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ew Keynesian macroeconomic models

have become workhorses for monetary

policy analysis by academic economists

and central banks.1 The latest generation

of forecasting models being developed by many central

banks consists of elaborate New Keynesian models,

whose distinguishing feature is the introduction of

nominal rigidities via monopolistically competitive

firms and/or households that set optimal prices and/

or wages at infrequent intervals.2 The incorporation of

nominal rigidities constitutes a link with the old Key-

nesian models that were prevalent until the 1970s.

Because their behavioural equations are based on

explicit maximization problems solved by households

and firms, they incorporate the main features of the

new classical and real business cycle models devel-

oped since. New Keynesian models introduce three

channels through which inflation is costly and which

are absent from the traditional literature on the costs

of inflation:

1. Since firms set prices at different times,

there is price dispersion across firms. This

price dispersion increases at higher rates of

trend inflation and entails a loss of efficiency

in production.3

1.  We briefly outline a standard New Keynesian model on pp. 7–8. Clarida,

Galí, and Gertler (1999) contains a good summary of the standard New

Keynesian framework.

2. Monopolistic competition refers to a particular way of modelling imperfect

competition among sellers in a market. It assumes that sellers face negatively

sloped demand curves for their product and take this into account when set-

ting their prices, while taking as given not only the price set by other firms,

but also total industry output and the exact price index for industry output.

Monopolistic competition is a paradigm that facilitates the modelling of the

effects of imperfect competition, since it abstracts completely from strategic

interaction among firms. The analytical tractability of the paradigm was

demonstrated by Dixit and Stiglitz (1977).

3.  The traditional literature on the costs of inflation addresses the issue of

price dispersion, but in a context of imperfect information in which consum-

ers expend time and energy to seek out products that are relatively less costly.

In New Keynesian models, price dispersion is costly even if there is perfect

information about the prices charged by different firms.

N
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2. Since firms set prices under monopolistic

competition, their prices are higher than

their marginal costs of production. The rate

of trend inflation has an effect on the aver-

age markup set by firms, and therefore on

the size of the distortion that results from

monopoly power, which constitutes an

additional source of inefficiency.4

3. At higher levels of trend inflation, firms’

pricing decisions are relatively less sensitive

to their marginal costs. Monetary policy acts

via its effects on aggregate demand, which

in turn is related to firms’ real marginal

costs. Therefore, monetary policy becomes

less effective at higher rates of inflation. This

leads to a higher variability of inflation,

which is also costly.

With the adoption of explicit inflation targeting by

more and more central banks, New Keynesian models

are being used to refine inflation targets and to

develop strategies for reducing inflation variability.

It is therefore crucially important to understand how

these new channels operate and their quantitative sig-

nificance for the costs of inflation. This article reviews

the three new channels, explains how they operate,

discusses their quantitative importance, and exam-

ines their implications for the conduct of monetary

policy.

It is crucially important to
understand how these new channels

operate and their quantitative
significance for the costs of inflation.

The article is structured as follows. The next section

very briefly reviews the traditional literature on the

costs of inflation. The third section briefly presents

a simplified version of a standard New Keynesian

model. The fourth section explains in detail the work-

ings of the three new channels and discusses their

quantitative importance. The fifth section discusses

the implications of these new channels for the conduct

of monetary policy.

4.  The same argument is applicable to nominal wage rigidity. The nominal

wage that gives the same average markup over the opportunity cost of leisure

will vary directly with trend inflation.

The Traditional Literature on the
Costs of Inflation
There is a voluminous literature on the costs of infla-

tion. It would not be fruitful to survey this literature

in detail here, but a quick review will highlight the

absence from the traditional literature of the channels

introduced by New Keynesian models. A comprehen-

sive summary is available in Fischer and Modigliani

(1978).5 They enumerate six types of costs, starting

with an economy in which inflation is fully anticipated

and where the institutional structure of the economy

has fully adapted to inflation. They then gradually

relax these assumptions to discuss costs that result

from imperfectly anticipated inflation and from the

incomplete adaptation of institutional structures to

the presence of inflation.

The six costs are:

1. In a fully indexed economy in which all

agents have adapted to inflation and all

contracts and debt instruments (except

for currency) are indexed, inflation is costly

because it reduces the use of real balances,

which affects “shoe leather costs.” In addi-

tion, by altering the allocation of real wealth,

inflation may affect capital accumulation

and growth. Finally, if the unit of account

for transactions is nominal, there will be

resource costs of changing prices (“menu

costs”).6

2. In an economy in which the tax system is

less than fully indexed, inflation creates

distortions by affecting relative real after-

tax rates of return.

3. In an economy in which private contracts

and debt instruments are not fully indexed,

inflation again creates distortions by affect-

ing relative real rates of return.

4. In an economy in which inflation is not

perfectly anticipated, shocks to inflation

will cause ex ante rates of return to diverge

from ex post rates of return and will in gen-

5.  The more recent survey by Fischer (1994) should suffice to show that little

was added to our knowledge of the costs of inflation between the publication

of the article by Fischer and Modigliani and the advent of the New Keynesian

approach to macroeconomic modelling.

