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Abstract

The analysis of Adam and Billi (2008) is robust to distortionary taxation.

1 Introduction

We show that the main findings of Adam and Billi (2008), who analyze an economy with lump
sum taxes, carry over to an economy with distortionary labor income taxes. Specifically,
sequential monetary policy gives rise to an inflation bias and sequential fiscal policy leads
to overspending on public goods. Our numerical exercises show that steady state welfare is
significantly higher if the monetary authority is much more averse to inflation than society.
Moreover, monetary conservatism is socially desirable independent of whether fiscal policy is

determined before or after monetary policy. When fiscal policy is determined before monetary
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policy each period, however, monetary conservatism may eliminate the policy biases from
sequential monetary and fiscal policy, i.e., solve the monetary and fiscal commitment problems.
Monetary conservatism then recovers the Ramsey steady state. We restrict attention to the

steady state analysis of the alternative policy regimes.

2 The Model

We adopt the sticky-price model of Adam and Billi (2008) and introduce distortionary labor

income taxes.

2.1 Private Sector

There is a continuum of identical households with preferences given by

Z 5tu(ct, he, gt) (1)
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where ¢, is 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 3 € (0, 1)

the discount factor. Utility is separable in ¢, h, g and u, > 0, u.. < 0, up, <0, upp <0, uy >0,
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Each household produces a differentiated intermediate good. Demand for this good is
ytd(]gt /P;), where vy, is (private and public) demand for the aggregate good and P, /P, the
relative price of the intermediate good compared to the aggregate good. The demand function
d(-) satisfies d(1) = 1 and d'(1) = n, where n < —1 is the price elasticity of demand for the
different goods. The demand function is consistent with optimizing individual behavior when
private and public consumption goods are a Dixit-Stiglitz aggregate of the goods produced

by different households. The household chooses ]St, then hires the necessary amount of labor



effort hy to satisfy the resulting product demand, i.e.,

_ P
hy = yid <Ft> (2)

Following Rotemberg (1982), sluggish nominal price adjustment by firms is described by

quadratic resource costs for adjusting prices according to

where 6 > 0 indexes the degree of price stickiness.! The households’ budget constraint is
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where R; is the gross nominal interest rate, B; are nominal bonds that pay R;B; in period
t + 1, w, is the real wage paid in a competitive labor market, and 7, is a labor income tax.?

Although bonds are the only available financial instrument, having complete financial
markets would not matter for the analysis because households have identical incomes in a
3

symmetric price setting equilibrium.

Finally, the no-Ponzi scheme constraint on household behavior is

t+j—1
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The household’s problem consists of choosing {c;, hy, he, B, By }¢°, to maximize (1) subject
to (2), (3) and (4) taking as given {y;, P, w, Ry, g1, 11 }52,- The first order conditions of the

household’s problem are then equations (2), (3) and (4) holding with equality and also

! Using instead the Calvo approach to nominal rigidities would considerably complicate matters because

price dispersion then becomes an endogenous state variable.

2Considering instead income or consumption taxes would be equivalent to having a labor income tax

together with a lump sum tax (on profits).

3We abstract from money holdings and thus seigniorage by considering a ‘cashless limit’ economy & la

Woodford (1998); money only imposes a lower bound on nominal interest rates (R; > 1).
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where r, = % is the relative price and II; = Pi - the gross inflation rate. Furthermore, the

transversality condition lim; e (84 ;Bitj/Pitj) = 0 has to hold at all contingencies.

2.2 Government

The government consists of a monetary authority setting nominal interest rates R; and a
fiscal authority determining the level of public good provision ¢;. The fiscal authority cannot
commit to future policies or to repay government debt. As a result, in each period government

expenditure must be financed with current taxes. The budget constraint is
Twihy = gy (6)

We will also consider the case where the fiscal authority can commit to future policies and
thereby could credibly promise to repay debt. Yet, we impose the balanced-budget condition
(6) also under commitment to make the cases with and without commitment more easily
comparable. This can be interpreted as normalizing the initial government debt level B_; to
0 in the cases with a without commitment: under commitment policymakers will then have no
incentive to issue debt in the resulting Ramsey steady state. Overall, lack of government debt
implies that we abstract from monetary and fiscal interactions that operate directly through

the government budget constraint, as analyzed in Diaz-Giménez et al. (2008).



2.3 Private Sector Equilibrium

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

condensed into a price setting equation

Ueth U
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ct t

often referred to as a ‘Phillips curve’, and a consumption Euler equation
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Conveniently, the last two equations do not make reference to taxes and real wages, while

equations (5) and (6) give
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We make the natural assumption that private bonds are in zero aggregate net supply, which
implies that in a symmetric equilibrium B; = 0 for each household. The no-Ponzi scheme
constraint (4) and the transversality condition are then always satisfied and can be ignored
from now on.

