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Fiscal policy in the United States has been documented
to have been the leading authority in the '70s (active fis-
cal policy), while having switched to fiscal discipline follow-
ing Volcker’s appointment (passive fiscal policy) onward. Most
papers in the literature focus on taxes as the main instrument
to stabilize debt when fiscal policy is passive. I extend the exist-
ing analysis by also allowing federal spending to adjust. I con-
struct a New Keynesian Markov-switching DSGE model with
a Blanchard-Yaari structure and estimate it for the United
States. I find that the U.S. economy has switched regimes over
time. In line with the existing literature, I show that the econ-
omy spent the '70s in a regime where fiscal policy was active
while monetary policy was passive. Interestingly, I show that
the economy spent a short period in the early '80s where both
policies were passive, before switching to a persistent regime
where monetary policy has been fighting inflation aggressively
and fiscal policy ensured that both tax revenues and federal
spending adjusted to stabilize debt.

JEL Codes: E31, E58, E62.

1. Introduction

Regime switches in the monetary/fiscal policy mix in dynamic sto-
chastic general equilibrium (DSGE) models have attracted much
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attention over the last years. The interactions between monetary
and fiscal policy are crucial for the determination of inflation and
output dynamics as well as debt and, more importantly, of expec-
tations. Whether or not monetary and fiscal policy coordinate or
whether they switch in a joint manner is a question that many papers
in the literature have addressed and are still trying to address. How-
ever, what is also important is not only whether the policy mix is
such that it allows for higher inflation and lower debt, or the other
way around, but also whether the fiscal authority changes the com-
position of its instruments as a means to consolidate debt regardless
of the monetary policy stance. In this paper, I address those issues.
I estimate a DSGE model for the U.S. economy allowing for joint
switching in monetary and fiscal policy. In deviation from existing
papers, I allow fiscal policy to switch not only between a passive and
an active regime but also between using tax revenues or spending as
a means to stabilize debt.

The current literature has restricted its attention to two regimes,
namely an active monetary/passive fiscal (AM/PF) regime and a
passive monetary /active fiscal (PM/AF) regimelll Figure 1 (panel A)
plots the debt-to-GDP ratio along with inflation and the real interest
rate. Clearly, the debt-to-GDP ratio was lower during the ’70s. There
is mixed evidence in the literature regarding that period. According
to the findings of Bianchi (2012), Bianchi and Ilut (2017), Davig
and Leeper (2011), and Traum and Yang (2011), this period cor-
responds to the passive monetary (PM) and an active fiscal (AF)
policy regime and is associated with persistently high inflation and
a low real interest rate[d As shown in Leeper (1991), lack of fiscal
discipline in a rational expectations model implies dynamics that
depend on the joint behavior of monetary and fiscal authorities.
More importantly, the effects of policy interventions differ substan-
tially from those when fiscal discipline is in place. On the contrary,

'Bianchi and Tlut (2017) estimate a Markov-switching DSGE for the U.S.
economy and find that apart from the AM/PF and PM/AF regimes, the U.S.
economy went through a short period (in the early years of Ronald Reagan’s
presidency) during which both monetary and fiscal policy were active. Following
Leeper (1991), the model has no solution under this policy mix. For this reason,
in this paper I restrict my attention to policy mixes that yield a unique bounded
solution.

2The definition of monetary and fiscal regimes is borrowed from Leeper (1991).
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Figure 1. Inflation, Real Interest Rate, and Fiscal
Variables in the United States
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Notes: Panel A: Annualized quarterly inflation, real interest rate, and debt-to-
GDP ratio over the sample 1969:Q1-2008:Q4. Panel B: Interest payments as a
share of total federal expenditure. Panel C: Primary deficit as a share of privately
held gross federal debt.

Bhattarai, Lee, and Park (2012a) find that both policies have been
passive during that period, while Traum and Yang (2011) find that
monetary policy has been active and fiscal policy has been passive
during the ’70s in the United States. The literature seems to converge
only on the events following the appointment of Volcker onward.
That is, the policy mix has since the early ’80s been characterized
by an active monetary and a passive fiscal policy. When it comes to
the "70s, the literature does not seem to be converging to a specific
policy mix.

A natural measure of fiscal stance is the primary surplus as a
fraction of outstanding debt. The reluctance of the fiscal authori-
ties, from the mid-’70s until the late ’70s, to make the necessary
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fiscal adjustments in order to stabilize debt can be seen in panel C
of figure 1. In particular, the first period of sustained primary deficits
begins in the mid-'70s (Ford tax cut and tax rebate). As panel C
shows, the high deficit persisted for a couple of years. On the other
hand, from the early ’80s onward (Volcker’s appointment), inflation
started declining steadily while the real interest rate started to rise
substantially. At the same time, the debt-to-GDP increased gradu-
ally until the early '90s, which can be partly attributed to the rising
interest payments and the subsequent recession. In fact, as panel B
shows and as also argued by Sims (2011), the interest expense was a
small fraction of the budget until the late *70s but started to shoot
up from the early ’80s onward and stayed there for several years.
The steady decline in deficits in the middle of the Reagan Adminis-
tration was not enough to offset the sharp rise in interest expenses.
According to the existing literature, the period from the ’80s onward
corresponds to an AM/PF regime.

Historical evidence regarding U.S. fiscal policy shows that it has
fluctuated not only between a passive and an active regime but also
between alternative instruments (tax revenues or federal expendi-
ture) in its effort to stabilize debt. During the Reagan presidency,
the Tax Equity and Fiscal Responsibility Act of 1982 was approved
amid concerns regarding the growing primary deficits. The ongo-
ing recession of the early '80s caused a short-term fall in tax rev-
enues. The Act was approved with the ultimate purpose of closing
the growing budget gaps. At the same time, the cuts in spending
concerned cuts in projected spending. On the other hand, during
the Clinton Administration sustained cuts in federal expenditure
were implemented in an effort to bring the budget deficit into a sur-
plus and to reduce federal debt. Panel C depicts the sustained and
growing primary surpluses over that period, while panel A depicts
the substantial decline in debt-to-GDP ratio. During those years,
federal spending fell to almost 18.2 percent of GDP from 22.1 per-
cent in 1992 (Balanced Budget Act of 1997)E| On the other hand,
taxes were raised in 1993 but were cut in 1997 (Taxpayer Relief
Act of 1997). The current literature on Markov-switching DSGE

3 According to the Balanced Budget Act of 1997, the targeted cut in spending
would amount to $160 billion between 1998 and 2002.
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(MS-DSGE) models remains relatively silent on the effects of
switches between alternative fiscal instruments

I address the events described above by developing an MS-DSGE
model where monetary policy switches between an active and a pas-
sive regime. Not only does fiscal policy switch between being active
and passive, but also, while passive, it is allowed to change the
composition of its fiscal instruments. That is, the model allows the
reactions of tax revenues and federal spending to debt fluctuations
to vary so long as fiscal policy stays passive. With this specifica-
tion (i.e., allowing for possible switching between fiscal instruments)
I deviate from the current literaturel I deviate from the current
literature on estimated MS-DSGE models for the United States fur-
ther by introducing a Blanchard-Yaari structure similar to Richter
(2015)@ Agents are no longer infinitely lived. With this structure
fiscal shocks have real effects in the economy, implying inflation-
ary pressures following tax cuts or increases in federal expenditure
regardless of the current regime and agents’ beliefs.

A number of authors attribute the lower inflation and output
volatility in the post-Volcker era to lower shock volatility instead of
better policy (see Cogley and Sargent 2005; Primiceri 2005; Sims
and Zha 2006; Stock and Watson 2002). For this reason I also allow
the variances of shocks to vary over time according to a Markov-
switching process and independently of switches in monetary and
fiscal policy.

I perform a Bayesian estimation of the model using quarterly
data. In line with estimated closed- and open-economy MS-DSGE

4A number of papers employ Bayesian estimation to estimate fiscal policy
rules and to explore the economic effects of fiscal policy (Forni, Monteforte, and
Sessa 2009; Kamps 2007; Lépez-Salido and Rabanal 2007; Marco, Werner, and
Jan 2006; Straub and Coenen 2005). However, they do not account for regime
switches of the nature considered in this paper.

®The importance of the fiscal instrument on the dynamics of economic vari-
ables following fiscal shocks has been studied in simple real business cycle models
in the literature. Leeper, Plante, and Traum (2010) and Leeper and Yang (2008)
show that the dynamics and the impulse responses of key variables following both
fiscal policy and nonpolicy shocks depend on what fiscal instrument finances debt.
However, those papers do not include the interactions between monetary and fis-
cal policies. Moreover, they do not analyze the effects of switches across different
instruments on expectations.

®Richter (2015) does not focus on switching between different fiscal instru-
ments during an AM/PF regime.
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models, I find that the monetary policy of the Federal Reserve has
indeed varied over time and is characterized by a weaker response
of the federal funds rate to inflation fluctuations during the ’70s
mainly (passive monetary policy), and was associated with an active
fiscal policy in the spirit of Leeper (1991) and in line with Bianchi
(2012, 2013) and Bianchi and Ilut (2017). I find that the probabil-
ity of a switch to a regime where the reaction of monetary policy
to inflation is strong and where fiscal policy is concerned with debt
stabilization (passive fiscal policy) increases substantially from the
mid-’80s onward and stays persistently high until recently. Interest-
ingly, I find that the economy spent a short period in a regime where
both monetary and fiscal policy were passive before switching to the
persistent regime which characterized the evolution of the economy
from the mid-'80s till today. Importantly, I find that during this
short-lived regime, the fiscal authority used federal spending heavily
as a means to stabilize debt. As regards the policy mix from the
mid-’80s onward, I find that, while the Federal Reserve has been
committed to fighting inflation, the fiscal authority has been using
both tax revenues and federal spending in order to stabilize debt.
This finding contributes further to the existing literature on esti-
mated MS-DSGE models which restrict federal spending not to react
to debt fluctuations.

The paper is organized as follows. Section 2 presents some of
the existing literature on the monetary fiscal policy mix as well as
on existing models using a perpetual youth structure. In section 3,
a closed-economy model with a Blanchard-Yaari structure is devel-
oped. Section 4 includes the solution algorithm, the estimation tech-
nique, and the data set. Section 5 summarizes the estimation results,
while section 6 concludes.

