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Abstract

Inflation may enhance the efficiency of the price systemin the presence of nominal rigidities.
For the price system to function efficiently there is aneed for nominal pricesto adjust both to
real and nominal shocks for relative prices to disseminate the appropriate signals. Since the
incentivefor price settersto change prices depends not only on the costs of changing prices but
also on the realized shocks, it follows that the rate of inflation may affect the incentive to
change prices. The higher the rate of inflation the larger the incentive to change prices, and in
the presence of real shocks requiring adjustment of relative prices this may lead to a better
functioning price system. Empirical evidence supportsthat nominal rigiditiesaremoreprevalent
at low rates of inflation. It follows that there can be welfare costs of targeting inflation at too
low alevel.
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1. Introduction

It iscommonly agreed today that monetary policy should aim at low and stableinflation. Many
countries haveintroduced explicit inflation targeting procedures (see Svensson (1999)) or have
taken steps to ingtitutionalize a policy of price stability, cf the institutional set-up of the
European Central Bank®. But what level of inflation should be targeted ? |'s the optimal rate of
inflation zero or arethere strong argumentsthat aslightly positive rate of inflation - say 2-3% -
isoptimal? Isit problematic if the policy objective is asymmetric with an upper but no lower
bound on the rate of inflation?

Turning to economic theory for an answer one finds that one line of reasoning approachesthe
welfare costs of inflation in terms of what Bailey (1956) termed the “shoe |eather” effect. The
idea being that positive rates of inflation viaan increase in the nominal rate of interest leadsto
a socia inefficient low level of money demand which in turn causes excessive transactions
costs. Arguing that money is socially costless to produce Friedman (1969) reasoned that
inflation works as atax, and proposed that the optimal rate of inflation is the one which makes
the nominal interest rate equal to zero. With a positive real rate of return thiswould require a
negative rate of inflation. However, putting theinflation tax in a 2™ best setting with other dis-
tortionary taxes (Phelps (1973)) in general implies that this tax should be used and thus
inflation should be positive?.

Another argument isthat money isnot in general super-neutral, that is, changesin theinflation
rate affect via various mechanisms the allocation of resources (cf Tobin (1965 )). While there
Is a strong theoretical case for the absence of super-neutrality, it is widely agreed that the
guantitative importance is very modest. This is also reflected in numerous empirical studies
attempting to identify arelationship between inflation and growth, but for moderate rates of
inflation no such relation has been established, see eg Gylfason and Herbertsson (1998).

A third line of reasoning considers how inflation affects the efficiency of the price system -
does inflation contribute to improve or distort price signals? Two contradictionary views can
befound in the literature. Oneisthat inflation makes the price system function less efficiently
since it leads to more variability in relative prices. Within a framework of incomplete

! Forthe European Central Bank the policy has been formulated as“ price stability shall be defined as a year-on-year
increase in the harmonised Index of Consumer Prices (HICP) for the euro area of below 2%” (European Centra
Bank(1999)). This is supplemented with the provision that this in practice means that inflation in the medium run
should be in the interval between 0% and 2%.

2 Feldstein (1996) arguesthat these effects are dominated by inflationary distortionsin thetaxation system, in particu-
lar between inflation and capital income taxation.



information in competitive markets this idea was extensively analysed as aside product to the
New-classical macroeconomics (seeeg Barro (1981)) for referencesand an introduction to this
literature), and it was shown how excessive price variability could lead to misallocation of
resources. Price variability or dispersion may also entail efficiency costsif it leadsto excessive
resource-absorbing search activities on the part of customers, cf Bénabou (1988,1992)3.

Another view is that inflation may work as grease for the price mechanism. The argument is
that various sectoral shocks continuously require adjustment of relative prices, some have to
increase and othersto decrease. The adjustment process goes through nomina wage and price
adjustment. At low rate of inflation some nominal prices (wage) will haveto fall, and other to
rise to ensure the proper adjustment of relative prices. At high rates of inflation, the required
adjustment of relative prices may be ensured evenif all nominal prices (wages) rise since some
increase by more than others. However, at low rates of inflation the adjustment process may
be strained to the extent that there are downward nominal rigidities.

Thisideaisinformally developed in the seminal paper by Tobin (1972) in which he contends
that:

Higher prices or faster inflation can diminish involuntary, disequilibrium unem-
ployment, even though voluntary, equilibrium labour supply is entirely free of
money illusion (Tobin, 1972, p 2).

