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Abstract

This paper compares the welfare implications of two widely used pricing assumptions
in the New-Keynesian literature: Calvo-pricing vs. Rotemberg-pricing. We show
that despite the strong similarities between the two assumptions to a first order of
approximation, in general they might entail different welfare costs at higher order
of approximation.
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1 Introduction

Recently, a growing literature has dealt with the derivation of optimal policies in
New-Keynesian models[X] Most of this literature assumes that prices adjust at ran-
dom intervals of time in a staggered fashion, following the pricing mechanism intro-
duced by ICalva (1983) and [Yun (1996). In this case price stickiness is costly because
of the inefficient allocation of production. One of the alternative pricing assumptions
widely discussed in the literature postulates that prices are adjusted only slowly to
their optimal level in an identical way by all firms. Under this assumption, adjusting
prices entails convex costs, as described by [Rotemberg (198?) In this case price
stickiness is costly because resources have to be used to adjust prices.

Despite the marked economic difference between these two assumptions, to a first
order of approximation they are equivalent. Furthermore, Nisticd (2007) shows that,
to a second order of approximation, the two pricing assumptions (henceforth Calvo-
pricing and Rotemberg-pricing) entail the same welfare losses when the steady state
is efficient.

Our paper shows that when the economy is allowed to fluctuate around an inefficient
steady state, Calvo-pricing entails larger welfare costs, for a given identical first order
representation.

In each of the two pricing specifications considered, the cost of price stickiness is
proportional to the slope of the Phillips curve. If the subsidy to firms is not fully
offset the mark-up, the proportionality is not identical and price stickiness produces
different costs in the two specifications.

The rest of the paper is organized as follows. First we describe the model used in the
paper. In Section 3 we reproduce the first order representation of the Phillips curve
under the two pricing assumptions. In Section 4 we derive the welfare measures and
compare the two models. A final Section concludes the paper.

2 The Model

We use a very simple closed-economy dynamic stochastic general equilibrium (DSGE)
model as described inter alia by [Woodford (2003) This model consists of a repre-

L See Woodford (2003) and the references cited therein.

2 See for example [Schmitt-Grohé and Uribd (2004).

3 Our specification of the model is simpler than the one used in Woodford (2003). In
particular we assume that each household supplies the same type of labor input to all firms
and that production is linear in labor. Our results do not depend on this simplification.



sentative household purchasing a basket of differentiated goods and supplying ho-
mogeneous labor services. The differentiated goods are supplied by monopolistically
competitive firms and produced using only labor services. Uncertainty is introduced
via random fluctuations in labor productivity and in the subsidies paid to the firms.
We introduce the latter shock as a source of inefficient fluctuations. The model is
closed by assumptions regarding the decisions of the monetary authority concern-
ing the short-run nominal interest rate. We assume that there is no inflation in the
steady state.

We briefly discuss these assumptions in turn.

2.1 Households

There is a continuum of identical households of unit mass. The preferences of the
household are modelled as time-separable CRRA functions of the consumption bas-
ket (C) and of labor services (I).

The representative household problem can be formalized as follows:
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subject to the constraints

where B; is the amount held in nominal bonds, P; is the aggregate price level, R; is
the short-run nominal interest rate paid on bonds, W, is the nominal wage rate, II, is
the share of profits rebated by the firms to the households and T; is a lump-sum tax
(which will be used to finance a production subsidy). Also 7, ¢ > 0 and g € (0,1)
are constant parameters.

The first order conditions with respect to C, B; and [; are
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where ); is the Lagrange’s multiplier associated with the budget constraint in the
household maximization problem, C; is the Dixit-Stiglitz consumption aggregator
and P, is the associated aggregate price level defined by
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where p(i) is the price of the i-th good and 6 > 1 is the demand elasticity
2.2  Firms

There is a continuum of monopolistically competitive firms of unit mass. We ex-
plore the consequences of introducing price rigidity through either the Calvo or the
Rotemberg assumption in the following subsections.