2. Literature Review

The monetary/fiscal policy mix has been analyzed in the literature
extensively. On the theoretical side, the landmark paper of Leeper
(1991) analyzed the stability properties in an economy featuring
monetary and fiscal policy. Canzoneri, Cumby, and Diba (2010)
provide a game-theoretic approach to the interactions between the
monetary and fiscal authorities in an attempt to analyze positive
and normative issues in those. Since the seminal paper of Leeper, a
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number of papers have been written in an attempt to estimate the
policy mix in the United States. Most of these papers have made
use of a closed-economy DSGE model. Some of those studies esti-
mate fixed-coefficients models, where monetary and fiscal policy are
not allowed to change behavior over time, whereas others consider
changes in the behavior of the two authorities over time. Bhattarai,
Lee, and Park (2012a) estimate a closed-economy DSGE model for
the United States using postwar data and find evidence in favor of
changes in the monetary /fiscal policy mix over time. Their model has
fixed coefficients and they estimate it in different subsamples. They
find that pre-Volcker, a passive monetary and fiscal policy regime
prevailed, while post-Volcker, an active monetary and passive fiscal
policy regime was dominating. Hence, according to the terminol-
ogy by Leeper (1991), since both monetary and fiscal policies were
passive pre-Volcker, there was equilibrium indeterminacy. Along the
same lines, Bhattarai, Lee, and Park (2012b) using a similar model
also find evidence in favor of passive monetary and fiscal policy in
the pre-Volcker era and an active monetary and passive fiscal pol-
icy in the post-Volcker era. Traum and Yang (2011) also estimate a
closed-economy DSGE model for the United States for different sub-
samples and find that the data in the pre-Volcker period strongly
prefer an AM/PF regime, even with a prior centered in the PM/AF
region. Contrary to Bhattarai, Lee, and Park (2012a, 2012b), Traum
and Yang (2011) allow both government purchases and tax revenues
to react to government debtl] In this paper, I deviate from Traum
and Yang (2011) by introducing an overlapping-generations struc-
ture into the model as well as allowing for time variation in the mon-
etary and fiscal feedback rules. This allows me to estimate the model
for the whole sample period and detect whether or not the economy
has indeed been switching across regimes over time, instead of esti-
mating a time-invariant model for different subsamples as Traum

and Yang (2011) do.

A number of papers employ Bayesian estimation to estimate fiscal policy
rules and to explore the economic effects of fiscal policy (Forni, Monteforte, and
Sessa 2009; Kamps 2007; Lépez-Salido and Rabanal 2007; Marco, Werner, and
Jan 2006; Straub and Coenen 2005). However, they do not account for regime
switches of the nature considered in this paper.
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At the moment there is also large evidence in favor of joint regime
switching in monetary and fiscal policy. Specifically, there are a
number of papers which estimate time-varying models allowing for
switches in the policy mix, instead of estimating a fixed-coefficients
model for different subsamples. Bianchi (2012) and Bianchi and Ilut
(2017) estimate an MS-DSGE for the United States where mone-
tary and fiscal policy switch jointly regimes. Both papers find evi-
dence in favor of a passive monetary/active fiscal policy mix in the
'70s and an active monetary/passive fiscal mix from the late ’80s
onward. Importantly, both papers find that fiscal policy did not
switch to become passive once monetary policy started committing
to a better anchoring of inflation expectations. As a result, both
papers find that the U.S. economy spent most of the early '80s in
a regime where both policies were active. Besides models allowing
for joint monetary and fiscal policy interactions, Favero and Mona-
celli (2005) estimate fiscal policy feedback rules in the United States
for the period 1960-2002, and find that fiscal policy in the United
States has been active between 1960 and 1980, while from 1980
onward it switched to become passive. Apart from estimated DSGE
models or single-equation estimates, there are a number of papers
calibrating regime-switching models and looking at the interactions
between monetary and fiscal policy. Davig and Leeper (2011) and
Davig, Leeper, and Chung (2007) construct an MS-DSGE model,
look at how the interactions between monetary and fiscal policy
affect agents’ decisions following monetary and fiscal shocks, and
also analyze the stability properties of the model. However, little
evidence exists in the MS-DSGE literature as regards switches of
the fiscal authorities between using tax revenues and spending as a
means to stabilize debt. As discussed in the introduction, there have
been periods where the U.S. government focused more on spending
cuts than on tax hikes in order to control debt. In this paper, I
account for this possibility by estimating a three-regime model for
the United States where the fiscal authority is allowed to also vary
the composition of its fiscal policy while being passive.

The interaction between monetary and fiscal policy has also been
analyzed through the lens of the perpetual youth model due to
Blanchard (1985) and Yaari (1965). Leith and Wren-Lewis (2000)
use a version of the perpetual youth model to analyze the impli-
cations of the fiscal stability pact in the European Economic and
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Monetary Union for monetary policy. Importantly, Leith and Wren-
Lewis (2000) consider two scenarios of fiscal discipline—one in which
the fiscal authorities use taxes to control debt and another in which
they use government spending—and they analyze the stability prop-
erties of their model. Annicchiarico, Giammarioli, and Piergallini
(2012) construct a New Keynesian model with capital accumulation
and finite horizons to analyze the macroeconomic implications of
fiscal policy. They find that fiscal expansions generate a tradeoff in
output dynamics between short-term gains and medium-term losses.
They also show that the effects of fiscal shocks crucially depend upon
the conduct of monetary policy. Along similar lines, Annicchiarico,
Marini, and Piergallini (2008) also build a New Keynesian model
where agents have finite horizons to analyze the performance of mon-
etary policy under Ricardian and non-Ricardian fiscal regimes. Inter-
estingly, they show that, within the class of Ricardian fiscal rules,
active monetary policies are not necessary for equilibrium determi-
nacy. Richter (2015) constructs a DSGE model with a fiscal limit,
also making use of the perpetual youth setup in order to analyze
how intergenerational redistributions, debt maturity, and entitle-
ment reforms affect the consequences of explosive federal transfers.
He finds that the finite horizon structure is crucial in generating more
severe and persistent stagflation than representative-agent models.
Moreover, the interactions between debt maturity and finite horizons
may dampen the short-run effects of explosive transfers.

Analyzing fiscal consolidations, Bi, Leeper, and Leith (2013)
show that expenditure-based consolidations are more successful in
stabilizing debt. Although they focus on the uncertainty about the
timing and the nature of fiscal consolidations, they conclude that
tax-based fiscal consolidations are not as successful as expenditure-
based ones. Moreover, they compute the effects of fiscal consolida-
tions in the periods following each specific consolidation to show that
tax-based consolidations are expansionary. In this paper, however, I
do not consider cases of short-horizon fiscal consolidations.

The current paper contributes to the existing literature in the fol-
lowing respects. First, it introduces the perpetual youth model and
combines it with Markov switching in monetary and fiscal policy and
then estimates the resulting MS-DSGE model for the United States.
Second, it assumes three regimes, namely two regimes where mon-
etary policy is active and fiscal policy is passive and one in which
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monetary policy is passive and fiscal policy is active. Specifically,
while being passive, fiscal policy can vary the extent to which tax
revenues and federal spending react to fluctuations of the debt ratio.

3. The Model

I adopt the specification of the Blanchard (1985) and Yaari (1965)
model of perpetual youth in discrete time similar to Devereux (2011),
Richter (2015), and Smets and Trabandt (2012). Households die with
probability 1—9 each period, and every period a newborn generation
1 represents a fraction 1 —§ of total population, where 0 < § < 1. In
other words, § captures the probability of survival from one period
to the next. Therefore, Etoio = 1%5 represents the average house-
hold lifetime. As pointed out by Smets and Trabandt (2012), an
alternative and empirically more plausible interpretation of 1/1 — §
is that it reflects the effective planning horizon of households. In
this paper, I adopt the planning horizon interpretation. Households
have no bequest motive and the usual Ricardian equivalence breaks
down.

Households derive utility from the consumption of goods and
supply labor to firms. They are assumed to have external habits
in consumption. Each household is the owner of a firm producing
a differentiated good. Households receive a wage from labor and
profits from firm ownership. Firms operate in a monopolistically
competitive market with price stickiness as in Calvo (1983). Mon-
etary policy is described by an interest rate rule whose coeflicients
on inflation and output gap vary over time according to a Markov-
switching process. In particular, there are periods where monetary
policy satisfies the Taylor principle—active monetary policy—and
periods where it does not—passive monetary policy. Fiscal pol-
icy is conducted by the government and fluctuates between three
regimes. The first and the third regime are regimes in which the fis-
cal authority commits to fiscal discipline through targeting tax rev-
enues and/or spending—passive fiscal policy. Crucially, the extent
to which tax revenues and spending are adjusted to stabilize debt
can vary between those two regimes. The second regime is one in
which it does not make the necessary fiscal adjustments in order to
stabilize debt—active fiscal policy.
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3.1 Households

In every period a new generation/cohort is born. The size of gener-
ation i at time ¢ is (1 — &) 6'~¢ and total population is of measure 1.
The representative household [ in each generation ¢ maximizes the
expected lifetime utility function:

N Ci—rCon)' ™7 (H)'™
=y (et [l D U
s=t

where 3 € (0, 1) is the subjective discount factor; C¢, H}, and B} are
consumption, labor supply, and government bond holdings of house-
holds of generation i; C; represents the average level of consumption
in the economy. The parameter x captures the degree of external
habit. The preference shock, d;, is assumed to have a mean zero and
follows a stationary AR(1) process: d; = pqdi—1 + 0a,c,Edt €dp ~
N (0, 1). The composite consumption good C} is differentiated across
a continuum of individual goods, such that

Ci= [/01 ciu)‘?ldj} =3 2)

where 6 denotes the intratemporal elasticity of substitution. The
household in each generation ¢ chooses c;(j) to minimize its total
expenditure, which implies a demand function for each good j

described by
. —6
il pe(J) i
do) = (22) ®)

where P, is the aggregate price index defined as

P = [ /0 lpto)l—‘)dj} - : (4)

The flow budget constraint for members of generation ¢ is summa-
rized as
., Bl 1, i i
P.Cy + R gBtf1 +WiH, + A, — Ty + TRy, (5)
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where B! denotes one-period riskless government bonds paying one
unit of numeraire in period ¢. R; is the gross nominal interest rate on
bonds purchased in period t. W is the nominal wage, A! are nominal
profits that generation i receives lump sum, T} are lump-sum taxes
imposed by the government to generation i, while TR} are nominal
lump-sum transfers. As in Blanchard (1985), I assume a full annu-
ities market. This implies that rates of return are grossed up to cover
the probability of death. The representative household in generation
t chooses at time ¢ the set {CZ, H}, Bz} and the sequences of con-

tingency plans {C?, H, B;}:O , in order to maximize (1) subject to

(5). The first-order conditions at an interior solution are written as

€dt+1 RtPt /\%
1= E +1 6
e (5] ®

(H;)’Y = wt)‘i’ (7)

where )\i = (C; — mCt,l)_a and w; is the real wage. The budget
constraint holds with equality at the optimum and the transversality
condition needs to be satisfied:

Jim B {6771Q; ¢ By} =0, (8)

where Qj 1(1) is the stochastic discount factor of the representative
household [ of generation i defined as

| elvs [ CF—kCyy \7
i — s - : 9
Qt,t—f—s ﬂ edt (CZ_H — HCtJrsl) ( )

Following Castelnuovo and Nistico (2010), Del Negro, Giannoni,
and Patterson (2012), Nistico (2012), and Piergallini (2006), one can
show that the consumption policy function is described by

: 1 B;_ ;
ci=-) (7= 4 0}). (10)
T
where
, s A WigsHpys + Ny —Tyig + TRyt s
Dz — B, ZdSQz,H-s( t+stit+ t;t+ t+ t+ )
s=0 s
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describes the present discounted value of future disposable income
adjusted for past consumption.