6. Shoe leather costs refers to the costs in time and resources (including wear

and tear on shoes) of walking to the bank to make cash withdrawals. Menu

costs in its narrow sense refers to the costs of printing new menus with

revised prices, and more generally, to the costs of printing new catalogues,

posting new prices on store shelves, etc.
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eral affect the distribution of income and

wealth across individuals.

5. In an economy with uncertain inflation,

inflation changes the risk characteristics of

assets and affects the allocation of wealth.

6. Finally, attempts by governments to sup-

press the symptoms of inflation via wage

and price controls or controls on nominal

interest rates can create additional distortions.

Fischer and Modigliani mention very briefly the costs

of inflation through distortions in relative prices when

prices are fixed at different times by firms. Their dis-

cussion focuses on the effects of unanticipated inflation

and the role of imperfect information: “such increased

variability [in relative prices] leads to misallocation of

resources, and to the absorption of resources in search

and information gathering activities” (1978, 828). As

discussed below, the cost of price dispersion in New

Keynesian models arises even with perfect certainty

and under perfect information. Fischer and

Modigliani do not mention the possibility of a markup

distortion. They do discuss the Phillips curve, but not

the possibility that its slope may change at different

rates of trend inflation.

The New Keynesian Framework
Clarida, Galí, and Gertler (1999) present a compact

version of the standard New Keynesian model, which

embodies nominal price rigidity only. Wages are

flexible, and the labour market clears at all times:

Extending the model to include nominal wage rigidity

is straightforward, but leads to a more complicated

system of equations.

The basic model supposes the existence of a collection

of monopolistically competitive firms that produce

goods that are imperfect substitutes for the goods

produced by their competitors. In most versions of the

basic model, the goods are intermediate inputs that

are used by a competitive sector that produces a single

final good.7 The firms set their prices optimally for

more than one period at a time.8 In setting their prices,

7.  Another version of the basic model makes the assumption that the goods

are imperfect substitutes from the point of view of consumers who have a

taste for diversity. The two different versions of the model are algebraically

equivalent.

8. In the standard New Keynesian model, the reason why firms set prices for

more than one period is not made explicit. This assumption is justified by

appealing to menu costs of changing prices or costs of gathering the informa-

tion necessary to make an informed decision concerning the firm’s output

price, but these costs are most often not an explicit part of the model. The

state-dependent pricing models discussed below are exceptions to this rule.

In these models, the menu costs of changing prices are modelled explicitly.

firms take into account their costs of production and

the expected future path of prices over the horizon for

which they fix their prices.

This basic set-up can be used, given some additional

assumptions, to derive the so-called New Keynesian

Phillips curve (NKPC), relating current inflation to

future expected inflation and to the output gap. In the

notation of Clarida, Galí, and Gertler, we have:

. (1)

The notation used is as follows: is the deviation of

inflation from its long-run level; is the output gap, the

proportional divergence between the current level of

output and the level that would prevail if prices

were perfectly flexible. is the expectations operator

conditional on information available at time t.  is a

disturbance term that is tacked onto the equation (its

presence cannot be directly inferred from the optimal

price-setting behaviour of firms) and has the interpre-

tation of a cost-push shock (something that generates

fluctuations in inflation independently of fluctuations

in the output gap).  is a parameter that measures

individuals’ subjective discount rates (which also

measures the weight they give as shareholders to

firms’ future profits versus current profits). is a

positive parameter that depends on the characteristics

of firms’ production functions, the degree of substitut-

ability across different types of goods, the frequency at

which firms change their prices, and on .

The additional assumptions needed to derive an

NKPC of this form include the following:

• Firms have a constant probability of being

able to revise their prices in any given

period. Therefore, when a firm sets its

price, it does not know with certainty for

how long the price will remain fixed. This

assumption, first used by Calvo (1983),

facilitates aggregation across firms and

leads to the simple functional form of the

NKPC.9

• Either the long-run trend rate of inflation is

equal to zero, or (following Yun 1996), in

periods when firms do not reoptimize their

prices, they can nevertheless adjust their

prices at a rate determined by trend infla-

tion. Once again, this assumption is respon-

9. Another widely used pricing scheme is that of Taylor (1980). Under Taylor

pricing, firms keep their prices constant for a fixed number of periods. It is

usually assumed that different cohorts of firms change their prices in stag-

gered fashion.