Tobin's story of inflation as grease was based on a setting with continuous sectoral realloca-
tions (“stochastic macroeconomic equilibrium”) and thus a need for adjustment of relative
prices. In this setting inflation may grease the adjustment process to the extent that there are
downward nominal wage rigidities. While this idea has since been rather popular and often
encountered in policy debates (see eg Edey (1995)), it has surprisingly not received much
attention in the theoretical literature. One exception isthe recent paper by Akerlof et al (1996)

3 Bénabou (1988,1992) has shown that this is indeed the case but also that one cannot draw any conclusions on the

efficiency costsof inflation from thisobservati on sincethe changein search activity hasother implications. First, increased
search activity tendstoreducethe market power of firmsand thereby theinefficiency | oss caused by imperfect competition.
Second, strategic complementarity in price setting implies that the optimal relative price is dependent on the rate of
inflation although the direction is in general ambiguous. Hence, by introducing search behaviour explicitly in the
formulation of demand it follows that inflation has both favourable and unfavourabl e effects on resource allocation, and
itisnot possibleto make general statements on which dominates. Diamond (1993) devel opsamodel in which the positive
effects dominate for small rates of inflation and the negative dominates for high rates of inflation implying that thereis
an optimal non-negative rate of inflation.



which embodies the idea in a dynamic model .*

However, one important shortcoming of thisargument isthat it relies on exogenously imposed
downward nominal rigidities, and the incentives of price setters are not considered. Thisis
particularly problematic since models generating downward rigidities, tend to imply that
downward rigidities are less prevalent at low rates of inflation (see e.g. Tsiddon(1991)).

The aim of this paper is to consider an alternative channel through which information may
affect the efficiency of the price system. The incentive to change prices depends on changesin
market conditions, that is, the realization of both real and nominal shocks. The higher therate
of inflation, other things being equal, the larger the incentive to change nominal prices to
maintain the optimal relative price and vice versa. This suggests that relative prices are more
flexibleand therefore that the price mechanismworksbetter asaresourceallocation mechanism
at higher rates of inflation. At very low rates of inflation the incentive to change prices is
reduced and this may interfere with the need to change prices to attain an efficient resource
allocation.

There is by now arich variety of models generating nominal rigidities featuring adjustment
costs, information problems, synchronization issues and strategic interactions, cf eg Andersen
(1994) for an introduction). Since models based on adjustment costs (menu cost models) are
the easiest to handle we shall use this as aworkhorse to explore the implications of inflation
for price adjustment and resource allocation. The specific case considered here involves
nominal price adjustments but an argument along the same lines could be developed for
nomina wage adjustment. Specifically, the model of monopolistic competition which has
become the workhorse model of much modern macroeconomic analysis (see eg Romer (1996))
is used to address the issue of the trade off between the costs of adjusting prices and the
incentive to adjust prices which in turn depends on real shocks and the underlying rate of
inflation.

The paper is organized as follows:. section 2 devel ops the theoretical model and considers the
incentive to adjust prices for single firms and derives a measure of the misalocation of
resources due to nominal price rigidities. Section 3 considers the optimal rate of inflation,
section4 reviewsempirical evidence supportingthat nominal rigiditiesandinflation arerel ated.
Section 5 provides some concluding remarks.

* The structure of the model is, however, so complicated that analytical solutions are not available, and the authors
takeresort to simulationsto illustrate that downward nominal rigidities may produce a non-linear Phillips-curve. See
Andersen (2000) for asimple model.



2. Inflation and price adjustment

Consider an economy with a continuum of monopolistic firms producing differentiated non-
storable products. Firmsindexed by i are uniformly distributed on the unit interval and have a
measure of 1. The representative consumer has a demand function defined over the com-
modities given as

X, = f(pi) f'<0
where p; isthe relative price charged for commodity i defined as P,/M using the money stock

as the nominal anchor.> We assume that the elasticity of demand is constant and equal to 1.
The firm produces subject to a production function

1
= k. >0
y| k | |

wherek; isan exogenous productivity parameter and |, islabour input. Real profit can bewritten

AL

Assuming that nominal wages are proportional to the money stock ((W/M) = constant norma-
lized to unity for convenience) to rule out that the argument relies on an imposed nominal wage
rigidity we find that real profit to firmi charging a nominal price P, and having marginal real
costs k; can be written

BB B

The optimal pricefor firmi isreadily found to be
-1
. 10
PP=mkM , m E@——B >1
n
where n isthe elasticity of demand determining the mark-up m.

