Forward Guidance Puzzle defined above.

The paper is organized as follows: section 2 develops the model and methods we

employ; section 3 explores the effects of forward guidance in active fiscal, passive

monetary policy regimes without switching; section 4 extends the analysis to regime-

switching economies; section 5 concludes.

3The wealth effects they attribute their results to would naturally arise under a passive fiscal
policy. Similarly, active fiscal policy naturally eliminates said wealth effects.
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2 Model and Methods

This section introduces the model and methods used throughout this paper. Section

2.1 introduces the log-linearized equations for a simple New Keynesian model with

long-term debt. Section 2.2 introduces the method we use to solve the equilibrium

responses to anticipated structural changes. That section also presents necessary and

sufficient conditions for when a model exhibits a Forward Guidance Puzzle.

2.1 Model

We use a basic New Keynesian model of the kind Woodford (1998) uses, and augment

this model to allow for (1) a richer maturity structure of debt as in Woodford (2001),

Eusepi and Preston (2018), and Leeper and Leith (2016); (2) Markov-switching in

policy parameters as in Davig and Leeper (2011). The model is linearized around the

non-stochastic steady state with zero inflation, and we let ẑt ≡ ln(zt)− ln(z̄) where z̄

is the value of z in steady state. The behavior of households and firms then reduces

to the standard equations:

ŷt = Etŷt+1 − σ−1(̂it − Etπ̂t+1) + rnt (1)

π̂t = βEtπ̂t+1 + κŷt + µt (2)

where y is the output gap, π is inflation, rnt and µt are exogenous processes.4 Monetary

policy is given by:

ît = φ(st)
y ŷt + φ(st)

π π̂t + εMP
t (3)

4We assume i.i.d processes throughout this paper for simplicity and because our results are robust
to the inclusion of serially-correlated shocks.
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where εMP is an i.i.d monetary policy shock. Our specification allows for switching

in policy parameters: st follows a persistent exogenous S-state Markov chain, and

the value of st determines φπ and φy. Fiscal policy is characterized by the following

linearized rule for primary surpluses:5

τ̂t = γ(st)b̂mt−1 + εFPt (4)

where εFP is a i.i.d. fiscal policy shock, b̂mt is the percentage deviation of real bonds

from steady state. γ is the fiscal authority’s policy parameter and it follows the same

Markov process as φy and φπ. Fiscal policy must also satisfy the following budget

constraint:

b̂mt−1 = β(1− ρ)P̂m
t + βb̂mt + (1− β)τ̂t + π̂t (5)

where P̂m
t is the price of the bond portfolio at time t and ρ ∈ [0, 1] captures the

maturity structure of the government debt. The intuition behind the bond portfolio

is fairly simple: the government issues b̂mt units of a nominal debt portfolio at time

t that pays 1 unit of nominal income at time t + 1, ρ units at time t + 2, ρ2 units

at t + 3 and so forth. This structure allows us to introduce long-term debt into our

model by using a single state variable that captures the average maturity of debt, ρ.

The limiting cases of ρ illuminate how larger values of ρ correspond to longer average

maturities: when ρ = 0, all debt is short term, and when ρ = 1, all debt is in the

form of consols. A no-arbitrage condition relates î to P̂m

P̂m
t = −ît + ρβEtP̂

m
t+1 (6)

5We could alternatively use fiscal rules that adjust τt in response to other measures of the gov-
ernment’s liabilities and obtain nearly identical results. For example, we could place b̂mt−1 with

b̂mt−1 + βρP̂mt without in any way altering the main message of this paper.
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The system given by (1)-(6) yields a solution for xt = (ŷt, π̂t, ît, P̂
m
t , b̂t, τ̂t)

′. We

use the forward method in Cho (2016) to solve the model and parameters are selected

so that the model under study is determinate. That is, we always study the unique

equilibrium responses to forward guidance.6 While there are no simple analytical

conditions for determinacy in our switching model, Woodford (1998) gives simple

conditions for determinacy in the fixed regime cases (see Table 1):7

[TABLE 1 HERE]

The Woodford (1998) conditions are a generalization of the famous Leeper (1991)

conditions, and henceforth, we refer to the determinacy conditions in Table 1 as the

Leeper conditions. We say that the economy is in Regime M when φπ > 1−(1−β)φy/κ

and γ ∈ (1, (β−1 + 1)/(β−1 − 1)). and that the economy is in Regime F when

φπ < 1 − (1 − β)φy/κ and γ /∈ (1, (β−1 + 1)/(β−1 − 1)). In Regime M, fiscal policy

is passive while monetary policy is active. This is the standard assumption in most

New Keynesian research. In Regime F, fiscal policy is active while monetary policy

is passive. Henceforth, we let st = M when the economy is in Regime M and st = F

when the economy is in Regime F. In this case of fixed policy regimes, which we

consider in section 3, st = M for all t or st = F for all t, such that the underlying

DSGE model is linear. In section 4, we allow st to transition between M and F

stochastically. Specifically, we model st as an exogenous Markov process where st ∈

{M,F} for all t. The transition probability matrix, P , is furthermore given by:

P =

 pMM 1− pMM

1− pFF pFF


6As our parameterizations in Table 2-3. suggest, determinacy allows for persistent and non-trivial

active money (passive fiscal) and passive money (active fiscal) regimes.
7We assume that φπ(st) ≥ 0 for all st.
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where pMM = Pr(st = M |st−1 = M) and pFF = Pr(st = F |st−1 = F ). We place

restrictive assumptions on the transitions across regimes, but these assumptions are

sufficient to demonstrate one main message of our analysis: regime uncertainty solves

the Forward Guidance Puzzle.