A private-sector rational expectations equilibrium consists of plans {c¢, hy, II;} satisfying

equations (7) and (8) and the market-clearing condition, i.e., the feasibility constraint,
0 2
Ct+§(Ht_1) + g9t =" (11)

given the policies {g;, R; > 1} and the initial condition P_;.

3 Monetary and Fiscal Policy Regimes

This section describes the policy regimes. We consider benevolent policymakers, who maxi-

mize the welfare of the representative agent. Although the descriptive realism of this assump-
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tion is open to debate, importantly it enables us to isolate the inefficiencies stemming from

the lack of commitment to future policies.

3.1 First-Best and Ramsey Allocation

Along the lines of Adam and Billi (2008), the first-best allocation, which accounts only for

preferences and technological constraints, satisfies
Uy = U = —Uy,

where the marginal utility of private and public consumption and the marginal disutility of
labor effort are equated.

The Ramsey allocation, however, is second-best because it takes into account also the
presence of price setting and monopoly distortions as well as the distortions from labor income

taxes. Specifically, the Ramsey allocation solves

(o)

max Z Bules, b, g) (12)
0

{ct,h,11t,Re>1,g: } 22 —

s.t. Equations (7), (8), (11) for all ¢

Note that the Ramsey allocation still allows for commitment to policies at time zero and full
cooperation between monetary an fiscal policymakers. As shown in appendix A.1, the Ramsey

steady state satisfies

m=1 (13)
as well as the marginal conditions
—up, < Uy (14)
I+n g
—up = —— — 2 ) w. 15
o ( U h) ! 15)

Equation (13) shows that it is optimal to achieve price stability. Instead, equation (14) shows

that public spending in the Ramsey allocation is below the first-best level because at the

6



same time equation (15) shows that there is a wedge between the marginal utility of private
consumption and the marginal disutility of work. This wedge has two components. The first
component is due to the monopoly distortions and the second stems from the distortionary
taxes levied to finance public spending. As a result, public spending below the first-best level

reduces labor taxes and shrinks the wedge between private consumption and leisure.

3.2 Sequential Policymaking

We now consider separate monetary and fiscal authorities that cannot commit to future policy
plans and decide about policies at the time of implementation. To facilitate the exposition,
each policymaker takes as given the current policy choice of the other policymaker as well as
all future policy choices and future private-sector choices. We verify the rationality of these

assumptions at the end of this section.

3.2.1 Sequential Fiscal Policy: Spending Bias

Given the assumptions made above, the fiscal authority’s problem in period ¢ is

o0
max Z Bulcrsjs ity Grsg) (16)
{ct+j,ht+j,nt+j79t+j} §=0

s.t. Equations (7), (8), (11) for all ¢

{etrs, hevj iy, Reyjo1 > 1, g4y} given for j > 1

Eliminating Lagrange multipliers from the first order conditions of this problem delivers the

fiscal reaction function

2l =1 —n(IL; — 1)

Ugt = —Unt (FRF)
20 =1 = (I, = 1) <1+?7+773—Z+nht“uh—fj>
When II; = 1, the fiscal reaction function then simplifies to
Ugt = —Upt (17)



Thus, provided monetary policy achieves price stability (II; = 1), sequential fiscal policy
equates the marginal utility of public consumption to the marginal disutility of work, as would
be optimal in the first-best allocation in the absence of monopoly distortions and distortionary
taxes. Such behavior is suboptimal, however, as it does not take into account the distortions
from labor taxation. Equation (8) shows that the fiscal authority perceives current private
consumption as determined by the current monetary policy choice (R;) and future decisions
(¢t11,1441), which are taken as given today. As a result, the fiscal authority perceives output
and thereby labor effort to move one-for-one with public spending. We have the following

result:

Proposition 1 Sequential fiscal policy implies excessive fiscal spending in the presence of

price stability.
The fiscal reaction function (FRF) also implies

0 (1/ug)

which shows that, all else equal, the fiscal spending bias is smaller when the monetary authority
aims at positive inflation rates. For II; > 1, the marginal resource cost of generating higher
inflation through increased fiscal spending is not zero, see equation (11). The fiscal authority
thus reduces public spending because it takes these resource costs into account.*

The previous result suggests that a conservative monetary authority that achieves price
stability could increase the distortion due to sequential fiscal policy. Such distortion is even

larger if monetary conservatism also leads to reduced labor input.

4For II; < 1, the fiscal spending bias is larger because public spending generates inflation and thereby

lowers the marginal resource cost of inflation.



