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“Truths are known to us in two ways: some are 
known directly, and of themselves; some through the 
medium of other truths. The former are the subject of 
Intuition, or Consciousness; the latter, of Inference. 
The truths known by intuition are the original premis-
es from which all others are inferred.”

John Stuart Mill, A System of Logic

1.  Introduction

The interaction between monetary and fiscal 
policy is a topic that bears large relevance in 
economic affairs. For instance, Reinhart and 
Savastano (2003) present a survey of the post-
World War I experience with hyperinflations. 
The empirical evidence shows that hyperinfla-
tions have been typically associated with large 
fiscal imbalances. Major fiscal retrenchments 
have been carried out to end all the hyperinfla-
tionary episodes. The positive issues from the 
historical experience raise normative ques-
tions.

With reference to the recent European experi-
ence, Artis and Winkler (1997) suggest that a 
set of formal rules for fiscal discipline – the so-
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called Stability Pact – is needed to prevent the 
free-riding behavior of fiscal authorities from 
endangering the operational independence of 
the European Central Bank. Combined with the 
primary mandate for price stability of the Euro-
pean Central Bank, the institutional setting of 
the European monetary union sets out a clear 
division of tasks between monetary and fiscal 
policy, the latter being in charge of stabilizing 
national business cycles without interfering 
with the objective of price stability.

The theoretical literature on quantitative mac-
roeconomics proposes a number of normative 
studies on the optimal design of the fiscal-mon-
etary policy mix. McCallum (1999) reviews the 
arguments suggesting that a central bank should 
keep the fiscal behavior into account while set-
ting the policy rates. Taylor (2000) uses an es-
timated multicountry model to study whether 
fiscal automatic stabilizers can compensate for 
the lack of reaction of monetary policy to real 
variables.

Various recent papers characterize the degree 
of responsiveness of monetary and fiscal policy 
to exogenous shocks that maximizes house-
hold’s welfare. Kollmann (2007), Marzo (2006) 
and Schmitt-Grohé and Uribe (2006, 2005) are 
a few example of studies that concentrate on the 
closed economy dimension. Gali and Mona-
celli (2005) deal with the optimal degree of co-
ordination between fiscal and monetary policy 
in the functioning of a currency union. Albeit 
focusing on optimal monetary policy, the ear-
lier studies of Kollmann (2002, 2004) based on 
open-economy models have laid down the 
ground for a quantitative investigation of wel-
fare-maximizing policy. In particular, these pa-
pers use numerical methods to solve optimal 
policy problems of macroeconomic stabilization 
around distorted (second-best) long-run equi-
libria.

A key assumption of the contributions men-
tioned above is that wages adjust elastically to 
the conditions in the labor market, as prescribed 
by the standard New Keynesian model. This is 
at odds with the empirical evidence on the mac-
roeconomic sources of rigidity. Among others, 
Hall (2005) suggests that wage rigidity is a cen-
tral feature needed to explain labor-market fluc-
tuations. Hence, the question arises about the 

properties of the optimal fiscal-monetary policy 
mix when there are frictions in the labor mar-
kets.

Erceg, Henderson and Levin (2000) consider 
the optimal monetary policy problem of a cen-
tral bank operating in a model economy with 
nominal wage and price stickiness. Households 
are assumed to provide heterogenous labor serv-
ices in monopolistically competitive markets. 
Nominal wages adjust according to the frame-
work of Calvo (1983), implying that there is a 
fraction of households that cannot change nom-
inal wages in each period. With staggered wage 
contracts, aggregate wage changes induce inef-
ficiency in the distribution of labor effort across 
households. This implies that complete stabili-
zation of wage inflation is required in order to 
attain the Pareto-optimal (frictionless) alloca-
tion.

In this paper, I consider the optimal setup of 
simple rules for monetary and tax policy in a 
model with both wage and price stickiness. Like 
in Kollmann (2007), taxes are a source of dis-
tortion. The rules maximize a measure of house-
holds’ intertemporal utility. Since the long-run 
equilibria are distorted, the model is solved 
through the second-order approximation method 
of Schmitt-Grohé and Uribe (2004). I consider 
different types of rules. The quantitative results 
confirm the main findings of the literature.

When both prices and wages are indexed to 
steady-state inflation, the average tax rate re-
sponds little to government liabilities. This 
arises from the need to minimize the inefficient 
distortions arising from fluctuations in the price 
level for fiscal reasons (see also Schmitt-Grohé 
and Uribe, 2006). On average, the response of 
monetary policy to wage changes should be sig-
nificant. In an economy with only wage rigidity, 
fiscal considerations prevail over the need to 
stabilize wage fluctuations, and the policy mix 
produces a large variability of inflation (see 
Kollmann, 2007). Finally, with indexation of 
wages and prices to lagged inflation, the dy-
namic behavior of the economy is closer to the 
frictionless equilibrium, and the optimal policy 
mix resembles the one under flexible prices and 
sticky wages. The reason is that indexation to 
past inflation induces smaller price dispersion 
than indexation to long-run inflation. This is so 
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because firms need not incorporate the expecta-
tions of future deviations of inflation from trend 
in their current markups when they set up pric-
es optimally. Hence, indexation to past inflation 
allows firms to keep up with changes in the ag-
gregate price level.

The outline of the paper is the following. 
Section 2 presents the real and nominal sources 
of rigidity of the model economy. Section 3 dis-
cusses the simple rules for monetary and fiscal 
policy. The conditions for aggregated equilibria 
are presented in section 4. Section 5 deals with 
the computation of the welfare metric used to 
compute the optimal policy coefficients. Section 
6 outlines the calibration strategy. The results 
are presented in section 7. Finally, some con-
cluding remarks can be found in section 8.

2.  The model

The model follows the New Keynesian tradi-
tion. It includes monopolistically competitive 
firms that set prices according to the standard 
framework of Calvo (1983). I introduce wage 
rigidity in the spirit of Erceg, Henderson and 
Levin (2000) by assuming existence of idiosyn-
cratic labor services. Both wages and prices are 
fully indexed to long-run inflation.

2.1  The final-good sector

Firms in the final-good sector are mere retailers. 
They face a perfectly competitive product mar-
ket. Their production function consists of a 
Dixit-Stiglitz technology that aggregates inter-
mediate goods:
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2.2 The intermediate-good sector

In the intermediate sector, firm ι ∈ 2 uses capital and labour as production inputs according to
a constant returns-to-scale technology:

yιt ≤ ztk
α
ιt (ιt)

1−α (5)

where zt is an exogenous productivity shock common to all firms:

ln[zt+1] = ρz ln[zt] + σz
z
t+1 (6)

and zt ∼ N(0, 1). Capital services are rented from centralized markets, and are perfectly mobile
across firms.

Each firm chooses kιt and ιt by taking their rental rates as given. The allocation problem for
production factors is:
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E0
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Ξt+n|tPt+n
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Pιt+n
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yιt+n − wt+nιt+n − rt+nkιt+n


(7)

subject to the constraints 3 and 5. The stochastic discount factor Ξt+n|t collects the prices of the
claims that pay each one unit of final good for a given state of nature at t+ n, normalized by the
probability of the state.

Remark 1. Under the assumptions of complete asset markets, and full ownership of intermediate-
good firms from households, I can write:

Ξt+n|t = βt+n ςt+n

ςt
(8)
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where ς t is the shadow value of the household 
budget constraint.

This formulation is based on the assumptions 
that inputs of the production are perfectly mo-
bile across firms, and that they can be rented 
from centralized markets. First order conditions 
are standard:
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where ςt is the shadow value of the household budget constraint.

This formulation is based on the assumptions that inputs of production are perfectly mobile across
firms, and that they can be rented from centralized markets. First-order conditions are standard:
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with real marginal costs per unit of output mcιt.

2.3 Price stickiness

Sticky prices arise from staggered price contracts in the tradition of Calvo (1983). Each firm is
allowed to change the price of her intermediate good with a fixed probability 1− φp. A price that
is not negotiable in the current period increases at the steady-state rate of inflation π̄. Along with
the assumption of monopolistically-competitive markets, this mechanism implies that firms are
willing to satisfy unexpected fluctuations in demand even when they cannot change their prices
(see Erceg, Henderson and Levin, 2000). Assuming that no re-optimization has ever taken place,
the price-setting decision of firm i in period t involves choosing a contingent plan for P̃it such that:
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This equation indicates that prices are chosen in such a way that the real marginal revenues equal
the real marginal costs of the firm in expectations.

2.4 The household sector

The demand side of the economy is populated by a continuum of infinitely-lived consumers indexed
by j ∈ 1. Each agent enjoys utility from current consumption cjt and disutility from hours
worked jt. The history of events st = {s0, . . . st} up to date t is attached a time-0 probability
mass µ(st). The uncertainty in the choice process is summarized by the conditional-expectation
operator E0[·] :=


st+1 µ(st+1|st). Given this structure, the household j’s allocation problem

takes the form:

max
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5	 s. t. (1 + τt)Cjt + ηtAb,jt + Ijt+ ≤ (1− τt)Wjtjt

+ [(1− τt)rt + τtδ]Kjt + Ab,jt−1 + Ac,jt + TRt + Ωjt.

Lower-case variables are deflated by the price level. The intertemporal discount factor of the
consumer is β ∈ (0, 1). Consumer j enjoys utility from consumption cjt, and disutility from hours
worked jt.
The portofolio of financial assets includes one-period riskless nominal bonds Ab,jt with price

ηt, and state-contingent securities for a total inflow of Ac,jt. The household also owns the claim
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nominal wage index wage Wt.

Since households have identical preferences, and the types of labor services are idiosyncratic, disu-
tility from labor must enter the utility function in an additively-separable way to generate full
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simple form:

u (cjt, jt) := log(cjt)− γjt. (19)

This implies that the state-contingent consumption plans are insulated from idiosyncratic wage
decisions taken at different dates, thus providing a channel of risk-sharing among workers. I
should stress that the need for full risk insurance due to wage stickiness motivates the assumption
on the existence of a competitive financial market with state-contingent bonds.
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where dt indicates labor demand, and ϑ > 1 is the elasticity of substitution across labor services.
The aggregation technology 20 features constant elasticity of substitution, and has been originally
introduced by Dixit (1977). Differentiation in the labor market is due to the decreasing marginal
productivity of labor. Firms take the price of labor as given. Hence, the individual labor demand
function is:
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whereWjt is the real wage paid to household j. The nominal wage index prevailing in the economy
takes the standard form:
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Given the aggregate labor-demand equation:
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the total supply of labor can be written as:
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Schmitt-Grohé and Uribe (2006) show that s̃t ≥ 1. This points to the macroeconomic effect of the
source of labor-market friction included in the model. That is, the number of hours supplied to
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the market should not be lower than the number of productive units of labor.

Each household chooses the wage rate for her idiosyncratic labor service. Like for prices, I
model nominal wage stickiness à la Calvo (1983). Wage contracts have a random duration. In
every period, households have probability 1− φw of re-setting their contingent wage plans. Since
the probability of changing wages is constant, a fraction 1−φw of households can reset contracts in
each period. The expected time between price changes is 1/(1− φw). Following Erceg, Henderson
and Levin (2000), I assume that wages that cannot be changed increase automatically by the
steady-state inflation rate π̄. Suppose a worker has not adjusted her labor contract since period t.
Then, her wage at t+m is

Wjt+m = π̄mWjt. (26)

Since each household needs to keep track only of the histories of no re-optimization, the wage-
setting problem consists in maximizing the following:

Et

∞
m=0

(βφw)m


u (cjt+m, jt+m) + ςt+m(1− τt+m)


π̄mW̃jt

1−ϑ

Pt+mW
−ϑ
t+m

dt+m


 . (27)

The first-order condition with respect to W̃jt reads as:

Et

∞
m=0

(βφw)m

γ


π̄mW̃jt

Wt+m

−ϑ
dt+m

+ ςt+m(1 − τt+m)
1− ϑ

ϑ

π̄mW̃jt

Pt+m


π̄mW̃jt

Wt+m

−ϑ
dt+m


= 0. (28)

The intuition behind this equation is that, when the wage rate is optimized, it will be set so that
the discounted marginal utility of labour income — i.e. the second expression in brackets — is
equal to the discounted marginal disutility from work — i.e. the first expression in brackets. Notice
that ϑ/(1− ϑ) is the wage markup over the marginal cost of labour in absence of wage rigidity.