πt λxt βEtπt 1+ ut+ +=

πt
xt

Et
ut

β

λ

β



8 BANK OF CANADA REVIEW • WINTER 2007–2008

The Costs of Inflation in New
Keynesian Models
Inflation and relative wage and price
dispersion
By considering the pricing behaviour of firms in long-

run equilibrium, it is possible to show that there is a

negative trade-off between average (trend) inflation

and output in New Keynesian macroeconomic mod-

els.13 (Note that this argument concerns the properties

of the long-run equilibrium itself rather than the

properties of linearizations around it.) The first author

to demonstrate this result was Ascari (2004).14

The reasoning that leads to this negative trade-off is

as follows. If firms fix their prices for several periods,

their relative prices will decline over time if trend

inflation is positive. Firms will front-end load their

prices so that they are initially higher than the overall

price level and are on average lower than the overall

price level when firms are allowed to reoptimize their

prices. Firms will produce less of their good than is

socially optimal when they first set their prices, and

as inflation erodes their relative prices, will wind up

producing too much of their goods. If a social planner

could allocate resources, he or she would equalize the

marginal productivity of each type of good produced

by the monopolistically competitive firms. Because of

price rigidity, this type of equalization does not happen.

The marginal social product of firms with relatively

high prices is too high. The marginal social product

of firms with relatively low prices is too low.

This price dispersion occurs under positive trend

inflation even in the absence of aggregate uncertainty:

13.  Equation (1) shows that, for a given value of expected future inflation,

there is a positive trade-off in the short run. By dropping time subscripts and

solving for the relationship between inflation and output, the long-run trade-

off also appears to be positive, and authors such as Devereux and Yetman

(2002) and Blanchard and Galí (2005) have made this claim. Since the equa-

tion is based on a linear approximation, however, and variables are measured

as deviations from their long-run values, the latter are, by construction, equal

to zero in the long run. The equation should not be used to infer anything

about the long-run trade-off in isolation from the rest of the model.

14.  Buiter (2006, 2007) argues that any model in which there is a long-run

trade-off between inflation and output, either positive or negative, is not well

specified. He argues that the Lucas (1976) critique implies that an inflationary

environment would lead firms to index their prices using rules similar to the

one proposed by Yun (1996). This flies in the face of casual evidence that firms

in inflationary environments do in fact fix their prices for long periods of time

without indexing them to trend inflation. It also ignores the resource costs to

firms of implementing the price changes implied by their indexation rules.

State-dependent pricing models such as that of Dotsey, King, and Wolman

(1999), in which the costs of changing prices are modelled explicitly and the

average length of price rigidity is endogenous, are immune to the Lucas cri-

tique, but do not prejudge the issue of whether price dispersion varies with

trend inflation in the steady state.

sible for the simple functional form of the

Phillips curve.

• The NKPC is derived by aggregating the

optimal price-setting decisions across firms

and then taking a first-order approximation

of the resulting equation around the trend

rate of inflation, which must be zero unless

the Yun (1996) assumption is used.

• The aggregate capital stock is fixed in the

short run, but capital can be reallocated

instantaneously and costlessly across dif-

ferent firms.

Much of the discussion of the costs of inflation and of

the implications of New Keynesian macroeconomics

for monetary policy has taken this simple form of the

NKPC for granted. This can be quite misleading, as

we will argue below.

The New Keynesian model is completed by a dynamic

IS curve:10

, (2)

where  is a short-term nominal interest rate (meas-

ured as the deviation from its long-run level), and

is an aggregate demand disturbance. This equation

can be derived from the consumption Euler equation

of the representative private agent after imposing the

condition that consumption equals output minus gov-

ernment spending.11

An interest rate reaction function for the central bank

can be added, assuming that the monetary policy

instrument is the short-term interest rate, in which

case we have a three-equation system for the three

endogenous variables , , and . Alternatively, it

is possible to derive the optimal monetary policy by

defining a loss function that depends on inflation and

the output gap and by minimizing the loss function

subject to the NKPC.12

10.  The IS curve is the relationship, in standard Keynesian models, between

the interest rate and output that yields equilibrium in the goods market.

11.  The Euler equation comes from the household’s first-order condition for

asset holdings, which yields an equation relating current consumption and

expected future consumption. The basic model abstracts from investment and

assumes a closed economy.

12.  Woodford (2003) shows how to derive such a loss function as an approxi-

mation of the utility function of the representative agent. In solving the prob-

lem, the central bank is assumed to be able to choose the inflation rate and the

output gap subject to the NKPC. The interest rate that will allow these targets

to be achieved can then be backed out using equation (2).

xt ϕ i( t Etπt 1+ )– Etxt 1+ gt+ +–=

i t
gt

i t xt πt
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firms that have set their prices more recently have

higher relative prices (and lower output) than firms

that have not had a chance to reoptimize their prices

for a longer period. Furthermore, the degree of front-

end loading of prices is an increasing function of the

trend rate of inflation. The steady-state spread between

the firm with the highest relative price and the firm

with the lowest relative price increases with the rate

of trend inflation. Price dispersion is therefore an

increasing function of trend inflation, and real gross

domestic product (GDP) is a decreasing function of

steady-state inflation. These results hold qualitatively,

not only for Calvo pricing, but for any pricing scheme

that has the property that average contract length is

independent of the trend rate of inflation. The size of

the effect of trend inflation on output is highly sensi-

tive to the type of pricing scheme that is assumed.

