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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.
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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



BANCO DE ESPAÑA 29 DOCUMENTO DE TRABAJO N.º 1019



BANCO DE ESPAÑA 30 DOCUMENTO DE TRABAJO N.º 1019

Core Inflation
(United States)

-0.40

-0.30

-0.20

-0.10

0.00

1 3 5 7 9 11 13 15 17

core inflation = headline
core inflation = durations > 3 months
core inflation = durations > 12 months

Output gap
(United States)

0.0

0.1

0.2

0.3

0.4

1 3 5 7 9 11 13 15 17

core inflation = headline

core inflation = durations > 3 months

core inflation = durations > 12 months

Nominal interest rate
(United States)

-0.06

-0.05

-0.04

-0.03

-0.02

-0.01

0.00

1 3 5 7 9 11 13 15 17

core inflation = headline

core inflation = durations > 3 months

core inflation = durations > 12 months

Core Inflation
(Euro Area)

-0.40

-0.30

-0.20

-0.10

0.00

1 3 5 7 9 11 13 15 17

core inflation = headline
core inflation = durations > 3 months

core inflation = durations > 12 months

Output gap
(Euro Area)

0.00

0.10

0.20

0.30

0.40

1 3 5 7 9 11 13 15 17

core inflation = headline

core inflation = durations > 3 months

core inflation = durations > 12 months

Nominal interest rate
(Euro Area)

-0.04

-0.04

-0.03

-0.03

-0.02

-0.02

-0.01

-0.01

0.00

1 3 5 7 9 11 13 15 17

core inflation = headline
core inflation = durations > 3 months
core inflation = durations > 12 months



BANCO DE ESPAÑA 31 DOCUMENTO DE TRABAJO N.º 1019



BANCO DE ESPAÑA 32 DOCUMENTO DE TRABAJO N.º 1019



BANCO DE ESPAÑA 33 DOCUMENTO DE TRABAJO N.º 1019



BANCO DE ESPAÑA 34 DOCUMENTO DE TRABAJO N.º 1019



BANCO DE ESPAÑA 35 DOCUMENTO DE TRABAJO N.º 1019



BANCO DE ESPAÑA 36 DOCUMENTO DE TRABAJO N.º 1019



BANCO DE ESPAÑA PUBLICATIONS  

WORKING PAPERS1  

0901 PRAVEEN KUJAL AND JUAN RUIZ: International trade policy towards monopoly and oligopoly. 

0902 CATIA BATISTA, AITOR LACUESTA AND PEDRO VICENTE: Micro evidence of the brain gain hypothesis: The case of Cape 

Verde. 

0903 MARGARITA RUBIO: Fixed and variable-rate mortgages, business cycles and monetary policy. 

0904 MARIO IZQUIERDO, AITOR LACUESTA AND RAQUEL VEGAS: Assimilation of immigrants in Spain: A longitudinal analysis. 

0905 ÁNGEL ESTRADA: The mark-ups in the Spanish economy: international comparison and recent evolution. 

0906 RICARDO GIMENO AND JOSÉ MANUEL MARQUÉS: Extraction of financial market expectations about inflation and interest 

rates from a liquid market. 

0907 LAURA HOSPIDO: Job changes and individual-job specific wage dynamics. 

0908 M.a DE LOS LLANOS MATEA AND JUAN S. MORA-SANGUINETTI: Developments in retail trade regulation in Spain and their 

macroeconomic implications. (The original Spanish version has the same number.) 

0909 JAVIER MENCÍA AND ENRIQUE SENTANA: Multivariate location-scale mixtures of normals and mean-variance-

skewness portfolio allocation. 

0910 ALICIA GARCÍA-HERRERO, SERGIO GAVILÁ AND DANIEL SANTABÁRBARA: What explains the low profitability of 

Chinese banks? 

0911 JAVIER MENCÍA: Assessing the risk-return trade-off in loans portfolios. 

0912 MAXIMO CAMACHO AND GABRIEL PEREZ-QUIROS: Ñ-STING: España Short Term Indicator of Growth. 

0913 RAQUEL VEGAS, ISABEL ARGIMÓN, MARTA BOTELLA AND CLARA I. GONZÁLEZ: Retirement behaviour and 

retirement incentives in Spain.  