3 Fiscal and monetary policy rules

The government faces a standard flow budget constraint:



j∈ω1

Djtdj + Ptτt = Rt−1



j∈ω1

Djt−1dj + Ptg
c
t . (29)

Real total taxation is denoted as τt, and gct indicates total government spending. The goverment
issues one-period riskless (non-contingent) nominal bonds denoted by Dt. Real total revenues from
taxation are

τt := τt



j∈ω1

cjtdj + τt



j∈ω1

(rt − δ)kjtdj + τt



j∈ω1

wjtjtdj.
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model nominal wage stickiness à la Calvo (1983). Wage contracts have a random duration. In
every period, households have probability 1− φw of re-setting their contingent wage plans. Since
the probability of changing wages is constant, a fraction 1−φw of households can reset contracts in
each period. The expected time between price changes is 1/(1− φw). Following Erceg, Henderson
and Levin (2000), I assume that wages that cannot be changed increase automatically by the
steady-state inflation rate π̄. Suppose a worker has not adjusted her labor contract since period t.
Then, her wage at t+m is

Wjt+m = π̄mWjt. (26)

Since each household needs to keep track only of the histories of no re-optimization, the wage-
setting problem consists in maximizing the following:

Et

∞
m=0

(βφw)m


u (cjt+m, jt+m) + ςt+m(1− τt+m)


π̄mW̃jt

1−ϑ

Pt+mW
−ϑ
t+m

dt+m


 . (27)

The first-order condition with respect to W̃jt reads as:

Et

∞
m=0

(βφw)m

γ


π̄mW̃jt

Wt+m

−ϑ
dt+m

+ ςt+m(1 − τt+m)
1− ϑ

ϑ

π̄mW̃jt

Pt+m


π̄mW̃jt

Wt+m

−ϑ
dt+m


= 0. (28)

The intuition behind this equation is that, when the wage rate is optimized, it will be set so that
the discounted marginal utility of labour income — i.e. the second expression in brackets — is
equal to the discounted marginal disutility from work — i.e. the first expression in brackets. Notice
that ϑ/(1− ϑ) is the wage markup over the marginal cost of labour in absence of wage rigidity.

3 Fiscal and monetary policy rules

The government faces a standard flow budget constraint:



j∈ω1

Djtdj + Ptτt = Rt−1



j∈ω1

Djt−1dj + Ptg
c
t . (29)

Real total taxation is denoted as τt, and gct indicates total government spending. The goverment
issues one-period riskless (non-contingent) nominal bonds denoted by Dt. Real total revenues from
taxation are

τt := τt



j∈ω1

cjtdj + τt



j∈ω1

(rt − δ)kjtdj + τt



j∈ω1

wjtjtdj.

8
	

the market should not be lower than the number of productive units of labor.

Each household chooses the wage rate for her idiosyncratic labor service. Like for prices, I
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Public spending follows the exogenous proc-
ess

(30) 

Public spending follows the exogenous process

ln[gct+1] = ρg ln[gct ] + (1− ρg) ln [ḡc] + σg
g
t+1, (30)

with gt ∼ N(0, 1). Following Schmitt-Grohé and Uribe (2006), I define the total amount of govern-
ment liabilities lt in equilibrium lt := Rtdt. Hence, the flow government budget constraint takes
the form

lt =
Rtlt−1

πt
+Rt (gt − τt) . (31)

The intertemporal budget constraint of the government is written as:

Rt



j∈ω1

Djtdj ≤
∞
p=0

Et+p


1

Rt+p

p
Pt+pτt+p − Pt+pg

c
t+p


. (32)

Although not emerging from the notation, the intertemporal budget constraint should hold for
every realization of the stochastic shocks (see Bohn, 1995).

Like Kollmann (2007), I assume that the level of the tax instrument τt evolves according to the
feedback rule

ln
τt
τ̄


= ψ1 ln


lt−1

l̄


+ ψ2 ln


gct
ḡc


+ ψ3 ln [zt] . (33)

Finally, the central bank sets the policy rate in the style proposed by Taylor (1993). Since the
model includes wage rigidity, I study the case of a simple monetary-policy rule with both price and
wage-inflation targets

ln

Rt

R̄


= απ ln

πt
π̄


+ αw ln

wt

w̄


+ αy ln


yt
ȳ


+ αR ln


Rt−1

R̄


. (34)

It should noted that both the rules 33 and 34 for fiscal and monetary policy are operational despite
the fact that the targeting variables on the right-hand side are dated at time t. The reason for
this lies in the timing assumptions of the New Keynesian model where, after the realization of the
exogenous shocks, output and inflation are realized, and monetary policy is set.

4 Aggregation and equilibrium

Assume that all the households and firms that can change their idiosyncratic wage and price
contracts choose, respectively, the same new wages and prices:

(Pt)
1−θ = φp (π̄Pt−1)

1−θ + (1− φp)

P̃t

1−θ
(35)

(Wt)
1−ϑ = φw (π̄Wt−1)

1−ϑ + (1− φw)

W̃t

1−ϑ
(36)
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Public spending follows the exogenous process

ln[gct+1] = ρg ln[gct ] + (1− ρg) ln [ḡc] + σg
g
t+1, (30)

with gt ∼ N(0, 1). Following Schmitt-Grohé and Uribe (2006), I define the total amount of govern-
ment liabilities lt in equilibrium lt := Rtdt. Hence, the flow government budget constraint takes
the form

lt =
Rtlt−1

πt
+Rt (gt − τt) . (31)

The intertemporal budget constraint of the government is written as:

Rt



j∈ω1

Djtdj ≤
∞
p=0

Et+p


1

Rt+p

p
Pt+pτt+p − Pt+pg

c
t+p


. (32)

Although not emerging from the notation, the intertemporal budget constraint should hold for
every realization of the stochastic shocks (see Bohn, 1995).

Like Kollmann (2007), I assume that the level of the tax instrument τt evolves according to the
feedback rule

ln
τt
τ̄


= ψ1 ln


lt−1

l̄


+ ψ2 ln


gct
ḡc


+ ψ3 ln [zt] . (33)

Finally, the central bank sets the policy rate in the style proposed by Taylor (1993). Since the
model includes wage rigidity, I study the case of a simple monetary-policy rule with both price and
wage-inflation targets

ln

Rt

R̄


= απ ln

πt
π̄


+ αw ln

wt

w̄


+ αy ln


yt
ȳ


+ αR ln


Rt−1

R̄


. (34)

It should noted that both the rules 33 and 34 for fiscal and monetary policy are operational despite
the fact that the targeting variables on the right-hand side are dated at time t. The reason for
this lies in the timing assumptions of the New Keynesian model where, after the realization of the
exogenous shocks, output and inflation are realized, and monetary policy is set.

4 Aggregation and equilibrium

Assume that all the households and firms that can change their idiosyncratic wage and price
contracts choose, respectively, the same new wages and prices:

(Pt)
1−θ = φp (π̄Pt−1)

1−θ + (1− φp)

P̃t

1−θ
(35)

(Wt)
1−ϑ = φw (π̄Wt−1)

1−ϑ + (1− φw)

W̃t

1−ϑ
(36)

9

with εt
g ~ N(0, 1). Following Schmitt-Grohé and 

Uribe (2006), I define the total amount of gov-
ernment liabilities lt in equilibrium lt := Rt dt. 
Hence, the flow government budget constraint 
takes the form

(31) 

Public spending follows the exogenous process

ln[gct+1] = ρg ln[gct ] + (1− ρg) ln [ḡc] + σg
g
t+1, (30)

with gt ∼ N(0, 1). Following Schmitt-Grohé and Uribe (2006), I define the total amount of govern-
ment liabilities lt in equilibrium lt := Rtdt. Hence, the flow government budget constraint takes
the form

lt =
Rtlt−1

πt
+Rt (gt − τt) . (31)

The intertemporal budget constraint of the government is written as:

Rt



j∈ω1

Djtdj ≤
∞
p=0

Et+p


1

Rt+p

p
Pt+pτt+p − Pt+pg

c
t+p


. (32)

Although not emerging from the notation, the intertemporal budget constraint should hold for
every realization of the stochastic shocks (see Bohn, 1995).

Like Kollmann (2007), I assume that the level of the tax instrument τt evolves according to the
feedback rule

ln
τt
τ̄


= ψ1 ln


lt−1

l̄


+ ψ2 ln


gct
ḡc


+ ψ3 ln [zt] . (33)

Finally, the central bank sets the policy rate in the style proposed by Taylor (1993). Since the
model includes wage rigidity, I study the case of a simple monetary-policy rule with both price and
wage-inflation targets

ln

Rt

R̄


= απ ln

πt
π̄


+ αw ln

wt

w̄


+ αy ln


yt
ȳ


+ αR ln


Rt−1

R̄


. (34)

It should noted that both the rules 33 and 34 for fiscal and monetary policy are operational despite
the fact that the targeting variables on the right-hand side are dated at time t. The reason for
this lies in the timing assumptions of the New Keynesian model where, after the realization of the
exogenous shocks, output and inflation are realized, and monetary policy is set.

4 Aggregation and equilibrium

Assume that all the households and firms that can change their idiosyncratic wage and price
contracts choose, respectively, the same new wages and prices:

(Pt)
1−θ = φp (π̄Pt−1)

1−θ + (1− φp)

P̃t

1−θ
(35)

(Wt)
1−ϑ = φw (π̄Wt−1)

1−ϑ + (1− φw)

W̃t

1−ϑ
(36)

9

The intertemporal budget constraint of the gov-
ernment is written as:

(32) 

Public spending follows the exogenous process

ln[gct+1] = ρg ln[gct ] + (1− ρg) ln [ḡc] + σg
g
t+1, (30)

with gt ∼ N(0, 1). Following Schmitt-Grohé and Uribe (2006), I define the total amount of govern-
ment liabilities lt in equilibrium lt := Rtdt. Hence, the flow government budget constraint takes
the form

lt =
Rtlt−1

πt
+Rt (gt − τt) . (31)

The intertemporal budget constraint of the government is written as:

Rt



j∈ω1

Djtdj ≤
∞
p=0

Et+p


1

Rt+p

p
Pt+pτt+p − Pt+pg

c
t+p


. (32)

Although not emerging from the notation, the intertemporal budget constraint should hold for
every realization of the stochastic shocks (see Bohn, 1995).

Like Kollmann (2007), I assume that the level of the tax instrument τt evolves according to the
feedback rule

ln
τt
τ̄


= ψ1 ln


lt−1

l̄


+ ψ2 ln


gct
ḡc


+ ψ3 ln [zt] . (33)

Finally, the central bank sets the policy rate in the style proposed by Taylor (1993). Since the
model includes wage rigidity, I study the case of a simple monetary-policy rule with both price and
wage-inflation targets

ln

Rt

R̄


= απ ln

πt
π̄


+ αw ln

wt

w̄


+ αy ln


yt
ȳ


+ αR ln


Rt−1

R̄


. (34)

It should noted that both the rules 33 and 34 for fiscal and monetary policy are operational despite
the fact that the targeting variables on the right-hand side are dated at time t. The reason for
this lies in the timing assumptions of the New Keynesian model where, after the realization of the
exogenous shocks, output and inflation are realized, and monetary policy is set.

4 Aggregation and equilibrium

Assume that all the households and firms that can change their idiosyncratic wage and price
contracts choose, respectively, the same new wages and prices:

(Pt)
1−θ = φp (π̄Pt−1)

1−θ + (1− φp)

P̃t

1−θ
(35)

(Wt)
1−ϑ = φw (π̄Wt−1)

1−ϑ + (1− φw)

W̃t

1−ϑ
(36)
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Public spending follows the exogenous process

ln[gct+1] = ρg ln[gct ] + (1− ρg) ln [ḡc] + σg
g
t+1, (30)

with gt ∼ N(0, 1). Following Schmitt-Grohé and Uribe (2006), I define the total amount of govern-
ment liabilities lt in equilibrium lt := Rtdt. Hence, the flow government budget constraint takes
the form

lt =
Rtlt−1

πt
+Rt (gt − τt) . (31)

The intertemporal budget constraint of the government is written as:

Rt



j∈ω1

Djtdj ≤
∞
p=0

Et+p


1

Rt+p

p
Pt+pτt+p − Pt+pg

c
t+p


. (32)

Although not emerging from the notation, the intertemporal budget constraint should hold for
every realization of the stochastic shocks (see Bohn, 1995).

Like Kollmann (2007), I assume that the level of the tax instrument τt evolves according to the
feedback rule

ln
τt
τ̄


= ψ1 ln


lt−1

l̄


+ ψ2 ln


gct
ḡc


+ ψ3 ln [zt] . (33)

Finally, the central bank sets the policy rate in the style proposed by Taylor (1993). Since the
model includes wage rigidity, I study the case of a simple monetary-policy rule with both price and
wage-inflation targets

ln

Rt

R̄


= απ ln

πt
π̄


+ αw ln

wt

w̄


+ αy ln


yt
ȳ


+ αR ln


Rt−1

R̄


. (34)

It should noted that both the rules 33 and 34 for fiscal and monetary policy are operational despite
the fact that the targeting variables on the right-hand side are dated at time t. The reason for
this lies in the timing assumptions of the New Keynesian model where, after the realization of the
exogenous shocks, output and inflation are realized, and monetary policy is set.

4 Aggregation and equilibrium

Assume that all the households and firms that can change their idiosyncratic wage and price
contracts choose, respectively, the same new wages and prices:

(Pt)
1−θ = φp (π̄Pt−1)

1−θ + (1− φp)

P̃t

1−θ
(35)

(Wt)
1−ϑ = φw (π̄Wt−1)

1−ϑ + (1− φw)

W̃t

1−ϑ
(36)

9

Although not emerging from the notation, the 
intertemporal budget constraint should hold for 
every realization of the stochastic shocks (see 
Bohn, 1995).