It is assumed that marginal real costs of production are given as
k. =1+¢,

> Effectively assuming that aggregate prices are proportional to the aggregate price index, that is, the Caplin and

Spulber (1987) aggregation result isimplicitly taken to hold. This aso rules out strategic complementarity in price
setting and therefore a possibility of multiple equilibria to the price adjustment game.



whereg, hasadensity function, h( €, ), which is symmetric around zero and with support in [-

A,A], A>0. The current money supply isrelated to the past money supply as M =(1+mM ,

ie 1t is the money growth rate which under the assumption made above equals the rate of
inflation.

The initial nominal price of the firm is assumed to beﬁi (E mﬁ) , that is, the optimal price

given the past money supply and assuming that the real shock isrealized at its expected value.
The question is now whether firms will change their nominal price after they know the
realization of the real shock determining their marginal production costs. For this problem to
be non-trivial it is assumed that there is afixed real cost of adjusting the price (c).

The shock to the marginal costs of production isareal shock creating a need for adjustment of
relative prices. Thisinteracts with the need for nominal price adjustment created by inflation.
The firm has thus to weight the cost of having an inoptimal nominal price relative to the cost
of adjusting the price. Proceeding with the usual method adopted in the menu-cost literature,
we use that the profit when charging the price P, rather than the optimal price P* up to asecond
order approximation can be written

BBV B, B

L, POop pO
2;'BVT M 0

[P O

Since by definitionV p B\TH: 0, it follows that the profit loss from maintaining the initial
M

(now inoptimal) nominal priceisgiven as

0 [P

Bl -2 E

where

_ 1,0
2VQBVTH>O

It follows straightforward that the firm decides not to change its price if
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Using the approximation (1+ x) ™ O1- x , the condition that the firm keeps an unchanged

price can be written

ZET

TT+ 2<
(t+ ) an

Thisimplies that the firm maintainsits initial nominal price if the shock to marginal cost lies
in the interval

—(m+ 17 <g <T1-T

The bounds determining the interval of realizations for the real shock for which prices are
unchanged depend on the costs of changing prices measured by T and the rate of inflation ()

Intuitively, the higher the cost t, the wider the interval supporting unchanged prices. The
interval supporting an unchanged price is only symmetric around zero in the case of an
underlying nominal growth rate of zero (7=0). If nominal growth is positive, it will be
negatively biased, that is, unchanged pricestend to prevail for firmsexperiencing low marginal
costs (low ¢;) and they therefore tend to have atoo high price (initial pricerelativeto the new

optimal price). This gives an asymmetry or downward rigidity such that the higher the rate of
inflation, the more pricesare downward rigid. The fact that the interval supporting fixed prices
moves “leftwards’ when inflation increases, means that the consequences of nominal price
rigidities can be affected by changing the rate of inflation.

The probability that a given firm keeps afixed price is given as

= jh()

—(T+7)

By assumption thisis the fraction of firms not changing their price.

It is easily shown that inflation isinducing price flexibility since

0

%z ~h(t —p) +h(—(t +p)) <0forp =0

that is, the higher the rate of inflation, the smaller the fraction of firms keeping unchanged
nominal prices. Theintuition for thisresult isthat if inflation islow, the need to adjust prices



islower and this produces nominal price rigidities. Thisimplies not only that nominal shocks
have real effects, but also that the adjustment to real shocks (herethe €, ‘s) isimpaired.

Considering how price rigidity affects relative prices we have
ﬁ IM 1
PIM  (1+m(l+¢g)
It follows that inflation tends to imply that the firms who do not adjust their price tend to have

a‘“too low” price, whilethe real shock impliesthat firmswith high (low) marginal coststend
to have atoo low (high) price.

Turning to aggregate activity we find anon-linear relationship between aggregate activity and
inflation. To see this note that aggregate activity can be written

X :If%\%‘%(si)di

~(rr+7) -7 -1 A
= J’ f(k;m)h(g)di + J’f(m(1+n) )h(si)di+J’f(kim)h(si)di

-(re+1)

and it follows that

a_X>O
ot

and

X
— o Oformt =
omt ?

