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Abstract

A natural generalisation of the original Leeper (1991) taxonomy leads to the concepts of globally
active (or passive) and globally switching policies to explain the determinacy properties of a model
where both monetary and fiscal policies may switch according to a Markov process. Monetary
and fiscal policies need to be globally balanced to guarantee a unique equilibrium: globally active
monetary policies need to be coupled with globally passive fiscal policies, and switching monetary
policies with switching fiscal policies. This new taxonomy also links the determinacy analysis to
the model dynamics because it qualifies under which conditions expectations and wealth effects

arise in the Markov-switching model.
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1 Introduction

Economists generally describe macroeconomic policy through the use of policy rules that are then
embedded in dynamic general equilibrium models to analyse their stabilisation and welfare properties.
There is a wealth of evidence, however, that monetary and fiscal policy rules change over time, so
a growing body of literature has started using models with recurring regime changes to estimate

L In such a setup, agents coherently form their

and study monetary and fiscal policy interactions.
expectations considering the possibility of a change in the policy regime. This affects the dynamics
of the model and the nature of the rational expectations equilibrium. In particular, when agents’
expectations incorporate the possibility that policy regimes may switch, the analysis of uniqueness
or multiplicity of rational expectations equilibria is quite different from the standard literature on
determinacy/indeterminacy (e.g., Lubik and Schorfheide, 2004), where the change in regime comes as
a complete surprise and it is perceived to last forever. It is possible that policy combinations, that
lead to an explosive equilibrium in a fixed regime model, do not violate the transversality condition
in a Markov switching model because agents correctly impute a positive probability of returning to
a stable regime. Similarly, policy mixes, that would lead to indeterminacy in a fixed-regime model,
could result in a unique determinate equilibrium if agents again anticipate the probability of reverting
to a different policy mix in the future.

The influential contribution by Davig and Leeper (2007b) shows how to generalise the Taylor
principle - the proposition that the central bank can stabilise the macroeconomy by adjusting the
policy rate more than one-to-one with inflation - to a Markov-switching context. They find that
the Taylor principle can be satisfied in the long run “even while deviating from it substantially for
brief periods or modestly for prolonged periods”. Allowing for regime changes in the parameter that
controls the response of the interest rate to inflation in the Taylor rule, a passive monetary policy -
indeterminate in a static context - could return determinacy if monetary policy becomes sufficiently
aggressive in the future regime. The authors conclude that this long-run Taylor principle dramatically
expands the determinacy region when compared to the constant-parameter setup.?

This paper studies whether the long-run Taylor principle changes when fiscal policy is allowed
to change regime too. Consistently with much of the literature, Davig and Leeper (2007b) place

fiscal policy in the background by assuming a passive fiscal policy.> However, the seminal paper by

!The list is rather long so here we mention quite a few without the aim of being exhaustive: Davig and Leeper
(2007a,b); Chung et al. (2007); Davig and Leeper (2008, 2011); Bianchi (2013); Foerster (2013); Bianchi and Ilut (2014);
Leeper et al. (2015).

2See Barthelemy and Marx (2015) for a recent generalisation of the results in Davig and Leeper (2007b).

3We apply the terminology in Leeper (1991). Active monetary (AM) policy arises when the response of the nominal



Leeper (1991) analyses the determinacy properties of four different regimes in a fixed coefficient setting
depending on fiscal and monetary policies being active or passive. We thus extend Davig and Leeper’s
paper to a model where both monetary and fiscal policies are allowed to switch between a passive and
an active state. By allowing for regime switching in both policies, our contribution generalises the
seminal paper of Leeper (1991) to a Markov-switching context.

While the literature features many papers that estimate and analyse models’ dynamics allowing
contemporaneous switching of both monetary and fiscal policy, we study the conditions for the ex-
istence of a unique stable solution in a simple New Keynesian model, using the algorithm based on
the perturbation method developed by Foerster et al. (2015, henceforth FRWZ). Indeed, determinacy
represents a desirable feature of monetary policy implementation since the existence of multiple stable
equilibria exposes the economy to endogenous volatility. We show that coordination between policies
across the two regimes is essential because with a simultaneous switching of monetary and fiscal policy
almost anything can happen. In particular, the switching from a double active regime (explosive in
fixed coefficients) to a double passive regime (indeterminate in fixed coefficients) can happen to return
determinacy. Furthermore, switching between two determinate regimes does not assure determinacy.
Our approach extends Davig and Leeper’s (2007b) intuition and proposes a natural generalisation of
Leeper (1991), introducing the concepts of globally active (or passive) and globally switching policies
to explain the determinacy properties of the model under Markov switching. A globally active (or
passive) monetary (or fiscal) policy admits a modest deviation into passive (or active) monetary (or
fiscal) policy in one of the regimes, but this deviation needs to be modest. If the deviation is instead
substantial we label the monetary (or fiscal) policy a globally switching one.

The paper offers two main results. The first main message is that monetary and fiscal policies
need to be globally balanced to guarantee a unique equilibrium: a globally active monetary policy
needs to be coupled with a globally passive fiscal policy, and globally switching monetary policies with
globally switching fiscal policies. Despite the complexity of the algorithm, we are able to provide some
analytical insights on our results. This allows us to establish the second main result of the paper: there
is a direct link between the concept of balanced policies and the dynamics of the model in terms of the
presence of expectation effects. Contrary to Davig and Leeper (2007a) and Chung et al. (2007), we do

not find that the fiscal theory is always at work when agents attach a positive probability of moving

interest rate is more than one-to-one to inflation, otherwise there is passive monetary (PM) policy. Analogously, passive
fiscal (PF) policy occurs when taxes respond sufficiently to debt to avoid its explosion, while it is named active fiscal
(AF) otherwise. In many fixed coefficient models, a unique bounded equilibrium requires one active and one passive
policy.



towards a regime with active fiscal policy. We find neither expectation effects nor wealth effects under
a globally AM/PF regime, that is, a regime that admits only modest deviations into PM/AF in one
of the two regimes. Our study solves the problem of establishing if a regime is Ricardian or not in a
model where agents are aware of recurrent regime changes: a globally AM/PF regime is definitively
Ricardian.

We (mainly) concentrate our analysis on the case where one of the two regimes is AM/PF, which is
the benchmark case in the New Keynesian literature.? Moreover, many works in this literature study
the consequence on inflation of the transition from the Great Inflation to the Great Moderation era, the
latter commonly considered an AM/PF regime.® Finally, we think that the regime switching approach
is particularly suited to understanding the economic consequences of returning to the benchmark
AM/PF regime after a period where fiscal policy could be considered active and monetary policy has
been constrained by the zero lower bound, as after the outbreak of the recent crisis.

The paper is structured as follows. Section 2 is devoted to present the model and the methodology.
Section 3 analyses determinacy areas when one of the two regimes is AM/PF, it explains what we
mean by a globally balanced regime and it shows the implications for policy coordination. Section
4 focuses on the dynamics of the model and on the expectation effects of regime shifts. Section 5

concludes.

2 Model and Methodology

2.1 The model

We consider a basic New Keynesian model with monetary and fiscal policy rules, as in Bhattarai et al.
(2014). The model is well-known, so a more complete description is in the Appendix. In non-linear

form, the equations of the model are the following

;-G Ry
1= fE, [t 1
o (g ). (1)
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“Results, however, can be easily extended to any other regime combination.
®Note that some authors consider the Great Inflation an indeterminate regime, e.g., Bhattarai et al. (2012), while
others consider it a PM/AF regime, e.g., Bianchi (2012).
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Equation (1) is a standard Euler equation for consumption, where Y is output, R the nominal
interest rate, II the gross inflation rate and G government spending, which is assumed to be exogenous
and constant. Equations (2) and (3) describe the evolution of inflation in the non-linear model. ¢, is
an auxiliary variable (equal to the present discounted value of expected future marginal revenues) that
allows us to write the model recursively. Equation (4) is the flow budget constraint of the government,
where b, = B,/ P, is real government debt. We follow Leeper (1991) in using lump-sum taxes, i.e., 7,
which are set according to the fiscal rule (5): taxes react to the deviation of lagged real debt from
its steady state level (b) according to the parameter v;;. Equation (6) describes monetary policy. It
is a simple Taylor rule where the central bank reacts to current inflation according to the parameter
Yrt- A variable without the time index (i.e., 7, b and R) indicates its steady state value. [ is the
intertemporal discount factor; 6 is the Dixit-Stiglitz elasticity of substitution between goods; and « is
the Calvo probability that a firm is not able to optimise its price. The key parameters of our analysis
are 7+ and 7y, which describe the time-varying stance of fiscal and monetary policy, respectively. We
assume that these parameters follow an underlying two-state Markov process and are equal to (yr;,
vri) when the economy is in regime 4, for ¢ = 1,2. The transition probabilities of going from regime

i to regime j are denoted by p;;, so p;; is the probability of remaining in regime 7 and p;; = 1 — py;.

2.2 Solution method

As our model includes fiscal policy, we need to account for the dynamics of public debt, which is a
state variable. We thus employ the perturbation method developed by FRWZ, which allows us to

solve for the minimal state variable (MSV) solutions of a Markov-switching model in the presence of



predetermined variables.® Following FRWZ, our model can be written as

Eif (Yes1, Ye, be, b1, €441, €1, 0141,6:) =0, (7)

where b; is the only predetermined variable, while the remaining non-predetermined variables are
stacked in vector y; = [Y;, I, ¢¢]. The exogenous shocks appear in vector &, = [um¢t, Ury), and
0; = [Vr+t,Vrt) is the vector of Markov-switching parameters. The first-order Taylor expansions of the

recursive solutions are

by =~ b+ hip(bi—1 — b) + hj et + hiy X, (8)

Ye 2 Y+ gip(bi—1 — b) + gic&r + Gin X, 9)

where y is the perturbation parameter. Note that the slope coefficients of the solutions are regime-
dependent, while the steady state is not. h;; governs the stability properties of the solution and
is therefore required for the analysis of determinacy. FRWZ show that h;;, and g;; can be jointly
found after solving a system of quadratic equations. As this system cannot be solved using traditional
approaches such as the generalised Schur decomposition, we follow FRWZ and adopt the Groebner
basis algorithm to find all existing solutions.

