Volume 3, Number 4 December 2007

CB

INTERNATIONAL JOURNAL OF CENTRAL BANKING

Did Prices Really Soar after the Euro Cash
Changeover? Evidence from ATM Withdrawals
~ Paolo Angelini and Francesco Lippi

e, Peter McAdam, and Joseph Peariman

Models in Action: Improving
s at Central Banks
K. Andsrssm Jesper Lindé,



I

Volume 3, Number 4

International Journal of Central Banking

Did Prices Really Soar after the Euro Cash
Changeover? Evidence from ATM Withdrawals
Paolo Angelini and Francesco Lippi

The Great Inflation and Early Disinflation in Japan
and Germany
Edward Nelson

Inflation-Forecast-Based Rules and Indeterminacy:
A Puzzle and a Resolution
Paul Levine, Peter McAdam, and Joseph Pearlman

Modern Forecasting Models in Action: Improving
Macroeconomic Analyses at Central Banks

Malin Adolfson, Michael K. Andersson, Jesper Lindé,
Mattias Villani, and Anders Vredin

A New Core Inflation Indicator for New Zealand
Domenico Giannone and Troy D. Matheson

Firm-Specific or Household-Specific Sticky Wages in
the New Keynesian Model?
Miguel Casares

December 2007

23

i

111

145

181

The contents of this journal, together with additional materials provided by
article authors, are available without charge at www.ijch.org.



Copyright (© 2007 by the Association of the International Journal of Central Banking.
All rights reserved. Brief excerpts may be reproduced or translated provided the source
is cited. Consult www.ijcb.org for further information.

The International Journal of Central Banking is published quarterly

(ISSN: 1815-4654). Online access to the publication is available free of charge

at www.ijcb.org. Individual print subscriptions are available at an annual rate of
$100 (USD).

Print subscription orders may be placed online at www.ijcb.org, by phone
(202-452-3245), via fax (202-728-5886), or by e-mail (editor@ijcb.org).

Renewals, claims, address changes, and requests for permission to reprint material
from this journal should be addressed to:

International Journal of Central Banking
Publications Fulfillment, MS-127

Federal Reserve Board

Washington, DC 20551

Phone: 202-452-3245
Fax:  202-728-5886
E-mail: editor@ijcb.org

The views expressed in this journal do not necessarily represent the views of the
Association of the International Journal of Central Banking or any of its members.

ISSN: 1815-4654



International Journal of Central Banking

Board of Directors

Chairman

Charles Bean, Bank of England

Board Members

Abdulrahman Al-Hamidy, Saudi Arabian
Monetary Agency

Jan Marc Berk, The Nederlandsche Bank

Afonso Bevilaqua, Central Bank of Brazil

Claudio Borio, Bank for International Settlements

Mohammed Tahar Bouhouche, Bank of Algeria

Malcolm Edey, Reserve Bank of Australia

Khor Hoe Ee, Monetary Authority of Singapore

Manuel Ramos Francia, Bank of Mezico

Hans Genberg, Hong Kong Monetary Authority

Heinz Herrmann, Deutsche Bundesbank

Nobuo Inaba, Bank of Japan

Tor Jacobson, Sveriges Riksbank

He Jianxiong, People’s Bank of China

Juan F. Jimeno, Bank of Spain

Ali Hakan Kara, Central Bank of Turkey

Ulrich Kohli, Swiss National Bank

Donald Kohn, Federal Reserve Board

Ana Leal, Bank of Portugal

Vyacheslav Morgunov, Central Bank of
Russian Federation

John Murray, Bank of Canada

Tom O’Connell, Central Bank of Ireland

Fabio Panetta, Bank of Italy

Jan Qvigstad, Norges Bank

Lucrezia Reichlin, European Central Bank

Ivan Ribnikar, Bank of Slovenia

Arnor Sighvatsson, Central Bank of Iceland

Jan Smets, National Bank of Belgium

Marc-Olivier Strauss-Kahn, Bank of France

Juha Tarkka, Bank of Finland

George Tavlas, Bank of Greece

Dobieslaw Tymoczko, National Bank of Poland

Editorial Board

Managing Editor
John B. Taylor
Stanford University

Co-editors

Hyun Shin
Princeton University

Frank Smets

European Central Bank

Kazuo Ueda
The University of Tokyo

Michael Woodford

Columbia University

Associate Editors

Franklin Allen

The Wharton School of the
University of Pennsylvania
Michael D. Bordo

Rutgers University

Guy Debelle

Reserve Bank of Australia . .
Luigi Guiso

Marvin Goodfriend

Carnegie Mellon University

Charles A.E. Goodhart
London School of Economics

Michael B. Gordy
Federal Reserve Board

Carmen M. Reinhart
University of Maryland

Rafael Repullo

Centro de Estudios Monetarios
y Financieros (CEMFI)

Eli M. Remolona
Bank for International

Settlements

Michael B. Devereux
University of British Columbia

Douglas W. Diamond
University of Chicago Graduate
School of Business

Michael Dotsey
Federal Reserve Bank of
Philadelphia

Douglas Gale
New York University

Jordi Gali
Centre de Recerca en Economia
Internacional (CREI)

Ente Luigi Einauldi

Andrew G. Haldane
Bank of England
Takatoshi Ito
University of Tokyo

Philip Lane
Trinity College Dublin

Andrew T. Levin
Federal Reserve Board

Francesco Lippi
University of Sassari

Hélene Rey
Princeton University

Andrew K. Rose
University of California,
Berkeley

Klaus Schmidt-Hebbel
Central Bank of Chile

Lars E.O. Svensson

Princeton University

Jirgen von Hagen
University of Bonn

Tsutomu Watanabe
Hitotsubashi University



Did Prices Really Soar after the
Euro Cash Changeover?
Evidence from ATM Withdrawals*

Paolo Angelini* and Francesco Lippi®

2Research Department, Bank of Italy
bUniversity of Sassari and CEPR

The introduction of the euro notes and coins in the first two
months of 2002 was followed by a lively debate on the alleged
inflationary effects of the new currency. In Italy, as in the
rest of the euro area, survey-based measures signaled a much
sharper rise in inflation than that measured by the official price
indices, the quality of which was called into question. In this
paper we gather indirect evidence on the behavior of prices
from the analysis of cash withdrawals from automated teller
machine (ATM) terminals. Since these data do not rely on offi-
cial inflation statistics, they provide an independent check for
the latter. We present a simple set of assumptions to test the
hypothesis that, after the introduction of the euro notes and
coins, consumer prices increased more than was recorded by
the official statistics. We do not find evidence in support of
this hypothesis.

JEL Codes: E31, E41, E50.

Whatever the experts say, many European consumers still feel retail-
ers are masking price increases with the changeover to the euro.
(Wall Street Journal Europe, January 28, 2002)

*This paper was initially drafted while Francesco Lippi was working at
the Bank of Italy. We are indebted to Guerino Ardizzi, Paolo Del Giovane,
Eugenio Gaiotti, and Roberto Sabbatini for comments on an earlier draft. All
remaining errors are our own. Author contact: Angelini: Research Department,
Bank of Italy, Via Nazionale 91, 00184, Rome, Italy. E-mail: paolo.angelini@
bancaditalia.it.
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Two out of three eurozone consumers felt they were ripped off by
retailers during the changeover to pricing in euros, according to the
European Commission. ... Germany, France and Netherlands were
the countries with the highest percentage of people feeling cheated.
(Financial Times, March 1, 2002)

German consumers dubbed the currency the Teuro (teuer is German
for expensive). ... Some consumers believe higher prices were the
result of retailers rounding up prices as they switched out of their old
national currencies into the euro. However, EU statisticians insisted
prices had not been affected.

(Financial Times, December 12, 2002)

1. Introduction

There is a widespread perception among the citizens of the euro area
that the introduction of the euro notes and coins in the first months
of 2002 spurred a rise in prices that was much sharper than that
measured by the national statistical offices (see European Central
Bank 2002b, 2003a, 2003b). This phenomenon, illustrated in figure 1,
has been the subject of countless newspaper articles and several offi-
cial speeches by policymakers and politicians. While the quotations
reported above refer to 2002, the perception that the euro brought
about price increases is still vivid.!

It is somewhat puzzling that a change in the unit of account
might have an impact on inflation. Indeed, a number of conjectures
have been formulated to explain the discrepancy between inflation
perceptions and the official statistics, emphasizing the role of psy-
chological factors (see, e.g., Traut-Mattausch et al. 2004) and/or

In May 2002 Professor Otmar Issing gave a speech in Mainz titled “The
Furo—A Stable Currency for Europe.” After the speech, the first question from
the audience was about the “teuro” phenomenon. Seeing the look of disbelief
with which his explanation was met, Issing replied, “You seem not to believe me.
And even my wife doesn’t believe me.” This statement found wide coverage in
the German press. T'wo years later, President Trichet still deemed it necessary to
reassure European customers on this issue: “European citizens who still perceive
that inflation is higher than measured by official indices should be assured that
the official measures are accurate and that we will continue to maintain price sta-
bility in the future” (introductory statement after the European Central Bank’s
Governing Council meeting of April 2004).
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the disproportionate influence of a few industry prices on individ-
ual perceptions. Gaiotti and Lippi (2004) and Hobijn, Ravenna,
and Tambalotti (2006) analyze the dynamics of restaurant prices
and find evidence consistent with a price hike (mainly driven by a
lumping of price revisions in an industry where price revisions are
normally infrequent). Deutsche Bundesbank (2004) provides compa-
rable evidence for some German services (restaurants, cinemas, dry
cleaners, and hairdressers). Other papers argue that inflation per-
ceptions are mainly affected by the prices of goods that are cheaper
and more frequently purchased (Del Giovane and Sabbatini 2005;
Ehrmann 2005). Dziuda and Mastrobuoni (2005) and Mastrobuoni
(2004) present a model that rationalizes why such goods are the ones
that actually record greater price increases. While useful, these stud-
ies do not provide a direct answer to whether the general price level
was measured with error during the changeover. Rather, they main-
tain the assumption that official statistics are correct. The main
obstacle faced by researchers interested in verifying that assump-
tion is the absence of reliable alternative inflation measures. The
thesis that price increases were much larger than the increase meas-
ured by the national statistical offices, suggested by the indicators
of perceived inflation, remains mostly based on anecdotal evidence.

This paper investigates the dynamics of the general price level in
Italy after the introduction of the euro notes and coins (the so-called
cash changeover), at the beginning of January 2002, by using data
on currency withdrawn from the automated teller machine (ATM)
network. We believe that this inference is useful because it relies
on data collected and assembled by central banks, with methodolo-
gies that are completely independent of those used by the national
statistical offices to measure prices. The basic steps of our investi-
gation can be summarized as follows. We set up a simple model of
ATM withdrawals and estimate it prior to the changeover, when
official statistics were arguably correct. We then present a set of
assumptions under which the estimated demand equation for ATM
withdrawals can be used to back out price-level dynamics from the
observed nominal time series for ATM withdrawals and consumer
expenditures. Specifically, we show that if a bias materialized in the
official data on prices after the changeover, but not in those on cash
withdrawals and consumption expenditures, then extending the esti-
mation sample to the changeover period (2002-03) should cause a



Vol. 3 No. 4 Did Prices Really Soar after the Euro Cash Changeover? 5

specific form of instability in the estimated coefficients, which can be
captured econometrically. Formally, we test the null hypothesis that
the increase in consumer prices is correctly measured by official sta-
tistics after the changeover. Both a price-level-bias and an inflation-
bias hypothesis are formulated and tested. The analysis fails to
find evidence consistent with the occurrence of a price hike after
the changeover. This result cannot be attributed to lack of power
of the test: a counterfactual exercise suggests that our methodol-
ogy is sufficiently powerful to identify an inflation bias greater than
0.5 percentage point.

Several reasons motivate our focus on Italy. First, the
country is broadly representative of the euro area in terms of the
discrepancy between official and perceived inflation (figure 1). Also,
quarterly data on cash withdrawals are available, whereas com-
parable data are available only at an annual frequency for other
euro-area countries (to our knowledge). It is important to explain
why we focus on the flow of currency withdrawn from the ATM
circuit rather than on more traditional monetary aggregates. The
stock of currency experienced a strong decline from the begin-
ning of 2001 (apparently reflecting weak demand of bank notes
as a store of wealth due to the approaching currency changeover)
and an equally strong rebound thereafter.? Among the traditional
monetary aggregates, M1 is strongly affected by the erratic behav-
ior of currency. M2 and M3 are comparatively less affected, but
they are typically less related to transactions; in addition, over
the recent past, the dynamics of these aggregates has been influ-
enced by portfolio reasons, as repeatedly stressed by the European
Central Bank. By contrast, there is no obvious reason why ATM
withdrawals—mainly driven by transactions demand—should have
been affected by these same factors. The data in figure 2 (shown
in section 3) broadly confirm this view: neither the average num-
ber nor the unit value of ATM withdrawals made in each quar-
ter by a typical cardholder shows the discontinuity that clearly

%See, e.g., European Central Bank (2002a). As we argue in what follows, this
decline is likely due to the attempt by currency holders to run down their cash
inventories. These are mainly held in large-denomination notes and are to a signif-
icant (although not easily quantifiable) extent held outside the national borders
and/or for gray/black economy purposes.
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stands out for the traditional monetary aggregates around the
changeover.

The paper is organized as follows. The next section presents a
simple model of the demand for ATM withdrawals, which is used
as a guideline in the empirical analysis of section 3. Section 4
concludes.

2. A Simple Model of Aggregate ATM Withdrawals

This section presents a model aimed at interpreting the evolution
of aggregate ATM withdrawals. To match the aggregate data, we
first focus on the choice concerning the withdrawals by a repre-
sentative ATM cardholder and, next, present an aggregation to
account for the growing number of cardholders over our estimation
period.?

Let 7 index an agent who possesses an ATM card and E? denote
that agent’s nominal consumption expenditure over a given time
span. To pay for E?, the agent can use cash C° withdrawn from
an ATM, bearing a cost r¢, or some other means of payment
(e.g., point of sale [POS], credit card, or checks), the cost of which
is denoted by r¢. The demand schedule for the agent’s ATM with-
drawals is of the following form: C* = ®(r?/r¢)E?, where the func-
tion ®(-) is increasing and concave. This demand function stipulates
that the proportion of cash withdrawals over total nominal expen-
diture is decreasing in the relative cost between ATM cash and that
of alternative means of payments.

To give empirical content to these costs, in the analysis that fol-
lows we assume that the cost of ATM cash, r¢, is increasing in the
nominal interest rate R (the value of which determines the amount of
forgone interest on deposits) and decreasing in the size of the ATM
network, d4TM. Moreover, we proxy the cost of alternative payment
means, 7%, using a measure of development of the POS network,

3Based on the Survey of Households’ Income and Wealth conducted by the
Bank of Italy, between 1989 and 2004 the proportion of households owning an
ATM card rose from 15 percent to 66 percent.

“This cash/credit choice can be thought of along the lines of Lucas and Stockey
(1987).
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denoted by d?.?> The individual proportion of cash expenditures is
thus hypothesized to depend on the diffusion of the ATM and POS
network and the nominal interest rate:

C' = &(d?/r°(d"™ R))E". (1)

Let us now consider the aggregation problem. In order to bring
equation (1) to the data, we need to relate the nationwide demand
for ATM cash to aggregate consumption, as data on total expendi-
ture of ATM cardholders are not available. Let n and E/P denote
the number of ATM cardholders and their aggregate expenditure
(deflated by the price level), respectively. Analogously, let N and
E/P denote the population size and real aggregate expenditures. We
postulate the following;:

E/P = (n/N)(E/P)". (2)

This equation states that the growth in the aggregate expenditure of
cardholders is proportional to the growth of the population fraction
of cardholders and to the growth rate of aggregate expenditures,
with a constant of proportionality that may differ from 1.

Aggregating equation (1) over all cardholders and replacing £
using (2) yields an expression relating the real aggregate flow of
ATM withdrawals to real aggregate expenditure:

C/P = (n/N)®(d? /ré(d" ™, R))(E/P)’. 3)

Equation (3) summarizes the determinants of aggregate ATM cash
withdrawals discussed thus far. C' is increasing in ATM diffusion
(dAT™) and decreasing in the nominal interest rate (R) and in
the ease of resorting to noncash payments (d%). The elasticity of
aggregate cash withdrawals with respect to aggregate expenditure
is given by J. It is immediate that if § is equal to 1, then the price
level drops from equation (3) and no information about it can be
retrieved from that equation. For all other values, instead, one can
invert equation (3) and use the information on C' and E to back out

5In Ttaly, our data source for the tests presented in the next section, it is not
possible to get cash back at POS. This option, available to customers in several
industrialized countries, would have made this proxy questionable.
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the price level. In section 3.2 we discuss the functional form adopted
in equation (2) and review the available empirical evidence on §,
which is key for our identification of price-level dynamics.

3. Empirical Evidence

This section begins by presenting some descriptive evidence on ATM
withdrawals during the period 1993-2003. Using equation (3) as
a guide for the empirical specification, we estimate a currency-
expenditure equation and formally test for the presence of measure-
ment error in the aggregate price level. We conclude the section by
exploring the power of the statistical test and analyzing the robust-
ness of the estimates (considering, e.g., parameter instability and
potential endogeneity of the regressors).

3.1 A Preliminary Look at the Data

Our data set comprises quarterly time series over the
1993:QQ2-2003:Q4 period.® Figure 2 shows that during the first three
quarters of 2002, the average unit value of ATM withdrawal per card
(dashed line) records a sharp increase (from €157 to €165), but only
after an equally sharp fall in 2001.7 Overall, the withdrawal per card
after the changeover remains close to the values recorded in the pre-
vious five years.® The same conclusion holds for the frequency of

SWe refer to two sources. The flow of cash withdrawn from ATMs in Italy,
the number of ATM cards, the number of POS and ATM terminals, and
the interest rate on checking accounts are provided to the Bank of Italy by
the banking system for supervisory reasons. Data on consumption of services
and nondurable goods, and the related deflators, are released by the Italian
national statistical office (ISTAT). All the series used in the paper refer to
Italy.

"This swing is likely due to the need by currency holders to run down their
cash inventories. As mentioned in the introduction, a massive drop in currency
outstanding was recorded in 2001. As the cash changeover was largely antici-
pated by the public, it seems plausible that, in the final months of the year, cur-
rency holders avoided withdrawing cash and used their inventory for day-to-day
purchases. After the changeover, the average use of ATM cash returned
to normal.

8Such stationarity, in a period of moderate but positive inflation, might reflect
the increasing use of cash substitutes; the regression analysis below supports this
hypothesis.
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ATM usage (thick solid line), roughly constant at 6.3 withdrawals
per card per quarter since 1995. Figure 2 also displays the behav-
ior of households’ real consumption of nondurable goods and ser-
vices in the period (thin solid line). Growth begins to slow down
in the second half of 2000, bottoming out in the fourth quarter of
2001.

At least prima facie, none of these time series display a behav-
ior that might signal a sharp increase in the price level after the
introduction of the euro bank notes and coins. However, this descrip-
tive evidence can be potentially misleading, for at least two reasons.
The first relates to our measure of consumption. Assume that infla-
tion perceptions are correct and that the official nondurable goods
deflator underestimates inflation in 2002-03; then, real-consumption
growth in figure 2 would be correspondingly overestimated. Second,
the descriptive evidence does not take into account several struc-
tural changes that have occurred over the last fifteen years—most
notably, the diffusion of ATM and POS terminals, and the associated
increase in aggregate cash withdrawals from ATMs and in the use
of noncash payments via debit cards. Such developments typically
follow low-frequency trends, so in our view it is unlikely that they
may have obscured the effect of the hypothesized price jump on the
demand for cash and alternative payment instruments in 2002-03.
However, the model of section 2 suggests that they affect the demand
for ATM withdrawals and should thus be taken into account. This
is done in the next subsection.

3.2 Inference from an Estimated Currency-FExpenditure
Equation

A log-linear version of equation (3) yields

¢ —pr = o+ BdA™ £ 7dP + 5(e; —pi) + e+ A+, (4)

where 7, is an error term with variance 0727. We measure ¢; by the
(log) nominal value of nationwide quarterly withdrawals from ATM
terminals; we measure n; by the (log) number of outstanding ATM
cards (at the end of the quarter). 7 is the (log) interest rate on check-
ing accounts. The diffusion of the ATM network, d4™™, is proxied
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by the ratio between the number of ATM terminals nationwide and
the number of ATM cards. Similarly, the diffusion of alternative pay-
ment instruments, d¥, is measured by the ratio between the number
of POS terminals and n;. Finally, e; and p; are proxied by the (log)
aggregate nominal consumption of services and nondurable goods,
and by its deflator, respectively.”

Can equation (4) help us shed light on the issue at the core
of this paper? For the answer to be positive, we must assume
that all of the time series appearing in (4) are measured with no
error until the fourth quarter of 2001.!° This assumption seems
reasonable, since until the end of 2001 there was no argument about
data quality. It implies that the coefficients of (4) will not be affected
by measurement problems if estimated over the pre-changeover
period. Concerning the post-changeover period, we assume that all
variables appearing in (4) are measured correctly, with the possible
exception of the price level. Specifically, we allow for the possibility
that p, the true (log) price level, may suffer from measurement error
and deviate from its observed counterpart, p?.

As anticipated in section 3, a condition on the elasticity of cash
withdrawals with respect to real consumption (§) must also be sat-
isfied. It is easy to see that if § = 1, the price level cancels from
both sides of (4), and the equation becomes uninformative on the
price-level dynamics. Thus, an estimated § # 1 is necessary (and
sufficient) to back out the price level after 2001 from (4).

We begin by estimating (4) using data until 2001:Q4. The
results are reported in table 1, column 1.!'' The coefficients are
in line with the model suggestions: the diffusion of noncash forms
of payment reduces cash withdrawals, while the diffusion of ATM

“Based on equation (3), the population size, N, should also appear among
the regressors. We omit it because it was roughly constant over the estimation
period.

10More precisely, we are assuming that the measurement errors present in
official statistics (e.g., the well-known price-index bias) are not affected by the
changeover. Under our alternative hypothesis, we allow the euro changeover to
bring about a source of measurement error in price measures additional to those
that are ordinarily present.

"Three quarterly dummies (not shown) are included among the explanatory
variables to account for seasonal effects.
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terminals increases them. The coefficient of the interest rate on
checking accounts is negative but not significant. The coefficient
of the number of ATM cards is 0.89, not significantly different
from 1 (t-statistic of 0.7). The point estimate of the parameter §
is 2.82, statistically greater than 1 at the 5 percent confidence level
(t-statistic of 2.2). Thus, the requirement spelled out above is satis-
fied; the functional form hypothesized in equation (2) finds support
in the data.'?

Altogether, while simple, equation (4) seems to capture some
essential features of the demand for ATM withdrawals. Considering
that it does not feature a lagged dependent variable on the right-
hand side (we experimented with specifications incorporating one,
but the related coefficient turned out to be nonsignificant), it tracks
the data quite well.