3.2.2 Sequential Monetary Policy: Inflation Bias

Given the previous assumptions, the monetary authority’s problem in period ¢ is

Z Bu U(Crjy Pt s Grvj) (19)

ma

{eerihivis Ht+]7Rf+J>1}
s.t. Equations (7),(8),(11) for all ¢

{etrg Py Moy jy Reyy > 1, 94151} given for j > 1

Eliminating Lagrange multipliers from the first order conditions delivers the monetary reaction

function

- 2 Gy, 1) 1) — (11— 1y (14 122
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Appendix A.4 proves the following result:

Proposition 2 For (8 sufficiently close to 1, sequential monetary policy implies a strictly

positive rate of inflation in steady state.

Sequential monetary policy generates the familiar ‘inflation bias’ as in Barro and Gordon
(1983). Intuitively, the monetary authority is tempted to stimulate demand by lowering
nominal interest rates. Since price adjustments are costly, the price level will not fully adjust,
and real interest rates fall, which stimulates demand. The real wage increase required to
satisfy this additional demand generates inflation, see the Phillips curve (7) and equation
(10), but the welfare costs of inflation are not fully taken into account for reasons discussed
at length in Adam and Billi (2008). Ultimately, monetary policy increases real wages and
inflation to the point where the marginal utility of an additional unit of consumption is equal

to the marginal disutility of work and the perceived costs of inflation.



3.2.3 Sequential Monetary and Fiscal Policy

We now define a Markov-perfect Nash equilibrium with sequential monetary and fiscal policy.
We also verify the rationality of our initial assumptions that sequentially deciding policymakers
can take 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, (7) and (8), the feasibility constraint (11), as
well as the policy reactions functions FRF and MRF, all depend on current and future variables
only. This observation suggests the existence of an equilibrium where current play is a function
of current economic conditions only, which 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’ current decisions as given. This justifies the

assumptions made in deriving FRF and MRF, it also motivates the following definition.

Definition 3 (SP) A stationary Markov-perfect Nash equilibrium with sequential monetary
and fiscal policy is a steady state {c,h,II, R > 1,g}, such that the sequence {c¢; = ¢, hy =

o,y =11, Ry = R, g: = g}, satisfies equations (7),(8),(11), FRF and MRF.

We now show that assuming Stackelberg leadership by one of the policy authorities (with
regard to the within-period moves), instead of simultaneous decisions, is consistent with the
same equilibrium outcome. While the policy problem of the Stackelberg follower remains
unchanged, the Stackelberg leader takes into account the reaction function of the follower.
Yet, the Lagrange multipliers associated with additionally imposing MRF on the sequential
fiscal problem (16) or with imposing FRF in the sequential monetary problem (19) are zero.
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 outcome because

both authorities are pursuing the same policy objective. Any departure from the Ramsey
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solution is thus entirely due to sequential decision making. The presence of different poli-
cymakers and the sequence of moves will start to matter in section 6 when we consider a
monetary authority that is more inflation averse than the fiscal authority.

From proposition 2 and MRF, the steady state with sequential monetary and fiscal policy
features an inflation bias. Whether there is also a fiscal spending bias depends on the severity
of the inflation bias. For inflation rates close to one, public spending will be larger than in the
Ramsey steady state, see the discussion in section 3.2.1; however, for sufficiently high inflation

fiscal spending may fall short of the Ramsey steady state level.

3.3 One-Sided Commitment

In the case with monetary commitment and sequential fiscal policy, the monetary author-
ity takes into account the fiscal reaction function when determining monetary policy. The

monetary authority’s problem in period ¢ is

[e.9]

max Z Buler, he, gi) (OI)

Jhe I, Re>1,
{Ct ty e, ot 2 gt} —0

s.t. Equations (7),(8),(11),FRF for all ¢

We refer to the steady state solution of this problem as the optimal inflation (OI) regime,
as it allows the monetary authority to commit to its preferred steady state inflation rate.’

The OI regime is not a Markov-perfect Nash equilibrium because FRF implies that the
fiscal authority takes future monetary policy decisions as given. Under commitment, however,
the monetary authority can condition current play on the past play of the fiscal authority which
rationally takes this fully into account.® By taking future play as given, the fiscal authority

fails to correctly anticipate the off-equilibrium behavior of the monetary authority. At the

SEquation (8) shows that commitment to a steady state interest rate determines the steady state inflation

rate.

6When the sequential policymaker is rational, the committed policymaker can then sustain the Ramsey

equilibrium via appropriate trigger strategies.
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same time, the fiscal authority holds rational beliefs about equilibrium play, which implies
that beliefs are never contradicted by outcomes. The solution to the OI regime is thus a
self-confirming equilibrium, see Fudenberg and Levine (1993) or Sargent (1999).

We now consider the polar case with fiscal commitment and sequential monetary policy,
where the fiscal authority takes into account the monetary reaction function when determining

fiscal policy. The fiscal authority’s problem in period ¢ is

max i ﬁtu(ct, ht, 9¢) (0S)

{ct,ht,11¢,Re>1,g1 } —0

s.t. Equations (7),(8),(11),MRF for all ¢

We refer to the steady state solution of this problem as the optimal spending (OS) regime,
as it allows the fiscal authority to commit to its preferred steady state government spending

and taxes.

