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Abstract

This paper presents US and euro area estimates for a fully heterogeneous model, in which 

there is a continuum of fi rms setting prices with a constant probability of adjustment, 

which may differ from fi rm to fi rm. The estimated model accurately matches the empirical 

distribution function of individual price durations for the US and the euro area. Incorporating 

these micro based pricing rules into a DSGE model, we fi nd that nominal shocks have a 

greater real impact in the fully heterogeneous economy than in the standard Calvo model. 

We also fi nd that nominal and real shocks bring about a reallocation of resources among 

sectors. Monetary policy is found to have a greater real impact in the euro area than in the 

United States.

Keywords: price setting, heterogeneity, DSGE, Calvo model.

JEL classifi cation: C40, D40, E30.
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Table 1 presents parameter estimates for the models considered,18 as well as the Akaike Information

Criterion (AIC), Bayesian Information Criterion (BIC) and an statistic measuring the quadratic

distance between the empirical and the fitted probability mass funcion (qd):

qd =

max k

k=1

f empiricalk − ffittedk

2

f empiricalk

Table 1: Estimation of price setting models

Model

a b c AIC BIC qd a b c AIC BIC qd
Fully Heterogeneous [FH] 0.46 0.47 0.00 2,723,646 2,723,669 0.008 0.49 0.33 0.00 439,707 439,735 0.019

(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)

theta AIC BIC qd theta AIC BIC qd

Standard Calvo [C] 0.71 3,142,891 3,142,895 0.414 0.81 507,032 507,035 0.588
(0.00) (0.00)

Sectoral Calvo [SC] --- --- --- 0.57 --- --- --- 0.81

Note: Standard errors of estimates are reported within parentheses.

United States Euro area

Figure 2 shows that the fully heterogeneous model very accurately matches the distribution func-

tions of price durations in the US and the euro area, which results in low qd statistics. Moreover,

it seen that the share of very flexible price setters is considerably higher in the US than in the

euro area. In contrast with the fully heterogeneous model, the standard Calvo model provides

a bad fit of the distribution in terms of qd and substantially underestimates the share of very

flexible price setters, particularly so in the US. Figure 3 presents the hazard rates of both models.

Heterogeneity in the frequency of price adjustment explains the declining population hazard rate:

the population hazard depends on the share of the different frequency of adjustment firms at each

horizon. As the price age increases, the composition of price adjusters shifts towards the low

18As a robustness check, we considered a functional form that allowed for individual increasing hazard rates. We
did not find evidence in favour of upward sloping hazard functions.We also considered a beta distribution for the
distribution of the price adjustment parameter, which lead to a worse fit. Both sets of results are available from
the authors upon request.
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frequency price adjusters, motivating the decline in the population hazard rate. Hazard rates cor-

responding to estimated fully hetereogeneous models closely match empirical ones both for price

spells with short and long durations and for both economies. As expected, the standard Calvo

model, which implies a flat hazard rate, has a disappointing performance. The Calvo parameter

is lower in the US than in the euro area, in line with the higher average frequency of adjustment.

Figure 2: Empirical and model based distributions of price durations
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Figure 3: Empirical versus fitted hazard
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Figure 6: Impulse response functions to a monetary shock:

Fully heterogeneous vs Calvo and sectoral Calvo models.

Output gap
(United States)

-2.0

-1.8

-1.6

-1.4

-1.2

-1.0

-0.8

-0.6

-0.4

-0.2

0.0

1 3 5 7 9 11 13 15 17 19 21 23

Standard Calvo

Fully Heterogenous

Sectoral Calvo

Inflation
(United States)

-1.6

-1.4

-1.2

-1.0

-0.8

-0.6

-0.4

-0.2

0.0

1 3 5 7 9 11 13 15 17 19 21 23

Standard Calvo
Fully Heterogenous

Sectoral Calvo

Output
(Euro Area)

-2.0

-1.8

-1.6

-1.4

-1.2

-1.0

-0.8

-0.6

-0.4

-0.2

0.0

1 3 5 7 9 11 13 15 17 19 21 23

Standard Calvo

Fully heterogeneous

Sectoral Calvo

Inflation
(Euro Area)

-1.6

-1.4

-1.2

-1.0

-0.8

-0.6

-0.4

-0.2

0.0

1 3 5 7 9 11 13 15 17 19 21 23

Standard Calvo

Fully heterogeneous

Sectoral Calvo

Nominal interest rate
(United States)

0.00

0.05

0.10

0.15

0.20

0.25

0.30

1 3 5 7 9 11 13 15 17 19 21 23

Standard Calvo
Fully Heterogenous

Sectoral Calvo

Nominal interest rate
(Euro Area)

0.00

0.05

0.10

0.15

0.20

0.25

0.30

1 3 5 7 9 11 13 15 17 19 21 23

Standard Calvo
Fully heterogeneous
Sectoral Calvo

Table 2: Comparison of impulse response functions across price setting models

United States Initial Accumulated Initial Accumulated Initial Accumulated

Standard Calvo [C] -1.8 -3.7 -1.4 -2.8 1.3 1.3

Fully heterogeneous [FH] -1.8 -5.4 -1.5 -2.6 1.2 2.1

Sectoral Calvo [SC] -1.8 -10.3 -0.4 -0.9 4.2 12.1

Euro Area Initial Accumulated Initial Accumulated Initial Accumulated

Standard Calvo [C] -1.8 -5.0 -0.7 -1.9 2.6 2.6

Fully heterogeneous [FH] -1.8 -7.5 -0.9 -1.7 2.0 4.3

Sectoral Calvo [SC] -1.8 -9.8 -0.2 -0.7 8.3 13.7

Output Inflation Sacrifice ratio

25 bp interest rate rise
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