We take up this issue in the next subsection.

Price dispersion is an increasing
function of trend inflation and causes
real GDP to be a decreasing function

of steady-state inflation.

The quantitative importance of price dispersion
The quantitative importance of this cost depends

critically on assumptions concerning the type of wage-

and price-setting. Ascari (2004) calibrates a standard

new Keynesian model with realistic numerical values

for its structural parameters. He shows that, under

Calvo pricing, even moderate inflation has very

strong effects on the steady-state level of output

because of the assumption that all firms have a proba-

bility of being able to revise their price no matter how

long it has been in effect. This means that there will be

a small number of firms that have not revised their

price for a very long time. Their relative prices are so

low that they capture a large fraction of the total mar-

ket. Ascari shows that with moderately high trend

inflation (on the order of 15 per cent to 20 per cent

inflation at annual rates, depending on the elasticity

of substitution across different types of goods),

steady-state output falls to zero, and there is no well-

defined equilibrium. The relative price of the small

number of firms that have not changed their price in a

long time is so low that they capture all of aggregate

demand, leaving nothing for the other firms in the

economy.

Under Taylor pricing, the quantitative effects of price

dispersion are smaller by an order of magnitude than

under Calvo pricing. Taylor pricing holds that firms

keep their prices constant for a fixed, rather than a

random, number of periods. With positive trend

inflation, the firms with the lowest relative prices have

not changed their prices for the number of periods

equal to one less than the average length of the price

contract (which is the same for all firms). Under Calvo

pricing, the firms with the lowest relative prices have

kept their prices constant for an indefinitely long

period of time, even if the average number of periods

between price changes is relatively low.

Amano, Ambler, and Rebei (2006) extend Ascari’s

result to look at the effects of trend inflation outside

the steady state. Since stochastic shocks can affect the

dispersion of prices outside the deterministic steady

state, it is necessary to use higher-order approxima-

tions of the model’s equilibrium conditions in order to

capture these effects: Schmitt-Grohé and Uribe (2005)

show that a linearized model such as the basic New

Keynesian model will, by construction, be unable to

capture the effect of shocks on wage and price disper-

sion. Amano, Ambler, and Rebei find that Ascari’s

results (2004) are amplified outside of the deterministic

steady state. Under Calvo pricing, stochastic shocks

have quantitatively very large effects on price disper-

sion, and these effects increase with the rate of trend

inflation. Under Taylor pricing, the effects are quanti-

tatively very small.

The quantitative difference for price dispersion between

Calvo pricing and Taylor pricing has important conse-

quences for the welfare costs of trend inflation. Under

both pricing schemes, trend inflation reduces economic

welfare because of the loss of output, but the costs of

trend inflation are extremely high under Calvo pricing

and very mild with Taylor pricing. The quantitative

impact of trend inflation under Calvo pricing is so

high that Ascari (2004) and Amano, Ambler, and

Rebei (2006) question the usefulness of this pricing

scheme. New Keynesian models with Taylor pricing

and Calvo pricing may bracket the true cost of

inflation resulting from price dispersion,15 indicating

a need for empirical work to better assess the true cost

of price dispersion. Researchers will first have to identify

plausible empirical equivalents for the rather abstract

15. Furthermore, if the average duration of price rigidity actually decreases at

higher levels of inflation, the costs of inflation resulting from price dispersion

could be even lower. In models where the degree of price rigidity depends on

the average rate of inflation, it would also be necessary to take account of the

resource costs of changing prices to get a complete measure of the welfare

costs of inflation.
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intermediate goods that are used in the models.

While the effects of price dispersion under Taylor

pricing are quantitatively very small, Amano et al.

(2007) show that even with Taylor contracts, nominal

wage rigidity can have quantitatively important effects

on economic welfare. This result is compatible with

Huang and Liu (2002), who show that rigid nominal

wages lead to a higher degree of persistence in New

Keynesian models than rigid nominal prices, and with

Ambler (2006), who shows that it is easier to justify

nominal wage rigidities as an equilibrium outcome in

the face of small adjustment costs than it is to justify

nominal price rigidities.

Finally, state-dependent pricing models such as those

analyzed by Dotsey, King, and Wolman (1999) and

Golosov and Lucas (2003) have the property that the

average length of price rigidity reacts endogenously

to changes in trend inflation.16 The dynamics of price

dispersion have not yet been analyzed in this type of

model, but this is a potentially fruitful avenue for

future research.17

Effects of trend inflation on markups
The monopolistically competitive firms in New

Keynesian models face downward-sloping demand

curves for their products. The most common assumption

is that their demand curves have a constant elasticity

of demand. If they were able to reset their prices in

each period, profit maximization would entail a

proportionally constant markup over their marginal

costs. Since they fix their prices for several periods,

their markup will vary from period to period during

the price contract. With positive trend inflation, the

markup will be eroded over time.