0914 FEDERICO CINGANO, MARCO LEONARDI, JULIÁN MESSINA AND GIOVANNI PICA: The effect of employment 

protection legislation and financial market imperfections on investment: Evidence from a firm-level panel of EU 

countries. 

0915 JOSÉ MANUEL CAMPA AND IGNACIO HERNANDO: Cash, access to credit, and value creation in M&As. 

0916 MARGARITA RUBIO: Housing market heterogeneity in a monetary union. 

0917 MAXIMO CAMACHO, GABRIEL PEREZ-QUIROS AND HUGO RODRÍGUEZ MENDIZÁBAL: High-growth Recoveries, 

Inventories and the Great Moderation. 

0918 KAI CHRISTOFFEL, JAMES COSTAIN, GREGORY DE WALQUE, KEITH KUESTER, TOBIAS LINZERT, STEPHEN 

MILLARD AND OLIVIER PIERRARD: Wage, inflation and employment dynamics with labour market matching. 

0919 JESÚS VÁZQUEZ, RAMÓN MARÍA-DOLORES AND JUAN-MIGUEL LONDOÑO: On the informational role of term 

structure in the U.S. monetary policy rule. 

0920 PALOMA LÓPEZ-GARCÍA AND SERGIO PUENTE: What makes a high-growth firm? A probit analysis using Spanish 

firm-level data. 

0921 FABIO CANOVA, MATTEO CICCARELLI AND EVA ORTEGA: Do institutional changes affect business cycles?  

Evidence from Europe. 

0922 GALO NUÑO: Technology, convergence and business cycles. 

0923 FRANCISCO DE CASTRO AND JOSÉ LUIS FERNÁNDEZ: The relationship between public and private saving in 

Spain: does Ricardian equivalence hold? 

0924 GONZALO FERNÁNDEZ-DE-CÓRDOBA, JAVIER J. PÉREZ AND JOSÉ L. TORRES: Public and private sector wages 

interactions in a general equilibrium model. 

0925 ÁNGEL ESTRADA AND JOSÉ MANUEL MONTERO: R&D investment and endogenous growth: a SVAR approach. 

0926 JUANA ALEDO, FERNANDO GARCÍA-MARTÍNEZ AND JUAN M. MARÍN DIAZARAQUE: Firm-specific factors 

influencing the selection of accounting options provided by the IFRS: Empirical evidence from Spanish market.  

0927 JAVIER ANDRÉS, SAMUEL HURTADO, EVA ORTEGA AND CARLOS THOMAS: Spain in the euro: a general 

equilibrium analysis. 

0928 MAX GILLMAN AND ANTON NAKOV: Monetary effects on nominal oil prices. 

0929 

 

0930 

 

JAVIER MENCÍA AND ENRIQUE SENTANA: Distributional tests in multivariate dynamic models with Normal and 

Student t innovations. 

JOAN PAREDES, PABLO BURRIEL, FRANCISCO DE CASTRO, DANIEL GARROTE, ESTHER GORDO AND JAVIER 

J. PÉREZ: Fiscal policy shocks in the euro area and the US: an empirical assessment. 

                                                           

1. Previously published Working Papers are listed in the Banco de España publications catalogue. 



0931 TERESA LEAL, DIEGO J. PEDREGAL AND JAVIER J. PÉREZ: Short-term monitoring of the Spanish Government 

balance with mixed-frequencies models. 

0932 ANTON NAKOV AND GALO NUÑO: Oilgopoly: a general equilibrium model of the oil-macroeconomy nexus. 

0933 TERESA LEAL AND JAVIER J. PÉREZ: Análisis de las desviaciones presupuestarias aplicado al caso del presupuesto 

del Estado. 

0934 JAVIER J. PÉREZ AND A. JESÚS SÁNCHEZ: Is there a signalling role for public wages? Evidence for the euro area 

based on macro data. 