We can now test the null hypothesis—that after the changeover,
p: = p?—against the alternative, p; > p?. Since p; is not observ-
able after 2001:Q4, we consider two hypotheses about its behavior.
The first is the following:

Pt = D, t < 2001:Q4,

da
pr=p) +A+&, t>2002:Q1, (52)

where A is a positive constant and &; is a white-noise term indepen-
dent of 7y, with variance ag. The expressions in (5a) could be an
appropriate description of a one-off increase in the true price level
after the changeover. An alternative hypothesis is

Pt = py, t < 2001:Q4,

(5b)
pe=pf +9T +&, t>2002:Q1,

where ¢ is a positive constant and 7 is a linear trend (7" = 1 in
2002:Q1, T = 2 in 2002:Q2,...). This formulation would entail a

12The microdata from the households survey run by the Bank of Italy also
suggest that ¢ is greater than 1. Introducing time subscripts in (2), tak-
ing logs of both sides and differentiating, 6 can be shown to equal the ratio
between the growth rate of consumption expenditure for the average ATM card-
holder and the corresponding growth rate for the average consumer. Between
1998 and 2004 this ratio averaged about 1.4, as consumption among card-
holders consistently outgrew average per capita consumption at the nationwide
level.
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widening gap between the observed (official) and the true price defla-
tor, implying a permanent inflation bias. It would be unrealistic for
large T but could be appropriate over our sample period, which only
covers eight quarters after the changeover. Substituting (5a) into (4)
yields

¢t — Py = a+ BdA™ 4+ 4d2 + 5(er — py) + ery
+)\7’Lt + Mt t S 2001Q4,

co = pf = a+ 00+ BdPTM +ydi + 5(es — pf) +emy
+)\nt ‘v, t2> 2002Q1,

(6)

where 0y = (1 — J)A and vy = n + (1 — §)&, with variance
2

oy = op+(1—06)*0Z. A way to test the null hypothesis of no distor-
tion in the price level after the changeover against the alternative
hypothesis (5a) would then entail estimating equation (6) over the
entire sample period 1993:Q2-2003:Q4, introducing a dummy vari-
able to allow the constant to change over the last two years, and
checking for heteroskedasticity. However, it is easy to check that
under the alternative hypothesis (5a), equation (6) is affected by a
classic errors-in-variables problem; if a? > 0, ordinary-least-squares
(OLS) coefficients would be inconsistent and biased toward 0. To
circumvent this difficulty, we restrict the parameters in (5a) to take
the values estimated over the 1993:Q2-2001:Q4 period, and estimate
only the coeflicient of the 2002-03 dummy, #y, which is an unbiased
estimator of (1—3J)A. The results of this exercise are presented in col-
umn 2 of table 1. The estimated 6, has a value of —0.0062; using this
figure and the estimated value for ¢ (2.82), it can be reckoned that
the average inflation rate in 2002 was 0.3 percentage point higher
than that computed using the official deflator. However, a one-tail
t-test cannot reject the null that 6y is 0 against the alternative that it
is negative. Column 2 also reports the result of an F-test of the null
hypothesis o2 = 0727 against the alternative o2 > 0727, which should
hold based on (5a). Again, the null is not rejected.

As mentioned above, if (5a) were true and the errors-in-variables
problem were serious after 2001:Q4, OLS coefficients should be
biased toward 0. Therefore, as a further check, we estimate all the
parameters of (6) over the entire sample period. The estimated coef-
ficients show that the parameters remain stable (see column 3).
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Next, we replicate the exercise for our second alternative hypoth-
esis. Substituting (5b) into (4) yields an equation identical to (6),
except that now 0y = (1 — §)gT". Thus, beginning with 2002:Q1, a
linear trend with coefficient g(1—¢) should enter the equation. Also,
the error term should display the same form of heteroskedasticity as
under hypothesis (5a). Specifications in columns 4 and 5 of table 1
show no evidence consistent with the hypothesis of an increase in the
price level after the changeover. In both cases the coefficient of the
2002:Q1-2003:Q4 dummy interacted with the time trend is nega-
tive. A calculation based on the larger value, —3.6e—-3, together with
the estimated value of 2.82 for §, suggests that the average inflation
rate in 2002 was 0.5 percentage point higher than that based on the
official deflator. However, even in this case, the coefficient is not sta-
tistically different from 0, and the null of homoskedasticity cannot
be rejected.'?

3.8  Exploring the Power of the Statistical Test

Our econometric procedure amounts to a i¢-test on the coefficient
of a dummy in a linear regression. Therefore, the properties of
our tests and their statistical power are well grounded in stan-
dard asymptotic and small-sample theory. It could be argued,
however, that the precision of our estimates is insufficient to gen-
erate adequate power, e.g., because of the short sample period.
To investigate this hypothesis, we perform a counterfactual exer-
cise; we assume that beginning in 2002:Q1 the true price deflator is
higher than the official one. Using (5a), we set p? = p, — A after
the changeover. We then assign numeric values to A and reesti-
mate the specifications shown in columns 2 and 3 of table 1. If our
tests have sufficient power, the coefficient of the 2002—03 dummy
should become negative and significant for relatively small values
of A. We report the results of this exercise for values of A ranging
between 0.005 and 0.1, implying that in 2002 inflation was between

13While we focused on hypotheses (5a) and (5b) in order to maximize the power
of the test, we also tested hypothesis p = p? + A + gT + &t, t > 2002:Q1, which
nests (5a) and (5b). The estimated coefficients for the 2002-03 dummy and for
the time-trend results were not statistically different from 0 (individually as well
as jointly).
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0.5 and 10 percentage points higher than that recorded by official
statistics.

Figure 3 plots the “true” A, measured on the horizontal axis,
against its estimated value, A, obtained as the ratio between the
coefficient of the 2002-03 dummy and (1 — §). The curves obtained
with the specifications shown in columns 2 and 3 of table 1 virtually
overlap, so that they can hardly be distinguished in the figure. They
are very close to the 45° lines, indicating that the size of the dis-
tortion is captured quite well—in fact, it is systematically slightly
overestimated. The figure also shows the precision of the estimates,
measured by the t-statistic of the 2002:Q1-2003:Q4 dummy. Both
specifications fail to detect the presence of a 0.5-percentage-point
distortion. However, the specification in column 2 manages to cor-
rectly signal as statistically significant (with a 5 percent confidence
level) a value of A as little as 1 percent; in this case, the specification
in column 3 yields a p-value of .09. Both specifications capture val-
ues of A greater than 1 percent, at least at the 5 percent confidence
level.

3.4  Robustness Check

The above results were subjected to a number of robustness checks.
First, we checked the stability of the specification reported in table 1,
column 1. The exercises described in section 3.2 entail detecting a
structural break in the equation after the fourth quarter of 2001.
Thus, it is important that the coefficients in column 1 of table 1 be
stable. An obvious candidate for a structural break is the beginning
of the single euro-area monetary policy regime, in January 1999.
Therefore, the five coefficients o through A of the specification in
column 1 were allowed to change over the 1999:Q1-2001:Q4 period.
The F-test of the null hypothesis that the changes in the coeffi-
cients are jointly equal to 0 yields F{5 29y = 2.66, which does not
allow for rejection of the null of parameter stability at the 5 percent
confidence level. However, since this value is close to significance,
the tests in table 1 were replicated using the equation that allows
for parameter change over the 1999:Q1-2001:Q4 period. The results
were qualitatively analogous to those in table 1 and therefore are
not reported.
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Second, the estimates of equation (4) reported in table 1 are
subject to a potential endogeneity-bias problem, as some right-hand-
side variables (e.g., expenditure) may be simultaneously determined
with the dependent variable. Thus, we reestimated the specification
in column 1 with two-stage least squares, instrumenting d4™™, d?,
et — pt, and ny with their lagged values. The results (not reported)
are virtually unchanged.

Third, the analysis in section 3.2 relies on the hypothesis that
nominal expenditure e; is measured without error prior to and
after the changeover. However, nominal components of consump-
tion expenditure are computed using both value data (i.e., data
measured in nominal terms) and data built from price and quan-
tity indices. Possible mismeasurements in the prices of these compo-
nents after 2001:Q4 will, in principle, bias e; as well. Since a detailed
breakdown of the data on household consumption by construction
method is not available, it is not possible to address this concern
in a precise way (see ISTAT 2000). However, ISTAT does publish
a breakdown of consumption expenditure used in section 3.2 into
two categories: nondurable goods and services. The former is virtu-
ally entirely built from value data, and therefore it is not affected
by possible mismeasurement in p; after the changeover. Thus, we
rerun the regressions in table 1, proxying e; with consumption of
nondurable goods, i.e., excluding expenditure on services.!* Table 2,
in the appendix, reports the instrumental-variables estimates of this
last specification. The elasticity of money demand to real consump-
tion is now 2.3, slightly lower than in table 1 but still significantly
different from 1 at the 5 percent confidence level. No appreciable
changes in the other results emerge. Similar results were obtained
with OLS.

Finally, we rerun our exercises using specifications featuring sev-
eral alternative combinations of regressors: the number of ATM ter-
minals, the number of POS terminals, the number of ATM cards

14 Angelini, Ardizzi, and Lippi (2005) also use consumption of nondurables as
a proxy for expenditure, in a specification featuring inflation and a time trend
among the regressors. The results of the tests are analogous to those reported
here.
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separately, and/or total households consumption (as opposed to con-
sumption of nondurables and services). In this case as well, the main
results of the analysis remain unchanged.

4. Conclusions

Did the euro cash changeover trigger a sudden, substantial increase
in the price level in the euro area, largely undetected by the national
statistical offices? This paper presented a simple indirect method to
address this question for Italy. The basic idea underlying the test-
ing strategy entails searching for the effects that the hypothesized
large increase in the price level should have induced on the dynamics
of payment instruments—notably, cash withdrawals from ATM ter-
minals. A quarterly data set on aggregate ATM withdrawals and
nominal consumption expenditures in Italy was used to test the
hypothesis.

The estimation of a demand equation for ATM cash withdrawals,
conducted along the lines suggested by a simple theoretical model,
allows us to set up econometric tests of the null hypothesis (that after
the currency changeover, in the first months of 2002, the official price
index continued to measure the general price level correctly), against
the alternative (that it underestimated it). The main result of the
analysis is that none of the various tests performed provide evidence
against the null. Specifically, our point estimates imply that the
average inflation rate in 2002 was about one-half percentage point
higher than that computed using the official deflator; however, this
effect is not statistically significant.

To assess the possibility that failure to reject the null is due
to lack of power, we perform a counterfactual exercise: we intro-
duce an artificial increase in the deflator time series beginning
in 2002 and rerun our tests. The equation accurately captures
the magnitude of the inflation distortion, correctly signaling it as
statistically significant as soon as it grows greater than or equal
to 1 percent on an annual basis. We conclude that the deter-
minants of the well-documented disconnect between official and
perceived measures of inflation cannot be ascribed to a sizable
mismeasurement by the national statistical offices of the euro-area
countries.
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Appendix. Dataset for Did Prices Really Soar after the Euro Cash Changeover? Evidence

from ATM Withdrawals

Consumption by Households

Non Durable Goods
(€ million)

Services (€ million)

Current Constant Current Constant n°® Debit n° ATM n°® POS
Prices Prices Prices Prices Cards Terminals Terminals

Date (cgn) (cgr) (csgn) (csgr) (cards) (tatm) (tpos)
6/30/1993 53580 58810 47423 54141 11200000 15400 64000
9/30/1993 56025 60894 59001 66232 11500000 16000 70000
12/31/1993 59017 63702 47584 52724 11815283 16862 78290
3/31/1994 61353 65316 49097 53479 12111920 17586 86974
6/30/1994 56267 59527 52106 55966 12408557 18309 95657
9/30/1994 58654 61565 65258 69146 12705194 19032 104340
12/31/1994 61905 64308 52631 55048 13001830 19755 113023
3/31/1995 65111 66607 54549 55873 13343690 20289 123499
6/30/1995 60206 60288 57913 58354 13685550 20822 133974
9/30/1995 62953 62578 71596 71076 14027410 21355 144450
12/31/1995 65551 64349 57242 55996 14369270 21888 154925
3/31/1996 68522 66453 58864 56807 14759734 22505 169870
6/30/1996 62853 60125 62801 59831 15150198 23122 184815
9/30/1996 65082 62345 76257 72156 15540662 23739 199760
12/31/1996 66812 63670 60998 57147 15931125 24355 214705
3/31/1997 70264 66609 62462 58052 16242754 24655 229906
6/30/1997 64852 61327 66156 60915 16554382 24955 245107
9/30/1997 67901 64240 79226 72728 16866010 25255 260308
12/31/1997 69842 65702 63891 57994 17177638 25554 275509
3/24/1998 73829 69064 65526 59021 17562023 26176 293020

(continued)



Consumption by Households

Non Durable Goods
(€ million)

Services (€ million)

Current Constant Current Constant n® Debit n°® ATM n® POS
Prices Prices Prices Prices Cards Terminals Terminals

Date (cgn) (cgr) (csgn) (csgr) (cards) (tatm) (tpos)
6/30/1998 67936 63451 70159 62658 17946408 26798 310531
9/30/1998 70656 65845 84217 74989 18330793 27420 328042
12/31/1998 71531 66549 68244 60057 18715178 28042 345552
3/31/1999 75673 70176 69717 60874 19236422 28614 371059
6/30/1999 70028 64610 74257 64272 19757665 29185 396565
9/30/1999 72505 66416 89187 76925 20278908 29757 422072
12/31/1999 73901 67375 72193 61518 20800151 30328 447578
3/31/2000 77784 70284 74403 62695 20887762 30714 486830
6/30,/2000 73478 65921 79843 66803 20975372 31099 526082
9/30/2000 76367 67963 96698 80784 21062983 31485 565334
12/31/2000 77514 68699 77204 63790 21150593 31870 604585
3/31/2001 81327 71720 78759 63959 21575546 32491 640450
6/30/2001 75412 66163 84458 68127 22000499 33111 676315
9/30/2001 77178 67407 102141 82195 22425452 33732 712180
12/31/2001 77811 67854 80934 64288 22850405 34352 748045
3/31/2002 82335 71251 82537 64305 23275393 34875 766116
6/30/2002 76855 66161 88367 68180 23700380 35399 784186
9/30/2002 79830 68232 106954 82283 24125367 35922 802256
12/31/2002 79430 67602 86008 65469 24550354 36445 820326
3/31/2003 84487 71233 86987 65370 24619137 36619 846875
6/30/2003 79487 66725 92857 69473 24687919 36793 873424
9/30/2003 82697 68814 111058 82828 24756702 36967 899973
12/31/2003 82063 67968 89187 66095 24825484 37141 926521

(continued)



Interest Rate
on Checking

ATM Withdrawals POS Transactions Accounts Quarterly Dummies
Number Value (€) Value (€) Number
Date (numatm) (valatm) (valpos) (numpos) (tadec) (du2) (du3) (du4)

6/30/1993 46381875 6998138684 533253663 5978836 6.94 1 0 0
9/30/1993 49204482 7535682008 524105229 6370769 5.99 0 1 0
12/31/1993 64412127 10056666681 674192197 7572310 5.56 0 0 1
3/31/1994 56151823 8928425261 675794107 7648041 5.35 0 0 0
6/30/1994 65539883 10354520293 775771114 8778908 4.95 1 0 0
9/30/1994 71092061 11488617280 762462081 9354396 4.81 0 1 0
12/31/1994 83495137 13106058548 980806825 11118655 4.97 0 0 1
3/31/1995 73997470 11805478564 932919997 10236389 5.07 0 0 0
6/30/1995 82812000 13130088776 1119560800 11907922 5.42 1 0 0
9/30/1995 83509230 13585357393 1093184842 14768884 5.68 0 1 0
12/31/1995 88836539 13992918115 1491621006 16802025 5.80 0 0 1
3/31/1996 84262001 13589659499 1337167346 15023166 5.76 0 0 0
6/30/1996 90823041 14584011014 1470436451 17005636 5.64 1 0 0
9/30/1996 94036500 15342473408 1484998479 18091024 5.06 0 1 0
12/31/1996 97692229 15785756111 1956987399 23929958 4.60 0 0 1
3/31/1997 93809542 15152752965 1876875638 25389806 4.18 0 0 0
6/30/1997 103469921 16946387649 2201705343 27607953 3.95 1 0 0
9/30/1997 105276524 17109292095 2245122320 30786292 3.48 0 1 0
12/31/1997 106700302 17483278669 3222608396 39667626 3.33 0 0 1
3/24/1998 105567243 17105511111 2619744138 34411957 2.98 0 0 0
6/30/1998 117029204 18731651559 3238467778 44685688 2.60 1 0 0
9/30/1998 117949986 19075922262 3397356760 48378762 2.41 0 1 0

(continued)
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on Checking

ATM Withdrawals POS Transactions Accounts Quarterly Dummies
Number Value (€) Value (€) Number
Date (numatm) (valatm) (valpos) (numpos) (tadec) (du2) (du3) (du4)

12/31/1998 127465911 20646491964 4155193238 53917354 2.01 0 0 1
3/31/1999 112331696 18053712416 3552739081 50230142 1.35 0 0 0
6/30/1999 123057971 19705867020 4376964764 61294854 1.14 1 0 0
9/30/1999 122802234 19829629694 4027689262 60113776 1.08 0 1 0
12/31/1999 127445989 20622814882 5322057582 75861439 1.15 0 0 1
3/31/2000 120966072 19405002784 4875654509 66775482 1.31 0 0 0
6/30/2000 132552963 21316755325 5667510683 79488985 1.49 1 0 0
9/30/2000 134821254 21847376455 5504233202 78578664 1.77 0 1 0
12/31/2000 136283090 22411152989 7053621011 91673044 2.02 0 0 1
3/31/2001 133985711 21558491184 6519311295 90257739 2.07 0 0 0
6/30/2001 140716944 23210523447 7402217621 102715270 2.02 1 0 0
9/30/2001 142133476 23151055195 7334520562 105452533 1.90 0 1 0
12/31/2001 144832094 22669041391 9319211811 128729304 1.50 0 0 1
3/31/2002 138544369 21891152587 9511826494 119700321 1.36 0 0 0
6/30/2002 147207421 23695856850 9897826582 125713076 1.40 1 0 0
9/30/2002 150569811 24887308290 9897778085 134481649 1.41 0 1 0
12/31/2002 151523226 24251076598 11215147246 145242116 1.31 0 0 1
3/31/2003 142719098 22777218287 9904067728 131609945 1.11 0 0 0
6/30/2003 154296578 24750470871 10573810649 140725556 0.95 1 0 0
9/30/2003 152409746 25025849734 10434503975 144141004 0.76 0 1 0
12/31/2003 149865579 24778483381 11933242131 156144980 0.76 0 0 1




The Great Inflation and Early Disinflation in
Japan and Germany™
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This paper considers the Great Inflation of the 1970s in
Japan and Germany. From 1975 onward, these countries had
low inflation relative to other large economies. Traditionally,
this success is attributed to stronger discipline on the part
of Japan and Germany’s monetary authorities—e.g., more
willingness to accept temporary unemployment, or greater
determination not to monetize government deficits. I instead
attribute the success of these countries from the mid-1970s to
their governments’ and monetary authorities’ acceptance that
inflation is a monetary phenomenon. Likewise, their higher
inflation in the first half of the 1970s is attributable to the
fact that their policymakers over this period embraced non-
monetary theories of inflation.

JEL Codes: E52, E58, E64, E65.

1. Introduction

This paper considers the Great Inflation of the 1970s in Japan and
the Federal Republic of Germany. These countries are notable for
the fact that their peaks in inflation came earlier in the decade—in
1974—than in many other countries, while their inflation rates in

*T am indebted to the editor, an anonymous referee, and Otmar Issing for com-
ments; to Christina Gerberding, Heinz Herrmann, Johannes Hoffmann, Andreas
Worms, and the staff of the Deutsche Bundesbank Fachbibliothek for help in
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Katrina Stierholz, and Julia Williams for help with other material. Justin Hauke
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are those of the author and should not be interpreted as those of the Federal
Reserve Bank of St. Louis, the Federal Reserve System, or the Board of Gov-
ernors of the Federal Reserve System. Author contact: Research Division, Fed-
eral Reserve Bank of St. Louis, P.O. Box 442, St. Louis, MO 63166. Tel: (314)
444-8712. E-mail: Edward.Nelson@stls.frb.org.
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the late 1970s and early 1980s were well below those prevailing else-
where. A comprehensive explanation for the policy behavior underly-
ing the Great Inflation needs to account for the experiences of these
two countries. I argue that the monetary-policy-neglect hypothesis,
previously applied to countries with poorer inflation records, can
account for behavior in Japan and Germany too.

It has become a cliché to attribute Germany’s success in achiev-
ing price stability to greater understanding on the part of Ger-
man policymakers and the German population of the costs of infla-
tion (with this, of course, frequently said to be the legacy of its
hyperinflations), and similar observations were made about Japan
after it joined the low-inflation league. But the discussion in this
paper will move away from this kind of explanation for success.
Germany’s policymakers certainly stressed the costs to society of
even moderate inflation. But such stress was not something that
distinguished Germany from elsewhere; e.g., in the United States,
Arthur Burns, Chairman of the Board of Governors of the Fed-
eral Reserve System, made many apocalyptic statements about the
effects of inflation. Nor is it even clear that Germany’s policymak-
ers exhibited a relatively greater willingness to accept the costs of
disinflation. Indeed, those who believe that the differences between
Germany’s inflation performance and that of other countries are
attributable to different policymaker preferences may be surprised
to find that Helmut Schmidt, Germany’s Finance Minister and then
Federal Chancellor over much of the 1970s,' stated that “we in
the Federal Republic can in any case tolerate 5% inflation more
than 5% unemployment” (SZ, December 21, 1972, a.t.).? While
Schmidt clarified that this claim was “a political value judgment”
and did not reflect a belief that such a choice existed,® his statement

'Despite the Bundesbank’s independence, it is appropriate to include the
executive branch among the key decisionmakers on monetary policy matters in
Germany in the 1970s. The Bundesbank described its 1974 policy changes as “part
of a joint strategy agreed with the Federal Government” (BBAR, April 1975, p. 1),
and the executive branch was the senior partner on key issues such as exchange
rate policy.

2The abbreviation “a.t.” denotes the present author’s translation of German
material. Appendix 1 provides acronyms for periodicals cited in the text, while
appendix 2 gives bibliographic details for specific articles.

3Consistent with this, I show below that Germany’s policymakers did not
subscribe to Phillips-curve trade-off analysis.
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puts in perspective the idea that Germany’s success emerged from
an especially “hawkish” attitude to inflation compared with other
countries.

The belief in policy circles that inflation is very costly to the
economy and, therefore, to society does not distinguish Germany
and Japan in the 1970s from countries like the United States and
the United Kingdom. Rather, the resistance to nonmonetary views
of inflation is what makes these countries unusual. As we will see,
these views had only a brief heyday in each country (roughly 1971—
72 in both cases) and even then, there was successful resistance to
the idea of imposing national wage and price controls.

This distinguishing feature is consistent with the monetary-
policy-neglect hypothesis. The message of that hypothesis is that
high inflation is the outcome of episodes during which policymak-
ers attributed inflation to nonmonetary factors, delegating inflation
control to nonmonetary devices (such as wage and price controls).
Disinflations and low-inflation periods typically follow policymak-
ers’ acceptance of the monetary view of inflation and their resulting
adjustment of monetary policy. By extensive analysis of statements
by policymakers and of key economic commentary during the 1970s,
I show that Japan and Germany’s inflation-disinflation pattern fits
this story.

The experiences of Germany and Japan are natural to study
jointly. In the pre-inflation-targeting era, Japan’s monetary policy,
alongside Germany’s, was regarded as an international benchmark.
This perspective on Japan’s record was reflected in the title of a
1981 paper by a senior Bank of Japan official, “Why Is the Perfor-
mance of the Japanese Economy So Much Better?,”* and Taylor’s
(1993, 5) observation that “Japanese monetary policy did deliver a
low inflation rate much earlier than the other countries, and appar-
ently was doing something ‘right.”” Over this period, Japan was
Milton Friedman’s favorite example of successful monetary policy
(see, e.g., Friedman 1983, 1990; and NW, September 4, 1978). I
argue that the key factor behind this achievement was that Japan’s
emphasis on nonmonetary means of fighting inflation was brief and
over by 1973.

4Suzuki (1981).
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My emphasis on the doctrines guiding policy, and my specific
focus on the 1970s, complements the study of U.S. policy by Romer
and Romer (2002) and also distinguishes my study from most exist-
ing work on Germany and Japan. While there are many studies of
Bundesbank monetary policy, relatively few contributions cover the
major years of Germany’s period of inflation. Clarida and Gertler
(1997) only briefly consider the period before 1978; indeed, the ear-
liest statement by the Bundesbank that they consider is from 1989.
Bernanke and Mihov (1997, 1026) explicitly limit their coverage to
that following “the inception of the current regime,” dated as the
beginning of 1975. Similarly, Issing (2005) focuses mainly on post-
1977 policy developments, which accounts for his characterization of
Germany as not having experienced the Great Inflation.