Once all the admissible solutions have been found, a stability criterion needs to be imposed in
order to select the stable ones. We use the concept of mean square stability (MSS) proposed by Costa
et al. (2005) and Farmer et al. (2009).” The MSS condition constrains the values of the autoregressive
roots in the state variable policy function in the two regimes. In the Appendix we show that the exact

conditions for MSS are

(p11 +p22 — 1) hih3 < 1, (10)

pithi (1= h3) + paah3 (1 — h7) + hih3 < 1, (11)

for p11 + pe2 > 1. Therefore, any given parameter configuration could lead either to: (i) determinacy,

when a unique stable solution exists; (ii) indeterminacy, when multiple stable solutions exist; (iii)

SWhile some other non-MSV solutions may still exist, this class of solutions is usually the one employed in the
estimation of DSGE models. At the time of writing, the analysis of rational expectation solutions in a Markov-switching
context is a very active research area. Beside FRWZ, see, among others, Farmer et al. (2009, 2011), Blake and Zampolli
(2011), Cho (2015), Maih (2015), Barthelemy and Marx (2015).

"Davig and Leeper (2007b) employs a different concept of stability: bounded stability, which requires bounded paths
and thus rules out temporarily explosive paths in one of the two regimes. See Farmer et al. (2009) and Barthelemy and
Marx (2015) for a discussion in the context of Markov-switching DSGE models.



explosiveness, when no stable solutions exist. In what follows we want to explore the parameter space

in order to identify the regions corresponding to these three cases.

2.3 Determinacy under fixed coefficients: Leeper (1991)

Assume for the moment that both v.; and 7,; are constant over time and not subject to regime
changes, as in Leeper (1991). The log-linearised model is a trivariate dynamic system in the two jump

variables g and 7; and the predetermined variable l;t

1. 1_ - A A

~¥i = “EYir1 — (R~ Eillen) (12)
N A~ N

II; = EYt + BE ;4 1, (13)
Rt = ’Ywﬂt + Um,t, (14)
N 1 T N 1. A 17
by = B (1 — E’Yr) b1 — BHt + Ry — Bgur,tv (15)

where ¢ is the steady state consumption-to-GDP ratio and A = (1 — a)(1 — aff)/a determines the
slope of the Phillips curve. Hatted variables indicate log-deviations from steady state values. It is
useful here to recall the necessary and sufficient conditions for determinacy of the rational expectations
equilibrium (REE) in a fixed coefficient model. Using Leeper’s (1991) renowned taxonomy, fiscal policy

is said to be passive if the fiscal rule guarantees debt stabilisation in (15), that is if

h0-5

In case of passive fiscal policy, it is easy to show that the following conditions have to hold to yield

<1 (16)

determinacy

Yo > 1 (17)

and

>0 (18)

The first condition is the Taylor principle and it implies the second, which then becomes redundant.
According to Leeper’s taxonomy, monetary policy is labelled active if it satisfies the Taylor principle,
otherwise is labelled as passive. Hence, the famous result in Leeper (1991) follows: when fiscal policy
is passive, monetary policy needs to be active (i.e., 7 > 1) to yield determinacy.

Conversely,in case of active fiscal policy (i.e., when (16) holds with the opposite sign), monetary



policy should be passive to guarantee determinacy: v, < 1. In this case, the REE is non-Ricardian so
a change in lump-sum taxation has real effects, and the so-called fiscal theory of the price level holds.®
Summing up, in a fixed coefficient model as in Leeper (1991), the determinacy region is defined by

the following conditions:
e Active monetary/passive fiscal (AM/PF)
b b
vr>1 and (1—&); <y < (1+B);
e Passive monetary/active fiscal (PM/AF)
b
T

Yr <1 and either 7, < (1 —,B)g or v > (1+p)

The REE equilibrium is indeterminate under PM/PF configurations and explosive under AM/AF
ones.

2.4 Determinacy under regime switching

2.4.1 The general case

Applying the FRWZ method, the Appendix shows that solutions need to satisfy the following system

of equations for the general case with pi1,pos < 1

0=gr1 [L+Mnx1—piihi (1+ B8+ X +pi18h3] + (1 — p11) (1 — pa2) Bhihagn

(19)
+ (1 = p11) higr2 [P118h1 + p22fhe — (1 4+ B+ N)],
0=gr2 [l 4+ Mn2 —pazha (1+ B+ ) +P§25h3] + (1 = p11) (1 — p22) Bhihagr2 (20)
+ (1 = p22) hagr,1 [P118h1 + pa2Bha — (1 + 5+ N)],
1 (1 - I7‘1‘1) _hl
grg = St : (21)
b (B - 7#,1)
L0 o) -
57,2 2
grp = " : (22)
b (B - 77r,2)

where the 4 unknowns are hi, ha, gr1 and gr2. Recall that the debt, b, is the state variable of the

system. h; is the response of debt to its lag in regime i and gr; is the response of inflation to the

8See Bhattarai et al. (2014) for a thorough analysis of the dynamics implied by such a parameter configuration.



lagged debt in regime 1.

2.4.2 The absorbing case

In the subsequent analysis we will often refer to the case where regime 1 is absorbing, so that p1; = 1.
This simplification allows us to derive analytical results on determinacy and, in turn, develop intuition
about the numerical results in the general case. We refer the interested reader to the Appendix for
the derivations of the analytical results in the text for this case. If p;; = 1, equations (19) and (21)

reduce to
% (1 - %’77,1) - hl

G

and the conditions for MSS, i.e., (10) and (11), simplify to: |h1| < 1 and |ha| < \/%. Note that the

Markov-switching nature of the economy only affects the condition in the non-absorbing regime. In

0= [14+ Mra — hi (14 B+ A) + Bhi] (23)

particular, with respect to the fixed-coefficient case, the stability condition is less binding the lower is

the probability of staying in the second state.

3 Determinacy Analysis

This section contains the main results of the determinacy analysis in our model. First, starting from an
AM/PF regime, we want to understand how determinacy varies as the policy mix in the other regime
changes. We will first analyse and provide analytical results for the case where regime 1 is absorbing
(Section 3.1) and then numerical results for the more general case where the probability of staying in
each regime is lower than one (Section 3.2). Since our main contribution is to extend the analysis of
Davig and Leeper (2007b) to fiscal policy, Section 3.3 studies the conditions that fiscal policy needs to
satisfy in the two regimes to yield a unique REE. An important insight is that determinacy depends on
the existence of globally balanced policies, calling for coordination of fiscal and monetary authorities

(Section 3.4).

3.1 The absorbing AM/PF case

Assume that regime 1 is absorbing, so that p;; = 1. If the economy is already in this regime, the
conditions for determinacy evidently are the same as under fixed coefficients. Hence if fiscal policy

is passive, condition (16) must hold, that is 2(1 —B) <91 < %(1 + (), and monetary policy must



be active (yr1 > 1). Figure la shows the combinations of the monetary (v, 2) and the fiscal (7;2)
coefficients for the second regime (setting pao = 0.95) that return determinacy of the global equilibrium
given an absorbing AM/PF regime 1 (y,1 = 1.5, 7,1 = 0.2). Notably, there are two regions in the
(7,2, 77,2) space that return determinacy: an upper-right zone and a lower-left one.

First, let us analyse the upper-right zone. In this case there is MSS if for regime 2 the following

conditions hold

_ b p
77',2 S <7T,27 ; <]— + \/@)) ) (24)

Yr,2 > '77r,27 (25)

with
(1 - Bvpz) (1 - vp2)

b B
_7_ = — 1 — , d _71' = —
Yr2 = - < M) an V.2 /P22 h\

Determinacy clearly emerges when the second regime is AM/PF too. The threshold values 7,2 and

Ar 29, however, imply that both intervals for v;9 and 7,2 widen, compared to the fixed coefficients
result: there is determinacy even if the second regime deviates from Leeper’s (1991) definition of
the AM/PF mix. Looking carefully at the conditions above, one can realise that 7,2 is negative, if
/P22 < B, while 7 5 is lower than one, because /p22 < 1. In other words, in order to have determinacy,
fiscal and monetary policy in the second regime are not constrained to be, respectively, always passive
and active. Rather, they can now vary “modestly” and be (to a certain extent), respectively, active
and passive. This effect is more pronounced the lower is p2s. The modest changes for fiscal and
for monetary policy are given by the following intervals (visualised, respectively, by the dotted and

continuous arrows in Figure 1a)

b
7)/7',2 < V7,2 < ; (1 - /8) ) (26)
Yr2 < Yr2 < 1. (27)

Consider now what happens in the lower-left zone. There is global MSS if for regime 2 the following

holds

b B
<A d >—11 28
Vr2 < Vr2 and 7,2 T( + \/IE)’ (28)

Vr,2 < ;YTI',Q' (29)

90ur calibration yields : 0.019 < 7,1 < 3.892. The calibration is described in Table 1 in the Appendix. We do not
discuss it in the main text because it is very standard and our model is too stylised to make the case for a quantitative
analysis. However, the logic of our analyses and results do not depend on the particular calibration chosen.



In this case, in order to have determinacy, fiscal and monetary policy in second regime are constrained
to be, respectively, always “more than” active and “more than” passive with respect to Leeper’s
(1991) conditions. Hence, both monetary policy and fiscal policy must deviate “substantially” from
the previous AM/PF regime.

The above analysis yields two key points. The first one relates to what we define as “modest”
deviations; the second one to the nature of the solutions that characterise the different regions in
Figure 1a.

