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Abstract

In the standard new Keynesian framework, an optimizing policy maker does not face

a trade-off between stabilizing the inflation rate and stabilizing the gap between actual

output and output under flexible prices. An ad hoc, exogenous cost-push shock is typically

added to the inflation equation to generate a meaningful policy problem. In this paper,

we show that a cost-push shock arises endogenously when a cost channel for monetary

policy is introduced into the new Keynesian model. A cost channel is present when firms’

marginal cost depends directly on the nominal rate of interest. Besides providing empirical

evidence for a cost channel, we explore its implications for optimal monetary policy. We

show that its presence alters the optimal policy problem in important ways. For example,

both the output gap and inflation are allowed to fluctuate in response to productivity and

demand shocks under optimal monetary policy.
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1 Introduction

In the standard new Keynesian framework, an optimizing policy maker does not face a trade-

off between stabilizing the inflation rate and stabilizing the gap between actual output and

output under flexible prices. The result that the optimal policy problem has a trivial solution

is widely recognized as a shortcoming of this framework. Clarida, Galí and Gertler (1999)

show that the introduction of an ad hoc, exogenous cost-push shock allows the new Keynesian

model to generate a meaningful policy problem. In this paper, we show that a cost-push shock

arises endogenously in the presence of a cost channel for monetary policy. A cost channel

is present when firms’ marginal cost depends directly on the nominal rate of interest. Barth

and Ramey (2001) provide evidence based on industry level data for the cost channel, and

Christiano, Eichenbaum, and Evans (2001) have incorporated a cost channel into an aggregate

model estimated using U.S. aggregate data. Besides providing additional empirical evidence

for a cost channel of monetary policy, we explore its implications for monetary policy trade-

offs, the objectives of monetary policy, and the effects of shocks on the economy under optimal

discretionary and commitment policies.

We derive the appropriate welfare-based loss function that should be the policy-maker’s

objective in a cost-channel economy and show it is possible to express the loss function in terms

of the gap between output and a measure of potential output that is invariant to assumptions

on monetary policy in the flexible-price equilibrium. As a consequence, the optimal policy

implications can be directly compared with standard new Keynesian results. As we show, the

presence of a cost channel alters these standard policy conclusions in important ways.

If a cost channel exists, any shock to the economy—whether a productivity, government

spending, or preference shock—generates a trade-off between stabilizing inflation and stabilizing

the output gap. In the standard new Keynesian model of Clarida, Galí and Gertler (1999), the

optimal response to such shocks guarantees that neither inflation nor the output gap deviate

from their flexible-price equilibrium values. In contrast, these shocks lead to inflation and output

gap fluctuations under optimal policy (either commitment or discretion) when a cost channel

is present. An adverse productivity shock, for example, leads to a fall in the output gap and a

rise in inflation under optimal policy. Hence, if we assume the central bank behaves optimally,
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observing a rise in the inflation rate does not imply that a cost push-shock has hit the economy;

an adverse productivity shock would generate the same inflation behavior. Conversely, observing

a positive productivity shock coupled with constant inflation would imply that the central bank

is not following the optimal policy.

We also show that the optimal policy does not fully insulate the output gap and inflation

from fiscal shocks. This finding is independent of the presence of the cost channel, and it parallels

the results of Khan, King, and Wolman (2003) and Benigno and Woodford (2004). A common

conclusion from many recent analyzes of monetary policy is that shocks to the expectational

IS curve should be neutralized so that they do not affect the output gap. We show that when

the objective function is derived as a second-order approximation to the representative agent’s

utility function, neutralizing IS shocks arising from fiscal policy is not optimal, because such

shocks affect welfare even when the output gap and inflation remain equal to zero.

The rest of the paper is organized as follows. In section 2, the model is set out and

the equilibrium under flexible prices and under sticky prices is derived. Section 3 estimates a

new Keynesian inflation-adjustment equation and tests for the presence of a cost channel. We

find that we cannot reject the hypothesis that a cost channel is present. Hence, in section 4

we analyze the consequences of the cost channel for optimal policy. We derive a second order

approximation to the utility of the representative agent and use this to define optimal policy

objectives. Then, we analyze optimal policy under discretion and under commitment and show

how previous results are modified when monetary policy operates through the cost channel.

Finally, conclusions are contained in section 5.

2 The basic model

Several theoretical models can generate a cost-side effect of monetary policy. Models which

incorporate a balance-sheet or credit channel of monetary policy imply movements in interest

rates directly affect firms’ ability to produce (Bernanke and Gertler 1989). Christiano and

Eichenbaum (1992) introduce the cost of working capital into the production side of their model,

assuming that factors of production have to be paid before the proceeds from the sale of output

are received. Barth and Ramey (2001), using data for trade credit from the US Flow of Funds,
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report that over the period 1995 to 2000 net working capital (inventories plus trade receivables,

net of trade payables) averaged 11 months of sales, an amount comparable to the investment in

fixed capital.

The basic framework we use to illustrate the cost channel is a cash-in-advance model

with sticky prices that is similar to the model employed by Christiano, Eichenbaum, and Evans

(2001). We simplify their model by ignoring capital and habit persistence in consumption. In

order to capture the role of demand shocks, we introduce both a taste shock to the marginal

utility of consumption and stochastic shocks to government purchases.

The model economy consists of households, firms, the government, and financial inter-

mediaries interacting in asset, goods, and labor markets. The goods market is characterized by

monopolistic competition, and the adjustment of prices follows the standard treatment based on

Calvo (1983). Derivations of the basic new Keynesian model can be found in Woodford (2003)

and Walsh (2003a). We focus here on those aspects of the model that differ from the standard

specification.