Von Hagen (1999a) does cover the leadup to monetary target-
ing, but his discussion concentrates on the conflicts between fiscal
and monetary policy, and does not consider the debate over mone-
tary versus nonmonetary views of inflation, which had largely been
resolved by the time monetary targeting was adopted. By contrast, I
study Germany’s Great Inflation and its disinflation, much of which
preceded 1975, with emphasis on the conflict between monetary and
nonmonetary perspectives on inflation control. This emphasis brings
out an element of Germany’s experience highlighted by the Bundes-
bank in 1980 when it noted that high inflation had arisen during a
period of “underestimation of monetary policy as an economic policy
instrument.”®

Turning to Japan, there are antecedents to my analysis in the
form of the aforementioned Friedman discussions, as well as Hetzel
(1999). Friedman (in NW, September 4, 1978) discusses Japan’s
“fundamental change in monetary policy” in 1973, which amounted
to an acceptance that “[s|ubstantial inflation is a monetary phenom-
enon.” Hetzel studies Japan’s postwar monetary policy and makes
the important observation that Japan’s 1970s disinflation produced
a “profound change in professional and popular views” (1999, 7), dis-
carding nonmonetary views of inflation, a conclusion supported by
the analysis provided here. But neither Friedman nor Hetzel provides
specific documentation of these changes in views. The discussion in

SDeutsche Bundesbank (1980, 291).
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this paper fills this gap by drawing on coverage of inflation in Japan
in several newspapers during the 1970s.

In addition, while both Friedman and Hetzel emphasize that a
floating exchange rate enabled Japan to disinflate, they do not dis-
cuss why Japan chose disinflation when other countries, such as the
United Kingdom, initially chose monetary expansion after floating
their exchange rate. I provide an answer by studying developments
in Japanese macroeconomic debates. Furthermore, the only policy-
making agency Hetzel discusses is the Bank of Japan. This is prob-
lematic in studying the 1970s, because (i) the Bank of Japan was
not independent over this period, so senior members of the Japanese
government were key makers of monetary policy,® and (ii) when non-
monetary views of inflation guide policymakers, some of the major
policy mistakes will take the form of attempting nonmonetary strate-
gies against inflation. My focus on a wider range of policymakers and
policy agencies overcomes this limitation.

The analysis here also sheds light on the merits of accounts of
Japan and Germany’s success that emphasize nonmonetary factors.
There is wide acceptance among monetary economists that differ-
ences in monetary policy account for different countries’ inflation
experiences during the 1970s. Nevertheless, adherents to nonmon-
etary views of inflation have offered their own rationalizations for
the price stability observed in Germany and Japan. For example,
in 1977 Denis Healey, the UK Chancellor of the Exchequer, said,
“If you talk to West German Chancellor Helmut Schmidt about his
country’s successes, he will say that the moderation of the unions
in Germany, in limiting their wage demands, is largely due to the
political relationship established between the Government and the
unions” (SUN, March 9, 1977). Walter Heller, former chairman of the
Council of Economic Advisers, testified to a U.S. Senate committee
in 1979 that Germany’s low inflation reflected the fact that Germans
were “benefiting from what they call their ‘Concerted Action,” from
a kind of social contract or compact between business and gov-
ernment and labor.”” Similarly, Braun (1986, 240) claims that the

Friedman (NW, September 4, 1978) acknowledges the Finance Minister’s role
in producing the 1973 change in monetary policy.

"Walter Heller, in his March 5, 1979, testimony to the U.S. Senate Budget
Committee (1979, 47).
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“Concerted Action” incomes policy in Germany “proved to be use-
ful in promoting wage moderation in 1973-75,” while a former U.S.
ambassador to Germany asserted that moderate union behavior in
German wage negotiations “lowered cost-push [pressures] and was
certainly an important reason for the relatively favorable inflation
rate.”® Discussions of “Japan Inc.” during the 1970s adopted an
analogous line of argument for Japan, and in this spirit a Tokyo
economics columnist observed in 1978, “Much of Japan’s success in
fighting rampant inflation has been ascribed ... particularly to the
Japanese version of an ‘incomes policy’ designed to restrain wage
increases” (JT, October 16, 1978). I provide evidence on whether
these frequently cited features of German and Japanese economic
policy made any material contribution to fighting inflation.

This paper proceeds as follows. Section 2 discusses the monetary-
policy-neglect hypothesis. Section 3 discusses the methodology that
I use to study policymaking in Japan and Germany. Section 4 cov-
ers Japan, and section 5 turns to Germany. Section 6 relates the
two countries’ experiences to “trade-off exploitation” explanations
for the Great Inflation. Section 7 concludes.

2. The Monetary-Policy-Neglect Hypothesis

Consider an expectational Phillips curve in generic form:
T =7+ a(ys — y;) + u, (1)

where 7, is quarterly inflation, 7¢ is expected inflation, y; —y; is the
output gap, and u, is a shift factor (a cost-push shock). Written in
terms of equation (1), the Phillips curve delivers special cases such
as a traditional shift-adjusted expectational Phillips curve (as in,
e.g., Humphrey 1985), where 7€ is E;_17;, or the New Keynesian
Phillips curve augmented by a cost-push shock—used by Clarida,
Gali, and Gertler (1999)—where 7¢ corresponds to expected future
inflation E;m;41. The latter version of the Phillips curve allows the
uy shock to be serially correlated.? It is clear that if u; is serially cor-
related, it matters for both inflation and expected future inflation,

8Hillenbrand (1983, 25, 27).
9Tn the traditional Phillips curve corresponding to 7¢ = E;_im, a serially
correlated u; cannot be contemplated in general.
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and becomes the sole determinant of these two series if a = 0. If we
consider the New Keynesian Phillips curve further and generalize to
allow for a constant term, as well as the usual 8 < 1 coefficient on
expected inflation, it can be shown that the expression for expected
future inflation is

Eimiy1 = K+ aEB 3208 (Yerit1 — Yipivr) + (1= Bou)  putis, (2)

where K is a constant, p,, is the AR(1) coefficient for the exogenous
uy series, and 4, is the deviation of u; from its mean.

Nonmonetary and monetary views of inflation deliver rival sets of
restrictions on equation (2). The monetary view asserts that p, = 0
(implying that 4; does not matter for expected future inflation),
that E[u;+] = 0 for all k£ (and so expectations of u do not matter
for the constant term K), and that o > 0 whatever the value taken
by the output gap. The monetary view of inflation thus attributes
the 1970s inflation to excess demand and gives cost-push shocks no
role other than as one-time price-level shocks (which, for a given
expected path of the output gap, matter for current inflation but
not expected future inflation).

The nonmonetary view of inflation, by contrast, contends that
El[ut1x] is generally nonzero and that high inflation reflects high
current and prospective values of u; that p, > 0; and that a = 0
when the output-gap sum in equation (2) is negative. The nonmon-
etary view of inflation thus attributes the 1970s inflation to cost-
push shocks and implies that creating negative output gaps does
not remove inflationary pressure.

The monetary-policy-neglect hypothesis states that the mone-
tary view of inflation is the correct one and that high-inflation
episodes during the 1970s were the result of policymakers’ embrace
of the nonmonetary view of inflation. This hypothesis has previ-
ously been applied to countries whose inflation rates were generally
high throughout the 1970s,'° but it has implications for low-inflation
experiences too. According to this hypothesis, countries that experi-
enced relatively low inflation, such as Japan and Germany from 1975
onward, did so because their policymakers converted early to a mon-
etary view of inflation. The remainder of this paper documents the

10Nelson (2005) provides evidence supporting the hypothesis for the United
States and the United Kingdom.
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case for the monetary-policy-neglect hypothesis as a description of
these two countries’ experiences, as well as pointing out weaknesses
of alternative hypotheses.

3. Methodology

My procedure in this paper is to draw on public statements by key
policymakers, using these statements to deduce their implied model
of inflation. Newspaper reports are used as a major source for poli-
cymaker statements. This methodology raises two major questions:
(i) How reliable are the public statements as an indicator of policy-
makers’ true views about the economy? (ii) How representative are
the statements that I present—i.e., are my findings insulated from
selection bias? I consider each of these issues in turn.

How reliable are the statements? An objection that could be
raised about my reliance on public statements for deducing policy-
maker beliefs is that policymakers give different views publicly from
those they express privately. This objection is, however, unlikely to
be valid for the type of policymaker views I consider, which pertain
to how the structure of the economy behaves over periods of a quar-
ter or more. Policymakers have no plausible incentive to be secretive
about matters like this. They certainly may not be forthcoming on
specific day-to-day considerations about policy tactics, such as the
timing of forthcoming interest-rate decisions. But strategic think-
ing, reflecting policymakers’ longer-term macroeconomic judgments
about how the economy works, is a matter about which heavy dis-
closure is likely. Policymakers, both in the 1970s and today, want
the public to know their thoughts about the causes and costs of
inflation, and about the links between economic management and
economic outcomes.!!

How representative are the statements? There are several rea-
sons for being confident that the material I present gives a rep-
resentative picture of policymakers’ views. First, my procedure of

' This contention is supported by the contents of material on 1970s economic
policy in the United States that has been declassified since my 2005 article. That
article applied to U.S. policy the same methodology that I use in this paper. The
1978 Federal Open Market Committee transcripts, released in 2007, support my
characterization of Federal Reserve Chairman G. William Miller’s views based
on his public statements.
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looking at contemporaneous statements by policymakers automati-
cally avoids the risk of relying on ex post rationalizations that might
appear in retrospective accounts by former policymakers. The poten-
tial unreliability of retrospective accounts is illustrated by the case
of Federal Reserve Chairman Arthur Burns in the United States.
Romer (2005, 181) judges that Burns’s 1979 account of his 1970
78 period as Chairman contains “a substantial amount of wishful
revisionism.” In addition, it is not widely known that Burns (1978),
often cited as a complete collection of Burns’s public statements
as Chairman, is actually a very partial collection, omitting some
of the most unorthodox remarks about inflation that Burns made
over 1970-78 (including an item from 1977, quoted in section 5
below). The problem of revisionism extends, of course, beyond the
specific example of Burns. My methodology overcomes this prob-
lem by using contemporaneous material instead of long-after-the-fact
accounts.

Second, by relying heavily on newspaper reports, I in effect pool
multiple sources of information about policymakers’ views. Consider
the case of Japan. Bank of Japan statements are useful for provid-
ing technical details about the thinking behind policy choices; but
Bank of Japan publications, besides often not being available in
English, may not give adequate coverage of statements by mem-
bers of Cabinet, who were the most senior policymakers. But news-
paper accounts provide coverage of the statements of many pol-
icy figures, including both Cabinet members and Bank of Japan
officials.

Third, while no account of 1970s developments can hope to
provide a completely exhaustive collection of policymaker state-
ments about inflation, the hypothesis that I advance is not one
that lends itself to selection bias. The reason is that if, as I
argue, German and Japanese policymakers initially subscribed to
a cost-push view of inflation, this implies that they could not
have been guided by the sorts of views prominent in other expla-
nations for 1970s behavior. Embracing a cost-push view of infla-
tion means that one does not believe in a link between the out-
put gap and inflation. Therefore, if policymakers subscribed to a
cost-push view of inflation, the following are ruled out as descrip-
tions of policymaker behavior: that policymakers attempted to
exploit an inflation/unemployment trade-off, that the absence of a
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disinflation reflected sacrifice-ratio calculations on the part of pol-
icymakers, or that the monetary authorities deliberately permit-
ted inflation by consciously accommodating nonmonetary shocks.?
The monetary-policy-neglect hypothesis therefore cannot be lumped
in with most other hypotheses as part of a “portmanteau” expla-
nation of 1970s policies. If you believe in the monetary-policy-
neglect hypothesis, you cannot endorse most of the other hypothe-
ses, even as partial explanations. In line with this contention, I
show below that policymakers’ embrace of cost-push views was fre-
quently accompanied by their rejection of other views of inflation
behavior.

Finally, in the material from which I have obtained the quota-
tions used in this paper, there exist many alternative quotations,
carrying the same message, which could be substituted for the ones
I present. Selection of material for this paper does not in practice
mean excluding information that contradicts my hypothesis; on the
contrary, space limitations confine me to presenting only a subset of
the material that supports my hypothesis.

All in all, there are grounds for considerable confidence that
the statements quoted here are representative of official views on
inflation during the 1970s and would not be overturned by a more
exhaustive presentation of policymaker statements.

4. Japan

This section studies Japan’s Great Inflation and disinflation in
detail. The documentary source used to obtain contemporane-
ous statements by Japan’s policymakers is principally the Tokyo
English-language daily newspaper, the Japan Times, which during
the 1970s also provided translated excerpts from other Japanese
dailies. In addition, I draw on coverage of Japanese economic policy
that appeared in the Asia-region newspapers South China Morning
Post (Hong Kong) and Straits Times (Singapore), as well as material

2The implication runs in the reverse direction too. For example, a policymaker
who believes that higher inflation is the price that must be paid to buy lower
unemployment is in effect subscribing to the belief that inflation is sensitive to
the output gap, and so is rejecting the cost-push view of inflation.
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in newspapers from the United States, the United Kingdom, and
other countries.

4.1 1969-73: Increasing Monetary Policy Neglect

At the end of the 1960s, Japan remained on a completely fixed
exchange rate. What domestic policymakers thought about how to
control inflation nevertheless mattered greatly—first, because there
was considerable monetary policy autonomy in practice despite the
fixed exchange rate; second, because erroneous views about infla-
tion behavior meant that the implications of the fixed-exchange-rate
regime for inflation control were misunderstood.

In this light, it is significant that as of late 1969, Japanese policy-
makers characterized the control of inflation as largely separate from
monetary policy. Prime Minister Sato said in the Diet: “The stabi-
lization of consumers’ prices is the important task for protecting the
national livelihood, and it is here that the Government has devoted
its greatest effort. While restraining as far as possible the prices of
public utilities, I intend to stabilize the consumers’ prices through
strong policy drives for further growth in productivity, mobility of
the labor force, and liberalization of imports” (J7, December 2,
1969).

While denying that excess demand currently existed, the author-
ities did acknowledge the prospect of an excess emerging and thereby
becoming a source of inflationary pressure. The Bank of Japan’s
discount rate was raised to 6.25 percent in September 1969, with
Finance Minister Fukuda citing “the pace of demand expansion”
and the risk of overheating as the reason for the change (AUP,
October 7, 1969). While it may seem jarring to see domestic fac-
tors alone given as the reason for the interest rate increase, it is true
that foreign-exchange controls gave Japan’s authorities considerable
liberty in manipulating domestic interest rates while maintaining a
fixed exchange rate.'® Apparently, however, policymakers were satis-
fied that this single tightening was sufficient; after the 1969 increase,
the discount rate was held constant until October 1970, when it was

3 Consistent with this, Rasche (1990, 35) observes that there are very large dis-
crepancies in the behavior of short-term market interest rates across the United
States and Japan over the quarter-century 1956-80, a period that includes the
1969-80 period studied here.
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reduced to 6 percent. The reason for this reduction, it was reported,
was that Japan’s policymakers believed that monetary restriction
had achieved its purpose of slowing down the economy (J7, October
28, 1970).

The Japan Times editorialized in February 1970 that wage
increases in the preceding four years had been “determined by the
strong-arm tactics of labor unions. ... If this trend continues ... [it]
may create a serious ‘cost inflation’” (J7T, February 1, 1970). The
government was likewise disposed to analyzing inflation in terms
of unit-cost developments but at this stage was less inclined to
appeal to wage push as a source of inflation. Vice Minister Kashi-
wagi expressed a relaxed view: “I anticipate no difficulty because of
this rate of wage increase, for worker productivity will increase [by]
up to 15 per cent a year and industry therefore will be able to offset
the wage increase” (AZR, May 13, 1970).

In July 1970 Miyohei Shinohara, an official of the Economic Plan-
ning Agency (EPA), called for an incomes policy to cover both wage
and nonwage incomes (J7T, July 10, 1970), and in December the
EPA cited wage push as a source of prospective stagflation in Japan.
This was noted as “the first time that the danger of a ‘cost-push’
inflation has been warned in an official government document” (JT,
December 5, 1970). It would be inaccurate, however, to say that
cost-push views had not guided official policy by this point; the
government’s efforts in 1969 to restrict increases in public services’
prices were informed by cost-push analysis, and this approach con-
tinued in December 1970 with an indefinite freeze on public charges
(JT, December 10, 1970). The elevation of wage push to the top of
the government’s list of cost-push factors was confirmed when Prime
Minister Sato himself cited wage push. He signaled that a formal
incomes policy was an option: “I am afraid the Government might
have to adopt an incomes policy under the circumstances.... An
incomes policy never has succeeded anywhere in the world, but as
prices will not become stabilized as long as large pay raises con-
tinue, I would like to work out some countermeasures” (SCMP,
December 12, 1970).

From a monetary perspective on inflation, the really urgent coun-
termeasure Japan needed was greater exchange rate flexibility, a pre-
condition for an assured monetary policy tightening within Japan.
But Bank of Japan Governor Sasaki denied that revaluation would
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help, claiming that the German experience confirmed this (J7,
March 11, 1971). The opposition to revaluation was rendered moot
by what in Japan was labeled the “Nixon shock”: the measures that
included U.S. dollar devaluations in August and December 1971.
The Bank of Japan cut interest rates over this period, with the dis-
count rate in early 1972 standing at 4.75 percent, the lowest level
since 1948 (JT, May 31, 1972). As well as being aimed at restraining
the exchange rate, these cuts had a domestic motivation: the Japan
Times noted that the government was attempting “to take up the
slack in the private sector of the economy ... [via] a low rate [of]
interest policy” (JT, January 4, 1972). The Times claimed that any
inflationary impact of such stimulus would be precluded by the “big
excess capacity in the economy” (J7T, January 14, 1972); indeed, it
said that this policy might help inflation by cutting business costs.
In late 1972, Governor Sasaki expressed satisfaction that the econ-
omy was recovering but not overheating (J7T, December 25, 1972),
and it was not until February 1973 that a Bank of Japan official
said that the output gap was now almost closed (JT, February 8,
1973).14

4.2 1973-74: Monetary Tightening

Two events combined to create the conditions for a significant mon-
etary policy tightening from March 1973: first, the collapse of the
remaining Bretton Woods arrangements, and second, the recognition
that the economy was overheating. Even according to the non-
monetary view of inflation, a positive output gap produces inflation-
ary pressure and justifies a tightening of aggregate demand. As noted
above, under the fixed-exchange-rate regime, Japan’s policymakers
retained some discretion with respect to domestic interest rates. But
over 1971-73 there had been repeated cuts in these rates, so mon-
etary policy had, if anything, reinforced the tendency for the fixed

1Ueda (1993, 193) confirms that the Bank of Japan relied on output-gap
measures that underestimated the strength of demand in 1972-73. Since the
Bank in early 1973 realized that the gap was closing rapidly, it at least had a
more accurate estimate of the output gap than those provided at the time by the
Organization for Economic Co-Operation and Development (OECD) (1973, 22),
which gave Japan’s output gap as —5.9 percent for 1972 on average and as —5.0
percent for the second half of 1972.
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Figure 1. Inflation and the Discount Rate in Japan
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exchange rate to generate monetary expansion. This ease now began
to be removed. The Bank of Japan’s discount rate was increased by
75 basis points in March 1973, and Prime Minister Tanaka approved
another increase in May 1973 with the statement that he would
“tighten the credit squeeze in order to restrain total demand” (J7T,
May 26, 1973). As one Japanese news commentary put it: “Now
that the prerequisite [of fixed exchange rates| is gone, the central
bank focuses its attention on curbing inflation” (NKS, April 11,
1973).

Though a record in nominal terms, the discount rate was well
below inflation throughout 1973 and subsequently (see figure 1).
But more important was the direction of monetary policy implied
by discount-rate choices. Not only did market rates such as the
call rate have a considerable spread above the discount rate, but
changes in the discount rate seem to have had a more than one-
for-one impact on the call rate during the 1973-74 monetary tight-
ening (figure 2). Combined with their impact on other asset prices
such as the exchange rate, the 1973 discount rate increases packed
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Figure 2. Short-Term Interest Rate Changes in Japan
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a considerable punch, confirmed also by the sharp slowdown in M2
growth from 1973.1°

The Japanese government was, however, by no means con-
vinced that eliminating demand pressure was all that was needed
to curb inflation, and in April 1973 the government announced sev-
eral measures inspired by the cost-push view, including increased
surveillance of prices of both domestic and imported goods (JT,
April 14, 1973). Supporting this eclectic approach, the president
of Tokai Bank was reported as favoring “nonmonetary measures in
order to curb inflation.” Such views, the Japan Times reported,
were in line with “the belief held by many economists here that
the Japanese economy is faced with ‘composite inflation’”—i.e.,
cost-push alongside the excess-demand problem—“which cannot be
suppressed by conventional monetary instruments” (J7T, May 30,
1973). Monetary tightening was seen as helpful in moving the output

5The fact that other key yields moved in the same direction as the discount
rate over the 1970s, albeit not proportionally, supports the focus on that rate
in the discussion here. That is, while many asset prices matter for aggregate
demand, their reaction to monetary policy operations is assumed to be approxi-
mately collinear with that of the short rate. This approximation is also that taken
by West (1993) in studying the post-1973 period.
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gap to zero and thereby removing excess demand as a contribu-
tor to inflation; but, it was believed, this would still leave infla-
tion in the system that had to be attacked with nonmonetary
instruments. Always implicit in this position was the view that
negative output gaps did not exert negative pressure on inflation.
The Nihon Keizai Shimbun newspaper'® endorsed this view, claim-
ing that “it is no longer possible to curb inflation by tight money
alone” (NKS, May 30, 1973).

In July 1973, Prime Minister Tanaka said he expected the mone-
tary tightening to bring inflation back under control during October—
December, and if this did not occur, he would consider a wage freeze
(JT, July 6, 1973). His overconfident statement reflects lack of appre-
ciation for the length of lags between monetary policy actions and
inflation. What is more, he was making a statement that, if proved
wrong, would reduce public confidence in monetary tightening as
the solution to inflation.

This unwise statement did not, however, lead to a change in mon-
etary policy strategy. When, in November, high inflation was still
proceeding, Tanaka judged that demand remained too strong (JT,
November 2, 1973). In December 1973, he said categorically, “The
present situation does not warrant the adoption of an incomes pol-
icy” (JT, December 9, 1973). The government’s reaction in Decem-
ber 1973 to continuing inflation and the OPEC oil shock did include
some nonmonetary attempts to fight inflation, such as a freeze on
rice prices and rail fares (JT, December 22, 1973a). But a prominent
role was given to what the government called “utmost efforts ... to
curb total demand” (JT, December 22, 1973a), including a 2 percent
increase in the discount rate to a record 9 percent (JT, December
22, 1973b), implying also a sharp increase in the nominal call-money
rate (see figure 2).

4.8 1974-75: On the Brink of a U-turn

While following restrictive demand policies, the government con-
tinued to hold the position that wage push could produce an
independent effect on inflation. Prior to the 1974 wage negotiations,

16 According to the New York Times, the Nihon Keizai Shimbun was “Japan’s
leading economic newspaper” during this period (NYT, June 12, 1974).
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Prime Minister Tanaka urged labor to “exercise restraint,” stating,
“Excessive wage increases . . . invite higher prices” (JT, February 22,
1974). The Economist claimed that it was “hard to see where prices
will stop” unless an incomes policy was introduced (7TFE, January
5, 1974), and when the outcome of the spring wage negotiations
was 30 percent nominal-wage growth, an economist at the Japan
Development Bank said that Japan was now approaching “fast-
paced cost-push inflation” that aggregate-demand measures could
not cure (J7, June 21, 1974). Similarly, Finance Minister Ohira said
in August 1974 that cost-push pressure, manifested in the “vicious
circle of prices and wages,” was Japan’s main economic problem (JT,
August 3, 1974).

In January 1974 Japan’s annual CPI inflation passed 20 percent.
It stayed above 20 percent throughout the year. In response, cost-
push views strengthened in policy circles and threatened to produce
a major policy change in late 1974. In October 1974, the Cabinet set
a goal of limiting inflation to 15 percent, with the Prime Minister’s
Office seeing restraint on public utility prices as a key weapon (JT,
October 12, 1974). These had featured in anti-inflation packages in
previous years; their continued use did not in themselves augur a
major policy change. But Prime Minister Tanaka also indicated he
would not rule out introducing wage controls, and he was quoted
as wishing “to sever the vicious cycle of prices and wages, and pro-
mote harmony between the wage problem and the whole national
economy” (SCMP, October 8, 1974). More promisingly, these offi-
cial pronouncements were not at the expense of continuing mone-
tary restriction; rather, as the Japan Times put it, there remained
“a fairly solid and welcome consensus among Government leaders
that the restrictive demand management policy should be contin-
ued for the supreme objective of slowing inflation” (J7, October
23, 1974). Later in October, however, the Bank of Japan’s governor
said, “We have reached a point where money can’t be tightened any
further” (JT, October 29, 1974), and in December Deputy Prime
Minister Fukuda said that Japan’s inflation was now “cost-push”
(JT, December 19, 1974).