3.2 Aggregation

As in Annicchiarico, Giammarioli, and Piergallini (2012), given
the overlapping-generations structure of the model, the aggregate
value z; of a generic economic zi(l) is obtained as a sum across
generations:

t (1-8)5*~"
zt:‘z (/0 zé(l)dl). (12)

Define Q¢:ys as the population weighted average of the
generation-specific stochastic discount factors:

t

Qtt+s = Z (1-9) 5t_iQi,t+s- (13)

1=—00

Since (10) is linear in generation-specific variables, I can express it
as follows:

1B,_
Cy = (1 —30) (5 : 1+Dt>, (14)
Tt
where
> sH s A s _T S T s
D, = E, ZéS@ﬁﬂ (Wt+ t+s + t; t1s + TRy )
s=0 t+s

(15)
In appendix section A.3.1, I show that aggregation across all gen-

erations at time t yields the following expression for the aggregate
budget constraint:

B
PtCt‘i‘ﬁt =B 1 +WH,+ A — T+ TR,. (16)
t
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Following the same procedure as in Smets and Trabandt (2012), in
appendix section A.3.2 I derive the aggregate representation of the
Euler which receives the following form:

d o—1
e +1 Ry 1 1-6 1 A v 1
Ty = —Bi + < : > . )
e Iliy1 A Ophe41 A o, At+1 At41
t+1

Note that for § < 1, government debt affects consumption spend-
ing. This leads to a breakdown of Ricardian equivalence even though
taxes are lump sum. Moreover, under log-preferences, equation (17)
receives a more intuitive form:

-+ 1 1-6 1
€ i — Bt+

(18)

ede Ty Mo Oy A1

3.8 Firms

Final goods are produced by monopolistically competitive firms
which employ only labor and use a linear production technology,

Yi(j) = AcHy(3), (19)

where A; is an aggregate productivity shock at date t which is
assumed to follow a log-stationary AR(1) process: a; = pgai—1 +
Oa,i€ast €at ~ N (0,1). Firm profits are distributed to households
at the end of each period. Each firm is the only producer of its good
and sets its price in a staggered way as in Calvo (1983). In each
period, a firm faces a constant probability of being able to reopti-
mize its nominal price, 1 — w, regardless of the time elapsed since
it last adjusted its price. Following Christiano, Eichenbaum, and
Evans (2005), I assume that firms that do not reoptimize their price
set their price according to the price that has been previously set,
also accounting for past inflation (partial indexation). Specifically, if
a firm j does not reoptimize, it sets the price of its good according
to the following rule:

Py(j) = m—1 P—1(j). (20)

This structure adds lagged inflation in the Phillips curve. Let p.(j)
denote the price that is set by a firm that can reoptimize at date ¢.
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Given the Calvo price-setting mechanism, the price level can be
summarized as

1

IR CEE ) B N O

P = |w (7Tt—1Pt—1)

If firm j reoptimizes, it chooses the price that maximizes the
expected discounted sum of its profits. Profit maximization thus
solves

g}?ﬁ Ei Z (00w)” Qts {Pe(§) Xts — Prysmciist Yets () (22)
t 5=0
subject to
AN\ —6
. j240))
Yers (4) = ( tPt > Yits
and
e . >1
th _ e X Tgpq X X Tqrs—1 fOT S = (23)
1 s =0,
where mc is the real marginal cost specified as
Wi
= . 24
mey AP (24)

The first-order condition associated with the firm’s choice of p; is

o0

Ei Y (00w)" Quts {ﬁt(j)th - 9i01Pt+SmCt+S} Yirs(d).  (25)

s=0

Obviously, for w = 0, the firm sets its price equal to a markup over
the current real marginal cost, mc;. By definition, for s = 0, the
term X, is equal to 1.

3.4 Fiscal Authority

The flow budget constraint of the federal government is given by

By =Bi_1(Ri—1) —T; + S¢ + TP,
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where B; is government debt, T} is lump-sum taxes, and S; is fed-
eral expenditures given by the sum of government purchases and
transfers, Sy = P,G; + T R;. As in Bianchi and Tlut (2017) TP; is a
shock that captures a series of features that are not explicitly mod-
eled here, such as changes in the term premiumﬁ As Bianchi and
Ilut point out, this shock is necessary to avoid stochastic singular-
ity when estimating the model given that I treat debt, taxes, and
expenditures as observables. Expressing the variables as a fraction
of output, the flow budget constraint receives the following form:

by =bi1Ri—1/ (Y /Y1) — 7 + s + tpy,

where by = B;/P.Y:, v = T3/ PY;, and sy = Si/P.Y:, while II; is
CPI inflation. I define variable x; = g;/s; as the fraction of federal
expenditure devoted to government purchases, where both variables
are expressed as a share of GDP (¢; = G¢/Y; and sy = S;/P,Y}).
As in Bianchi and Ilut (2017), I assume that variable y; has the
following law of motiond:

Xt = pxXeo1+ (1= py) iy Yi 4 0y s,6xts Exit ~ N (0,1),

where Y, is the flexible-price equilibrium output.

3.5  Market Clearing

Market clearing in the goods market requires

Yi(j) = Ce(j) + G(J)

for all 7 € [0,1] and all ¢t. Defining aggregate output as Y; =
0

6—1

0—1
( folYt(j) ’ dj> and accounting for the fact that I have

8In Bianchi and Ilut (2017) the government issues long-term debt only. There-
fore, the term T'P; can also capture changes in the maturity structure of federal
debt or changes in the term premium.

°In what follows, for all the variables normalized with respect to GDP (debt,
government purchases, federal expenditure, tax revenues) #; denotes a linear
deviation (Z; = X: — X) from its steady state. Instead, for all other variables
#; denotes a percentage deviation (&; = log(X;/X)) from its steady state. This
distinction avoids having the percentage change of a percentage.
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expressed fiscal variables as fractions of nominal GDP, the aggregate
resource constraint is as follows:

Y, = Ci + g+ Y3

4. Markov Switching

4.1 Solution and Estimation Technique

In this section, I describe how Markov switching is introduced into
the model and how the resulting model is estimated. I follow the
approach of Chen (2017), Chen, Kirsanova, and Leith (2017), and
Liu and Mumtaz (2011). First, I log-linearize the model and then
I introduce Markov switching. In appendix section A.1, I present
the full model log-linearized. The algorithm that is used to solve
the model and obtain a time-varying minimum state variable solu-
tion is that of Farmer, Waggoner, and Zha (2011). I assume that
both monetary and fiscal policy are subject to regime shifts. Specif-
ically, as regards monetary policy, I assume that the parameters in
the Taylor rule of the Federal Reserve are subject to regime shifts.
As regards fiscal policy, I assume that the fiscal authority uses tax
revenues and federal spending whenever it seeks to stabilize debt
and that the parameters on each of the two fiscal feedback rules are
subject to regime shifts. Monetary and fiscal policy switch regimes
simultaneously. Moreover, I allow the variances of all the shocks in
the model to be subject to regime shifts as well. I allow for indepen-
dent regime switching in the volatility of the structural shocks that
the model features. To specify the MS-DSGE model, I partition the
parameter vector ® into three blocks,

= {®7; 5%},

where ®Z is the set of parameters subject to regime shifts, ¥¢ is
the variance of the regime-switching volatilities, and ® denotes the
remaining time-invariant parameters. The Markov-switching interest
rate and fiscal feedback rules are specified as

R, = pR,Zth—1 +(1—pz,) <¢7r,Zt7Tt + %,thft)
—+ OR,C,ERt ERt ™ N (0, 1) , (26)



344 International Journal of Central Banking September 2020

T = PT,Zt%t—l + (1 - pT,Zt) (757Z1,l;t*1 + fyyi/t>
+ 07 ¢ Ert Erg ™ N (07 1) ) (27)

and

5t = ps,z,5t—1 + (1 — ps.z,) (_5b,Zt5t—1 - 5th>
+0s.¢Est €5t ~ N (0,1), (28)

where 7 is steady-state inflation. All shocks considered in this paper
are independent of one another. I allow all shock volatilities oq4,,,
Ta,ies Ox,Cos Tep,Cer OR,Cor Or,cer Ts,¢yr and oyp ¢, to be time varying.
The superscript Z denotes the unobserved regime associated with
the monetary and fiscal policy parameters taking on values 1, 2,
or 3. Monetary and fiscal policy regime follows a Markov process
with transition probabilities p;; = P [Z; = i|Z;—1 = j], where i,j =
1,2, 3. Hence, I assume three regimes for the monetary /fiscal pol-
icy mix. For convenience, from now on I will refer to those regimes
which concern switches in policy parameters only as Regime-Pol.
In the MS-DSGE literature, it has been documented that U.S.
monetary policy has been passive (i.e., weak reaction to infla-
tion fluctuations) during the ’70s (see Bianchi 2012, 2013; Bianchi
and Ilut 2017) and fiscal policy has been active (i.e., no reac-
tion of taxes or expenditure to stabilize debt). Absent regime
switches, Leeper (1991) distinguishes four regions of the parame-
ter space according to existence and uniqueness of a solution. In
the linearized version of the model, the monetary and fiscal pol-
icy rule in practice determine the existence and the uniqueness
of an equilibrium. Hence, there are two policy mixes that yield a
determinate equilibrium. The first is an active monetary/passive
fiscal (AM/PF) mix where monetary policy satisfies the Taylor
principle and fiscal policy passively accommodates monetary pol-
icy by guaranteeing debt stability. Hence, the inflation coefficient
in the interest rate rule satisfies ¢ z, > 1 and the coeflicient on
debt in the tax rule satisfies vz, > (R —1) / (1 — p;,z,) while that
on the spending rule satisfies &7, > (R—1) /(1 — ps,z,), where
R is the steady-state interest rate, derived in appendix section
A.2, which is a function of the subjective discount factor, 0,
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and the survival probability, 6. The second is a passive mone-
tary/active fiscal (PM/AF) mix, where monetary policy does not
satisfy the Taylor principle and fiscal authority is not commit-
ted to stabilizing the process for debt. Formally, the policy coeffi-
cients in this regime satisfy ¢ z, <1, V.2, < (R—1) /(1 = pr,z,),
and 8,7, < (R—1) /(1 = pr,z,), respectively. Finally, no station-
ary equilibrium exists when both authorities are active (AM/AF),
whereas when both of them are passive (PM/PF) the economy is
subject to multiple equilibriums.