Like Kollmann (2007), I assume that the 
level of the tax instrument t t evolves according 
to the feedback rule

(33) 

Public spending follows the exogenous process

ln[gct+1] = ρg ln[gct ] + (1− ρg) ln [ḡc] + σg
g
t+1, (30)

with gt ∼ N(0, 1). Following Schmitt-Grohé and Uribe (2006), I define the total amount of govern-
ment liabilities lt in equilibrium lt := Rtdt. Hence, the flow government budget constraint takes
the form

lt =
Rtlt−1

πt
+Rt (gt − τt) . (31)

The intertemporal budget constraint of the government is written as:

Rt



j∈ω1

Djtdj ≤
∞
p=0

Et+p


1

Rt+p

p
Pt+pτt+p − Pt+pg

c
t+p


. (32)

Although not emerging from the notation, the intertemporal budget constraint should hold for
every realization of the stochastic shocks (see Bohn, 1995).

Like Kollmann (2007), I assume that the level of the tax instrument τt evolves according to the
feedback rule

ln
τt
τ̄


= ψ1 ln


lt−1

l̄


+ ψ2 ln


gct
ḡc


+ ψ3 ln [zt] . (33)

Finally, the central bank sets the policy rate in the style proposed by Taylor (1993). Since the
model includes wage rigidity, I study the case of a simple monetary-policy rule with both price and
wage-inflation targets

ln

Rt

R̄


= απ ln

πt
π̄


+ αw ln

wt

w̄


+ αy ln


yt
ȳ


+ αR ln


Rt−1

R̄


. (34)

It should noted that both the rules 33 and 34 for fiscal and monetary policy are operational despite
the fact that the targeting variables on the right-hand side are dated at time t. The reason for
this lies in the timing assumptions of the New Keynesian model where, after the realization of the
exogenous shocks, output and inflation are realized, and monetary policy is set.

4 Aggregation and equilibrium

Assume that all the households and firms that can change their idiosyncratic wage and price
contracts choose, respectively, the same new wages and prices:

(Pt)
1−θ = φp (π̄Pt−1)

1−θ + (1− φp)

P̃t

1−θ
(35)

(Wt)
1−ϑ = φw (π̄Wt−1)

1−ϑ + (1− φw)

W̃t

1−ϑ
(36)
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Public spending follows the exogenous process

ln[gct+1] = ρg ln[gct ] + (1− ρg) ln [ḡc] + σg
g
t+1, (30)

with gt ∼ N(0, 1). Following Schmitt-Grohé and Uribe (2006), I define the total amount of govern-
ment liabilities lt in equilibrium lt := Rtdt. Hence, the flow government budget constraint takes
the form

lt =
Rtlt−1

πt
+Rt (gt − τt) . (31)

The intertemporal budget constraint of the government is written as:

Rt



j∈ω1

Djtdj ≤
∞
p=0

Et+p


1

Rt+p

p
Pt+pτt+p − Pt+pg

c
t+p


. (32)

Although not emerging from the notation, the intertemporal budget constraint should hold for
every realization of the stochastic shocks (see Bohn, 1995).

Like Kollmann (2007), I assume that the level of the tax instrument τt evolves according to the
feedback rule

ln
τt
τ̄


= ψ1 ln


lt−1

l̄


+ ψ2 ln


gct
ḡc


+ ψ3 ln [zt] . (33)

Finally, the central bank sets the policy rate in the style proposed by Taylor (1993). Since the
model includes wage rigidity, I study the case of a simple monetary-policy rule with both price and
wage-inflation targets

ln

Rt

R̄


= απ ln

πt
π̄


+ αw ln

wt

w̄


+ αy ln


yt
ȳ


+ αR ln


Rt−1

R̄


. (34)

It should noted that both the rules 33 and 34 for fiscal and monetary policy are operational despite
the fact that the targeting variables on the right-hand side are dated at time t. The reason for
this lies in the timing assumptions of the New Keynesian model where, after the realization of the
exogenous shocks, output and inflation are realized, and monetary policy is set.

4 Aggregation and equilibrium

Assume that all the households and firms that can change their idiosyncratic wage and price
contracts choose, respectively, the same new wages and prices:

(Pt)
1−θ = φp (π̄Pt−1)

1−θ + (1− φp)

P̃t

1−θ
(35)

(Wt)
1−ϑ = φw (π̄Wt−1)

1−ϑ + (1− φw)

W̃t

1−ϑ
(36)

9

Finally, the central bank sets the policy rate in 
the style proposed by Taylor (1993). Since the 
model includes wage rigidity, I study the case 
of a simple monetary-policy rule with both price 
and wage-inflation targets

(34) 

Public spending follows the exogenous process

ln[gct+1] = ρg ln[gct ] + (1− ρg) ln [ḡc] + σg
g
t+1, (30)

with gt ∼ N(0, 1). Following Schmitt-Grohé and Uribe (2006), I define the total amount of govern-
ment liabilities lt in equilibrium lt := Rtdt. Hence, the flow government budget constraint takes
the form

lt =
Rtlt−1

πt
+Rt (gt − τt) . (31)

The intertemporal budget constraint of the government is written as:

Rt



j∈ω1

Djtdj ≤
∞
p=0

Et+p


1

Rt+p

p
Pt+pτt+p − Pt+pg

c
t+p


. (32)

Although not emerging from the notation, the intertemporal budget constraint should hold for
every realization of the stochastic shocks (see Bohn, 1995).

Like Kollmann (2007), I assume that the level of the tax instrument τt evolves according to the
feedback rule

ln
τt
τ̄


= ψ1 ln


lt−1

l̄


+ ψ2 ln


gct
ḡc


+ ψ3 ln [zt] . (33)

Finally, the central bank sets the policy rate in the style proposed by Taylor (1993). Since the
model includes wage rigidity, I study the case of a simple monetary-policy rule with both price and
wage-inflation targets

ln

Rt

R̄


= απ ln

πt
π̄


+ αw ln

wt

w̄


+ αy ln


yt
ȳ


+ αR ln


Rt−1

R̄


. (34)

It should noted that both the rules 33 and 34 for fiscal and monetary policy are operational despite
the fact that the targeting variables on the right-hand side are dated at time t. The reason for
this lies in the timing assumptions of the New Keynesian model where, after the realization of the
exogenous shocks, output and inflation are realized, and monetary policy is set.

4 Aggregation and equilibrium

Assume that all the households and firms that can change their idiosyncratic wage and price
contracts choose, respectively, the same new wages and prices:

(Pt)
1−θ = φp (π̄Pt−1)

1−θ + (1− φp)

P̃t

1−θ
(35)

(Wt)
1−ϑ = φw (π̄Wt−1)

1−ϑ + (1− φw)

W̃t

1−ϑ
(36)
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Public spending follows the exogenous process

ln[gct+1] = ρg ln[gct ] + (1− ρg) ln [ḡc] + σg
g
t+1, (30)

with gt ∼ N(0, 1). Following Schmitt-Grohé and Uribe (2006), I define the total amount of govern-
ment liabilities lt in equilibrium lt := Rtdt. Hence, the flow government budget constraint takes
the form

lt =
Rtlt−1

πt
+Rt (gt − τt) . (31)

The intertemporal budget constraint of the government is written as:

Rt



j∈ω1

Djtdj ≤
∞
p=0

Et+p


1

Rt+p

p
Pt+pτt+p − Pt+pg

c
t+p


. (32)

Although not emerging from the notation, the intertemporal budget constraint should hold for
every realization of the stochastic shocks (see Bohn, 1995).

Like Kollmann (2007), I assume that the level of the tax instrument τt evolves according to the
feedback rule

ln
τt
τ̄


= ψ1 ln


lt−1

l̄


+ ψ2 ln


gct
ḡc


+ ψ3 ln [zt] . (33)

Finally, the central bank sets the policy rate in the style proposed by Taylor (1993). Since the
model includes wage rigidity, I study the case of a simple monetary-policy rule with both price and
wage-inflation targets

ln

Rt

R̄


= απ ln

πt
π̄


+ αw ln

wt

w̄


+ αy ln


yt
ȳ


+ αR ln


Rt−1

R̄


. (34)

It should noted that both the rules 33 and 34 for fiscal and monetary policy are operational despite
the fact that the targeting variables on the right-hand side are dated at time t. The reason for
this lies in the timing assumptions of the New Keynesian model where, after the realization of the
exogenous shocks, output and inflation are realized, and monetary policy is set.

4 Aggregation and equilibrium

Assume that all the households and firms that can change their idiosyncratic wage and price
contracts choose, respectively, the same new wages and prices:

(Pt)
1−θ = φp (π̄Pt−1)

1−θ + (1− φp)

P̃t

1−θ
(35)

(Wt)
1−ϑ = φw (π̄Wt−1)

1−ϑ + (1− φw)

W̃t

1−ϑ
(36)

9

It should noted that both the rules 33 and 34 for 
fiscal and monetary policy are operational de-
spite the fact that the targeting variables on the 
right-hand side are dated at time t. The reason 
for this lies in the timing assumptions of the 
New Keynesian model where, after the realiza-
tion of the exogenous shocks, output and infla-
tion are realized, and monetary policy is set.

4.  Aggregation and equilibrium

Assume that all the households and firms that 
can change their idiosyncratic wage and price 
contracts choose, respectively, the same new 
wages and prices. Aggregate prices and wages 
evolve according to:

(35) 

Public spending follows the exogenous process

ln[gct+1] = ρg ln[gct ] + (1− ρg) ln [ḡc] + σg
g
t+1, (30)

with gt ∼ N(0, 1). Following Schmitt-Grohé and Uribe (2006), I define the total amount of govern-
ment liabilities lt in equilibrium lt := Rtdt. Hence, the flow government budget constraint takes
the form

lt =
Rtlt−1

πt
+Rt (gt − τt) . (31)

The intertemporal budget constraint of the government is written as:

Rt



j∈ω1

Djtdj ≤
∞
p=0

Et+p


1

Rt+p

p
Pt+pτt+p − Pt+pg

c
t+p


. (32)

Although not emerging from the notation, the intertemporal budget constraint should hold for
every realization of the stochastic shocks (see Bohn, 1995).

Like Kollmann (2007), I assume that the level of the tax instrument τt evolves according to the
feedback rule

ln
τt
τ̄


= ψ1 ln


lt−1

l̄


+ ψ2 ln


gct
ḡc


+ ψ3 ln [zt] . (33)

Finally, the central bank sets the policy rate in the style proposed by Taylor (1993). Since the
model includes wage rigidity, I study the case of a simple monetary-policy rule with both price and
wage-inflation targets

ln

Rt

R̄


= απ ln

πt
π̄


+ αw ln

wt

w̄


+ αy ln


yt
ȳ


+ αR ln


Rt−1

R̄


. (34)

It should noted that both the rules 33 and 34 for fiscal and monetary policy are operational despite
the fact that the targeting variables on the right-hand side are dated at time t. The reason for
this lies in the timing assumptions of the New Keynesian model where, after the realization of the
exogenous shocks, output and inflation are realized, and monetary policy is set.

4 Aggregation and equilibrium

Assume that all the households and firms that can change their idiosyncratic wage and price
contracts choose, respectively, the same new wages and prices:

(Pt)
1−θ = φp (π̄Pt−1)

1−θ + (1− φp)

P̃t

1−θ
(35)

(Wt)
1−ϑ = φw (π̄Wt−1)

1−ϑ + (1− φw)

W̃t

1−ϑ
(36)
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Public spending follows the exogenous process

ln[gct+1] = ρg ln[gct ] + (1− ρg) ln [ḡc] + σg
g
t+1, (30)

with gt ∼ N(0, 1). Following Schmitt-Grohé and Uribe (2006), I define the total amount of govern-
ment liabilities lt in equilibrium lt := Rtdt. Hence, the flow government budget constraint takes
the form

lt =
Rtlt−1

πt
+Rt (gt − τt) . (31)

The intertemporal budget constraint of the government is written as:

Rt



j∈ω1

Djtdj ≤
∞
p=0

Et+p


1

Rt+p

p
Pt+pτt+p − Pt+pg

c
t+p


. (32)

Although not emerging from the notation, the intertemporal budget constraint should hold for
every realization of the stochastic shocks (see Bohn, 1995).

Like Kollmann (2007), I assume that the level of the tax instrument τt evolves according to the
feedback rule

ln
τt
τ̄


= ψ1 ln


lt−1

l̄


+ ψ2 ln


gct
ḡc


+ ψ3 ln [zt] . (33)

Finally, the central bank sets the policy rate in the style proposed by Taylor (1993). Since the
model includes wage rigidity, I study the case of a simple monetary-policy rule with both price and
wage-inflation targets

ln

Rt

R̄


= απ ln

πt
π̄


+ αw ln

wt

w̄


+ αy ln


yt
ȳ


+ αR ln


Rt−1

R̄


. (34)

It should noted that both the rules 33 and 34 for fiscal and monetary policy are operational despite
the fact that the targeting variables on the right-hand side are dated at time t. The reason for
this lies in the timing assumptions of the New Keynesian model where, after the realization of the
exogenous shocks, output and inflation are realized, and monetary policy is set.

4 Aggregation and equilibrium

Assume that all the households and firms that can change their idiosyncratic wage and price
contracts choose, respectively, the same new wages and prices:

(Pt)
1−θ = φp (π̄Pt−1)

1−θ + (1− φp)

P̃t

1−θ
(35)

(Wt)
1−ϑ = φw (π̄Wt−1)

1−ϑ + (1− φw)

W̃t

1−ϑ
(36)
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Public spending follows the exogenous process

ln[gct+1] = ρg ln[gct ] + (1− ρg) ln [ḡc] + σg
g
t+1, (30)

with gt ∼ N(0, 1). Following Schmitt-Grohé and Uribe (2006), I define the total amount of govern-
ment liabilities lt in equilibrium lt := Rtdt. Hence, the flow government budget constraint takes
the form

lt =
Rtlt−1

πt
+Rt (gt − τt) . (31)

The intertemporal budget constraint of the government is written as:

Rt



j∈ω1

Djtdj ≤
∞
p=0

Et+p


1

Rt+p

p
Pt+pτt+p − Pt+pg

c
t+p


. (32)

Although not emerging from the notation, the intertemporal budget constraint should hold for
every realization of the stochastic shocks (see Bohn, 1995).