First, the extent of the admissible deviations is given by the MSS conditions: |hy| < ——, that

VTR
allows a relaxation of Leeper’s (1991) original conditions. With a certain abuse of terminology, we
call a “fiscal solution” one that both depends on 7,; and that implies ¢gr; = 0 from (21) and (22),
while a “monetary solution” is one that depends on 7, ;, with ¢ = 1,2. Since the first absorbing
regime is AM/PF, then we know from (23) that the only stable solution for this regime is the fiscal
one: h; = %(1 — %%71), which implies g1 = 0. However, given that the value of v, is bigger
than 1, it does not exist a stable “monetary solution”.'® In order to have determinacy there should
only be one corresponding stable solution, hs. The threshold values 72 and 7,2 for the modest
changes in monetary and fiscal policies above, define the conditions for the existence respectively of a
monetary and a fiscal solution in the second regime. In particular, starting from an AM/PF absorbing
regime, determinacy in regime 2 admits either only modest deviations from AM/PF (upper-right
zone, Yr2 > vr2; Vr2 > Jr2) or large deviations in both monetary and fiscal policy so that we are
definitely in a PM/AF regime (lower-left zone, v 2 < ¥x,2; ¥r2 < ¥r,2). Otherwise the model is either
indeterminate or unstable.!!

Second, the above analysis clarifies also the nature of these solutions. It follows immediately that
for values of ~;9 larger than the threshold value, 7,2, there exists a stable fiscal solution in both
regimes, such that: g1 = gr2 = 0. Notably, such a solution implies a Ricardian regime because the
level of debt does not affect the dynamics of inflation. The fiscal solution is the unique solution in
the upper-right zone, because the level of 7 o is so high that there are no stable monetary solutions.
Conversely, below the threshold value for the monetary policy coefficient, i.e., vz 2 < 72 there exists

a stable monetary solution, that is an admissible (stable) value of hy that is a function of v, 2. The

100More precisely, if 4x,1 > 1 in the absorbing regime, a stable solution does not exist in the first regime, i.e., a value
of h1p < 1, such that the second square bracket in (23) is equal to zero.

"' More precisely: (i) if monetary policy is sufficiently passive (if yr,2 < Jx,2), there exists a stable monetary solution;
(ii) if fiscal policy is not too active (if ;2 > 7-,2), there exists a stable fiscal solution. Hence, to have only one solution
either (i) or (ii) should be satisfied. When both are satisfied, we have two solutions as in the white region; when neither
one is satisfied we have no stable solutions as in the dark blue region.

10



monetary solution is the unique solution in the lower-left zone, where no fiscal stable solution exists.
This solution implies non-Ricardian dynamics because g 2 # 0 and thus debt dynamics affect inflation:

we are in a fiscal theory of the price level region of the parameter space.

3.2 The general case

Figure 1b shows that the general case where both regimes are non-absorbing (p11,p22 < 1) exhibits
the same qualitative results.'?> In particular, it is still true that the unique stable solution in the
upper-right zone is the fiscal solution in both regimes, so the dynamics will be Ricardian in both
regimes. In contrast, the unique stable solution in the lower-left zone is characterised by a monetary

solution in both regimes, so the dynamics of the system will not be Ricardian in both regimes.

(pn’pzz) =(1.00, 0.95); Regime1l: (yrle vr‘l) =(1.50, 0.20) (pn’pzz) =(0.95, 0.95); Regime1l: (ym, vm) =(1.50, 0.20)
0.25 —— ; 0.25 ‘ . ;
0.2f © : 02f :
0.15f 8 0.15f 8
0.1F . 0.1f 8
VT‘Z Vr 2
0.05f . 0.05F .
b
=Bk p g 1 n g
| 1
o . 1 o, A B . 1
| 1 * +
T2l ¥ v i
-0.05 1 -0.05 B, 1
01 N ‘ ‘ ‘ ‘ ‘ 01 ‘ ; ‘ ‘ ‘ ‘ ‘
08 09 721 11 12 13 1.4 15 16 08 09 1 11 12 13 1.4 15 16
yTLZ yn.z
(a) Absorbing case (b) Non-absorbing case

Figure 1: Determinacy regions given an AM/PF regime 1.

Notes: Light blue: unique solution; white: indeterminacy; dark blue: explosiveness.

If the policy coeflicients in the second regime are appropriately chosen one can get global deter-
minacy across the two regimes under different policy mixes. Nothing ensures that switching among
two determinate regimes in the fixed coefficient case always gives determinacy: it depends on the
choice of policy coefficients. Note that point B in the upper-right zone and point A on its left, return,
respectively, determinacy and indeterminacy. That is true even if both points correspond to an econ-

omy that switches between an AM/PF and a PM/AF mix: two regimes that, taken in isolation, are

12 A5 the Appendix shows, for the general non-absorbing case with our calibration the threshold values for the fiscal
policy coefficient are: —0.02 < v,2 < 3.93.

11



determinate.!> The same happens if you compare point B; in the lower-left zone and point A. The

next sections will be devoted to shedding light on these apparently puzzling findings.

3.3 Globally balanced policies

Davig and Leeper (2007b) indicate the conditions that a switching monetary policy needs to satisfy in
the two regimes to yield a unique REE in the Markov-switching framework, assuming a passive fiscal
policy. Since we want to extend the analysis to a switching fiscal policy, we look for the conditions
that fiscal policy needs to satisfy to yield a unique rational expectation equilibrium assuming first a
time-invariant active monetary policy (Section 3.3.1) and then a switching monetary policy (Section

3.3.2).

3.3.1 The fiscal and the monetary frontiers

The fiscal frontier. Consider again the absorbing case above and assume that monetary policy
is always active (yx1 = 7r2 = 1.5). This will be the symmetric case with respect to Davig and
Leeper (2007b), who implicitly consider passive fiscal policy in both regimes. In this case we know
that a stable monetary solution does not exist in both regimes because monetary policy is strongly
active, so that v;; > 7r; for i« = 1,2. Then, the only possible solution would be the fiscal one in
both regimes: h; = % (1 — %'ym') i19r; = 0, for i = 1,2. Figure 2a displays what we label the fiscal
frontier (henceforth FF) because it shows the combinations of fiscal policy rule coefficients (vy,1 and
Vr2) in the two regimes that deliver determinate equilibria for the given monetary rule coefficients.
As the figure shows, we have determinacy for the absorbing regime 1 when v;; > 2(1 — f) and for
the non-absorbing regime 2 when ~;2 > 7;2. The fiscal policy combinations above the FF admit
only modest deviations into AF in the second regime, so we name it a globally PF regime. As this
definition suggests, this solution yields Ricardian behavior in both regimes. The other fiscal policy
combinations in Figure 2a, instead, do not admit a mean square stable fiscal solution. In these cases,
fiscal policy substantially deviates from PF (in the sense of being above the threshold values given by
the MSS conditions) in at least one of the two regimes.*

Figure 2b plots the FF for the general case where both p1; and pos are lower than one: the same

intuition goes through. The only difference is that now the MSS condition (11) applies on both h;

13The coordinates of the points on Figure 1b are: A: (yr2 = 0.9; y72 = 0); B: (yr.2 = 0.97; 7.2 = 0); B1: (yr,2 = 0.9;
Yr,2 = _005)

“Fiscal policy is no longer globally PF, but we label it as either globally AF (lower-left zone where both conditions
for a globally PF are not satisfied), or globally switching between AF and PF (when only one of the two conditions for
a globally PF is satisfied).
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and he, intuitively smoothing the profile of the FF in Figure 2a and allowing for a modest deviation
from PF also in regime 1. Following the same reasoning as in the absorbing case, we can define the

analytical expression for the FF also for this general case.

Proposition 1. Define the fiscal solution in both regimes as: h; = % (1 — %%,i) = Bi(yﬂi);gm =0
fori=1,2. Then

(i) For any policy parameter combination, this solution always exists;

(ii) For this solution to be MSS it must be true that

put [P (re)]* {1 = [ha(r2)]” } 4 22 [ha(2)]* {1 = [a(30)] ) + [ (9 )ha(,2)] < 1,
(30)

which defines the fiscal frontier in the space (vr1,7vr2);
(iii) The fiscal frontier is independent from the monetary policy coefficients;

(iv) This solution yields Ricardian dynamics because g ; = 0.

Proposition 1 defines the FF and establishes two important results for the general case: (i) fiscal
solutions are only stable for both regimes above the FF, and (ii) this solution yields Ricardian dynamics

because gr; = 0.

The monetary frontier. We can map the insights of the FF into a specular graph where we vary the
monetary policy coefficients while fixing the fiscal ones. When fiscal policy is PF, we know that a fiscal
solution always exists in the two regimes, so determinacy requires no monetary solution to be stable.
In the absorbing case, this happens when monetary policy is sufficiently active in the two regimes, that
is, vz,1 > 1 and vz 2 > 7Yx,2. These conditions are plotted in Figure 3a, which displays the monetary
frontier (henceforth MF). The MF is the counterpart of the FF since it provides the combinations
of monetary policy rule coefficients in the two regimes that deliver determinate equilibria, for given
fiscal rule coefficients. Note that the monetary policy combinations above the MF admit only modest
deviations into PM in the second regime, so we name them globally AM regimes. These solutions
correspond to the ones above the FF and similarly yield Ricardian dynamics in both regimes. The
other monetary policy combinations in Figure 3a, instead, admit a monetary solution that satisfies

the MSS conditions in at least one of the regimes, yielding more than one stable solution.'®

15Tn these cases, monetary policy substantially deviates from AM in at least one of the two regimes. Thus, we
name monetary policy either globally PM or globally switching between AM and PM, according to the monetary policy
coefficients being below the threshold values given by the MSS conditions in both regimes or in only one.
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Figure 2: The fiscal policy frontier.

Notes: Light blue: unique solution; white: indeterminacy; dark blue: explosiveness.