4 Calibration

To quantify the policy biases associated with the different policy regimes, we consider the

following preference specification, which is consistent with balanced growth,

1+
t

1+

u(cy, he, g¢) = log (¢p) — wy + wy log (g:) (20)

with w, > 0, wy, > 0 and ¢ > 0. The calibration of the model follows Adam and Billi (2008)
and is summarized in table 1.

The quarterly discount factor 3 is set to 0.9913 implying an annual real interest rate of
3.5%. The price elasticity of demand 7 is set at —6, which implies a 20% mark-up over marginal
costs. The degree of price stickiness 6 is chosen to be 17.5, such that the log-linearized version
of the Phillips curve (7) is consistent with the estimates of Sbordone (2002), as in Schmitt-

Grohé and Uribe (2004). Labor supply elasticity is set to ¢! = 1 and the utility weights
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wp, 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).7

We tested the robustness of our numerical results by considering a wide range of alternative
model parameterizations and by using different starting values. To keep the Ramsey steady

state invariant to the parametrization, we adjusted the weights w;, and wy.

5 Steady State Results

Table 2 summarizes the steady state effects of the different policy arrangements on private
consumption, working hours, fiscal spending, and inflation rates, with variables expressed in
terms of percentage deviations from the Ramsey steady state.® The table also reports the
steady state tax level and welfare losses. The latter are expressed as the percentage reduction
in private consumption each period that would entail the Ramsey steady state to be welfare
equivalent to the considered policy regime.

First, consider the case with sequential monetary and fiscal policy (SP) in table 2. This
setting is characterized by a strong fiscal spending bias and a large inflation bias, as suggested
by propositions 1 and 2. As suggested by the discussion in section 3.2.1, excessive fiscal
spending results in a crowding out of private consumption. The welfare losses generated by
both policymakers acting sequentially are significant.

Next, consider the optimal inflation regime (OI) in table 2. Monetary policy finds it
beneficial to implement considerably lower inflation rates than under sequential policy (SP).
At the same time, the fiscal spending bias is significantly larger than in the SP regime. This
explains why monetary policy refrains from bringing inflation rates even closer to zero. As
is clear from the discussion following equation (18), this would increase the fiscal spending

bias even further. While monetary commitment eliminates about half of the welfare losses

"See equations (47) and (51) in appendix A.5.
8In the Ramsey steady state ¢ = 0.16, h = 0.2, g = 0.04, Il = 1 and 7 = 0.24.
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emerging in the SP regime, the overall losses remain substantial, i.e., more than 4% of Ramsey
steady state consumption.

Finally, consider the opposite case with sequential monetary policy and optimal spending
(08S), i.e., fiscal commitment. This arrangement generates the familiar inflation bias associated
with sequential monetary policy decisions in sticky price economies, see the last row in table
2. Monetary policy thereby increases real wages and the inflation rate to the point where the
perceived marginal costs of inflation and the disutility of supplying additional labor balance
the marginal utility of private consumption. Fiscal policy can reduce the incentives to inflate
by reducing public consumption and taxes. These measures increase private consumption and
working hours and thus dampen the monetary inflation bias. Yet, despite fiscal commitment
the welfare losses from sequential monetary policy remain sizable and are even larger than
those generated by sequential fiscal policy.

The results in table 2 illustrate that commitment by one authority alone can generate
sizable welfare gains. Importantly, inflation with SP turns out to be higher than in the OI
regime, which suggests that an appropriately conservative monetary authority may be able to
improve welfare. Table 3 explores the robustness of this finding to different parameterizations
of the model. The table reports the welfare losses associated with the various policy regimes
and the change in inflation resulting from a relaxation of monetary commitment in a situation
with sequential fiscal policy.

Table 3 shows that the baseline findings are fairly robust to assuming higher or lower
degrees of nominal rigidity (# = 5,50), higher or lower degrees of competition (n = —5,—9)
and more or less elastic labor supply (¢ = 0.1,3). In all these cases, large welfare losses arise
when relaxing monetary commitment in the presence of sequential fiscal policy. Moreover,
lack of monetary commitment still leads to a sizable increase in equilibrium inflation, see the
last column of table 3.