The decline in inflation in 1975 (see figure 1) was sufficiently
dramatic to hold off a shift to a nonmonetary strategy against infla-
tion, and official statements during 1975 took a more orthodox tone.
In particular, demand restriction was reaffirmed as effective against
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inflation, and a negative output gap was seen as removing infla-
tionary pressure. Deputy Prime Minister Fukuda said that while
production was stagnant, “the problems of prices and wages are still
a matter of great concern and, therefore, the demand-curbing pol-
icy should be continued” (J7, January 18, 1975). Similarly, Prime
Minister Miki said that while “there is no denying the fact that
business is becoming increasingly stagnant,” continuing inflation
meant “it is not feasible to lift the current restrictive measures
on total demand” (J7, January 25, 1975). While the discount rate
had not been raised during the very large increase in inflation in
1974, neither was it reduced during the first quarter of 1975, by
which time statistics were indicating that the economy had con-
tracted during 1974 and that annual inflation was falling rapidly.
The fall in inflation was generally recognized as a reaction to the
demand restraint: e.g., a correspondent for Singapore’s Straits Times
observed, “Japan’s determined anti-inflation campaign is beginning
to slow the rise in prices. ... [T]he inflation rate ... seems to be com-
ing down because of the recession” (STR, January 29, 1975). This
was a breakthrough because the recession was widely seen, includ-
ing in official estimates,'” as having turned the output gap sharply
negative—a “deep slump” in the New York Times’ estimation (NYT,
June 12, 1974). Therefore, to attribute the inflation decline to weak
aggregate demand was to reject the cost-push position that negative
gaps do not pull down inflation.

4.4 1975-79: Entrenching the Monetary Control of Inflation

The first change to Japan’s discount rate since 1973, a 0.5 per-
cent cut to 8.5 percent, was made in April 1975. Bank of Japan
Governor Morinaga announced the cut with the following caveat:
“The discount rate cut does not mean a drastic policy shift; only
the signal has changed, from red to reddish yellow” (NKS, April 16,
1975). This was a modest cut compared with that being urged by the
Prime Minister’s Price Stabilization Council, which had advocated a
150-basis-point reduction and had argued that such a move would be
anti-inflationary by cutting business costs (JT, April 21, 1975). The

'"One such official estimate was in an Economic Planning Agency report
released in August 1975 (STR, August 19, 1975).
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maintenance of monetary restraint reflected the fact that cost-push
views like this were continuing to lose influence. But interest-cost-
push views did creep into Deputy Prime Minister Fukuda’s analysis
when he justified an additional 50-basis-point cut in June 1975 as
one that would stimulate the economy and reduce pressure on prices
(JT, June 9, 1975).

The predominant trend continued to be in the direction of fur-
ther endorsement of the monetary view of inflation. The president of
the Bank of Tokyo said in May 1975 that the “policy of restraining
aggregate demand, especially on the monetary front, that had been
pursued since the beginning of 1973, has resulted in a pronounced
slowing of price advances this year” (JT, May 31, 1975). The gov-
ernment white paper on the economy attributed 1973-74’s inflation
largely to excessive demand and said that inflation had been reduced
at the cost of recession (JT, August 9, 1975; JT, August 14, 1975).
Further evidence of the impact of the monetary restriction came
in late November, when it was revealed that nationwide annual CPI
inflation had fallen below 10 percent in October, the first single-digit
outcome since early 1973 (JT, November 29, 1975).

By March 1976, it was clear that the government had achieved
its goal of bringing down inflation to single digits for the 1975-76
fiscal year (JT, March 29, 1976), and its aim for 1976-77 was to
bring inflation down further to a maximum of 8.6 percent (J7, Jan-
uary 29, 1977). From a monetary perspective on inflation, a decline
of this magnitude was close to being locked in by the prior period of
monetary restraint and subsequent permanent reduction in money
growth. From a cost-push perspective, there was no such guaran-
tee, and the Japan Times, taking this approach, was pessimistic:
“Cost-push inflationary pressures remain strong. ... There is indeed
a possibility that we might see the inflation rate soar to a double-
digit level again” (JT, November 15, 1976). Inflation for the fiscal
year ending in March 1977 ultimately came in at 9.4 percent (JT,
April 29, 1977), an interruption of the decline since 1974. The gov-
ernment set a target of 7 percent for fiscal year 197778 (JT, April
28, 1977). The overshoot of the 1976-77 target proved to be an aber-
ration, out of line with the monetary restraint observed since 1973;
it was compensated for by the rapid decline in inflation in 1978. In
July 1978, the Japan Times observed, “Perhaps the most striking
development on Japan’s domestic economic scene today is regained
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price stability” (JT, July 26, 1978), with CPI inflation around 4 per-
cent, well below the 7 percent maximum target. Nevertheless, the
article acknowledging this achievement attributed it to the recent
yen appreciation rather than the turnaround since 1973 in monetary
policy.

All these developments were against the background of the major
post-1973 productivity slowdown. Much commentary in Japan in
1973-74 accurately saw the economy as undergoing a permanent
shift in its trend growth rate. For example, the Japan Times edito-
rialized at the end of 1973 that it was “broadly discerned that the
country must save energy consumption and settle for a much lower
rate of growth in the future” (JT, December 30, 1973), while Finance
Minister Fukuda said in May 1974 that in coming years Japan would
seek a growth rate “acceptable by international standards” and could
not return to the 15 percent growth rates experienced in the past
(JT, May 10, 1974). So estimates of the output gap in the years
following 1973 were not on the grossly erroneous scale that would
have resulted from assuming no change in the trend of potential out-
put in years after 1973,'® but the magnitude of Japan’s slowdown
did mean substantial output-gap errors. An OECD report released
in mid-1977 gave Japan’s output gap as about —13.5 percent as of
the end of 1976 (McCracken et al. 1977, 84). This was likely more
pessimistic than the Japanese government’s estimates of the output
gap, for the OECD, unlike the government, did not acknowledge
any quarter of positive output gaps in Japan since 1970, not even
in 1973.1° Within Japan, the Japan Times in late 1977 said there
was a “huge surplus of productive capacity” of “well over 10 tril-
lion yen” (JT, September 8, 1977)—i.e., an output gap of at least
—6 percent. The government itself set a real-GDP-growth target of
7 percent for 1978-79 (JT, January 22, 1978) and, in pursuit of

18Thus official estimates were not as severely in error as those later given by
Brown and Darby (1985, 71-75), who estimated potential output by fitting a log-
linear trend to Japan’s real GDP over 1952-79. Because it was heavily affected
by the pre-1974 trend, Brown and Darby’s procedure resulted in a negative and
continuously worsening output-gap series for Japan over 1976-79, with the 1979
output gap more negative than —12 percent. In contrast to this series, estimates
of the output gap used by Japanese authorities in the late 1970s did record that
the output gap was becoming less negative over 1978-79.

19Gee Laidler (1978, 1043).
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this, the discount rate continued to be cut, to 3.5 percent in early
1978, with implied bank lending rates of about 5.9 percent (JT,
March 16, 1978; JT, June 23, 1978). In October 1978 the admin-
istrative councilor of the Economic Planning Agency gave Japan’s
output gap as —11 percent as of the previous March (J7T, October 6,
1978).

Despite this perceived large gap, the authorities in April 1979
increased the discount rate for the first time since 1973. Analyz-
ing this increase, the Japan Times said that “the Bank of Japan
let it be known on Monday that it is determined to fight a resur-
gence of inflation” (JT, April 18, 1979), with the authorities in
particular wishing to avoid excessive money growth of the kind
observed in 1972-73, and to forestall a continuation of rising whole-
sale price inflation. Discussing the increase in wholesale inflation, an
official government bulletin cited rising oil and commodity prices but
also acknowledged that “improvements in the supply and demand
situation”—that is, a diminishing output gap—were a contribut-
ing factor (JT, June 26, 1979). This contrasts with the authori-
ties’ position in 1972, when they did not regard a narrowing of
the gap as a signal for tightening. The change in the gap was
now given weight in policy decisions—thus embedding into mone-
tary policy a “speed-limit” dimension, in the terminology of Walsh
(2003).20

In late 1978, the approach of basing policy decisions on vari-
ables other than the estimated output-gap level was consolidated
when the Bank of Japan announced forecasts for M2 growth (see,
e.g., Hamada 1985). These were not formally labeled targets, but
Bank of Japan Governor Morinaga said, “I’ll carry out monetary pol-
icy while closely watching the movement of money supply” (NYT,
December 28, 1978). Thus, even before the series of discount-rate
increases began in 1979, Morinaga had signaled that high money
growth would lead the authorities to raise interest rates.

Not only were the authorities tightening ahead of much of the
actual increase in CPI inflation, but they were still ahead of much
opinion on the role of monetary policy in fighting inflation. A May
1979 commentary in the Kyodo News Service on the Bank of Japan’s

20Gee section 4.5 below for further discussion.
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discount-rate increase was entitled “Credit Policy Unlikely to Affect
Inflation.” It said that strengthening demand had “not as yet been
much of a factor” in wholesale price increases and downplayed
the contribution monetary policy could make if CPI inflation did
worsen: “[R]eliance must be put on other policy measures. Fiscal
policy will have to be tightened. ... More vigorous action must be
taken to strengthen the yen’s exchange rate and bring down the
cost of imports. Imports, especially of manufactured goods, must
be increased. ... The means to check inflation are readily available”
(KYO, May 23, 1979).

Further discount-rate increases took place over 1979-80, with a
100-basis-point increase in February 1980 justified by Bank of Japan
Governor Mayekawa as an inflation-containing action in the face of a
tightening of the demand-supply position (JT, February 19, 1980). In
contrast to the tentative support for incomes policies voiced by pol-
icymakers during 1970 and 1974, a Bank of Japan official observed
the following in 1980: “No incomes policy could conceivably be effec-
tive. ... [O]rthodox policies . .. are valid enough to check home-made
inflation.” 2!

4.5  Lessons from Japan’s Experience

Several lessons emerge from Japan’s Great Inflation and disinflation.
First, while Milton Friedman’s (1990, 107) observation that “no con-
trol of individual prices nor of individual wages” occurred during the
1973-74 monetary tightening is an overstatement—Japan’s officials
did impose limits on price increases on specific goods—the controls
applied to a small portion of the price index, and inflationary pres-
sure suppressed by the controls could easily be transferred to other
prices. Therefore, Japan’s disinflation cannot plausibly be attributed
to incomes policy.

Second, Japan, like other countries, had a period during which
policymakers were inclined to adopt general wage and price controls
because they believed inflation had become cost-push in character.
But in Japan’s case the strongest doubts came just before a drastic
decline in inflation in 1974-75, and this decline, coming in the wake

21Suzuki (1981, 412).
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of severe monetary restraint, served as a powerful rebuttal of the
view that inflation was insensitive to negative output gaps.

Third, the recognition by Japan’s policymakers of an excess-
demand problem in 1973 was superior to that of outside agencies
such as the OECD (1973). This may have reflected greater weight
given to money (M2) growth, which had risen about 8 points over
1970-73, as an indicator of pressure on aggregate demand.

Fourth, the post-1973 slowdown meant that Japanese policymak-
ers’ output-gap estimates were probably substantially biased in the
later 1970s; nevertheless, disinflation proceeded over these years.
Again, the emphasis on money growth may have helped in reduc-
ing the weight given to gap estimates. But Japan’s officials also
indicated that they tightened monetary policy in response to posi-
tive output-gap growth. This “speed-limit” policy reaction could be
rationalized by a variety of theories. The most traditional, but least
consistent with modern inflation analysis, is that the growth rate of
the gap appears directly in the Phillips curve. More consistent with
a New Keynesian analysis is the view that output-gap changes sug-
gest revisions to the expected path of the output-gap level, and so a
revised inflation forecast. Responding to them is in effect a backdoor
way of responding to the correctly measured (expected path of the)
level of the output gap. Regardless of the specific rationale, empha-
sis on output-gap growth insulates monetary policy decisions from
output-gap mismeasurement, since errors in level estimates tend to
be persistent and largely cancel from the growth rate, as discussed in
Giannoni (2002), Orphanides (2003), and Orphanides and Williams
(2006).

In the present instance, there was a specific type of output-gap
error that policymakers’ response to growth rates protected against:
the actual late-1970s output gap in Japan was closed well before
real-time estimates of the gap stopped being negative. Percentage
changes in variables have turning points that precede those of their
corresponding levels,?? so a policy tightening in response to an esti-
mated positive output-gap growth rate proved, ex post, to be a
tightening in response to an actual positive output-gap level.

#28ee, e.g., Culbertson (1960) for a vintage discussion.
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5. Germany

This section covers the inflation-disinflation experience in Germany
over 1969-80. I draw on coverage of, and commentary on, mone-
tary policy and inflation in the German press; similar discussions of
Germany in several other countries’ newspapers; and Bundesbank
reports, speeches, and testimony.

5.1 1969-71: Orthodox Response to Inflationary Pressure

Germany was more integrated than Japan into the international
financial system over the Bretton Woods period, and so its poli-
cymakers’ scope to vary the official discount rate for reasons other
than the exchange rate parity was more limited than their counter-
parts’ in Japan. Beginning in the late 1960s, however, the authorities
began taking steps to shield Germany from U.S. monetary expan-
sion. These measures included temporary exchange rate floats in
late 1969 and May—December 1971, and an intensification of foreign-
exchange controls in mid-1972, discussed below.

The limited monetary policy independence bought by these
measures led to a series of monetary tightenings, including an
increase in the discount rate from 6 percent to 7.5 percent during
March 1970. Economic overheating and inflationary pressure were
cited as reasons for the tightening, with the Bundesbank’s vice pres-
ident, Otmar Emminger, observing, “If there is no improvement in
wage and price developments, we’ll naturally be forced to go on
making monetary policy very restrictive” (DS, July 20, 1970, a.t.).
By the time this statement was published, however, the constraints
imposed by the exchange rate policy had been made plain by the
Bundesbank’s removal of some of its March tightening, with the dis-
count rate cut from 7.5 percent to 7 percent in July (WSJ, July 16,
1970). With its room to move on interest rates limited, the Bundes-
bank attempted to rely on reserve-requirement increases in April and
June 1970 (JT, June 20, 1970), measures unlikely to affect aggregate
demand when not accompanied by interest rate increases.

A speech by the Finance Minister, Karl Schiller, in
September 1970 clearly recognized the absence of a long-run infla-
tion/unemployment trade-off: “Inflation is like a drug. For a short
time it makes our society feel ‘high’.... Then it becomes apparent
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that the ‘trip’ has not solved any problems, and even created new
ones.” Schiller was, however, eclectic in his picture of the solution to
inflation, describing incomes policy, monetary policy and fiscal pol-
icy as “complementary sets of policy instruments” (A UP, September
24, 1970).

5.2 1971-72: The Monetary-Policy-Neglect Period

It was from early 1971 until mid-1972, in the wake of double-digit
annual nominal-wage growth in 1970-71 and the apparent elimina-
tion of excess demand, that cost-push views reached their high-water
mark in German debate. As early as January 1971, an authoritative
statement making heavy concessions to the cost-push view appeared
in the form of an address by Bundesbank President Karl Klasen. In
line with cost-push views, Klasen endorsed the position that present
wage-growth rates were “not justified by economic conditions,”
excess demand having passed. Klasen saw the German government’s
“Concerted Action” program—a consultation process among labor,
firm, financial, and government leaders—as a potentially valuable
anti-inflation instrument. Nevertheless, Klasen demonstrated that
thinking in Germany at this point was more orthodox than else-
where. In contrast to Federal Reserve Chairman Arthur Burns’s
position at the time, Klasen deplored compulsory price controls as
part of the solution; moreover, he rejected the view that monetary
policy actions had become ineffective, and indeed indicated that the
Bundesbank’s recent decision not to cut the discount rate reflected
a wish “to prevent continuing price rises” (AUP, February 2,
1971).

In the same spirit, continuing inflation (at about 4.5 percent
per annum) and the danger that monetary easing could help trans-
fer wage pressure into price inflation were cited by the Bundes-
bank when it again held the discount rate constant in March (IP,
March 18, 1971). This position received support from a front-page
editorial entitled “Cost Inflation” in the Frankfurter Allgemeine
Zeitung. Proclaiming that it was “unambiguous how strongly the
wage spiral has contributed to the decline in the value of money,”
the newspaper rejected the view of “some critics ... that the
Bundesbank’s measures are not effective” and supported monetary
restraint as a response to wage push (FAZ, March 18, 1971, a.t.).
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This position was in harmony with the monetary view of infla-
tion, which states that monetary policy can block current wage
developments from spilling over into expectations of future price
inflation.

But it was over precisely this period, early 1971, that a shift
took place in official opinion away from orthodox views on infla-
tion behavior. The motivation for this shift was the change in the
aggregate-demand picture. Estimates by the OECD constructed in
early 1973 (OECD 1973, 29-32) suggested that Germany’s output
gap peaked at +1.3 percent in the first half of 1970, averaged +1.0
percent in the first half of 1971, and turned to —1.5 percent in
the second half of 1971. These were not based on German gov-
ernment sources, but the January 1971 statement by Bundesbank
President Klasen mentioned above indicates that German policy-
makers thought the gap was 0 by 1971:QQ1. Therefore, like the OECD,
German policymakers thought that excess demand had peaked in
1970, but unlike the OECD, they believed it had dissipated by early
1971.

With inflation rising during 1970 and 1971, policymakers and
opinion leaders were susceptible to explanations for inflation that
attributed it to nonmonetary factors—instead of (correctly) viewing
the inflation as the result of the pre-1970 monetary ease working its
way through the system. As we have seen, by early 1971 Klasen was
already attributing substantial wage inflation to cost-push forces.
Therefore, the longer price inflation proceeded at high rates after
1970, the more likely it was to be attributed solely to factors other
than excess demand. Sure enough, Jiirgen Husmann, the deputy
economics director of the German FEmployers’ Federation, said in
March 1971, “[T]he recent price increases are not demand-induced.
They arise from increases in wage costs” (DT, April 1, 1971). The
Financial Times had already been quick off the mark, stating in
January 1971 that “the easing of demand pressure has had no effect
on the inflationary wages-prices spiral. . .. German inflation is now of
the cost-push rather than the demand-pull variety, and consequently
more difficult to control” (FT, January 1, 1971).

Assessments like this prevailed in policy circles too, with Finance
Minister Schiller in September 1971 describing “cost pressures” as
a separate cause of inflation distinct from excess demand (AUP,
October 5, 1971). Indeed, shortly after the May 1971 exchange rate
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Figure 3. CPI Inflation in the Federal Republic
of Germany (FRG)
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float, Schiller saw the economy as having featured the removal of
overemployment, and he believed “a new chapter” had begun, with
incomes policy (the Concerted Action) playing a large role in con-
trolling inflation (DW, June 23, 1971, a.t.).

This “new chapter” indeed featured distinct policies from 1970,
including looser monetary policy. The dissipation of monetary
restraint was evident in a 2-percentage-point decrease in the dis-
count rate over calendar-year 1971; this occurred despite annual CPI
inflation rising about 2 points during the year (see figure 3). The in-
terest rate cuts continued over the May—December 1971 interval,
which the Bundesbank considered a floating-mark period (BBAR,
April 1972, 18), so it is difficult to argue that these cuts reflected pol-
icymakers balancing inflation control against exchange rate stability.
Rather, the belief that inflation could be solved by incomes policy
implied that monetary policy was free to stimulate the seemingly
weak economy. Overambitious goals for incomes policy had been
made public in January 1971 by Bundesbank President Klasen, who
had voiced the opinion that Concerted Action offered the prospect of
moving from a situation where “[union] members judge the success
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of the trade union leadership on the success of the wage struggle”
to “a higher level” where “the performance should be judged on
trade unions’ part in the general economic report of the Federal
Government” (DW, January 23, 1971, a.t.).

Finance Minister Schiller resigned in mid-1972 in protest against
new policy decisions, including the adoption of exchange controls
(Fels 1977, 613). Since Schiller was arguing for a freer financial sys-
tem, it would be tempting to conclude that his defeat was a further
setback for orthodox macroeconomic policies. That would not,
however, be an altogether appropriate conclusion, since Schiller’s
departure increased the Bundesbank’s ability to carry out mone-
tary tightening. Schiller favored a fixed exchange rate with minimal
exchange rate controls; but if monetary restraint was to commence
under fixed rates, Germany needed foreign-exchange controls. With
these controls imposed, the German authorities were indeed able to
raise interest rates in late 1972. From a monetary-control perspec-
tive, the reimposition of exchange controls was desirable. The policy
package involving foreign-exchange controls was thus the lesser of
two evils, even though less appropriate than the alternative, not-
yet-on-the-table option of a permanent float, monetary restraint,
and no exchange controls.

Schiller’s departure was also beneficial in promoting a shift away
from incomes policy as an anti-inflation weapon. In August 1972,
shortly after assuming office as Finance Minister, Helmut Schmidt
was asked to comment on the United States’ wage and price con-
trols. His response was to cast doubt on their value: “I think a
short-term success of the U.S. experiment is quite possible. But in
the long run controls create serious distortions of market forces.
You’ve got to grasp how wedded we are to the concept of free mar-
kets and free competition as a foundation of a productive economy.
We consider the basically free play of prices on the market and the
absolute independence of employer and employee in wage negotia-
tions as vital to this process. I don’t really think much of trying
to interfere in this autonomous play of forces with such things as
wage and price controls” (NW, August 21, 1972). Schmidt’s views
stand in contrast to the enthusiastic, even utopian, prior state-
ments by Schiller and Klasen to the effect that incomes policy
opened up a new chapter in which unions’ objective functions were
transformed.
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The late-1972 interest rate increases were preemptive in the sense
that they amounted to tightening while the output gap was still
believed to be negative—the Bundesbank’s report on 1972 gave it as
—1.5 percent on average (BBAR, April 1973, 11). The 1972 tighten-
ing was in response to rapid money growth and to the signal this gave
of prospective overheating in 1973. Thus monetary policy in 1972
focused on monetary aggregates but did so with a preemptive out-
look regarding aggregate-demand developments. There is therefore
considerable continuity from late-1972 policy to the late-1974 poli-
cymaking described by Bernanke et al. (1999, 47), which they cite
as notable for preemption (though a preemptive easing, as opposed
to the preemptive tightening of 1972).

5.8 1973-75: New Regime

The transfer of inflation control to monetary policy, already under-
pinning the 1972 discount-rate increases, was boosted further in
early 1973, notably in a call by the federal government, documented
by von Hagen (1999a, 683), for monetary policy to carry out disin-
flation. While von Hagen emphasizes that this preference for mon-
etary policy reflected the executive branch’s reluctance to tighten
fiscal policy, for the present discussion, two other very important
aspects of the government’s call are crucial and put it in a more
favorable light. First, it was an affirmation at a high policymaking
level that restricting aggregate demand was essential for reducing
inflation. This contrasts with, e.g., the United Kingdom and Ireland
at the time, with their governments’ belief that monetary stimu-
lus actually reduced inflationary pressure. Second, a disinflationary
monetary policy was acknowledged as compatible with lack of fiscal
consolidation. This contrasts with the position of Arthur Burns in
the United States that fiscal deficits automatically pushed up money
growth and/or inflation.

During the second quarter of 1973, the Bundesbank raised the
discount rate in two steps to 7 percent. At a press conference fol-
lowing the first of these increases, Bundesbank President Klasen
affirmed that the increase was designed to fight inflation. He did,
however, indicate he might support a wage-price freeze if inflation
deteriorated, adding that “we must use all other available measures”
before contemplating that step (J7T, May 5, 1973).
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A firmer rejection of controls as a solution to Germany’s infla-
tion took place the following week, when the Brandt government
announced its own anti-inflationary measures, concentrating on
fiscal restriction and excluding wage and price controls (SCMP,
May 11, 1973).23 Commenting on the measures, the “father” of
Germany’s postwar currency, Ludwig FErhard, applauded the
government’s rejection of wage-price controls, adding, “I think per-
haps we now should have another currency reform in miniature”
(JT, June 22, 1973).

