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Abstract

Does an inflation conservative central bank a la Rogoff (1985) remain
desirable in a setting with endogenous fiscal policy? To provide an an-
swer we study monetary and fiscal policy games without commitment in
a dynamic stochastic sticky price economy with monopolistic distortions.
Monetary policy determines nominal interest rates and fiscal policy pro-
vides public goods generating private utility. We find that lack of fiscal
commitment gives rise to excessive public spending. The optimal infla-
tion rate internalizing this distortion is positive, but lack of monetary
commitment robustly generates too much inflation. A conservative mone-
tary authority thus remains desirable. Exclusive focus on inflation by the
central bank recoups large part - in some cases all - of the steady state
welfare losses associated with lack of monetary and fiscal commitment.
An inflation conservative central bank tends to improve also the conduct
of stabilization policy.

Keywords: sequential non-cooperative policy games, discretionary pol-
icy, time consistent policy, conservative monetary policy

JEL Classification: E52, E62, E63



Non-Technical Summary

The pitfalls associated with day-to-day decision making in economic policy
have occupied economists ever since the seminal contribution by Kydland and
Prescott (1977). They show that even well-intended policymakers, i.e., poli-
cymakers pursuing socially desirable objectives, may deliver suboptimal policy
outcomes, if they determine their policies period-by-period rather than suffi-
ciently far in advance.

The reason for this finding is simple: the policy problem for period zero looks
different than the one for later periods because of a forward-looking private sec-
tor. While future policy decisions affect today’s expectations and thereby cur-
rent private sector decisions, current policy decisions do not affect past decisions
anymore. Since every period looks like period zero with day-to-day policymak-
ing, this results in suboptimal policy outcomes from an ex-ante perspective.

Probably the most well-known example for a suboptimal policy outcome is
the so-called ‘inflation bias’ associated with the day-to-day conduct of monetary
policy, see Barro and Gordon (1983). In period zero the monetary policymaker
is willing to accept some inflation so as to increase output. Since every period
appears to be period zero with sequential policymaking and since the private
sector will eventually understand this, the outcome is inflation only but no
increase in output, causing the policy to become self-defeating.

Many solutions have been proposed to overcome the monetary commitment
problem. A particularly well-known proposal is due to Rogoff (1985) who sug-
gested installing an inflation conservative central bank, i.e., a monetary author-
ity that dislikes inflation more than is suggested by social preferences. Rogoft’s
analysis abstracts, however, from the conduct of fiscal policy.

This paper asks the question of whether the desirability of an inflation con-
servative central bank extends to a setting in which fiscal policy might react to
the way monetary policy is conducted. This question is by no means trivial.
As we show, it ceases to be optimal to implement strict price stability once the
presence of day-to-day fiscal policymaking is taken into account. Quantitatively,
however, price stability remains close to optimal and so does installing an in-
flation conservative central bank. Indeed, it seems optimal to have a central
bank that cares predominantly about inflation and only to a lesser degree about
other objectives. In particular, a central bank focusing on inflation exclusively
may not only remedy the distortions associated with day-to-day monetary pol-
icymaking but also those associated with day-to-day fiscal policymaking. In
this sense, the case for an inflation conservative central bank can become even
stronger once fiscal policy is taken into account.
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1 Introduction

The difficulties associated with executing optimal but time-inconsistent policy
plans have received much attention following the seminal work of Kydland and
Prescott (1977) and Barro and Gordon (1983). Time inconsistency problems,
however, have hardly been analyzed in a dynamic setting where monetary and
fiscal policymakers are separate authorities engaged in a non-cooperative policy
game. This may appear surprising given that the institutional setup in most
developed countries suggests such an analysis to be of relevance.

In this paper we analyze non-cooperative monetary and fiscal policy games
assuming that policymakers cannot commit to future policy choices. We start
by identifying the policy biases emerging from sequential and non-cooperative
decision making and study how these biases interact with each other. Then we
provide a normative analysis assessing the implications of installing a central
bank that is conservative in the sense of Rogoff (1985).! In other terms, we an-
alyze the desirability of central bank conservatism in a setting with endogenous
fiscal policy.

Presented is a dynamic stochastic sticky price economy without capital along
the lines of Rotemberg (1982) and Woodford (2003) in which output is ineffi-
ciently low due to market power by firms. The economy features two inde-
pendent policymakers, i.e., a fiscal authority deciding about the level of public
goods provision and a monetary authority determining the short-term nominal
interest rate. Public goods generate utility for private agents and are financed
by lump sum taxes, so as to balance the government’s intertemporal budget
constraint. Monetary and fiscal authorities are assumed benevolent, i.e., they
maximize the utility of the representative agent.

The natural starting point for our analysis is the Ramsey allocation, which
assumes full policy commitment and cooperation among monetary and fiscal
policymakers. The Ramsey allocation is second-best, it thus provides a useful
benchmark against which one can assess the welfare costs of sequential and non-
cooperative policymaking. The Ramsey steady state is characterized by price
stability and public spending below the first-best level. Public spending below
the first-best is optimal because it reduces the marginal disutility of labor and
thereby helps sustain private consumption, which is inefficiently low because of
the wedge created by firms’ monopoly power.

However, the Ramsey outcome is unattainable because monetary and fiscal
authorities both face a time-inconsistency problem in the presence of sticky
prices and monopolistic competition. While price setters are forward-looking,
policymakers that decide sequentially fail to perceive the implications of their
current policy decisions on past price setting decisions, since past prices can

!'Walsh (1995) and Svensson (1997) discuss alternative institutional arrangements for over-
coming the problems related to the lack of monetary commitment.



be taken as given at the time policy is determined. As a result, policymakers
underestimate the welfare costs of generating inflation today and try to move
output closer to its first-best level.

We find that lack of monetary commitment gives rise to an inflation bias,
as in the standard setting with exogenous fiscal policy. More importantly - and
to our knowledge new to the literature - we show that lack of fiscal commit-
ment gives rise to a fiscal spending bias, i.e., overspending on public goods. In
particular, in the presence of price stability the fiscal authority implements the
first-best level of public spending, which is suboptimally high. We also show
that, taking the lack of fiscal commitment as given, it is optimal for monetary
policy to implement positive inflation rates, as these reduce the fiscal spending
bias and thereby increase agents’ utility. Thus, unlike in the standard case with
exogenous fiscal policy, price stability ceases to be optimal in a setting with
endogenous fiscal policy! These results are proved analytically.

The desirability of a conservative or liberal central bank is a quantitative
issue that depends on whether the optimal inflation rate that internalizes its
effects on fiscal policy is above or below the monetary inflation bias emerging
in the absence of commitment. If the optimal inflation rate is below (above)
the monetary inflation bias, an inflation conservative (liberal) central bank is
desirable.

To investigate this issue we start by characterizing the non-cooperative
Markov-perfect Nash equilibrium, in which both policymakers determine their
policies sequentially.? For our baseline calibration and a central bank maximiz-
ing social welfare, this equilibrium features a monetary inflation bias as well
as a government spending bias and significant welfare losses, compared to the
Ramsey allocation. Moreover, the optimal inflation rate turns out to be well
below the inflation rate emerging in equilibrium. These findings are robust to
a wide range of alternative model parameterizations and suggest installing a
conservative monetary authority to be desirable.

We then consider a conservative central bank that maximizes a weighted
sum of an inflation loss term and the representative agent’s utility, and study
the resulting Markov-perfect equilibria. An appropriate degree of monetary
conservatism eliminates large part of the steady state welfare losses associated
with lack of monetary and fiscal commitment. Interestingly, the welfare gains
depend in a highly nonlinear fashion on the degree of monetary conservatism.
While a fully conservative central bank, i.e., an authority focusing exclusively
on price stability, is close to optimal, insufficient focus on inflation gives quickly
rise to substantial welfare losses.