With flexible prices, monetary policy has no leverage

over the markup. If nominal prices are rigid, the average

markup will depend on trend inflation. The reasons

for this are not obvious. Wolman (2001) distinguishes

between two effects of inflation on the average markup.

First, higher inflation leads firms that do adjust their

prices to set a higher markup in order to protect them-

selves against the erosion of their relative prices from

future inflation. Second, higher inflation accelerates

the rate of erosion of the markup of firms whose prices

remain fixed. Wolman refers to this latter effect as

the erosion effect. He shows that, in a simple model

with two-period price rigidity, the erosion effect

16.  Bakhshi, Khan, and Rudolf (2004) show how to derive a Phillips curve

based on a model of state-dependent pricing.

17.  Golosov and Lucas (2003) show that steady-state price dispersion is

affected, but not strongly, by trend inflation (see their Figure 3).

dominates at very low levels of inflation, so that rising

inflation decreases the average markup. At higher

levels of inflation, the former effect dominates. Wolman

also shows that a low, positive inflation rate minimizes

the average markup in the steady state.

The average markup is directly
related to trend inflation.

Another way of looking at this problem is as follows.

Costs are typically convex in output. At higher rates

of trend inflation, an individual firm’s relative price

varies more over the life of the contract. When it resets

its price, the firm front-end loads the price. The firm’s

relative price is high initially, and therefore its output

(which is determined by the demand for its product)

is low. Over time, inflation erodes the relative price,

which is typically below average just before the price

is reset. The firm’s output increases over the life of the

price contract, and its marginal cost increases more

than proportionally. In order to achieve the same aver-

age markup above marginal cost over the life of its

price contract, the firm must initially set a higher rela-

tive price. Aside from a region for very low positive

values of trend inflation where the erosion effect dom-

inates, the average markup is directly related to trend

inflation.

The quantitative importance of variable markups
The inflation rate at which the average markup is

minimized depends on all of the structural parameters

of the model, including the elasticity of substitution

across different types of goods and the average length

of the nominal price rigidity. In general, the markup-

minimizing inflation rate is low, and the minimum

average markup is not much lower than with a zero

rate of trend inflation. With low to moderate rates of

trend inflation, the average markup does not vary by

much. Economic welfare is therefore not too sensitive

to the rate of trend inflation over this range when

looking only at the markup channel.

Inflation and the slope of the Phillips curve
As discussed above, the standard NKPC is derived

under the restrictive assumption that either trend

inflation is zero or firms adjust their prices at a rate

equal to trend inflation even during periods when

they are not allowed to reoptimize their prices. If the

prices of all firms increase at the rate of trend inflation,
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the slope of the Phillips curve is independent of trend

inflation.

The assumption can be relaxed by assuming that firms

are not allowed to adjust their prices during periods

when they are not allowed to optimize their prices,

and by dropping the assumption that trend inflation is

zero. Under Calvo pricing, it is still possible to derive

a fairly simple Phillips curve by aggregating across

firms and linearizing around a given (non-zero) rate of

trend inflation. This extended New Keynesian Phillips

curve (ENKPC)18 has the following form:

, (3)

where

. (4)

Here,  is defined as the deviation of inflation from

trend inflation, which is given by . The slope of the

Phillips curve, which is given by , now depends

on the rate of trend inflation. The structural parame-

ters on which depends include , which gives the

constant probability that an individual firm will not

be allowed to revise its price during a given period,

and , which gives the elasticity of substitution across

the different goods produced by the monopolistically

competitive firms.

Several points are worth noting about the ENKPC.

First, we can recover the standard NKPC by setting

 = 1 (i.e., by assuming zero trend inflation). Second,

the level of the inflation target alters the relationship

between inflation and output, thereby altering the

dynamics of inflation. Specifically, the output gap

parameter is decreasing in , so a decline in the central

bank’s inflation objective strengthens the link between

inflation and the output gap. In other words, with a

lower (higher) inflation objective the current output

gap has to vary less (more) to achieve a given change

in inflation, all else being equal.19 In this sense, mone-

tary policy is more effective at lower levels of trend

inflation. Not only is there an inverse relationship

between trend inflation and the output gap parameter,

there is also a direct relationship between trend infla-

18.  Detailed derivations of the ENKPC can be found in Ascari and Ropele

(2006) and Bakhshi et al. (2003).

19.  It is important to note that these results hold only for moderate rates of

trend inflation such as those experienced in many industrialized countries

over the past three decades. As shown by Ascari (2004), at higher levels of

inflation, their output literally falls to zero with Calvo pricing.

π̃t βΠEtπ̃t 1+ γ xt ut vt+ + +=

γ
1 αβΠ θ( 1)–

–

αΠ θ( 1)– 
 
 

1 αβΠθ
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π̃t
γ

Π 1–

γ α

θ

Π

Π

tion and the impact of expected inflation on current

inflation.