In fact, as he spoke, Germany was undergoing a “currency reform
in miniature”—in the form of the regime of a floating exchange
rate and inflation-oriented monetary policy, started in 1973.
Germany’s regime change is frequently dated to the announcement
of monetary targets in December 1974, a dating also implicit in the
estimation of reaction functions on samples beginning in 1975 at
the earliest.?* But money growth had been cited as a consideration
when the Bundesbank began tightening in October 1972 (JT, Octo-
ber 8, 1972). By October 1973, Helmut Schlesinger, a Bundesbank
director, was describing March 1973 as the date when “[m]onetary
policy ... moved back into the center of anti-cyclical policy” (FT,
October 8, 1973). And, indeed, the Bundesbank in 1975 described
its 1974 strategy as “to continue the fight begun in 1973” (BBAR,
April 1975, 14), and though monetary targeting was not introduced
until the end of 1974, a Bundesbank official testified in 1980 that the
Bundesbank “for internal purposes had already established a target
for its own orientation for the year 1974” (Dudler 1980, 299).

2 Chancellor Brandt reaffirmed the rejection of controls in a television interview
in February 1974: “Such steps have not proved to be effective. In our neighbor-
ing countries, such steps did not bring about any better results” (quoted in JT,
February 3, 1974).

24Gee, e.g., Bernanke and Mihov (1997). As discussed below, Bernanke et al.
(1999, 43-47) do offer official statements that they suggest are evidence of the
influence of monetarism on German policy thinking in the period predating offi-
cial monetary targeting. But the examples they cite, as well as the quotation
offered by von Hagen (1999a, 690), are not in fact unambiguous evidence on this
point. They could imply that monetary restraint is merely necessary for (or “com-
patible with,” to use the words that von Hagen quotes) inflation control, whereas
monetarism treats monetary restraint as necessary and sufficient for inflation
control. The material I present is, by contrast, more clear-cut in showing that
key Bundesbank personnel embraced the monetary view of inflation.
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Therefore, the regime in force from December 1974 was a for-
malization of that prevailing throughout 1974, itself in turn a con-
tinuation of the regime begun in March 1973. Indeed, most of the
“heavy lifting” carried out during the regime—substantial inter-
est rate increases—had been done by the time monetary target-
ing was formally introduced, with the discount rate being cut from
October 1974, annual CPI inflation having peaked (at 7.5 percent)
in 1974:Q1.

What were the doctrinal changes underlying the regime change?
The price-stability task of monetary policy was already enshrined in
the Deutsche Bundesbank Act of 1957.2% But to regard price stabil-
ity as the primary task of monetary policy is only part of the way to a
modern view of inflation control. What is also needed is recognition
that nonmonetary instruments such as incomes policy are redun-
dant and ineffective as means of fighting inflation. Here, changes
in personnel at the top of the federal government were an impor-
tant element, with Finance Minister (from May 1974, Chancellor)
Schmidt more inclined than his predecessor to focus on monetary
policy and to downplay incomes policy.?5

As far as the Bundesbank is concerned, however, there is evidence
that President Klasen, while supportive of tightening money in 1973,
did not undergo a profound change in his views relative to 1971. At
that time, he had subscribed to a mixed cost-push/monetary view
of inflation, with his behavior from mid-1971 suggesting a move
to a harder-line cost-push view, giving up on the idea that mon-
etary actions could rein in wage inflation; further, as noted above,
in mid-1973 he had withdrawn his 1971 opposition to compulsory
wage and price controls (though the government did not adopt them
after all). The monetary policy tightening in 1972-73 was compati-
ble with this position, as it was a reaction to a prospective positive
output gap and did not in itself signify a denial of the importance
of cost-push factors. Even in June 1974 President Klasen described
the monetary tightening as amounting to “[w]hat could be done by
monetary means” against inflation, with low inflation also requir-
ing improved attitudes about sharing the economic “cake” (AB,

*5See, e.g., Deutsche Bundesbank (1980, 291).
26The Bundesbank’s Otmar Emminger subsequently noted that Schmidt’s
arrival heralded a “shake-up ... [of] great significance” (Emminger 1977, 34).
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June 27, 1974). Klasen’s nonconversion to the monetary view of
inflation was also reflected in the Bundesbank’s most authoritative
statements, such as the 1972 Annual Report, which stated the fol-
lowing on its opening page: “Monetary policy alone cannot avert the
danger of inflationary expectations gaining strength” (BBAR, April
1973, 1).27

A sharper change in attitude to inflation control occurred
among other directors of the Bundesbank. Chief Economist Hel-
mut Schlesinger was much more influenced by monetarism, citing
“theoretical arguments and empirical findings produced largely in
the U.S.” Schlesinger noted that a monetary approach to inflation
control was “nothing new from the German point of view” (FT,
October 8, 1973), but the new research on the subject helped con-
vince Schlesinger that German policymakers had been wrong to look
to devices other than monetary policy for inflation control.

Bundesbank Vice President Emminger, like Schlesinger, took
a stronger view than President Klasen on the contribution that
monetary policy could make. Emminger affirmed that the Bundes-
bank could deliver price stability, and he spoke out against critics.
“For example,” he observed in November 1973, “people say: ‘Anti-
inflation policy, well and good; but in the cost of living there’s a large
proportion of administered prices which are insulated from market
laws and thus from the overall instruments of fiscal and monetary
policy.” According to this argument, no matter how hard we try,
we can never get below a given bedrock inflation rate determined

2"This quotation puts in perspective the statement in the same report that a
“persistent and accelerating decline in the value of money is impossible without a
corresponding [monetary] expansion . .. [and] the monetary sphere in its own right
not infrequently promotes the inflation of prices and wages” (BBAR, April 1973,
24). Bernanke et al. (1999, 50) interpret this quotation as implying that “mone-
tarism was having a significant impact on policymaking inside the Bundesbank.”
This conclusion is accurate—see the October 1973 quote from Helmut Schlesinger
given here—but does not follow from the quotation, which is a weaker statement
than what is implied by a monetary view of inflation. To say that “accelerating”
inflation requires monetary accommodation, and that monetary expansion “not
infrequently” promotes inflation, could simply be acknowledging that monetary
expansion can create excessive demand and compound cost-push inflation. Unlike
later statements by the Bundesbank, quoted below, this statement does not reject
the possibility that cost-push forces can be a source of maintained inflation, nor
does it acknowledge that monetary restraint is a sufficient condition for price
stability.
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by the administered prices, let us say 5%.” Emminger rejected this
“defeatism about the value of monetary policy.” The proportion of
prices and wages that responded to market forces was large, and he
noted that even administered prices ultimately responded to market
forces (AUP, November 9, 1973, a.t.).

It is therefore appropriate to conclude that the monetary regime
that began in 1973 was influenced by the monetary view of inflation,
but President Klasen underwent a less significant change in opinion
than his subordinates. To emphasize, this did not amount to a dif-
ference among policymakers on the costs of inflation; Emminger and
Schlesinger shared the goal of price stability with Klasen. Rather,
it amounted to a different perception of what had created price sta-
bility before 1970 and what had changed since 1970. Klasen was
more concerned with reinforcing specific institutional arrangements
that had existed before 1970 such as Concerted Action, believing
the need for incomes policy to have become more important in the
1970s. Emminger and Schlesinger had far less attachment to the pre-
1970 institutional arrangements, be they Concerted Action or fixed
exchange rates. Their reasoning was that these features would not
secure the truly important element that had been lost since 1970—
namely, monetary stability. They saw no merit in fixed exchange
rates per se, notwithstanding fixed rates being a feature of the ear-
lier price-stability period; monetary stability could be delivered by
domestic monetary restraint combined with floating exchange rates,
and fixed rates could be an impediment to restoration of monetary
stability. Klasen thought monetary restraint was one condition for
price stability; Schlesinger and Emminger thought it was a necessary
and sufficient condition.?®

In 1973, however, with unanimity that excess demand was the
immediate problem, doctrinal disagreements were less likely to man-
ifest themselves as policy disagreements. This unanimity, and the

28This conjecture about Emminger’s and Schlesinger’s 1973 positions is com-
patible with their later reputation as dissenters in post-1974 Bundesbank delib-
erations, as indicated by von Hagen’s (1999a, 690) discussion of the Bundesbank
General Council’s minutes. Indirect support for associating Klasen with the non-
monetary approach to inflation is also provided by the fact that neither von
Hagen’s (1999a) nor Bernanke et al.’s (1999) account of Bundesbank monetary
targeting mentions Klasen, despite monetary targeting being inaugurated during
his presidency.
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solidarity between the government and the Bundesbank on the 1973
policy change, proved important, as the new course was criticized
by many leading financial commentators. Jiirgen Ponto, president
of Dresdner Bank (the Federal Republic’s second-largest commer-
cial bank), said in November 1973, “The doubts whether a lasting
stabilization of cost and prices can be achieved by holding fast to
the current restrictive credit and fiscal policy course are being only
reinforced.” Ponto claimed that interest rate increases were having
a cost-push effect “rather than the desired anti-inflationary effect”
(JC, November 5, 1973). The Economist, too, was extraordinarily
critical. In June 1973 it asserted: “Chances for an early dip in cost-
push inflation therefore look slim. ... [T]ight money ... will merely
turn boomflation into stagflation” (TE, June 9, 1973). In Novem-
ber it editorialized that “the right economic recipe is re-expansion
and an incomes policy” and judged that the government’s rejec-
tion of controls and its embrace of demand restraint “could hardly
be a worse policy for Germany at this time” (TE, November 10,
1973).

5.4 1975-80: Consolidating the New Regime

In the second half of the 1970s, the regime change was consolidated
by data outcomes—low inflation—and personnel changes—notably
the accession (in 1977) of Otmar Emminger to the Bundesbank pres-
idency. An interview Emminger gave in early 1975, while still Bun-
desbank vice president, was notable for his emphasis on aggregate
demand control. He stressed that Germany had gotten “inflation
under control ... [by] apply|ing] the classical medicine of restric-
tive fiscal and monetary policy.” Asked if Germany’s monetary pol-
icy solution could be applied to the United Kingdom, Emminger
expressed the reservation that “[wlhen you already have very high
and firmly established inflationary expectations, it is difficult to
break them with restrictive fiscal and monetary policy alone” (TG,
March 5, 1975). This phrasing of the issue was probably a diplomatic
way of avoiding direct criticism of UK policymakers; Emminger
was being interviewed by a British newspaper. It is uncontroversial,
according to the monetary view of inflation, that monetary policy
might not reduce inflationary expectations at the same speed that
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it removes inflationary pressure.?? This does not prevent monetary
policy from reducing inflation, but it increases the short-term output
costs of a disinflation. Incomes policy is sometimes invoked as helpful
in these circumstances, by providing a direct link between nominal
contract arrangements and the government’s disinflation program.
The problem with using this as a defense of incomes policies pursued
by countries like the United Kingdom in the 1970s is that incomes
policy was seen in those countries as an anti-inflation policy in itself,
a view Emminger rejected: “it is nearly impossible to break estab-
lished inflation by relying on incomes policy alone” (T'G, March 5,
1975).

Later in 1975, Emminger was more outspoken about nonmon-
etary approaches to inflation control. Emminger referred to the
“baffling complexities” of incomes policies, and went on as follows:
“[Whatever the initial causes of a particular price inflation—they
may be entirely exogenous like bad harvests, the oil price increase,
etc.—in the longer run price inflation can continue only if it is accom-
modated by permissive monetary policies. Inflation is a monetary
phenomenon. Thus the responsibility of the central banker is always
involved” (AUP, December 19, 1975).

Similarly, in 1977 the Bundesbank’s Helmut Schlesinger said, “In
the medium run, general price increases cannot occur without exces-
sive expansion of the money stock” (AUP, October 11, 1977). This
firmness contrasts with positions of other countries’ policymakers at
the time, not only elsewhere in Europe but also in the United States.
Federal Reserve Chairman Arthur Burns, in one notable statement,
said he was confident that monetary policy could prevent inflation
only “if private enterprise doesn’t go wild and if Congress stops leg-
islating inflation”3°—so that in contrast to the Bundesbank ortho-
doxy, monetary restraint in Burns’s view was merely one of many
conditions for inflation control.

2That monetary policy can ultimately—whatever short-run inertia exists
in inflationary expectations—pin down those expectations fully by keeping
the expected output-gap path at zero, distinguishes the monetary view of
inflation.

39 Arthur Burns, November 9, 1977 testimony, in Committee on Banking, Hous-
ing, and Urban Affairs (1977, 26).
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Several practical features of the new monetary regime emerged.3!
First, the Bundesbank did not accommodate the 1973-74 oil shock.
President Klasen said in 1974 that it “would be wrong to inhibit
indispensable adjustment processes by artificially enlarging aggre-
gate demand” (AB, June 27, 1974), while in the December 1975
quotation above Emminger stated the non-accommodation princi-
ple. Quarterly inflation peaked at end-1973 and annual inflation in
1974:Q1, well ahead of the peaks in other countries. For Germany,
the peak reflected a one-time price-level jump from the OPEC shock,
as well as pre-1973 monetary ease, and did not reflect accommoda-
tion of the oil shock.3?

Second, while focusing on money growth, the authorities did not
discard evidence from real variables; as noted above, in 1973, Bun-
desbank Director Schlesinger had described the new policy as “anti-
cyclical,” while the Bundesbank’s annual reports in the 1970s and
into the 1980s plotted estimates of potential output (e.g., BBAR,
April 1981, 11).33 The attention to the output gap in policymak-
ing did not contradict the reaffirmed orientation of monetary policy
on inflation control. But it did raise the possibility that output-
gap mismeasurement, occurring especially with the post-1973 eco-
nomic slowdown, would provoke inappropriate monetary easings,
as Orphanides (2003) argues occurred in the 1970s in the United
States. The Bundesbank partially avoided this problem by promptly
recognizing some of the post-1973 slowdown. Emminger said in
1975 that policymakers “definitely” expected permanently lower eco-
nomic growth because of slower growth in the labor force and other
structural changes (T'G, March 5, 1975), as well as “a somewhat
higher level of unemployment than we have been used to since the
1960s” (CAP, February 1975, a.t.).

31Tactical features of the regime, i.e., the operating procedures used by the
Bundesbank in the financial markets, are not discussed here due to my focus on
strategy. Bernanke et al. (1999), Issing (1997), and von Hagen (1999a) provide
extensive discussions of Bundesbank operating procedures.

32Therefore, the suggestion by Clarida and Gertler (1997, 375) that the
Bundesbank heavily accommodated the first oil shock does not seem to be
warranted.

33Von Hagen (1999b, 434) and Gerberding, Seitz, and Worms (2005) also indi-
cate that countercyclical considerations weighed heavily in the Bundesbank’s
internal deliberations.
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Third, German policymakers, like their Japanese counterparts,
had “speed-limit” concerns about inflationary pressure. For exam-
ple, in December 1975 Emminger observed that “an economy may
run into bottlenecks long before reaching full employment” (AUP,
December 19, 1975, 3), a position he reaffirmed in 1978 (AUP,
February 3, 1978). Consistent with this concern, Bundesbank
Director Schlesinger gave “current utilization of the production
potential, and possible changes in this utilization” as factors that
affected the choice of each year’s money-growth target (AUP,
October 11, 1977, 3). Of these, the change in utilization evidently
came to have the more systematic effect on policy decisions, at least
after 1978: for the twenty years beginning in 1979:Q1, Gerberding,
Seitz, and Worms (2005) find that responses to the output gap in
the Bundesbank’s policy rule are small and statistically insignificant,
while responses to output-gap growth are significant. Mismeasure-
ment of the level of the output gap was substantial in Germany in
the second half of the 1970s, as they show, so the basing of policy
on output-gap growth was beneficial. The official statements cited
above on the link between bottlenecks and inflation suggest that the
Bundesbank’s focus on output-gap growth did not arise from skepti-
cism about the level estimates but from belief in a speed-limit term
(in addition to a gap-level term) in the Phillips curve.34

Fourth, incomes policy did not play a part in the disinflation. As
discussed in the introduction, advocates of incomes policy outside
Germany attributed German inflation success to union-government
cooperation regarding nominal-wage growth. Such accounts have no
merit. The consultation body, Concerted Action, which had been
cited as an anti-inflationary tool during the heyday of cost-push
views in Germany, was disbanded in 1977.3° A Bundesbank offi-
cial explained in 1980 that the authorities “gave up” on Concerted
Action, adding, “I do not think that we or the trade unions
felt that this was a very important arrangement as far as actual

34Equally, by seeming to explain the short-run coexistence of negative output
gaps and inflation, the speed-limit perspective on Phillips-curve dynamics prob-
ably slowed down German policymakers’ revision of their output-gap estimates
to more accurate values.

35Braun (1986, 240).
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policymaking is concerned” (Dudler 1980, 305). On the more gen-
eral question of incomes policies, the Bundesbank stated: “The
Bundesbank and Federal Government have never regarded adminis-
trative wage and price controls as an alternative (or supplement) to
monetary policy. ... The Government neither intervenes directly in
specific wage and price decisions nor attempts to hold trade unions
or employers’ associations to formal wage and price guidelines....
[T]here is practically no convincing evidence of the lasting success
of any variant of direct incomels| policy” (Deutsche Bundesbank
1980, 295).36

Fifth, the Bundesbank did concede an influence of cost-push
pressures on inflation in their published estimates of the amount
of “unavoidable” inflation in the year ahead, i.e., the Bundesbank’s
“price assumption” or inflation target. This concept encompassed
not only the inflationary pressure built in by prior monetary policy
decisions but also price-level shocks that were conceded as having an
impact effect on inflation. A Bundesbank official in 1980 gave “higher
raw material prices or oil prices” as influences on the unavoidable
inflation rate (Dudler 1980, 299). The impact of such factors on
inflation is, however, compatible with the monetary view of infla-
tion, since according to that view, it is expected future inflation, not
current inflation, that is pinned down by monetary policy alone. In
addition, the announced price assumption tended to decline, settling
at a rate of 2 percent after 1985,3” showing that even the “unavoid-
able” component of inflation was regarded as an endogenous variable
at horizons beyond the short run.

It is likely, however, that the Bundesbank overestimated the
importance of cost-push factors in the determination of unavoid-
able inflation. For example, in 1978 the Bundesbank believed, in the
words of one official, that the mark was “faced with the prospect
of an uncontrolled appreciation” (Dudler 1980, 306), and undertook

36Similarly, a description by Germany’s federal government of economic pol-
icy said, “[W]age freezes or the fixing or limiting of wage increases are not
included amongst the instruments employed in evolving the State’s economic
policy” (quoted in UKPD, November 9, 1978, p. 1218).

37See Coenen, Levin, and Christoffel (forthcoming) and Gerberding, Seitz, and
Worms (2005).
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unsterilized intervention to offset some of the upward pressure.?®

This was despite the fact that over this period, President Emminger
gave “one to three percent” as the only inflation rate that the Bun-
desbank considered tolerable (BKR, September 1978). It is clear that
the Bundesbank thought it could get away with monetary stimulus
in 1978 despite its monetary view of inflation because it believed
that the negative impact effect on inflation from mark appreciation
would offset the upward pressure coming from the monetary easing.
In 1980 a Bundesbank official was very open about this, revealing
that the authorities had “felt that pursuing a low interest-rate policy
and allowing monetary growth to accelerate would not have a detri-
mental effect” on inflation (Dudler 1980, 306-7). This proved not
to be the case, as annual CPI inflation exceeded 5 percent in 1980,
a rate above what the Bundesbank regarded as acceptable even in
the face of the second oil shock.?® An alternative policy in 1978,
which disregarded the nonmonetary influences on inflation, would
have led to this error being avoided. The misjudgments underlying
the 1978 episode probably played a part in leading Karl-Otto Pohl,
who became Bundesbank president in 1980, to state, “Interest rates
should be set according to domestic monetary conditions and the
exchange rate should be left to go where it will.”40

6. Did Policymakers Try to Exploit a Phillips-Curve
Trade-Off?

The preceding sections drew attention to some lessons regarding
1970s policymaking in Japan and Germany. In particular, both coun-
tries switched from a problematic nonmonetary approach to infla-
tion control in 1971-72 to a monetary approach to inflation con-
trol in 1973; confidence in monetary policy was reinforced by falling
inflation in 1975; and the particular variables policymakers used to
measure excess demand—mnamely, money growth and the change in
the output gap—enhanced preemptiveness of policy and reduced

38See von Hagen (1999a, 693) for other details of this episode based on different
sources.

39«“We certainly would feel that a rate of 5% is too high ... for what we might
accept as an unavoidable structural built-in inflation element” (Dudler 1980, 301).

“0Quoted in Thatcher (1995, 479).



62 International Journal of Central Banking December 2007

the influence of estimated output-gap levels on policymaking. I now
consider a further lesson about policymaking and inflation behavior
that emerges from joint study of the two countries.

An important element of many accounts of the United States’
Great Inflation, including those of DeLong (1997) and Sargent
(1999), is the position that policymakers were guided by the
view that there was a long-run, exploitable Phillips-curve trade-off
between inflation and unemployment. The evidence in this paper
casts serious doubt on this story as an explanation for the Great
Inflation that is valid across countries. Belief in Phillips-curve trade-
offs simply was not an important factor behind policy mistakes in
Germany and Japan.

A belief in a long-run Phillips-curve trade-off was not the source
of Germany’s 1970s inflation problems. The essentials of the long-run
vertical-Phillips-curve view had been voiced officially in Germany in
1970, by Finance Minister Schiller, who shared his predecessors’ goal
of price stability.*! Moreover, in 1975 Bundesbank President Klasen
said it was “wrong” to believe in “a long-lasting solution to unem-
ployment through more inflation” (NW, February 17, 1975). Where
policymakers—notably Schiller and Klasen—lapsed in the 1970s, it
was in succumbing to cost-push views, not trade-off pursuits.

Their lapse also indicates that denying a long-run Phillips-curve
trade-off is not enough. A sound official doctrine also needs to be
subtle by taking care not to reject all aspects of Phillips-curve analy-
sis. From the perspective of modern macroeconomics, the phenom-
enon of stagflation reflects the impact on inflation dynamics of two
terms that appear in a correctly specified Phillips curve: expected
inflation and shocks to potential output. But 1970s policymakers
could be—and indeed were, especially outside Germany—tempted
to interpret stagflation as instead revealing that no relationship
existed between unemployment (and so the output gap) and infla-
tion, or that the relationship was positive under all circumstances.
Such misinterpretations, while successful in leading policymakers
away from attempts to exploit trade-offs, are unhelpful because
they obscure the fact that the way to remove inflation is to work

41 As former Chancellor Erhard put it, “I am convinced the maximum rate of
price increases should be 2 percent—but 1 percent is preferable. Herr Schiller
wants that, too” (quoted in KCS, July 1, 1970).
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through the aggregate-demand channel. It is not, therefore, a badge
of honor to be so hawkish about inflation as to believe that inflation
has only a positive relationship with unemployment. This variant
of hawkishness obscures the mechanisms connecting monetary pol-
icy actions to inflation, so it is not really a road to a low-inflation
regime.

In this light, a notable contribution by Helmut Schmidt to Ger-
man economic policymaking, in addition to transferring inflation
control to monetary policy, was to restore a balanced view of the
unemployment /inflation relationship. Schmidt voiced a subtle inter-
pretation, stating that the message of the data was “that the cor-
relation between unemployment and inflation is different, but that
there is a fundamental connection” (DZ, November 8, 1974, a.t.),
and that it was “too simple to say that inflation causes unemploy-
ment” (SZ, June 24, 1975, a.t.). Similarly, Helmut Schlesinger of
the Bundesbank noted that raising economic growth and cutting
inflation were not compatible in the short run, because “to reduce
inflation means dampening the economy” (CT, October 22, 1981).
These calls for subtlety are in harmony with the attitude of Milton
Friedman, who wrote in 1979: “Orthodox wisdom has it that unem-
ployment is a cure for inflation. A minority has it that unemployment
causes inflation. Both views are half-truths” (NW, November 12,
1979).