Figure 3b displays the MF for the general case where neither regimes are absorbing: the same
intuition goes through and the only difference is that now the MSS conditions (10) and (11) apply
on both the h;’s, creating the possibility of a modest deviation from AM in regime 1 as well. Figure
3b exactly reproduces in our framework the main result in Davig and Leeper (2007b): their long-run
Taylor principle.'® Two important new results stem from our analysis. First, consider the fiscal stance
behind the long-run Taylor principle. It entails an always-passive fiscal policy: the central bank can
stabilise the economy by following the Taylor principle or deviating from it, substantially for brief
periods or modestly for longer periods, provided it is backed by a government that implements the
fiscal adjustments necessary to stabilise the debt. As Figure 2b shows, we symmetrically find that
even fiscal policy can deviate from a PF behaviour substantially for brief periods or modestly for
longer periods and still return determinacy, provided that monetary policy is always active.!” This
establishes what we can analogously call the long-run fiscal principle, given by equation (30). Second,
our analysis broadens the very concept of long-run Taylor principle. Consider a policy mix that lies to

the right of the FF with passive fiscal policy in regime 1 and a modestly active fiscal policy in regime

16 As in Davig and Leeper (2007b), asymmetric mean duration would expand the determinacy region in favour of the
more transient regime both for the MF and the FF. Unfortunately, given the complexity of the system, a meaningful
analytical expression for MF is not possible.

17See Section 4.1 for an example of determinacy after a substantial variation for a brief period.
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2. The corresponding MF for this globally PF regime is very similar to the one in Figure 3b.'® In
other words, the MF is unaffected as long as the fiscal stance is globally passive, i.e. as long as the
long-run fiscal principle is satisfied. It follows that the long-run Taylor principle assures determinacy
not only when fiscal policy is passive all the time, as Davig and Leeper (2007b) maintain, but also
when it deviates modestly into active fiscal territory for some time - provided that the long-run fiscal

principle is satisfied.

(pu,pzz) =(1.00, 0.95); Fiscal policy: (ym, y‘yz) =(0.20, 0.20) (pu,pzz) =(0.95, 0.95); Fiscal policy: (ym, y‘yz) =(0.20, 0.20)
16 ‘ : ; ; : ; ; 16 ‘ : ; ; : ; ;
15f « — 15} ©
141 : - 1.4F
13F : . 13F
v y
™ot ™ot
11 : g 11
1F 1F
0.9f - 0.9f
08 ‘ ‘ ‘ ‘ ‘ ‘ ‘ 08 ‘ ‘ ‘ ‘ ‘ ‘ ‘
0.8 0.9 1 11 1.2 1.3 1.4 15 16 0.8 0.9 1 11 1.2 1.3 1.4 15 16
Yoz Vo
(a) Absorbing case (b) Non-absorbing case

Figure 3: The monetary policy frontier.

Notes: Light blue: unique solution; white: indeterminacy; dark blue: explosiveness.

3.3.2 The fiscal frontier when monetary policy switches

Assuming AM/PF in the first regime, we now want to analyse the case in which there is a switch to PM
in the second regime. Again, the aim is to study how fiscal policy should behave to yield determinacy.
In order to define the FF for this general case, we need to distinguish two cases, according to whether

Y2 deviates from the Taylor principle to a lesser (case 1) or to a greater (case 2) extent.

Case 1: A modest 7, deviation. Assume monetary policy is active in the first regime and
deviates only modestly in the second regime (v.1 = 1.5, vr2 = 0.97). If fiscal policy stays passive

in both regimes we are above the MF in Figure 3 and, according to the long-run Taylor principle,

18For the sake of brevity we omit that figure, which is available from the authors upon request.
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there would be determinacy.!” Consider now Figure 4a, if fiscal policy in regime 2 becomes active,
determinacy is preserved if v, 2 has only a modest deviation into the AF territory and thus if the
fiscal mix is above the FF. In this case, when deviations from the current AM/PF regime are modest,
we have a globally AM regime combined with a globally PF regime, which returns a globally AM/PF

regime. Both the long-run Taylor principle and the long-run fiscal principle are satisfied.

(pn'pzz) = (0.95, 0.95); Monetary policy: (ym, ymz) =(1.50, 0.97) (pn'pzz) =(0.95, 0.95); Monetary policy: (ym, ymz) =(1.50, 0.90)
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Figure 4: The fiscal policy frontier for different monetary regimes.

Notes: Light blue: unique solution; white: indeterminacy; dark blue: explosiveness.

Case 2: A substantial 72, deviation. Now assume a substantial deviation of v, o from the AM
case (e.g., Yr2 = 0.9). Thus, determinacy generally calls for fiscal policy to deviate substantially
from PF too. If fiscal policy stays largely passive in both regimes, according to the long-run Taylor
principle, there would be indeterminacy (see Figure 3). Figure 4b shows that a modest deviation in
regime 2 from PF policy and thus a fiscal policy combination above the FF, returns indeterminacy. If
fiscal policy becomes active in regime 2, however, we get determinacy if it substantially deviates from
the PF case. Fiscal policy combinations in Figure 4b need to be below the FF to yield determinacy,
that is, the long-run fiscal principle should not be satisfied. Note that this is just a sufficient condition
but not a necessary one because switching fiscal policies could also return instability. In Figure 4b,

monetary policy is switching and there is only a limited set of fiscal policy combinations that yield

19The deviation is so modest that it does not admit a stable monetary policy solution and thus only the fiscal solutions
are allowed. The Appendix provides the analytics for the absorbing case. See section 3.1 for an analytical condition of
modest and substantial deviations in the absorbing case.
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determinacy, and they imply a switching fiscal policy. When deviations from the current regime are
substantial we refer to the global regime as “switching.” Therefore, in the presence of substantial
deviations from the AM/PF regime, we have both a globally switching monetary regime and a globally
switching fiscal regime that return a globally switching regime.

It is easy to grasp the intuition about this result. In Figure 4b, a new condition appears and is
represented by a straight line in the space (7-,1,7r2). This line indicates the threshold for the existence
of a stable monetary solution: above the line the parameter combinations (i.e., the monetary policy
coefficients 7, ; and the probabilities of switching) are such that at least one stable monetary solution
exists, while below the line it does not. We know from Proposition 1 that a fiscal solution always
exists and is stable above the FF, and unstable below. In Figure 4b the threshold line is below the
FF,?0 so above the FF there are at least two stable solutions: one fiscal and at least one monetary
solution, so there is indeterminacy. Below the line no stable solution exists. Between the FF and the
line, however, there are no stable fiscal solutions and only one stable monetary solution, so we have
determinacy. Note that a globally switching policy solution such as this implies g, ; # 0, so Ricardian
equivalence does not hold and the dynamics would imply wealth effects.?!

The general message from this analysis is that when monetary policy varies modestly, determinacy
of the global equilibrium requires that fiscal policy varies modestly too. But when monetary policy
varies substantially, determinacy generally requires fiscal policy to also vary substantially. To sum
up, monetary and fiscal policy need to be globally balanced to guarantee the existence of a unique
stable equilibrium: globally active monetary policies need to be coupled with globally passive fiscal
policies; globally switching monetary policies with globally switching fiscal policies. Moreover, globally

switching policies imply wealth effects, while globally AM/PF regimes do not.

3.4 The importance of coordination

According to the long-run Taylor principle in Davig and Leeper (2007b), for some parameters, switch-
ing from an indeterminate to a determinate regime (or vice versa) can still return determinacy. Further

extensions of this literature (see Chung et al., 2007; Davig and Leeper, 2008) maintain that it is possi-

20T6 be clear, the line lies below the FF and it is not tangent to the FF, as it might appear from the Figure.

2!The Appendix contains the full analytical characterization and an analytical expression for the threshold condition
that defines the line in the absorbing case. Such an expression is not available in any meaningful way for the general
case. In general, the slope and position of the line depend on the monetary policy coefficients 7y- ; and the switching
probabilities p;;. For the parameters combinations in Figure 4b, the line lies below the FF. For larger switching into
PM (i.e., lower 7 ,2) the line could also be cutting the FF. Though, our general message is still valid, because there will
always be a globally switching fiscal regime that yields a unique determinate solution. However, in this case, particular
combinations of AF in the two regimes (with both regimes deviating modestly from PF) could also return determinacy.
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ble to visit indeterminate (double passive mixes) but even explosive (double active mixes) regimes and
still have determinacy if agents expect a stable regime in the future. This means that coordination
problems are irrelevant.

We showed above that with a simultaneous switching of monetary and fiscal policy anything can
happen. In particular, as pointed out in the previous section, nothing ensures that switching among
two determinate regimes gives determinacy. Take points A and B in Figure 1b. Since these two points
entail the same modest deviation from the passive fiscal policy in regime 1, to have determinacy of the
global equilibrium, monetary policy should also vary modestly. This does not happen at point A, since
monetary policy is insufficiently active, while it does at point B (which indeed lies in the determinate
area in Figure 4a). Compare now points A and Bj. Since these two points share the same substantial
deviation from the active monetary policy in regime 1, to have determinacy of the global equilibrium,
fiscal policy is also required to vary substantially. This is not the case for point A, since fiscal policy
is insufficiently active, while it is as for point B; (which indeed lies in the determinate area in Figure
4b).

Furthermore, switching from a double active regime (AM/AF, explosive in fixed coefficients) to a
double passive one (PM/PF, indeterminate in fixed coefficients) can happen to return determinacy.
Consider, for example, point C in Figure 4a and point D in Figure 4b. They share the same fiscal
policy coefficients: a PF policy in regime 2 and a modest deviation from it in regime 1. In both cases,
monetary policy is active in the first regime and passive in the second. This would thus be a shift
from a double active to a double passive regime that returns determinacy in Figure 4a but not in
Figure 4b. According to our interpretation, this is due to the fact that at point C the global regime
is balanced (since in Figure 4a there is also a modest change in monetary policy), while at point D it
is not (since in Figure 4b there is a substantial change in monetary policy).

If policies should be balanced to get a determinate equilibrium then coordination is essential and

the expectation of a stable regime in the future is not per se sufficient to achieve determinacy.

4 The expectation effect of regime shifts

The above analysis allows us to characterise both the number of admissible solutions in the different
regions of the parameter space but also their nature, in terms of the implied dynamics. Recall that we
identified two sets of possible solutions: a fiscal one that yields Ricardian dynamics because gr; = 0

and a monetary one that implies wealth effects because gr; # 0. These two solutions could be
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considered the counterpart in a Markov-switching context of the two original determinate solutions in
Leeper (1991). This section considers the dynamics implied by the different solutions in more detail,
to make clear its link with our definitions of global policies derived from the determinacy analysis.