The intuition for this last result is straightforward. The

ENKPC indicates that when firms set their prices, they

pay attention to expected future inflation and to real

marginal cost. With low trend inflation, the most

important determinant of profits is the expected evo-

lution of real marginal cost, captured by the term for

the output gap in equation (3). At higher rates of trend

inflation, the evolution of inflation has a relatively

more important impact on profits, and expected

future inflation gets relatively more weight in firms’

optimal pricing rule. Inflation becomes less sensitive

to marginal cost. The ENKPC merely says that the rel-

ative weight on real marginal costs versus expected

future inflation declines as trend inflation increases.

Insofar as real marginal cost is directly related to the

output gap, the Phillips curve becomes flatter. This

means that monetary policy (which acts by affecting

aggregate demand) becomes less effective at higher

rates of inflation.

This result may seem counterintuitive, especially in

light of the conjecture by Taylor (1999) that the degree

of pass-through from fluctuations in marginal cost to

output prices would decline with trend inflation. His

result can be understood in the context of fixed menu

costs for changing prices. It is as if we were to endog-

enize the frequency of price changes in the basic New

Keynesian model, making it a direct function of the

rate of trend inflation.

Monetary policy becomes less

effective at higher rates of inflation.

The reduced effectiveness of monetary policy is a cost

of inflation. Ascari and Ropele (2006) show that,

under discretionary monetary policy, it is optimal

for the central bank to respond less strongly to varia-

tions in inflation resulting from cost-push shocks.

This can explain the empirical regularity of a direct

relation between the level and the variability of inflation.

Amano, Ambler, and Rebei (2005) show that this posi-

tive relationship between the average level of inflation

and inflation variability holds when the central bank can

precommit to the optimal monetary policy. Because of

the reduced effectiveness of monetary policy at higher

rates of trend inflation, this constitutes an additional

cost of trend inflation in terms of economic welfare.
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Implications for Monetary Policy
The three channels through which inflation is costly

have implications both for monetary policy in the long

run (the choice of the steady-state level of inflation),

and for the conduct of short-run stabilization policy

(the optimal degree of price-level stability).

Optimal trend inflation in New Keynesian
models
Price dispersion is minimized in the steady state when

trend inflation is equal to zero. The costs resulting

from the markup distortion are minimized at a low,

positive rate of inflation. When choosing an optimal

rate of trend inflation, the costs of these two distortions

would have to be balanced at the margin. In a simple

model with two-period price rigidity, Wolman (2001)

shows that the price-dispersion distortion is quantita-

tively much more important, so that the optimal rate

of trend inflation is very close to zero.

With nominal wage rigidities, a trend rate of wage
inflation of zero would minimize welfare costs owing

to wage dispersion, while a slightly positive rate of

wage inflation would minimize the average markup

of nominal wages over the opportunity cost of for-

gone leisure. With both nominal wage and nominal

price rigidities, the costs of all four distortions in the

steady state (price dispersion, wage dispersion, the

average markup of prices over marginal costs, and the

average markup of wages over the opportunity cost of

leisure) would have to be balanced at the margin. If

the trend rate of wage inflation equals the trend rate

of price inflation, which must be the case in the

absence of technological progress, this would once

again give an optimal trend inflation rate very close to

zero.

If the trend rate of technological progress is positive,

the trend rates of wage and price inflation would have

to differ so that real wages could grow along the econ-

omy’s balanced growth path. The work of Amano et

al. (2007) and of Ambler and Entekhabi (2006) suggests

that the most costly distortion is the one resulting

from wage dispersion. Balancing the costs of the two

dispersion distortions and the two markup distortions

at the margin would lead to an optimal trend rate of

wage inflation very close to zero. Consequently, the

optimal rate of price inflation would be negative.

Amano et al. (2007) show that because of the non-

linearities inherent in the New Keynesian model, the

introduction of technical progress increases the benefits

of lowering the trend rate of price inflation towards

zero.

The flattening of the Phillips curve at higher rates of

trend inflation would also favour a trend inflation rate

of zero in order to maximize the efficacy of monetary

policy. Obviously, when the three channels introduced

by New Keynesian models are combined with tradi-

tional channels, the optimal trend inflation rate will

balance all of the costs and benefits at the margin.

For example, the inability to pay interest on outside

money balances will push the optimal trend inflation

rate towards that implied by the Friedman rule.20

Optimal stabilization policy
Stochastic shocks have the effect of causing fluc-

tuations in price and wage dispersion and in aver-

age markup. A central question in the context of

New Keynesian models concerns the optimal degree

of price-level variability. Earlier papers addressed this

question using relatively simple versions of the New

Keynesian model and concluded that price-level

stability is the optimal monetary policy. This is the

conclusion of Goodfriend and King (1997).21 In their

model, the trend inflation rate is taken as given and

is not necessarily equal to zero. Their model actually

implies that strict inflation targeting is optimal, so that

past inflation surprises are accommodated by the cen-

tral bank.

Goodfriend and King’s model assumes only nominal

price rigidity, and they characterize monetary policy

as optimal if it allows the economy to attain the same

equilibrium that it would under flexible prices (even

though the flexible price equilibrium is suboptimal,

owing to imperfectly competitive firms that set prices

above their marginal costs of production). In richer

settings, price stability may no longer be optimal.