When fiscal policy is determined before monetary policy in each period,
a fully conservative monetary authority eliminates the steady state distortions

2Markov-perfect Nash equilibria are a standard refinement used in the applied dynamic
games literature, e.g., Klein et al. (2004).
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associated with lack of monetary and fiscal commitment, i.e., achieves the Ram-
sey steady state allocation. The case for a conservative central bank may thus
appear even stronger once endogenous fiscal policy is considered.

We also study how the conduct of stabilization policy is affected by the
installation of a conservative central bank. Interestingly, a conservative central
bank tends to improve stabilization policy, compared to a central bank that
maximizes social welfare instead. In particular, we show that full conservatism
causes the policy response to technology shocks to become optimal, i.e., identical
to that under Ramsey policy. Results for mark-up shocks are less clear and
partly depend on the timing of policy moves.

The remainder of this paper is structured as follows. After discussing the
related literature in section 2, section 3 introduces the economic model and de-
rives the implementability constraints for the private sector. Section 4 considers
monetary and fiscal policy with and without commitment, derives analytical re-
sults about the policy biases resulting from lack of commitment, and discusses
how these biases interact with each other. After calibrating the model in section
5, section 6 provides a quantitative assessment of the steady state effects gen-
erated by sequential policymaking. Section 7 introduces a conservative central
bank and analyzes the steady state effects of monetary conservatism. The effects
on stabilization policy are discussed in section 8. A conclusion briefly summa-
rizes the results and provides an outlook for future work. Technical material is
contained in the appendix.

2 Related Literature

Problems of optimal monetary and fiscal policy are traditionally studied within
the optimal taxation framework introduced by Frank Ramsey (1927). In the
so-called Ramsey literature, monetary and fiscal authorities are treated as a
‘single’ authority and decisions are taken at time zero, e.g., Chari and Kehoe
(1999).% In seminal contributions, Kydland and Prescott (1977) and Barro and
Gordon (1983) show that time zero optimal choices might be time-inconsistent,
i.e., reoptimization in successive periods would imply a different policy to be
optimal than the one initially envisaged.

The monetary policy literature has extensively studied time-inconsistency
problems in dynamic settings and potential solutions to it, e.g., Rogoff (1985),
Svensson (1997) and Walsh (1995). However, in this literature fiscal policy
is typically absent or assumed exogenous to the model. Similarly, a number
of contributions analyze sequential fiscal decisions and the time-consistency of
optimal fiscal plans in dynamic general equilibrium models, e.g., Lucas and

3Galf and Monacelli (2005) extend the Ramsey approach to the case of a monetary union,
i.e., an environment with a single monetary authority but many fiscal decision makers.



Stokey (1983), Chari and Kehoe (1990) or Klein, Krusell, and Rios-Rull (2004).
This literature typically studies models without money.

An important strand of the literature, developed by Sargent and Wallace
(1981), Leeper (1991), and Woodford (2001), studies monetary and fiscal pol-
icy interactions using policy rules, e.g., Schmitt-Grohé and Uribe (2004b) and
Ferrero (2005). This literature, however, does not consider time-inconsistency
problems, as it assumes policymakers to be fully committed to simple rules.

A range of papers discusses monetary and fiscal policy interactions with and
without commitment in a static framework where monetary and fiscal policy-
makers interact only once, e.g., Alesina and Tabellini (1987). This paper goes
beyond these earlier contributions by studying a fully dynamic and stochastic
model where current economic outcomes are influenced also by expectations
about the future. This is similar in spirit to a recent paper by Diaz-Giménez et
al. (2006) which determines sequential optimal policy in a fully dynamic cash-
in-advance economy with government debt. While they study a flexible price
model in which interactions between monetary and fiscal policy operate through
seigniorage and the government budget constraint, we abstract from seigniorage
as a source of government revenue. Instead, we focus on the interactions arising
from the presence of nominal rigidities.

3 The Economy

In the next sections we first introduce a sticky-price economy model, similar to
the one studied in Schmitt-Grohé and Uribe (2004a), then we derive the private
sector equilibrium for different monetary and fiscal policy regimes.

3.1 Private Sector

There is a continuum of identical households with preferences given by

o0

Ey ZﬁtU(Ct,ht,gt) (1)

t=0

where ¢; denotes consumption of an aggregate consumption good, h; € [0,1]
labor effort, g; public goods provision by the government in the form of aggregate
consumption goods, and 8 € (0,1) the subjective discount factor. Throughout
the paper we assume:

Condition 1 u(c, h,g) is separable in (¢, h,g), and u. > 0, ue. < 0, up < 0,
Upp <0, ug >0, ugy <0, and ‘%),‘h—zlﬂ'—‘ bounded for all (¢, h,g) € [0,1].
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Each household produces a differentiated intermediate good. Demand for
this intermediate good is given by

where y; denotes (private and public) demand for the aggregate good, ]St is the
nominal price of the good produced by the household, and P; is the nominal
price of the aggregate good. The demand function d(-) satisfies

d(1) =
d'(1)

1
Ur
where 1, € (—o00,—1) is the price elasticity of demand for the different goods.
This elasticity is assumed to be time-varying and induces fluctuations in the

monopolistic mark-up charged by firms. The household chooses Jgt, then hires
the necessary amount of labor effort h; to satisfy the resulting product demand,

i.e.,
~ P,
Ztht = ytd (ﬁ) (2)

where z; denotes an aggregate technology shock. We assume the mark-up shock
and the technology shock to follow AR(1) stochastic processes, respectively,

ne =n(1 = py) + pyNe—1 + et
2= (1= pz) +p2e-1 + e

where 7 < —1 denotes the steady value of the price elasticity of demand, and
the innovations e;; (i =, z) are mean zero, independent both across time and
cross-sectionally, with small bounded support.

Following Rotemberg (1982), we describe sluggish nominal price adjustment
by assuming that firms face quadratic resource costs for adjusting prices accord-

ing to ,
0 ( P
| = -1

where 6 > 0 measures the degree of price stickiness. The flow budget constraint
of the household is given by

- ~ ~ 2
P, P, ~ 0 P
Piei+By = Ry_1 By 1+ B —tytdt <—t> —wihy — 3 ( =t 1) +Pywihy—Pyly

(3)
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where R; is the gross nominal interest rate, B; denotes nominal bonds that pay
R:B; in period t + 1, w; is the real wage paid in a competitive labor market,
and [; are lump sum taxes.

Although bonds are the only available financial instrument, assuming com-
plete financial markets instead would make no difference for the analysis, since
households have identical incomes in a symmetric price setting equilibrium.
One should note that we abstract from money holdings. This can be inter-
preted as the ‘cashless limit’ of a model economy with money, see Woodford
(1998). Money thus imposes only a lower bound on the nominal interest rate,
i.e., R; > 1, each period.*

Finally, we impose a no-Ponzi scheme borrowing constraint on household

behavior
t+j—1

lim B, [] = Biyj 20 (4)
el g Y

that has to hold each period and at all contingencies.

The household’s problem consists of choosing {ct, ht,ﬁt, ﬁt, B;}2, so as to
maximize (1) subject to (2), (3) and (4) taking as given {y, Py, ws, R, ¢, 1t } 52,
Using equation (2) to substitute /¢ in (3) and letting the multiplier on (3) be
%, the first order conditions of the household’s problem are then equations (2),
(3) and (4) holding with equality and also

Uet = A¢
Uht

_ — 5
Yot Wy (5)
M E, Avi1
R IL; 44

w r 1T
0= [ytdm)mytd'm)——tytd'm)—e(nt : —1) }
2t Tt—1 Tt—1

T T
+ BOE A 41 ( am Iy — 1) t—+21Ht+1
Tt T't

where r; = % denotes the relative price and II; = % is the gross consumer

price inflation rate. Furthermore, there is the transversality condition

, B,
lim E,B't7 Yet+jDttj _ (6)
j—oo Py

which has to hold each period and at all contingencies.