I restrict the policy parameters such that one regime (Regime-
Pol 2), j = 2, is characterized by an active fiscal policy and by a
weaker reaction of monetary policy to inflation fluctuations com-
pared with Regime-Pols 1 and 3. Specifically, as I describe in the
prior specification below, I center the mean of the prior for the
inflation coefficient in the Taylor rule in Regime-Pol 2 at ¢, > =1
and also impose the restriction ¢ro < ¢r1 and ¢r2 < ¢r3. As
regards fiscal policy, I set the reaction to debt in the tax and the
federal spending rule equal to zero, v, 2 = 0 and dp 2 = 0, similar
to Bianchi and Tlut (2017) In Regime-Pols 1 and 3, I place no
restrictions on the coefficients on debt in the two fiscal feedback
rules. In other words, I allow those two to be freely estimated. The
reason behind this approach is to allow the data to identify whether,
while monetary policy has been active (i.e. ¢r1 > 1 and ¢r 3 > 1),
the fiscal authority has been through periods during which tax rev-
enues were the main instrument to stabilize debt and through other
periods where federal spending was the main instrument. Obviously,
I interpret a higher coefficient on debt in the spending rule, 6, z,,
compared with its counterpart in the tax rule, 73 z,, as an indica-
tion that spending is the main instrument to stabilize debt, and vice
versa. The superscript ( = 1,2 in variances denotes the unobserved
regime associated with the volatilities and which evolves indepen-
dently of S. For convenience, from now on I denote the volatility
regime which concerns switches in volatilities only as Regime-Vol.
The two state variables Z and ( follow a first-order Markov chain
with the following transition probability matrices, respectively:

'9Bianchi and Tlut (2017) assume that the reaction of tax revenues to the debt
ratio is zero whenever fiscal policy is active.
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Py 1—-Pn 0
P = Py Pysy 1 =Py — P |,
Q11 1-Qu

Q - 1- Q22 Q22 ’

where Pj; = p[Z; =i|Z;—1 = j]|, where 4,j = 1,2,3, and Qp, =
p |G =nl|l—1 =m], where m,n = 1,2. The specification of the
transition probability matrix P is similar to that in Bianchi
and Ilut (2017), the only difference being that, in Regime-Pol 3,
the economy is restricted to switch to Regime-Pol 1 instead of
Regime-Pol 2[1] The model can be written in a matrix form as

A(Zy) Xy = B(Z) Xy + W(Zy)ee + 10 Zy)ne,  where
gt ~ N(Oa QC)) (29)

where X1 = [Ct+1a7rt+1’0ta7rt’Y;faRta7~—ta§t7§t7>2t7at7utadtvt~pt] €t
is a 8 x 1 vector of structural shocks of mean zero and whose variance
is allowed to vary over time as specified above[] 7 is a 2 x 1 vector
of endogenous random variables.

I solve the model using the approach of Farmer, Waggoner, and
Zha (2011) Farmer, Waggoner, and Zha (2011) show that if a
unique solution exists, then this can be cast as a Markov-switching
VAR of the following form:

Xt = 91,2, Xt-1+ G92,7,6¢- (30)

T have also estimated the model with P;3 > 0 and the results are robust. I
have set it to zero in order to reduce the parameter space given the complexities
of the model. As regards P32, I have set it to zero in order to account for switches
in the composition of fiscal tools only while fiscal policy stays passive.

'2As in Justiniano and Preston (2010), when log-linearizing the model I add
an import cost-push shock, denoted by e¢p. ¢, to the Phillips curve. The reason is
mainly to have a number of structural shocks equal to the number of observables
in the state-space representation of the model.

3] log-linearize the model around the symmetric zero-inflation steady state.
The log-linearized model is summarized in appendix section A.1.
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Equation (30) above can be combined with an observation equa-
tion giving the following state-space model with Markov switching:

Xt =g1,2,Xt-1 + 92,7,¢¢, where g, ~ N(0,Q¢)
(31)
Dt - HXt

I assume no measurement errors. Specifically, the data for the vari-
ables and the log-linearized variables are linked by the following
equations.

dIGDP, 1 [Yi—Yi ]
Inflationy U
FedFunds; Rt
d(Debt/GDP), =1 b — by (32)
d(G/GDP), gt — Gt—1
d(TaxRev/GDP), F—F
d(S/GDP); | | 5 — 51 |

As described above, the Markov states Z and ¢ evolve independently
with transition probability matrices P and @), respectively. D; rep-
resents the observed data and matrix H is the loading matrix. As
Liu and Mumtaz (2011) point out, the presence of the unobserved
DSGE states X; and the unobserved Markov states makes the stan-
dard Kalman filter not operational in order to provide inference on
X; and to calculate the value of the likelihood. Inference now has to
be conditioned on both current and past values of Z and (. Follow-
ing their approach, I define a new state variable Z* indexing both
Z; and (¢ and which has a four-state transition matrix, P* = PQ.
As in Davig and Doh (2014) and Kim and Nelson (1999), I track Z;,
Z; 1, and Z}_,, which means that I account for 63 = 216 possible
paths for the state variables at each point in time[" As mentioned
above, I follow a Bayesian approach to estimate the model, where I
combine the approximate likelihood function with the assumed prior
distributions and use a random-walk Metropolis-Hastings algorithm
with 200,000 replications in order to approximate the posterior.

Y“For a more detailed description of Kim and Nelson’s (1999) algorithm, see
the technical appendix in Liu and Mumtaz (2011).
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4.2 Priors

A summary of the prior distributions and the relevant bounds for
the model parameters is provided in table 1. Parameters with a dash
are fixed according to the specification and thus are not estimated.
I specify the prior distributions following the literature on either
closed- or open-economy models (see, e.g., Bianchi 2013; Bianchi
and Ilut 2017; Lubik and Schorfheide 2007; Smets and Wouters
2003, 2007). As regards the parameters that are not estimated, I
calibrate the steady-state government purchases to GDP, gy, and
federal spending to GDP, sy, to 0.21 and 0.25, respectively, while I
set the steady-state debt-to-GDP ratio, b, equal to 1 as in Bianchi
(2012). I set the intratemporal elasticity of substitution across vari-
eties, p, equal to 8. Finally, I set parameter ¢, in the law of motion
for x¢ equal to 0.1

In the literature, there are not many models that estimate the
survival probability, . I assume a beta prior with mean 0.95 and
standard deviation 0.1. In the interest rate rule, I assume that the
smoothing parameter pg follows a beta distribution with a mean of
0.5 and standard deviation equal to 0.2 in all regimes, and the infla-
tion coefficient ¢, follows a gamma distribution with a mean of 1.5
and a standard deviation of 0.1 in Regime-Pols 1 and 3 and a gamma
distribution with mean 1 and standard deviation 0.1 in Regime-
Pol 2. The coefficient on output follows also a gamma distribution
with a mean of 0.4 and a standard deviation of 0.2 in Regime-Pols 1
and 3 and a gamma distribution with mean 0.15 and standard devi-
ation 0.1 in Regime-Pol 2. As regards the fiscal feedback rules, I
assume that the reaction of tax revenues to lagged debt-to-GDP
ratio, vp,1, and the reaction of federal spending to lagged debt-to-
GDP, 4 3, both follow a gamma distribution with mean 0.07 and
standard deviation 0.025. Finally, regarding the transition probabil-
ities, I follow Sims and Zha (2006) in assuming a Dirichlet prior, with
the scale matrix chosen to reflect the belief that regimes are persis-
tent. The relevant parameters for the Dirichlet distribution imposed
are a1 = 18 and ap = 1.

4.8  Data

The sample consists of quarterly data spanning from 1969:Q1 to
2012:Q4. The real per capita GDP was constructed using data on



349

1X

icy M

s and the Monetary/Fiscal Pol

te Horizon:

ini

Vol. 16 No. 4 F

(panuguoo)