0935 

 

1001 

JOAN PAREDES, DIEGO J. PEDREGAL AND JAVIER J. PÉREZ: A quarterly fiscal database for the euro area based 

on intra-annual fiscal information. 

JAVIER ANDRÉS, ÓSCAR ARCE AND CARLOS THOMAS: Banking competition, collateral constraints and optimal 

monetary policy. 

1002 CRISTINA BARCELÓ AND ERNESTO VILLANUEVA: The response of household wealth to the risk of losing the job: 

evidence from differences in firing costs. 

1003 

 

1004 

ALEXANDER KARAIVANOV, SONIA RUANO, JESÚS SAURINA AND ROBERT TOWNSEND: No bank, one bank, 

several banks: does it matter for investment? 

GABRIEL PEREZ-QUIROS AND HUGO RODRÍGUEZ MENDIZÁBAL: Asymmetric standing facilities: an unexploited 

monetary policy tool. 

1005 

 

1006 

 

 

1007 

1008 

GABRIEL JIMÉNEZ, JOSE A. LOPEZ AND JESÚS SAURINA: How does competition impact bank  

risk-taking? 

GIUSEPPE BERTOLA, AURELIJUS DABUSINSKAS, MARCO HOEBERICHTS, MARIO IZQUIERDO, CLAUDIA 

KWAPIL, JEREMI MONTORNÈS AND DANIEL RADOWSKI: Price, wage and employment response to shocks: 

evidence from the WDN Survey. 

JAVIER MENCÍA: Testing non-linear dependence in the Hedge Fund industry. 

ALFREDO MARTÍN-OLIVER: From proximity to distant banking: Spanish banks in the EMU. 

1009 GALO NUÑO: Optimal research and development expenditure: a general equilibrium approach. 

1010 

1011 

 

1012 

1013 

1014 

1015 

LUIS J. ÁLVAREZ AND PABLO BURRIEL: Is a Calvo price setting model consistent with micro price data? 

JENS HAGENDORFF, IGNACIO HERNANDO, MARÍA J. NIETO AND LARRY D. WALL: What do premiums paid for 

bank M&As reflect? The case of the European Union. 

DAVID DE ANTONIO LIEDO: General equilibrium restrictions for dynamic factor models. 

JAMES COSTAIN, JUAN F. JIMENO AND CARLOS THOMAS: Employment fluctuations in a dual labor market. 

LUIS M. VICEIRA Y RICARDO GIMENO: The euro as a reserve currency for global investors. 

PALOMA LÓPEZ-GARCÍA AND JOSÉ MANUEL MONTERO: Understanding the Spanish business innovation gap:

The role of spillovers and firms' absorptive capacity. 

1016 

 

1017 

1018 

 

1019 

 

 

 

 

 

AITOR LACUESTA AND SERGIO PUENTE: El efecto del ciclo económico en las entradas y salidas de inmigrantes  

en España. 

REBEKKA CHRISTOPOULOU, JUAN F. JIMENO AND ANA LAMO: Changes in the wage structure in EU countries. 

THOMAS BREUER, MARTIN JANDAČKA, JAVIER MENCÍA AND MARTIN SUMMER: A systematic approach to 

multi-period stress testing of portfolio credit risk. 

LUIS J. ÁLVAREZ  AND PABLO BURRIEL: Micro-based estimates of heterogeneous pricing rules: The United States 

vs. the euro area. 

 

 

 

 

Unidad de Publicaciones 
Alcalá, 522; 28027 Madrid 

Telephone +34 91 338 6363. Fax +34 91 998 6488 
E-mail: publicaciones@bde.es 

www.bde.es 


	MICRO-BASED ESTIMATES OF HETEROGENEOUS PRICING RULES:THE UNITED STATES VS. THE EURO AREA
	Abstract
	1 Introduction

	2 The fully heterogeneous model

	3 Data and estimation

	4 The macroeconomic impact of pricing heterogeneity

	5 Concluding remarks

	References

	BANCO DE ESPAÑA PUBLICATIONS



