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With these definitions at hand, the wage-setting equation becomes

f 1
t = f 2

t . (19)

The household’s optimality conditions imply a liquidity preference function featuring a

negative relation between real balances and the short-term nominal interest rate. To see this,

we first note that the absence of arbitrage opportunities in financial markets requires that

the gross risk-free nominal interest rate, which we denote by Rt, be equal to the reciprocal

of the price in period t of a nominal security that pays one unit of currency in every state

of period t + 1. Formally, Rt = 1/Etrt,t+1. This relation together with the household’s

optimality condition (11) implies that

λt = βRtEt
λt+1

πt+1
, (20)

which is a standard Euler equation for pricing nominally risk-free assets. Combining this
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Table 2: Ramsey Steady States

Environment Steady-State Outcome

τφ
t χ n̄ γ2 π R τh τk profit share
τk
t 0.2 4.2 35.4 -6.3 0.6
τk
t 1 4.6 8.8 34.7 -6.6 0.6
τk
t 1 0 -3.8 0 24.1 -5.3 2.3
τk
t 0 -0.2 3.8 23.3 -5.2 2.3
1 0.3 4.3 38.2 -44.3 0.8
1 6850 0.3 4.3 37.8 -84.9 1.4

τk
t , τ

h
t 0.5 4.5 30.0 30.0 0.3

Note: The inflation rate, π, and the nominal interest rate, R, are expressed in
percent per year. The labor income tax rate, τh, and the capital income tax rate,
τk, are expressed in percent. Unless indicated otherwise, parameters take their
baseline values, given in table 1.

4 Ramsey Steady States

Consider the long-run state of the Ramsey equilibrium in an economy without uncertainty.

We refer to this state as the Ramsey steady state. Note that the Ramsey steady state is in

general different from the allocation/policy that maximizes welfare in the steady state of a

competitive equilibrium.

Table 2 displays the Ramsey steady-state values of inflation, the nominal interest rate,

and labor and capital income tax rates under a number of environments of interests. The

figures reported in the table correspond to the exact numerical solution to the steady-state

of the Ramsey problem.

4.1 The Optimal Level of Inflation

Consider first the case in which profits are taxed at the same rate as income from capital

(τφ
t = τk

t for all t). In this case, the Ramsey planner chooses to conduct monetary policy

in such a way as to nearly stabilize the price level. The optimal inflation rate is 18 basis

points per year (line 1 of table 2). It is worth noting that, although small, the steady-state

inflation rate is positive. This finding is somewhat surprising, for a well-known result in

the context of simpler versions of the new Keynesian model is that the Ramsey steady-state

level of inflation is negative and lies between the one called for by the Friedman rule and the

one corresponding to full price stabilization. In calibrated example economies, the optimal

deflation rate is, however, small (see, for instance, Schmitt-Grohé and Uribe, 2004a; and
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Table 3: Cyclical Implications of Optimal Policy Under Income Taxation

Variable Steady Standard Serial Correlation
state deviation correlation with output

τ y
t 30 1.1 0.62 -0.51
Rt 4.53 1.43 0.74 -0.11
πt 0.51 1.1 0.55 0.11
yt 0.3 1.96 0.97 1
ct 0.21 1.16 0.98 0.89
it 0.04 7.87 0.98 0.95
ht 0.19 1.34 0.75 0.59
wt 1.17 0.94 0.93 0.80
at 0.72 4.44 0.99 0.31

Note: Rt and πt are expressed in percent per year, and τ y
t is expressed in percent.

The steady-state values of yt, ct, it, wt, and at are expressed in levels. The
standard deviations, serial correlations, and correlations with output of these 5
variables correspond to percent deviations from their steady-state values.

Table 3 displays the standard deviation, serial correlation, and correlation with output

of a number of macroeconomic variables of interest in the Ramsey equilibrium with income

taxation. In computing these second moments, all structural parameters of the model take

the values shown in table 1. Second moments are calculated using Monte Carlo simulations.

We perform 1000 simulations of 200 quarters each. For each simulation, we compute second

moments and then average these figures over the 1000 simulations.

An important result that emerges from table 3 is that under the optimal policy regime

inflation is remarkably stable over the business cycle. This result is akin to the one derived

in the context of models with a single distortion, namely sticky product prices and no

fiscal considerations (Goodfriend and King, 1997 among many others). In the canonical

Neo Keynesian model studied in Goodfriend and King, the optimality of price stability is

a straightforward result. For in that environment, the single cause of inefficiencies is price

dispersion due to exogenous impediments to the adjustment of nominal prices. By contrast,

the medium-scale model studied here features, in addition to price stickiness, distortions

that in isolation would call for a highly volatile inflation rate under the Ramsey plan.