The preferences of the representative household are defined over a composite consumption

good Ct, a taste shock ξt, and leisure 1 − Nt. Households maximize the expected present

discounted value of utility:

Et

∞X
i=0

βi

"
ξt+iC

1−σ
t+i

1− σ
− χ

N1+η
t+i

1 + η

#
. (1)

The composite consumption good consists of differentiated products produced by monopolisti-

cally competitive final goods producers (firms). There is a continuum of such firms of measure

1. Ct is defined as

Ct =

·Z 1

0

c
θ−1
θ

jt dj

¸ θ
θ−1
, θ > 1,

where cjt is the consumption of the good produced by firm j. Given prices pjt for the final goods,

this preference specification implies the household’s demand for good j and the aggregate price

index Pt are

cjt =

µ
pjt
Pt

¶−θ
Ct (2)

Pt =

·Z 1

0

p1−θjt dj

¸ 1
1−θ
.
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Households enter period t with cash holdings of Mt. They receive their wage income

paid as cash at the start of the period. They use this cash to make deposits Dt at the financial

intermediary. Their remaining cash balances of Mt + WtNt − Dt are available to purchase

consumption goods subject to a cash-in-advance constraint that takes the form PtCt ≤ Mt +

WtNt − Dt. At the end of the period, households receive profit income from the financial

intermediary and firms and the principle plus interest on their deposits at the intermediary.

Consequently, cash carried over to period t+ 1 is

Mt+1 =Mt +WtNt −Dt − PtCt +RtDt +Πt − Tt,

where Rt is the gross nominal interest rate, Πt is equal to aggregate profits from intermediaries

and firms, and Tt are (lump-sum) taxes 1.

In addition to the demand functions for the individual goods, the following first order

conditions must hold in an equilibrium with a positive nominal interest rate:

ξtC
−σ
t = βEt

µ
RtPt

Pt+1

¶
ξt+1C

−σ
t+1 (3)

χNη
t

ξtC
−σ
t

=
Wt

Pt
(4)

PtCt =Mt +WtNt −Dt. (5)

Equilibrium in the goods market requires that Yt = Ct + Gt, where Gt are government

purchases. We assume the government purchases individual goods in the same proportions as

households and that aggregate government purchases are proportional to output; Gt = (1−γt)Yt,
where γt is stochastic and bounded between zero and one. The aggregate resource constraint

then takes the form Yt = Ct +Gt = Ct + (1− γt)Yt, or Ct = γtYt.

Following the literature on staggered price setting, we adopt a Calvo specification in

which the probability a firm optimally adjusts its price each period is given by 1 − ω. The

fraction ω of firms that do not optimally adjust simply update their previous price by the

1The flexible and sticky price equilibrium equations relevant for the optimal monetary policy problem are un-
changed if money is introduced through a money-in-the-utility-function rather than a cash-in-advance framework,
provided firms have to borrow from the financial intermediary to pay their wage bill.
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steady-state inflation rate. If firm j sets its price at time t, it will do so to maximize expected

profits, subject to the demand curve it faces, given by (2), and a CRS production technology

yjt = AtNjt,where yjt is the total demand for good j by the household and government sectors

and Njt is employment by firm j in period t. At is a mean one stochastic aggregate productivity

factor. The firm must borrow an amountWtNt from intermediaries at the gross nominal interest

rate Rt, so the nominal cost of labor is RtWt. The real marginal cost is the same for all firm

and equal to

ϕt ≡
Rtwt

At
= RtSt, (6)

where St is labor’s share of income and wt = Wt/Pt is the real wage. When prices are flexible,

real marginal cost is equal to the inverse of the (constant) mark up Φ ≡ θ/(θ − 1) > 1:

Rtwt

At
=

θ − 1
θ
. (7)

As is well known (see Galí and Gertler 1999, Sbordone 2002), this model leads to an

inflation-adjustment equation of the form

πt = βEtπt+1 + κϕ̂t, (8)

where πt is the deviation of inflation around the steady-state rate of π̄ and ϕ̂t is the percentage

deviation of real marginal cost around its steady-state value of (θ− 1)/θ. (A hat ˆ notation will
be used to denote percentage deviations around steady-state values.) The parameter κ is given

by κ = (1− ω) (1− ωβ) /ω.

The intermediary receives deposits and a cash injection Xt from the monetary authority.

These funds are lent to firms at a gross nominal interest rateRt. Intermediaries operate costlessly

in a competitive environment, so profits in the intermediary industry are Rt(Dt+Xt)−RtDt =

RtXt = Πi
t. Letting Gt+1 denote the gross growth rate of money from t to t + 1, the cash

injection can be expressed as Xt = (Mt+1−Mt) = (Gt+1 − 1)Mt, and equilibrium in the market

for loans implies that WtN
d
t = Dt +Xt, where Nd

t is aggregate labor demand by firms.
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2.1 The flexible-price equilibrium

The flexible-price equilibrium is obtained by jointly solving equations (4) and (7), using the

production function and the aggregate resource constraint.2 In the flexible-price equilibrium,

denoted by the superscript f , firms equate the real wage, include interest costs, to the marginal

product of labor divided by the markup:

Rf
tw

f
t =

At

Φ
.

Households equate the real wage to the marginal rate of substitution between leisure and con-

sumption:
χNη

t

ξtC
−σ
t

= wf
t .