4 Abstracting from money entails that we ignore possible seigniorage revenues generated in
the presence of positive nominal interest rates. Since we allow for lump sum taxes, one can
safely ignore the fiscal implications of such revenues.
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3.2 Government

The government consists of two authorities, i.e., a monetary authority setting
short-term nominal interest rates and a fiscal authority deciding on government
expenditures and lump sum taxes.

Government expenditures consist of spending related to the provision of
public goods ¢; and socially wasteful expenditure x that does not generate
utility for private agents. The level of public goods provision g¢; is a choice
variable, while z is taken to be exogenous. The government’s budget constraint
is then given by

By =Ri_1Bi_1+ Pi(g +2 — 1) (7)

The financing decisions of the government, i.e., tax versus debt financing, do
not matter for equilibrium determination, since Ricardian equivalence applies
as long as the implied paths for the debt level satisfy the no-Ponzi scheme
borrowing constraint (4) and the transversality condition (6) at all contingencies.
For sake of simplicity, we assume taxes to be set such that the level of real debt
% remains always positive and grows asymptotically at a rate less than %
Constraints (4) and (6) are then always satisfied and can be ignored from now
on. Fiscal policy is thus ‘passive’ in the sense of Leeper (1991).

3.3 Private Sector Equilibrium

In a symmetric price setting equilibrium the relative price is given by r, = 1
for all t£. From the assumptions made in the previous section, it follows that
the first order conditions of households behavior can be condensed into a price
setting equation

Uerzth u
et (Il — DIL = % <1 + e + ﬂ&) + BEuct+1 (M1 — DIyr (8)
Ucet 2t
and a consumption Euler equation
Uct Uct+1
< — BE, &1 9
s )

A rational expectations equilibrium is then a set of plans {c;, by, By, P;}
satisfying equations (8) and (9), the government budget constraint (7), and the
market-clearing condition

0
Ztht :Ct+§(Ht— 1)2+gt+$ (10)

given the policies {g:,l;, Ry > 1}, the value of z, the exogenous stochastic processes
{nt, z:}, and the initial conditions R_1B_; and P_;.
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4 Monetary and Fiscal Policy Regimes

In this section we study the outcomes associated with different degrees of com-
mitment in monetary and fiscal policy. The main focus is on the steady state
implications of the different policy regimes. The impulse responses to mark-up
and productivity shocks will be considered in section 8.

It turns out useful to start by analyzing the first-best allocation, i.e., the
allocation that would be achieved in the absence of monopoly distortions and
nominal rigidities. In a second step we consider the Ramsey allocation, which
takes into account both distortions, but assumes commitment to policies at time
zero. In a final step we relax the assumption of policy commitment.

4.1 First-Best Allocation

The first-best allocation solves

oo
max FE Yu(ey, hy,
(cohen) 0;5 (cts ey gt)
s.t.

zhi =c+ g+ (11)
where equation (11) is the resource constraint. The steady state first-order
conditions deliver

Ue = Ug = —Up

showing, as expected, that it is optimal to equate the marginal utility of private
and public consumption to the marginal disutility of labor effort. The next
section shows that this ceases to be optimal once distortions are taken into
account.

4.2 Ramsey Policy

Assuming commitment to policies at time zero and full cooperation between
monetary and fiscal policymakers, the Ramsey allocation solves®

Bo ) Brulee . 12
{ct,ht,rrlrtlélézl,gt} 0;511(@ ¢ 9t) (12)

s.t.
Equations (8), (9), (10) for all ¢

The Ramsey planner maximizes the utility function of the representative agent
subject to the implementability constraints (8) and (9), which summarize the

5Since Ricardian equivalence holds we ignore the financing decisions of the fiscal authority
and the initial debt level R_; B_1, which do not matter for equilibrium determination of the
other variables. Since the initial condition P_; simply normalizes the implied price level path,
it can equally be ignored.
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price setting and monopoly distortion in the economy, the feasibility constraint
(10), and the lower bound on nominal interest rates.5 As shown in appendix
A.1, the Ramsey steady state is characterized by

II=1
1
R=-—
B
the feasibility constraint (10) and the marginal conditions
n
Ue = — U 13
o, 13
1+ g
u = _—77 14
g 1+¢q (14)
where g = —%hf’:;—ﬂ% > 0. Equation (13) shows that in the presence of mo-

nopolistic competition (7 > —o0) it ceases to be optimal to equate the marginal
utility of private consumption to the marginal disutility of labor effort. This re-
flects the labor supply distortion induced by firms’ monopoly power.” Equation
(14) shows that, provided ¢ > 0, it is also suboptimal to equate the marginal
utility of public consumption to the marginal disutility of labor effort. Both
these effects work in the direction of reducing private and public consumption,
compared to their first best level.

In the special case of linear labor disutility, i.e., up, = 0, one has ¢ = 0
and it remains optimal to set uy; = —uy, despite the presence of monopolistic
competition. The optimal provision of public goods is then given by its first-
best level. Instead, if up; < 0, lowering the level of public consumption reduces
up, and thereby helps to sustain private consumption. This makes it optimal to
reduce fiscal spending below its first-best level, a feature that will prove to be
important subsequently.

4.3 Sequential Policymaking

We now consider separate monetary and fiscal authorities that cannot commit
to future policy plans, instead they decide policies at the time of implemen-
tation, i.e., period-by-period. To facilitate the exposition, we assume that a
sequentially deciding policymaker takes as given the current policy choice of the
other policymaker as well as all future policies and future private sector choices.
We prove the rationality of this assumption at the end of this section.

6In what follows, we abstract from the non stationary component of time zero optimal
policies. In our numerical application we ascertain that the time zero commitment policies
asymptotically approach the steady states values reported below and also verify that the non
stationary component does not alter the welfare conclusions.

"From equations (5) and (13), it follows that w = 1—:71 < 1 in steady state, i.e., real wages
fall short of their marginal product.



4.3.1 Sequential Fiscal Policy

Consider sequential fiscal policymaking. Given the assumptions made above,
the fiscal authority’s problem in period ¢ is

o0
max By Y Bulcers, hisj, girs (15
{ct+j,he+5,Te4j,9e+5} jgo (cr ! 2 )
s.t.

Equations (8), (9), (10) for all ¢
{ctrjs hutj, ey, Reyj—1 > 1, ge4 5} given for j > 1

As shown in appendix A.2, the first order conditions associated with problem
(15) deliver the fiscal reaction function

Unt 2Ht—1

Uct Zt Uet 2t

Ugr = — (FRF)

where the fiscal authority sets the level of public goods provision g; such that
FRF is satisfied, each period.

Consider a steady state in which II = 1, i.e., with an inflation rate equal
to the one chosen by the Ramsey planner. The fiscal reaction function then
simplifies to

Ug = —Up (16)

showing that fiscal policy equates the marginal utility of public consumption to
the marginal disutility of labor effort. While such behavior is consistent with the
first-best allocation, it is generally suboptimal in the presence of monopolistic
distortions, see equation (14). Sequential fiscal policy implies a suboptimally
high level of public spending, i.e., a ‘fiscal spending bias’. This spending bias
causes the Ramsey allocation to be unattainable in the presence of sequential
fiscal policy, because either inflation, fiscal spending, or both must deviate from
their Ramsey values. This is summarized in the following proposition.

Proposition 1 For up, < 0, sequential fiscal policy implies excessive fiscal
spending in the presence of price stability.

The economic intuition underlying this result is as follows. By taking future
decisions and the current monetary policy choice R; as given, the fiscal authority
considers private consumption ¢; to be determined by the Euler equation (9).
Given this, the fiscal authority perceives labor input h; to move one-for-one with
government spending g;. In a situation with price stability, the inflation costs
of public spending are zero (at the margin) and can be ignored. This causes the
sequential spending rule (16) to appear optimal. In the general case I # 1, the
marginal costs of inflation fail to be zero, leading to the more general expression
given in FRF.
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4.3.2 Sequential Monetary Policy

We now consider sequential monetary policy. Given the assumptions made
above, the monetary authority’s problem in period ¢ is

o0
max E, Bou(Cesjy Ritiy Gri 17
{cossihiss Mers Ress 1} Jgo ( 45 It+yg, +J) ( )

s.t.
Equations (8),(9),(10) for all ¢
{ct4j hutj, ey, Reyj > 1, gy i1} given for j > 1

As shown in appendix A.3, the first order conditions associated with problem
(17) deliver the monetary reaction function

ZtUe, Unh
- ;htt (e (I — 1) —II) — (IL; — 1) <1 + htﬁ)
oIl — 1 — 2T, — 1) (0(TL, — DI, — 2k (1 + 1)) = 0 (MRF)

Uct

where the monetary authority sets the nominal interest rate R; such that MRF
is satisfied, each period. Appendix A.4 proves the following result.