Since γ > (β−1 + 1)/(β−1 − 1) is empirically implausible, we will henceforth say

that fiscal policy is passive when γ > 1 and that is it active when γ < 1.

The introduction offers intuition for how active fiscal policy attenuates the effects

of forward guidance, but intuition alone cannot select Puzzle-free equilibria. The

aforementioned intuition also does not apply to environments with ongoing fiscal

regime changes, which may offer better descriptions of the true DGP (see Bianchi

(2013), Bianchi and Melosi (2017), Bianchi and Ilut (2011), Davig and Leeper (2011),

among others). To get around these limitations, we introduce techniques in section

2.2 that can be used to prove when a model exhibits implausible responsiveness to

announced or anticipated structural changes.

2.2 Solving the Model with Forward Guidance

Section 2.2.1 introduces the method generally and section 2.2.2 discusses how we

apply this method to study monetary forward guidance.

2.2.1 The General Method

This section presents a solution technique for the responses of endogenous variables

to a wide variety of policy announcements and anticipated structural changes, includ-

ing but not limited to monetary forward guidance announcements. Our techniques

generalize techniques from Kulish and Pagan (2017) and Gibbs and McClung (2019)
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to Markov-switching DSGE models of the form:

xt = A(st)Etxt+1 +B(st)xt−1 + C(st)ut +D(st) (7)

where xt is a n × 1 vector of endogenous variables, ut is a m × 1 vector of i.i.d.

exogenous shocks, and st is an exogenous S-state Markov with transition matrix, P ,

where pij = Pr(st+1 = j|st = i) is the (i, j)-th element of P .8 Notice that equations

(1)-(6) jointly share the functional form (7). Moreover, (7) nests the class of linear

DSGE models studied by Kulish and Pagan (2017) (i.e. when S = 1).

We model any policy announcement or anticipated structural change as follows.

Suppose at time 0 agents become aware of N structural changes that occur at horizons

0 ≤ T1 < T2 < . . . < TN . These anticipated structural changes could, for example,

arise from monetary forward guidance as in Del Negro et al. (2015), or from forward

fiscal guidance as in Canzoneri et al. (2018). We emphasize that our approach is

general: we address the effects of many types of anticipated change in one fell swoop.

The anticipated changes imply the following time-varying structural model:

xt = A
(st)
N Etxt+1 +B

(st)
N xt−1 + C

(st)
N ut +D

(st)
N for t ≥ TN (8)

... (9)

xt = A
(st)
1 Etxt+1 +B

(st)
1 xt−1 + C

(st)
1 ut +D

(st)
1 for T1 ≤ t < T2 (10)

xt = A
(st)
0 Etxt+1 +B

(st)
0 xt−1 + C

(st)
0 ut +D

(st)
0 for 0 ≤ t < T1 (11)

We assume that agents do not know the future path of st (i.e. Etxt+1 = E(xt+1|xt, ut, st)

=
∑S

j=1 pstjE(xt+1|xt, ut, st+1 = j)). This assumption is not restrictive: if policymak-

8We assume that shocks are i.i.d. for exposition’s sake. We could straightforwardly generalize
our results in this section to a model class with serially-correlated shocks.
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ers control st they can simply announce a path for st in the form of N structural

changes at horizons 0 ≤ T1 < T2 < . . . < TN . Our use of the exogenous Markov pro-

cess st therefore allows us to model any uncertainty about the economy’s structure

that remains after a sequence of future changes becomes anticipated. For example, a

central bank may announce a path for future interest rates while agents remain un-

certain about the fiscal authority’s future policy stance on the debt. This particular

example is considered in section 4.

To solve for the equilibrium dynamics under these anticipated changes, we employ

a backward recursion that recovers the structural REE matrices over the duration of

forward guidance from time 0 to TN . To initiate this backward recursion, we begin

with the model solution for t ≥ TN , which assumes the form:

xt = Ω(st)xt−1 + Γ(st)ut + ξ(st) (12)

We obtain unique model solution (12) using techniques in Cho (2016), and it provides

an “asymptotic” model of the economy after the anticipated changes end.9 We em-

phasize that our applications always involve a determinate model for t ≥ TN , and we

also note that the model in section 2.1 is linearized around the steady for the post-

forward guidance model given by {A(st)
N , B

(st)
N , C

(st)
N , D

(st)
N }. We initiate the backward

recursion by forming expectations of xTN at time TN−1. To simplify the notation

slightly, let T = TN . Then: ET−1xT = ET−1(Ω(sT )xT−1 + Γ(sT )uT + ξ(sT )) where ET−1

conditions on all time T − 1 variables including xT−1, uT−1, sT−1. If we substitute

9In principle, one could use any available solution technique to obtain (12). See Maih (2015),
Foerster et al. (2016), Farmer et al. (2009, 2011) and Barthelemy and Marx (2017) for alternative
solution techniques. In this specific model class we consider, Dst

N = ξ(st) = 0n for all st.
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ET−1xT into (9) and solve for xT−1 we can recover the REE matrices from:

Ω
(sT−1)
T−1 =

(
I − A(sT−1)

N−1 ET−1(Ω(sT ))
)−1

B
(sT−1)
N−1

Γ
(sT−1)
T−1 =

(
I − A(sT−1)