Using the aggregate production function, Yt = AtNt, the resource constraint, Ct = γtYt, and the

labor market equilibrium condition gives the flexible-price solution for Y f
t :

Y f
t =

·
ξtγ

−σ
t A1+ηt

χΦRf
t

¸ 1
σ+η

. (9)

Equation (9) implies that the steady-state level of output is

Ȳ =

·
γ̄−σ

χΦR̄

¸ 1
σ+η

, (10)

where an over bar denotes a steady-state value. Expressed in terms of percentage deviations

around the steady-state, the flexible-price equilibrium output level is given by

Ŷ f
t =

µ
1

σ + η

¶h
(1 + η)Ât − σγ̂t + ξ̂t − R̂f

t

i
. (11)

When only productivity disturbances are present, as in most new Keynesian models, equation

(11) reduces to Ŷ f
t = (1 + η)Ât/ (σ + η). In the present model, the flexible-price output level is

also affected by fiscal shocks (γ̂t), taste shocks (ξ̂t), and the nominal interest rate. Both fiscal

2Details on the derivations of all results can be found in an appendix, available at
http://econ.ucsc.edu/~walshc/.
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and taste shocks would affect Ŷ f
t even in the absence of a cost channel because they affect labor

supply. The resource constraint implies that Ĉt = γ̂t + Ŷt. A positive γ̂t increases the share

of output going to consumption; this lowers the marginal utility of consumption and reduces

household labor supply. As a consequence, flexible-price output falls. At the same time, if

γ̂ shocks are transitory, consumption rises relative to future consumption, so the equilibrium

real interest rate must fall. The fact that output and consumption move in opposite directions

in response to a fiscal shock in the flexible price equilibrium contrasts with the situation with

either a productivity shock or a taste shock. For example, a positive taste shock ξ̂t increases

the marginal utility of consumption and therefore increases labor supply; flexible-price output

and consumption both rise.

Because of the cost channel, flexible-price output is not independent of the nominal rate

of interest. A rise in the nominal interest reduces labor demand, reducing the equilibrium level

of flexible-price output. The effects of the cost channel, fiscal shocks, and taste shocks on output

operate through their impact on labor supply. In the case of an inelastic labor supply (the limit

as η →∞), neither R̂, γ̂ nor ξ̂t affect Y f
t .

Even with flexible prices, output is distorted by the presence of monopolistic competition,

by a positive nominal rate of interest, and by the wedge between consumption and output

generated by the fiscal variable. The first of these distortions would be eliminated if Φ = 1;

the second distortion would be eliminated if the nominal interest rate were zero (R = 1).

However, even if R = Φ = 1, the resulting output level differs from the level chosen by a social

planner, because private households do not internalize the effects of higher output on government

spending that is implied by assuming Gt is proportional to Yt. Let Ỹt =
£
ξtγ

−σ
t A1+ηt /χ

¤ 1
σ+η be

the output level under flexible prices when R = Φ = 1. The fully efficient level of output can

be shown to equal

Y e
t =

·
ξtγ

1−σ
t A1+ηt

χ

¸ 1
σ+η

= γ
1

σ+η

t Ỹt < Ỹt. (12)

Government purchases, and therefore taxes, increase with output, but private agents do not

account for these changes in deciding on labor supply and consumption. As a result, equilibrium

output, in the absence of the distortions from imperfect competition and a positive nominal
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interest rate, is too high.3

2.2 Equilibrium with sticky prices

When prices are sticky (ω > 0), inflation adjustment is given by equation (8). The difference

between the model developed here and that of Galí and Gertler (1999) is that, from (6), real

marginal cost now depends on the nominal interest rate:

ϕ̂t ≈ R̂t + ŝt,

where ŝt = ŵt + n̂t − ŷt is the log deviation of labor’s share of output around the steady-state

and R̂t is the percentage point deviation of the nominal interest rate around its steady-state

value. Hence, in the presence of a cost channel,

πt = βEtπt+1 + κ
³
R̂t + ŝt

´
. (13)

The linearized versions of (3) and (4) can be used to express the sticky-price model in

terms of the following two equations involving the gap between output and the flexible-price

output level, a nominal interest rate gap, and a real interest rate gap:

Ŷt − Ŷ f
t = Et

³
Ŷt+1 − Ŷ f

t+1

´
−
µ
1

σ

¶h³
R̂t − Etπt+1

´
− r̂ft

i
(14)

πt = βEtπt+1 + κ(σ + η)
³
Ŷt − Ŷ f

t

´
+ κ

³
R̂t − R̂f

t

´
, (15)

where r̂ft is the flexible-price real interest rate.
4 This two equation system differs from the

standard new Keynesian model due to the presence of the nominal interest rate gap R̂t− R̂f
t in

the inflation adjustment equation.

Before exploring the policy implications of the model further, we first turn to the aggre-

gate empirical evidence for the cost channel.

3Bob King has pointed out to us that an optimal fiscal policy, even in the presence of lumpsum taxes, is to
levy an income tax at the rate γt − 1 that “undoes” the effect of γt on the level of output.