Proposition 2 For 3 sufficiently close to 1, sequential monetary policy implies
a strictly positive rate of inflation in steady state.

Sequential monetary policy thus generates an inflation bias as in the stan-
dard case with exogenous fiscal policy, e.g., Svensson (1997). Intuitively, the
monetary authority is tempted to stimulate demand by lowering nominal inter-
est rates. Since price adjustments are costly, the price level will not fully adjust,
real interest rates fall, stimulating demand. The real wage increase required
to satisfy this additional demand generates inflation, but the welfare costs of
inflation are not fully taken into account for reasons discussed before.

4.3.3 Sequential Monetary and Fiscal Policy

We now define a Markov-perfect Nash equilibrium with sequential monetary
and fiscal policy. We start by verifying the rationality of our initial assumption
that a sequentially deciding policymaker takes as given the current policy choice
of the other policymaker, as well as all future policies and future private sector
decisions.

The private sector’s optimality conditions (8) and (9), the feasibility con-
straint (10), as well as the policy reactions functions (FRF) and (MRF), all
depend on current and future variables only. This suggests the existence of an
equilibrium where current play depends on current and future economic con-
ditions only, thereby justifies taking as given future equilibrium play. If each
period, in addition, monetary and fiscal policy are determined simultaneously,



Nash equilibrium requires taking the other players’ decisions as given. This jus-
tifies the assumptions made in deriving (FRF) and (MRF) and motivates the
following definition.

Definition 3 (SP) A Markov-perfect Nash equilibrium with sequential mone-
tary and fiscal policy is a sequence {cs, hy, Uy, Ry, g } solving equations (8),(9),(10),
(FRF) and (MRF).

We now show that assuming Stackelberg leadership by one of the policy
authorities, instead of simultaneous decision making, would not affect the equi-
librium outcome. While the policy problem of the Stackelberg follower remains
unchanged, the Stackelberg leader should take into account the reaction func-
tion of the follower. Importantly, however, the Lagrange multipliers associated
with additionally imposing either MRF in the sequential fiscal problem (15) or
FRF in the sequential monetary problem (17) are zero. In fact, these reaction
functions can be derived from the first order conditions of the leader’s policy
problem even when the follower’s reaction function is not being imposed.

Intuitively, the leadership structure does not matter for the equilibrium out-
come because the monetary and fiscal authorities are pursuing the same policy
objective. Any departure of the equilibrium outcome from the Ramsey solution
is thus entirely due to the assumption of sequential decision making. However,
the presence of different policymakers and the sequence of moves will matter
once we consider a monetary authority that is more inflation averse than the
fiscal authority, in section 7.

4.4 Monetary and Fiscal Policy Interactions

This section analyzes how the fiscal spending bias and agents’ utility is affected
by the steady state inflation rate. Since steady state inflation depends on steady
state nominal interest rates only, see equation (9), we implicitly analyze how
the conduct of monetary policy affects fiscal policy and welfare. Appendix A.5
derives the following result.

Proposition 4 Assume upp, < 0. In a steady state with sequential fiscal pol-
icy, agents’ utility increases and fiscal spending decreases with the steady state
inflation rate, locally at ITI = 1.

The previous proposition implies that price stability ceases to be optimal
once fiscal policy fails to commit to its spending plans. Intuitively, inflation
increases the perceived costs of public spending for the fiscal authority, thereby
reduces the fiscal spending bias. This makes it optimal to implement positive
inflation rates.
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The optimal inflation rate that appropriately internalizes the sequential fiscal
policy distortion is obtained as a solution to the following problem?®

max Eo) Blulce b, oI
{ct,h, 1T, Ry >1,94 } 0;6 ( ty 19T gt) ( )

s.t.
Equations (8),(9),(10),(FRF) for all ¢

Here we assume that monetary policy can commit, but fiscal behavior is de-
scribed by FRF. We will refer to this situation as the optimal inflation (OI)
regime. If the optimal inflation rate is lower (higher) than the monetary inflation
bias generated in a Markov-perfect Nash equilibrium with sequential monetary
and fiscal policy, an inflation conservative (liberal) central bank would appear
desirable. Whether the optimal inflation rate is above or below the monetary
inflation bias is ultimately a quantitative issue. We address it in the next sec-
tions.

5 Model Calibration

To assess the quantitative relevance of the policy biases and the desirability of
a conservative central bank, we assume the following preference specification

I+p

u(c, he, g¢) = log (cp) — whltJr—cp + wgq log (g¢) (18)
which is consistent with balanced growth, where w;, > 0, wy > 0 and ¢ > 0
denotes the inverse of the Frisch labor supply elasticity.

The baseline calibration of the model is summarized in table 1. The quarterly
discount factor [ is chosen to match the average ex-post U.S. real interest rate
during the period 1983:1-2002:4, i.e., 3.5%. The steady state value for the price
elasticity of demand 7 is set at —6, implying a mark-up over marginal cost
of 20%. The degree of price stickiness 6 is chosen to be 17.5, such that the
log-linearized version of the Phillips curve (8) is consistent with the estimates
of Sbordone (2002), as in Schmitt-Grohé and Uribe (2004a). The elasticity of
labor effort is assumed to be one (¢ = 1) and we abstract from wasteful fiscal
spending, i.e., x = 0. The utility weights w;, and w, are chosen such that in the
Ramsey steady state agents work 20% of their time (h = 0.2) and spend 20% of
output on public goods (g = 0.04).° The process for the technology shock z; is

8 As before, we abstract from non-stationary components of time zero optimal policies in
the solution to (OI).

9The values of wy, and wy are set according to equations (47) and (48), respectively, derived
in appendix A.6.



taken from Schmitt-Grohé and Uribe (2004a).! The parameterization for the
mark-up shock process 7; is taken from Ireland (2004).'!

To test the robustness of our results, we consider also a range of alternative
model parameterizations. For comparability, the utility weights w; and w, are
adjusted so as to leave the Ramsey steady state unchanged.

The actual computational method we employ to numerically solve for the
Markov-perfect Nash equilibrium with sequential monetary and fiscal policy
is described in appendix A.7. A useful by-product of this approach is that it
delivers second-order accurate welfare expressions for economies with a distorted
steady state, while relying on linear-quadratic approximation only. This will be
useful in section 8 when we analyze a stochastic economy.

6 Steady State Outcomes

Employing the baseline calibration summarized in table 1, we now investigate
the quantitative impact of relaxing monetary and fiscal policy commitment. In
addition, we compare the outcome under sequential policy (SP) to that achieved
under the optimal inflation (OI) regime. Finally, we analyze the robustness of
the quantitative findings to different model parameterizations.

The first row of table 2 presents information on the steady state in the SP
regime. All variables are expressed as percentage deviations from their corre-
sponding Ramsey steady state values.!? The last column of the table reports
the steady state welfare loss, expressed in terms of the permanent reduction in
private consumption that would imply the Ramsey steady state to be welfare
equivalent to the considered policy regime, see appendix A.8 for details. In
line with proposition 2, the sequential policy outcome is characterized by an
inflation bias, which turns out to be sizable. In addition, there is a small fiscal
spending bias. Overall, the welfare losses generated by the sequential conduct
of policy are sizable, in the order of 1% of steady state consumption per period.