000°T 00'8T | IU2MIJ | $09Z°0 | 9€T0°0 | 26200 | 9981°0 | #92T°0 | 98¢1°0 | TLIT'O | 9850°0 | STLOO T8
000°T 00'8T | F[UPLIJ | €602°0 | 0STO'0 | 98%0°0 | 6¢80°0 | 8%¢0°0 | ¥6S0°0 | OSFT'O | 92100 | TETO0 £eq
000°T 00°8T | F[YoMIJ | 88TT°0 | 06€0°0 | TSFO'0 | 99.0°0 | TLE00 | 18€0°0 | ¥690°0 | 9S20°0 | 9S€0°0 &g
000°T 00'8T | OMUPMIJ | FTT0 | 8790°0 | STOT'0 | 9.68°0 | 9988°0 | 1688°0 | 6£0S°0 | OFEH0 | €LST°0 (%)
00Z°0 0S°0 elog] 1266°0 | LST€°0 | €026°0 | L9T€°0 | 8960°0 | TLST'O | €ATL0 | 09820 | &TO¥'0 g'sd
G200 200 wrurey) — — — L9T0°0 | €800°0 | €ETO0 | 9290°0 | ©0T0'0 | LL90°0 €9
00Z°0 0S°0 g 6T66°0 | G¥9.°0 | SS96°0 | 9€8L°0 | TSSH'0 | €STL0 | TSS6°0 | 96960 | 9960 ¢'sd
_ _ _ _ _ _ _ _ _ _ _ _ m;@
00Z°0 0S°0 elog] 1008°0 | LZ0T'0 | 68220 | #8TI'0 | G800°0 | 6SOT'0 | GALL0 | LOLEO | G98T°0 r'sd
G500 L0°0 eUIUIRY) — — — 9S¥5'0 | ¥E¥1'0 | SIST'0 | AIIT'O | G6%0°0 | LITITO Tg
00Z°0 0S°0 elog] ¥9L8°0 | 86¥F0 | 67780 | 6£8F°0 | G8€T'0 | €40 | ¥6TL0 | 00FF0 | S0OTLO €'+d
Sz0°0 200 ewwred) | 9F80°0 | 94400 | 1€80°0 | TO9T'O | 80S0°0 | LPET'0 | ¥6.0°0 | 9¥F0°0 | ¥6.0°0 gL
00Z°0 0S°0 elog] 19920 | ¥70€°0 | 92290 | #2680 | €922°0 | TE6E0 | L£S8°0 | 8069°0 | 95670 g'+d
— — — — — — _ — _ — — — zhaL
00Z°0 0S°0 elog] 909%'0 | 87220 | ¥S6£°0 | 989€°0 | ¥SPT'0 | TIFTO | 66€8°0 | L09F°0 | 8EELS0 T+
6200 200 ewwre) | 6981°0 | 00600 | S690°0 | ¥6L0°0 | €0¥0°0 | €SL0°0 | €0L0°0 | €0TO'0 | SIFO0 TaL
00Z°0 0S°0 elog] GPL8°0 | G96T°0 | €090 | TGES0 | T96L°0 | €L28°0 | €L88°0 | €21L°0 | GTLLO edd
00Z°0 0%'0 ewwre)) | 1gg8°0 | 8700 | TI€8T°0 | 8T0L0 | 91120 | SO¥Z'0 | 29890 | 689S°0 | 06£9°0 €'ig
00T°0 0g'T ewwre) | 911€°T | #966°0 | CEIC'T | S067'C | 96€0°C | 18VC'C | LCc6'C | 08CL'C | T8IL'G g'xg
00Z°0 0S°0 ejog L7290 | TTLT°0 | 00E€F°0 | 9€8L°0 | SS6%°0 | T0OS9'0 | 09T9°0 | CI6V'0 | LI8SO gUd
001°0 G1'0 ewwred) | 1€61°0 | 69200 | T199T°0 | I8€T'0 | L8LT'0 | T10TT'0 | L6FT0 | 6L0T°0 | 8SFI'0 ¢'fig
00T°0 00’1 ewwre)) | 8¢86°0 | 6870 | ¥SLL0 | FL60'T | 88G8°0 | 6800°T | 9TFL0 | TL¥TO | 9TFLO gL
0020 0S°0 ejog 96€8°0 | L2€0'0 | 6609°0 | 062F0 | 800€'0 | €ETE0 | TOE9'0 | TISS'O | 639680 Tdd
00Z°0 0%'0 ewwe)) | €e8y0 | 8080°0 | SV9F0 | ©9Z9°0 | OIS0 | TIT90 | 6VLF0 | 98T€°0 | 6%LF0 g
00T°0 0S'1 eWIWRY) | £GG6°0 | TE6T°0 | 8STL0 | ¢S60'T | 8ISL0 | 06¥6°0 | ¢S9T'T | #SIL'0 | 6S06°0 g
00T°0 S6°0 citel LT66°0 | V€60 | 6T1L6°0 — — — 0S66°0 | 0956°0 | 09.6°0 4
‘PIS | UBdIA | qLIISIA | %S6 %G | WeIpdIAl | %96 %S | WeIpdIAl | %96 %G | UeIpdIA | siejoweded
uoryeoyroadg Iorrg TIE‘T— :pooyI[ayI] L 1T :pooyI[aI] €8Z‘1— :pooyIaI']

reurSaejn 3o

reur3aeyn 3o

reuidaen 8o

Surpuadg ur
Suryoyimg ON :[PPOIN

(1 = ¢) sewmayy
ajruyuy :[PPOIN

[®POIA rewryduag
{[9POIA

S9jelul)sy JOLI9)SOJ puUe suolinqlilsi(q Jotxid °T 919el,




September 2020

International Journal of Central Banking

350

009°0 | 090 | ®ewwren ‘AUl | Gz8S'S | G9GEV | LSILV | 096S°C | PSET'T | 6V8F'C | 990T°C | 9009 | LS6LT e Ho001
009°0 | 090 | ewmwren ‘Aul | 86L6°T | LFL0'0 | LT0L'0 | €V8S'T | €6VT'T | T9EE'T | SSVE'T | ¥OS6'T | FIICT 10001
0007 | 00T | ®ewwren ‘Auf | gLEE9 | 9€08'C | 696F'G | 09ST'E | COTET | SEOV'E | 1€€S°C | €901°C | LTITG e X0t
000'T | 00T | ®ewwren ‘auf | 9z0Z'S | 6VEG'E | 99VTF | G808'C | £60V'T | 0£9V'C | OVSY'E | 8TES'T | LILET %0001
0007 | 00T | ®ewwren ‘Auf | LZ€6'C | GEGT'E | ST6F'E | L8120 | T€00°0 | TIGT'0 | 62CL'6 | £809'S | TIIF'6 240001
000'T | 00T | ®ewwren ‘auf | 9gTG'0 | TETT'0 | 08910 | 89T0°0 | 0ZT0°0 | 9ET00 | T96T°0 | 89ZT°0 | 9S8T0 140001
0007 | 00T | ®ewwren ‘auf | p89T'S | T€08'F | @GI6F | 9910°T | OTPS'0 | 60020 | PEIT'G | 6SVCF | 19687 e's0001
000'T | 00T | ®ewwren “Auf | €879°€ | €6L0°C | O0SLE'T | €99€°0 | L0000 | TIFO'0 | ¥SOT'E | L066'T | LOSH'ET 150001
0007 | 00T | ®ewwren ‘Aul | 6S68'S | €EC6'V | CE66'L | L6VLL | 6GTVL | TOLVL | VVE9T | LOTVT | FIICT e'diogot
0007 | 00T | ®ewwren ‘auf | 0zzl'L | 9€9T'F | 6€08°F | 289T°0 | ¥200°0 | 061070 | SZOT'0 | T200°0 | STZ0°0 Tdio0T
0007 | 00T | ®ewwren ‘auf | 9TLG'S | 8GI8'9 | G6SGL | €918°C | OTPS'S | S999°C | SS8V'S | 9I6V'L | STFS'L ePop0T
000'T | 00T | ®ewwren “auf | 0gg8'9 | T906'S | FFI09 | T6L0°'T | 60FE'0 | 0PGS0 | €88T°E | 0GTGC | S6£0°E 1'Pop0T
0007 | 00T | ®ewwren ‘auf | 9TZT'6 | G69€'S | SLGL'S | 92679 | 0809°C | 9636'C | CIL8'C | OLEV'T | OF6LC mo0Q1
000'T | 00T | ®ewmwren “aul | p09G°T | LG00°0 | TSSP'T | €996°0 | TT6Z°0 | L9€9°0 | 866C'T | 90€T°0 | T8IT'T 1'mo00T
0007 | 00T | ®ewuren ‘Auf | €868° | €I€E'T | 0SV9C | 1296'6 | ¥S92'V | GVF9'6 | 098¢ | €L10°T | OT9€T 0001
0007 | 00T |®ewwen AUl | 696T'T | LPLE0 | €L98°0 | LTOOF | 6GLL'E | TEIL'E | V666'C | 6TIST | LETS'E 1'P000T
002'0 | 090 ejog L6160 | 0L06'0 | €996°0 | GE0L0 | €T8€°0 | TEIG0 | SCOV'0 | PEIT'0 | 6630 did
9¢2'0 | 060 ejog 08660 | £669°0 | €VE6°0 | ZEVL0 | 0809°0 | L9190 | VLLE'0 | 9296°0 | 8896°0 Xd
002'0 | 090 ejog 679L°0 | ¥80E°0 | S€TS0 | ¥6SS'0 | SPLVO | S608°0 | PLIOO | LSLVO | FLLVO rd
962'0 | 060 ejog €627°0 | TZ0T'0 | €¥eH0 | 99€2°0 | LT90°0 | TEST'0 | 9£67°0 | 68€0°0 | SEST0 nd
9¢2'0 | 060 ejog 6T88°0 | €0£2°0 | PLIL0 | T9TS'0 | #699°0 | TS8L'0 | LTLL0 | 9¥S9°0 | SOTL0 ©d
00T°0 | 020 [ewttoN | 8920 | 2690°0 | 9ZFT'0 | 99200 | 9¥T00 | FIZO'0 | 92L0°0 | 0£00°0 | 69000 fig
001°0 | 020 [eutioN | 8910 | 621T°0 | 6T1GT°0 | P6ET'0 | 19600 | LL60°0 | T8L0°0 | €200 | 0€50°0 L
002'0 | 090 eog G68L°0 | GTES0 | T089°0 | 086L°0 | ZE6L0 | ¥E6L0 | CTPL'O | THTHO | 08€V0 u
0SL°0 | 00T [eurtoN | T208'T | SETT'T | PISE'T | 609V | 0ST€'G | TEI€C | ToSH'T | SE0T'T | LE6E'T L
0050 | €90 ejog 1996°0 | 8T¥9'0 | 8LVL'0 | 0£46°0 | €060 | €0T6°0 | TLT6'0 | 61290 | €TGL°0 ™
GLE0 | 09T [eutioN | 86G8°T | PILET | €999'T | TT06'T | STPS'T | 6VSS'T | SLGL'C | 102S°C | 6L69C 0
0007 | 00°ST | %0MWPMIA | 9986°0 | TFGE'0 | L6SL°0 | 089L°0 | T799°0 | 90150 | €VIS0 | 6650 | L3S0 220)
000'T | 00°ST | %OPMIA | 19660 | 7286'0 | FSIS0 | 9660 | STES'0 | 6986'0 | OLEL'O | G80G'0 | 8L99°0 %)
‘PIS | UBOIN | qIIISIA | %S6 | %S | URIPOIN | %S6 | %S | UBIPOIN | %S6 | %S | URIPOIN | siojourered