Erceg, Henderson, and Levin (2000) set up a model

with both nominal wage and price rigidities,22 in

which the markup distortions are corrected through

the use of fiscal policy. Only two distortions remain,

stemming from the two types of nominal rigidity, but

the central bank cannot achieve a Pareto-efficient allo-

cation if it has only one instrument. They show that

the utility of the representative private agent can be

approximated with a loss function that depends on

variability in price and wage inflation and the output

20.  The Friedman rule stipulates that, for efficiency reasons, cash balances

should carry the same real rate of return as interest-bearing assets. This holds

when the inflation rate is sufficiently negative to reduce the nominal interest

rate on bonds to zero.

21.  Goodfriend (2002) includes a relatively non-technical summary of the

main arguments of Goodfriend and King (1997).

22.  Both wages and prices are set using Calvo contracts in their model.



13BANK OF CANADA REVIEW • WINTER 2007–2008

gap. They also show that the optimal monetary policy

involves some real wage adjustment and that between

prices and nominal wages, it is the most flexible variable

(the one with the shortest average contract length)

that optimally does the most adjusting.

Schmitt-Grohé and Uribe (2005) study optimal fiscal

and monetary policy in a more elaborate New Keynesian

model that includes both nominal price and nominal

wage rigidities (once again wages and prices are set

using Calvo contracts) and other sources of distortion

such as distortionary taxation. Some of the features of

their model would seem to favour variable inflation as

the optimal monetary policy: for example, the existence

of non-indexed nominal government bonds creates an

incentive to use inflation to erode the real value of

government debt. Nevertheless, they find that the

optimal monetary policy involves a very low volatility of

prices.23 Since wages and prices are set using Calvo

contracts, this is likely to accentuate the costs of price

dispersion both in the steady state and in response to

23.  They calculate the optimal monetary and fiscal policies by assuming that

the government can precommit to its announced policies and by solving for

the government’s optimal strategies subject to the first-order conditions of

private agents.

stochastic shocks: Their results may not be robust to

the introduction of alternative pricing schemes. In

addition, they include aggregate technology shocks in

their model, but technology is stationary, so that there

is no wedge in the long run between price inflation and

wage inflation. This feature of their model is also likely

to favour price stability as the optimal monetary policy.

Conclusions
New Keynesian models have immensely enriched our

qualitative understanding of the costs of inflation.

They will be used by central banks for the foreseeable

future as forecasting tools and for analyzing the optimal

conduct of monetary policy. This article argues that

the quantitative importance of the impact of inflation

on economic welfare depends on how nominal price

and wage rigidities are modelled, which varies widely

across different types of New Keynesian models.

Clearly, further fine-tuning of inflation targets and of

strategies to keep inflation on target in both the short

and the medium term will depend on developing a

better understanding of the new channels and of how

important they are for quantifying the costs of inflation.

Literature Cited
Amano, R., S. Ambler, and N. Rebei. 2005. “Monetary

Policy and Trend Inflation: Some Preliminary

Results.” Bank of Canada. Draft.

———. 2006. “The Macroeconomic Effects of Nonzero

Trend Inflation.” Journal of Money, Credit and Bank-
ing 39 (7): 1821–38.

Amano, R., K. Moran, S. Murchison, and A. Rennison.

2007. “Trend Inflation, Wage and Price Rigidities,

and Welfare.” Bank of Canada Working Paper

No. 2007–42.

Ambler, S. 2006. “Nominal Wage Rigidity as a Micro-

foundation for the New Neoclassical Synthesis.”

Université du Québec à Montréal. Draft.

Ambler, S. and N. Entekhabi. 2006. “Technical

Change, Wage and Price Dispersion, and the Opti-

mal Rate of Inflation.” Université du Québec à

Montréal. Draft.

Ascari, G. 2004. “Staggered Prices and Trend Inflation:

Some Nuisances.” Review of Economic Dynamics
7 (3): 642–67.

Ascari, G. and T. Ropele. 2006. “Optimal Monetary

Policy under Low Trend Inflation.” University of

Pavia. Draft. Available at <http://economia.unipv.it/

pagp/pagine_personali/gascari/

optimal_policy_2nd.pdf>.

Bakhshi, H., P. Burriel-Llombart, H. Khan, and

B. Rudolf. 2003. “Endogenous Price Stickiness,

Trend Inflation, and the New Keynesian Phillips

Curve.” Bank of England Working Paper No. 191.

Bakhshi, H., H. Khan, and B. Rudolf. 2004. “The Phil-

lips Curve under State-Dependent Pricing.” Bank

of England Working Paper No. 227.

http://economia.unipv.it/pagp/pagine_personali/gascari/optimal_policy_2nd.pdf
http://economia.unipv.it/pagp/pagine_personali/gascari/optimal_policy_2nd.pdf
http://economia.unipv.it/pagp/pagine_personali/gascari/optimal_policy_2nd.pdf


14 BANK OF CANADA REVIEW • WINTER 2007–2008

Literature Cited (cont’d)
Blanchard, O. and J. Galí . 2005. “Real Wage Rigidities

and the New Keynesian Model.” National Bureau

of Economic Research (NBER) Working Paper

No. 11806.