The second row of table 2 shows the outcome under the OI regime. The
optimal inflation rate turns out to be not only lower than the one in the SP
regime but also very close to the Ramsey value. Note that reducing inflation
from the level of the SP regime to the optimal level increases the fiscal spending
bias, as suggested by proposition 4. While the fiscal spending increase asso-
ciated with bringing down inflation is fairly large, implementing the optimal

10To transform the annual values reported in table 1 of Schmitt-Grohé and Uribe (2004a),
we raise the AR-coefficient of the technology shock to the power 1/4 and divide the standard
deviation of the shock innovation by 4.

' Table 1 in Ireland (2004) presents estimates for the scaled mark-up shock process 1193_
Multiplying his estimate for the standard deviation by our price adjustment cost § = 17.5
yields the standard deviation in our table 1. Ireland’s estimate for the technology shock
process is similar to the one used in this paper.

121n the Ramsey steady state ¢ = 0.16, h = 0.2, g = 0.04 and IT = 1.
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inflation rate nevertheless eliminates large part of the welfare losses associated
with the SP regime. This suggests that the fiscal spending bias, despite being
sizable in absolute value, is not very detrimental in welfare terms. Clearly, this
result hinges partly on the assumed availability of lump sum taxes, which ab-
stracts from deadweight losses typically associated with having to finance fiscal
expenditure.'?

The results from table 2 suggest that installing a conservative monetary au-
thority is desirable - despite the lack of fiscal commitment - because the optimal
inflation rate is well below the one emerging in the SP regime. Moreover, a
conservative monetary authority can possibly eliminate large part of the welfare
losses associated with sequential monetary and fiscal policymaking.

Table 3 explores the robustness of these findings to a wide range of changes
in the parameterization of the model.!* The table reports the steady state
welfare losses associated with the different policy regimes (first column) and
the difference between inflation in the SP regime and the optimal inflation rate
(second column). The previous findings seem fairly robust. In particular, sig-
nificant welfare gains can be realized from implementing the optimal inflation
rate. Exceptions are the flexible price limit (# — 0) and the cases with inelastic
labor supply (large values for ), since the time-inconsistency problems of mon-
etary and fiscal policy then disappear and real allocations approach the Ramsey
steady state. The fact that all parameterizations display a positive inflation dif-
ferential in the last column of table 3 suggests a conservative monetary authority
should be desirable. We investigate this issue in detail in the next section.

7 Conservative Monetary Authority

This section analyzes whether the steady state distortions stemming from se-
quential monetary and fiscal policy decisions can be reduced by installing a cen-
tral bank that is more inflation averse than society. Rogoff (1985) and Svensson
(1997) have shown this to be the case if fiscal policy is treated as exogenous.

Following Rogoff (1985), we consider a ‘weight conservative’ monetary au-

thority with period utility function
I, —1)2
(1 = ) ulersj hetjs gerg) — Of%

where a € [0, 1] is a measure of monetary conservatism. For o > 0 the mone-
tary authority dislikes inflation (and deflation) more than society; if @ = 1 the

13 A version of the model with distortionary labor taxes suggests that larger welfare losses
are associated with lack of fiscal commitment.

M For all parametrization considered in table 3, the utility weights wy, and wy are adjusted
to leave the Ramsey steady state unchanged. When considering wasteful fiscal expenditure
c+ x, h and g are required to remain unchanged.



policymaker cares about inflation only. The preferences of the fiscal authority
remain unchanged.

With monetary and fiscal authorities now pursuing different policy objec-
tives, the equilibrium outcome will depend on the timing of policy moves, i.e.,
whether fiscal policy is determined before, after, or simultaneously with mone-
tary policy. It remains to be ascertained, however, which of these timing struc-
tures is the most relevant for actual economies. While it may take long to
implement fiscal policies, the time lag between a monetary policy decision and
its effect on the economy can also be substantial. We thus consider Nash as well
as leadership equilibria.

7.1 Nash and Leadership Equilibria

This section defines the various equilibria then briefly discusses them.

Consider the case of simultaneous policy decisions first. While the policy
problem of the fiscal authority is unchanged, the monetary authority now solves

oo

{Ct+j7ht+j7n?f7’7Rt+j21} Ey JZ:(:) B ((1 — @) w(Cttjs hitj Gevg) — %(Ht - 1)2)
(19)

s.t.
Equations (8),(9),(10) for all ¢
{ct4j, heqj, Mg, Revj > 1,g445-1} given for j > 1
As shown in appendix A.9, the first order conditions associated with problem
(19) deliver the conservative monetary authority’s reaction function

_ Rtlct

(e (T — 1) = Tp) — (TTg — 1) e <1 T h uhht)

Ut Uht
2T, — 1 — =< (T, — 1) ((TT, — )T, — 24k, (1 Uoo)f- o,
{2 S 1) 00 s ()| e
(CMRF)

For a = 0, CMRF reduces to the monetary reaction function without conser-
vatism (MRF).!'® This motivates the following definition.

Definition 5 (CSP-Nash) A Markov-perfect Nash equilibrium with sequen-
tial and conservative monetary policy, sequential fiscal policy and simultaneous
policy decisions is a sequence {ct, hi, s, Ry, g:} solving (8), (9), (10), (FRF)
and (CMRF).

15 As before, CMRF implies that current interest rates depend on current economic condi-
tions only, validating the conjecture in (19) that in a Markov-perfect equilibrium future policy
choices can be taken as given.
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Next, we consider the case of monetary leadership (ML). The conservative
monetary authority must take into account how the fiscal authority will react to
its own decisions, i.e., FRF needs to be imposed as additional constraint. The
monetary authority’s policy problem at time ¢ is thus given by

oo
. «
max }Et . H ((1 = @) ulCrjs hig 9erg) = 5 Moy — 1)2)
=0

{et4i.heqi ety Retj 21,9045
(20)
s.t.
Equations (8),(9),(10),(FRF) for all ¢
{ctts hevgs gy, Reqy > 1, geq5} given for j > 1

The first order conditions associated with problem (20) deliver the conserva-
tive monetary reaction function with monetary leadership, that we denote by
CMRF-ML. This gives rise to the following definition.

Definition 6 (CSP-ML) A Markov-perfect equilibrium with sequential and
conservative monetary policy, sequential fiscal policy and monetary policy de-
ciding before fiscal policy is a sequence {ct, ht, 11z, Ry, g+ } solving (8), (9), (10),
(FRF) and (CMRF-ML).

Finally, we consider the case of fiscal leadership (FL). The fiscal authority
must now take into account the conservative monetary authority’s reaction, i.e.,
CMREF. The fiscal authority’s policy problem at time ¢ is thus given by

{ettjshit et  Retj >1,9¢+5

max = > Bluleris hutj 9ry5) (21)
=0

s.t.
Equations (8),(9),(10), (CMRF) for all ¢
{etvss hirjs Migj, Rej > 1,415} given for j > 1

The first order conditions associated with problem (21) deliver the corresponding
fiscal reaction function that we denote by CFRF-FL. We propose the following
definition.

Definition 7 (SCMFP-FL) A Markov-perfect equilibrium with sequential and
conservative monetary policy, sequential fiscal policy, and fiscal policy deciding
before monetary policy is a sequence {cs, he, Iy, Ry, g1} solving (8), (9), (10),
(CFRF-FL) and (CMRF).

We now briefly comment on the previous definitions. First, note that for
the case a = 0 all three equilibria reduce to the standard SP regime considered
before in section 6. Second, for the Nash and monetary leadership cases, there



exists a theoretical upper bound on the welfare gains that monetary conser-
vatism can possibly achieve. In these cases the fiscal authority takes monetary
decisions as given, implying that FRF continues to describe fiscal behavior. The
best possible allocation is thus described by the solution to the OI regime of sec-
tion 4.4. Third, in the case with fiscal leadership, the fiscal authority anticipates
the monetary reaction function. Monetary policy may then use ‘off-equilibrium’
behavior to discipline the behavior of the fiscal authority along the equilibrium
path. Fiscal leadership thus opens the possibility for outcomes that are welfare
superior to those achieved in the OI regime.