Consider the case of a simultaneous monetary and fiscal switch and, in particular, the shifting
from AM/PF to PM/AF. In a fixed coefficient model, these two regimes return determinacy. The
first regime, the more common Ricardian case, assigns a passive role to fiscal policy, which has to
behave promptly to satisfy the intertemporal government budget constraint. In this case, wealth
effects are absent and the central bank, following the Taylor principle, manages to anchor agents’
inflation expectations at a low level. The second regime, known as the non-Ricardian case, is the
policy mix associated with the fiscal theory of the price level. In this regime monetary policy acts to
stabilise debt and the failure of Ricardian leads to wealth effects. As Gali (2007) points out, however,
once one allows policy regimes to change, the economy equilibrium properties are contaminated both
by the characteristics of the other regimes and by the probability of shifting towards those alternative
regimes. The so-called cross-regime spillovers are at work (see Davig and Leeper, 2007b).

According to the long-run Taylor principle, monetary policy could be passive in one regime, yet
still have determinacy if this departure from an active monetary policy is substantial for brief periods,
or modest for prolonged periods. It is agents’ expectation of moving towards an inflation stabilising
regime that allows for this result. Davig and Leeper (2008) define “expectation effects” as the differ-
ence between the equilibrium outcome from a model with fixed coefficients and from one that takes
into account expected changes in regimes. Analysing a model of regime shifts in monetary policy
in a context of an always passive fiscal policy, Liu et al. (2009) find that these expectation effects
are asymmetric.??> The shift from a dovish (or a less hawkish) monetary regime to a hawkish one
lowers inflation volatility more than an inverse shift raises it: inflation anchoring expectations prevail.
Moreover, Chung et al. (2007) find that the fiscal theory is always at work when agents attach a
positive probability of moving towards active fiscal policy. As a consequence, in this case one has to
also consider wealth effect expectations.

In what follows we want both to analyse how this asymmetry is affected by switching fiscal policy
regimes and to check whether wealth effects are always in place in our framework.

Consider again point B and B; in Figure 1b. They are both characterised by the shift from an
AM/PF regime to a PM/AF one with transition probabilities p1; = peo = 0.95, and they both return

a globally determined equilibrium. The AM/PF regime is the same for both points, while the PM/AF

22This result holds even if the two regimes have the same transition probabilities.
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regime is different. As a consequence, point B was found to be a globally AM/PF regime (see Figure
4a), point By was a globally switching regime (see Figure 4b).

Figure 5 shows the impulse responses to a lump-sum tax shock for the policy combinations implied
by the points B (panel (a) on the left) and By (panel (b) on the right).?> The impulse response
functions depend on the particular policy regime in place, so each panel displays two columns of
Figures corresponding to one of the two regimes. Moreover, dashed lines in Figure 5 are the responses
of the variables under a fixed-coefficients model; solid lines are the responses under a Markov-switching
model. The difference between the solid and the dashed lines in each panel represents the expectation
effects.

For the globally AM/PF regime (point B Figure 4(a) and left panel 5(a)):

1. The solid lines across the two regimes in Figure 5a are coincident except for the path of debt.
In the PM/AF regime, the possibility of moving towards the Ricardian regime (with pe; = 0.05)

makes the IRFs behave as in the Ricardian regime (i.e. inflation does not increase).

2. Look now at the differences between the solid and the dashed lines. The expectation effects are
asymmetric (larger under PM/AF in the second column than under AM/PF). In the AM/PF
regime there is actually no difference between these two lines, that is, there are no wealth effect

expectations.
For the globally switching regime (point By Figure 4(b) and right panel 5(b)):

1. The solid lines are no longer coincident. Now, starting from a PM/AF regime, the possibility of
switching to an AM/PF regime does not make the IRFs behave as in this last regime (inflation

now increases under both regimes)

2. The expectation effects are again asymmetric and there are now wealth effects in the AM/PF

regime.

Why do impulse responses for these two points, that entail a switch from an AM/PF regime to a
PM/AF one, return such strikingly different results??* Chung et al. (2007) find that the existence of a
regime that would be termed as non-Ricardian under fixed coefficients is sufficient to generate wealth
effects through an expectations channel: the fiscal theory of the price level is always at work if agents

attach a positive probability of moving towards active fiscal policy in the future.

ZRecall that the policy combinations are: (i) for point B, regime 1: (yr,1 = 1.5;7-,1 = 0.2) and regime 2: (yr2 =
0.97; -2 = 0); (ii) for point B, regime 1: (vyx,1 = 1.5;79-1 = 0.2) and regime 2: (yx,2 = 0.9;79-2 = —0.05).

24Both the results of asymmetric expectation effects and the coincidence of the solid lines under point B but not
under point B1 hold even considering a monetary policy shock. Results are available from the authors.
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Figure 5: Impulse response function to a negative fiscal shock.

Notes: Blue solid lines: MS model; red dashed lines: fixed coefficients model.

We find this is not true if the policy mix is globally AM/PF, as it is the case for point B. Under
the PM/AF regime, the possibility of switching to the AM/PF is now sufficient to stabilise inflation in
both regimes. This is because fiscal policy is globally PF, such that the two regimes behave the same
(except for the path of debt, as noted): there are no expectation wealth effects in the AM/PF regime
and there are strong inflation anchoring expectation effects in the PM/AF regime. In contrast, when
the global policy mix is switching, as in point Bj, the possibility to switch towards the AM/PF regime
once in the PM/AF regime is not enough to stabilise inflation. Inflation actually increases under both
regimes, though to a larger extent under the PM/AF one. Hence, when fiscal policy goes through an
AF regime, there are wealth effects even in the AM/PF regime.

We do know the analytical reasons behind these results from our determinacy analysis. We labelled
a globally AM/PF regime one in which only modest deviations from AM/PF are allowed. In this case,
there is only one type of admissible stable solutions: the ones above the FF in Figure 4a. However, as
implied by Proposition 1, we know that these solutions give a Ricardian dynamics because they are
fiscal solutions where gr; = 0. On the contrary, in case of switching policies, Figure 4b shows that

determinacy requires both policies to substantially switch across regimes, and the unique stable solu-
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tions in this case admits non-Ricardian dynamics in both regimes because they are monetary solutions
where gr; # 0. Furthermore, at a point to the right of B1 in the white area in Figure 4b, monetary
and fiscal policy are unbalanced so that there is indeterminacy. In this context, indeterminacy means
that there exists at least a fiscal and a monetary solution, and both of them are admissible, because
MSS stable. Then, depending on which solution one picks eventually in estimating the model, one
might find the presence or absence of expectations and wealth effect in the different regimes. In that
region of the parameter space, it might be possible to pick the monetary solution and then to conclude
that the existence of a non-Ricardian regime is sufficient for wealth effects, without realizing that there
is also another admissible solution where this is not true.

Do wealth effects disappear if agents are confident about a once-and-for-all switch towards an
AM/PF regime? We find that under a globally AM /PF parametrisation impulse responses are identical
to those in Figure 5a even if the AM/PF regime is absorbing, i.e. p11 = 1. Conversely, in the globally
switching case with an absorbing AM/PF regime, the impulse responses of the PM/AF mix do not
differ from the non-absorbing case. The responses of the (absorbing) AM/PF one are obviously
identical to those under fixed coefficients. Then, under our new taxonomy, the expectation of an
absorbing AM/PF regime for the future is neither a necessary nor a sufficient condition to avoid
wealth effects in the PM/AF regime. It is not necessary because we do not find wealth effects in the
global AM/PF case even when p;; = paa = 0.95. It is not sufficient because we detect wealth effects

in the PM/AF regime in the globally switching case even when pj; = 1.

4.1 Some theoretical and practical consequences

Our new taxonomy provides an answer to the problem of establishing if a regime is Ricardian or not
in a model where agents are aware of recurrent regime changes. Usually one can refer to the AM/PF
regime as Ricardian and to the PM/AF regime as non-Ricardian only where agents are assumed not
to be aware of regime changes.?> In a model with recurrent regime changes, as Bianchi and Melosi
(2013) noted, the policy mix is not enough to establish if a regime is Ricardian or not. However, since
we find neither expectation effects nor wealth effects under an AM/PF regime when agents expect
a regime shift and the policy mix is globally AM/PF, we can conclude that the AM/PF regime of a
globally AM/PF mix is definitively Ricardian.

The bulk of the literature?® that estimates Markov-switching monetary-fiscal regimes and employs

25See note 4 in Bianchi and Tlut (2014).
26See Davig and Leeper (2008, 2011), Chung et al. (2007), Bianchi (2012) and Bianchi and Tlut (2014).
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IRFs to study the impact of policy shocks finds results consistent with the ones we get under the
globallyswitching regime case: inflation increases under both regimes. This is why that literature
concludes that whenever agents believe it is possible for fiscal policy to become active, monetary and
tax shocks always produce wealth effects. Without checking for determinacy, however, these results
might arise from one of the multiple equilibria of an indeterminate parametrisation.

Our paper is consistent with results in Bianchi and Melosi (2013). They find that after a deficit
shock under an AM/PF regime or under a short-lasting deviation towards a PM/AF one, there are
no effects on inflation (and output). Inflation (and output), however, increase under a long-lasting
deviation towards the same PM/AF. Since both the short and the long-lasting deviations are towards
the same PM/AF, the authors consider the regime’s persistence as the key ingredient to establish if a
regime is Ricardian or not.?” Our taxonomy is coherent with this finding because, although we have
not focused on the role of transition probabilities so far, our definition of modest deviation depends
on them (see Section 3.1).

Consider a numerical example in the case of globally switching policies described by point By,
reported as a black dot in Figure 6. Under this policy combination, if the second regime is long-lasting,
say p22 = 0.95, a modest deviation is defined by ;2 € [—0.021;0.02] and 7,2 € [0.955;1]. Instead,
if regime 2 is less permanent, say pse = 0.8, a modest deviation is defined by: 7,2 € [—0.16;0.02]
and v 2 € [0.67; 1].28 Therefore, with a long lasting deviation, B; would correspond to a globally
switching regime (see Figure 6a), while with a less permanent deviation we would have a globally
AM/PF regime (see Figure 6b). In the first case the impulse responses to a negative fiscal shock
would show up in rising inflation (see Figure 7a) because the unique stable solution is the monetary
solution. In the second there would not be inflationary effects (see Figure 7b) because the unique
stable solution is the fiscal one.