N−1 (ET−1Ω(sT ))
)−1

C
(sT−1)
N−1

ξ
(sT−1)
T−1 =

(
I − A(sT−1)

N−1 ET−1(Ω(sT ))
)−1 (

D
(sT−1)
N−1 + A

(sT−1)
N−1 ET−1

(
ξ(sT )

))

Hence, the REE matrices Ω
(sT−1)
T−1 , Γ

(sT−1)
T−1 , and ξ

(sT−1)
T−1 are uniquely determined for all

sT−1. We can repeat this undetermined coefficients logic to solve for the full sequence

{Ω(st)
t ,Γ

(st)
t , ξ

(st)
t }Tt=0 from the following difference equations:

Ω
(st)
t =

(
I − A(st)

i Et(Ω
(st+1)
t+1 )

)−1

B
(st)
i (13)

Γ
(st)
t =

(
I − A(st)

i Et(Ω
(st+1)
t+1 )

)−1

C
(st)
i (14)

ξ
(st)
t =

(
I − A(st)

i Et(Ω
(st+1)
t+1 )

)−1 (
D

(st)
i + A

(st)
i Et

(
ξ

(st+1)
t+1

))
(15)

where i ∈ {0, 1, 2, . . . , N − 1} depending on t.10 Since this difference equation, com-

bined with initial conditions {Ω(st),Γ(st), ξ(st)} uniquely determines {Ω(st)
t ,Γ

(st)
t , ξ

(st)
t }Tt=0,

we can uniquely determine the endogenous variable responses to a forward guidance

policy from the time-varying REE:

xt = Ω
(st)
t xt−1 + Γ

(st)
t ut + ξ

(st)
t (16)

We did not impose any restrictions on the state history, ST+1 = {s0, . . . , sT+1}, which

means that our method provides the solution, xt, for all conceivable realizations of

the Markov chain, st, from time 0 to time T + 1.

10Cho (2016) employs the same recursion to solve the model (7) forward to obtain solutions of the
form (13). This paper contributes a backward application of that recursion to solve for RE responses
of x to forward guidance announcements.
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Because forward guidance literature often stresses the contemporaneous response

of x to policy announcements, x0, we define the Forward Guidance Puzzle in terms

of the initial responses of endogenous variables to anticipated structural changes at

horizons T1, . . . , TN .

Definition 1 (Forward Guidance Puzzle) Suppose at time 0 agents become aware

of structural changes that will occur at T1, T2, . . . , TN . Then the model does not exhibit

a Forward Guidance Puzzle if and only limT1→∞ x0 exists for all s0 ∈ {1, . . . , S}, for

any given x−1 ∈ Rn and for any given u0 ∈ Rm.

Intuitively, limT1→∞ x0 does not exist in two economically unreasonable cases. In the

first case, || limT1→∞ x0|| → ∞, which means that initial equilibrium responses are

unboundedly responsive to policy changes that are scheduled to occur infinitely far

in the future. The Forward Guidance Puzzle explored by Del Negro et al. (2015) is

a classic example of this case. In the second case, x0 oscillates as T1 increase. The

inflation “reversals” discussed by Carlstrom et al. (2015) is a prime example of the

second case. The two cases are not mutually exclusive, and we require the limit of x0

to exist for all x−1, u0, and s0 to help us rule out solutions to the Forward Guidance

Puzzle that could rely on restrictive assumptions such as x−1 = 0n or u0 = 0m. We

also note that if the limT→∞ x0 does not exist for some s0 then it will generally not

exist for all s0. Some intuition for this last claim follows from (13) which reveals

that the coefficients in one regime depend on the equilibrium coefficients in all other

regimes.

We now state Proposition 1, which provides necessary and sufficient conditions for

when a model does not exhibit a Forward Guidance Puzzle. Proposition 1 generalizes

Theorem 1 in Gibbs and McClung (2019) to Markov-switching DSGE models of the
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form (7). We will apply this condition to rule out implausible responses of inflation

and output to forward guidance in sections 3 and 4, and we emphasize that these

conditions are tractable, computationally inexpensive, and implementable in much

larger DSGE models than the simple models we consider.

Proposition 1 A model does not exhibit a Forward Guidance Puzzle if and only if:

1. Ω̄(s0) = limT1→∞Ω0(s0) exists for all s0

2. r(ΨF̄ ) < 1

where r(A) denotes the spectral radius of matrix A and ΨF̄ is defined in Appendix

A.2.

Proof: see Appendix A.2. �

Intuitively, the matrix conditions introduced in Proposition 1 tell us when the

limit of (13)-(15) exists. To check these conditions, we only need to iterate on (13)

and compute r(ΨF̄ ) when (13) converges. If the model under study is a purely-forward

looking model, then Ω̄(s0) = 0n for all s0, and one only needs to compute r(ΨF̄ ) to

determine when the model exhibits the Forward Guidance Puzzle.

2.2.2 Application: Monetary Forward Guidance

We apply our methods to model monetary forward guidance policy in the following

manner: suppose at time 0 the central bank announces an exogenous interest rate peg

(e.g. î = log(β)) from time T − j to T where 0 ≤ j ≤ T . Further, agents believe that

monetary policy is described by (3) for all t > T , and interest rates are exogenous for

0 ≤ t ≤ T − j.
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Our monetary forward guidance modeling approach is a special case of the general

method outlined in 2.2.1 with T1 = T−j and T2 = T . We will model forward guidance

under two common restrictions on J . First, we set J = 1 to study the impact of one-

period forward guidance shocks at different horizons, T . Then, we allow J = T to

study Del Negro et al. (2015) type experiments in which the central bank announces

a ZLB peg from time 0 to some period in the future, T . We apply Proposition 1 to

detect a Forward Guidance Puzzle and because the time 0 model structure largely

determines a model’s susceptibility to a Puzzle, the forward guidance horizon, T , and

length, j, are basically irrelevant for our results.