4While the direct effect of an increase in the nominal interest rate is to increase inflation, the negative
effect operating through output dominates. Conditional on expected inflation, ∂πt/∂R̂t = κ − κ(σ + η)/σ =
−κη/(σ + η) ≤ 0, so that a rise in R̂t reduces inflation.
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3 Empirical evidence

In the econometric estimate of the cost channel, we generalize the model by assuming the

production function for the monopolistically competitive firm j is

Yt(j) = At Kt(j)
αk Nt(j)

(1−αk), 0 < αk < 1, (16)

where At is the technology level, Kt capital, and Nt labor. Real marginal costs will now differ

across firms if their production levels differ. Sbordone (2002) shows that inflation can be related

to average real marginal cost according to

πt = βEtπt+1 + κ̃ϕ̂t, (17)

where κ̃ = τ(1− ω)(1− βω)/ω, τ ≡ (1− αk)/[1 + αk(θ− 1)], and ϕt is given by labor’s average

share of income divided by 1−αk. If the cost channel is introduced, firm j faces a total nominal

production cost of RtWtNt(j) + Rk
tKt(j). The inflation dynamics are still given by equation

(17) and are a function of average real marginal cost defined as

ϕt =
RtWt/Pt

MPNt
=

RtSt
(1− αk)

(18)

which implies, as before, that ϕ̂t = R̂t + ŝt.

We estimate equation (17) for the US over the sample 1960:1 - 2001:1 using quarterly

data. The econometric specification nests the definition of marginal cost given by (18) and allows

a test of the hypothesis that movements in the nominal interest rate affect inflation dynamics via

the cost channel. The estimation procedure follows Galí and Gertler (1999) and Galí, Gertler,

López-Salido (2001). We obtain estimates of the deep parameters ω and β conditional on αk

and θ. As in Galí, Gertler and López-Salido (2001), we assume a labor share of 2/3 and an

average markup of 1.1 (which implies a value of 11 for θ).

We can rewrite (17) in terms of realized variables to obtain

πt = βπt+1 + κ̃ϕ̂t + ζt,
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where ζt is a linear combination of the forecast error χt = −β [πt+1 − Et (πt+1)] and a random
variable ut. If ut is taken to represent a measurement error, it is reasonable to expect it to have

an i.i.d. distribution. We will later address the issue of alternative interpretations for ut.

Let zt be a vector of variables within firms’ information set Ωt that are orthogonal to ζt.

Then (17) implies the orthogonality condition

Et [(πt − κ̃ ϕ̂t − β πt+1) zt] = 0.

If we express the orthogonality condition in terms of the deep parameters, and use the definition

of real marginal cost (18), we can write a testable equation, which nests the case of the baseline

pricing model and the case of the cost channel model, as

Et{(ω πt − [(1− ω)(1− βω)τ ](ŝt + αR̂t)− ωβ πt+1) zt} = 0. (19)

For α = 0, (19) gives the standard Calvo pricing model, tested in Galí, Gertler, López-Salido

(2001). To find empirical support for the baseline cost channel model with the wage bill paid

in advance, we should expect estimates of α to be not significantly different from 15. Given our

identifying assumptions and the orthogonality condition (19) we obtain estimates of α, β, and

ω using a GMM estimator.

3.1 Model estimates

Our instrument vector zt includes four lags of unit labor costs, GDP deflator inflation, a com-

modity price index inflation, the term spread, the nominal interest rate, wage inflation, and a

measure of the output gap6. This vector zt is labeled ‘instrument set A’ in the table. Table 1
5Our specification assumes firms must pay their entire wage bill at the start of the period. If workers receive

a fraction φ < 1 of their wages at the start of the period, eq. (13) becomes πt = βEtπt+1 + κ(φR̂t + ŝt) . This
specification would justify estimates of α < 1. However, when φ < 1, firms pay the fraction φ of the interest tax
on wages while households pay the remainder. As a consequence, the labor market equilibrium condition used to
express marginal cost in terms of an output gap is unaffected by the value of φ and (14) and (15) do not change.
Therefore, our results on optimal monetary policy in section 4 are unaffected.

6This is the same set of instruments used by Gali and Gertler (1999), except for the addition of the nominal
interest rate. Also, we use the Hodrick-Prescott filter measure of output gap rather than detrended output since
the former can far better accommodate the surge in potential output during the second half of the 1990s. The
results do not change significantly using the Gali and Gertler (1999) set of instruments.
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reports the estimates using a nonlinear instrumental variables two-stage GMM estimator and

the specification of the orthogonality condition as in equation (19). All standard errors are

Newey-West corrected to take into account residual serial correlation.

The estimates for ω and β are reasonably close in the restricted (α = 0) and unrestricted

models, and also close to the Galí and Gertler (2001) estimates of 0.475 and 0.837. The implied

estimate of κ̃ is positive and significant, and the implied average duration of posted price is

between 2 and 3 quarters in both cases. When α is not constrained to 0, its point estimate of

1.276 is not significantly different from 1, as verified by a Wald test of the null H0 = 1. The

estimate of α has a higher standard error than the estimates of β and ω, yet it is significant at

the 1% confidence level when the significance is tested with the Wald statistic. The difference

between the values of the maximized criterion function for the restricted and unrestricted model

can be used to perform the equivalent of a likelihood ratio test for the null hypothesis that α = 0.

This test, known in the literature as a D-test (see Matyas, 1999), rejects the null at a p-value

below 0.1%. The Hansen test confirms that we cannot reject the overidentifying restrictions,

although it is well known that this test has low power against model misspecifications.

GMM guarantees a consistent estimate of the unknown parameter vector but not an

unbiased estimate. Small sample bias of GMM estimators can be large, and it is not obvious

which estimator is appropriate in different situations (see Florens, Jondeau and Le Bihan, 2001).