In the flexible price limit (low values of #), when markets become very competitive (low
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values of 1), or when labor supply becomes very inelasts, the time-inconsistency problems
of monetary and fiscal policy disappear and real allocations approach the Ramsey steady
state, independently of the policy arrangement in place.” As a result, the welfare gains from
monetary commitment also disappear in these cases. Table 3 illustrates these findings by

reporting the outcomes for § = 0.1, n = —30, and ¢ = 0.1

6 Conservative Monetary Authority

This section analyzes whether the distortions stemming from sequential monetary and fiscal
policy decisions can be reduced by installing a monetary authority 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 authority with period objective function

(I — 1)

(1 — a)u(cigj, hiyj, Givj) — @ 9 (21)

where « € [0, 1] is a measure of monetary conservatism. For a > 0 the monetary authority
dislikes inflation (and deflation) more than society; if a = 1 the policymaker cares about
inflation only. The preferences of the fiscal authority remain unchanged.

Replacing this conservative objective function (21) in the monetary authority’s problem

(19), the first order conditions deliver the monetary reaction function

9The gross steady state inflation rate, however, does not converge to one as # — 0. Instead, numerical
simulation show that II approaches a value of approximately 1.18. Inflation becomes costless in the flexible

price limit but it is required to eliminate the fiscal spending bias emerging under price stability.
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For a = 0, CMRF reduces to the monetary reaction function without conservatism (MRF).
As before, CMRF implies that current interest rates depend on current economic conditions
only, which validates the conjecture that future policy choices can be taken as given in a

Markov-perfect Nash equilibrium.

6.1 Fiscal Commitment

We first consider the case with fiscal commitment and a sequential yet conservative monetary
authority, where the fiscal authority takes into account the conservative monetary reaction

function (CMRF) when determining fiscal policy. The fiscal authority’s problem is

[e.9]

t
h —
{tht,lr_llz,aR}fZl,gt} —0 ﬂ U(Ct’ b gt) (OS C)

s.t. Equations (7),(8),(11),CMRF for all ¢

We refer to the steady state solution of this problem as the optimal spending regime with a
conservative central bank (OS-C), as it allows the fiscal authority to commit to its preferred
steady state level of public spending and taxes, while monetary policy pursues its conservative
objective sequentially.

Figure 1 depicts the welfare losses associated with various degrees of monetary conservatism
« for the baseline calibration in section 4. As o — 1 the welfare losses disappear and the steady
state of the OS-C regime approaches the Ramsey steady state. For o — 1 the conservative

monetary reaction function (CMRF) becomes consistent with the Ramsey steady state, since
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the Lagrange multiplier associated with CMRF in problem (OS-C) approaches zero.!® As
a result, for & — 1 the fiscal authority’s policy problem (OS-C) approaches the Ramsey
problem (12).}! In a setting with fiscal commitment, a sufficiently conservative central bank

thus eliminates the steady state distortions stemming from lack of monetary commitment.

6.2 Sequential Fiscal Policy

We now consider the case with sequential monetary and fiscal policy. When the monetary
and fiscal authorities are pursuing different objectives, it matters for the equilibrium outcome
whether fiscal policy is determined before, after, or simultaneously with monetary policy each
period. It remains to be ascertained, however, which of these timing structures is the most
relevant one for actual economies. While it might 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.

6.2.1 Nash and Leadership Equilibria

This section defines and briefly discusses the various equilibria in the presence of a conservative
central banker. For the case with simultaneous decisions by the two policymakers, we propose

the following definition.

Definition 4 (CSP-Nash) A stationary Markov-perfect equilibrium with sequential and con-
servative monetary policy, sequential fiscal policy, and simultaneous policy decisions is a se-

quence {cg, hy, Iy, Ry, g1 152, solving (7), (8), (11), FRF and CMRF.

Next, we consider the case with monetary leadership. The conservative monetary authority

takes into account the fiscal reaction function (FRF). The monetary authority’s problem in

10T his holds only from a ‘steady state’ or ‘timeless’ perspective. Initially, the Lagrange multiplier associated

with CMRF in (OS-C) is non-zero.

1 Gee the previous footnote.
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period ¢ is

(o)

max Zﬁj <(1 — o) (g, Pisjy Gitj) — aw) (22)

{ct4j, et iy, Reyj>1,9045} =0 2

s.t. Equations (7),(8),(11), FRF for all ¢

{CtJrj’ ht+j;Ht+j7Rt+j > 1;gt+j} given fOI‘j > 1

Eliminating Lagrange multipliers from the first order conditions of this problem delivers
the conservative monetary reaction function with monetary leadership that we denote with

CMRF-ML.

Definition 5 (CSP-ML) A stationary Markov-perfect equilibrium with sequential and con-
servative monetary policy, sequential fiscal policy, and monetary policy deciding before fiscal

policy is a sequence {cy, hy, Iy, Ry, g1 }52, solving (7), (8), (11), FRF and CMRF-ML.

Finally, we consider the case with fiscal leadership. The fiscal authority takes into account
the conservative monetary reaction function (CMRF). The fiscal authority’s problem in period
tis

o0

max Z Blu(cer g, hivgs Givg) (23)

{et+j heg Mt g, R j 21,9045} =0
s.t.
Equations (7),(8),(11), CMRF for all ¢
(Ctrgs herj iy, Revj > 1, geyj) given for j > 1

Eliminating Lagrange multipliers from the first order conditions of this problem delivers the

fiscal reaction function with a conservative monetary authority and fiscal leadership that we

denote by CFRF-FL.