3 Fixed Regime Exercises

We now examine the effectiveness of forward guidance in the presence of fixed policy

regimes (i.e. we constrain all policy parameters to be permanent). The advantage of

working with a fixed regime model is that it permits some analytical results to help

formalize claims that the FTPL resolves the Forward Guidance Puzzle.

In section 3.1, we show that the Forward Guidance Puzzle can emerge for any

announced structural change in a fixed passive fiscal regime (Regime M) when in-

terest rates are exogenous or constrained by the ZLB (see Proposition 2). Similarly,

Proposition 3 shows that any fixed Regime F model does not exhibit the Forward

Guidance Puzzle in response to any announced structural change. These results are

straightforward applications of Proposition 1 from section 2.2.

Our analysis in section 3.2 involves two distinct policy exercises that are commonly

used in the literature. First, we examine the impulse responses of output and inflation

to a single one unit T -period ahead forward guidance shock to the nominal interest
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rate in section 3.2. In the second exercise, we examine the impulse responses of output

and inflation to an announced 12-quarter interest rate peg that mimics aspects of the

Federal Reserve’s calendar-based forward guidance announcements in August 2011,

January 2012, and September 2012 (see Del Negro et al. (2015) for more details). In

both of the policy experiments we consider three different model parameterizations:

(1) a Regime M parameterization; (2) a Regime F parameterization with short-term

debt (ρ = 0); (3) a Regime F parameterization with long-term debt (ρ > 0). We

show that the FTPL virtually neutralizes effects of monetary forward guidance in

equilibrium.

3.1 Fixed Regimes and the Forward Guidance Puzzle

In this section we use Proposition 1 and the Leeper (1991) conditions listed in Table

1 to derive analytical conditions under which the simple New Keynesian model with

fixed regime exhibits a Forward Guidance Puzzle.

Proposition 2 Consider the model given by (1)-(6) and assume the economy is per-

manently in Regime M such that: φ
(st)
π = φπ, φ

(st)
y = φy, and γ(st) = γ for all t ≥ TN

where φπ > 1 − 1−β
κ
φy and γ ∈ (1, (β−1 + 1)/(β−1 − 1)). Furthermore, suppose

φπ = φy = 0 for 0 ≤ t < T1. Then the model exhibits a Forward Guidance Puzzle.

Proof: see Appendix A.3. �

Proposition 2 tells us two things. First, it formally shows that fiscal or monetary

forward guidance during a transient interest rate peg is doomed to generate a Forward

Guidance Puzzle in a determinate model (i.e. a model in which Regime M is resumed

for t ≥ TN) and features time-invariant passive fiscal policy. This is well-known.

Second, it shows more generally that any future structural changes announced at the
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ZLB in a Regime M model with fixed regimes generates a Forward Guidance Puzzle.

This implies, for example, that the model under study suffers the paradox of toil

in Kiley (2016). In contrast, Proposition 3 reveals that Regime F models are never

susceptible to Forward Guidance Puzzles.

Proposition 3 Consider the model given by (1)-(6) and assume the economy is per-

manently in Regime F such that: φ
(st)
π = φπ, φ

(st)
y = φy, and γ(st) = γ for all t ≥ TN

where φπ < 1 − 1−β
κ
φy and γ /∈ (1, (β−1 + 1)/(β−1 − 1)). Furthermore, suppose

φπ = φy = 0 for 0 ≤ t < T1. Then the model does not exhibit a Forward Guidance

Puzzle.

Proof: see Appendix A.4. �

3.2 Fixed Regime Policy Experiments

We now consider the two policy experiments discussed above. The first exercise

considers a one-time shock to iT announced at time 0. Figure 1 shows the impulse

responses of inflation and output to one-time policy shocks at horizons T = 1, 4, 8

for three model parameterizations. We note that our qualitative results are robust to

different model parameterizations and horizons T .

[FIGURE 1 AROUND HERE]

Overall, output and inflation respond less favorably to forward guidance shocks in

a Regime F economy. In a Regime M economy, the negative shock at the T -horizon

causes long run real rates to drop, which induces positive responses in output and

inflation. Implicitly, much of the stimulus is made possible by passive fiscal policy:

the lower debt-service costs and resulting lower debt path implied by forward guidance
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generate a fiscal expansion as governments rebate their savings to households. That

is, bondholders do not feel nominally constrained by the lower path for bonds and

the rate of returns on bonds, and Regime M movements in output and inflation do

not reflect changes in bond wealth.

In Regime F, however, output and inflation do respond to the changes in bond

wealth. Since active fiscal policy fails to compensate households for the lower rate of

return implied by lower interest rates, agents in a Regime F economy are nominally

budget-constrained by expansionary forward guidance. We may therefore describe ex-

pansionary forward guidance as having wealth effects that counteract the stimulating

effects of lower long-run real interest rates in a Regime F economy.