A first issue relevant for the small sample properties of GMM estimators is the choice of

instruments. While asymptotically any subset zt ∈ Ωt should give the same GMM estimates,

this is not necessarily true in small samples. Kocherlakota (1990) and Tauchen (1986) suggest

that increasing the number of instruments can increase the bias of the estimates while reducing

its variance. The instrument relevance for the results reported in Table 1 has been checked by

running F-tests to verify the predictive power of the instruments. Other test criteria, like Theil’s

U-test and sequential elimination of instruments using the correlation matrix, would lead over

some samples to a different instrument set. Table 1 also reports the estimation results for the

instrument set used in Galí, Gertler, López-Salido (2001), to which four lags of the nominal

interest rate are added. This smaller zt vector, labeled ‘instrument set B’ in the table, includes:

two lags of the unit labor costs, wage inflation, a measure of the output gap, and four lags of

GDP deflator inflation and the nominal interest rate. The difference between the unrestricted

12



and restricted model estimates of ω increases relative to the previous estimate. Using the new

instrument set, the estimate of α has a p-value of only 11%. The D-test though can reject the

hypothesis that α = 0 at a confidence level below 1%. A serially correlated cost-push shock ut

may explain the sensitivity of the estimates to the choice of instrument set.

A second issue related to the nonlinear GMM small sample bias is the estimates’ sen-

sitivity to the orthogonality condition specification. Table 1 also reports estimates for the

specification:

Et{( πt − [(1− ω)(1− βω)τω−1]( st + αR̂t)− β πt+1) zt} = 0. (20)

With this specification, the estimate of ω increases considerably in all cases, implying an average

price duration between 4 and 6 quarters. The point estimate of α using the instrument set A

is significant at the 5% confidence level but very high (11.831). The D-test also rejects the null

hypothesis of α = 0. Since the variance of the estimate is also fairly high, the hypothesis that

α = 1 can be rejected at the 5% confidence level, but not at the 10% level.

A third issue, the choice of the GMM estimator itself, has been widely explored in the

literature as a way to try to correct for the small sample bias. The standard GMM estimator

minimizes the scalar gT (ϑ)WTgT (ϑ) where gT (ϑ) is the sample equivalent of the orthogonality

condition and W is the GMM weighting. The optimal feasible estimator is obtained for WT =

(S̃T )
−1 where S̃T is the estimate of the asymptotic covariance matrix. Usually an estimate for

ST is obtained from an initial IV estimate of ϑ. Hansen (1982) suggests an alternative approach:

the parameters and the weighting matrix can be estimated recursively until (ϑ̃
(i) − ϑ̃

(i−1)
) is

smaller than a convergence criterion. This iterative GMM estimate has the same asymptotic

distribution as the two-stage estimate.

Table 1 reports estimates of α using the orthogonality condition (19) and the iterative

GMM procedure, which has the advantage of being independent with respect to W (1)
T . Iterative

estimates confirm the two-stage estimates when instrument set A is used. The α estimate is

significant, and we cannot reject the null hypothesis that α = 1 7.

7When instrument set B is used, the point estimate increases to 5.282 from the value 1.915 obtained with
the two-stage GMM. But the estimate is now highly significant. The null of α = 1 can be rejected at the 10%
confidence level, but not at the 5% level.
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In summary, the empirical evidence is suggestive of a direct interest rate effect on in-

flation, consistent with the presence of a cost channel through which marginal cost depends

on both real wages relative to marginal productivity and the nominal rate of interest. Given

this evidence, we proceed in the following section to explore the policy implications of the cost

channel.

4 Optimal Monetary Policy

In this section, we first show that the presence of the fiscal shock γ̂t implies a wedge between

the output gap Ŷt− Ŷ f
t and the appropriate “welfare output gap” variable in the central bank’s

loss function. This conclusion is independent of the presence of a cost channel. Second, we

derive optimal policies and show that the cost channel leads to policy trade-offs between the

welfare-relevant output gap and inflation even in the absence of the ad-hoc cost shock that is

typically added to the new Keynesian model to generate such trade-offs.

Following Erceg, Henderson, and Levin (2000) andWoodford (2003), we obtain our policy

objective function by taking a second-order approximation to the utility of the representative

agent. Details are provided in an appendix available from the authors.8 It can be shown that

the present discounted value of the utility of the representative household can be approximated

by
∞X
t=0

βtUt ≈ Ū− Ω
∞X
t=0

βtLt,

where

Lt = π2t + λ
³
Ŷt − Ŷ e

t − z∗
´2
, (21)

Ŷ e
t =

(1 + η) Ât + ξ̂t + (1− σ) γ̂t
σ + η

, (22)

and z∗ is the gap between the flexible-price steady-state equilibrium output and the efficient

steady-state output level. Note that Ŷ e
t is the log deviation around steady-state of the efficient

output level given by (12) derived as the solution to the social planner’s problem. The parameter

8The approximation is based on the assumption that steady-state distortions are small in that sense that
1− (γ̄ΦR̄)−1 is small.
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λ in (21) is given by

λ =

·
(1− ω)(1− ωβ)

ω

¸µ
σ + η

θ

¶
.