uoijeoyroedg Jorag

T1§‘T— :pooyIeyIT
reuidaey 3og

VLE T— :poOYIdIT
reur3axejn 3o

£82°‘T— :pooyIeyIT
reuidaey 8oy

Surpuadg ur
Suryoymg oN [PPOIN

(1 = ¢) sewnjeyry
9j1uyu] [PPOIN

[ePOIA rewryouag

{[OPOIA

(ponunuo)) ‘1 o[qer,




Vol. 16 No. 4 Finite Horizons and the Monetary/Fiscal Policy Mix 351

nominal GDP (NIPA table 1.1.5, line 1) over the GDP deflator
(NIPA table 1.1.4, line 1) and the civilian non-institutional pop-
ulation over 16 (given by LNU00000000Q, at the Bureau of Labor
Statistics). The table and line numbers refer to the NIPA (national
income and product accounts) tables on the Bureau of Economic
Analysis website. The data for consumption, government purchases,
federal spending, tax revenues, and debt were linearly detrended to
get stationary series. Specifically, private consumption consists of
the sum of personal consumption expenditures on nondurable goods
(table 1.1.5, line 5) and services (table 1.1.5, line 6) divided by the
GDP deflator and by population. I construct inflation as the first
difference of the GDP deflator. GDP deflator data are obtained as
described above. I use monthly federal funds rate series from the Fed-
eral Reserve Bank of St. Louis’s FRED (Federal Reserve Economic
Data) website, averaged to receive quarterly series of the federal
funds rate. Government purchases consist of government consump-
tion expenditures and gross investment (table 1.1.5, line 22) divided
by the GDP deflator and by population. Federal expenditure is the
sum of government purchases plus net purchases of nonproduced
assets (table 3.2, line 43), minus consumption of fixed capital (table
3.2, line 44), minus wage accruals less disbursements (table 3.2, line
33) plus net current transfer payments (table 3.2, lines 22-16), sub-
sidies (table 3.2, line 32), and net capital transfers (table 3.2, lines
42-38) divided by the GDP deflator and by population. Tax revenues
are given by the difference between current receipts (table 3.2, line
37) and current transfer receipts (table 3.2, line 16) divided by the
GDP deflator and by population. Interest payments are measured
using total interest payments to persons and businesses and the rest
of the world (table 3.2, line 29). Finally, I compute government debt
by taking the market value of privately held gross federal debt from
the Federal Reserve Bank of Dallas website. The quarterly series is
constructed by summing up the monthly series.

5. Parameter Estimates

Table 1 reports the posterior parameter estimates. Since the focus
of the paper is on the finite horizon of agents and on the inter-
actions between monetary and fiscal policy across regimes, I will



352 International Journal of Central Banking September 2020

focus on the parameters describing those eventualities. The poste-
rior mean of the survival probability parameter is equal to 0.9760,
implying a planning horizon of agents equal to 41 quarters (or 10
years), approximately. Recall that in this paper I interpret § as a
parameter determining the effective planning horizon of households,
as mentioned in the description of household decisions in section 2.

The estimation of the monetary/fiscal policy parameters reveals
the following facts. The monetary/fiscal policy mix has switched
three regimes over time. Specifically, the estimation reveals that the
U.S. economy has been through two determinate regimes and one
indeterminate regime. In line with the existing literature, a passive
monetary/active fiscal policy mix (Regime-Pol 2) is the most recur-
rent during the ’70s until the early '80s (see figure 2). From the mid-
’80s onward the economy switched to a regime (Regime-Pol 3) where
monetary policy was active and fiscal policy was passive, adjusting
both taxes and spending in reaction to debt fluctuations. I display
the estimated posterior distributions of the reaction coefficients in
the monetary policy rule in figure 3. As regards the fiscal feedback
rules, the reaction coefficients on lagged debt-to-GDP ratios are close
to each other (yp3 = 0.0794 and dp 3 = 0.0677) However, the
economy spent a very short period during the early ’80s where both
monetary and fiscal policy were passive, with the latter adjusting
spending heavily in order to stabilize debt (Regime-Pol 1). In fact,
the coefficient on debt in the spending rule is d,; = 0.1117, while
that in the tax rule is 43,1 = 0.0415. During that period the median
of the posterior of the coefficient on inflation in the Taylor rule is esti-
mated at ¢ 1 = 0.9059. This result is in sharp contrast with existing
evidence on estimated MS-DSGE models. In particular, Bianchi and
Ilut (2017) find that in the early '80s the U.S. economy spent a short
period where both policies were active until it later switched to an
AM/PF policy mix. However, Bianchi and Ilut do not account for
the possibility of federal spending being used as an additional or
alternative instrument to stabilize debt. Moreover, I find that over
that period monetary policy was passive, although the posterior dis-
tribution of ¢ 1 lies to the right of ¢, o (see figure 3). This could

151 fact, the mode of the posterior distribution of the inflation coefficient is
above 1 in Regime-Pol 3, while in Regime-Pol 1 and 2 it is below 1 and much
lower.
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Figure 2. MS-DSGE Model, Posterior Median Estimates:
Probabilities of Regimes
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Notes: In the top panel, the black area displays the probability of Regime-Pol 1,
the light gray area the probability of Regime-Pol 2, and the dark gray area
the probability of Regime-Pol 3. The bottom panel displays the probability of
Regime-Vol 1.

indicate that monetary policy in the United States started to adjust
gradually, in the face of the persistent inflationary pressures of the
previous decade, until it switched to become active from the mid-’80s
onward. The model estimation clearly identifies that the reaction of
the Federal Reserve has changed over time with the mass of the
estimated Regime-Pol 2 distribution of ¢, 2 lying to the left of the
distribution of Regime-Pols 1 and 3 coefficients, ¢, 1 and ¢ 3.

The estimation of the model also shows that there have been
changes in the volatilities of the shocks. Specifically, most the shock
volatilities are lower in Regime-Vol 1 than in Regime-Vol 2, with
the productivity and the government purchases share, y;, shocks to
be the only exceptions. For those two shocks, their volatilities are
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Figure 3. Estimated Posterior Distribution of Inflation
Reaction Coefficient in Both Regimes
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Notes: The distribution in Regime-Pol 1 is displayed by the dashed line, the dis-
tribution in Regime-Pol 2 by the solid line, and the distribution in Regime-Pol 3
by the dashed-dotted line.

estimated to be higher in Regime-Vol 1. As shown in the bottom
panel in figure 2, the probability of Regime-Vol 1 increases in the
early to mid-"80s and stays high until the wake of the recent financial

crisis

5.1 Impulse Responses

In this section, I look at the impulse responses in each regime
individually. The model features eight shocks, namely a preference

Y Bianchi and Tlut (2017) estimate an MS-DSGE model for the United States
and also find evidence for a high-volatility regime in the early '80s along with an
increase in the probability of this regime almost during the same period in the
early 2000s. Bianchi (2013) finds that the high-volatility regime is the dominant
regime during the "70s until the mid-'80s, with a small break in the late ’70s.
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shock, technology shock, cost-push shock, tax shock, federal spend-
ing shock, government purchases shock, monetary policy shock, and
term-premium shock. In order to save space, I look at the responses
to a monetary policy, a tax shock, a federal spending shock, and
a preference shock. Specifically, T look at a contractionary mon-
etary policy shock, a tax hike shock, a positive federal spending
shock, and a positive preference shock. The responses of inflation,
output, the federal funds rate, and the debt-to-GDP are displayed
in figure 4. In each case, I compute the median impulse response
function by solving the model using the median posterior estimate
of each parameter. Everything thus is evaluated at the posterior
median.

Let me compare the responses in the two determinate regimes,
namely Regime-Pols 2 and 3. Inflation and output revert back to
the steady state faster in Regime-Pol 3 than in Regime-Pol 2 in all
cases, the only exception being after a preference shock. As regards
output, the responses in Regime-Pols 2 and 3 following a preference
shock look very similar. Notice the change in sign in the responses
of inflation in these two regimes following a monetary policy shock.
Inflation increases in Regime-Pol 2, while it falls in Regime-Pol 3.
In this case, higher inflation and a weak response of monetary pol-
icy to inflation keep the real rate and hence the debt ratio lower in
Regime-Pol 2 than in Regime-Pol 3. In general, the weak response of
monetary policy to inflation in Regime-Pol 2 leads to higher inflation
volatility regardless of the shock hitting the economy. As a result,
when shocks are inflationary, the real interest rate stays persistently
lower compared with Regime-Pol 3, which implies lower debt ser-
vice costs. This allows the debt ratio to fluctuate at lower levels in
Regime-Pol 2 than in Regime-Pol 3.

Given the regime-switching environment, inflation expectations
stay anchored in Regime-Pol 2 even though monetary policy
responds weakly to inflation fluctuations. Specifically, the specifi-
cation of the transition matrix implies that while the economy lies
in Regime-Pol 2, agents are aware of the fact that the economy may
switch to Regime-Pol 3 with probability Pog = 1 — P21 — Pos. There-
fore, this possibility allows for some anchoring of inflation expec-
tations. However, the anchoring of inflation expectations is weaker
than in the case where agents are infinitely lived, 6 = 1. This is
because agents discount the future more under a Blanchard-Yaari
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Figure 4. Impulse Response Functions
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Notes: This figure displays the responses of inflation, output, real interest rate,
and debt-to-GDP to a monetary, tax, federal expenditure, and preference shock.
The solid lines display the median of the impulse responses in Regime-Pol 1,
where both monetary and fiscal policy is passive; the dashed-dotted lines display
the median in Regime-Pol 2, where monetary policy is passive and fiscal policy is
active; and the dashed lines display the median in Regime-Pol 3, where monetary
policy is active and fiscal policy is passive.

structure, which implies that they place less weight on a future
strong monetary response to inflation fluctuations when forming
their expectations Additionally, the anchoring of inflation expec-
tations is further weakened, compared with the § = 1 case, by the

n fact, Del Negro, Giannoni, and Patterson (2012) embed a Blanchard-Yaari
structure in the medium-scale model of Smets and Wouters (2007) and show that
announcements of policy changes in the future generate smaller effects on current
aggregate variables compared with a model with infinitely lived agents.
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possibility of a switch to the indeterminate Regime-Pol 1. This would
not happen if Regime-Pol 2 stayed forever 1§

Let me now look at the responses following fiscal shocks. Clearly,
after a tax increase or a federal spending increase, inflation is bet-
ter controlled in Regime-Pol 3. The strong reaction of the central
bank to inflation fluctuations in this regime keeps inflation expec-
tations anchored. The finite lifetimes of households allow the effect
of the monetary policy stance on inflation expectations to dominate
the negative effect stemming from the probability of a switch to
Regime-Pol 1 where monetary policy is passive. The same argument
holds in Regime-Pol 2. The weak reaction of monetary policy to
inflation dominates the effect of a possible switch to Regime-Pol 3
in the future. In Regime-Pol 1 the responses of inflation and output
also seem to be mainly affected by the current monetary policy and
fiscal policy stance rather than by the probability of a future switch
to Regime-Pol 2. In fact, even though passive, the monetary reaction
to inflation is stronger in Regime-Pol 1 than Regime-Pol 2. All in all,
it seems that the finite-lifetimes structure of the model makes the
current monetary /fiscal policy stance more important in households’
decisions than the probability of a future switch to another regime.
These effects become clearer in the next section, where I estimate
the same model but with infinite lifetimes, § = 1.