Figure 1 also reveals that the presence of long-term debt (i.e. ρ > 0) in Regime

F leads to higher paths of output and inflation than in a Regime F economy without

long-term debt (i.e. ρ = 0). This is because the presence of long-term debt introduces

yet another channel through which forward guidance impacts output and inflation:

the anticipated decline in short-term interest rates raises the price of outstanding debt,

and therefore raises the market value of outstanding debt held by the household. This

is a debt revaluation effect, and it leans against the aforementioned negative wealth

effects.

Figure 2 plots the initial responses of inflation and output to one-time forward

guidance shocks as T increases. Our simulations confirm what Proposition 2 and

Proposition 3 predict: the responses of inflation and output to forward guidance in

the Regime M model explode as T increases, and they tend to zero in the Regime F

economy.

[FIGURE 2 AROUND HERE]
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The second exercise considers a 12-quarter forward guidance experiment that is

similar to the experiment studied by Del Negro et al. (2015). We model this using

methods from section 2.2 by setting T = j = 12. Figure 3 shows the impulse responses

of inflation and output under the three model parameterizations; Figure 4 plots only

the Regime F responses.

[FIGURES 3-4 AROUND HERE]

We emphasize that the strong responses of output and inflation in Regime M are

a reflection of the Forward Guidance Puzzle. Also note that Figure 3 uses a different

vertical scale than Figure 4.

4 Regime-Switching Forward Guidance Experiment

We now examine the effectiveness of forward guidance in the presence of recurring

fiscal policy regime changes (i.e. we allow policy rules to vary according to the

exogenous Markov process discussed in section 2.1). The advantage of working with

a regime-switching model is that it captures agents’ uncertainty about the future

conduct of fiscal policy which, as argued in the introduction, may be a relevant

consideration in Great Recession analyses.

In this section, we show that uncertainty about future fiscal policy can eliminate

the Forward Guidance Puzzle for economies with highly persistent passive fiscal policy

regimes. This means that we do not need to make heroic assumptions about the fixed

nature of fiscal or monetary policy to eliminate the Forward Guidance Puzzle. In

fact, the opposite may be true: an economy can be subject to infinitely-lived forward

guidance policy during an infinitely-lived passive fiscal policy regime, and the Forward

Guidance Puzzle will not emerge provided agents place sufficiently high probability
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on eventual visits to active fiscal policy regimes (e.g. Figure 9). That said, the

presence of regime uncertainty is not sufficient for the FTPL to resolve the Forward

Guidance Puzzle: even when the bond valuation equation in Cochrane (2017b) pins

down prices, passive regimes may be strong enough to permit unbounded responses

of inflation to forward guidance in non-Ricardian equilibria. We show how and when

regime uncertainty eliminates the Forward Guidance Puzzle in two ways.

First, section 4.1 numerically11 examines the conditions under which a model

does or does not exhibit a Forward Guidance Puzzle according to Proposition 1. We

find that our methods are efficient and effective, and work well across a large set of

reasonable model parameterizations.

Second, our analysis in section 4.2 computes impulse responses for specific forward

guidance policy experiments to show the extent to which regime uncertainty limits

the responses of inflation and output to monetary forward guidance. We find that

the impulse responses for regime-switching models that do not exhibit a Forward

Guidance Puzzle qualitatively resemble the impulse responses for the fixed Regime F

economies in section 3.2, regardless of whether fiscal policy is active or passive over

the forward guidance horizon in the regime-switching models.

4.1 Regime Switches and the Forward Guidance Puzzle

Because we cannot obtain analytical results, we specify a large set of switching poli-

cies, where each policy is given by (pMM , pFF , φ
(M)
π , φ

(F )
π , φ

(M)
y , φ

(F )
y , γ(M), γ(F )), and

execute the following procedure to check whether each model exhibits a Forward

Guidance Puzzle:

11Analytical conditions are available for the special case of flexible prices (κ→∞) and ρ = 0, but
we abstract from this special case and consider the more empirically-relevant version of the model.
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1. Solve for the post-forward guidance solution (12).

2. Iterate on (13) to compute limT→Ω
(s0)
0 given Ω(st) from step 1.

3. Compute r(ΨF̄ ).

For each model parameterization we consider, the routine described above takes only

a few seconds at most to implement.

Figures 5 and 6 present our main section 4.1 results for different parameterizations.

In our baseline parameterization, we set β = .99, κ = .1, σ = 1 and ρ = 0.12 Our

results are qualitatively robust to alternative calibrations, though we emphasize that

our maintain intention in section 4.1. is to show that regime uncertainty can eliminate

the Forward Guidance Puzzle. We do note that all of the policy parameterizations we

consider allow for highly persistent passive fiscal policy regimes (e.g. when pMM =

pFF = .95, passive fiscal policy is in effect 50% of the time). We choose pMM = pFF =

.95 because it is roughly in line with estimates of the persistence of fiscal policy regimes

obtained in Davig and Leeper (2011), Bianchi and Ilut (2017). Finally, parameters

are always selected so that the model is determinate after forward guidance.

Figure 5, panel A presents a region of the policy parameter space for which a

Forward Guidance Puzzle does not emerge. The complement of this region provides

the menu of policy parameterizations consistent with a Forward Guidance Puzzle.