Definition 6 (CSP-FL) A stationary Markov-perfect equilibrium with sequential and con-
servative monetary policy, sequential fiscal policy, and fiscal policy deciding before monetary

policy is a sequence {ct, he, I, Ry, g:}5°, solving (7), (8), (11), CFRF-FL and CMRF.
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As before, the steady states corresponding to the equilibrium definitions 4, 5, and 6 are
defined as the stationary values (¢, h, I, R, g) solving the equations listed in the respective
definitions.

We now briefly comment on these definitions. First, for a = 0 all three equilibria reduce
to the one emerging under SP without conservatism because CMRF and CMRF-ML are then
identical to MRF and CFRF-FL is identical to FRF. Second, for the Nash and monetary
leadership cases, there is a theoretical upper bound on the welfare gains from monetary
conservatism. When the fiscal authority takes monetary decisions as given, welfare maximizing
monetary policy is the one consistent with the optimal inflation (OI) regime considered in
section 3.2.1. Third, in the case with fiscal leadership, the fiscal authority anticipates the
monetary reaction function and thereby conservatism can then lead to outcomes that are

welfare superior to SP.

6.2.2 Effects of Monetary Conservatism

Figure 2 displays the welfare gains associated with different degrees of monetary conservatism
under the various leadership assumptions for the baseline calibration in section 4. The hor-
izontal line shown in the figure indicates the welfare losses associated with the OI regime.
For a = 0, i.e., the case without any monetary conservatism, all equilibria deliver the welfare
losses associated with SP. This is just a restatement of the fact that the leadership structure
does not matter when both policymakers pursue the same objectives.

With CSP-Nash and CSP-ML we find that an appropriately conservative central bank can
fully recover the steady state associated with the OI regime, i.e., a regime with monetary
commitment and sequential fiscal policy. The Nash and the monetary leadership equilibria
thus suggest that the gains from monetary conservatism can be substantial and that one
can fully recover the welfare losses resulting from lack of monetary commitment with an

appropriate degree of monetary conservatism. The optimal degree of conservatism thereby
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turn out to be very close but slightly below 1. Interestingly, the costs associated with being
fully conservative (v = 1) can become significant. The economic intuition for this finding will
be provided below.

The case for a conservative monetary authority is even stronger with fiscal leadership
(CSP-FL). As shown in figure 2, a conservative monetary authority then not only eliminates
the welfare losses from sequential monetary decisions but also those emerging from lack of
fiscal commitment. In the limiting case of & — 1 monetary conservatism fully recovers the
Ramsey steady state.

Fiscal leadership differs from the Nash and monetary leadership cases because the fiscal
authority anticipates the within-period off-equilibrium behavior 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, which generates inflation,
then triggers a strong increase in interest rates so as to reduce private consumption. The fiscal
authority thus anticipates that fiscal spending results in a crowding out of private consumption
and this disciplines its behavior.

Figure 3 displays the steady state values associated with various degrees of monetary con-
servatism for the different timing assumptions. While monetary conservatism unambiguously
reduces the inflation bias, its effect on the fiscal spending bias and private consumption de-
pends on whether or not fiscal policy anticipates the monetary policy decision. If fiscal policy
takes the monetary decision as given, monetary conservatism results in an increased fiscal
spending bias for the reasons discussed in section 3.2.1. This explains why in the Nash and
monetary leadership cases becoming too inflation conservative may start to generate welfare
losses after some point: the gains from lowering inflation then start to be outweighed by the

losses from increased fiscal spending and the resulting crowding out of private consumption.

20



7 Conclusions

We extend the setting of Adam and Billi (2008) to the case with distortionary taxation
and analyze monetary and fiscal policy interactions in a general equilibrium model when
policymakers lack the ability to credibly commit to policies ex-ante.

We show that lack of fiscal commitment leads to excessive fiscal spending on public goods,
while lack of monetary commitment results in an inflation bias. The welfare losses due to
lack of monetary or fiscal commitment are substantial and significantly larger than in the case
where lump sum taxes are available. Independent of whether fiscal policy can commit, in-
stalling a conservative monetary authority can completely eliminate the steady state losses due
to lack of monetary commitment. If the fiscal authority determines policy before the monetary
authority, the case for a conservative monetary authority is even stronger because monetary

conservatism can also eliminate the steady state losses due to lack of fiscal commitment.
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A Appendix

A.1 Ramsey Steady State

The Lagrangian of the Ramsey problem (12) is
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max EOZBt {U(Ctahtagt)
=0