7.2 Implications of Central Bank Conservatism

Figure 1 displays the steady state welfare gains associated with different degrees
of monetary conservatism a € [0,1], under the different leadership arrange-
ments.'® The upper horizontal line shown in the figure indicates the welfare
losses of the OI regime. Without monetary conservatism (o = 0) all leadership
arrangements deliver the welfare loss associated with the SP regime.

For the Nash and monetary leadership (ML) regimes, a fully conservative
monetary authority (o = 1) approximately implements the steady state welfare
level associated with the OI regime.!” With an appropriate degree of monetary
conservatism it is possible to recover the significant welfare losses resulting from
lack of monetary commitment, in the order of 1% of steady state consumption
per period. Interestingly, most of the welfare gains are achieved for values
of a above 0.9, i.e., by a sufficiently conservative central bank caring almost
exclusively about inflation.

The case for a conservative monetary authority is even stronger under the
fiscal leadership (FL) regime. As shown in figure 1, a conservative monetary
authority can recover not only the steady state welfare losses stemming from
sequential monetary decision making, but also those emerging from lack of fiscal
commitment. With full conservatism (o = 1) the central bank recovers the
Ramsey steady state. Again, most of the welfare gains are realized for values of
a above 0.9.

Fiscal leadership differs from the Nash and monetary leadership cases be-
cause the fiscal authority anticipates the reaction of the conservative monetary
authority. For a = 1, the monetary authority is determined to implement price
stability at all costs. A fiscal expansion above the Ramsey spending level would
generate inflationary pressures, triggering a strong increase in interest rates so
as to reduce private consumption. The fiscal authority anticipates that fiscal
spending simply results in a crowding out of private consumption, this disci-
plines its behavior.

16 This and subsequent figures use the baseline calibration of section 5.
1T As will become clear from figure 2 below, the welfare level of the OI regime is actually
achieved by a value of a very close but slightly below 1.
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Figure 2 illustrates for the different leadership cases how the steady state val-
ues of private consumption, labor effort, inflation and public spending depend
on the degree of monetary conservatism. While increased monetary conser-
vatism reduces the inflation bias for all timing protocols, its effect on the fiscal
spending bias depends on whether or not fiscal policy anticipates the monetary
policy reaction. If fiscal policy takes monetary decisions as given, monetary
conservatism results in an increased fiscal spending bias. With fiscal leadership,
however, fiscal spending decreases to the Ramsey level as « increases towards 1.
A value of o = 1 recovers the Ramsey outcome in the FL regime, while a value
of « slightly below one recovers the OI outcome in the Nash and ML regimes.

8 Conservatism and the Response to Shocks

Up to this point we have restricted attention to steady state outcomes. This
section extends the analysis to a stochastic economy, considering how stabiliza-
tion policy is affected by different monetary and fiscal policy regimes and the
degree of monetary conservatism.

Figure 3 depicts impulse responses to a positive technology shock (left col-
umn) and positive mark-up shock (right column) for the case with commitment
and under sequential policy.!® The figure illustrates that lack of monetary and
fiscal commitment influences the impulse responses markedly. Under commit-
ment inflation either reacts not at all (technology shocks) or just by a small
amount (mark-up shocks). Instead, inflation increases by more and is also more
persistent under sequential policy. Intuitively, positive technology shocks in-
crease the temptation to boost the suboptimally low level of labor supply by
‘surprise inflation’, because labor input is temporarily more productive. Sim-
ilarly, positive mark-up shocks temporarily increase the labor supply wedge,
thereby also strengthen the incentives to raise labor input through additional
fiscal spending.

Figure 4 clarifies how impulse responses are affected by installing an infla-
tion conservative central bank. The figure depicts the Ramsey policy response
together with the responses for the Nash and two leadership cases (ML and FL),
assuming a fully conservative central bank focusing on inflation only (o = 1).
The left column of the figure shows that full monetary conservatism causes the
sequential policy response to productivity shocks to be identical to the response
under commitment, for all timing protocols. Full monetary conservatism imple-
ments the optimal stabilization policy in response to technology shocks, despite
the sequential conduct of monetary and fiscal policy.

Next, consider the case of mark-up shocks, depicted in the right column
of figure 4. Under fiscal leadership (FL) impulse responses deviate somewhat

18Using the baseline calibration of section 5 we consider a positive 3 standard deviation
disturbance for the technology and mark-up shock values. Responses are presented in terms
of percent deviations from steady state values.



from the Ramsey policy response, but deviations tend to be short-lived and
smaller than in the case without conservatism, compare with figure 3. With
monetary leadership (ML) or simultaneous policymaking (Nash) the situation
is largely similar, except for the response of government spending, which then
differs markedly from the Ramsey policy response. The discussion in section
6 suggests, however, that deviations of government spending from its optimal
level do not have significant effects on welfare in the current setting.'”

The previous findings suggest that monetary conservatism remains desirable
in a stochastic economy because welfare effects tend to be dominated by steady
state considerations. Moreover, monetary conservatism - quite surprisingly -
also tends to improve the conduct of stabilization policy, especially in response
to technology shocks. Clearly, further welfare gains could be achieved through
even better stabilization policies.

9 Conclusions

This paper analyzes monetary and fiscal policy interactions in a dynamic sto-
chastic general equilibrium model when policymakers lack the ability to credibly
commit to policies ex-ante. It is shown that lack of fiscal commitment leads to
excessive fiscal spending on public goods, while lack of monetary commitment
results in the well-known inflation bias. The welfare losses generated by the
sequential conduct of monetary and fiscal policy appear to be substantial.

While optimal monetary policy that appropriately internalizes the fiscal
spending distortion implements positive inflation, we find the optimal infla-
tion rate for our baseline calibration to be close to zero. Also, for a wide range
of model parameterizations, the monetary inflation bias results larger than the
optimal inflation rate, causing monetary conservatism to remain desirable in a
situation with endogenous fiscal spending.

We find that large part of the steady state welfare losses associated with lack
of monetary and fiscal commitment can be recouped, provided the monetary au-
thority focuses exclusively on stabilizing inflation. Moreover, a fully conservative
monetary authority also tends to improve the conduct of stabilization policy.

A number of important questions remain to be addressed in further research.
In particular, for a positive description of monetary and fiscal policy interactions,
it seems important to consider also distortionary taxation and government debt
dynamics. These elements introduce additional interactions between monetary
and fiscal policymakers that may have a major impact on the desirability of an
inflation conservative monetary authority. We plan to extend the analysis to
such richer settings in future work.

19Indeed, computing how consumption equivalent welfare losses depend on the degree of
monetary conservatism « in a stochastic economy, results are virtually unchanged when com-
pared to figure 1, which is based on a steady state comparison.
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A Appendix

A.1 Ramsey Steady State
The Lagrangian of the Ramsey problem (12) is

max Ey Z 5t {U(Ct; hi, gt)
t=0

{ct,he,01¢,Re, g4 }

Ut Zeh U
+ ¢ |:uct(Ht - DIL; — % (1 4 2 77t> = Buctpr (M1 — 1Igy

Uct 2t
Uet Uet+1
¢ Rt Ht—l—l

0
+"/§ [Ztht —Ct — §(Ht - 1)2 — gt — 4 }
The first-order conditions w.r.t. (ct, he, Iy, Ry, g¢), respectively, are given by

Ucct zihg

Uet + 7151 <U/cct(Ht - 1) ( ))
Uect u
Y- 1teet(T = DI + 7 ‘R, - —7; =0 (22)
Unpt — ’Ytl UC;Zt (1 + ’r]t + Uht T’t + ht Uhht 77t Zt = 0 (23)
Uct 2t Ucet 2t
(’Ytl - ’Ytlfl) ue (210 — 1) + 77y cht -1)=0 (24)
2uct
=0 25
t Rt ( )
qt - ’Yt =0 (26)

where 'yi 1 = 0for j = 1,2. We denote the Ramsey steady state by dropping
time subscripts. Equation (25), us > 0 and Ry > 1 imply

=0
Equations (26) delivers (
= ug >0
This and equation (24) gives
I=1
From (9) it then follows
1
R=—
B

Then equation (8) delivers
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This delivers (13) shown in the main text. Using the previous results, equation
(23) simplifies to

h
up, — 'ylguhhn +uy, =0 (28)
From (22) one obtains
h Ue — U
12 o Mo 29
T Uee (1 4+ 1) (29)

Substituting (29) into (28) delivers

Ue — Ug

Wy — —& "9
" Uee (1+17)

uppn +ug =0

Using (27) to substitute for u. one gets

2
n Uhh
1 + (1+77> Uce
1 Ynh
1 + 141 uce

Ug = —Uhp
Using (27) again to substitute - delivers (14) shown in the main text.