According to (21), the appropriate welfare gap measure in the policy maker’s loss func-

tion, Ŷt− Ŷ e
t − z∗, differs from the gap between output and the flexible price equilibrium output

level, Ŷt− Ŷ f
t . The difference between these two gaps can be seen by writing the welfare gap as

Ŷt − Ŷ e
t − z∗ =

³
Ŷt − Ŷ f

t

´
−
µ

1

σ + η

¶³
R̂f
t + γ̂t

´
− z∗. (23)

The last term on the right, z∗, is the gap between the flexible price, steady-state output level

and the efficient steady-state output level, and is equal to (γ̄ΦR̄−1)/γ̄ΦR̄(σ+η). It depends on

the presence of monopolistic competition via the markup Φ, the fiscal tax γ̄, and the monetary

distortion generated by a non-zero average nominal rate of interest (R̄ > 1). Because our main

focus is on stabilization policies, we will follow the literature in assuming that fiscal subsidies

ensure these average efficiency distortions are eliminated so that z∗ = 0. With z∗ = 0, the

welfare gap consists of two terms. The first term on the right, Ŷt − Ŷ f
t , is the output gap

expression that arises in the standard new Keynesian model. Marginal cost is proportional to

Ŷt−Ŷ f
t , and this same output gap also appears in the standard new Keynesian inflation equation.

Hence in this model a policy designed to keep output equal to the flexible-price output level also

succeeds in stabilizing inflation. The second term arises because of the inflation-tax distortions

operating through the cost channel that depend on fluctuations in the nominal interest rate and

the inefficiency associated with fluctuations in the fiscal variable due to the externality discussed

in section 2. Therefore in a cost channel model the policy instrument R̂f
t cannot be adjusted to

stabilize simultaneously inflation and the output gap. Moreover, because γ̂t affects the wedge

between the efficient level of output and the flexible-price output, even if prices are flexible or

the central bank keeps Ŷt = Ŷ f
t , it may be optimal to offset fluctuations in γ̂t by allowing Ŷt−Ŷ f

t

to fluctuate, despite this leading to inflation fluctuations.

From (11), we can define the output level which would obtain in the flexible-price equi-
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librium, conditional on the policy rule R̂f
t = 0 for all t, as

9

Ŷ ∗t =
(1 + η)Ât − σγ̂t + ξ̂t

σ + η
. (24)

and the welfare gap (23) becomes (with z∗ = 0)

Ŷt − Ŷ e
t = Ŷt − Ŷ ∗t −

µ
1

σ + η

¶
γ̂t.

This also means that we can re-express real marginal cost as

ϕ̂t = (σ + η)
³
Ŷt − Ŷ ∗t

´
+ R̂t. (25)

If we define xt ≡ Ŷt−Ŷ ∗t as our output gap—the gap between output and the flexible-price output
under a constant nominal interest rate—the monetary policy problem can be written as

max−1
2
Et

∞X
t=0

βt

(
π2t + λ

·
xt −

µ
1

σ + η

¶
γ̂t

¸2)
(26)

subject to

xt = Etxt+1 −
µ
1

σ

¶
(R̂t − Etπt+1) + ut (27)

and

πt = βEtπt+1 + κ(σ + η)xt + κR̂t, (28)

where

ut ≡
µ
1 + η

σ + η

¶·
(EtÂt+1 − Ât)−

³η
σ

´
(Etξ̂t+1 − ξ̂t) +

η

1 + η
(Etγ̂t+1 − γ̂t)

¸
(29)

is a composite, exogenous “demand” disturbance term that depends on productivity, taste, and

fiscal shocks.

Under discretion, the first order conditions imply10

πt = −
µ

λ

κη

¶·
xt −

µ
1

σ + η

¶
γ̂t

¸
. (30)

9Note that R̂t = 0 corresponds to an interest rate peg in the flexible-price equilibrium, not a zero nominal
interest rate.
10See the appendix for details.
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Because the nominal interest rate appears in (28), it is necessary to solve (27), (28) and (30)

jointly to obtain the equilibrium. Thus, shocks appearing in the expectations IS equation will

force the central bank to trade off its inflation and welfare gap objectives, even in the absence

of a standard cost shock in the inflation equation. In addition, as the first order condition

illustrates, it will not be optimal to maintain zero inflation and a zero welfare gap in the face

of fiscal shocks. Equation (30) also highlights how the trade-off between output and inflation

objectives is affected by the cost channel. In the standard case, the coefficient on xt in the

first order condition would be λ/κ(σ + η) < λ/κη. Thus, with a cost channel, optimal policy

will result in greater inflation variability for a given level of output gap variability. Intuitively,

stabilizing inflation has become more costly; as R̂t is increased, for example, xt decreases, and

this serves to reduce inflation, but the direct inflation effect of the rise in the nominal interest

rate partly offsets the deflationary impact of tighter monetary policy. Because it is more costly

(in terms of the output gap) to control inflation, equilibrium inflation variability will be higher.

To highlight further the role of the cost channel, consider the effects of productivity

and taste shocks. These enter the equilibrium conditions through the definition of the IS

disturbance ut. In the absence of a cost channel, the nominal interest rate would not appear

in (28). In this standard case, the nominal interest rate can be adjusted to neutralize fully the

impact of productivity and taste shocks on the output gap and inflation; optimal policy in the

face of productivity and taste shocks maintains inflation and the output gap at zero. Actual

output moves in tandem with fluctuations in the flexible-price equilibrium output caused by

productivity and taste shocks.

Now consider how this conclusion is altered in the presence of a cost channel. With

R̂t appearing in (28), the nominal interest rate cannot be used to insulate the output gap

from productivity or taste shocks without causing fluctuations in the rate of inflation. The

central bank will need to trade off its output gap and inflation objectives. Consider the case

of a productivity shock.11 Assume the productivity shock follows an AR(1) process given by

Ât = ρaÂt−1 + at with 0 < ρa < 1. A positive realization of Ât raises current output relative

to future output, and the equilibrium real rate of interest must fall to induce a rise in current

consumption relative to future consumption. This corresponds to a negative realization of ut.