5.2 Alternative Specifications
5.2.1 The Model with Infinite Lifetimes: § = 1

In this section I reestimate the model under the assumption that
agents are infinitely lived. Specifically, I fix the survival probability

¥ Bianchi and Tlut (2017) perform beliefs counterfactuals to show the anchoring
of inflation expectations when agents anticipate a switch to an active mone-
tary/passive fiscal policy mix in the future. In their approach, though, agents do
not face a probability of death, as such an active monetary/passive fiscal policy
mix can have zero effects on inflation because agents anticipate a switch to a
Ricardian regime in the future, as long as the probability of the latter is high
enough. In the framework of the current paper, though, this can never happen.
This is because I have assumed that agents face a probability of death which
leads to a debt-to-GDP ratio having real effects on output even though taxes are
lump sum.
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Figure 5. MS-DSGE Model with Infinite Lifetimes
(0 = 1), Posterior Median Estimates: Probabilities of
Regimes
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to 1, § = 1, and reestimate the model following the same proce-
dure as described in section 4. The rest of the assumptions of the
model stay the same as well as the priors specification as summarized
originally at table 1.

The estimation results reveal some crucial differences between
the benchmark model with finite lifetimes and the one with infi-
nite lifetimes. First, the estimation of the model favors two regimes.
Specifically, as shown in figure 5, the economy switches between
two regimes, namely a regime where monetary policy is passive
and fiscal policy is active (Regime-Pol 2) during the ’70s and a
regime where monetary policy is active and fiscal is passive (Regime-
Pol 3) from the ’80s onward. Interestingly, the economy switches
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earlier to Regime-Pol 3 when lifetimes are infinite compared with
the benchmark case (see figure 2). In the benchmark model with
finite lifetimes, the economy switched to Regime-Pol 3 around 1984
after having spent a short time in Regime-Pol 1. The parameters of
Regime-Pol 1 show both policies to be passive in that regime. How-
ever, the estimated smoothed state probabilities indicate that the
economy has spent nearly no time in this regime, as opposed to the
benchmark model [}

The second important difference between the two models is that
in the model with infinite lifetimes tax revenues are substantially
more sensitive to debt fluctuations (7,3 = 0.1347) than federal
expenditure (dp3 = 0.013) in Regime-Pol 3. In the benchmark
model, instead the sensitivity of the two fiscal tools in that regime
was similar (75,3 = 0.079 and d, 3 = 0.067). As far as monetary pol-
icy is concerned, the coefficients on inflation across regimes do not
seem to differ much in the two models.

Third, some key parameters are also different in the two models.
The Phillips curve is flatter in the model with infinite lifetimes, with
a posterior mode of the Calvo parameter equal to w = 0.9102, con-
trary to w = 0.6565 in the benchmark model. Additionally, output is
more persistent than in the benchmark case, with a posterior median
of the degree of habits k = 0.7934, compared with x = 0.4380.
Finally, households appear to be less risk averse when lifetimes are
infinite, with a posterior median for the degree of relative risk aver-
sion of 0 = 1.8548 relative to o = 2.5979 in the benchmark case.

Fourth, the responses of the variables differ substantially in some
cases. However, those differences should be treated with caution,
as not only the lifetimes differ but also the probabilities of the
regimes, the policy parameters, and the rest of the deep parame-
ters. In figure 6, I compare the responses of the variables from the
two models following a monetary policy shock (in both cases a one-
standard-deviation shock for valid comparisons). The responses of
inflation and output when lifetimes are infinite are either dampened

9The model estimation reveals also two volatility regimes, namely a high-
volatility regime and a low-volatility regime. The former dominates from the
early '80s onward, while the latter dominates in the ’70s. This is in line with the
benchmark model. I do not display in figure 5 the estimated filtered probabilities
of the volatility regimes in order to save space. The results are available though
upon request.
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Figure 6. Impulse Response Functions
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Notes: This figure displays the impulse responses of inflation, output, real rate,
and the debt-to-GDP to a monetary policy shock. The solid lines display the
responses from the benchmark model and the dashed lines display the responses
from the model with infinite lifetimes.

or revert back to the steady state faster than in the benchmark
model, in all three regimes. This is mainly because inflation expec-
tations are better anchored when agents have an infinite lifetime.
In this case, agents discount the future less and are aware that the
economy may switch to the most recurrent Regime-Pol 3 where mon-
etary policy reacts aggressively to inflation fluctuations. As such,
they expect lower inflation on average. Instead, when agents have
finite lifetimes, they put more weight on the current contractionary
monetary policy and less weight on the higher likelihood to stay
in a regime where the central bank commits to keep inflation low
(i.e., Regime-Pol 3). The fact that inflation expectations are better
anchored when lifetimes are infinite can be observed more clearly
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when looking at the responses in Regime-Pol 2. The response of
inflation in the benchmark model is substantially more amplified
than in the estimated model with § = 1. In the benchmark model,
inflation stays persistently higher because agents discount the future
more than when § = 1. As such, they put less weight on the possi-
bility of a future switch to the most recurrent Regime-Pol 3 where
monetary policy reacts aggressively to inflation. Agents with infinite
horizons instead place a higher weight on that event to happen in
the future, which keeps their expectations well anchored.

5.2.2 No Switching in Federal Fxpenditure

In this section, I estimate another version of the model with the fol-
lowing features. I allow households to face a probability of death in
their maximization problem, as in the benchmark model, but now
I assume that the fiscal authority uses only tax revenues to stabi-
lize debt. In the process for federal spending, I set the reaction to
the debt ratio, d, equal to zero in all regimes. However, I allow
the autoregressive coefficient, ps z,, to vary across regimes. The new
process is now specified as follows:

5= ps.zidt1— (1= pst) 0,V + 05,60t €50 ~ N (0,1).  (33)

The model estimation reveals that the U.S. economy has spent
the '70s in Regime-Pol 2 where monetary policy was passive and
fiscal policy was active, in line with the literature and the previ-
ous estimates. The economy now seems to switch to Regime-Pol 1
from the mid-to-late '70s until the mid-’80s. The probability of that
regime increases above that of Regime-Pol 3 during that period.
This could well mean that the persistently high inflation of the late
"70s till the very first quarters of 1980 could still be attributed to a
passive monetary policy, although fiscal policy had already started
to stabilize debt. In fact the latter started to slightly increase in the
mid-"70s until it started to increase abruptly in the early to mid-
"80s owing to higher real rates. Contrary to the benchmark model,
the economy is likely to have shifted to Regime-Pol 1 after Regime-
Pol 2 earlier and is likely to have stayed there longer than what
the benchmark model suggests. However, from the mid-'80s onward
the probability of Regime-Pol 3 increases continuously above that of
Regime-Pol 1. This indicates that the likelihood that the economy
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Figure 7. MS-DSGE Model with No Switching Spending,
Posterior Median Estimates: Probabilities of Regimes
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switched to a regime where monetary policy was active and fiscal
policy was passive increased from the mid-’80s onward. I display the
smoothed probabilities in figure 7 below.

As far as the rest of the parameters are concerned, the posterior
median of the survival probability § = 0.9717 is close to the bench-
mark estimation. Monetary policy is reacting to inflation in a similar
way as in the benchmark model in Regime-Pol 2 with a posterior
median of ¢p;2 = 0.7754. In Regime-Pol 3, although active, the
coefficient on inflation is lower than in the benchmark case, with a
posterior median of ¢,; 2 = 1.2132. As regards Regime-Pol 1, mone-
tary policy is more passive in the model where federal spending does
not react to debt than it is in the other two models.
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5.2.83 Comparisons across Models and Key Findings

The estimation of the three models leads to three important observa-
tions. First, the data seem to support the shorter-horizon approach.
Both the benchmark model and the model without switching in
spending have a higher likelihood than the model with infinite plan-
ning horizons. Both models point toward similar values of the sur-
vival probability ¢ (9 to 10 years). As mentioned in section 3, I adopt
the planning horizon interpretation of 1/1 — ¢, which means that in
both models households have a planning horizon of 9 to 10 years.
This can be considered as a plausible number of years to plan ahead.

Second, of the two models with finite lifetimes, the one with
switching in federal spending to debt fluctuations fits the data bet-
ter. Hence, it seems that accounting for regime switches in spending
engineered by a varying response to debt improves the model fit.
Third, the two models with finite lifetimes find that the economy
has also spent a period in an indeterminate regime where both mon-
etary and fiscal policy have been passive. When federal spending
also reacts to debt in a time-varying fashion (benchmark model),
the economy seems to have spent a very short period in the early
"80s, when both policies are passive. When federal spending does not
react to debt, the model also indicates a switch to a regime where
both policies have been passive in the early '80s. However, in that
very model the economy seems to have stayed longer in that regime
before switching to a determinate regime where monetary policy was
active and fiscal policy was passive.

Third, all models agree that the economy spent most of the ’70s
in a regime where monetary policy was passive and fiscal policy was
active. All models also find that the economy switched to a regime
where monetary policy has been active while fiscal policy has been
passive at least from the early '80s onward.

6. Concluding Remarks

Monetary policy and fiscal policy in the United States have been
widely documented to have switched over time. There have been
periods during which fiscal policy has been the leading authority,
while monetary policy has been accommodating (pre-Volcker era).
On the other hand, there have been periods over which monetary
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policy is leading (active) and fiscal policy commits to fiscal disci-
pline (passive). Most studies have focused on tax revenues being the
only or the main fiscal instrument. However, evidence shows that,
while passive, fiscal policy has at times switched toward using federal
expenditure instead of taxes in order to stabilize debt. One example
is the continuous spending cuts during the Clinton Administration.

I have addressed the above facts using a Markov-switching DSGE
model with a Blanchard-Yaari structure. The model features three
regimes. I estimate the model for the United States and find that
the U.S. economy experienced regime shifts in the monetary/fiscal
policy mix. In particular, in line with the existing literature, I have
found that monetary policy was passive during the ’70s, while fis-
cal policy was active. The estimation of the model showed that this
regime prevailed until the early ’80s where the economy switched
to an indeterminate regime where both policies were passive. From
the mid-"80s onward, I found that the economy switched to a regime
associated with an active monetary and a passive fiscal policy.