2.2.1 Firms and price setting under Calvo pricing

Each firm is allowed to reset the price in a given period with probability 1 — & and
sets the price to maximize expected profits by solving
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subject to the production function
Yr = €l (5)

and to the demand functions (implied by the Dixit and Stiglitz preferences)
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where T'C' denotes total costs of production, Rst = (% tg\\s is the household real
discount factor, ¢; is an AR(1) productivity shock and w; is an AR(1) stochastic
subsidy to firms.

The optimal price p; reduces to
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4 From now on we drop the i-th index except for integrations.



where
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and
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where mc; is the real marginal cost and m, = Pf =

Market clearing

Total demand for goods and labor must be equal to total supply of goods and labor,
respectively. Bonds are in zero net supply.

Aggregate labor [; equals
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where we have inverted the production function to find the amount of labor (the
only factor of production) needed to produce y; (i) and used the demand functions
to express y; (i) in terms of aggregate consumption and relative prices and where
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is the price dispersion term discussed in [Woodford (2003, p. 399) The first order
condition (3) relates the real wage to C; and ;.

Noticing that in period t a fraction (1 — &) of firms sets the price p; while a fraction
¢ on average sets the price P,_1, equation (4) gives gives an expression for aggregate
price inflation
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2.2.2 The Firms’ problem under Rotemberg price setting

The firms’ problem can now be formalized as follows:
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subject to equation (5) and (6), and where ¢ > 0. After noting that all firms set
the same price, so that p, = P,, and that symmetry and market-clearing conditions

® Woodford’s notation is obtained by dividing log (P}) by 6.



imply v, =Y, = C, + ‘g (mp — 1)2 Y;, we can write the first order conditions as
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2.8  Monetary policy rule

The model can be closed by assumptions concerning the monetary policy. In the
numerical example we will consider the following policy rule:

Ry=03"4 A (m — 1)
where we note that 371 equals the steady state (gross) real interest rate.
3 First order approximation Phillips curves

To a first order of approximation, Calvo-pricing yields the following Phillips curve:
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Under Rotemberg-pricing to a first order of approximation the Phillips curve reduces
to
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where 7 = xt;x

and where a variable without subscript denotes its steady-state
value.

Therefore, the two models are identical up to the coefficient on the marginal cost
and on the cost-push shock.

Imposing that ¢ = % yields the same first-order dynamics in both models.



4 Welfare

Although the two models can be reduced to the same first-order representation, the
welfare implications might differ. The following section derives the welfare function
under the two specifications. Notice that from here on we denote ¥; = x7; = z; — x.

4.1 Welfare in the Calvo model

Under Calvo pricing the aggregate welfare function, conditional on information held
by the policy maker at time ¢y, takes the following form

Vie = Ei, > B70°W, (12)
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A second order Taylor approximation of the welfare function yields
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where v; is a vector containing the exogenous stochastic variables and where t.2.p.
collects the terms independent of policy (here first and second moments of the
preference shock).

A second order expansion of equations (7) and (8) yields

L+1&+14& = (CPr + C) (15)
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so that P} is constant at its steady-state value when computed to a first order of
approximation.



Combining equation (14) with equation (15) we obtain
weale — (C’_“/ - lg) Cy — C ISP + tip. +r.q.t. (17)

where r.q.t collects all the remaining quadratic terms.
4.2 Welfare in the Rotemberg model

Under Rotemberg-pricing, equation (14) remains unchanged. The counterpart of
equation (15) under Rotemberg-pricing is

I +18 + 16 = (a + Cgﬁ) (18)

By replacing this equation into equation (14) we obtain
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4.8  Comparison under an efficient steady-state

We have seen that the two models are identical to a first order of approximation.
Under the assumption (0 U — 1 we have that C' = [ = 1 so that the difference
between the two measures of welfare just derived reduces tdd]

AW = Wtcalvo WRotemberg (b,\g P* (20)

Assuming that ]3;)_1 = 0 from a conditional welfare perspective we have that
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6 Notice that r.q.t. is the same under both specifications as long as the first order expansion
of the model yields an identical representation, as imposed here.