First, the fact that the government does not have access to lump-sum taxation provides

an incentive for the Ramsey planner to use unexpected variations in the inflation rate as a

capital levy on private holdings of nominal assets to finance innovations in the fiscal deficit.

In effect, Chari et al. (1995) show in the context of a flexible-price model that the optimal

rate of inflation volatility is extremely high (above 10 percent per year). So in setting
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and

τ y
t − τ y∗ = βa ln(at/a

∗) + βy ln(yt/y
∗) + βτ ln(τ y

t−1 − τ y∗).

The target values R∗, π∗, y∗, τ y∗, and a∗ are assumed to be the Ramsey steady-state values

of their associated endogenous variables, given in the second column of table 3. The variable

πW
t ≡ Wt/Wt−1 denotes wage inflation. It follows that in our search for the optimized policy

rule, we pick 7 parameters so as to minimize the Euclidean norm of the vector x containing

120 elements. We set the initial impulse equal to 1 standard deviation of the innovation in

the corresponding shock. That is, for impulse responses associated with shocks zt, gt, and

nt, the initial impulse is given by
√

σ2
εz

(1−ρ2
z)

,

√
σ2

εg

(1−ρ2
g)

, and
√

σ2
εn

(1−ρ2
n)

, respectively.

The optimized rule is given by

ln(Rt/R
∗) = −1.4 ln(πt/π

∗) + 1.68 ln(πW
t /π

∗) − 0.077 ln(yt/y
∗) + 0.42 ln(Rt−1/R

∗)

and

τ y
t − τ y∗ = −0.26 ln(at/a

∗) + 0.18 ln(yt/y
∗) + 0.29 ln(τ y

t−1 − τ y∗)

The optimized interest-rate rule turns out to be active with a negative coefficient on

product price inflation and a positive coefficient on wage inflation. The coefficient of output

is close to zero and the optimal rule features a mild degree of interest rate smoothing.

The optimized tax-rate rule is active in the sense that an increase in government liabilities

is met by a decrease in the income tax rate and an increase in the income tax base calls for

tightening fiscal policy. Taken together these two response coefficients will force tax revenues

to increase at a time when the financing need of the government is lower. The tax-rate rule

also displays a mild degree of tax rate inertia, in the sense that the coefficient on lagged tax

rates is positive but significantly less than unity.

TO BE ADDED: Second-order-accurate welfare difference between the Ramsey equilib-

rium and the optimized rule.

6.1 Ramsey and Optimized Impulse Responses

To provide a sense of how close the dynamics induced by the Ramsey policy and the optimized

rule are, in this section we study theoretical impulse responses to the three shocks driving

business cycles in our model economy. Figure 1, displays impulse response functions to a

one-standard-deviation increase in productivity (z0 = 1.2 percent). Solid lines correspond to

the Ramsey equilibrium, and broken lines correspond to the optimized policy rules.

Remarkably, in response to an increase in productivity, hours worked fall more than one

for one. The reason for this sharp decline in labor effort is the presence of significant costs of
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Figure 1: Impulse Response To A Productivity Shock
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Monetary Policy Under Uncertainty: Levin, Onatski, Williams, and Williams 6

Welfare Costs of Fluctuations

Policy Welfare

Ramsey policy -1.4

Wage inflation rule -1.5

Price inflation rule -1.9

• Welfare costs of fluctuations are large. Driven by sticky wages.

• Best wage inflation rule: rt = rt−1 + 3.8(wage inflation)

• Best price inflation rule: rt = rt−1 + 2.1(price inflation)

2005 NBER Macroannual April 8, 2005



Monetary Policy Under Uncertainty: Levin, Onatski, Williams, and Williams 12

Specification Uncertainty: Wage Setting

Ramsey Wage Inf* Price Inf*

Experiment Policy Rule Rule

Benchmark -1.4 -1.5 -1.9

Wage-wage indexation -1.2 -1.7 -1.5

Taylor wage contracts -0.3 -0.6 -0.3

Taylor wage & price -0.2 -0.6 -0.4

No wage dispersion -0.1 -0.4 -0.3

*Optimized to benchmark specification.

2005 NBER Macroannual April 8, 2005