A.2 Sequential Fiscal Reaction Function
The fiscal problem (15) is

o0
max EY B {U(Ctﬂ‘a Ry, 9evs)
{ctqjshegi Mitj,geys} =

1 Uct+j 245
+ Yigy | Uetj Mgy — Dy — ——————

e
. (1+nt+j+ﬂmi)

Uct+j Zt+j

— Bucryjrr(Mepjv1 — 1)Ht+j+1}

+ %52+j

Uct+j5 _ﬁuct+j+1:|
[ Revj g

0
kg [zt+jht+j — Ct4j — §(Ht+j —1)? =gy — 4 }

taking as given R, ;_1 and other variables dated ¢+ j for j > 1. The first order
conditions w.r.t. (ct, b, Iz, gt ), respectively, are given by

_ Ucct 2t ht

uCC
Uet + Y} (um(nt — I, (1+ nt)) 42t 3 =0 (30)

Ry

u u
helt | p,Zhit ﬁ) +3n =0 (31

1 Uet 2t

Unt =% (1+77t+

Uct 2t Uct 2t
’Ytluct@Ht —1) - ’Y?g(ﬂt -1)=0 (32)
ugt - fY? = O (33)
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From equations (32) and (33) one gets

1 _ ugef(IT — 1)
T eI — 1)

Using the previous result and (33) to substitute the Lagrange multipliers in (31)
delivers FRF shown in the main text.

A.3 Sequential Monetary Reaction Function
The monetary problem (17) is

o0
max By B {u(ct+jvht+jagt+j)
{ct+jshitj My, Rt} =0

Uetti Zpti it s
Y [terrg Mgy — DIy — W (1 + Mg+

Uht+j M43 >
Uct+j Zt+j

— Bucryjr1(Mepjv1 — 1)Ht+j+1}

2
+ Vigj

Uct+j5 ﬁuct+j+1:|
[ Revj Tt

) 0
e [Zt+jht+j =ty = 5 (e = 1)? = gi1j — 4 }

taking as given g;4,—1 and other variables dated ¢+ j for j > 1. The first order
conditions w.r.t. (ct, he, II;, Ry) are given by

Uect 2t Nt

uCC
Uet + ’Ytl <Ucct(Ht — DI — (1+ 77t)> + ’Yt2 L ’Yf =0 (34)

Ry

1 UctZt Uhpt Tt Uhht Tt R
+h—=— )+

Unt — Y% g (1+nt+
Uet 2t Uet 2t
’Ytluct(QHt -1) - 'yfﬂ(l'[t -1)=0 (36)

2 Uct
V¢ R_t2 =0 (37)

Yz =0 (35)

Equation (37), ue > 0 and R; > 1 imply
7% =0
Then solving (34), (35) and (36) for v} delivers, respectively,

_ Ucct?t ht

V= ter + ¢ (Ucct(nt = DIL (1+ m)) (38)

u U u u
B=—t <1 Y Z) (39)
2 0 Uet 2t Uet 2t
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Equations (38) and (40) imply

0
1
bOAREE - e (0T — DTL — zhy (14 )
While equations (39) and (40) give
0
%1 - ZtUct 2Ht 1 Unt Nt Uhht Nt (42)
uhz (1+77t I, — 1+utzt+h Uct Zt)

From (41) and (42) one obtains MRF shown in the main text.

A.4 Proof of Proposition 2

We first show that MRF cannot hold in the neighborhood of II = 1. In steady
state one can rewrite MRF as

H<1+Z—Z)+O(H—1):O (43)

where O(II — 1) summarizes terms that converge to zero as (II—1) — 0. In
a steady state with II = 1 equation (8) delivers 1 + n + —ﬁn = 0 and thus
e < —qf; < —1. Since the implicit function 3= (II) defined by (8) exists,
this implies that 1 4 “C is bounded away from —1 also in a sufficiently small
neighborhood around H = 1. Therefore, (43) cannot hold in the neighborhood
of IT = 1. Moreover, from R > 1 and (9) we have II > 3 in steady state. For g

sufficiently close to 1, it then follows that MRF can only hold if 1T > 1.

A.5 Proof of Proposition 4
The effect of inflation on steady state utility is given by

du _ oc Oh g
an - ean T “am T Man

where ¢(IT), h(IT), g(IT) denote the steady state levels emerging under sequen-
tial fiscal policy when monetary policy implements inflation rate II, and the
derivatives u; (j = ¢, h,g) are evaluated at this steady state. We first evaluate
equation (44) at II = 1. Equation (8) simplifies to

(44)

Uh (45)

Ue = —

1+nm
Totally differentiating equation (10) and evaluating at IT = 1 gives

9 _on oy
oIl Ol ol
Using this result and (16), equation (44) can be rewritten as
d_u — ( — ) ﬁ
arm e M o
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Equations (16) and (45) imply u. > ug, thus

s (22 = i (22) ”

To determine the sign of dc¢/JIl we totally differentiate equations (FRF), (8),
(10) and evaluate at II = 1, this delivers

0 —Upn  —Ugy Oc Py ntisn,

h,pUptce _ h, Unn 0 %_]};1 . OuC
I 0" u, ar | =
_ _ 99
1 1 1 i 0
Solving for i and —*‘L gives
dc UeUph, UpUnp
ol UcUppUgg — UccUhUgg — UccUpUhh Ue
dg —UcUph + UecUp I UpUhh
ol UcUppUgg — UccUhUgg — UccUpUhh Ue

Assuming upp < 0, signing these expression delivers g—ﬁ > 0 and gl% < 0, as

claimed. The former inequality and equation (46) imply gﬁ > 0, locally at
m=1.

A.6 Utility Weights

For the period utility specification (18), the Ramsey policy marginal conditions
(13) and (14), respectively, deliver

1 1+n7n
=—— 47
wh ch? n (47)
1+ 1+n h<p
1+ 7o
Assuming ¢ = 0.16, h = 0.2, ¢ = 0.04, n = —6 and ¢ = 1 one obtains the
parameter values in table 1.

wg = wpgh? (48)

A.7 Solving for the Equilibrium with Sequential Mone-
tary and Fiscal Policy

The Markov-perfect Nash equilibrium with sequential monetary and fiscal policy
solves the following problem

for s X E; JZ:;) Blulcrrj, haty Gts) (49)
s.t.
Equations (8),(9),(10) for all ¢
Ey (ctqjy hiqj, iy, Reyj, gevj) given for j >1



One should note that FRF and MRF need not be imposed, since they can
already be derived from the first order conditions of this problem, see sections
4.3.1 and 4.3.2, respectively. Therefore, the solution of problem (49) will always
satisfy FRF and MRF.

Then, the recursive formulation of the Lagrangian of problem (49) is

W —  mi . EW 50
(ze,m1) (Wﬂ:zr}vg)(%htrjggﬁwt){f()+ﬂt (zt11,me41)}  (50)

s.t.
Zip1 = (1= p2) + p2e + €201
N1 =1 (1= py) + pyne + Enea

where the one-period return is
f () = U(Ct, htugt)

Ut Zeh U
+ 7 Uct(Ht—l)Ht—¢ <1+77t+ ht%) —EtAS]

Uet
+7 E - Etls]

0
+97 |2the — o — §(Ht —1)° —g —CE]

with the expectations functions

EtAS = 5Etuct+1(nt+1 — 1)Ht+1 (51)
EIS = g, wet+! (52)
Ht+1

taken as given. The additional control variables 7, vZ, 77 are the Lagrange
multipliers associated with the implementability constraints (8) and (9), and
the feasibility constraint (10), respectively.