Buiter, W. H. 2006. “The Elusive Welfare Economics of

Price Stability as a Monetary Policy Objective:

Why New Keynesian Central Bankers Should

Validate Core Inflation.” European Central Bank

Working Paper No. 609.

———. 2007. “How Robust Is the New Conventional

Wisdom in Monetary Policy?: The Surprising Fra-

gility of the Theoretical Foundations of Inflation

Targeting and Central Bank Independence.” Pre-

sented at the Bank of England’s Chief Economists’

Workshop, “Policy Challenges to Monetary The-

ory,” 18 April 2007. Available at <http://

www.nber.org/~wbuiter/konstanz.pdf>.

Calvo, G. A. 1983. “Staggered Prices in a Utility-Maxi-

mizing Framework.” Journal of Monetary Econom-
ics 12 (3): 383–98.

Clarida, R., J. Galí, and M. Gertler. 1999. “The Science

of Monetary Policy: A New Keynesian Perspec-

tive.” Journal of Economic Literature 37: 1661–1707.

Devereux, M. B. and J. Yetman. 2002. “Menu Costs

and the Long-Run Output-Inflation Trade-Off.”

Economics Letters 76 (1): 95–100.

Dixit, A. K. and J. E. Stiglitz. 1977. “Monopolistic

Competition and Optimum Product Diversity.”

American Economic Review 67 (3): 297–308.

Dotsey, M., R. G. King, and A. L. Wolman. 1999.

“State-Dependent Pricing and the General Equi-

librium Dynamics of Money and Output.”

Quarterly Journal of Economics 114 (2): 655–90.

Erceg, C. J., D. W. Henderson, and A. T. Levin. 2000.

“Optimal Monetary Policy with Staggered Wage

and Price Contracts.” Journal of Monetary Econom-
ics 46 (2): 281–313.

Fischer, S. 1994. “Modern Central Banking.” In The
Future of Central Banking: The Tercentenary Sympo-
sium of the Bank of England, 262–308, edited by F.

Capie, C. Goodhart, S. Fischer, and N. Schnadt.

Cambridge: Cambridge University Press.

Fischer, S. and F. Modigliani. 1978. “Towards an

Understanding of the Real Effects and Costs

of Inflation.” Weltwirtschaftliches Archiv 114

(4): 810–32.

Golosov, M. and R. E. Lucas, Jr. 2003. “Menu Costs

and Phillips Curves.” National Bureau of

Economic Research (NBER) Working Paper

No. 10187.

Goodfriend, M. 2002. “Monetary Policy in the New

Neoclassical Synthesis: A Primer.” International
Finance 5 (2): 166–91.

Goodfriend, M. and R. G. King. 1997. “The New

Neoclassical Synthesis and the Role of Monetary

Policy.” In NBER Macroeconomics Annual 1997,

231–83, edited by B. S. Bernanke and J. J. Rotem-

berg. Cambridge: MIT Press.

Huang, K. X. D. and Z. Liu. 2002. “Staggered Price-

Setting, Staggered Wage-Setting, and Business

Cycle Persistence.” Journal of Monetary Economics
49 (2): 405–33.

Lucas, Jr., R. 1976. “Econometric Policy Evaluation: A

Critique.” Carnegie-Rochester Conference Series on
Public Policy 1: 19–46.

Schmitt-Grohé, S. and M. Uribe. 2005. “Optimal Fiscal

and Monetary Policy in a Medium-Scale Macr-

oeconomic Model: Expanded Version.” National

Bureau of Economic Research (NBER) Working

Paper No. 11417.

Taylor, J. B. 1980. “Aggregate Dynamics and Staggered

Contracts.” Journal of Political Economy 88 (1): 1–23.

———. 1999. “Staggered Price and Wage Setting in

Macroeconomics.” In Handbook of Macroeconomics,
1010–50, edited by J. B. Taylor and M. Woodford.

Amsterdam: North-Holland.

Wolman, A. L. 2001. “A Primer on Optimal Monetary

Policy with Staggered Price-Setting.” Federal
Reserve Bank of Richmond Economic Quarterly
87 (4): 27–52.

Woodford, M. 2003. Interest and Prices: Foundations of a
Theory of Monetary Policy. Princeton: Princeton

University Press.

Yun, T. 1996. “Nominal Price Rigidity, Money Supply

Endogeneity, and Business Cycles.” Journal of
Monetary Economics 37 (2–3): 345–70.

http://www.nber.org/~wbuiter/konstanz.pdf
http://www.nber.org/~wbuiter/konstanz.pdf

	The Costs of Inflation in New Keynesian Models