11The analysis of a taste shock would be exactly parallel.
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If the nominal interest rate is reduced to maintain a zero output gap, inflation falls via the cost

channel. To limit this decline in inflation, the optimal policy lets output rise above the flexible-

price equilibrium level. Thus, actual output expands more than the flexible-price equilibrium

output level in response to a positive productivity shock. Under an optimal discretionary policy,

the output gap and inflation return gradually to their steady-state value. Under commitment,

policy induces more inertia (Woodford 2003) and the inflation rate, after first falling below zero,

rises above zero, ensuring that the price level is stationary. The output gap responds positively

to the productivity shock, as under discretion, but under commitment it then rises further to

generate the positive rates of inflation needed to return the price level to its original level.

The responses of output and inflation under the optimal discretionary policy in the face

of a positive productivity shock appear similar to the experience of the U.S. in the 1990s—in the

face of a positive productivity shock, output expanded above most estimates of trend growth,

while inflation declined. The impact of ut on inflation is increasing in λ; if the central bank

places no weight on output gap stabilization (λ = 0), then it adjusts the nominal interest rate

to offset the impact of output movements on inflation, keeping inflation equal to zero. When

output gap stabilization is also desirable, the central bank must accept some fluctuation in both

πt and xt in the face of ut disturbances.

The situation is more complicated for the case of fiscal shocks, as these affect ut and

alter the welfare output gap directly. As in the models of Khan, King, and Wolman (2003) and

Benigno and Woodford (2004), the fiscal variable generates a wedge between the output gap

and what we have called the welfare gap. In the absence of the cost channel, the impact of γ̂

on u and aggregate demand could be neutralized to keep inflation and the output gap at zero.

However, this would cause the welfare gap to move with the fiscal shock. To reduce fluctuations

in welfare, the optimal policy would allow both inflation and the output gap to deviate from

zero. A rise in government spending (a negative γ) has effects similar to a negative cost shock in

a standard new Keynesian model; maintaining a zero output gap so that inflation also remains

at zero causes a rise in the welfare gap.12 To limit the rise in the welfare gap, the output gap

must fall, and optimal policy will trade-off some decrease in inflation to dampen the movement

in the welfare gap. Thus, while the fiscal shock increases the flexible-price equilibrium level of

12Recall that the welfare gap can be written as xt − 1
σ+ηγt.

18



output through the effect of higher taxes on labor supply, actual output and employment rise

less, allowing the output gap to fall. Since Ĉt = γ̂t + Ŷt = γ̂t + Ŷ ∗t + xt, the fall in xt reinforces

the negative realization of γ̂t, increasing the variability of consumption. These effects under the

optimal monetary policy are similar to those obtained by Khan, King, and Wolman (2003), who

find that optimal policy increases consumption variability in the face of fiscal shocks.

To illustrate the response to fiscal shocks under optimal discretionary and commitment

policies, we calibrate the model and solve it numerically. The basic parameter values we use

are fairly standard. We set σ = 1.5, and η = 1. The discount factor, β, is set equal to 0.99,

appropriate for interpreting the time interval as one quarter. The value of 0.75 for ω is consistent

with the empirical findings of Galí and Gertler (1999) and those reported in section 3. A value

of 11 for θ implies a steady-state markup of 1.1. For the impulse responses, we report the impact

of a 1-unit innovation to γ̂, and we allow the shock to be highly serially correlated, ργ = 0.9.
13

Optimal policy also depends on the value of λ. Given these parameter values, the underlying

theory implies λ = (1 − βω)(1 − ω)(σ + η)/(ωθ) = 0.0195. In most of the monetary policy

literature, larger values of λ are commonly employed. For example, McCallum and Nelson

(2000), Jensen (2002), and Walsh (2003b) set λ = 0.25. Since the qualitative results are similar,

we only report results for λ = 0.25.

The responses of the welfare gap, the output gap, inflation, and the nominal interest

rate to a positive γt shock under the optimal commitment policy, with and without the cost

channel are shown in Figure 1. Recall that a positive innovation to γt corresponds to a negative

shock to government spending. For a given level of output, this implies consumption rises and

households reduce their labor supply; as a consequence, the efficient and flexible-price levels of

output falls. Under the optimal commitment policy, actual output also falls but by less than Ŷ ∗

does, so the output gap rises. Inflation increases, while the welfare gap falls.

While the cost channel does not materially affect the basic responses to a fiscal shock,

the nominal interest rate does fall more when a cost channel is present, leading to a larger rise

in the output gap. This serves to limit the fall in the welfare gap. Given that the efficient level

of output drops on impact and then increases back to the steady state, a positive and decreasing

13The autocorrelation coefficients play a different role from the one outlined in Clarida, Gali and Gertler
(1999). The IS curve shock ut is a function of the differences (EtÂt+1− Ât), (Etξ̂t+1− ξ̂t), (Etγ̂t+1− γ̂t). Larger
values of ρ map into a smaller shock ut.
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output gap requires a fall in the real interest rate. Under commitment, this is achieved primarily

by a fall in the nominal interest rate R̂t.