{ct,ht,I1¢,Re,g¢ }
Uerh U
+ ’Ytl |:uct(Ht — DIL - i (1 +n+n ( " &)) — Bucrrr(Hppq — 1)y

6 Uet ht
Ut Uct+1
9% | = -
Vi [ R, B . }

0
+7; [ht —C — §(Ht —-1)* - gt] }

The first-order conditions w.r.t. (¢, hy, Iy, Ry, g¢), respectively, are given by

Ueeth
Ut + 7, <U/cct(Ht — DI - et ! <1 +n— 7)%))
t

uCC uCC
_71:1—1ucct(Ht - 1)Ht + ”Yt2_t - 71:2—1_t - '7? =0 (24)
R, 11,
U U U
Uht_71:17t(1+77+77< M hy h’”))+%§”=0 (25)
Uet (%
Ue
(%1 - %1—1) uct<2Ht - 1) + %2—11—[_; - VEQ(Ht - 1) =0 (26)
t
2uct
i =0 (27)
1 Uct 3
Uge + %~ =% =0 (28)

where 7 , =0 for j =1,2. We denote the Ramsey steady state by dropping time subscripts.

Equation (27), uy > 0 and R; > 1 imply

=0
This and (26) gives
m=1
From (8) it then follows
1
R=—
g
Equation (7) gives the Ramsey wedge between private consumption and labor effort
1
U _ 19y (29)
Ue n h



Equations (24), (25) and (28) simplify to

CCh

uc—vlu—<1+n—n2)—’y3=0 (30)

0 h
up — s (1+n+n<@+h“hh>>+y3:0 (31)

0 Ue Ue
1 Ue 3 _
U+ 5 =" =0 (32)
Using (31) and (32) to eliminate 7 delivers

ity (33)

e (142 + s )
showing that u, > —uy, as claimed, provided v' > 0. We now show that y' < 0 leads to a

contradiction. Equation (33) then implies

and (32)

Equation (30) gives

where the first inequality uses (29) which shows that 1 + 7 — n{ < 0. The above implies

—+ > 1 which contradicts (29).
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A.2 Sequential Fiscal Reaction Function

The fiscal problem (16) is

max E, Z 5j {U(Ctﬂ‘, ht+j7 gt+j)

{ct4jheti Iiqs,9e4;5}

Uctyjhitj Upta i Gt g
et~ 00 (232
Ci J ]

— Bucrrjer (s jin — 1)Ht+j+1}

Uct+j Buct+j+1
T Vi R.. 'TL..
t+j t+j+1

0
—i—%3+j [htﬂ' — Ct4j — §(Ht+j - - gtﬂ] }

taking as given R:y;_; and other variables dated ¢ + j for j > 1. The first order conditions

w.r.t. (¢, he, 114, g¢), respectively, are given by

CCh CC
Ut + 7 (et (T — DIT — 228 (14— 28 ) ) 4422 _ 3 — g (34)
6 hy R,
Unt — vﬁ(1+n+n + nhy hht)+7§’=0 (35)
c ct
Yiue (2L — 1) — 4201, — 1) = 0 (36)
Ugt + 7} 9“77 % =0 (37)

From equations (36) and (37) one gets

- ugf(1, — 1)
t uct(QHt -1 TI(Ht — 1))

Using the previous result and (37) to substitute the Lagrange multipliers in (35) delivers FRF

shown in the main text.
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A.3 Sequential Monetary Reaction Function

The monetary problem (19) is

{et4j hitj it s, Req s}

Uctyjhitj Upta i Gt g
et~ 0 (232
Ci J ]

max E, Zﬁj {u(ct+ja ht—l—jagt-‘rj)
j:

— Bucrrjer (s jin — 1)Ht+j+1}

Uct+j Buct+j+1
T Vi R.. 'TL..
t+j t+j+1

0
—i—%3+j [htﬂ' — Ct4j — §(Ht+j - - gtﬂ] }

taking as given g4 ;1 and other variables dated ¢ + j for j > 1. The first order conditions

w.r.t. (¢, he, 11y, Ry), respectively, are given by

uCCh CCi
Uct‘i‘%l (ucct(Ht_1>Ht_ 5 t(1+77 77?;)) +’Yt2Rt 'Y?:O

+ ht hht)‘{")/?:()

Ut Uy

ne =% ﬁ(1+n+n

Y tter(21L — 1) = 270(I — 1) = 0
2uct
V4 R_% =0
Equation (41), uy > 0 and R; > 1 imply

7% =0

Then solving (38), (39) and (40) for 7} delivers, respectively,

Ueeth
’7? = Ut +’V§ (Ucct(Ht — DIL, — 5 ! (1 +n— nit))
t

U
R (1+n+ hht)
Uct Uct
3 1uct <2Ht — 1)
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Equations (42) and (44) imply
0
= (45)
211 —1 Uect gt
i (9(Ht = DI —he (1 +i = ”m))
While equations (43) and (44) give
Y = ’
=

Uht

(46)

From (45) and (46) one obtains MRF shown in the main text.