In Japan, there was no point where belief in a long-run trade-off
was the official view. In February 1970, Finance Minister Fukuda
gave Japan’s unavoidable inflation rate as 4-5 percent (JT, Febru-
ary 20, 1970), with the government stating that “to maintain our
economic growth, some degree of price increase is inevitable” (JT,
March 3, 1970). This claim was not, however, based on a Phillips-
curve trade-off calculation; the Phillips-curve trade-off implies that
higher inflation can buy a higher level of output, whereas the govern-
ment’s statement referred to the inevitability that moderate inflation
would coexist with steady-state economic growth.

It is likely that the Japanese government was not simply stating
that reducing inflation below 4 percent would require a temporary
disruption of growth. Rather, its references to 4-5 percent infla-
tion as unavoidable or inevitable probably indicated a view that
superneutrality violations (e.g., “wheel-greasing” effects of infla-
tion) existed that made 4-5 percent inflation rates (approximately
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the rates observed during the 1960s) conducive to continuation of
Japan’s 1960s economic growth.*? Certainly higher inflation rates
were ruled out: even in 1970, the government regarded bringing
inflation back below 5 percent as a desirable immediate goal and
reducing it to 34 percent as a long-term goal (J7T, February 20,
1970; March 3, 1970). The subsequent 20-point rise in Japan’s infla-
tion rate cannot plausibly be attributed to government exploitation
of a trade-off calculation: as noted, the government wanted to bring
inflation back below 5 percent, while in 1971-72 it had nonmone-
tary (and therefore non-Phillips-curve) views of the inflation process.
After 1973, Japanese policymakers indicated that they viewed infla-
tion dynamics in terms of a conventional, long-run vertical Phillips
curve.*3

7. Conclusion

Many theories about why countries inflate take for granted that poli-
cymakers understand that inflation is a monetary phenomenon. The
evidence presented in this paper suggests that these theories do not
have merit in understanding Germany’s and Japan’s 1970s experi-
ences. Two particular factors often cited as important in accounting
for inflation outcomes—(i) government pressure on central banks
to inflate and (ii) policymakers’ belief in a long-run unemploy-
ment/inflation trade-off—do not appear important in understand-
ing these countries’ inflation-disinflation pattern. The suggestion
that central bank independence is an important factor in deliver-
ing low inflation is belied by these countries’ experiences. Japan’s
central bank was not independent, yet Japan disinflated early; and
in Germany’s case, pressure for disinflation came from Finance
Minister Helmut Schmidt who, despite the Bundesbank’s official

“2For example, an empirical regularity of the 1960s was that Japan’s wholesale
price index was stable even as the CPI rose (Komiya and Suzuki 1977, 306). It
may have been thought that the resulting relative-price pattern was one con-
dition for Japan’s steady-state growth and might be disturbed if CPI inflation
proceeded at zero or very low rates.

43The particular favored variant of the Phillips curve in policy circles was one
with stickiness in prices and flexibility in nominal wages (see, e.g., Suzuki 1985).
Ball (1994, 174) and Taylor (1989, 137-42) likewise suggest that nominal-wage
flexibility may be a reasonable approximation for Japan.
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independence, played a major role in retrieving order in monetary
arrangements after the shambles of the 1971-72 period. The argu-
ment that policymakers’ belief in a long-run Phillips-curve trade-off,
and subsequent acceptance of no long-run trade-off, drove monetary
policy developments is also not supported for either country.

What appears necessary for a successful explanation for the
Great Inflation across countries is an account that does not take
for granted policymakers’ understanding of the monetary character
of inflation. The monetary-policy-neglect hypothesis suggests that
high-inflation episodes in the 1970s reflect neither conscious accep-
tance of inflationary policies by governments nor denial by poli-
cymakers of the costs of inflation. The analysis of Germany and
Japan in this paper suggests that this hypothesis is useful for under-
standing their early embrace of disinflation. Germany’s and Japan’s
experiences in the 1970s indicate that once inflation is accepted by
policymakers as a monetary phenomenon, the main obstacle to price
stability has been overcome.
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1. Introduction

All modern central banks stress the importance of forward-looking
policy, and many stress the notion that interest rates should be based
on future inflation expectations. Well-known examples include the
central banks of Canada and New Zealand, but this is also true
by implication of the practice of other central banks. For exam-
ple, the monetary policy strategy of the European Central Bank
(ECB) states that “price stability is to be maintained over the
medium term” (ECB 1999, 47), which precisely suggests a forward-
looking non-inflationary strategy. The basis for inflation-forecast-
based (IFB) rules is that, by anchoring expectations, they improve
the credibility and transparency of monetary policy as well as allow
policy to be preemptive.

However, such rules have been criticized on various fronts. One
concerns the result that typical forward-looking monetary policy
rules (such as Taylor-type rules) tend to lead to real indeterminacy
(Woodford 2003, chap. 4). This implies that when a shock displaces
the economy from its equilibrium, there are an infinite number of
possible paths for the real variables leading back to equilibrium. Such
“sunspot equilibria” are of interest because sunspot fluctuations—
i.e., persistent movements in inflation and output that materialize
even in the absence of shocks to preferences or technology—are typ-
ically welfare reducing and potentially quite large. Whether pol-
icy rules lead to real indeterminacy depends on whether feedback
parameters in the policy rules are insufficiently, or indeed overly,
aggressive as well as on the length of the forecast horizon itself (e.g.,
see Levin, Wieland, and Williams 2003, Batini et al. 2006, and the
references therein).

Consequently, there would appear to an interesting puzzle in
monetary economics between what policymakers routinely claim
(namely, to be forward looking and preemptive) and the poor sta-
bilization properties reported for forecast-based rules. Given the
importance of aligning central banks’ communication strategies with
the modeling frameworks underlying much of their technical analy-
sis, this puzzle should not only be taken seriously but indeed would
appear to require an urgent resolution. The purpose of this paper
is to suggest such a resolution. We propose viewing central banks
as following “Calvo-type” IFB interest rate rules that depend on
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a discounted sum of current and all future rates of inflation. Such
rules, it turns out, are less prone to indeterminacy than standard
ones with a finite forward horizon, and, if formulated in difference
form, the indeterminacy problem disappears altogether. Indeed, we
show that optimized Calvo-type rules have good stabilization prop-
erties as they become more forward looking, a property that sharply
contrasts that of standard IFB rules. Finally, when taken to the data,
they appear to behave at least as well as and sometimes better than
more standard monetary-policy reaction functions.

Abstracting from such technical characteristics, moreover, the
Calvo-type rules we examine might also be regarded as both within
the legal framework of and potentially mimicking central bankers’
practice. To illustrate, consider the following tension related to
the literal use of forecast-based rules. On the one hand, we know
that authorities frequently tailor policy and communication strate-
gies to forward-looking outcomes. On the other, we further know
that forward-looking policy rules are susceptible to indeterminacy.
Moreover, central banks themselves generate expectations for future-
dated outcomes but do so in a chronically uncertain environment.
Accordingly, we might conjecture that while policymakers will want
to incorporate forecasts into their decision strategies, they may be
reluctant to treat them commensurate with realized outcomes.

This “chronically uncertain environment” faced by policymakers
takes many forms. Consider a few examples. First, macroeconomic
time series tend to be actively revised in the quarters following their
publication; thus, rule-based policy prescriptions derived from real-
ized data may depart significantly from their real-time counterparts
(e.g., Orphanides 2001). It goes without saying that forecasting in
such a “noisy” data environment complicates the policy process
considerably; authorities might then take recourse to contempora-
neous or backward-looking rules, or else persevere with strategies
that explicitly incorporate but potentially downplay (i.e., discount)
forward-looking information.

Second, and more fundamentally, central banks often employ
strong conditioning assumptions in these very forecasts, such as pre-
scribed projections of financial variables, shock processes, external
assumptions, and so on. Potentially, therefore, forecasts (particularly
medium-term ones) might be considered more a benchmark for
scenario analysis and discussion than a specific expected outturn.
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In line with this, forecasts are often wrapped around confidence
intervals or “fan charts” whose widths are necessarily increasing
in the forecast horizon. Moreover, with every new forecast round,
data, assumptions, expert judgment, and risks are updated such
that forecasts themselves may be heavily revised over time and dif-
fer markedly across institutions. Again, in such circumstances, cen-
tral banks may wish to incorporate these forecasts in their informa-
tion set but weigh them accordingly. Similarly, one might consider
other germane examples based on the various forms of model and
judgmental uncertainty (e.g., Onatski and Stock 2002 and Svensson
2005) and its consequences for attenuated or non-attenuated poli-
cymaking. Summing up, we might say that while forward-looking
policies require forecasts, the very nature of the policy process—i.e.,
forecast and judgmental revisions, real-time data problems, model
uncertainty, etc.—constrains policymakers to treat such information
in a manner different from realized outcomes. Our solution—to think
of policy as a Calvo-type IFB rule—though simple, is quite power-
ful: policymakers target future outcomes (such as future inflation
rates) in a geometrically discounted manner. We show that this pre-
cludes indeterminacy for a number of cases and, indeed, appears
data coherent when appended to an estimated dynamic stochastic
general equilibrum (DSGE) model.

The paper proceeds as follows. Section 2 sets out a model chosen
for its tractability and summarizes the analytical findings of the lit-
erature on IFB rules in their standard form. In the analysis, we focus
exclusively on “pure” inflation targeting without a feedback on the
output gap. We do this for two reasons: First, there are problems
associated with measuring the output gap and therefore implement-
ing rules of the “Taylor” type. Second, since simplicity per se is
regarded as a positive aspect of monetary rules, it is of interest to
study the stabilizing performance of rules that are indeed as simple
and transparent as possible. The new contribution to the IFB liter-
ature is in sections 3 and 4. Section 3 introduces and analyzes the
general properties of a Calvo-type interest rate rule. Section 4 com-
pares such a rule with more conventional j-period-ahead IFB rules
and the benchmark of fully optimal monetary policy. Section 5 illus-
trates the relative empirical performance of our chosen rule when
incorporated into the well-known Smets-Wouters DSGE model of
the euro area. Section 6 concludes.
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2. The Model and Previous Results for IFB Rules

We adopt a standard and tractable New Keynesian model popu-
larized notably by Clarida, Gali, and Gertler (1999) and Woodford
(2003):

T = BEymea1 + Amey (1)
mey = —(1+ ¢)ay + ocy + dys (2)

1, .
Ct = EtCt+1 - g(lt - Et7Tt+1)

(3)
Yt = CyCt + Gyt (4)
At = Palt—1 + €q ¢ (5)
gt = Pggi—1 + €g,t- (6)

In (1) and (3), m is the inflation rate, [ is the private sector’s dis-
count factor, Ey(-) is the expectations operator, y; is output, ¢; is
consumption, and the slope of the Phillips curve A can be expressed
in terms of the average contract length of Calvo-type price contracts.
mey given by (2) is the marginal cost, where a; is a technology shock
and ¢ is the Frisch parameter. (1) is derived as a linearized form of
staggered price setting about a zero-inflation steady state, and (3)
is a linearized Euler equation with i; the nominal interest rate and
o the risk-aversion parameter. (4) is a linearized aggregate equi-
librium relation, where g; is a government-spending shock and c,
and g, are consumption and government-spending shares, respec-
tively, in the steady state. According to (5) and (6), shocks follow
AR(1) processes. All variables are expressed as deviations from the
steady state; m; and ; as absolute deviations; and ¢, y:, and ¢; as
proportional deviations.

To close the model, we require an interest rate rule. The corner-
stone of much of the monetary policy literature is the well-known
Taylor (1993) rule, a generalized version of which is

pE [O, 1) Sy = plg—1 + (1 — p) [7’[’2< + HﬂEt(ﬂ'H_]’ — 71';_]-)
+ 0y B (Yerk — Ditn)]
p=1l:ig =101+ [GﬂEt (7Tt+j — 7Tt*) + Oy By (Yiqk — ?Qt+k)]7
(7)
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where i; is the nominal interest rate, 7; is inflation over the interval
[t —1,t], y is potential output, and y; is actual output, so that y —
is the output gap. Variables i, 9, and y; are measured in deviation
form about a zero-inflation steady state and 7} is the inflation tar-
get. Integers j, k are the policymaker’s forecast horizons, which are
a feedback on single-period inflation over the interval [t+j —1,¢+ j]
and a feedback on the output gap over the period t + k. Thus,
this specification of an interest rate rule accommodates not only
outcome-based rules (with j,k < 0) but also forecast-based ones
(with j,k > 0). Finally, 6,6, > 0 and ©,,0, > 0 are feedback
parameters: the larger the values of these parameters, the faster the
pace at which the central bank acts to eliminate the gap between
expected inflation and the expected output gap and their target
values.

The parameter p € [0,1] measures the degree of interest rate
smoothing. If p = 1, we have an integral (or difference) rule that
is equivalent to the interest rate responding to a price-level target.!
For p < 1, (7) can be written as Ai; = 1_Tp[é?ﬂEt(erj — )+
0y E(Yit+k — Ye+r) — i), which is a partial adjustment to a static IFB
rule, iy = 0x Ey(miyj — 7py ;) + Oy By (Yerk — Tttk)-

For reasons already discussed, our analysis focuses on standard
IFB rules without an output-gap target (¢, = 0) and with a zero-
inflation target m; = 0.2 Then, writing 0, = 6 and ©, = O, (7)
becomes

it = pir—1 +0(1 — p)Eymesgip €10,1),0 >0
:Zt_1+@Et7Tt+]7p: 1,@>0 (8)

Stability and indeterminacy of a dynamic system are associ-
ated with the roots of the system’s characteristic equation or,

!Unlike its non-integral counterpart, an integral rule responding to inflation
does not require observations of the steady-state (natural) rate of interest, about
which i; is expressed, to implement. The merits of price-level versus inflation
targeting are examined in Vestin (2006).

2 Another form of IFB rule found in the literature targets average inflation over
a specified time horizon, as investigated by Batini and Pearlman (2002). This is

j s -
represented as iy = pir—1+6(1 —p)%‘}”+7

these rules have roughly the same determinacy properties as a standard IFB rule
with half the horizon j.

. As indicated after result 4 below,
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equivalently, the eigenvalues of its state-space setup. If the num-
ber of unstable roots (outside the unit circle) exactly matches the
number of nonpredetermined variables, there is a unique solution
path. Too few unstable roots then leads to indeterminacy, while too
many leads to instability.

The mechanism through which indeterminacy arises can be illus-
trated in the context of a simplified version of our model. On the
demand side, we replace the Keynes-Ramsey condition (3) with an
ad hoc IS curve y; = —a(iy — Eymer1) and assume y; = ¢ and
8 = 1. We also remove the productivity shock a;. Moreover, suppose
that the central bank employs a non-integral rule without interest
rate smoothing (p = 0) so that (7) becomes i; = OE;m11. Sub-
stituting out for y; and ;, we arrive at the following process for
inflation:

1
T 1Mo+ da@—1)" 9)

Et(ﬂt-s-l)

Consider the case in which private-sector expectations are driv-
en by a nonfundamental-shock process and anticipate that inflation
next period will be equal to 1. This will lead to an increase in real
interest rates, with a consequent reduction in demand of «(6 — 1).
Given (9), price-setting behavior will thus imply a current inflation
rate of 1 — A(o + ¢)a(6 — 1), which we define as mg.

Now assume that 0 is chosen so that 0 < my < 1, which is the
case if 1 + 1/(A(o 4+ ¢)a) > 6 > 1. If we then lead equation (9)
forward in time and take expectations, consistency requires that
the sequence of successive inflationary expectations is given by 1,
1/mo,1/73,1/73, . ... However, these inflation expectations tend to
infinity—a solution that clashes with private-sector expectations.
Thus, the unique possible solution is m; = y; = iy = 0 for all ¢t > 0.
On the other hand, suppose that the central bank is not aggressive,
and 6 < 1. In this case, mg > 1, and hence the sequence of inflation-
ary expectations tends to zero—a solution that fulfills private-sector
expectations, making these “self-fulfilling.” Now suppose the cen-
tral bank is overaggressive such that my < —1. This happens when
0>1+ W In this case, the economy experiences cycles of pos-
itive and negative inflation, but again the sequence of inflationary
expectations tends to zero and fulfills private-sector expectations.
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“Self-fulfilling expectations” implies that any initial private-sector
expectation leads to an acceptable path for inflation—hence
indeterminacy. Furthermore, if these (nonfundamental) shocks to
private-sector expectations follow a stochastic process, then sunspot
equilibria are generated. These are typically welfare reducing
because they induce increased volatility in the system.

So far, research on monetary policy strategy has identified a
series of circumstances under which forward-looking optimal and
simple one-period-ahead IFB rules might result in multiple equi-
libria or instability. One of the earliest contributions on indeter-
minacy under inflation-targeting forward-looking rules is Bernanke
and Woodford (1997). Assuming that agents form their expecta-
tions rationally, they showed that the equilibrium associated with
forward-looking optimal inflation-targeting rules under commitment
may not be unique when the central bank targets current (exoge-
nously determined) private-sector forecasts of inflation, either those
made explicitly by professional forecasters or those implicit in asset
prices. In this sense, their finding squares with the more general
one in Sargent and Wallace (1975), who showed that any policy
rule responding uniquely to exogenous factors may induce multiple
rational-expectations equilibria.

Subsequent work by Svensson and Woodford (2005), again
assuming rational expectations and commitment on the side of
the central bank, revealed, however, that forward-looking optimal
inflation targeting based on endogenously determined forecasts as
opposed to exogenous, private-sector forecasts might not necessar-
ily lead to superior results. As their work emphasizes, the purely
forward-looking procedure, often assumed in discussions of inflation-
forecast targeting, prevents the target variables from depending on
past conditions. In other words, the target variables are not “history
dependent.”? This feature makes the rules suboptimal, perhaps seri-
ously so (Currie and Levine 1993), and can lead to indeterminacy of
the equilibrium (Woodford 1999).

Perhaps the best-known theoretical result in the literature on
IFB rules is that to avoid indeterminacy, the monetary author-
ity must respond aggressively—i.e., with a coeflicient above unity,

3As we shall see in section 5, this is a property of the optimal-commitment
rule.
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but not excessively large, to expected inflation in the closed-
economy context (see, among others, Clarida, Gali, and Gertler
2000 and, in the small-open-economy context, see De Fiore and Liu
2002). Bullard and Mitra (2002) reaffirmed this result, and in a
further paper, Bullard and Mitra (2007) show how monetary pol-
icy inertia (a high p in (7)) can help alleviate problems of iner-
tia. These same authors follow the pioneering work of Evans and
Honkapohja (2001) and examine conditions for the stability of one-
period-ahead IFB rules under least-squares learning (“e-stability”).
A possible resolution of our “puzzle” is suggested by Evans and
Honkapohja (2003) in that forward-looking rules with least-squares
learning can lead to stability. However, we address the question
of stability and determinacy within a strict rational-expectations
framework.

This literature on the determinacy of IFB rules applies to one-
period-ahead IFB rules. In a series of papers, Batini and Pearlman
(2002), Batini, Levine, and Pearlman (2004), and Batini et al. (2006)
extend this literature to any forward horizon for both the closed and
open economy. The main results for the former can be summarized
as follows.

RESULT 1. For an integral rule feeding back on current inflation (j =
0), © > 0 is a necessary and sufficient condition for determinacy.*
For higher feedback horizons (j > 1), © > 0 is a necessary but not
sufficient condition for stability and determinacy.

RESULT 2. For j-period-ahead integral IFB rules, j > 1, there exists
a range © € [0,0(j)] with ©(j) > 0 such that the model is stable
and determinate.

RESULT 3. For a non-integral rule feeding back on current inflation
(1 =0), 0 > 1 is a necessary and sufficient condition for determi-
nacy. For higher feedback horizons (j > 1), 0 > 1 is a necessary but
not sufficient condition for stability and determinacy.

4Note that determinacy implies saddle-path stability; however, a model can
be stable with non-explosive behavior but without a unique solution (i.e., inde-
terminate).
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REsuLT 4. For j-period-ahead non-integral IFB rules, j > 1, there
exists some lead J such that for j > J, there is indeterminacy for
all values of 0.° J is given by

1 (1-0)o
ST, ot o)

(10)

To get a feel for these results, we now provide numerical values
for threshold values @ for non-integral rules and © for integral rules.
In figure 1, based on table 1, parameter estimates are taken from
Batini et al. (2006).° For non-integral rules, we set p = 0.8.

Figure 1. Critical Upper Bounds for (1 — p)0 and ©
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5Strictly, there are some mild conditions on the parameters that a plausible
calibration easily satisfies for this result to hold—see Batini and Pearlman (2002).
For the average-inflation rule of the type set out in the previous footnote, the
corresponding lead Jis given by J=2J—-1.

SParameter values are A = 0.27, 8 = 0.99, ¢ = 3.91, ¢ = 2.16, po =
pg = 0.9, sd(eg) = 2.75, and sd(eq) = 0.59, found using Bayesian methods and
U.S. data.



Vol. 3 No. 4 Inflation-Forecast-Based Rules and Indeterminacy 87

Table 1. Critical Upper Bounds for 6(j) and ©(5)

Threshold | p | j=1|353=2|53=3|3j=4|353=5 j==6
9:(3) 0.8 102 | 12.0 | 34 1.70 | 1.00 | Indeterminacy
O(j) 1.0 23 3.6 1.2 | 0.68 | 0.46 0.34

These numerical results corroborate the analytical results sum-
marized above.” The indeterminacy problem becomes more acute as
the horizon j increases, imposing a tighter constraint on the range
of IFB rules available. For non-integral rules with p = 0.8, the maxi-
mum horizon J is just over five quarters. In accordance with result 2,
for integral rules, as j increases, there is always some feedback coef-
ficient on expected inflation 0 < © < © such that the IFB rule
yields stability and determinacy. For non-integral rules, the area of
determinacy in (j,(1 — p)@) space is EFC. For integral rules, the
corresponding space in (j, ©) space is ABDC.®

3. Calvo-Type Interest Rate Rules

We now turn to the main focus of this paper, which is an alterna-
tive way of thinking about IFB rules, referred to in the introduction
as Calvo-type interest rate rules.” To formulate this, first define the
discounted sum of future expected inflation rates as

@t = (1 — QO)Et(ﬂ't + ©T+1 + @27Tt+2 + - ),QO S (O, 1) (11)

"In fact, qualitatively similar results are found in a more developed New
Keynesian model with consumption habit and price indexing in Batini et al.
(2006).

8Further insight into these results can be provided by writing the expected
value of future inflation approximately as Eimiq; = (A™*%)m, where A% is
the largest stable eigenvalue of the system under control. Then as j increases,
(A™?*)? decreases, so that the feedback effect becomes negligible, and the system
exhibits indeterminacy similar to the 6 < 1 type.

9We use this terminology since they have the same structure as Calvo-type
price or wage contracts (Calvo 1983). One can think of the rule as a feedback
from expected future inflation that continues in any one period with probability
@ and is switched off with probability 1 — ¢. The probability of the rule last-
ing for just j periods is then (1 — ¢)¢?, and the mean-lead horizon is therefore

(1-p) T, 09 = 2.
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Then
@Et@t—&—l — @t = —(1 — go)ﬂ't. (12)

With this definition, a rule of the form

’L.t = p’it_l + 9(1 — P)@np S [0, 1),0 >0
=i 1+Z045p=1,Z>0 (13)

emerges that describes feedback on forward-looking inflation with
mean-lead horizon —£—. Thus, with ¢ = 0.5, e.g., we have a Calvo-

T
type rule that compares with (7) with a horizon j = 1.19

Consider first non-integral rules. With a Calvo-type rule—writing
(1), (3), (12), and (13) in matrix form—the characteristic equation

of the system can be shown to be

Ao+ o
(1—9z)(z—p)((Bz—1)(z—1) — (U)Z)
A
where z is the forward operator (i.e., zxy = z441). Noting that

the system (1), (3), and (13) has only one lag term, the condition
for stability and indeterminacy of the system is that exactly one
root of (14) must lie within the unit circle. Accordingly, we inves-
tigate (14) using the root-locus method. This is a standard method
for analyzing the stability of dynamic linear systems found in the
engineering literature. (See Evans 1954 and Aoki 1981 for an early

107t is of interest to note that for p € [0, 1), this rule can also be expressed as

iv=(1+ @P)_I[Pit—1 + @Ei1 + 0(1 — p)me].