Like Kollmann (2007), I assume that the level of the tax instrument τt evolves according to the
feedback rule

ln
τt
τ̄


= ψ1 ln


lt−1

l̄


+ ψ2 ln


gct
ḡc


+ ψ3 ln [zt] . (33)

Finally, the central bank sets the policy rate in the style proposed by Taylor (1993). Since the
model includes wage rigidity, I study the case of a simple monetary-policy rule with both price and
wage-inflation targets

ln

Rt

R̄


= απ ln

πt
π̄


+ αw ln

wt

w̄


+ αy ln


yt
ȳ


+ αR ln


Rt−1

R̄


. (34)

It should noted that both the rules 33 and 34 for fiscal and monetary policy are operational despite
the fact that the targeting variables on the right-hand side are dated at time t. The reason for
this lies in the timing assumptions of the New Keynesian model where, after the realization of the
exogenous shocks, output and inflation are realized, and monetary policy is set.

4 Aggregation and equilibrium

Assume that all the households and firms that can change their idiosyncratic wage and price
contracts choose, respectively, the same new wages and prices:

(Pt)
1−θ = φp (π̄Pt−1)

1−θ + (1− φp)

P̃t

1−θ
(35)

(Wt)
1−ϑ = φw (π̄Wt−1)

1−ϑ + (1− φw)

W̃t

1−ϑ
(36)
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Public spending follows the exogenous process

ln[gct+1] = ρg ln[gct ] + (1− ρg) ln [ḡc] + σg
g
t+1, (30)

with gt ∼ N(0, 1). Following Schmitt-Grohé and Uribe (2006), I define the total amount of govern-
ment liabilities lt in equilibrium lt := Rtdt. Hence, the flow government budget constraint takes
the form

lt =
Rtlt−1

πt
+Rt (gt − τt) . (31)

The intertemporal budget constraint of the government is written as:

Rt



j∈ω1

Djtdj ≤
∞
p=0

Et+p


1

Rt+p

p
Pt+pτt+p − Pt+pg

c
t+p


. (32)

Although not emerging from the notation, the intertemporal budget constraint should hold for
every realization of the stochastic shocks (see Bohn, 1995).

Like Kollmann (2007), I assume that the level of the tax instrument τt evolves according to the
feedback rule

ln
τt
τ̄


= ψ1 ln


lt−1

l̄


+ ψ2 ln


gct
ḡc


+ ψ3 ln [zt] . (33)

Finally, the central bank sets the policy rate in the style proposed by Taylor (1993). Since the
model includes wage rigidity, I study the case of a simple monetary-policy rule with both price and
wage-inflation targets

ln

Rt

R̄


= απ ln

πt
π̄


+ αw ln

wt

w̄


+ αy ln


yt
ȳ


+ αR ln


Rt−1

R̄


. (34)

It should noted that both the rules 33 and 34 for fiscal and monetary policy are operational despite
the fact that the targeting variables on the right-hand side are dated at time t. The reason for
this lies in the timing assumptions of the New Keynesian model where, after the realization of the
exogenous shocks, output and inflation are realized, and monetary policy is set.

4 Aggregation and equilibrium

Assume that all the households and firms that can change their idiosyncratic wage and price
contracts choose, respectively, the same new wages and prices:

(Pt)
1−θ = φp (π̄Pt−1)

1−θ + (1− φp)

P̃t

1−θ
(35)

(Wt)
1−ϑ = φw (π̄Wt−1)

1−ϑ + (1− φw)

W̃t

1−ϑ
(36)
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which can be re-written as:

(37) 

which can be re-written as:

1 = φp


π̄

πt

1−θ
+ (1− φp) (p̃t)

1−θ (37)

w1−ϑ
t = φw


π̄wt−1

πt

1−ϑ
+ (1− φw)w̃1−ϑ

t (38)

with p̃t := P̃t

Pt
and πt := Pt

Pt−1
. As a result, the economy-wide resource constraint is:

yt =


j∈1

cjt +


j∈1

ijt +


j∈1

gt


st (39)

where st denotes a price-dispersion term (see Yun, 1996; Schmitt-Grohé and Uribe, 2006)

st :=


ι∈2


Pιt

Pt

−θ
dι. (40)

A consequence of the assumptions on aggregation is that households that start out with an
endowment of financial assets (bonds) that gives the same initial intertemporal budget constraint
will choose the same consumption and asset allocation plans. This is due to the fact that households
face the same prices for goods, the same marginal utility of consumption, and enjoy full risk
pooling from wage uncertainty. Hence, the budget constraint is identical across households. Also,
households will choose asset allocations to ensure that their intertemporal budget constraints are
the same both at each point in time, and at each state of the world. This derives from the
assumption of strong separability of the disutility from idiosyncratic labor supply, which allows all
the households to equalize the marginal utility of income at each state by holding state-contingent
securities (see Woodford, 2003).

The discussion presented above shows that equilibria for this set of economies are station-
ary sequences of prices {Pt}∞t=0 := {P ∗t , P̃ ∗t , R∗t , η∗t , w∗t , w̃∗t , r∗t , s∗t , s̃∗t }∞t=0, quantities {Qt}∞t=0 :=
{{Qh

t }∞t=0, {Qf
t }∞t=0, {Qg

t }∞t=0}, {Qh
t }∞t=0 := {c∗t , ∗t , d∗t , k∗t+1, i

∗
t , a

∗
b,t}∞t=0, {Qf

t }∞t=0 := {y∗t , k∗t , ∗t }∞t=0

{Qg
t }∞t=0 := {gc∗t , τt, d

∗
t }∞t=0 and stochastic shocks {Et}∞t=0 := {zt , gt }∞t=0 that aggregate over

1 = [0, 1] and 2 = [0, 1], that are bounded in a neighborhood of the steady state, and such
that1

(i) given prices {Pt}∞t=0 and shocks {Et}∞t=0, {Qh
t }∞t=0 is a solution to the representative house-

hold’s problem;

(ii) given prices {Pt}∞t=0 and shocks {Et}∞t=0, {Qf
t }∞t=0 is a solution to the representative firms’

problem;

(iii) given quantities {Qt}∞t=0 and shocks {Et}∞t=0, {Pt}∞t=0 clears the markets for both goods and
factors of production:

y∗t = [c
∗
t + i∗t + g∗t ] s

∗
t (41)

1Formal proofs for deriving the resource constraints is presented in section 1 of a detailed appendix available
from the journal’s website.

10

     

which can be re-written as:
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πt
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
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πt

1−ϑ
+ (1− φw)w̃1−ϑ

t (38)

with p̃t := P̃t

Pt
and πt := Pt

Pt−1
. As a result, the economy-wide resource constraint is:
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

j∈1

cjt +


j∈1

ijt +


j∈1

gt


st (39)

where st denotes a price-dispersion term (see Yun, 1996; Schmitt-Grohé and Uribe, 2006)

st :=


ι∈2


Pιt

Pt

−θ
dι. (40)

A consequence of the assumptions on aggregation is that households that start out with an
endowment of financial assets (bonds) that gives the same initial intertemporal budget constraint
will choose the same consumption and asset allocation plans. This is due to the fact that households
face the same prices for goods, the same marginal utility of consumption, and enjoy full risk
pooling from wage uncertainty. Hence, the budget constraint is identical across households. Also,
households will choose asset allocations to ensure that their intertemporal budget constraints are
the same both at each point in time, and at each state of the world. This derives from the
assumption of strong separability of the disutility from idiosyncratic labor supply, which allows all
the households to equalize the marginal utility of income at each state by holding state-contingent
securities (see Woodford, 2003).

The discussion presented above shows that equilibria for this set of economies are station-
ary sequences of prices {Pt}∞t=0 := {P ∗t , P̃ ∗t , R∗t , η∗t , w∗t , w̃∗t , r∗t , s∗t , s̃∗t }∞t=0, quantities {Qt}∞t=0 :=
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t }∞t=0 := {y∗t , k∗t , ∗t }∞t=0

{Qg
t }∞t=0 := {gc∗t , τt, d

∗
t }∞t=0 and stochastic shocks {Et}∞t=0 := {zt , gt }∞t=0 that aggregate over

1 = [0, 1] and 2 = [0, 1], that are bounded in a neighborhood of the steady state, and such
that1

(i) given prices {Pt}∞t=0 and shocks {Et}∞t=0, {Qh
t }∞t=0 is a solution to the representative house-

hold’s problem;

(ii) given prices {Pt}∞t=0 and shocks {Et}∞t=0, {Qf
t }∞t=0 is a solution to the representative firms’

problem;

(iii) given quantities {Qt}∞t=0 and shocks {Et}∞t=0, {Pt}∞t=0 clears the markets for both goods and
factors of production:

y∗t = [c
∗
t + i∗t + g∗t ] s

∗
t (41)

1Formal proofs for deriving the resource constraints is presented in section 1 of a detailed appendix available
from the journal’s website.
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which can be re-written as:

1 = φp


π̄

πt

1−θ
+ (1− φp) (p̃t)

1−θ (37)

w1−ϑ
t = φw


π̄wt−1

πt

1−ϑ
+ (1− φw)w̃1−ϑ

t (38)

with p̃t := P̃t

Pt
and πt := Pt

Pt−1
. As a result, the economy-wide resource constraint is:

yt =


j∈1

cjt +


j∈1

ijt +


j∈1

gt


st (39)

where st denotes a price-dispersion term (see Yun, 1996; Schmitt-Grohé and Uribe, 2006)

st :=


ι∈2


Pιt

Pt

−θ
dι. (40)

A consequence of the assumptions on aggregation is that households that start out with an
endowment of financial assets (bonds) that gives the same initial intertemporal budget constraint
will choose the same consumption and asset allocation plans. This is due to the fact that households
face the same prices for goods, the same marginal utility of consumption, and enjoy full risk
pooling from wage uncertainty. Hence, the budget constraint is identical across households. Also,
households will choose asset allocations to ensure that their intertemporal budget constraints are
the same both at each point in time, and at each state of the world. This derives from the
assumption of strong separability of the disutility from idiosyncratic labor supply, which allows all
the households to equalize the marginal utility of income at each state by holding state-contingent
securities (see Woodford, 2003).

The discussion presented above shows that equilibria for this set of economies are station-
ary sequences of prices {Pt}∞t=0 := {P ∗t , P̃ ∗t , R∗t , η∗t , w∗t , w̃∗t , r∗t , s∗t , s̃∗t }∞t=0, quantities {Qt}∞t=0 :=
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t }∞t=0 and stochastic shocks {Et}∞t=0 := {zt , gt }∞t=0 that aggregate over

1 = [0, 1] and 2 = [0, 1], that are bounded in a neighborhood of the steady state, and such
that1

(i) given prices {Pt}∞t=0 and shocks {Et}∞t=0, {Qh
t }∞t=0 is a solution to the representative house-

hold’s problem;

(ii) given prices {Pt}∞t=0 and shocks {Et}∞t=0, {Qf
t }∞t=0 is a solution to the representative firms’

problem;

(iii) given quantities {Qt}∞t=0 and shocks {Et}∞t=0, {Pt}∞t=0 clears the markets for both goods and
factors of production:

y∗t = [c
∗
t + i∗t + g∗t ] s

∗
t (41)

1Formal proofs for deriving the resource constraints is presented in section 1 of a detailed appendix available
from the journal’s website.
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
π̄

πt

1−θ
+ (1− φp) (p̃t)

1−θ (37)

w1−ϑ
t = φw


π̄wt−1

πt

1−ϑ
+ (1− φw)w̃1−ϑ

t (38)

with p̃t := P̃t

Pt
and πt := Pt

Pt−1
. As a result, the economy-wide resource constraint is:
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cjt +


j∈1

ijt +


j∈1

gt


st (39)

where st denotes a price-dispersion term (see Yun, 1996; Schmitt-Grohé and Uribe, 2006)

st :=


ι∈2


Pιt

Pt

−θ
dι. (40)

A consequence of the assumptions on aggregation is that households that start out with an
endowment of financial assets (bonds) that gives the same initial intertemporal budget constraint
will choose the same consumption and asset allocation plans. This is due to the fact that households
face the same prices for goods, the same marginal utility of consumption, and enjoy full risk
pooling from wage uncertainty. Hence, the budget constraint is identical across households. Also,
households will choose asset allocations to ensure that their intertemporal budget constraints are
the same both at each point in time, and at each state of the world. This derives from the
assumption of strong separability of the disutility from idiosyncratic labor supply, which allows all
the households to equalize the marginal utility of income at each state by holding state-contingent
securities (see Woodford, 2003).