Figure 5, panel B shows that the constellation of parameters consistent with reason-

able impulse responses to forward guidance shocks expands when the Phillips curve

flattens or risk aversion is increased. Figure 6 shows what happens when pMM and

pFF are varied. Intuitively, increases (decreases) in pFF holding pMM constant en-

large (shrink) the region of the parameter space consistent with no Forward Guidance

12Variation in ρ does not affects our results in section 4.1.
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Puzzle. Increases (decreases) in the persistence of both regimes mitigate (enhance)

regime-spillover effects and therefore shrink (expand) parameter regions consistent

with no Puzzle.

Figure 7 confirms our numerical analysis in Figures 5 and 6 by plotting initial

responses to announced one-period forward guidance shocks at horizons T . Param-

eterization A in this Figure comes from inside the region of the parameter space in

Figure 5, Panel A associated with no Forward Guidance Puzzle. Like Parameteri-

zation A, Parameterization B features a switching model with persistent active and

fiscal policy regimes. Unlike A, parameterization B is taken from the region of Figure

5, Panel A associated with the emergence of a Forward Guidance Puzzle. Parame-

terization C features a permanent passive fiscal policy for comparison. Details about

the parameterizations are in Table 2 and Table 3.

[FIGURES 5-6 ABOUT HERE]

In sum, our analysis proves that models with sufficiently strong or frequent active

fiscal policy regimes do not exhibit Forward Guidance Puzzles. The FTPL therefore

resolves the Forward Guidance Puzzle under less restrictive assumptions about pol-

icy than the assumption of fixed regimes commonly employed in the New Keynesian

literature. Moreover, as argued in section 2.2. our results hold for all potential com-

binations of policy regimes that are realized over the course of the forward guidance

policy. Of course, our results also suggest that the recurrence of active fiscal policy

regimes is not sufficient for eliminating Forward Guidance Puzzles.

[FIGURE 7 AROUND HERE]
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4.2 Regime-Switching Policy Experiments

In this section we study the impulse responses of inflation and output to monetary

forward guidance experiments in our regime-switching economy. In our simulations,

we specify a path for the Markov states, st, but we assume that agents do not know

this path ex ante. I.e. we assume that agents form rational expectations using the

true transition probabilities (e.g. if st = M then Et(st+1 = M |st = M) = pMM where

pMM is the probability of remaining in Regime M). To mitigate the impact of active

fiscal policy on our results, we only report impulse responses for simulations in which

the economy remains in a passive fiscal regime (Regime M) over the entire duration

of the fiscal guidance horizon.

For models that do not suffer the Forward Guidance Puzzle, we find that expec-

tations effects–i.e. the difference between the fixed Regime M impulse responses and

the Regime M impulses in the switching economy–are strong. Figure 8 shows this

clearly, and Figure 9 demonstrates robustness to long horizons, T . Intuitively, the

expectations effects of forward guidance should be strong, since agents’ uncertainty

about future fiscal policy grows in T .

There is an alternative way to observe the strength of the expectations effects: the

impulse responses in the passive fiscal regimes of Puzzle-free models largely resemble

the impulse responses in economies with permanent active fiscal policy. We can see

this by comparing Figure 3 and 8. Figure 10 combines the fixed active regime impulse

responses from Figure 3 and the switching model’s passive regime impulse responses

from Figure 8, but readers are encouraged to first compare Figures 3 and 8 before

considering Figure 10. These figures show that the impulse responses in the switching

model’s passive fiscal regime largely resemble the responses in the model with fixed

active policy when there is long-term debt in the model and a reasonable description
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of the debt maturity structure. For a model with short-term debt only, the initial

responses across the two parameterizations are similar, but forward guidance has

more persistent effects in the switching model, though these effects are eliminated by

a switch to active fiscal policy.

5 Conclusion

New Keynesian models predict implausible responses to anticipated structural changes,

particularly when interest rates are constrained by the zero lower bound, a phe-

nomenon known as the Forward Guidance Puzzle. We develop and use tractable

necessary and sufficient conditions for when a model exhibits a Forward Guidance

Puzzle to formally study when active fiscal policy eliminates any Forward Guidance

Puzzle. We show that permanent or recurring active fiscal policy regimes can severely

dampen equilibrium responses to anticipated changes in the structure of the economy.

For our results to hold, we do not need heroic assumptions about the stance of

fiscal policy on debt during the forward guidance horizon. Using a regime-switching

New Keynesian model, we show that expectations of future active fiscal policy can

significantly dampen the response of output and inflation to forward guidance, even

while fiscal policy is currently passive.
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Appendix

Figures and Tables

Table 1: Fixed Coefficient Model Determinacy Conditions

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

Table 2: Fixed Coefficient Model Parameterization

Description Reg. M
Reg. F
(short-term)

Reg.F
(long-term)

σ CRRA parameter 1 1 1
β Discount Factor .99 .99 .99
κ Slope of Phillips Curve .1 .1 .1
φπ Feedback Inflation 1.5 .5 .5
φy Feedback Output .1 .1 .1
ρn AR(1) natural rate .5 .5 .5
ρµ AR(1) cost-push .5 .5 .5
ρ Avg. Maturity 0 0 .9
γ Feedback Debt 5 0 0

Table 3: Regime-Switching Model Parameterizations

γ(M) γ(F ) φπ(M) φπ(F ) pMM pFF ρ
Figs. 8-10 (ST Debt) 4 -4 1.5 .5 .95 .95 0
Figs. 8-10 (LT Debt) 4 -4 1.5 .5 .95 .95 .9
Fig. 7 Param. A 4 -4 1.5 .5 .95 .95 0
Fig. 7 Param. B 6 -5 1.5 .5 .95 .95 0

Section 4 parameterizations same as Section 3 parameterizations except for the
above values. φy(st) = .1 for all st. The fixed regime parameterizations in section 4

are identical to the fixed Regime M parameterization in section 3 (see Table 2).
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Figure 1: The impulse responses of output and inflation to a one-unit anticipated
shock at horizons T = 1, 4, 8. The solid line shows impulse responses in the Regime
M model; the dashed line shows impulse responses in the Regime F model with long-
term debt; the dashed-dotted line shows impulse responses in Regime F with only
short-term debt.