There is a non-linear relationship(Phillips curve) between aggregate activity and the rate of
inflation. Higher inflation leads to higher activity, but eventually the effect dies out. Thisis
similar to the findings of Tobin (1972) and Akerlof et.al. (1986) except that it is here derived
in a setting where price adjustment is made endogenous.

3. The Optimal Rate of Inflation
The preceding analysis suggeststhat the choice of the rate of inflation may affect the efficiency

of the price system. High inflation necessitates price adjustments which are good for resource
allocation, but entailsadjustment costs. On the other hand, low inflation impliespricerigidities,



and low adjustment costs, but an inadequate adjustment of prices. This suggests a trade-off
between the costs of price changes and the efficiency of the price system in alocating
resources.

A welfare evaluation is complicated in the present setting by the market imperfections caused
by the market power of price-setting firms. Thisdoesin itself create awelfare lossrelative to
the case of perfect competition. This is reflected in the mark-up parameter (m). Since thisis
unaffected by inflation, we usethe case of fully flexible pricesasthe benchmark for thewelfare
considerations. To assess the welfare consequences of inflation, we thus adopt a 2™ best
approach in the sense that market imperfections imbedded in the market power of firms are
taken as given®. It isthus asked what rate of inflation maximizesthe welfare of consumerstaken
as given the market power of firms (constrained efficiency), see appendix.

The misallocation of resources caused by price rigidity can be written (see appendix)

Tt

xjn+a h(g)dsg, x>0

(T+TM)

We have that

aAa(T[T[) . [h (1 +1) _T[)]

-

+X J’2(n+a)h(g)dg§0

=(T+m)

The effects of inflation on the misallocation of resources isthusin general ambiguous, since
two effectsare present. First, higher inflation reducesthefraction of firmskeeping arigid price
by moving the interval supporting rigid prices leftward. Second, the higher the inflation rate,
the larger the discrepancy between the optimal and the rigid price and thus resource
misallocation for those firms not changing their prices. It is therefore not possible to make an
unambi guous statement concerning the relationship between the efficiency of the price system
and the rate of inflation.

® This disregards the fact that money needs not be super-neutral, that is, changesin the rate of inflation may change
the optima relative price, production level for imperfectly competitive firms (see Naish(1986),
Kuran(1986a,b),K onieczny(1990)). Danziger(1988) presents an interesting model in which anincrease in the rate of
inflation effectively reduces the market power of firms and thereby becomeswelfare-improving. Notice, that thisisa
completely different argument than the one discussed here in relation to adjustment to shocks.
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However, a zero inflation rate is in terms of alocation efficiency dominated by a strictly
positive rate of inflation (Tt >0), i.e. (see appendix for proof)
A (9 <A (0) forft>0

that is, there are efficiency gains in terms of a better allocation of resources to be reaped by
choosing a strictly positive rate of inflation.

Although thereis not amonotone rel ation between inflation and misallocation of resources due
to the two counteracting effects mentioned above, it can be shown (see appendix) that

limA (19 =0

TT—

ie at very high rates of inflation nominal pricesarefully flexible and hence pricerigidity isnot
a source of misallocation of resources.

From this one may infer that a very high rate of inflation is optimal since it eliminates the
distortions caused by nominal rigidities. Such aconclusion disregardsthe costs of inflation. In
the present model thisiscaptured by the cost associated with price adjustment and the optimal
rate of inflation is found as the solution to

minA (T +(L-W(T)c

where thefirst termis the misallocation term and the second isthe costs of price adjustment (=
fraction of firms changing prices times the adjustment cost).

While it is difficult to characterize the optimal rate of inflation in generd, it is possible to
conclude that it is strictly positive (see appendix). The intuition why there is a welfare case
for having a positive rate of inflation is that low inflation strengthens nominal rigidities. If
inflation is low (zero) firms are less concerned about adjusting prices but this interferes with
the need for price adjustment to cope with real shocks so as to ensure an efficient resource
alocation. In short inflation may work asgrease by affecting theincentivesfor price adjustment
to imply more price flexibility and thereby improve efficiency in allocation.