This analysis could have notable consequences for monetary policy: both for the timing of any exit
strategy and for forward guidance. During the recent crisis the accumulated credibility of the Federal
Reserve has permitted well-anchored inflation expectations, even though the US was potentially in a
PM/AF regime. If we are ready to believe that during the crisis monetary policy deviated substantially
from an AM regime, then the only way to avoid a future spike in inflation is to make this deviation

short lasting.?? A long-lasting deviation, on the contrary, could either de-anchor inflation expectations

27See also Bianchi and Tlut (2014) on this point. They do not find any effect of a tax shock on inflation when the
AM/PF regime is perceived to be fully credible (if agents expect to remain there forever) or if, being in a PM/AF regime,
agents are confident about a return to the AM/PF regime.

28These intervals can be obtained following the procedure in Section 3.1 and Appendix A6.

290n the contrary, it would be useless to promise a more hawkish monetary policy in the future regime.
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Figure 6: The monetary policy frontier for different levels of persistence of regime 2.

Notes: Light blue: unique solution; white: indeterminacy; dark blue: explosiveness.

and make inflation unavoidable, or generate multiple solutions, depending on the behaviour of fiscal
policy. Indeed, if fiscal policy remains only modestly active, it may be difficult for policy makers to
predict an inflationary surge because anything is possible.3? If we believe such scenario as the relevant
one, then, it might be that the observed subdued path of inflation is due to agents coordinating on a
fiscal solution. However, these dynamics could abruptly revert into an inflation upswing if expectations

were to suddenly switch to the other admissible rational expectations solution.

5 Conclusions

This paper studies the determinacy properties of the equilibrium in a simple New Keynesian model
when both monetary and fiscal policies may switch according to a Markov process. In this context,
nothing ensures that the switching among two regimes, which would be determinate under fixed-
coefficient, returns determinacy. Davig and Leeper (2007b) define the long-run Taylor principle as the
condition that the coefficients in the Markov-switching Taylor rule need to satisfy to guarantee a unique
equilibrium, given a passive fiscal policy. This can be graphically visualised as a monetary frontier.

Equivalently, we define a fiscal frontier that visualises the long-run fiscal principle as the condition

39Both the fiscal and the monetary solution are admissible: in the former case, there would be no inflation surge, in
the latter, there would be.
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Figure 7: Impulse response function to a negative fiscal shock for different levels of persistence of
regime 2.
Notes: Blue solid lines: MS model; red dashed lines: fixed coefficients model.

that the coefficients in the Markov-switching government tax rule need to satisfy to guarantee a unique
equilibrium, given an active monetary policy.

We propose a new taxonomy that generalises the seminal paper of Leeper (1991) to a Markov-
switching context. We name a modest deviation from an active monetary policy into the passive
monetary territory that respects determinacy - i.e. that satisfies the long-run Taylor principle - as
“globally active monetary policy.” Symmetrically, a modest deviation from a passive fiscal policy into
the active fiscal territory - that satisfies the long-run fiscal principle - is named “globally passive fiscal
policy.” Substantial shifts in monetary and fiscal policies are termed “switching policies.” Monetary
and fiscal policies need to be globally balanced to guarantee a unique equilibrium. Globally active mon-
etary policies need to be coupled with globally passive fiscal policies (i.e., a globally AM/PF regime),
and switching monetary policies with switching fiscal policies (i.e., a globally switching regime).

Our new taxonomy also establishes an explicit link between the determinacy analysis and the
dynamics of the Markov-switching model. If the policy mix is globally switching then the fiscal theory

of the price level is always at work, though this is not true if the policy mix is globally AM/PF.
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Under this latter case, there are no wealth effects because fiscal policy is globally PF. The taxonomy
thus settles the problem of establishing if a regime is Ricardian or not in a model where agents are
aware of recurrent regime changes. A globally AM/PF mix is definitively Ricardian because there
are no wealth effects in both regimes. Moreover, the expectation of a fully credible (even absorbing)
AM/PF regime for the future is neither a necessary nor a sufficient condition to avoid wealth effects
in a PF/AM regime.

The analysis suggests some directions for future research. Our results are based on a very simple
New Keynesian model. The advantage of such a model is to allow us to find some analytical results, to
gain insightful intuitions on what drives determinacy and on the link between determinacy, dynamics,
expectation effects and wealth effects. The natural next step forward in this research would be to
see how much our new taxonomy and our results help to interpret the numerical results in a more
structural, and possibly estimated, DSGE model. Finally, our definition of modest deviation has
the same flavour of Leeper and Zha’s (2003) definition of “modest policy interventions.” However,
our definition is based on the determinacy region of the parameter space and not on their modesty
statistic. Checking empirically whether these definitions are somewhat consistent could be a possible

fruitful point for future research.
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A  Appendix

A.1 Parametrization

Table 1. Calibration

Parameter  Value  Description

0.99 Intertemporal discount factor
11 Dixit-Stiglitz elasticity of substitution
0.75 Calvo probability not to optimise prices
0.333 Hours worked

0.4 Debt-to-GDP ratio

0.8 Consumption-to-GDP ratio

Ol MZ R0 D™

A.2 The model

In the paper we use a simple New Keynesian model with fiscal policy.

Households. The representative household maximises lifetime utility

Ey Y B (log Cy — puNy) (31)
t=0

under a sequence of budget constraints given by
Ptct-i-(l-i-if;)_l By < PwyNy+ Fy — 1.+ Byi—1. (32)

Ey is the expectations operator conditional on time ¢ = 0 information, C; is real consumption, N; is
labour, w;y is the level of real wages, F; are profits, 7, are taxes, Ry = 1 + 4 is the gross return on

bonds purchased at date ¢ (i.e. B;). Maximization yields the first order conditions

P
Py

C;
Ciy1

Wt = MCt . (34)

1 = BE; (1 41¢)

Final good producers. In each period, a final good Y; is produced by perfectly competitive firms,

using a continuum of intermediate inputs Y;; indexed by i € [0,1] and a standard CES production
0/(60-1)

function Y; = ( fo Y(e b/ ) , with 8 > 1. Final good producers’ demand schedules for in-

termediate good quantities are Y;; = (P;/ Pt)_eﬁg, where the aggregate price index is defined as
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o= (i)

Intermediate goods producers. There exists a continuum of intermediate goods produced by
firms with constant returns to scale production function: Y;; = IN;;. Intermediate goods producers
compete monopolistically and set prices according to the usual Calvo mechanism. In each period each
firm has a fixed probability 1 — « to re-optimise its nominal price P}, in order to maximise profits.
With probability «, instead, the firm keeps its nominal price unchanged. Using the stochastic discount
factor Q¢4 = ﬁj%, the first order condition of the firm’s problem gives the optimal relative
price

0 i Yies (P’
. P{’:t 0 E, ijo (aB) @(Tt) Wi+j
Pi=p T o1 v T (35)
E; Zj:o (aB) ﬁ (th)

As in Ascari and Ropele (2009), we introduce two auxiliary variables that allow to rewrite the last

expression recursively

o i Yy (P, Y,
RS Vi (P Y 61
"= Etz;) (aBy Cryj ( P, =g, T [HM@“} ’ (37)
=

where II; = P,/P,_; is the aggregate gross rate of inflation. As all re-optimizing firms face the same

problem and pick the same relative price, aggregate inflation evolves according to

1-0

1=all{™" + (1 -a) (p},) (38)

Individual firms demand labour according to the relation N;¢ = (F;/ Pt)_e Y;. Aggregating this
expression yields N; = Y;s;, where N; = fol N;¢di and s; = fol (Pit/ Pt)_o di. The variable s; measures
the dispersion of relative prices across intermediate firms. s; is bounded below at one and it represents
the resource costs (or inefficiency loss) due to relative price dispersion under the Calvo mechanism. s;

can be written recursively as

st = (1—a) (piy) “ta (11)? 5,1 (39)
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Fiscal and monetary policies. The government budget constraint is given by

_ bi—
(].+Zt) lbtzlt_[il+G*Tt, (40)
t

where by = B;/P;, G, and 7; are the levels of government debt, expenditure, and taxes, all in real terms.
Note that we assumed for simplicity that the government chooses a constant level of expenditure G.

Taxes are set according to the fiscal policy rule

b Vr,t
wer (%) e @

while the central bank sets the interest rate following the simple Taylor rule
Ry = RIT]™"etmt, (42)

Note that the parameters 7, ; and v, ; are indexed with time as they can take different values according

to the underlying Markov switching process.