The discussion presented above shows that equilibria for this set of economies are station-
ary sequences of prices {Pt}∞t=0 := {P ∗t , P̃ ∗t , R∗t , η∗t , w∗t , w̃∗t , r∗t , s∗t , s̃∗t }∞t=0, quantities {Qt}∞t=0 :=
{{Qh
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{Qg
t }∞t=0 := {gc∗t , τt, d

∗
t }∞t=0 and stochastic shocks {Et}∞t=0 := {zt , gt }∞t=0 that aggregate over

1 = [0, 1] and 2 = [0, 1], that are bounded in a neighborhood of the steady state, and such
that1

(i) given prices {Pt}∞t=0 and shocks {Et}∞t=0, {Qh
t }∞t=0 is a solution to the representative house-

hold’s problem;

(ii) given prices {Pt}∞t=0 and shocks {Et}∞t=0, {Qf
t }∞t=0 is a solution to the representative firms’

problem;

(iii) given quantities {Qt}∞t=0 and shocks {Et}∞t=0, {Pt}∞t=0 clears the markets for both goods and
factors of production:

y∗t = [c
∗
t + i∗t + g∗t ] s

∗
t (41)

1Formal proofs for deriving the resource constraints is presented in section 1 of a detailed appendix available
from the journal’s website.
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which can be re-written as:
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
π̄

πt

1−θ
+ (1− φp) (p̃t)

1−θ (37)

w1−ϑ
t = φw
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π̄wt−1

πt
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+ (1− φw)w̃1−ϑ

t (38)

with p̃t := P̃t

Pt
and πt := Pt

Pt−1
. As a result, the economy-wide resource constraint is:
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ijt +


j∈1

gt


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where st denotes a price-dispersion term (see Yun, 1996; Schmitt-Grohé and Uribe, 2006)

st :=


ι∈2


Pιt

Pt

−θ
dι. (40)

A consequence of the assumptions on aggregation is that households that start out with an
endowment of financial assets (bonds) that gives the same initial intertemporal budget constraint
will choose the same consumption and asset allocation plans. This is due to the fact that households
face the same prices for goods, the same marginal utility of consumption, and enjoy full risk
pooling from wage uncertainty. Hence, the budget constraint is identical across households. Also,
households will choose asset allocations to ensure that their intertemporal budget constraints are
the same both at each point in time, and at each state of the world. This derives from the
assumption of strong separability of the disutility from idiosyncratic labor supply, which allows all
the households to equalize the marginal utility of income at each state by holding state-contingent
securities (see Woodford, 2003).

The discussion presented above shows that equilibria for this set of economies are station-
ary sequences of prices {Pt}∞t=0 := {P ∗t , P̃ ∗t , R∗t , η∗t , w∗t , w̃∗t , r∗t , s∗t , s̃∗t }∞t=0, quantities {Qt}∞t=0 :=
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t }∞t=0 and stochastic shocks {Et}∞t=0 := {zt , gt }∞t=0 that aggregate over

1 = [0, 1] and 2 = [0, 1], that are bounded in a neighborhood of the steady state, and such
that1

(i) given prices {Pt}∞t=0 and shocks {Et}∞t=0, {Qh
t }∞t=0 is a solution to the representative house-

hold’s problem;

(ii) given prices {Pt}∞t=0 and shocks {Et}∞t=0, {Qf
t }∞t=0 is a solution to the representative firms’

problem;

(iii) given quantities {Qt}∞t=0 and shocks {Et}∞t=0, {Pt}∞t=0 clears the markets for both goods and
factors of production:

y∗t = [c
∗
t + i∗t + g∗t ] s

∗
t (41)

1Formal proofs for deriving the resource constraints is presented in section 1 of a detailed appendix available
from the journal’s website.
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with p̃t := P̃t

Pt
and πt := Pt

Pt−1
. As a result, the economy-wide resource constraint is:
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
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
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

j∈1

gt


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where st denotes a price-dispersion term (see Yun, 1996; Schmitt-Grohé and Uribe, 2006)

st :=


ι∈2


Pιt

Pt

−θ
dι. (40)

A consequence of the assumptions on aggregation is that households that start out with an
endowment of financial assets (bonds) that gives the same initial intertemporal budget constraint
will choose the same consumption and asset allocation plans. This is due to the fact that households
face the same prices for goods, the same marginal utility of consumption, and enjoy full risk
pooling from wage uncertainty. Hence, the budget constraint is identical across households. Also,
households will choose asset allocations to ensure that their intertemporal budget constraints are
the same both at each point in time, and at each state of the world. This derives from the
assumption of strong separability of the disutility from idiosyncratic labor supply, which allows all
the households to equalize the marginal utility of income at each state by holding state-contingent
securities (see Woodford, 2003).

The discussion presented above shows that equilibria for this set of economies are station-
ary sequences of prices {Pt}∞t=0 := {P ∗t , P̃ ∗t , R∗t , η∗t , w∗t , w̃∗t , r∗t , s∗t , s̃∗t }∞t=0, quantities {Qt}∞t=0 :=
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1 = [0, 1] and 2 = [0, 1], that are bounded in a neighborhood of the steady state, and such
that1

(i) given prices {Pt}∞t=0 and shocks {Et}∞t=0, {Qh
t }∞t=0 is a solution to the representative house-

hold’s problem;

(ii) given prices {Pt}∞t=0 and shocks {Et}∞t=0, {Qf
t }∞t=0 is a solution to the representative firms’

problem;

(iii) given quantities {Qt}∞t=0 and shocks {Et}∞t=0, {Pt}∞t=0 clears the markets for both goods and
factors of production:

y∗t = [c
∗
t + i∗t + g∗t ] s

∗
t (41)

1Formal proofs for deriving the resource constraints is presented in section 1 of a detailed appendix available
from the journal’s website.
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A consequence of the assumptions on aggregation is that households that start out with an
endowment of financial assets (bonds) that gives the same initial intertemporal budget constraint
will choose the same consumption and asset allocation plans. This is due to the fact that households
face the same prices for goods, the same marginal utility of consumption, and enjoy full risk
pooling from wage uncertainty. Hence, the budget constraint is identical across households. Also,
households will choose asset allocations to ensure that their intertemporal budget constraints are
the same both at each point in time, and at each state of the world. This derives from the
assumption of strong separability of the disutility from idiosyncratic labor supply, which allows all
the households to equalize the marginal utility of income at each state by holding state-contingent
securities (see Woodford, 2003).
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1Formal proofs for deriving the resource constraints is presented in section 1 of a detailed appendix available
from the journal’s website.
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st :=


ι∈2


Pιt

Pt

−θ
dι. (40)

A consequence of the assumptions on aggregation is that households that start out with an
endowment of financial assets (bonds) that gives the same initial intertemporal budget constraint
will choose the same consumption and asset allocation plans. This is due to the fact that households
face the same prices for goods, the same marginal utility of consumption, and enjoy full risk
pooling from wage uncertainty. Hence, the budget constraint is identical across households. Also,
households will choose asset allocations to ensure that their intertemporal budget constraints are
the same both at each point in time, and at each state of the world. This derives from the
assumption of strong separability of the disutility from idiosyncratic labor supply, which allows all
the households to equalize the marginal utility of income at each state by holding state-contingent
securities (see Woodford, 2003).
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1Formal proofs for deriving the resource constraints is presented in section 1 of a detailed appendix available
from the journal’s website.
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A consequence of the assumptions on aggrega-
tion is that households that start out with an 
endowment of financial assets (bonds) that gives 
the same initial intertemporal budget constraint 
will choose the same consumption and asset al-
location plans. This is due to the fact that house-
holds face the same prices for goods, the same 
marginal utility of consumption, and enjoy full 
risk pooling from wage uncertainty. Hence, the 
budget constraint is identical across households. 
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to ensure that their intertemporal budget con-
straints are the same both at each point in time, 
and at each state of the world. This derives from 
the assumption of strong separability of the 
disutility from idiosyncratic labor supply, which 
allows all the households to equalize the mar-
ginal utility of income at each state by holding 
state contingent securities (see Woodford, 
2003).
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where st denotes a price-dispersion term (see Yun, 1996; Schmitt-Grohé and Uribe, 2006)
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A consequence of the assumptions on aggregation is that households that start out with an
endowment of financial assets (bonds) that gives the same initial intertemporal budget constraint
will choose the same consumption and asset allocation plans. This is due to the fact that households
face the same prices for goods, the same marginal utility of consumption, and enjoy full risk
pooling from wage uncertainty. Hence, the budget constraint is identical across households. Also,
households will choose asset allocations to ensure that their intertemporal budget constraints are
the same both at each point in time, and at each state of the world. This derives from the
assumption of strong separability of the disutility from idiosyncratic labor supply, which allows all
the households to equalize the marginal utility of income at each state by holding state-contingent
securities (see Woodford, 2003).
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ary sequences of prices {Pt}∞t=0 := {P ∗t , P̃ ∗t , R∗t , η∗t , w∗t , w̃∗t , r∗t , s∗t , s̃∗t }∞t=0, quantities {Qt}∞t=0 :=
{{Qh

t }∞t=0, {Qf
t }∞t=0, {Qg

t }∞t=0}, {Qh
t }∞t=0 := {c∗t , ∗t , d∗t , k∗t+1, i

∗
t , a

∗
b,t}∞t=0, {Qf

t }∞t=0 := {y∗t , k∗t , ∗t }∞t=0

{Qg
t }∞t=0 := {gc∗t , τt, d

∗
t }∞t=0 and stochastic shocks {Et}∞t=0 := {zt , gt }∞t=0 that aggregate over
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that1

(i) given prices {Pt}∞t=0 and shocks {Et}∞t=0, {Qh
t }∞t=0 is a solution to the representative house-
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(ii) given prices {Pt}∞t=0 and shocks {Et}∞t=0, {Qf
t }∞t=0 is a solution to the representative firms’
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(iii) given quantities {Qt}∞t=0 and shocks {Et}∞t=0, {Pt}∞t=0 clears the markets for both goods and
factors of production:
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1Formal proofs for deriving the resource constraints is presented in section 1 of a detailed appendix available
from the journal’s website.

10

which can be re-written as:

1 = φp


π̄

πt

1−θ
+ (1− φp) (p̃t)

1−θ (37)

w1−ϑ
t = φw


π̄wt−1

πt

1−ϑ
+ (1− φw)w̃1−ϑ

t (38)

with p̃t := P̃t

Pt
and πt := Pt

Pt−1
. As a result, the economy-wide resource constraint is:

yt =


j∈1

cjt +


j∈1

ijt +


j∈1

gt


st (39)

where st denotes a price-dispersion term (see Yun, 1996; Schmitt-Grohé and Uribe, 2006)
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A consequence of the assumptions on aggregation is that households that start out with an
endowment of financial assets (bonds) that gives the same initial intertemporal budget constraint
will choose the same consumption and asset allocation plans. This is due to the fact that households
face the same prices for goods, the same marginal utility of consumption, and enjoy full risk
pooling from wage uncertainty. Hence, the budget constraint is identical across households. Also,
households will choose asset allocations to ensure that their intertemporal budget constraints are
the same both at each point in time, and at each state of the world. This derives from the
assumption of strong separability of the disutility from idiosyncratic labor supply, which allows all
the households to equalize the marginal utility of income at each state by holding state-contingent
securities (see Woodford, 2003).

The discussion presented above shows that equilibria for this set of economies are station-
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that1
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t }∞t=0 is a solution to the representative house-
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from the journal’s website.

10

 quantities 

which can be re-written as:

1 = φp


π̄

πt

1−θ
+ (1− φp) (p̃t)

1−θ (37)

w1−ϑ
t = φw


π̄wt−1

πt

1−ϑ
+ (1− φw)w̃1−ϑ

t (38)

with p̃t := P̃t

Pt
and πt := Pt

Pt−1
. As a result, the economy-wide resource constraint is:

yt =


j∈1

cjt +


j∈1

ijt +


j∈1

gt


st (39)

where st denotes a price-dispersion term (see Yun, 1996; Schmitt-Grohé and Uribe, 2006)
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A consequence of the assumptions on aggregation is that households that start out with an
endowment of financial assets (bonds) that gives the same initial intertemporal budget constraint
will choose the same consumption and asset allocation plans. This is due to the fact that households
face the same prices for goods, the same marginal utility of consumption, and enjoy full risk
pooling from wage uncertainty. Hence, the budget constraint is identical across households. Also,
households will choose asset allocations to ensure that their intertemporal budget constraints are
the same both at each point in time, and at each state of the world. This derives from the
assumption of strong separability of the disutility from idiosyncratic labor supply, which allows all
the households to equalize the marginal utility of income at each state by holding state-contingent
securities (see Woodford, 2003).
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A consequence of the assumptions on aggregation is that households that start out with an
endowment of financial assets (bonds) that gives the same initial intertemporal budget constraint
will choose the same consumption and asset allocation plans. This is due to the fact that households
face the same prices for goods, the same marginal utility of consumption, and enjoy full risk
pooling from wage uncertainty. Hence, the budget constraint is identical across households. Also,
households will choose asset allocations to ensure that their intertemporal budget constraints are
the same both at each point in time, and at each state of the world. This derives from the
assumption of strong separability of the disutility from idiosyncratic labor supply, which allows all
the households to equalize the marginal utility of income at each state by holding state-contingent
securities (see Woodford, 2003).