Finaly, note that the argument made here is that inflation interacts with the incentives
underlying price adjustment so as to have implications for resource allocation despite the fact
that monetary neutrality prevails in the long run. The present argument is not exploiting the
non-neutrality of money implied by nominal price rigidities, that is, the gain included in the
comparison made here does not include the short run gain in activity which follows from a
(unanticipated) monetary expansion in the presence of nominal rigidities. Thereason being that
the comparisons have been made relative to the allocation under imperfect competition with
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flexible prices.

4. Empirical evidence

The essentia argument in the preceding analysisis that nominal price or wages are morerigid
especially in adownward direction at low rates of inflation. It is therefore natural to question
whether there is any empirical evidence in support of this mechanism.

Thereisavoluminous literature employing various approaches to identify nominal rigidities.
It is beyond the scope of the present paper to review thisliterature and attention isrestricted to
studies using micro data, since they are most relevant for the present discussion. Considering
the distribution of nomina wage changesit ispossibleto identify nominal rigidities by spikes
at zero or asymmetriesin the distribution of wage changes. The recent literature following this
approach starts with MacLaughlin(1994) who finds little evidence in support of nominal
rigidities for US data, a similar conclusion in reached on UK data by Smith(2000). However,
along list of other studies along this line have found support for nominal ridigidies. Most
studies are on US data and the list includes Kahn(1997), Card and Hyshlop(1997), Akerlof,
Dickens and Perry (1996), Groshen and Schweitzer (1999), and Altonji and Devereux(1999).
Similar conclusions on Canandian data are reported by Christofides and Leung (1999), on
German data by Beissinger and Knoppik(2000), and on Uk data by Y ates(1999).

Moreinterestingisthefact that by considering this problem across periodswith different levels
of inflation one finds that the prevalence of nominal rigiditiesis stronger in low than in high
inflation periods. For USdatathisisreported by Card and Hyshop(1997), on Canadian data by
Christofides and Leung(1999). Based on an analysis of survey data for Sweden Agell and
Lundborg (1999) also find that low inflation strengthens nominal rigidities.

Related to the results reported above is the issue of contract length, since longer duration of
nominal contracts would obviously strengthen nominal rigidities. Empirical evidence also
confirms that the contract length is decreasing in the rate of inflation, see.e.g Vroman (1989)
and Murphy(1992). Rich and Tracy(2000) find that contract length is unambiguously
decreasing in inflationary uncertainty, and since the latter is usually found to be increasingin
the rate of inflation, this finding also suggests that nominal rigidities are more prevalent in
periods of low inflation

Finally, it is worth pointing out that another implication of the theoretical analysis is that
inflation may contributeto lessrelative pricevariability by inducing priceadjustment. Thisruns
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counter to the usual perception that inflation contributes to price variability. It is noteworthy
that empirical support to the assertion that ahigher rate of inflation isassociated with increased
price dispersion is very weak, and that there might in fact be some indication for the reverse
association’. See Bryan and Cecchetti (1996) for evidence on US data and Fielding and
Mizen(2000) for evidence for European countries.

5. Concluding Remarks

This paper has shown that inflation may enhance the efficiency of the price system. The key
to thisresult isto explicitly recognise the incentives of price setter to change prices. If various
mechanisms like adjustment costs impair nominal price adjustment, it follows that relative
prices may adjust insufficiently to the shocks impinging on markets. However, the rate of
inflation also affects the incentive to change prices, and a positive rate of inflation contributes
to more price flexibility and therefore a more efficiently working price system.

Whilethe present analysis hastaken anormative approach, thefinding may also berelevant for
positive theories of inflation. The well-known time-inconsi stency arguments (cf. Kydland and
Prescott (1977) and Barro and Gordon(1983)) has that inflation is driven by the effects
unanticipated inflation has on activity. The present analysis shows that (anticipated) inflation
also play arole for the efficiency of the price system and therefore for aggregate activity.

Since the argument presented here is developed in a static model it is natural to question
whether the results carries over to an explicit dynamic setting. The important point of the
present analysisis that inflation induces price adjustment, and in the presence of real shocks
necessitating price adjustment it followsthat moreflexibility in price setting may be beneficial.
Explicit dynamic menu cost model s al so support that inflation is conducive to price adjustment
(see the survey in Andersen (1994)). Hence, it is reasonable to conjecture that the basic
mechanism analysed here carries over to an explicit dynamic setting.