Figure 2: The initial responses of output and inflation to a one-unit anticipated shock
at horizons T . The solid line shows impulse responses in the Regime M model; the
dashed line shows impulse responses in the Regime F model with long-term debt; the
dashed-dotted line shows impulse responses in Regime F with only short-term debt.
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Figure 3: The 12-quarter Forward Guidance Horizon Experiment. The solid line
shows impulse responses in the Regime M model; the dashed line shows impulse
responses in the Regime F model with long-term debt; the dashed-dotted line shows
impulse responses in Regime F with only short-term debt.

Figure 4: The 12-quarter Forward Guidance Horizon Experiment. The dashed line
shows impulse responses in the Regime F model with long-term debt; the dashed-
dotted line shows impulse responses in Regime F with only short-term debt.

30



Figure 5: Left panel (Panel A): pMM = .95 = pFF = .95, σ = 1, κ = .1; right
panel (Panel B): pMM = .95 = pFF = .95, σ = 5, κ = .05. The dark gray region
features Puzzle-free equilibria; the light region features parameterizations that lead
to a Forward Guidance Puzzle.

Figure 6: Left panel (Panel A): pMM = .99 = pFF = .99, σ = 1, κ = .1; right
panel (Panel B): pMM = .93 = pFF = .93, σ = 1, κ = .1. The dark gray region
features Puzzle-free equilibria; the light region features parameterizations that lead
to a Forward Guidance Puzzle.
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Figure 7: The initial responses of output and inflation to a one-unit anticipated shock
at horizons T . The solid line shows impulse responses in the fixed Regime M model;
the * line shows impulse responses in Regime M in a switching model that exhibits the
Forward Guidance Puzzle; the dashed-dotted line shows impulse responses in Regime
M in a switching model that does not exhibit the Forward Guidance Puzzle.

Figure 8: The 12-quarter Forward Guidance Horizon Experiment. The solid line
shows impulse responses in the fixed coefficient model Regime M; dashed line shows
impulse responses in the switching model Regime M with long-term debt; the dashed-
dotted line shows impulse responses in the switching model Regime M with only
short-term debt.
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Figure 9: One Hundred Years of Forward Guidance Horizon. The solid line shows
impulse responses in the fixed coefficient model Regime M; dashed line shows impulse
responses in the switching model Regime M with long-term debt; the dashed-dotted
line shows impulse responses in the switching model Regime M with only short-term
debt.

Figure 10: The 12-quarter Forward Guidance Horizon Experiment. The dashed line
shows impulse responses in the switching model Regime M with long-term debt; the
dashed-dotted line shows impulse responses in the switching model Regime M with
only short-term debt; the dark lines show the impulse responses in models with fixed
active fiscal policy regimes.
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A.2. Proof of Proposition 1

First, we show that limT1→∞ x0 exists for all s0 ∈ {1, . . . , S}, given any x−1 ∈ Rn, u0 ∈

Rm if and only if limT1→∞ ξ
(s0)
0 = ξ̄(s0), limT1→∞ Γ

(s0)
0 = Γ̄(s0), and limT1→∞Ω

(s0)
0 =

Ω̄(s0) exist for all s0.

lim
T1→∞

x0 = lim
T1→∞

(
ξ

(s0)
0 + Ω

(s0)
0 x−1 + Γ

(s0)
0 u0

)
=

(
lim
T1→∞

ξ
(s0)
0

)
+

(
lim
T1→∞

Ω
(s0)
0

)
x−1 +

(
lim
T1→∞

Γ
(s0)
0

)
u0

which clearly exists for any given x−1, u0, s0 if and only if limT1→∞ ξ
(s0)
0 = ξ̄(s0),

limT1→∞ Γ
(s0)
0 = Γ̄(s0), and limT1→∞Ω

(s0)
0 = Ω̄(s0) exist for all s0. Second, we prove the

following: limT1→∞ ξ
(s0)
0 = ξ̄(s0), limT1→∞ Γ

(s0)
0 = Γ̄(s0), and limT1→∞Ω

(s0)
0 = Ω̄(s0) exist

for all s0 if and only if limT1→∞Ω
(s0)
0 = Ω̄(s0) exists for all s0 and r(ΨF̄ ) < 1 where

ΨF̄ =

(
⊕Ss0=1

(
In − A(s0)

0 E0(Ω̄(s1))
)−1

A
(s0)
0

)
(P ⊗ In)

where ⊕Ss0=1

(
In − A(s0)

0 E0(Ω̄(s1))
)−1

A
(s0)
0 = diag(

(
In − A(1)

0 E0(Ω̄(s1))
)−1

A
(1)
0 , . . . ,

. . . ,
(
In − A(S)

0 E0(Ω̄(s1))
)−1

A
(S)
0 ). Since (13) decouples from (13)-(15), limT1→∞Ω

(s0)
0 =

Ω̄(s0) exists independently of (14)-(15), and (14) reveals that Γ̄(s0) exists for all s0

if Ω̄(s0) exists for all s0. Finally, define ΨĀ =

(
⊕Ss0=1

(
In − A(s0)