The discussion presented above shows that equilibria for this set of economies are station-
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factors of production:

y∗t = [c
∗
t + i∗t + g∗t ] s

∗
t (41)

1Formal proofs for deriving the resource constraints is presented in section 1 of a detailed appendix available
from the journal’s website.
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(42)  s∗t = (1− φp) [p̃∗t ]
−θ + φp


π∗t
π̄

θ
s∗t−1 (42)

s̃∗t = (1− φw)

w̃∗t
w∗t

−ϑ
+ φw


π̄w∗t−1

π∗tw∗t

−ϑ
s̃∗t−1 (43)

and the markets for bonds:

R∗t =
1
η∗t

(44)

a∗b,t = d∗t (45)

a∗c,t = 0 (46)

(iv) given quantities {Qt}∞t=0, prices {Pt}∞t=0 and shocks {Et}∞t=0, {Qg
t }∞t=0 satisfies the govern-

ment flow and the intertemporal budget constraint;

(v) fiscal and monetary polices are set according to the simple rules outlined in section 3;

An additional point is worth stressing. With full indexation to steady-state inflation, there is
no price heterogeneity at the deterministic steady state, i.e. p̃∗ = 1. This implies that there is no
price dispersion either, i.e. s∗ = 1. In this case, Yun (1996) show that the price dispersion term
can be ignored for a log-linear first-order approximation. In order to account for the full nonlinear
dynamics, I include the price-dispersion term as an endogenous predetermined variable2. The same
type of argument applies to wage dispersion in the case of indexation to steady-state inflation.

5 Computational aspects
5.1 Local validity of approximate solutions

Second-order perturbation methods are defined only around small neighbourhoods of the approx-
imation points, unless the approximated function is globally analytic (see Anderson, Levin and
Swanson, 2004). Since the conditions for an analytic form of the policy function are hardly estab-
lishable, the problem of validity of the Taylor expansion remains. I impose an ad-hoc bound that
restricts the unconditional mean of each state variable – denoted by x – to be arbitrarily close to
its deterministic counterpart x̄:

|E [xt]− x̄| < κ1 (47)

Kollmann (2007) imposes this type of constraint only on public debt. The results from numerous
experiments suggest that this is not enough to prevent the problem of large deviations from the
deterministic steady state from occurring.

5.2 Welfare evaluation

The policy problem consists in the optimization of the coefficients in the fiscal and monetary policy
rules. The welfare criterion upon which the maximization relies is utility-based. In this paper, we

2See section 2 of the supplementary appendix.
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(43) 

s∗t = (1− φp) [p̃∗t ]
−θ + φp


π∗t
π̄

θ
s∗t−1 (42)

s̃∗t = (1− φw)

w̃∗t
w∗t

−ϑ
+ φw


π̄w∗t−1

π∗tw∗t

−ϑ
s̃∗t−1 (43)

and the markets for bonds:

R∗t =
1
η∗t
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a∗b,t = d∗t (45)
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Kollmann (2007) imposes this type of constraint only on public debt. The results from numerous
experiments suggest that this is not enough to prevent the problem of large deviations from the
deterministic steady state from occurring.

5.2 Welfare evaluation

The policy problem consists in the optimization of the coefficients in the fiscal and monetary policy
rules. The welfare criterion upon which the maximization relies is utility-based. In this paper, we

2See section 2 of the supplementary appendix.
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θ
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s̃∗t = (1− φw)

w̃∗t
w∗t

−ϑ
+ φw
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π̄w∗t−1

π∗tw∗t

−ϑ
s̃∗t−1 (43)

and the markets for bonds:
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1
η∗t

(44)
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restricts the unconditional mean of each state variable – denoted by x – to be arbitrarily close to
its deterministic counterpart x̄:

|E [xt]− x̄| < κ1 (47)

Kollmann (2007) imposes this type of constraint only on public debt. The results from numerous
experiments suggest that this is not enough to prevent the problem of large deviations from the
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(45) 

s∗t = (1− φp) [p̃∗t ]
−θ + φp


π∗t
π̄

θ
s∗t−1 (42)

s̃∗t = (1− φw)

w̃∗t
w∗t

−ϑ
+ φw


π̄w∗t−1

π∗tw∗t

−ϑ
s̃∗t−1 (43)

and the markets for bonds:

R∗t =
1
η∗t

(44)

a∗b,t = d∗t (45)

a∗c,t = 0 (46)
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t }∞t=0 satisfies the govern-

ment flow and the intertemporal budget constraint;
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s∗t = (1− φp) [p̃∗t ]
−θ + φp


π∗t
π̄

θ
s∗t−1 (42)

s̃∗t = (1− φw)

w̃∗t
w∗t

−ϑ
+ φw


π̄w∗t−1

π∗tw∗t

−ϑ
s̃∗t−1 (43)

and the markets for bonds:

R∗t =
1
η∗t

(44)

a∗b,t = d∗t (45)

a∗c,t = 0 (46)
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its deterministic counterpart x̄:
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Kollmann (2007) imposes this type of constraint only on public debt. The results from numerous
experiments suggest that this is not enough to prevent the problem of large deviations from the
deterministic steady state from occurring.

5.2 Welfare evaluation

The policy problem consists in the optimization of the coefficients in the fiscal and monetary policy
rules. The welfare criterion upon which the maximization relies is utility-based. In this paper, we

2See section 2 of the supplementary appendix.
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w̃∗t
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−ϑ
+ φw
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π̄w∗t−1

π∗tw∗t

−ϑ
s̃∗t−1 (43)

and the markets for bonds:

R∗t =
1
η∗t

(44)

a∗b,t = d∗t (45)

a∗c,t = 0 (46)

(iv) given quantities {Qt}∞t=0, prices {Pt}∞t=0 and shocks {Et}∞t=0, {Qg
t }∞t=0 satisfies the govern-
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s∗t = (1− φp) [p̃∗t ]
−θ + φp


π∗t
π̄

θ
s∗t−1 (42)

s̃∗t = (1− φw)

w̃∗t
w∗t

−ϑ
+ φw


π̄w∗t−1

π∗tw∗t

−ϑ
s̃∗t−1 (43)

and the markets for bonds:

R∗t =
1
η∗t

(44)

a∗b,t = d∗t (45)

a∗c,t = 0 (46)

(iv) given quantities {Qt}∞t=0, prices {Pt}∞t=0 and shocks {Et}∞t=0, {Qg
t }∞t=0 satisfies the govern-

ment flow and the intertemporal budget constraint;

(v) fiscal and monetary polices are set according to the simple rules outlined in section 3;
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Kollmann (2007) imposes this type of constraint only on public debt. The results from numerous
experiments suggest that this is not enough to prevent the problem of large deviations from the
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The policy problem consists in the optimization of the coefficients in the fiscal and monetary policy
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π∗t
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
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−ϑ
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R∗t =
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t }∞t=0 satisfies the govern-

ment flow and the intertemporal budget constraint;

(v) fiscal and monetary polices are set according to the simple rules outlined in section 3;
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price dispersion either, i.e. s∗ = 1. In this case, Yun (1996) show that the price dispersion term
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lishable, the problem of validity of the Taylor expansion remains. I impose an ad-hoc bound that
restricts the unconditional mean of each state variable – denoted by x – to be arbitrarily close to
its deterministic counterpart x̄:

|E [xt]− x̄| < κ1 (47)

Kollmann (2007) imposes this type of constraint only on public debt. The results from numerous
experiments suggest that this is not enough to prevent the problem of large deviations from the
deterministic steady state from occurring.
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The policy problem consists in the optimization of the coefficients in the fiscal and monetary policy
rules. The welfare criterion upon which the maximization relies is utility-based. In this paper, we
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 satisfies the 
government flow and the intertemporal 
budget constraint;

	(v)	 fiscal   and   monetary   polices   are   set   ac-
cording to the simple rules outlined in sec-
tion 3.

An additional point is worth stressing. With full 
indexation to steady-state inflation, there is no 
price heterogeneity at the deterministic steady 
state, i.e. p̃ *

 = 1. This implies that there is no 
price dispersion either, i.e. s*

 = 1. In this case, 
Yun (1996) shows that the price dispersion term 
can be ignored for a log-linear first order ap-
proximation. In order to account for the full 
nonlinear dynamics, I include the price disper-
sion term as an endogenous predetermined 
variable2. The same type of argument applies to 
wage dispersion in the case of indexation to 
steady state inflation.

5.	 Computational aspects

5.1	 Local validity of approximate solutions

Second order perturbation methods are defined 
only around small neighbourhoods of the ap-
proximation points, unless the approximated 
function is globally analytic (see Anderson, 

2  See section 2 of the supplementary appendix.
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Levin   and   Swanson,   2004).   Since   the   condi
tion   for   an   analytic   form   of   the   policy   func-
tion are hardly establishable, the problem of 
validity of the Taylor expansion remains. I im-
pose an ad hoc bound that restricts the uncon-
ditional mean of each state variable – denoted 
by x – to be arbitrarily close to its deterministic 
counterpart ∞x:

(47) 

s∗t = (1− φp) [p̃∗t ]
−θ + φp


π∗t
π̄

θ
s∗t−1 (42)

s̃∗t = (1− φw)

w̃∗t
w∗t

−ϑ
+ φw


π̄w∗t−1

π∗tw∗t

−ϑ
s̃∗t−1 (43)

and the markets for bonds:

R∗t =
1
η∗t

(44)

a∗b,t = d∗t (45)

a∗c,t = 0 (46)

(iv) given quantities {Qt}∞t=0, prices {Pt}∞t=0 and shocks {Et}∞t=0, {Qg
t }∞t=0 satisfies the govern-

ment flow and the intertemporal budget constraint;

(v) fiscal and monetary polices are set according to the simple rules outlined in section 3;

An additional point is worth stressing. With full indexation to steady-state inflation, there is
no price heterogeneity at the deterministic steady state, i.e. p̃∗ = 1. This implies that there is no
price dispersion either, i.e. s∗ = 1. In this case, Yun (1996) show that the price dispersion term
can be ignored for a log-linear first-order approximation. In order to account for the full nonlinear
dynamics, I include the price-dispersion term as an endogenous predetermined variable2. The same
type of argument applies to wage dispersion in the case of indexation to steady-state inflation.

5 Computational aspects
5.1 Local validity of approximate solutions

Second-order perturbation methods are defined only around small neighbourhoods of the approx-
imation points, unless the approximated function is globally analytic (see Anderson, Levin and
Swanson, 2004). Since the conditions for an analytic form of the policy function are hardly estab-
lishable, the problem of validity of the Taylor expansion remains. I impose an ad-hoc bound that
restricts the unconditional mean of each state variable – denoted by x – to be arbitrarily close to
its deterministic counterpart x̄:

|E [xt]− x̄| < κ1 (47)

Kollmann (2007) imposes this type of constraint only on public debt. The results from numerous
experiments suggest that this is not enough to prevent the problem of large deviations from the
deterministic steady state from occurring.

5.2 Welfare evaluation

The policy problem consists in the optimization of the coefficients in the fiscal and monetary policy
rules. The welfare criterion upon which the maximization relies is utility-based. In this paper, we
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Kollmann (2007) imposes this type of constraint 
only on public debt. The results from numerous 
experiments suggest that this is not enough to 
prevent the problem of large deviations from the 
deterministic steady state from occurring.

5.2  Welfare evaluation

The policy problem consists in the optimization 
of the coefficients in the fiscal and monetary 
policy rules. The welfare criterion upon which 
the maximization relies is utility based. In this 
paper, we consider a measure of conditional 
welfare. This is constructed so that it takes into 
consideration the transitional welfare costs of 
moving from an initial state to the stochastic 
steady state of the model. The traditional strand 
of literature on monetary policy uses an index 
of unconditional welfare, thus neglecting the 
role of model dynamics towards the long run. 
However, as discussed in Kim, Kim, Schaum-
burg and Sims (2003), this welfare metric leads 
to incorrect rankings of alternative policy ar-
rangements when transitional effects matter. 
This point is discussed further below.

Conditional aggregate welfare is the expected 
stream of lifetime utility of a randomly drawn 
household for a given initial distribution ys of the 
state variables:

(48) 

consider a measure of conditional welfare. This is constructed so that it takes into consideration
the transitional welfare costs of moving from an initial state to the stochastic steady state of the
model. The traditional strand of literature on monetary policy uses an index of unconditional
welfare, thus neglecting the role of model dynamics towards the long run. However, as discussed
in Kim, Kim, Schaumburg and Sims (2003), this welfare metric leads to incorrect rankings of
alternative policy arrangements when transitional effects matter. This point is discussed further
below.