Complete nonlinear model. After imposing market clearing (with ¥; = C; + G), the dynamics of

aggregate variables is described by the following set of equations (here reproduced for convenience)

Ry Yt—G}
1= fE =z
8 t[Ht-H Yiig1 -G
wy = p(Y; = G)
1=all!™" +(1—a)(pi,)" "
s _ b0
pz,t 0_1¢t
Yy 0
= w + afE; | 1T
U= gt BB (Wt
Y: _
bt = Yt—G+aﬂEt [Hfﬂlﬁbtﬂ]

—9
se=(1—a) (pf,t) + aHfst_l

Ny = 51y,

by b1

o _ 0% o
RC-m T

Vrot
Tt =T (btl et
b

R, = RHgﬂ’t efmtmit
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Zero-inflation steady state. If we switch off the exogenous processes u,; and u,, t, we can solve

for the zero-inflation steady state

R=p"

w = peY

pi =1

Y= ="
¢:a(11a5)
s=1
N=sy=Y

r=[1-0+b(1-p8)]Y

where we used the ratios €= C/Y and b = b/Y. Further, note that the equation

L 0w
pz,t 0—1 ¢t
implies the following parameter restriction
0 0
1= = = Ye. 43
-1 6-_1"° (43)

Log-linearised model. The nonlinear model can be log-linearised around the non-stochastic zero-

inflation steady state. Standard computations lead to

1. 1. . ~ .
Y= EEthH - (Rt — Eth+1) ;

~ A~ A

IT; = EYt + BE 1141,

Rt = %r,tﬁt + OmUm,t

T 17

R R 1 . R
b ———<1—77>b_ — I+ Ry — ——0uUry,
t b’Y,t t—1 Bt t ﬁbUU,t

with A = (1 — a)(1 — af)/a. These equations correspond to equations (12)-(15) in the main text.
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A.3 The FRWZ solution method

The analysis of determinacy under Markov-switching coefficients can be performed by checking the
existence of a unique stable MSV solution. In order to find all the MSV solutions, we adopt the
perturbation method proposed by FRWZ. The method can be applied directly on the nonlinear version
of the model. However, instead of considering the complete nonlinear model outlined above, it is
convenient to manipulate the equations and reduce the dimensionality of the system. The smaller

system turns out to be:

Yt Um,t _
1= E, {Ht ctnt ¥, —G ] :

iy Y —G

1 1
1 a1\ 70 0 1 — o1\ 70
(1—;) bt = ﬁHYt +aBE, |7, ﬁ b1

Y; -
¢t = Y, _t o aBE, |:H§+11¢t+1:| ;

by bi—1 b1\
- Gor(2=) T e,
RH;ﬁr,t elm,t Ht + T b e

Using the notation of FRWZ, this system can be rewritten as

Eif (Yeg1,Ye, bty be—1, €441, €4, 0441,0¢) =0,

where b, is the only predetermined variable and the remaining non-predetermined variables are stacked
in vector y; = [¥;,II;, ¢¢]. The exogenous shocks appear in vector €, = [upm ¢, ur¢], and 0; = [vr ¢, Vr.¢]

is the vector of Markov-switching parameters. We look for recursive solutions such as

by = hi(be—1,€¢, X)

Yr = ge(bi—1,€1,X)

perturbed around the non-stochastic zero-inflation steady state [b, '], where x represents the pertur-
bation parameter. Note that in our model the solutions are regime-dependent (h; and g; follow the
latent Markov process too), while the steady state is not. The stability properties of each solution

is governed by parameters of the first order expansion of the solutions, which reads as follows under
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regime ¢

be =~ b+ hip(bi—1 — b) + hice + hiy X, (44)

Y R Y+ Gip(bi—1 — b) + gicer + GiyXo (45)

for ¢ = 1,2. In these expressions we used a matrix notation for the partial derivatives: for example,
gic is a (3 x 2) matrix whose first column is given by the partial derivative of g; with respect to wp, ¢,
and so forth.

The elements in h;p, hic, hiy, Gip, Gie, i, are unknown and can be found by exploiting the fact
that the derivatives of I, f are equal to zero. Proposition 1 in FRWZ uses the chain rule to state that
the coefficients in h;; and g;; can be obtained by solving a system of quadratic polynomial equations
that corresponds to equation (A4) in FRWZ. To derive such system, we need to compute the partial

derivatives of f

- X -
d 1 0 —Z —Vm,i 0
|0 ety ap i me 1
fij,ytﬂ Fijye| = -z ’
0 af(1-0)¢ —aB v 0 1
0 0 0 0 (1-By)b 0
0 0
0 0
[fij,bt fij,bt_l} =
0 0
_B %'VT,i_l_

Note that the derivatives are indexed with ¢j to indicate that they must be evaluated at the steady

state with 6; = i and 6y = j (refer to FRWZ for further details). With these derivatives in hand,
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we can apply formula (A4) of FRWZ and obtain a set of 8 equations in 8 unknowns

0 -+ —Yr 1 0 0
Gy,1
0 —oln %0 1 0
0= + f } e gr,1 + ha
0 v 0 1 0
T g¢7
Yy =1 | 0 (1=Byx1)b 0 5]
o - - -
0 Ba@ a— 9¢ —OCB 9.1 0 /BoaG a— 9¢ —045 9y.2
+pn Gra | P1+ D12 gr2| 1,
0 af(l-0)¢ —af 0 aB(1-0)¢ —aff
o1 9¢,2
0 0 0 0 0 0
0 -+ — Y2 0 0
9y,2
0 —oln %0 1 0
0= + f } e gr,2 + ho
0 v 0 1 0
99,2
p VT2 — 1 L 0 (1 - 6771' 2) b 0_ _/8_
o - o -
7 1 0 e 1 0 .
Jy,1 2
0 aplety —ap| | 0 aplety —ap| |
+ p21 gr1 | h2 + D22 gra| M2,
0 af(l-0)¢ —ap 0 af(l1-0)¢ —apB
9o,1 9¢,2
0 0 0 0 0 0

where, with a slight abuse of notation, the h; and g,; coefficients are the elements of h;; and g;
defined above. This system can be simplified by subtracting the third equation from the second, and

the seventh from the sixth, to eliminate g4 1 and g4 2. We then arrive at

1 1 1
0= oy Ju + Vr1Gx1 — 1 [1011 (gﬂ,l + Zy v > + p12 (.971'2 + y v2 )] ; (46)
A
0=gr1— 1~ Bhi (P119x1 + P12Gx2) , (47)
T
0= Bhl —+ b(l — 5%,1)%,1 =+ 377—71 — 1, (48)
1 1 1
0= Y9y2+%r297r2—h2 [pm (gﬂ1+ v > + p22 (gw2+  Jv2 )] , (49)
A
0=gnr2 — oy 2T Bha (21971 + D229r,2) 5 (50)
T
0= BhQ + b(l - 677'(,2) 9r,2 + 577',2 —1. (51)

Note that the term A\ appears after exploiting the restriction (43). Finally, these equations can be
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further combined to obtain

0=gr1 [1+Mm1—piihi (1+ B+ X)) +p518h3] + (1 — p11) (1 — pa2) Bhihagna
+ (1 = p11) higr2 [P118h1 + p22fhe — (1 + B+ N)],
0=gn2[1l+ Mm2—p2ho(1+B+X)+ pgzﬂh%] + (1 = p11) (1 — p22) Bhihagr2

+ (1 — p22) hagr1 [P118h1 + p22fhe — (1 4+ B+ N)],

g % (1 - %77’,1) - hl
Y ’
b (% - fYTr,l)
B % (1 - %'77,2) — hs
gﬂ,Q — b (l B ) )
B Vr,2

which correspond to equations (19)-(22) in the main text.

As this system cannot be solved using traditional approaches such as the generalised Schur de-

composition, we follow FRWZ and adopt the Groebner basis algorithm to find all existing solutions,

i.e. all the possible 8-tuples made by coefficients h1, gy1, gr,1, 9,1, N2, Gy,2, 9,2, 9p 2 that satisfy the

system of equations.

Note that to characterise the first order expansion of the MSV solution we still have to determine

the other coeflicients hic, hiy, Gie, gi that appear in equations (44) and (45). Fortunately, doing

so is an easy task. Proposition 1 in FRWZ shows that one has to solve two separate systems of linear

equations corresponding to their equations (A5) and (A6).

A.4 Mean square stability under regime switching

To asses the stability of the MSV solutions when some parameters are allowed to switch, FRWZ use

the notion of mean square stability (MSS), which is discussed by Costa et al. (2005) and Farmer et al.

(2009).

MSS requires the existence of

!/

bt bt bt

limi_—soEg , and  limy_ooEg
Y Ye| |Ye

The MSS condition constrains the values of the autoregressive roots in the state variable policy function

weighted by the probability of switching regimes. In our context with one state variable and two
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regimes, MSS formally states that one solution is stable if an only if all the eigenvalues of the matrix

pi1 l—pxn| |hl 0 p11h? (1 — pao)h3

1—pn1  p2 0 h3 (1—pu)h? p2oh3

are inside the unit circle. The characteristic polynomial of this matrix is
24 a1z+ag =2~ (pnh% +p22h§) z+ (p11 + p2a — 1) K303 = 0.

As discussed in LaSalle (1986, p. 28), both eigenvalues are inside the unit circle if and only if both

the following conditions hold

|(I(]| <1

lal] < 1+ ap,
which in our case give

|(p11 + p22 — 1) hiR3| < 1,

p11h? + pash3 < 1+ (p11 + pao — 1) K33
If we assume p11 + poo > 1, the two conditions can be be rewritten as

(p11 + pa2 — 1) h3R3 < 1,

piihi (1= h3) + paoh3 (1 — ki) + hih3 <1,
which correspond to equations (10) and (11) in the main text.

A.5 The absorbing case

When regime 1 is absorbing (p;; = 1), MSS requires the eigenvalues of the following matrix to lie

inside the unit circle:

hi (1 — pog)h}

0 paoh3
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The two eigenvalues are equal to h? and pagh3, so that the conditions for MSS are

[ha] <1, (52)

ho| < ——. (53)

Moreover, by plugging p1; = 1 in equations (19) and (21) we obtain equation (23), that is

. % (1 - %’YT,I) —h

" b (% - %r,1)

This equation has three solutions for hi: one depends on the fiscal solution (first term), the other two

[T+ M1 —hi (14 B8+ A) + 8h3] .

on the monetary solution (square brackets).
When regime 1 is AM/PF then g, 1 = g1 = 0, since debt has no impact on inflation and output.

Using these restrictions, equations (20) and (22) give

% (1 - %77’,2) - h2
b (% - '77r,2>

which is itself a combination of a fiscal (first term) and two monetary (square brackets) solutions.