A.4 Proof of Proposition 2

Taking the limit II — 1 of the steady state version of MRF shows that this requires

_uh:1

Ue

but from (7) follows that =** is bounded away from 1 when II = 1. The steady state inflation

u

rate consistent with MRF must thus be bounded away from II = 1. The Euler equation (8)
and the constraint R > 1 imply that II > 3 in any steady state. Therefore, for [ sufficiently

close to 1 it must be that II > 1 in any steady state, as claimed.

A.5 Utility Weights

We denote the Ramsey steady state by dropping time subscripts. For the preference specifi-

cation (20), the Ramsey policy marginal condition (15) delivers

1 1+7n7 ¢
u)h_chﬁ"( n h) (47)

The first-order conditions (24), (25) and (28), respectively, give

1 Uech AR
Ue — Y ( 7 (1+?7 nh>) 7 =0 (48)
uh—fyl%(1—1—7]—1—7](%—1-/%22”1))—#-73:0 (49)
Ue
ug+y'gn—7"=0 (50)
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Eliminating +* from (48) and (49) implies

1 Ue + Up,
0 h 0 Uc tuc

Equation (48) also gives

7 =u. ! (ugh <1+n—n%))

For the preference specification (20), then (50) delivers

A.6 Consumption Losses Relative to Ramsey

Let u(c,h,g) denote the period utility for the Ramsey steady state and let u (cA, hA, gA)
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 pu < 0 is implicitly defined by

1
1=-p

1

u (et ntgt) =

U (c(l + u), h, g)

—
=

—_

= 1= [u(chg) +log (14 )]

—_

where the second equality uses equation (20). Therefore, one obtains

NA = exp [U (CA7 hAagA) —u (Ca hag)] -1
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A.7 Conservative Monetary Reaction Function

The conservative monetary problem (21) is

oo ' o
max - }Et > {(1 = @) ulCotjy Perg Gevg) = 5 Moy = 1)*
st 45 j:0
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0
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taking as given ¢;y;_1 and other variables dated ¢ + j for j > 1. The first order conditions

w.r.t. (¢, he, 11, Ry), respectively, are given by

Uee h Uee
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0 hy R,
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Equation (55), u, > 0 and R; > 1 imply
% =0

Then solving (52), (53) and (54) for 77 delivers, respectively,
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Equations (56) and (58) imply
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) 9(1—044—@%“%)

Y =
2&]::11 " <9(Ht — DI — hy (1 +n— 77,‘%))

While equations (57) and (58) give

1 «
) Q(I—Q—U—M§>
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Uht

From (59) and (60) 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

labor supply elasticity

labor income tax

utility weight on labor effort

utility weight on public goods

£ =0.9913
n=—6
0=17.5
pi=1

T =24%

wp, = 19.7917
wg = 0.2656

Table 1: Baseline Calibration
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Policy

c h g IT T

Consumption Losses

Regime (Deviations from Ramsey) (Level) | Relative to Ramsey SS
SP —7.08%  5.90% 14.21% 4.47% | 25.71% —8.26%
Ol —13.73% —0.05%  44.89% 2.11% | 34.67% —4.76%
oS 3.42%  4.44% —19.72% 3.59% | 18.35% —5.88%

Table 2: Steady State Effects
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Consumption Losses

Relative to Ramsey SS | IT°7 — I197
SP 01 OS
Baseline Calibration —8.26% —4.76% —5.88% 2.35%
more sticky prices (6 = 50) —11.70% —-5.92% —8.22% 2.04%
less sticky prices (0 = 5) —4.20% —2.94% —3.20% 2.13%
almost flexible prices (0 = 0.1) -0.13% -0.13% —0.13% 0.15%
very high competition (n = —30) -0.16% —0.15% —0.16% 0.06%
more competition (n = —9) -3.28% —-1.92% —2.60% 1.31%
less competition (n = —5) —11.90% —7.56% —8.14% 2.61%
very low labor supply elasticity (¢ =8) | —0.66% —0.62% —0.62% 0.07%
low labor supply elasticity (¢ = 3) -3.14% —-2.39% —2.57T% 0.73%
high labor supply elasticity (¢ = 0.1) —-11.60% —6.89% —7.85% 3.27%

Table 3: Robustness of Steady State Effects
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Consumption Losses Relative to Ramsey SS
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Figure 1: Welfare Gains from Monetary Conservatism under Fiscal Commitment
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Consumption Losses Relative to Ramsey SS
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Figure 2: Welfare Gains from Monetary Conservatism under Sequential Fiscal Policy
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Figure 3: Steady State Effects of Monetary Conservatism