Whether the rule is expressed in this way or as (13), it is evident from the model
(1)—(6) that current variables and one-step-ahead forecasts are sufficient statistics
for the decisions of private agents. Under least-squares learning of the rule, the
private sector does not need to look further than one period, but with fully ration-
al expectations, assumed in this paper, the rule expressed in terms of Eiit4+1
or (13) must be solved forward, getting us back to the original infinite-horizon
formulation (11).
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Figure 2. Position of Roots as § Changes from 0 to oo

Imagindry Axis

application to economics.)!! It was used for the first time to study
the indeterminacy of forward-looking interest rate rules by Batini
and Pearlman (2002). The method provides an elegant way of locat-
ing the position in the complex plane of all the roots of the character-
istic equation as one of the parameters changes. In our application,
the parameter in question is the feedback parameter from future
inflation, 6.

The root-locus diagram for (14) as 6 changes is shown in figure 2,
which depicts the complex plane, and is a generic shape for all
parameter values of the system. The root locus starts out at the
roots of (14) for # = 0; these roots are denoted on the diagram
by e. Note that one root, z = 1/¢, is outside the unit circle, while
another, z = p, is inside the unit circle, and it is easy to show that

(Bz—1)(z—1)— @z = 0 has one root outside and one root inside

1Gee appendix 1 for a brief guide to the root-locus method.
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the unit circle. The arrows then show how the four roots change as
changes. Note in particular that the smallest root has a branch from
it leading to z = 0, while the largest has a branch leading to z = cc.
Of the other two roots, one of them has a branch passing through
z = 1, and where their branches meet, they both branch into the
complex plane and head to infinity at an angle of 60° asymptotically
to the real line.'?

There are several things to note about this root-locus diagram.
First, when @ = 1, then 2z = 1 as well; this is immediate from (14).13
Second, the diagram therefore implies that the system has a single
stable root for all values of § > 1, no matter what the values are of
the other parameters. However, this apparently general result needs
some explanation and, indeed, some slight qualification. We summa-
rize the main results as follows and provide a proof in appendix 2.

REsULT 5. A sufficient condition for the system (1)-(3) with the
Calvo-type interest rate rule (13) to be determinate for all 0 > 1 is
that p > .

Estimated interest rate rules (including our estimates in
section 5) suggest substantial smoothing, with typically p > 0.95.
The condition in this last result is therefore that ¢ < 0.95, or, in
other words, the mean lead must be less than nineteen quarters. A
final observation is that as the interest rate smoothing increases, at
the limit where we have an integral rule, result 5 always holds. Thus
the result for integral (price-level) rules is an immediate corollary of
result 5.

RESULT 6. The system (1)—-(3) with the Calvo-type integral (i.e.,
price-level) interest rate rule is determinate for all Z > 0.

The proof follows once one has replaced (1 — p)f with =, so that
the same argument follows as for the proof of the previous result
(with z =1 when Z = 0) and, in addition, 1 > ¢.

2The root-locus diagram would look qualitatively the same if 1/¢ were the
largest real root, or p the smallest real root, for § = 0.

13Note that the Taylor principle—that interest rate should react by more
than one-to-one to expected or current or past inflation—means that 6 > 1
for non-integral rules.
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Thus, according to result 6, the indeterminacy problem disap-
pears altogether (in the context of our simple model) if the authori-
ties target a weighted average of present and future price levels with
geometrically declining weights.

The Calvo-type IFB rule (13) is not completely forward look-
ing, as it includes a reaction to current inflation with weight unity.
Do the improved determinacy properties of this rule compared with
standard IFB rules crucially depend on the presence of current
inflation? We can see this is not the case because average-inflation
rules, which also react to current inflation over a finite time hori-
zon j referred to in footnotes 2 and 3, have similar irirclletermi—

J

nacy properties to single-period IFB rules with horizon %= if j is

odd and % if j is even. Further suppose that the Calvo-type rule
involves only forward-looking inflation, so that (12) contains the
term Fymiy instead of 7, so that the characteristic equation (14)
becomes

(1 -2z~ (B2~ Dz - 1) - 2
+60(1—¢)(1— p))\w;d))z2 =0. (15)

Using the root-locus technique, one can show that, provided p > ¢,
there is indeterminacy only for values of 6 beyond that value at
which z = —1. Thus the critical value of @ for indeterminacy is that
which satisfies (15) at z = —1. It is easy to see that this critical value
is given by f(p)(1+¢)/(1—¢), where f(p) is a function of p (and the
other parameters), which is an increasing function of . Thus for the
Calvo-type rule, as ¢ (and therefore the expected horizon) increases,
the proneness to indeterminacy actually falls. Furthermore, the func-
tion f(p) — oo as p — 1, so with Calvo-type integral rules that are
purely forward looking, the critical value for 6 above which there is
indeterminacy becomes infinite and result 6 holds.

We end this section by noting the contrast between result 5
and result 3, which can be illustrated by the root-locus diagrams
of figure 3 for IFB rules. These diagrams depict the cases for inter-
est rates depending on either single-period inflation, three periods
ahead (panel A), or average inflation over the current period and up
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Figure 3. Position of Roots for (A) Single-Period-Inflation
Forward-Looking Rules and (B) Average-Inflation
Forward-Looking Rules as 8§ Changes from 0 to oo

(A) Three Periods Ahead (B) Average, Up to Three Periods Ahead

Imaginpry Axis Imagipary Axis

to three periods ahead (panel B). Both diagrams demonstrate that
there may be a range of @ > 1 for which there is determinacy (exactly
one stable root), but for values of 6 that are too large, there is
indeterminacy.

4. Optimal Monetary Policy

4.1 Utility-Based Welfare

In the simple model of this paper, a quadratic approximation to the
utility of the household that underlies the model takes the form

RS N2 2 2
Q= Ep 2;5t[(yt—yt) + wemy + wyiy] | (16)

where g is potential output achieved when prices are flexible (mc; =
0in (1)) and

== e (17)

AMo+¢) (1= -0 +¢)

In (17), 1 —¢ is probability of a price optimization for each firm, o is
the risk-aversion parameter, 1 4 ¢ is the elasticity of disutility with
respect to hours worked, and ( is the elasticity of substitution of
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differentiated goods making up aggregate output.'* For estimated
or calibrated parameter values (see footnote 6 above) reported in
Batini et al. (2006), this gives w, = 1.826.1°

Although there is no cost-push (“markup”) shock in our model,
the existence of a penalty on the variability of the interest rate,
driven by concerns for the zero-lower-bound constraint, leads to an
inflation /output-gap trade-off. Whereas without such a constraint
optimal policy simply sets the interest rate to keep both inflation
and the output gap at zero, with the constraint this is not possible
and a nontrivial policy problem emerges.

4.2 Optimal Policy with and without Commitment

We first compute the optimal policies where the policymaker can
commit and the optimal discretionary policy where no commitment
mechanism is in place.'® To obtain the weight on interest rate vari-
ance, w;, we first compute the optimal-commitment rule with the
interest rate responding only to current inflation (see below). We
impose an approximate zero lower bound on the nominal interest rate
by experimenting with w; so that it is sufficiently high so as to ensure
i¢ > 0 with almost unit probability of 0.99 percent; i.e., (assuming
a normal distribution), sd(i;) < 553, where i = (% —1) x 100 is the
natural rate of interest. A weight w; = 0.5 was necessary to achieve
this condition.

4.3  Optimized IFB Rules

We now turn to optimized IFB rules. The general form of the rule
that covers both integral and non-integral rules is given by

it = pit—1 + EEmy ;0 € [0,1],E,5 > 0. (18)

14See Woodford (2003, chap. 6).

5Based on an annual inflation rate, this is equivalent to wy = % = 0.11,
which is at the lower end of commonly used weights.

16Full details of the solution procedures for optimal commitment and discre-
tion are given in Levine, McAdam, and Pearlman (2007). For the former we show
that, in general, optimal commitment can be implemented as a rule that feeds
back on both current and past predetermined state variables and is therefore
history dependent. See also Woodford (2003, chap. 8) for ways in which optimal
commitment can be implemented as a rule.
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The corresponding Calvo-type rules are given by

iy = pit—1 +EEO4p € [0,1],E,5 > 0. (19)

Given the estimated variance-covariance matrix of the white-
noise disturbances, an optimal combination (Z, p) can be found for
each rule defined by the time horizon j > 0.

4.4 Numerical Results

We first focus on the optimal-commitment rule, the optimal-
discretionary (time-consistent) rule, and an optimized current-
inflation rule. Results for the three types of rules are summarized
in table 2. Figures 4-11 compare the responses under the three
rules following an unanticipated productivity shock (ap = 1) and an
unanticipated government-spending shock (go = 1). The output and
inflation equivalent welfare differences compared with the optimal-
commitment policy are computed as follows. Suppose the welfare

Table 2. Comparision of Welfare-Based Optimal
Rules and Optimized IFB Rules

Rule P = Loss Function | y, Te
Minimal Feedback on 1 0.001 49.01 0.97 | 0.72
IFB(0) 1 2.035 2.509 0.11 | 0.08
IFB(1) 1 12.00 2.676 0.12 | 0.09
IFB(2) 1 3.570 4.574 0.23 | 0.17
IFB(3) 1 1.216 32.02 0.78 | 0.57
IFB(4) 1 0.675 208.1 2.03 | 1.50
Calvo IFB(p = 0.5) 1 2.203 2.602 0.12 | 0.09
Calvo IFB(p = O 67) 1 2.351 2.636 0.12 | 0.09
Calvo IFB(p = 0.75) 1 2.444 2.653 0.12 | 0.09
Calvo IFB(p = 0.875) 1 2.616 2.678 0.13 | 0.09
Calvo IFB(p = 0.917) 1 2.683 2.689 0.13 | 0.09
Optimal Commitment n.a n.a 1.896 0.00 | 0.00
Optimal Discretion n.a n.a 53.55 1.02 | 0.75
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Figure 4. Inflation following Shock ag=1
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loss difference is X. This is equivalent to a permanent output gap
of y, if ﬁyg = X and to a permanent inflationary bias of =, if

2(171*6)11)71—77-3 = X, i.e.,
Yye = V2(1 - B)X (20)
Te = W-pX (21)
w’ﬂ'

Comparing the three types of rules, there are two notable results.
First, Clarida, Gali, and Gertler (1999) stress the existence of sta-
bilization gains from commitment in New Keynesian models: we
show in our simple model that these are substantial, amounting to
a permanent output equivalent of 1.02 percent or an inflationary
bias of 0.75 percent per quarter, or 3 percent per year. The source
of this time-inconsistency problem is from pricing and consump-
tion behavior together. Following a shock that diverts the economy
from its steady state, given expectations of inflation, the opportunist
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Figure 5. Interest Rate following Shock ag=1
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policymaker can increase or decrease output by reducing or increas-
ing the interest rate, which increases or decreases inflation. Con-
sider the case where the economy is below its steady-state level
of output. A reduction in the interest rate then causes consump-
tion demand to rise. Firms that are locked into price contracts
respond to an increase in demand by increasing output and increas-
ing the price according to their indexing rule. Those that can reop-
timize only increase their price. These changes are for given infla-
tionary expectations and illustrate the incentive to inflate when
the output gap increases. In a noncommitment equilibrium, how-
ever, the incentive is anticipated, and the result is greater inflation
variability as compared with the commitment case. This contrast
between the commitment and discretionary cases is seen clearly in
the figures.

The second notable result concerns the optimized current-
inflation rule. We find that most of the gains from commitment (in
fact, over 80 percent) can be achieved by this very simple optimized
rule without an output-gap feedback, and the cost of simplicity is
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Figure 6. Output following Shock ag=1
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only 0.11 percent of output, or an inflationary bias of 0.08 per quar-
ter, or 0.32 percent per year. We find the optimized rule over parame-
ters p and = in (18) gives p = 1 so that the best current-inflation
rule is of the integral type. In the figures, we see how the optimized
current-inflation rule closely mimics the optimal-commitment rule.

Turning now to IFB rules, we compute the optimized standard
rules with future horizon j = 0, 1, 2, 3, 4, denoted by IFB(j), and
compare these with Calvo-type rules with probability of survival
p = 0.5, 0.67, 0.75, 0.875, and 0.917 corresponding to an average
future horizon of lf(p =1, 2,4, 7, and 11 quarters, respectively.
Our results first confirm a finding of Batini et al. (2006): that the
stabilization performance of standard optimized IFBj rules deterio-
rates sharply as the horizon j increases. Our new result that follows
from the stability analysis of Calvo-type rules and the absence of an
“indeterminacy constraint” is that this sharp deterioration is not a
feature of Calvo-type optimized IFB rules. Even optimized rules with
an expected future horizon of three years perform almost as well as
the current-inflation rule. Again, we find that integral rules perform
the best.
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Figure 7. Output Gap following Shock ag =1
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Figure 8. Inflation following Shock g, =1

0.06

0.05F

0.04

0.03

0.02

Inflation Rate

0.01

Time-Consistent Rule

Current-Inflation Rule

Optimal-Commitment Rule

0 5 10 15 20 25 3c

Quarters



Vol. 3 No. 4

Interest Rate

Output

Inflation-Forecast-Based Rules and Indeterminacy

Figure 9. Interest Rate following Shock g, =1

0.08

0.07F

0.05F

0.04 1

0.03F

ooz

.01

Current-Inflation Rule

Time-Consistent Rule

0.16

0.14F

012

0.08-

0.06

002

Optimal-Commitment, Time-Consistent,
and Current-Inflation Rules

Quarters.

99



100 International Journal of Central Banking December 2007

Figure 11. Output Gap following Shock g, =1
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5. Calvo-Type Interest Rate Rules: A DSGE Model
Illustration

In this section, for illustrative purposes, we implement the afore-
mentioned Calvo-type interest rate rules in a benchmark model
of the euro area—mnamely, that of Smets and Wouters (2003)
(SW henceforth). A brief description of the model is provided in
appendix 3.

5.1 Monetary-Policy Reaction Functions

In line with the empirical approach to monetary rules in SW,
we modify the previous monetary-policy reaction functions for the
standard and Calvo-type IFB rules as, respectively,
it = pir—1 + (1 = p) [T + Ox By (g — Teqj) + Oyije]
+ Oar(m — 1) + Oay(Tr — Ge—1)
it = pir—1 + (1 = p) [T + 0:0:(p) + 0, 7:]
+ Oan(me — 1) + Ony (Tt — Fe—1), (22)



Vol. 3 No. 4 Inflation-Forecast-Based Rules and Indeterminacy 101

where ¢, is the output gap. Then in the SW model 7 = —1 and the
interest rate feeds back on lagged inflation. To incorporate this rule
as a special case, we also modify (11) to become

Or=(1-p)E; [771‘,71 -+ g0(7rt — ﬂf)
+ @ (M1 — i) + 0] 0 € (0,1), (23)

so (12) now becomes
@Et@tJrl — @t = —(1 — QD) (ﬂ't,l — ﬂ-;‘—l)' (24)

This modified Calvo-type rule reduces to the past-inflation-rate rule
in SW as a special case by putting ¢ = 0. The mean-lead horizon is
now given by ﬁ —2.17

5.2 Results

Thus, we reestimate by Bayesian methods the SW model with the
policy rule replaced by (22) and the model supplemented with (23),
where, to repeat, the special case of ¢ = 0 retrieves the default,
backward-looking SW policy rule.!® Table 3 reports the parame-
ters of the policy reaction function for each model variant, from
IFB(—1) to IFB(4) to the Calvo case.l® As standard, two sets of
parameter results are presented: (i) the estimated posterior mode of
the parameters, which is obtained by directly maximizing the log
of the posterior distribution with respect to the parameters (and a
standard error based on the corresponding Hessian) and (ii) the 5th
and 95th percentile of the posterior distribution of the parameters

Tt is straightforward to show that the results of section 3 still hold with this
modification.

8We are grateful to Gregory De Walque and Raf Wouters for providing the
SW model in Dynare code.

9Results for the other parameters (as well as the Dynare files to replicate
our results) are available on request from the authors. Notably, the full set
of parameter values appeared very well identified and stable across the model
variants.
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Table 3. Comparison of Calvo-Type and
Standard IFB Rules

Calvo-Type

Rule IFB(—1) IFB(0) IFB(1) IFB(4) IFB

p | Mode 0.969 0.969 0.965 0.951 0.958

(0.012) (0.013) (0.015) (0.025) (0.021)

Mean 0.965 0.967 0.958 0.940 0.951
[0.943:0.984] | [0.951:0.986] | [0.932:0.983] | [0.891:0.977] | [0.918:0.982]

0. | Mode 1.700 1.701 1.700 1.700 1.702

(0.099) (0.100) (0.100) (0.099) (0.099)

Mean 1.697 1.698 1.700 1.703 1.707
[1.535:1.853] | [1.531:1.860] | [1.542:1.873] | [1.541:1.867] | [1.539:1.868]

0, | Mode 0.121 0.121 0.117 0.111 0.120

(0.045) (0.045) (0.046) (0.049) (0.045)

Mean 0.117 0.123 0.109 0.107 0.120
[0.045:0.186] | [0.057:0.193] | [0.034:0.178] | [0.028:0.171] | [0.053:0.186]

0ar | Mode 0.146 0.146 0.111 0.118 0.121

(0.052) (0.052) (0.049) (0.049) (0.049)

Mean 0.155 0.110 0.116 0.119 0.126
[0.070:0.239] | [0.034:0.195] | [0.034:0.200] | [0.041:0.196] | [0.048:0.212]

0ay | Mode 0.154 0.154 0.152 0.147 0.151

(0.023) (0.023) (0.022) (0.022) (0.021)

Mean 0.152 0.152 0.146 0.139 0.146
[0.120:0.191] | [0.115:0.187] | [0.112:0.183] | [0.099:0.178] | [0.109:0.181]

] Mode - - - - 0.8398

- - - - (0.103)

Mean - - - - 0.797
- - - - [0.646:0.956]

Prob. 0.289 0.096 0.158 0.224 0.234

Note: IFBj rule: iy = piy—1 + (1 — p)[7; + 0 E¢(my; — mre) t 0y7t) + Oan(me — 1) +
Oay(Jr —Ge—1)- Calvo IFB (@): iy = pir—1+ (1 —p)[n} +0:0¢(9) + 0y Gs] +O0an (e —mr—1) +
Oay(Jt — Ge—1), where 9E;O;y; — O, = —(1 — ¢)(w_; — 7;_;). Hessian standard errors
are in parentheses and 5th and 95th percentiles are in squared brackets. Log marginal
likelihood of IFB(—1) = —298.65.

obtained through the Metropolis-Hastings sampling algorithm
(using 100,000 draws from the posterior, three parallel chains, and
an average acceptance rate of around 0.25) for the various model
variants. The models are estimated using the Dynare software
(Juillard 2004). Note that, in reestimation, we used identical priors
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to those used in SW. Moreover, for the additional parameter, ¢,
we assumed a beta distribution with a prior mean of 0.8 (corre-
sponding to a mean-lead horizon of three quarters), with a standard
error of 0.1.

Turning to the results, we see that the Calvo rule yields a ¢
value centered at an implied mean-lead horizon of three to four quar-
ters in the policy rule. As shown in the last row of table 3, which
reports the model odds, this rule beats all contemporaneous and
forecast-based rules in marginal-likelihood terms without leading to
any deterioration in the parameter values. Comparing the likelihood
values of the Calvo rule with the backward-looking rule, IFB(-1),
there is a very close data coherence. Indeed, in terms of Bayesian
odds ratio (0.234/0.289 = 0.81), we effectively could not discrim-
inate between these two types of rules.?’ Summing up, one might
say that while by no means conclusive, these results do suggest that
a Calvo-type rule is competitive with more conventional monetary
policy rules.

6. Conclusions

The large literature on IFB rules now strongly suggests that rules
that target future inflation with a specified time horizon are prone
to indeterminacy and have poor stabilization properties. This raises

20 As discussed in Geweke (1999), the Bayesian approach to estimation allows
a formal comparison of different models based on their marginal likelihoods. The
marginal likelihood of model M; is given by

p(Y | My) = / p(€ | M)p(Y' | € Mi)de,

where p(§ | M;) is the prior density for model M; and p(Y | &, M;) is the data
density for model M; given the parameter vector £ and the data vector Y. Then
the posterior odds ratio is given by

p(M;|Y)  p(Y|M)p(M;)  p(Y|M;)

PO = D0nY) = sV )p(M,) — p(Y|M,)’

assuming equal prior model probabilities (p(M;) = p(M;)). The posterior model
probabilities are reported in table 3.
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an interesting puzzle of why many central banks insist on forward-
looking inflation targets. Part of the answer lies in the fact that
these rules assume commitment to a low long-run inflation rate (in
fact, zero inflation in our setup). For central banks, forward-looking
rules with a low inflation target signals commitment to this low long-
run inflation rate. But can IFB rules with a long forward lead be
implemented without negative consequences? Our paper proposes a
resolution of this puzzle by suggesting that the policy process of cen-
tral banks may in fact be best modeled in the form of a Calvo-type
rule that targets a discounted infinite sum of future expected
inflation.

Our main findings are, first, that Calvo-type IFB interest rate
rules are less prone to indeterminacy than standard ones with a
finite forward horizon. Second, for such rules in integral (i.e., dif-
ference) form, the indeterminacy problem disappears altogether.
In this case, the Calvo rule takes the form of a weighted-average
future price-level target with geometrically declining weights. Third,
as a consequence of these results, optimized Calvo-type rules have
good stabilization properties as they become more forward look-
ing, which sharply contrasts with the substantial deterioration in
the corresponding performance of standard IFB rules. Fourth, in
terms of data coherence in the context of the SW model, a Calvo-
type rule with a mean forward horizon of just less than one year
is perfectly competitive with more conventional monetary policy
rules.

A number of possible directions for future research are suggested
by this study. First, Calvo-type reaction functions can be estimated
directly using generalized method of moments (GMM) estimation
methods and can be compared with more standard Taylor-type and
IFB rules. Second, in DSGE modeling in general (open economy,
closed economy, interacting economies, etc.), it is commonplace to
compare the performance of optimized Taylor-type rules with their
optimal counterparts. Calvo-type rules could be added to this exer-
cise. Finally, the design of robust rules using, e.g., the Bayesian
estimated posterior distribution as in Batini et al. (2006) could be
extended to rules of this form.2!

21See Levine et al. (2007).
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Appendix 1. A Topological Guide to the
Root-Locus Technique

Here we present a brief guide on how to use the root-locus technique.
We start with some standard rules as provided in control-theory
textbooks and then apply them to the specific example of the paper.

The idea is to track the roots of the polynomial equation
f(2)+0g(z) = 0 as 6 moves from 0 to oo. Clearly for § = 0, the
roots are those of f(z) = 0, whereas when # — oo, the roots are
those of g(z) = 0. The root locus then connects the first set of roots
to the second set by a series of lines and curves. We shall assume
without loss of generality that the coefficient of the highest power
of f is negative and that of g is positive. Since the roots of a poly-
nomial may be complex, the root locus is plotted in the complex
plane.

There are a number of different ways to state the standard rules
that underlie the technique. One popular way (see Evans 1954) of
sketching the root locus by hand involves just six steps:

(i) a. Define n(f) = number of zeros of f(z), n(g) = number of
zeros of g(z). For our case, n(f) =4,n(g) = 1.

b. Loci start at the zeros of f(z) and end at the zeros of g(z)
and at oo if n(f) > n(g).

(ii) Number of loci must be equal to max(n(f),n(g)) = 4, in our
case.

(iii) A point on the real axis is on the root locus if the number of
zeros of f and g on the real axis to its left is odd.

(iv) Loci ending at oo do so at angles to the positive real axis
given by 2kw/(n(f) —n(g)), where the integer k ranges from
0 to (n(f) —n(g)) — 1. In our case, these angles are 0, 27/3,
A7 /3.

(v) If all coefficients of f and g are real, then the root locus is
symmetric about the real axis.