0= [1 + )\")/W,Q — pgghz (1 + 6 + )\) +p%25h%] s (54)

A.5.1 Figure la

Consider an AM/PF regime 1. The stability condition for the absorbing state (52) is the same as

under fixed coefficients. As fiscal policy is passive, the fiscal solution in (23) is

h= 5 (1= 2ma)

| =

so we have the condition
1 T
L(1-2,.)
’ 3 ( b7 1

that is (1 — B)g <1 < (1+ B)g. Employing our calibration, we have v;; € (0.019,3.892). The

<1,

condition for not having another stable solution is that the two solutions of the monetary part of
(23) should be outside the unit circle, that is, 7,1 > 1: monetary policy needs to be active. We now
analyse the MSS condition (53) for regime 2, given that regime 1 is AM/PF. To do so, we have to
solve the third order equation (54) for hg, and obtain one fiscal solution and two monetary ones. Let

us distinguish two cases according to the stability of the fiscal solution in regime 2.
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A stable regime 2 fiscal solution. In this case the fiscal solution must satisfy: }% (1 — %%,2)‘ <

1

L that gives equation (24)

b b

<1_ B )<%,2<<1+ 0 )

T v D22 T VP22
which, employing our calibration, returns: ;2 € (—0.032,3.952).

To have a unique stable (fiscal) solution the other (two monetary) solutions must be both unstable,

which translates into equation (25)

Yr2 > /P23 — (1_5\/@1(1—\/@)’

that is, vr 2 > 0.964. This first case describes the upper-right zone in Figure 1la.

An unstable regime 2 fiscal solution. Under this case ‘% (1 — %%72)’ > \/% which corresponds
to equation (28). Under our calibration, we have 7,2 < —0.032, v;2 > 3.952.

In order to have only one stable solution, the two monetary solutions of (54) must be one inside
and the other outside the unit circle, which yields equation (29)

Y2 < /P22 — (1_5\/@2\(1—\/@)'

Employing our calibration, we get v, 2 < 0.964. Again, monetary policy can be passive, and the more

so, the lower pog. This second case describes the lower-left zone in Figure 1a.

A.6 Figure 1b: A numerical example for the modest fiscal deviations

Consider the case with pi1 = pea = p < 1 in Figure 1b. If regime 1 is AM/PF then g1 = g,1 =0

and from system (46)-(51) we can derive the equations

(1= %ym1) — M

G-

% (1 - %77,2) - h2 2 2
0= [T+ Xyr2 — p22ha (14 B+ A) + p3oSh3] - (56)

G

Take a passive fiscal policy in regime 1 with 71 = 0.2 and p = 0.95. In this case the stable solution is

@[

0=

[T+ M1 —puba (14 B+ ) +pii Bhi] (55)

the fiscal one and, in particular, hy = % (1 — %%71) = 0.9068. In order to have MSS, conditions (10)

and (11) must hold. Under this case the most stringent one of the two turns out to be equation (11)
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that becomes 0.822p (1 — h3) + 0.178ph3 — 1 + 0.822h3 < 0. Then, in order to have MSS the stable
solution in regime 2 must satisfy the following: —1.0209 < hy < 1.0209.3! If the stable solution in
regime 2 is again the fiscal one then: hy = % (1 — %%,2) € (—1.0209,1.0209). In this case we get a
“modest” fiscal deviation for:

—0.02 < 72 < 3.93

Substituting hy = 1.0209 in the monetary solution for regime 2 in equation (56) we get vr2 = 0.955

which is the lower bound of the correspondent “modest” monetary deviation:
0.955 < yr2 <1

Note that these results hold for 7,1 = 0.2; obviously, for every given 7,1 we could obtain different

V-2 and vz 2 coefficients.

A.7 Globally balanced policies: analytical results for an absorbing regime 1
A.7.1 Figure 2a: the fiscal frontier

Suppose that regime one is absorbing, and that monetary policy is active in both regimes. The
equation to consider to solve for hy is (23). If ;1 > 1, the two monetary solutions (i.e., the roots of
the second order equation in the square brackets) are out of the unit circle. If the fiscal solution is
outside too (h; = % (1 — %%71) > 1), that is if there is an AF policy, then all solutions are explosive,
independently from what happens in the second regime. On the other hand, if in the first regime there
is a PF policy, the equation for the second regime reduces to equation (54). Given that we assumed an

active monetary policy even in regime 2, we have global determinacy whenever fiscal policy is passive

B
VP22

(or modestly active): 2 (1 — ) < Yr2 < 2 (1 + \/%), which corresponds to equation (25) in the

text.

A.7.2 Fig. 3a: the monetary frontier

The condition for the absorbing state is (23). If in the absorbing regime 1 fiscal policy is passive,
then the fiscal solution is inside the unit circle and (1 — 8)2 < 71 < (1 + 8)2. The condition for
not having another stable solution is that the two solutions of the monetary part should be outside
the unit circle, that boils down to the usual 71 > 1: monetary policy needs to be active. As for the

non-absorbing regime 2, consider again equation (54). If fiscal policy is passive then to have a unique

31Condition (10) instead gives —1.162 < ha < 1.162.
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stable solution the other (two) monetary solutions must be both outside the unit circle, which gives

(25): Yr2 > /D22 — (1_6\/1@/)\(1_‘/]@) that is, we have determinacy when 7,2 > 0.964.

A.7.3 Figure 4b under an absorbing PM regime 1

Suppose now monetary policy is PM (with 71 = 0.9) in the first (absorbing) regime and AM (with
Yr2 = 1.5) in the second regime. The condition for the absorbing state is, as usual, (23). That for the

non-absorbing state is derived from (20) evaluated at p1; = 1 where, to simplify notation, we define

2z = ha /D22

0=gro{l+ A2 —2vp2z (1 + B+ A) + B2%pas}
(57)

+ (1 = p22)gr12 | Bz — (1+ B84 X—Bhy)

1
VP22
where gr 1 and gr2 are given, as usual, by equations (21) and (22) in the text. We can re-write the

condition for the non-absorbing state as

23 4 byz? +biz+ by =0

where
) (1= Zyr2) p22 + (L + B+ A) + gr1 (1 — p22)b (% — ’}’mz) B
T B/P22 ’
T A ™ . 7
; VP22 (1+ B+ X) % (1—Fvr2) + (131:2—2’2) + g1 (1\/1%2) (14+8+X—pBh)b (% - %,2)
1= )
Bv/P22
by — — (1= Fvr2) 1+ Ayr2)

B%\/p22

The necessary and sufficient condition for determinacy is that this cubic equation has exactly one
solution inside the unit circle and the other two outside. By proposition C.2 in Woodford (2003), this

is the case if and only if either of the following two cases is satisfied:
e Case I: 1 +by+ b1 +bg <0and —1+ by — by + by > 0;
e CaseIl: 1 4+by+ by +by >0, —1+4+by — by +by <0, and b(z)—bobg-i—bl—l >0 or ‘bg‘ > 3.

Let us study now how determinacy varies according to the fiscal policy undertaken in regime 1.
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AF in the absorbing regime 1. Consider the case of an AF policy in the absorbing regime: regime
1 will have a PM/AF mix hence a unique stable solution. In this case the monetary solution in (23)
should have a root inside and one outside the unit circle while the fiscal solution, being AF, is outside.
The monetary coefficient v, 1 = 0.9 generates a stable solution h; = 0.94343 (and an unstable one,
that we discard, hy = 1.1534).

Studying the necessary and sufficient conditions for determinacy, we find that, under these param-
eters, Case I is never satisfied (since the second inequality never holds) while Case II is. In particular,
the condition to have exactly one solution inside the unit circle for regime 2 (from the first condition

in Case II) reads

b
Yr,1 > *(1 - Bhl)
T

[ = P (L4 B+ X) + Bpao] <1_71)b[51_1+772
(1—p22)[6—\/%(1+5+A—5h1)}(%_%2) g )| Vb2 b '

(58)

that is represented by a negative sloped line in the space (Vr1,7-2) and that depends, among other
things, on hj. Note that (58) corresponds to (57) for z = 1.

Hence there is a unique stable solution when 7, is above this line for h; = 0.94343. As a result,
when the first regime is PM/AF we have a global determinate equilibrium in the hatched area of

Figure Al.

(pu,pzz) =(1.00, 0.95); Monetary policy: (ym, ynz) =(0.90, 1.50)
0.25 T T T

0.2r

0.15F

0.1r

0.05F

-0.05-

01 . . . . .
-0.1 -0.05 0 0.05 0.1 0.15 0.2 0.25

yT,Z

Figure Al: Stability for an absorbing PM/AF regime 1.
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PF in the absorbing regime 1. When the first regime is PM/PF, the two monetary solutions are
one inside (h; = 0.94343) and the other outside while the fiscal solution is inside with g, = 0.

Now we have to consider two areas, one for each h; < 1 in regime 1. The solution h; = 0.94343,
returns the same negative sloped straight line as before. So, again, there is a unique stable solution
for regime 2 when ~,; is above this line. Hence, when the first regime is PM/PF we have a global

determinate equilibrium in the hatched area of Figure A2.

(pu,pzz) =(1.00, 0.95); Monetary policy: (yml, Vn.z) =(0.90, 1.50)

0.25

0.2r
0.15f

0.1r
0.05f /

-0.05-

01 . . . . . .
-0.1 -0.05 0 0.05 0.1 0.15 0.2 0.25

yT,Z

Figure A2: Stability for absorbing PM/PF regime 1: stable monetary solution case.

When we consider the other stable solution, with g1 = 0, equation (57) reduces to

0=gomp [1+Mr2—2yp22 (L+ B+ A) + B2pa] .

Hence, we have just one stable solution if and only if the regime 2 is AM/PF (in this case there are 2
monetary solutions outside and 1 fiscal solution inside) and the area characterised by just one stable
solution is the hatched area in Figure A3.

Overlapping these two figures (A2 and A3) we get the areas with just one stable solution when

fiscal policy in regime 1 is passive: the two triangular areas in Figure A4.

Putting everything together. Putting together Figures Al and A4, one obtains A5, which is the

counterpart of Figure 4b for the case of absorbing PM regime 1.
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(pu'pzz) =(1.00, 0.95); Monetary policy: (ynl, sz) =(0.90, 1.50)

0.1
-0.1 -0.05 0 0.05 0.1 0.15 0.2 0.25

Figure A5: The fiscal policy frontier with substantial deviations in monetary policy and absorbing
regime 1 with PM.

Notes: Light blue: unique solution; white: indeterminacy; dark blue: explosiveness.
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