0 E0(Ω̄(s1))
)−1
)

,

ξt = (ξ
(1)′

t , . . . , ξ
(S)′

t )′, and D0 = (D
(1)′

0 , . . . , D
(S)′

0 )′. When limT1→∞Ω
(s0)
0 = Ω̄(s0)

exists, ξt evolves backwards in time (i.e. as t→ −∞ and T1 →∞) according to:13

ξt = ΨF̄ ξt+1 + ΨĀD0 (17)

13Technically, our notation in the main text assumes t ≥ 0, but we can redefine t to claim that
(17) governs the evolution of ξ0 as T1 →∞.
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(17) is a system of linear difference equations that is globally stable around the unique

steady state, limt→−∞ ξt = limT1→∞(ξ
(1)′

0 , . . . , ξ
(S)′

0 )′ = (ξ̄(1)′ , . . . , ξ̄(S)′)′, if and only if

r(ΨF̄ ) < 1. This completes the second part of the proof.

A.3. Proof of Proposition 2

Under the assumptions in Proposition 2, the unique equilibrium for t ≥ TN is given by

Ω = Bn where the model for t ≥ TN is xt = ANEtxt+1 +BNxt−1 +CNut+DN , BN is a

matrix with its only nonzero entries corresponding to the rows for (4)-(5) and column

for b̂mt−1, and st is dropped because S = 1. Ω = BN because Ricardian equivalence

obtains (i.e. (1)-(3), (6) decouple from (4)-(5) since (4)-(5) are dynamically stable

when γ ∈ (1, (β−1 + 1)/(β−1 − 1))). Moreover, AiBN = 0 for all i = 0, . . . , N since

the non-zero elements of BN do not post-multiply the non-zero elements of Ai (the

only nonzero elements of Ai correspond to the rows for (1)-(3), (6) and the columns

for Etŷt+1, Etπ̂t+1, EtP̂
m
t+1). Also, since Ω = BN and Bi = BN for all i = 0, . . . , N

it follows immediately that limT1→∞Ω0 = BN = B0 = Ω. Therefore, ΨF̄ = A0, and

r(A0) = r(ΨF̄ ) > 1 because an interest rate peg is in effect. We conclude the model

has a Forward Guidance Puzzle.

A.4. Proof of Proposition 3

Let U denote the set of equilibria of (13) when i = 0: U = {Ω∗|Ω∗ = (I − A0Ω∗)−1B0},

where st is dropped as in A.3. For any Ω∗ ∈ U and corresponding F ∗ = (I − A0Ω∗)−1A0,

Ω∗ is a locally stable equilibrium in U if and only if r((Ω∗)′ ⊗ F ∗) = r(Ω∗)r(F ∗) < 1.

Hence, if r(Ω∗)r(F ∗) > 1, then limT1→∞Ω0 6= Ω∗. Given that γ /∈ (1, (β−1 +1)/(β−1−

1)) and an interest rate peg (φπ = φy = 0) is in place at t = 0, we know from Wood-
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ford (1998) that there exists a unique equilibrium of (13), Ω̄, such that r(Ω̄) < 1 (i.e.

r(Ω∗) > 1 for all Ω∗ ∈ U\{Ω̄}). Furthermore, McCallum (2007) shows that r(F̄ ) < 1,

such that r(Ω̄)r(F̄ ) < 1, which implies that Ω̄ is a locally stable equilibrium of (13).

We show that it is the unique locally stable equilibrium using analysis from Cho

(2019). Define D = Ω̄− Ω∗. Since Ω∗, Ω̄ ∈ U we can write the following:14

xt = Ω̄xt−1

= A0Ω̄xt +B0xt−1

= A0Ω∗xt + A0Dxt +B0xt−1

= F ∗Dxt + Ω∗xt−1 = F ∗DΩ̄xt−1 + Ω∗xt−1

Therefore, D = F ∗DΩ̄, which implies vec(D) =
(
(Ω̄′)⊗ F ∗

)
vec(D), such that

r(Ω̄)r(F ∗) ≥ 1 . It immediately follows that r(F ∗) > 1 and r(Ω∗)r(F ∗) > 1 since

r(Ω̄) < 1 and r(Ω∗) > 1. Hence, limT1→∞Ω0 can only be Ω̄, and r(F̄ ) = r(ΨF̄ ) < 1

which means that there is no Forward Guidance Puzzle. We note that Ω′ = BN is still

an equilibrium of (13), as under Regime M policy. However, the unique equilibrium

under Regime F for t ≥ TN is characterized by Ω 6= BN ,15 which means that the

initial condition for (13) does not place us exactly in an unstable equilibrium of (13).

We also note that we rely on local stability conditions, but the Regime F assumption

gives us small φy, φπ that are local to φy = φπ = 0 (i.e. Ω is in a reasonably small

neighborhood of Ω̄ under the Regime F assumption).

14For simplicity, we suppress exogenous shocks and intercept terms in the model so that we can
write the model in the form: xt = A0Etxt+1 +B0xt−1. We can obtain the same results if we include
shocks and intercept terms.

15Since r(BN ) > 1 when γ < 1, Ω will contain different nonzero elements (i.e. π̂t, ŷt, and possibly

ît, P̂
m
t will depend on b̂mt−1).
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