Conditional aggregate welfare is the expected stream of lifetime utility of a randomly-drawn
household for a given initial distribution s̃ of the state variables:

W0 := E

 ∞
t=0

βtu(sjt)
s̃ ∼ (s,Ω)


(48)

The terms s and Ω indicate, respectively, the mean and the covariance matrix of the distribution
of the initial state of the economy. Since all the households face the same budget constraint, they
choose the same consumption plans in equilibrium. Hence, the conditional welfare function is:

W0 = E0

∞
t=0

βt

log(ct)− γ



j∈1

jtdj


= E0

∞
t=0

βt {log(ct)− γt} (49)

The conditional welfare function is evaluated by computing their second-order Taylor expan-
sions around the deterministic steady states of each distorted economy. The reason for adopting
this approach is that omitting second-order terms can yield spurious welfare reversals (see Kim
and Kim, 2003a). Woodford (2003) shows that a first-order solution produces accurate welfare
computations only if the deterministic steady state of a model is at the first best. For instance,
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The terms s and Ω indicate, respectively, the 
mean and the covariance matrix of the distribu-
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In order to compare the outcomes of different policies, I compute the permanent change in
consumption, relative to the model’s steady state, that yields the expected utility level of the
distorted economy. Given steady states of consumption c̄ι and hours worked ̄ of the model ι, this
translates into the number Φι

c such that:

∞
t=0

βtu

[1− Φι

c] c̄
ι, ̄


=Wι

0 (50)

I decompose the conditional welfare cost ∆ι
c into two components denoted as ∆

ι
E and ∆ι

V .
Given the approximation

u

[1−∆ι

c] c̄, ̄
 ≈ u c̄, ̄+ (1− β)

∞
t=0

βt

E

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I decompose the conditional welfare cost ∆ ıc 
into two components denoted as ∆ ıE and ∆ ıV. 

Given the approximation
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I compute the change in mean consumption ∆ ıE 
that the household faces while giving up the to-
tal fraction of certainty equivalent consumption 
∆ ıc

(52)
 

I compute the change in mean consumption ∆ι
E that the household faces while giving up the total

fraction of certainty-equivalent consumption ∆ι
c

u

[1−∆ι

E ] c̄, ̄

= u


c̄, ̄


+ (1− β)
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t=0

βt

E [ĉt|s0]− ̄E


̂t|s0


. (52)

Since the solution method is non-certainty equivalent, I can also calculate the change in conditional
variance of consumption that is consistent with the total welfare cost of policies

u

[1−∆ι

V ] c̄, ̄

= u


c̄, ̄

− (1− β)
1
2

∞
t=0

βtVAR [ĉt|s0] , (53)

where hats denote log-deviations from the deterministic steady states. It can be shown that the
three measures of welfare are linked as

(1−∆ι
c) = (1−∆ι

E) (1−∆ι
V ) . (54)

As there are no closed-form solutions for the infinite summations in the expressions for ∆ι
V and ∆

ι
E ,

the discounted sums are computed by Monte Carlo simulations through the analytical expressions
summarized in Appendix 5 of Zagaglia (2007).3

6 Calibration

I calibrate the model on quarterly data for an average G-7 economy. The long-run inflation rate
is set to 4% a year. The intertemporal discount factor β equals 0.9949.4 Households devote a
steady-state share of time to market activity equal to 0.4. I choose a steady-state ratio between
investment output equal to 0.25. The quarterly depreciation rate is consistent with an annual rate
of 10%. The capital elasticity of output α is 0.4 like in Kimi and Kim (2003b).

The price-marginal cost markup factor is set at θ/(θ − 1) = 1.25, as suggested by Bayoumi,
Laxton and Pesenti (2004). The wage markup ϑ/(ϑ− 1) takes the value of 1.5. These figures are
in lines with those suggested by Bayoumi, Laxton and Pesenti (2004). Following Pappa (2004), I
choose φp = φw = 2/3, which implies an average contract duration of 1/(1− 2/3) = 3 quarters.
The steady-state ratio between real public debt and output is 50%. The output share of

government consumption is 32%. The average tax rate on income is 0.29, and matches the G-7
average from Kimi and Kim (2003b). The calibration of the government-spending shock is from

3An anonymous referee suggested to use the ‘pruning’ algorithm for second-order approximations presented in
Kim, Kim, Schaumburg and Sims (2003). That would then permit to derive analytical expressions for the conditional
expectations and variances of equations 51-53 and, eventually, a recursive producedure for the conditional welfare
costs. However, practical experience suggests that the ‘pruning’ algorithm makes the problem computationally
intractable in terms of time and resource required. The attractiveness of the approximation method proposed
by Schmitt-Grohé and Uribe (2004) relies in the distinction, decided by the user, between state and endogenous
variables. This reduces the dimensionality of the second-order approximation, and makes the computational solution
faster. In the ‘pruning’ algorithm, instead, states and non-states are assigned as a function of the solution, which
adds a further dimension to the problem.

4As pointed out by an anonymous referee, this value is slightly higher than what is usually assumed. In equation
32 of the supplementary appendix, I show that I calibrate β from the optimality condition of the household’s
allocation problem with respect to capital. The reason for this strategy is that I assume that both the average tax
rate on capital income and the steady-state ratio between output and capital are known.
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Laxton and Pesenti (2004). The wage markup ϑ/(ϑ− 1) takes the value of 1.5. These figures are
in lines with those suggested by Bayoumi, Laxton and Pesenti (2004). Following Pappa (2004), I
choose φp = φw = 2/3, which implies an average contract duration of 1/(1− 2/3) = 3 quarters.
The steady-state ratio between real public debt and output is 50%. The output share of

government consumption is 32%. The average tax rate on income is 0.29, and matches the G-7
average from Kimi and Kim (2003b). The calibration of the government-spending shock is from

3An anonymous referee suggested to use the ‘pruning’ algorithm for second-order approximations presented in
Kim, Kim, Schaumburg and Sims (2003). That would then permit to derive analytical expressions for the conditional
expectations and variances of equations 51-53 and, eventually, a recursive producedure for the conditional welfare
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Since the solution method is non certainty 
equivalent, I can also calculate the change in 
conditional variance of consumption ∆ ıV that is 
consistent with the total welfare cost of poli-
cies
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As there are no closed-form solutions for the 
infinite summations in the expressions for ∆ ıV 
and ∆ ıE, the discounted sums are computed by 
Monte Carlo simulations through the analytical 
expressions summarized in Appendix 5 of Za-
gaglia (2007).3

6.  Calibration

I calibrate the model on quarterly data for an 
average G-7 economy. The long-run inflation 
rate is set to 4% a year. The intertemporal dis-
count factor b equals 0.9949.4 Households de-
vote a steady state share of time to market activ-
ity equal to 0.4. I choose a steady-state ratio 
between investment and output equal to 0.25. 
The quarterly depreciation rate is consistent 
with an annual rate of 10%. The capital elastic-
ity of output a is 0.4 like in Kim and Kim 
(2003b).

The price-marginal cost markup factor is set 
at θ / (θ –1) = 1.25, as suggested by Bayoumi, 
Laxton and Pesenti (2004). The wage markup 
ϑ / (ϑ –1) takes the value of 1.5. These figures 
are in lines with those suggested by Bayoumi, 
Laxton and Pesenti (2004). Following Pappa 
(2004), I choose φp = φw =2/3, which implies an 
average contract duration of 1/(1–2/3) = 3 quar-
ters.

The steady-state ratio between real public 
debt and output is 50%. The output share of 
government consumption is 32%. The average 
tax rate on income is 0.29, and matches the G-7 
average from Kim and Kim (2003b). The cali-
bration of the government spending shock is 
from Marzo (2006) and Schmitt-Grohé and 
Uribe (2005).

The average deviations of the state variables 
from the deterministic steady state – i.e. the pa-
rameter on the stationarity constraint (47) – is 
set to a maximum of 5%.5

7.  Results

Table 2 reports the optimized coefficients for 
several variants of the policy rules with both 

3  An anonymous referee suggested to use the ‘pruning’ 
algorithm for second order approximations presented in 
Kim, Kim, Schaumburg and Sims (2003). That would then 
permit to derive analytical expressions for the conditional 
expectations and variances of equations 51–53 and, eventu-
ally, a recursive producedure for the conditional welfare 
costs. However, practical experience suggests that the 
‘pruning’ algorithm makes the problem computationally 
intractable in terms of time and resource required. The at-
tractiveness of the approximation method proposed by Sch-
mitt-Grohé and Uribe (2004) relies in the distinction, de-
cided by the user, between state and endogenous variables. 
This reduces the dimensionality of the second order ap-
proximation, and makes the computational solution faster. 
In the ‘pruning’ algorithm, instead, states and non-states 
are assigned as a function of the solution, which adds a 
further dimension to the problem.

4  As pointed out by an anonymous referee, this value is 
slightly higher than what is usually assumed. In equation 
32 of the supplementary appendix, I show that I calibrate β 
from the optimality condition of the household’s allocation 
problem with respect to capital. The reason for this strategy 
is that I assume that both the average tax rate on capital 
income and the steady-state ratio between output and capi-
tal are known.

5  An exhaustive number of numerical experiments sug-
gest that the results do not vary substantially within a range 
of deviations from 2% to 10%.
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Table 1: Calibration of the model

Description Parameter Value
Subjective discount factor β 0.9948
Weight on disutility from work γ 1
Time share devoted to market activity  0.4
Elasticity of substitution of labor services ϑ 7
Elasticity of substitution of intermediate goods θ 5
Rate of capital depreciation δ 1.1(1/4) − 1
Capital elasticity of intermediate output α 0.4
Fraction of workers not setting wages optimally φw 2/3
Fraction of firms not setting prices optimally φp 2/3
Steady-state inflation π̄ 1.04(1/4)

Persistence of productivity shock ρz 0.98
Variance of productivity shock σ2

z 0.0003
Steady-state average tax rate τ̄ 0.30
Steady state ratio of gov. consumption to output ḡc/ȳ 0.15
Persistence of government spending shock ρg 0.95
Variance of government spending shock σ2

g 0.000126
Parameter on the stationarity constraint κ1 0.05

23

Table 2: Optimal policy rules with steady-state indexation

Optimized coefficients
Mix 1 Mix 2 Mix 3 Mix 4 Mix 5

ψ1 0.93 2.93 0.55 1.01 2.74
ψ2 9.61 47.91 7.93 - -
ψ3 -19.97 49.97 -19.97 - -
αw 24.76 - 3.30 - 9.24
απ 1.14 4.50 - 3.09 -
αy 10.99 3.96 19.18 - -
αR -2.50 4.32 1.82 - -

Welfare
Wι

0 -126.8560 -126.8685 -126.8621 -127.6832 -127.6818
∆ι

c -0.441 -0.435 -0.438 -0.052 -0.052
∆ι

E -0.441 -0.494 -0.438 -0.512 -0.052
∆ι

V 0.0002 0.058 0.0006 -0.00008 0.00009

Standard deviations (in percent)
yt 0.568 2.414 0.037 1.009 0.831
πt 0.419 1.357 0.218 0.104 0.107
Rt 0.401 2.263 0.201 0.009 0.034
ct 0.358 4.910 0.197 0.140 0.143
t 0.980 4.969 0.190 1.724 1.422
bt 4.049 4.884 5.649 5.634 5.429
τt 1.009 3.086 0.798 0.056 0.054

Legend: Mix 1: fully-optimized rules. Mix 2: no wage-inflation target. Mix 3: No price-
inflation target. Mix 4: Only price-inflation and government liability targets. Mix 5: Only
wage-inflation and government liability targets.
Note: All the measures of conditional welfare costs are expressed in percentage points.

24
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prices and wages indexed to steady-state infla-
tion. Since the focus of the paper is on imple-
mentable rules for monetary and fiscal policy, I 
disregard the optimal Ramsey policy. Ramsey 
plans typically involve complicated functions of 
the state variables. Unfortunately the literature 
provides no insight on the properties of imple-
mentable rules for Ramsey plans. Moreover, the 
available quantitative studies on Ramsey fiscal 
policy use global approximation methods to 
deal with the nonstationarities induced by the 
presence of endogenous public debt (e.g. see 
Cosimano, 2005). That would raise additional 
problems of comparisons with the main results 
of the text. The results consider five types of 
interaction between optimal monetary and fiscal 
policy. The maximization of welfare over all the 
parameters in the monetary and fiscal policy 
rules is denoted as policy ‘mix 1’. The other 
combinations of rules follow from setting to 
zero some of the policy coefficients. In the ‘mix 
2’, monetary policy is assumed not to respond 
to wage inflation. In the ‘mix 3’, instead, the 
policy rates do not react to price inflation. Fi-
nally, in the policy mixes 4 and 5, monetary 
policy responds to deviations of inflation and 
real wages from the steady state, respectively, 
whereas the tax rate reacts to the steady-state 
deviations of government liabilities.

With the fully-optimal rule for monetary 
policy, four results emerge. First, optimal mon-
etary policy responds to inflation according to 
that the standard version of the Taylor principle, 
i.e. α p > 1. Second, the reaction of the average 
tax rate to past liabilities is small in relation to 
the one of monetary policy to inflation. This 
result is also obtained by Kollmann (2007) and 
Schmitt-Grohé and Uribe (2006) in a model 
with only price rigidity.6 Third, the welfare-
maximizing rule for monetary policy is very 

6  The reader should notice that the size of the optimal 
reaction to inflation does not allow a clear-cut classifica-
tion between ‘active’ and ‘passive’ policy in the style of 
Leeper (1991). The reason is that taxes are distortionary in 
the model discussed here. Unlike in Leeper (1991)’s frame-
work with lump-sum taxation, tax changes affect the real 
allocations directly at each point in time. This goes beyond 
the expectation channel stressed by Leeper (1991) that 
arises from misalignments between the expected value of 
future primary surpluses and the discounted stream of debt 
servicing costs.

responsive to output fluctuations.7 As noticed by 
Marzo (2006), a high level of distortion requires 
a strong policy reaction towards fluctuations in 
nominal income. However, the model embeds 
an aggregate-supply curve. A policy prescrip-
tion that is too aggressive in terms of fighting 
inflation can determine either a recession, or 
excessive volatility in output (see Roberts, 
1995). This requires either a relaxation of the 
anti-inflationary stance, or a stronger respon-
siveness to output. Finally, the optimal response 
of unrestricted monetary policy to wage chang-
es is large, and stronger than the reaction to 
price inflation. The intuition is that, since all job 
varieties are ex ante identical in the Calvo set-
ting, any wage dispersion is inefficient. Hence, 
policies that respond to wage fluctuations max-
imize welfare.