7 This term, per se, is a source of discrepancy between the two models. We abstract from
it in our analysis.

(21)
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where we have used the fact that, under the current assumptions, ¢ = TO0ch)

Then we have that
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Since we have assumed that w = 9%01 we can conclude that the two pricing mecha-

nisms yield identical welfare levels, as shown by Nisticd (2007).

Notice that, from an unconditional-welfare perspective the last term in parenthesis
in equation (22) would be

(1-¢6)
(1 - W) < 0. (23)

Therefore, using an unconditional perspective, Calvo-pricing would result in larger
welfare losses than Rotemberg-pricing.

4.4 Comparison under an inefficient steady-state

Comparing equation (10) with equation (17) and equation (11) with equation (19),
we can see that under both specifications, the welfare weight on the square of in-
flation is proportional to the slope of the Phillips curve (i.e. the coefficient on the
marginal cost). Nisticd (2007) shows that the proportionality is identical under the
two specifications when the subsidy to firms eliminates the steady-state monopolis-
tic distortion. Nevertheless, it is immediately clear that if this assumption is relaxed,
the weight of inflation in the two models ceases to be the same: the welfare cost of
price stickiness is different in the two pricing specifications.

In particular one can see that the two pricing assumptions would produce the same
level of welfare if and only if

(ét(?alvo _ CA’tROtemberg) B ?7?2 (24)
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There is no reason why this condition should hold in general. We provide a numerical
example showing that Calvo-pricing entails larger welfare costs than Rotember-
pricing.



4.4.1  Numerical example

In this section we provide three measures of the difference between Calvo-pricing
and Rotemberg pricing in terms of welfare. The first two measures are computed
under the interest-rate rule defined earlier, and consist of the conditional welfare
gap and the unconditional welfare gap. The third is the conditional welfare gap
produced by the Ramsey-optimal policy For each of these measures we present
results separately for the productivity shock and for the subsidy shock. As for the
parameter values we assume 3 = 0.99, 0 =6, v = 2, ¢ =2, = 0.5 and A\, =
1.5, which are in the ballpark of values used in the related literature. Both shocks
are assumed to be AR(1) with an auto-correlation coefficient of 0.9. The standard
deviation of the productivity shock is normalized to 1. That of the subsidy shock is
set so to produce the same variance of the variables produced by the productivity
shock (i.e. it is set to 2). The results are presented in Table 91°]. Welfare gaps are
transformed in units of permanent consumption that a household is willing to pay
in order to avoid uncertainty under the given monetary policy.

Table 1
Welfare gap in consumption units (pp)

Productivity Subsidy

Unconditional under interest rule 0.18853 0.20076
Conditional under interest rule 0.17977 0.19026
Conditional under Ramsey policy 0.00176 0.01102

This example shows that Calvo-pricing entails a larger cost of the business cycle
relative to Rotemberg pricing, both under a particular interest rate rule and under
the fully optimal rule, with both types of shocks. In particular, the result obtained
under the Ramsey policy highlights the fact that the policymaker is faced with a
different policy problem in the two models when the steady state is inefficient.

8 By Ramsey-optimal policy we mean the policy implied by choosing the state contingent
path of the endogenous variables in order to maximize the aggregate welfare function
subject to the private sector optimal decisions and the resource constraints (see for example
Ljungqvist and Sargent (2000)).

9 The results are obtained with DYNARE (version 4). The conditional mean is obtained it-
erating on the first- and second-order accurate state-space solution produced by DYNARE
(see Luillard, 11996).



5 Conclusion

The economic mechanism behind Calvo-pricing and Rotemberg-pricing is radically
different and so is their formal representation. Only to a first order of approximation
the implied inflation dynamics can be made identical. In this paper we have shown
that only under subsidies that bring about an efficient steady state the weight of
inflation (relative to output) in the aggregate welfare function is the same in both
models. This implies that, in general, the welfare maximizing central bank faces a
different problem depending on which pricing mechanism is in place.

With a numerical example we have shown that the two pricing assumptions entail
different costs of the business cycle, whether policy is conducted by means of a simple
interest rate rule or by choosing the Ramsey-optimal allocation. We have also shown
that our conclusion holds true for both productivity shocks and cost-push shocks.
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