We then solve for the steady state using the first order conditions of the
recursive formulation (50). Thereafter, we compute a quadratic approximation
of the one-period return f(-) around this steady state. This involves quadrat-
ically approximating the implementability and feasibility constraints. Instead,
the expectation functions E/*° and E/® are linearly approximated as

EfS = ad +at (2 — 1) +ab (g — 1) (53)
EfS ~ak+al (2 — 1) +a3 (e — 1) (54)

Importantly, postulating linear expectation functions is sufficient to obtain a
first order approximation to the equilibrium dynamics and policy functions.
The policymaker takes expectations functions as given, therefore, they do not
show up in differentiated form in the first order conditions. Moreover, linear
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expectations functions are sufficient to evaluate the Lagrangian, i.e., utility, up
to second order. This is the case since either the implementability constraints or
the associated Lagrange multipliers are zero in a sufficiently small neighborhood
around the steady state. As a result, no first order terms appear when evaluating
the quadratic approximation of f(-) at the solution. Obviously, this is just a
restatement of the fact that (50) is an unconstrained optimization problem.

We now explain how we compute the expectation functions (53) and (54).
We start with an initial guess for o] (j = 1,2; ¢ = 0,1,2), then we solve (50)
with f(-) replaced by its quadratic approximation. We update ag , as explained
below, and continue iterating until the maximum absolute change of the policy
functions drops below the square root of machine precision, i.e., 1.49 - 1078,

Let the solution for the policy functions ¢ (-) and II(+) be given by

Ctp1— €= 0cz (241 — 1) + dey (Ne11 — 1) (55)
i1 — T = 0m. (241 — 1) + 01y (041 — M) (56)

where variables without time subscript denote steady state values. A first order
approximation of the expectation functions (51) and (52) then delivers

0EAS aEAS
Ef ~ BAS| + —t—| Ey(c41—c¢) + ==t E, (I, — 11
i » e |, t(Cry1 —¢) Mirr | ¢ (Igq — D)
aEIS aEIS
EIS ~ EIS t E o t B, (11 I
K b lss + 8Ct+1 ss t(Ct+1 C) * aI—It-ﬁ-l ss t( s )

where |45 indicates expressions evaluated at steady state. These together with
(55), (56) and

By (2441 —1) = pz (2t — 1)
By (Mev1 —m) = py (e —n)

deliver the expectations functions consistent with the approximated policy func-
tions

ay = Buc(Il — 1)II

at = Bp, [(IT — DITueeder + ue(210 — 1)511,]
a3 = Bpy [(IT — 1)MtieeSey + e (21T — 1)611y)]
a§ = [

ay = B% uccdcz - %51_&%

a3 = B [ueeden — 3 0my

A.8 Consumption Losses Relative to Ramsey

Let w(c, h,g) denote the period utility for the Ramsey steady state and let
u (¢, h*, g*) represent the period utility for the steady state of an alternative



policy regime. The permanent reduction in private consumption that would
imply the Ramsey steady state to be welfare equivalent to the alternative policy
regime p4 < 0 is implicitly defined by

1
1-p

u (b4 g%) = T (el + %), hug)

_ lfﬁ [u (e, hyg) +log (1 + )]

where the second equality uses equation (18). Therefore, one obtains

MA = exp [u (cA,hA,gA) — u(c,h,g)} -1

A.9 Conservative Monetary Reaction Function

The conservative monetary problem (19) is

o0
. a 5
max Et 6‘7 { l1—a)u Ct+j ]’Lt+' Ji+i) — = Ht —1
{cttihets Meqs Reqjs} gg() ( Jul 77 7 J> 2 ( )
- TN T Uhtsi e
+ 'Ytl+j Uettj (Mg — gy — Syt ;—H ar'] (1 + Mgy + Az —tﬂ)
L Uct+j Zt+j

= Bucttjtr(epjpn — 1)Ht+j+1}

+ Ve

Uct+j _/Buct—i-j-i-l]
LRevs Mgy

0
i [zt+jht+j = ey = 5 (e — 1D? = giyj — 33} }

taking as given g;y;—1 and variables dated ¢ + j for j > 1. The first order
conditions w.r.t. (ct, he, II;, Ry), respectively, are given by

Ueet 2t Uee
(1—a)uc +t <Ucct(Ht - DIL; — % (1+ 77t)> +7 Rtt —% =0 (57)
(1— ) upe — 7 =2 (1 R Ly P ﬁ) +772 =0 (58)
0 Uet 2t Uet 2t
Ve (200 — 1) = 720 — 1) —a (T, = 1) =0 (59)
Uct
*’YtQR—c? =0 (60)

Equation (60), ue > 0 and R; > 1 imply
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Then solving (57), (58) and (59) for 4} delivers, respectively,

Ucct 2t Mt

7 =(1=a)uc+ (Ucct(ﬂt - DI, — 0 (1+ Wt))

u u u u
V= (1—a) 2Lyt (1+77t+ htﬁJrht—hhtﬁ)
2t 0 Uet 2t Uct 2t

s qua(Cl—1) o
Tt =Vt Q(Ht—l) 0

Equations (61) and (63) imply

) 9(1—a+ﬁ%)
M = — %
t % _ ﬁ (Q(Ht - 1)Ht — Ztht (1 + T]t))

While equations (62) and (63) give

1 _
i ZtUet (1 + 1 — 2l —1 4 Unt Tt 4 p, Wit m)

Upt -1 Uct 2t Uet 2t

From (64) and (65) one obtains CMRF shown in the main text.
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Parameter Definition

Assigned Value

quarterly discount factor

price elasticity of demand

degree of price stickiness

1/elasticity of labor supply

fiscal waste

utility weight on labor effort

utility weight on public goods

technology shock persistence

mark-up shock persistence

quarterly s.d. technology shock innovation

quarterly s.d. mark-up shock innovation

8 =0.9913
n=—6

0 =175
p=1

z=0

wp, = 26.042
wg = 0.227
p. =0.95
pn = 0.96

s.d.(e¢) = 0.006

s.d.(gn) = 0.021

Table 1: Baseline Calibration

Policy c h II g
Regime

(Deviations from Ramsey)

Consumption Losses
Relative to Ramsey SS

—0.44% 0.67% 1.46% 0.48%

-0.83% 0.85% 0.09% 7.5%

—1.03%

—0.07%

Table 2: Steady State Effects
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Consumption Losses

Inflation Differentials

Relative to Ramsey SS s — 1101

o1 SP (Quarterly)
Baseline Calibration —0.07% —1.03% 1.37%
more competition (n = —9) —0.03% —0.21% 0.56%
less competition (n = —3) —0.37% —8.86% 4.49%
more sticky prices (0 = 50) —0.07% —2.04% 1.19%
less sticky prices (6 = 5) —0.06% —0.36% 1.34%
almost flexible prices (0 = 0.5) —0.03% —0.05% 0.58%
very low labor supply elasticity (¢ = 8) | —0.06% —0.07% 0.07%
low labor supply elasticity (p = 3) —0.12% —0.33% 0.53%
high labor supply elasticity (¢ = 0.1) —0.01% —2.11% 2.17%
wasteful fiscal spending (z = 0.05) —0.06% —0.98% 1.12%

Table 3: Robustness of Steady State Effects




Percentage Points

Consumption Losses Relative to Ramsey SS
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Figure 1: Welfare Gains From Monetary Conservatism
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Percentage Dev. from Ramsey

Percentage Dev. from Ramsey
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Figure 2: Steady State Effects of Monetary Conservatism
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