Figures 1(a) and 1(b) report the impulse re-
sponses of the model with the unconstrained 
policy mix. The pattern is similar to the one 
documented by Schmitt-Grohé and Uribe (2005) 
in a setting with a larger number of real rigidi-
ties. After a positive productivity shock, the 
capital stock drops for a prolonged period of 
time (see figure 1(a)). This implies that the re-
sponse of investment is very sluggish. As a re-
sult, the rental rate of capital falls mildly on 
impact towards an inverse hump-shaped path. 
The small initial reaction of investment is driv-
en by the large response of consumption on im-
pact, which is determined by an increase in 
disposable income. Two factors play a key role. 
First, the average tax rate displays a large drop. 
Second, the increase in the real value of out-
standing public overcompensates the initial drop 
of the nominal interest rate, thus sustaining the 
response of consumption. The drop of the tax 
rate allows households to keep the supply of 
labour services at a low level. It is interesting to 
notice that workers use their market power to 
allow for a small negative response of the wage 
rate, following the limited increase in the de-
mand for labour. Finally, the response of con-
sumption features the rise and fall shape that 
arises typically from internal habit formation 

7  Imposing a constraint on the size of α y suggests that 
welfare maximization picks up a level of responsiveness to 
output that is often close to the largest level attainable.
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Figure 1. Impulse responses (%) under the fully-optimal policy mix with wage and price rigidity, indexation to long-run 
inflation.

(see Christiano, Eichenbaum and Evans, 2005). 
Figure 1(b) shows that a government spending 
shock entails an inflationary waste of resources, 
in that it raises both output and inflation on im-
pact. Differently from the case of a productivity 
shock, the positive response of the tax rate de-

presses disposable income, and induces the 
workers to use their market power. As a result, 
the real wage rate rises. However, since also 
real debt holdings fall by a large extent, this is 
not enough to prevent consumption spending 
from falling. These considerations suggest that 
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the mildly positive response of output on impact 
is determined by a sluggish increase in invest-
ment.

With a monetary policy rule that does not re-
spond to the deviation of real wages from their 
steady state – policy mix 2 –, the prescribed 
reaction of monetary policy to price inflation is 
higher than that of the fully-optimal rule (see 
table 2). At the same time, the responsiveness 
of tax policy to changes in government liabili-
ties becomes sizeable.

Table 2 suggests that not reacting to price in-
flation – policy mix 3 – leads to welfare losses 
smaller than those generated by not responding 
to real wages. This finding can be motivated in 
several ways. The lack of reaction of monetary 
policy to inflation also leads to a small optimal 
feedback of the average tax rate from govern-
ment liabilities. This implies that the inflation 
rate is pushed around by cyclical responses of 
the policy mix only to a limited extent. Thus, a 
source of welfare reducing changes in markups 
is partly eliminated (see Schmitt-Grohé and 
Uribe, 2006). This constrained policy configu-
ration appears less damaging in terms of wel-
fare also because it features the largest reaction 
of monetary policy to output. The main lesson 
is that shutting down the responsivenes to infla-
tion can destabilize the economy by enhancing 
booms and busts in inflation as a response to 
exogenous fluctuations. Hence, the extent of 
output stabilization implied by the rule needs to 
be supplemented through a large coefficient on 
the output gap.

The fully-optimal rules 33 and 34 incorporate 
a rich array of variables that can make the opti-
mal policy mix difficult to implement. As a 
benchmark for comparison, I also consider two 
configurations of feedback rules whereby the 
average tax rate responds only to government 
liabilities, as suggested in the literature on the 
fiscal theory of price level determination (see 
Leeper, 1991). Monetary policy is instead as-
sumed to react to either price inflation – policy 
mix 4 – or real wage fluctuations – policy mix 
5. Once again, the results indicate that targeting 
wages alone achieves a slightly higher level of 
welfare at the cost of supporting a negligible 
worsening in the variability of consumption.

The third panel of table 2 reports some de-

scriptive statistics from the model solution for 
each rule. Since the responsiveness of monetary 
policy to inflation is not large, rule 1 does not 
achieve the lowest variance of inflation across 
the range of policy rules. This finding can be 
reconciled with the quantitative results of Er-
ceg, Henderson and Levin (2000). Their evi-
dence indicates that inflation stabilization can-
not deliver the long run allocation when both 
wage and price stickiness are present. Follow-
ing the intuition outlined earlier, table 2 also 
shows that constraining monetary policy to not 
responding to real wages, as in rule 2, produces 
the largest variability in both inflation and out-
put. Instead, when monetary policy does not 
react to movements in prices, the variance of 
both inflation and output is low. Rule 3 also dis-
plays the largest fluctuations in public debt. 
Like for the other rules, this corresponds to a 
somewhat negligible variability in the tax 
rates.

7.1  An economy with only wage rigidity

Kollmann (2007) shows that, in a framework 
where both prices and wages are fully flexible, 
and the government issues only nominal debt, 
fiscal rules that prescribe unexpected variations 
in the price level to support debt changes are 
welfare maximizing. This takes the form of a 
strong reaction of the average tax rate to gov-
ernment liabilities. The intuition is that the 
markup fluctuations induced by price changes 
do not generate inefficient dispersion in equilib-
rium (see Schmitt-Grohé and Uribe, 2006). 
Hence, the policy planner can comply with the 
intertemporal budget constraint by changing the 
real value of outstanding debt through unex-
pected inflation.

In order to investigate the role of alternative 
sources of rigidity, table 3 reports the optimized 
feedback coefficients in an economy with flex-
ible prices, and sticky wages indexed to steady-
state inflation. With the unconstrained set of 
policy rules, the finding of Kollmann (2007) is 
confirmed. The interaction between tax distor-
tions and wage rigidity is consistent with a low 
response of monetary policy to real wages. This 
implies that, with the unconstrained rule, wage 
stickiness becomes a minor objective for the 
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Table 3: Optimal policy rules with only wage rigidity

Mix 1 Mix 2 Mix 3 Mix 4 Mix 5
ψ1 -13.68 -0.01 -0.30 -0.2 -0.33
ψ2 26.08 -1.95 -0.24 - -
ψ3 -14.10 -0.19 2.28 - -
αw 0.80 - -0.06 - 0.05
απ 2.88 -1.11 - -0.82 -
αy -0.65 -0.08 -0.97 - -
αR -1.90 0.66 0.66 - -

Welfare
Wι

0 -126.3725 -127.7938 -127.7011 -127.7989 -127.7999
∆ι

c -0.669 0.0008 -0.043 0.003 0.004
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optimal policy mix. Table 3 also reports the de-
scriptive statistics for the model with flexible 
prices and rigid wages. Coherently with the ar-
guments discussed earlier, the variability of in-
flation is ten times higher than in the setting 
with both wage and price stickiness.

7.2	 A comparison with full indexation to 
lagged inflation

A framework that has gained considerable sup-
port in both the empirical and the theoretical 
literature on nominal rigidities assumes that 
wage and price contracts are indexed to lagged 
inflation (see Christiano, Eichenbaum and 
Evans, 2005). Like in the previous part of the 
paper, I consider only the case of full indexa-
tion. The allocation of price variations follows 
the Calvo scheme, with unchanged prices that 

are updated on the rule Pıt = Pıt –1π t –1. At the 
same time, unchanged real wages evolve ac-
cording to wjt = wjt –1π t –1/π t. In particular, n pe-
riods after the last optimization, prices and 
nominal wages are, respectively, Pıt+n = P̃ıt Πn

p =1 

π t+p –1 and Wjt+n = YWjt Πn
p =1π t+p –1. The first order 

conditions from the optimization problem of 
firms and households are, respectively,
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inflation induces smaller price dispersion than indexation to long-run inflation. This is so because
firms need not incorporate the expectations of future deviations of inflation from trend in their
current markups when they set up prices optimally. Overall, indexation to past inflation allows
firms to keep up with changes in the aggregate price level. Under indexation to long-run inflation
instead, it is essential for firms to incorporate expected inflation deviations from trend in their
profit-maximizing prices.

8 Conclusion

This paper studies welfare-maximizing simple rules for monetary and tax policy. I amend the
standard New Keynesian model by including wage rigidity and distortionary taxes on consumption,
capital and labour income. According to the nature of the optimal policy problem, I solve the model
by the second-order approximation method to the policy function proposed by Schmitt-Grohé and
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The intuition behind these two first order condi-
tions is the same as in the case of indexation to 
steady-state inflation. The only difference lies 
in the fact that the firms’ expected marginal 
costs and revenues are now discounted by the 
change in the price level.

Table 4 reports the optimized policy coeffi-
cients. There are two results of interest. The 
first one is that the maximized welfare levels 
are higher than those under indexation to steady 

state inflation for all the rules. The second re-
sult is that the optimal responsiveness of the tax 
rule to government liabilities is also larger than 
those of table 2. The reason lies in the fact that 
a model where prices are indexed to past infla-
tion is closer to a flexible price economy than a 
model with indexation to steady-state inflation 
(see Schmitt-Grohé and Uribe, 2005). Indexa-
tion to lagged inflation induces smaller price 
dispersion than indexation to long-run inflation. 
This is so because firms need not incorporate 
the expectations of future deviations of inflation 
from trend in their current markups when they 
set up prices optimally. Overall, indexation to 
past inflation allows firms to keep up with 
changes in the aggregate price level. Under in-
dexation to long-run inflation instead, it is es-
sential for firms to incorporate expected infla-
tion deviations from trend in their profit-maxi-
mizing prices.

Table 4: Optimal policy rules with indexation to past inflation

Mix 1 Mix 2 Mix 3 Mix 4 Mix 5
ψ1 9.99 -2.01 0.18 0.01 -2.00
ψ2 4.47 1.35 0.37 - -
ψ3 2.98 20.02 -0.07 - -
αw 18.87 - 2.38 - 3.26
απ 17.18 18.67 - 6.35 -
αy 2.12 -12.55 2.19 - -
αR -19.52 0.2 0.68 - -

Welfare
Wι

0 -120.9957 -126.8761 -127.2854 -127.3969 -127.3988
∆ι

c -0.280 -0.007 -0.007 0.002 0.003
∆ι

E -9.790 -0.107 -0.008 0.002 0.003
∆ι

V 8.661 0.099 0.001 0.00009 0.0001

Standard deviations (in percent)
yt 3.780 3.267 0.362 1.301 2.752
πt 2.103 0.803 0.385 0.348 0.216
Rt 2.838 1.863 0.386 0.093 0.219
ct 2.610 4.418 0.527 0.150 0.171
t 7.413 7.967 0.129 0.129 4.676
bt 3.693 6.701 1.923 5.893 5.444
τt 5.897 6.732 0.423 0.058 0.011

Legend: Mix 1: fully-optimized rules. Mix 2: no wage-inflation target. Mix 3: No price-
inflation target. Mix 4: Only price-inflation and government liability targets. Mix 5: Only
wage-inflation and government liability targets.
Note: All the measures of conditional welfare costs are expressed in percentage points.
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8.  Conclusions

This paper studies welfare-maximizing simple 
rules for monetary and tax policy. I amend the 
standard New Keynesian model by including 
wage rigidity and distortionary taxes on con-
sumption, capital and labour income. According 
to the nature of the optimal policy problem, I 
solve the model by the second order approxima-
tion method to the policy function proposed by 
Schmitt-Grohé and Uribe (2004). I consider 
several variants of the model with full steady-
state indexation of both prices and wages, in-
dexation to past inflation and wages, as well as 
a case with only wage rigidity.

With indexation of wages and prices to 
steady-state inflation, the optimal tax rate dis-
plays a small response to government liabilities. 
This minimizes the effects of the distortions 
from price-level fluctuations. At the same time, 
monetary policy reacts largely to wage infla-
tion. When prices are flexible and wages are 
sticky, a large variability of inflation is optimal. 
Finally, with nominal wages and prices indexed 
to lagged wages and inflation, respectively, the 
frictionless equilibrium is almost replicated. 
This implies that the optimal policy mix is close 
to the one without nominal rigidities.

Several extensions can be envisaged. Current 
work in progress considers the relation between 
different instruments for distortionary taxation 
– namely taxes on consumption, capital and la-
bor income – and optimal monetary policy. In 
particular, the issue of interest is whether the 
type of indexation scheme for wages and prices 
affects the interaction between policy instru-
ments. Schmitt-Grohé and Uribe (2005) suggest 
that the optimal degree of monetary policy in-
ertia is contingent upon the type of indexation. 
Since tax shocks have been proposed as a com-
pelling ingredient for matching models to U.S. 
data (e.g. see Klein and Jonsson, 2005), a con-
sistent characterization of the fiscal structure 
should be an important ingredient in under-
standing monetary policy. Finally, as noted by 
one referee, the model is based on a cashless 
economy. Adding money would be an interest-
ing avenue of research for it would introduce a 
reason for policymakers to smooth the policy 
rate.
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