Under discretion, the situation is somewhat different, as shown in Figure 2. The output

gap responds less than under commitment (implying output falls more since Ŷ f is independent of

the policy regime). This means the gap falls more in the presence of the cost channel than when

it is absent. The major difference, however, occurs in the behavior of inflation, which is much

more sensitive to the γ̂ shock under discretion than under commitment. This reflects the poorer

output gap-inflation trade off faced under discretion. Because the central bank cannot commit

to producing a future deflation, it is less able to stabilize current inflation. Under discretion, a

prolonged rise in inflation occurs following a persistent decline in government demand. Because

this increases expected inflation, the nominal interest rate actually increases in response to the

positive fiscal shock even though the real interest rate falls. The existence of a cost channel has

little effect on the response of either the welfare gap or the output gap. The primary impact of

a cost channel is to produce much greater inflation movements due to the larger movements in

the nominal rate of interest.

5 Conclusions

In the new Keynesian model that has become a standard framework for investigating monetary

policy issues, policy operates on aggregate spending through an interest rate channel. For many

purposes, the exact nature of the monetary policy transmission mechanism is unimportant—

the critical factors for policy are the objective function of the central bank and the inflation-

adjustment mechanism. The details of the channels through which interest rate changes affect

spending are only relevant for determining the actual nominal interest rate behavior that is

required to achieve the desired time paths of inflation and the output gap. In this paper, we have

investigated the implications for optimal policy when monetary policy also affects the economy

through a cost channel. If nominal interest rate movements directly affect real marginal cost,

as the empirical evidence of Barth and Ramey (2001) and the evidence we reported in section

3 suggest, then monetary policy directly affects the inflation-adjustment equation.

We derived the appropriate welfare-based loss function for the cost channel economy.
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The flexible-price level of output is not independent of monetary policy as in the standard

model—therefore a reference ‘potential output’ for the economy is not uniquely defined. But

since welfare can be expressed as a function of the gap between output and the level of output

conditional on a constant interest rate policy, the policy-maker’s loss can still be written in

terms of inflation and a well-defined measure of an output gap.

Interest rate changes necessary to stabilize the output gap lead to inflation rate fluc-

tuations when a cost channel is present. As a consequence, the output gap and inflation will

fluctuate in response to productivity and demand disturbances even when the central bank is

setting policy optimally. A positive productivity shock leads to a fall in inflation and a rise in

the output gap under either optimal commitment or optimal discretionary. Thus, a period of

above average productivity should also be associate with a rise in output above the flexible-price

level (a rise in the output gap) and a decline in inflation.

Finally, we also showed that an optimal policy, either under commitment or discretion,

does not stabilize the output gap and inflation in the face of fiscal shocks. This result holds

regardless of whether a cost channel is present. In earlier analyses, an ad-hoc demand shock was

often added to the expectational IS curve, and optimal policy would always move the interest

rate to ensure these shocks did not affect the output gap or inflation. When fiscal shocks alter

the share of output available for consumption, stabilizing their impact on the output gap is

not an optimal policy. Instead, a positive shock to government spending increases the flexible-

price level of output. Under an optimal monetary policy, the output gap and inflation both

fall, implying that it is optimal to ensure actual output rises less than the flexible-price level of

output.
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Table 1: Estimates of the New Phillips Curve

ω β α H0 : α = 1 D − test Hansen test

Instrument set A
Specification (1)

Restricted 0.512
(0.026)

0.895
(0.027)

0

Unrestricted 0.543
(0.036)

0.850
(0.027)

1.276
(0.496)

0.311
[0.576]

13.659
[0.000]

11.059
[0.988]

[0.010]

Instrument set B
Specification (1)

Restricted 0.546
(0.047)

0.921
(0.033)

0

Unrestricted 0.611
(0.0612)

0.879
(0.034)

1.915
(1.210)

0.572
[0.449]

7.240
[0.007]

8.226
[0.60]

[0.114]

Instrument set A
Specification(2)

Restricted 0.773
(0.056)

0.970
(0.017)

0

Unrestricted 0.802
(0.048)

0.905
(0.021)

11.831
(6.040)

3.215
[0.072]

58.52
[0.000]

10.696
[0.991]

[0.050]

Instrument set A
Spec. (1) − Recursive GMM

Restricted 0.476
(0.026)

0.93
(0.025)

0

Unrestricted 0.547
(0.038)

0.860
(0.024)

1.239
(0.51)

0.216
[0.641]

10.940
[0.989]

[0.016]

Note: GMM estimates of the structural parameters of (13). Newey-West corrected standard
errors in brackets, p-values in square brackets. The null hypothesis for the D-test is H0 : α = 0. Data
sample is 1960:Q1 to 2001:Q1. Instrument set A includes four lags of: non-farm business sector real unit
labor cost, HP-filtered output gap, GDP deflator inflation, the CRB commodity price index inflation,
10 year - 3 month US government bond spread, non-farm business sector hourly compensation inflation,
3-month T-bill rate. Instrument set B includes: two lags of non-farm business sector real unit labor
cost, HP-filtered output gap, non-farm business sector hourly compensation inflation, and four lags of
GDP deflator inflation and 3-month T-bill rate. All data supplied by the Bureau of Labor Statistics,
the Bureau of Economic Analysis, the Federal Reserve System FRED database. Specification (1) uses
orthogonality condition (19). Specification (2) uses orthogonality condition (20). Unless otherwise
specified, the results report two-stages GMM estimates.
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Figure 1: Response to a fiscal shock under optimal commitment with (triangles) and without
(squares) the cost channel.
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Figure 2: Response to a fiscal shock under optimal discretion with (triangles) and without
(squares) the cost channel.
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