The argument that inflation can grease the price mechanism has recently been dismissed by
King(1999)

“..itisdifficult to believe that any downward inflexibility of nominal wages would be
unaffected by changes in inflation. As low inflation becomes the norm, resistance to
nominal wage cuts could well disappear” (King(1999, page 18)).

" Notethat even though inflation variability may be positively related to inflation, thisis not relevant for the present
discussion about optimal rate about which inflation should be stabilized.
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The present explicit analysis of the incentive to change nominal prices (or wages) has shown
that the relation may be the opposite, that is, with low inflation nomina rigidities are
reinforced.

Quantitative studies matching knowledge about nominal wage and price adjustment with the
occurrence of sector specific shocks are very scant. Accordingly it isdifficult to make reliable
guantitative assessments of the optimal rate of inflation. However, the gist of the argument
suggests that thisis arelatively small number, and that adjustment processes work better at an
inflation rate of say 2 - 3 percent per year as compared to a zero rate of inflation.

Quantitative assessments of the optimal rate of inflation have recently been madeinwhich the
“Shoe-leather” effectsof inflation (Lucas (1995)) and the distortions arising fromimperfect in-
dexation of thetax system (Feldstein (1996)). It isfound that there can be considerable welfare
gains in moving to price stability. None of these studies do, however, attempt to include the
alocational implications of low inflation in the presence of nominal rigidities. An attempt to
guantify the effects hereof is made in Akerlof et a (1996) assuming downward nominal
rigidities. They calibrate their model to the US economy and find that a movement from 3
percent inflation to price stability would imply an increase in the unemployment rate of at | east
1 percentage point. It is still an open question what an analysis including all these aspects of
inflation would imply with respect to the optimal rate of inflation.

Appendix: Welfare Effects of Resour ce Misallocation
Note that output and thus consumption of good i can be written

y, =f(PIM)
Hence, utility from consumption of this good is given as
u(y,) :u(f (P /M )) =z(P./M); 2'<0,2""<0

To evaluate the indirect utility at relative prices different from the optimal relative prices, we
use the approximation
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Assuming a utilitarian welfare criterion and taking the market imperfections imbedded in the
market power of firmsfor given, (ie constrained optimality) impliesthat the optimumisdefined
for relative prices, implying

S I:Pi* (] 0
P -
CHe V=
It follows by using a standard 2™ order Taylor approximation that

PO OPO 1 ,0P [P PO
ZENTE—ZD—E]:—ZPD—D]———

Inserting the price formula, we find

1, 0P P PO
R LA o LI
2°PEM . OM MO

M

Using the approximation1 i ~ 1 - x for x small and defining

-1 "Elp—'%m>0
K=" 0w

M

D

we get that the welfare costs of the misallocation of good i induced by price rigidity can be
written

X(r+¢€) =0

Aggregating we find the total costs of misallocation to be
2

=x [(m+¢)n(s)s
-(T-m)
it is assumed that

xﬂ) h(e,)de, >c

that is, there is atrade-off between price adjustment and costs of adjustment.

It follows that



15

oA _, "

o 2X [(ren(e)de —xlh(r=mt —h(<v+n)
TA T_nh(s)de ~2x|h(t -m) —h(+{T-m)

52 =2 [h(e )de, ~2x[h(x - ~h(~{T 1))

—(T+m)

~x¢’[h'(t=m) +h'(~(1-m)|

It iseasily verified that there existsa T > 0 for which A(7) < A(0) by using that
on
aT[ =0

0°A
_| <0
aT[Z =0
Note also that
A(m) -0 for TT— oo
Consider finally the problem of choosing the rate of inflation 7t>0 which solves
minA (1) +(1 -y T)c
1L
The first order condition to this problemis

OA —c oP(m)
o1t o1t

and the second order condition

0°A (T ) op*(m
ot ot
We shall prove that if this problem has a solution the optimal rate of inflation is strictly

positive. The proof runs by contradiction. Assume that the optimal solution is T7=0. We have
that the first order condition is fulfilled for =0, since

=0

0A (m) = 0y (m) =0form=0
0Tt 0Tt

but the second order condition is not since
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a°A
are | <0
and
62
ort I =€

Hence, a contradiction, and it can be concluded that the optimal rate of inflation is stricly
positive.
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