I have contributed to the current literature by allowing federal
spending to also react to debt fluctuations. I provided empirical evi-
dence motivating this approach. The estimation revealed that the
U.S. government has used both tax revenues and spending almost
equally, from the mid-’80s onward, in order to stabilize debt. Inter-
estingly, though, I found that the U.S. economy spent a very short
period during the early ’80s in an indeterminate regime, where the
U.S. government used spending heavily as a means to consolidate.
Finally, by estimating alternative specifications I have shown, first,
that the model with finite lifetimes fits the data better than a model
with infinite lifetimes and, second, that allowing for federal spending
to also react to debt fluctuations improves the performance of the
model.

Appendix
A.1 The Linearized Model

The model is linearized with respect to taxes, government expendi-
ture, and debt, whereas it is log-linearized with respect to all the
other variables. I obtain a system of equations:
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o Aggregate Euler equation:
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Phillips curve:

1) - —wfBo
T = #Etﬂ't 1+ LEtﬂtJrl + ( wu()i(i 5;;5 )

X (71715 +0Cy —orCy_q — (v+0) ozt) +ue.  (A.10)

Government budget constraint:

by = Rby_1 +bR(Ry 1 — 7 — Yy + Vi1 — ap) — 7 + 5 + tp,.
(A.11)

Market clearing;:

~ A 1 5

Monetary policy rule:

R, = pR,Zthfl + (1 —pr,z,) <¢y,Zt?;€ + ¢w,zt7ft> + OR,C.ERt-
(A.13)

Ratio between government purchases and federal expenditure:
Xt = pxXt—1 + (L= py) ith +Ox.GExt (A.14)
Tax rule:

Ty = Pr,ZﬂN't—l + (1 - Pr,Zt) ('Yb,ZtI;t—l + 'Yyﬁ) + Or.¢ETt-
(A.15)

Federal spending rule:

§t = ps,Ztgtfl + (1 - ps,Zt) (_5b,Zt5tfl - 5yYA;t> + Us,CtES,t-
(A.16)

Technology:

Q= PaQi—1 + Ta¢iEat- (A.17)
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e Cost-push shock:

Up = Pyulig—1 + Oy ¢, Eut- (A.18)
e Preference shock:
dy = padi—1 + 0q,¢c,€d,¢- (A.19)
e Risk premium shock:
tpy = patPy_1 + Otp.c,Epyt- (A.20)
e Definition of y;:
Xt = gyl_ lflt - égr (A.21)

A.2 Steady State

The zero-inflation steady state of the model is summarized as fol-
lows. From the representative household’s labor supply decision, I
have for each country that

HY = w0, (A.22)

while from the firms’ production function in each country, I have
that

Y = AH. (A.23)
Using the demand for each good and the market clearing condi-
tion, the steady-state level of aggregate output is specified as
1 _
C.
I —gy

Using the aggregate Euler equation, the steady-state gross real inter-
est rate is equal to

Y =

(A.24)

S 1 (-8
R=—+——2bYA/e. A.25
g 0B (4.25)
Finally, from the government budget constraint, the steady-state
level of debt-to-GDP ratio is specified as follows:

Rl

S —

b=

(A.26)

=
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A.3 Deriving Aggregate Budget Constraint and Euler Equation
A.83.1 Deriving Aggregate Budget Constraint

The budget constraints of the different generations living in the
economy at a given time ¢ are given as follows:
i

. B . .
(1-96) (Ptcg + Rt> — (1—6) (W, H} + Ai =T, + TR,)
t

. Bi . .
t
1

+(1-0) 05

7
Bt—l

. Bt ) .
(1—46)6° (Ptcg + Rt> =(1-26)6 (WeH; + A, — T, + TRy)

t

1 .
+(1—6) 5253;_1
. B _ _
(1—46)8° (PtCZ + Rt> =(1-26)6° (WeH; + A} — Ty + TRy)
t
1 .
+(1-90) 5353;,1

Let me denote the relation between generation-specific variable z¢
and aggregate variable x; as follows:

t

Ty = Z (1—06)6" "zt

1=—00
t
ma= ) (1=0)0"" Ty,

so that the aggregate budget constraint reads as follows:

B
PCit =By + Wil + A = T + TR,. (A.27)
t
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A.8.2 Deriving Aggregate Euler Equation

The flow budget constraint for members of generation ¢ is summa-
rized as
i

1. . ,
“B! |+ WH! + Al =T, +TR,.

P’L
iCt Rté

Define variable A? as
Al = Wy H; + A — Ty + TR;. (A.28)

Writing the budget constraint above for periods t + 1,¢t + 2,..., 1
receive

B} , .
|:Pt+1Ct+1 + Rt—H Aft-f-l] 0 = B;

t+1

B! . .
l:Pt+QCt+2 + o2 Ai+2] 0= Biiy-

Riis

Substituting for B in the generation i’s budget constraint in period
t, I receive

) . ) . 5 . .
PCi+ 5 Pp1Ci o+ 5—5—Biy — 55 A1 — Al =

lBi
Ry RiRi 11 b RiRi 1 =

J

Substituting for Bf,, in the equation above, I receive

. ) . . B! .
PC{+ —Py1 Oy + PioClio+ 22 — AL,

R RiRi 1 Rita

X 6 - RtTmAt—"_l - At — gBt—l

or
P.C; + O pCi + i ——— P 2Cl o + LBZ’
t Rt t+1 t+1 R Rt+1 t+2 t+2 Rth+1Rt+2 t+2

5?2 , 5 . 1.

— A, ——— A} A ==B; 4.

RiRyr ™ RRy ! N
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By iterating forward, I receive

& 5% ] 0 §S
Z — 7 P4+sChis — Z

S T120 Revs S T120 Revs
(53 B'l .
x Al + hm its th )
t+s P H - Rt+s Rt+s 5 t—1

By imposing the transversality condition,

58 BZ
lim s —,

S*)OOH Rt+s RtJrs

I receive
> 0° > o°
PrysClys — Al = Bé - (A29)
gns oRt+S ’ gns oRt+s ’ Y

Now I need to work with the first term on the left-hand side of
the equation above. Using the first-order condition (6) and iterating
forward, I receive the following expression:

-1
65 Pt+s Pt 1 edt

T N\ (58 edirs | A.
HS 0 Rt+8 A%—l—s : (((Sﬂ)s edt+3> ( 30)

Using the definition X = (C} — /{Ct_l)fo, equation (A.29) can be
rewritten as follows:

i t+ K 7 = Lt+sCtys—1
s= OHs oRt+s >‘3f+8 ’ s=0 Hz:(l) Riys

o 58

At‘Jrs: Bi 1 (A.31)
s= OHS ORt+5 Y

Substituting (A.30) into (A.31), I receive the following;:

> edt+s ) o—1 > 58

T o

N E : ods (M) 7 +5 TR ——7 = BPi+5Chys1
t s=0 s=0 s=0 *U+s

55
A1t+s = Bi 1 (A.32)
s= OHS ORt+S 0
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By rearranging and aggregating, I receive

Pt ed"

A (868)" edired, 7,

(Bt 1= /@Z Py Cips1+ Z 0" At—i—s) .

s=0 s oRt+s Hs oRt+s
(A.33)
Adding and subtracting R% et — By, I receive
S22, (88) et te N,
P, et
)Tt = Y (Bi—1 — kP,Ci_1 + Ay)
b0 (08) et 1
5 dy 5 dy
R c o—1 Bt + ﬁ c
t Zs 0 (68)" e t+s)‘t+s t Zs 0 (68)° edt+s)‘t+
( 3 i
X|Bi—K) ——5—PiysCiys
T Revst
oo
55
At-‘rs-i—l) .
s=0 Hs oRt+s+1
(A.34)
Note that
Pt+1 _ edit1
- o—1
At41 Zs 0 (55) edt+st1 )\thsH
< 3 i
X | By — kK —Pt+sct+s
s=0 Hs 0 RH‘S"Fl

o0 55
+y AHsH) . (A.35)

S T1Z0 Revsin
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Substituting (A.35) in (A.36), I receive

Pt edt

i Zs 0(55) edits \ Aeis

)
X |Bi—1 — kPCy_1 + Ay — —B;
Ry

o—1
9 >ec (0P)° etratid 2oy Pt

A.
Rt edt+l )\t+1 ( 36)

Using the aggregate budget constraint (A.27) to substitute out for
B, 1,1 get

Pt edt

i Zs 0(55) edirs X Atfs

1-9

P.C, — xkP,C,_
X tt/ittl—i-Rt

B,

g=1
—i—i Doaco (683)% etretr X, 7y Pryy

A.
Rt edtJrl )\t-|—1 ( 37)

_1
Note that C; — kCy—1 = A, 7. Substituting this expression into
(A.38), I receive

P
At (08)" et g
-1 1-9 6 e (08)° dH_S-H)\t-‘r 1 P
P, c B; 5= 5
X t\t + Rt + = Rt 6d1+1 )\t+1

(A.38)
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Multiplying and dividing the first term of the right-hand side above
with A%, I receive
Pt . edt
)\ o—1
Bt (98) etere A 7,

P =1 1946 § Derq (08)° dt+5+1>‘t+ +1 P
—A\° By 5= 5
X N + i + — i o

)‘t—l-l

(A.39)
Rearranging the equation above, I get

o—1
1 et AL° P, et

D aeo (03)° edi+s X i A >ero (08)° edt“)‘ti

1_5 By + — § D eo (08)° dt+s+1)‘t+s+1 Py
R; R; edt+1

A.40
ot (A.40)

Multiplying and dividing the right-hand side of (A.40) by )\? , 1
receive

o—1 o—1
1 edt ), 7 P, ede ), @

S (68) edren g, | M T (58) o, 7,

il By + 0 2t (08)" et niN iy P

o—1 o—1
Rt)\t t edt+1/\t t+1

(A.A41)

Multlplymg and dividing the last term of the right-hand side in
(A.41) by )‘t+1 , I receive

—1) P, 1-9 P,
(Mté ) /\th > Bt + )\t+lut+1, (A.42)
t SN, ° t4+1
where
oo s edtJrs)\a;Sl
pe=Y_ (68)° —2=

5=0 edt )‘t 7
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o—1

A S
p=1+ 30 (66) A
1

s=1 ede ) 7

o—1

edtH153 ettts N\, 7o

pe =1+ dy Z (56)8 4 o—t—+1

s=0 e t)\ 7
—1
edt+1)\T
pe =1+ ——F26Bu41. (A.43)
edt )\, °

Finally, multlplymg the left-hand side and the right-hand side of

(A.44) by /\ e and using (A.43) to substitute out for y, I receive
expression (17)

o—1
e+ R, 1 1—-6 1 <)\t>° 1

- 1B + A.44
ede Ty N 5Mt+1)\ ! ( )

At+1 At41
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