(vi) Loci leave the real axis where 00/0z = 0.
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Appendix 2. Proof of Result 5

We prove this result in two steps. First, we need to show that the
branch point into the complex plane near z = 1 is to the right of
z = 1. Second, we have to show that the branches of the root locus
do not cross the unit circle twice (otherwise, there are too many
stable roots, and hence indeterminacy, over a certain range of values
of 0 greater than 1).

STEP 1. The branch point is to the right of z = 1, provided
that the root locus passes through this point from left to right as 6
increases. But this means that we require 0z/00 > 0 at z = 6 = 1.
By implicit differentiation of (14), we find that

Ao + ¢)

(=91 = =)+ 2D = 24 )| 5

=(1—=p)(1—).

=1

It is easy to see that a sufficient condition for 9z/00)s—1 > 0 is
p> .

STEP 2. We now investigate those points on the root loci that lie
on the unit circle. These are, of course, characterized by z = ! =
cosp + ising. To solve for ¢, the easiest approach is to substitute
z = €' directly and then multiply (14) through by e~®. Then the
imaginary part of this expression is independent of § and can be
written as

¢Bsin3¢g — [B(1+ ¢p) + o(1+ B+ Ao + ¢)/0))]sin2¢
+ (1 +@p)(L+ B+ Ao+ ¢)/0)
+ ¢+ pB — p]sing = 0. (25)

Using the substitutions sin2¢ = 2sing cos ¢, sind¢ = (4cos?¢ — 1)
sing, it is clear that one solution to (25) is sing = 0, which corre-
sponds to ¢ = 0 (z = 1) and ¢ = 7 (z = —1, which is technically
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a solution when 6 < 0). It follows that the other solutions are
given by

dpBeos’p —2[B(1+ op) + o(1+ B+ Ao + ¢)/0))]cosd
+ 14+ ep)1+ B+ No +¢)/0)
+eo+pB—p—pB=0.

Provided that p > ¢, it is easy to show that the coefficient of cos¢
is more than twice that of cos?¢; it follows that at least one of the
solutions to cos¢ is greater than 1. But this means that there is no
more than one real solution for ¢, so that there cannot be a double
crossing of the unit circle for p > .

Appendix 3. The Smets-Wouters Model

The Smets-Wouters (SW) model is an extended version of the stan-
dard New Keynesian DSGE closed-economy model with sticky prices
and wages. The model features three types of agents: households,
firms, and the monetary policy authority. Households maximize a
utility function with two arguments (goods and leisure) over an infi-
nite horizon. Consumption appears in the utility function relative
to a time-varying external habit-formation variable. Labor is dif-
ferentiated over households, so that there is some monopoly power
over wages, which results in an explicit wage equation and allows
for the introduction of sticky nominal Calvo-type wage contracts.
Households also rent capital services to firms and decide how much
to accumulate given certain capital-adjustment costs. Firms pro-
duce differentiated goods, decide on labor and capital inputs, and
set Calvo-type price contracts. Wage and price setting is augmented
by the assumption that those prices and wages that cannot be freely
set are partially indexed to past inflation. Prices are therefore set as
a function of current and expected real marginal cost but are also
influenced by past inflation. Real marginal cost depends on wages
and the rental rate of capital. The short-term nominal interest rate
is the instrument of monetary policy. The stochastic behavior of
the model is driven by ten exogenous shocks—five shocks arising
from technology and preferences, three cost-push shocks, and two
monetary policy shocks.
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Consistent with the DSGE setup, potential output is defined as
the level of output that would prevail under flexible prices and wages
in the absence of cost-push shocks.
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1. Introduction

Over the last two decades, there has been a growing interest among
macroeconomic researchers in developing new tools for quantitative
monetary policy analysis. In this paper, we examine how the new
generation of formal models can be used in the policy process at
an inflation-targeting central bank. We compare official forecasts
published by Sveriges Riksbank (the central bank of Sweden) with
forecasts from two structural models—a dynamic stochastic general
equilibrium (DSGE) model and an identified vector autoregression
(VAR) estimated with Bayesian methods. We also discuss how the
formal models can be used for storytelling and for the analysis of
alternative policy scenarios, which is an important matter for central
banks.

It is rather unusual that formal models are contrasted to offi-
cial central bank forecasts. Such a comparison is especially interest-
ing given that the latter also include judgments and “extra-model”
information, which are very hard to capture within a formal setting.
Hence, this can give an assessment of how useful expert knowledge
is and shed light on the “role of subjective forecasting” raised by
Sims (2002). An evaluation of official forecasts and formal model
forecasts has, to our knowledge, only been conducted for the Board
of Governors of the Federal Reserve System (see Altig, Carlstrom,
and Lansing 1995 and Sims 2002).! We will supplement this analysis
by evaluating official and model forecasts for a small open economy
(Sweden).

Smets and Wouters (2004) have shown that modern closed-
economy DSGEs (with various nominal and real frictions) have
forecasting properties well in line with more empirically oriented
models such as standard and Bayesian VARs (BVARs). However,
this paper evaluates forecasts from DSGE and BVAR models that
include open-economy aspects and compares these with judgmental
forecasts. Given the increased complexity of open-economy models,
and the different monetary policy transmission mechanism where
exchange rate movements are of importance, our exercise adds an

!Before this paper was completed, Edge, Kiley, and Laforte (2006) compared
the forecasting performance of the Federal Reserve with a closed-economy DSGE
as well as with a theoretical reduced-form model.
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extra element to the analysis in, e.g., Sims (2002) and Smets and
Wouters (2004). In section 2, we show the actual inflation and inter-
est rate forecasts from the various setups as well as the root mean-
squared errors (RMSEs) of the forecasts. In addition, we explicitly
examine two episodes where official and DSGE forecasts diverge to
look further into the role of subjective forecasting.

Both the DSGE and BVAR models have now been used within
the policy process at Sveriges Riksbank between one and two years.
However, this does not provide us with enough observations to carry
out an extensive forecast evaluation in genuine real time. Since the
DSGE model uses data on as many as fifteen macroeconomic vari-
ables, we have therefore estimated the formal models using a revised
data set, which makes a much longer evaluation period of the various
forecasting methods possible. We discuss the role of real-time versus
revised data in detail in section 2 below.

In addition, we demonstrate how formal models can shed light
on practical policy questions. In section 3.1, we let the two models
interpret the underlying reasons for the recent economic develop-
ment, using a historical decomposition of the forecast errors in each
of the two models. We also show that a VAR model can be used
to clarify what has happened in the economy, as long as we are
willing to impose some structure to identify the underlying shocks.
However, when one is interested in predictions conditioned upon
alternative policy scenarios, an idea about how monetary policy
is designed and how it affects the economy is required. By com-
paring impulse-response functions in section 3.2, we show that the
DSGE model, using structure from economic theory, provides a much
more reasonable transmission mechanism of monetary policy than
the BVAR model. This is a necessary requirement for producing
conditional forecasts that are meaningful from the perspective of a
central banker.

Finally, section 4 summarizes our views on the advantages of for-
mal methods and the reasons why such methods have not been more
influential at central banks.

2. Forecasting Performance

This section provides an evaluation of the inflation, interest rate,
and GDP forecasts by the Riksbank, a small-open-economy DSGE
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model, and a Bayesian VAR model. Both actual forecasts and
root mean-squared errors are examined for the period 1999:Q1-
2005:Q4.2 To characterize the forecasting advantage of the Riks-
bank’s judgmental forecasts, we also analyze two specific episodes
where the different forecasting approaches diverge for CPI infla-
tion and where we, a priori, expect the sector experts to have
an informational advantage. Since the Riksbank’s forecasts have
until recently been intended to be conditioned on the assump-
tion of a constant short-term interest rate, we also look at the
interest rate forecasts from the formal models.®> These are com-
pared with implicit-interest-rate forecasts calculated from (market-
based) forward interest rates. Finally, we also look at the GDP
forecasts from the different models, but since no genuine real-
time data set has been compiled for all fifteen variables in the
DSGE model, these results should be interpreted with some
caution.?

2Official inflation forecasts from the Riksbank cannot be obtained on a
quarterly basis before 1999:Q1. Moreover, the DSGE model needs a sufficient
number of observations after the transition from a fixed exchange rate to the
inflation-targeting regime in 1993. Since GDP forecasts are not available from
the Riksbank before 2000:Q1, their precision is evaluated between 2000:Q1 and
2005:Q4.

3Between October 2005 and February 2007, the Riksbank produced fore-
casts conditioned upon implicit forward rates, instead of the constant-interest-
rate assumption. Since February 2007, the Riksbank has published its preferred
path for the future repo rate (i.e., the short-term interest rate controlled by the
Riksbank).

4The absence of a real-time data set implies that the formal models possibly
have an information advantage relative to the official forecasts since the BVAR
and DSGE forecasts are based on ex post data on GDP. (Preliminary GDP
data are available with a delay of around one quarter, but they are subsequently
revised.) This is not a problem with the other variables in the models, since data
on prices, interest rates, and exchange rates are available on a monthly basis and
are not revised. On the other hand, the official forecasts have a small informa-
tion advantage in some quarters, when the Inflation Report has been published
toward the end of the quarter and, thus, can be based on data on prices, interest
rates, and exchange rates from the early part of the same quarter. Since most of
the variables in the BVAR are available in real time, and we use a Litterman (i.e.,
random-walk) prior for the lag polynomial, there are good reasons to believe that
the BVAR results with the exception of GDP growth are not very sensitive to
our decision to use revised data. The DSGE model, which is estimated on a data
set that contains several additional real quantities, is probably more sensitive to
the use of revised data.
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The Riksbank publishes official forecasts in its quarterly Infla-
tion Report publication. The forecasts are not the outcome of a
single formal model but rather the result of a complex procedure
with input both from many different kinds of models and judgments
from sector experts and the Riksbank’s executive board.®

The BVAR model contains quarterly data for the following seven
variables: trade-weighted measures of foreign GDP growth in logs
(yf), CPI inflation (7f) and a short-term interest rate (is), the cor-
responding domestic variables (y, m, and i), and the level of the
real exchange rate defined as ¢ = 100(s + py — p), where p; and
p are the foreign and domestic CPI levels (in logs) and s is the (log)
trade-weighted nominal exchange rate. More details on the BVAR
are provided in appendix 1.

The DSGE model is an extension of the closed-economy models
developed by Altig et al. (2003) and Christiano, Eichenbaum, and
Evans (2005) to the small-open-economy setting in a way similar to
that of Smets and Wouters (2002). Households consume and invest
in baskets consisting of domestically produced goods and imported
goods. We allow the imported goods to enter both aggregate con-
sumption and aggregate investment. By including nominal rigidi-
ties in the importing and exporting sectors, we allow for short-run
incomplete exchange rate pass-through to both import and export
prices. The foreign economy is exogenously given by a VAR for
foreign inflation, output, and the interest rate. The DSGE model
is estimated with Bayesian methods using data on the following
fifteen variables: GDP deflator inflation, real wage, consumption,
investment, real exchange rate, short-run interest rate (repo rate),
hours, GDP, exports, imports, CPI inflation, investment deflator
inflation, foreign (i.e., trade-weighted) output, foreign inflation, and
foreign interest rate. The DSGE model is identical to the one devel-
oped and estimated by Adolfson et al. (forthcoming), and a more

5The forecast process during the evaluation period was of a recursive and iter-
ative nature, where the foreign and financial variables entered first. Given these
forecasts, the Swedish real variables were predicted. Typically, the GDP forecast
was an aggregation of the components of the GDP identity. The labor-market
variables entered in a third step, where the productivity and unit-labor-cost vari-
ables were determined. Finally, predictions of CPI and core inflation—mainly
based on forecasts of import prices, unit labor cost, and the output gap—ended
the first forecast round.
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detailed description of the model, priors used in the estimation, and
full-sample estimation results can be found in that paper.

The DSGE model contains more variables than the BVAR, but
this does not imply that the DSGE model necessarily has an advan-
tage in terms of the forecasting performance, since the inclusion of
more variables in the BVAR also implies that a considerably larger
number of parameters needs to be estimated. Adolfson et al. (forth-
coming) consider a BVAR with the same set of variables as in the
DSGE model, and the forecasting performance of this BVAR is not
very different from the BVAR used in this paper.°

One difficulty when it comes to comparing official inflation fore-
casts from the Riksbank with model forecasts (or forecasts made
by other institutions) is that the Riksbank’s forecasts have until
recently been intended to be conditioned on the assumption that
the short-term interest rate (more specifically, the Riksbank’s instru-
ment, the repo rate) remains constant throughout the forecasting
period. However, it is not unreasonable to assume that the official
forecast actually lies closer to an unconditional forecast, given its
subjective nature. In practice, it is extremely difficult to ensure that
the judgmental forecast has been conditioned on a constant-interest-
rate path rather than on some more likely path.” Beyond the forecast
horizon, the implicit assumption also seems to have been that the
interest rate gradually returns to a level determined by some inter-
est rate equation. Even so, we see from figure 1 (shown on the next
set of facing pages) that the interest rate level (annualized aver-
age of daily repo-rate observations within each quarter) has been
rather stable during the sample period, which is the reason why a

51f anything, the introduction of additional variables leads to a reduction in
forecasting performance. In particular, this appears to be the case for the nominal
interest rate.

"The Inflation Reports from March and June 2005 contain discussions of the
problems with constant-interest-rate forecasts, as well as two forecasts of inflation
and GDP growth that are conditional on either a constant interest rate or the
implied forward rate. Although there was a considerable difference between the
forward rate and the constant interest rate on these occasions (a gradual increase
to about 150 basis points at the two-year horizon), the forecasts for GDP and
inflation were not very different. This suggests that the official constant-interest-
rate forecasts were in fact close to unconditional projections. See also Adolfson
et al. (2005) for difficulties with constant-interest-rate forecasts in a model-based
environment.
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conceivable constant-interest-rate assumption might not have been
that unfavorable. Moreover, the impulse-response functions from
interest rate changes to inflation are typically fairly small, with a
substantial time delay, at least in the BVAR model (see figure 6 in
section 3.2), which implies that a constant-interest-rate assumption
at long horizons should have relatively small effects on the infla-
tion forecast. We therefore believe that, taken together, our forecast
comparisons are valid and our conclusions will not be significantly
affected by the alleged constant-interest-rate assumption underlying
the official forecasts.

2.1 Inflation Forecasts

Figure 1la presents the outcome of CPI inflation in Sweden for 1998—
2005 (bold line) together with the Riksbank’s official forecasts (first
row), the forecasts from the DSGE model (second row), and the
BVAR model (third row) for 1999:Q1-2005:Q4.% The visual impres-
sion is that the official forecasts and the model forecasts have some-
what different properties. The Riksbank’s forecasts appear to be
rather “conservative”; most often they predict a very smooth devel-
opment of inflation, and the changes in the forecast paths are rela-
tively small between quarters. The BVAR model, on the other hand,
seems to view the inflation process as more persistent, since forecast
errors have a larger influence on subsequent forecasts.

The top panel in figure 2 shows the root mean-squared errors
(RMSESs) for different forecast horizons (one to eight quarters ahead)
of the yearly CPI-inflation forecasts. The DSGE and the official fore-
casts have about the same precision for inflation forecasts made up
to a year ahead; however, at somewhat longer horizons (five to eight
quarters ahead), the forecasts from the DSGE model have a bet-
ter accuracy than the official inflation forecasts. The BVAR fore-
casts, on the other hand, perform very well up to six quarters ahead
but are beaten by the DSGE’s inflation forecasts at longer hori-
zons. It should also be noted that all three forecasting methods are

8The data in figure 1 refer to yearly inflation rates (p; — pi—4), just like the
inflation series published in the Inflation Report. Since the DSGE and BVAR
models are specified in terms of quarterly rates of change (p: — pt—1), the model
forecasts are summed up to fourth differences.
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Figure 1la. Sequential Forecasts of Yearly CPI Inflation,
1999:Q1-2005:Q4, from the Riksbank (First Row),
the DSGE Model (Second Row), and the
BVAR Model (Third Row)
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Figure 1b. Sequential Forecasts of Repo Rate,
1999:Q1-2005:Q4, from the Riksbank (First Row),
the DSGE Model (Second Row), and the
BVAR Model (Third Row)
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Figure 1c. Sequential Forecasts of Yearly GDP Growth,
1999:Q1-2005:Q4, from the Riksbank (First Row),
the DSGE Model (Second Row), and the
BVAR Model (Third Row)
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2. Root Mean-Squared Error (RMSE) of Yearly

CPI-Inflation Forecasts (Top) and Annualized Interest
Rate Forecasts (Middle) 1999:Q1-2005:Q4, and Yearly
GDP-Growth Forecasts (Bottom) 2000:Q1-2005:Q4
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better than a naive forecast of constant yearly inflation (the No
Change—Yearly line). We take the similar precision in the differ-
ent inflation forecasts as evidence in favor of all three forecasting
approaches. It is encouraging that the model forecasts are perform-
ing as well as the official forecasts also at shorter horizons. We will,
however, return to the specific advantages and the role of subjective
forecasting below.

Although Smets and Wouters (2004) have shown that the fore-
casting performance of closed-economy DSGE models compares
quite favorably to more empirically oriented models such as vec-
tor autoregressive models, it is not evident that our DSGE model
will have similar properties, given that the open-economy dimen-
sions add complexity to the model. In particular, it is well known
that uncovered interest rate parity (UIP) is rejected empirically,
which may deteriorate the forecasting performance of an open-
economy DSGE model. The UIP condition in the DSGE model has
therefore been modified to allow for a negative correlation between
the risk premium and expected exchange rate changes; see Adolf-
son et al. (forthcoming) for further details. Figure 2 reveals that
our DSGE model has a forecasting performance for CPI inflation
that is remarkably good. The DSGE model makes smaller fore-
cast errors for inflation six to eight quarters ahead than both the
BVAR and the official Riksbank forecasts. Part of this can be
attributed to the modified UIP condition (see Adolfson et al. forth-
coming), but we also believe that the fact that we are consider-
ing a stable regime with a known and fixed inflation target makes
the theoretical structure imposed by the DSGE model particularly
useful.

2.2 Interest Rate Forecasts

Figure 1b shows outcomes of the repo rate along with either the
expected interest rate paths derived from forward interest rates (first
row), following the method described by Svensson (1995), or along
with the repo-rate forecasts from the DSGE model (second row)
and the BVAR model (third row). Throughout our sample, forward
interest rates have systematically overestimated the future interest
rate level. In principle, this could be due to (possibly time-varying)
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term and risk premia; i.e., forward rates do not provide direct esti-
mates of expectations. But, in practice, we believe it to be more
likely that the market (along with the Riksbank and the DSGE
model) on average overestimated the inflation pressure and the need
for higher nominal interest rates during this period. Turning to the
interest rate forecasts from the formal models, we see that future
interest rates have been systematically overestimated also in this
case, even if the BVAR forecasts have been more moderate than
the interest rate forecasts from the DSGE model. The main reason
for the relatively large forecast errors of the DSGE model for the
repo rate is that the model has tended to overestimate both the
inflation pressure and the GDP-growth prospects during the period,
which can be seen in figures 1a and lc. This indicates that it is not
the estimated policy rule that does not fit the data: had we used
the true inflation and output outcomes when projecting with the
rule, the forecast errors for the repo rate would have been greatly
reduced.

In the middle panel of figure 2, we compare the RMSEs for
the various repo-rate forecasts. It can be seen that forward inter-
est rates, a naive constant-interest-rate forecast, and the BVAR
model all have about the same precision for forecasts three to four
quarters ahead, whereas the DSGE has somewhat worse accuracy.
Naturally, this raises some questions about how monetary policy is
described in the DSGE model, although the above reasoning sug-
gests that the policy rule itself may not be the key problem. For-
ward rates have a better precision one to two quarters ahead, while
the BVAR model makes much better forecasts for longer horizons
than the other approaches. The fact that the BVAR model pro-
vides a more realistic picture than forward rates at longer horizons,
which even seem to have a lower predictive power than the constant-
interest-rate assumption, may be interpreted as arguments against
inflation forecasts conditioned on forward rates. Nevertheless, this
is an assumption that the Bank of England recently adopted, and
Norges Bank and Sveriges Riksbank recently abandoned. It should
be emphasized, however, that our results have been obtained from
a sample where the short-term interest rate has been unusually
low and stable in a historical context. Thus, it is possible that
forward rates are more informative in periods when interest rates
change more.
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2.8 GDP Forecasts

Figure 1c shows the forecasts for the yearly GDP growth from the
Riksbank, the DSGE, and the BVAR models against actual yearly
GDP growth (last data vintage in all cases). Given that the Riks-
bank’s forecasts are made in real time, whereas the formal models
are estimated using a revised data set for GDP, a direct comparison
between them is hard to make. The pattern between the DSGE and
BVAR forecasts is relatively similar, however. This also shows up
in the root mean-squared errors for the forecasts in figure 2. The
models’ accuracy in terms of predicting GDP growth is almost the
same in this sample (2000:Q1-2005:Q4).

To increase the comparability of the forecasting performances,
we compute the RMSEs for the Riksbank’s GDP forecasts in real-
time data, since the formal models would have an informational
advantage if all these GDP forecasts were evaluated on the revised
data set. The models appear to perform reasonably well also against
the judgmental forecasts of the Riksbank (see figure 2), although it
should be emphasized that such a comparison should be interpreted
with caution.

2.4 The Role of Subjective Forecasting

To obtain more information about the properties of the various
approaches to forecasting, it is interesting to take a closer look at
some specific episodes where the pure model forecast and the official
Riksbank forecast differ. This provides us with useful information
about whether sector experts can provide a better understanding of
recent influences on inflation (which might only be temporary). In
figure 3, we compare the Riksbank’s official inflation forecasts with
the corresponding DSGE forecasts on four different occasions (i.e.,
figure 3 contains a subset of the information in figure 1).°

The first episode concerns forecasts made immediately before
and after the sudden increase in inflation in 2001:Q2. One important
factor behind this increase was a rise in food prices due to the mad-
cow and foot-and-mouth diseases, although the inflation rate had

9For ease of exposition, we only focus on the Riksbank and DSGE forecasts
here.
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Figure 3. Riksbank and DSGE Forecasts of Yearly
CPI Inflation Made on Four Specific Occasions:
2000:Q4, 2001:Q2, 2003:Q1, and 2003:Q3
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started to increase already in 1999. In 2000:Q4, the Riksbank’s offi-
cial forecast implied a slowly increasing inflation rate over the next
two years. The DSGE model suggested a much stronger increase
in inflation. This may reflect that the model forecast attributed a
larger weight to recent increases in inflation, while the subjective
procedure, leading up to the Riksbank’s official forecast, underes-
timated the persistence in changes in inflation. However, once the
shock had become apparent, the subjective approach proved to be
very useful. At that time, 2001:Q2, the sector experts expected
the food price increase to involve a persistent shock to the price
level but with small further effects on the yearly inflation rate, and
the Riksbank’s forecasts at 2001:Q2 were more in line with the
actual outcome for the next few quarters. The DSGE model, on
the other hand, treated the food price shock as any other inflation
shock and overestimated its effects on inflation during both 2001 and
2002.

The second episode concerns inflation forecasts made in 2003:Q1.
Cold, dry weather had brought about extreme increases in electric-
ity prices during the winter of 2002/03. This was a temporary shock
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to the price level, but it had persistent effects on yearly inflation,
which became unusually low when electricity prices declined during
the spring and summer. The Riksbank’s official forecasts described
the decline in inflation extremely well for the first two quarters but
underestimated the effects on the longer horizons, possibly because
it was difficult to separate the effects of changes in energy prices
(the oil price also fluctuated heavily) from the downward pressure
on inflation from other forces in the economy (e.g., increases in pro-
ductivity). In contrast, the DSGE model underestimated the drop in
inflation at first, but once the decline had started, it more correctly
predicted that inflation would be very low for the next one to two
years (cf. the forecasts from 2003:Q3 in figure 3).

These episodes nicely illustrate how formal statistical mod-
els and judgments by sector experts can complement each other.
Subjective forecasts may sometimes be too myopic and pay too lit-
tle attention to systematic inflation dynamics related to the business
cycle or other historically important regularities. Model forecasts,
on the other hand, cannot take sufficient account of specific unusual
but observable events. At the same time, judgments from sector
experts based on their detailed knowledge about the economy can
be extremely useful—in particular, when unusual shocks have hit
the economy.

2.5 Combined Forecasts

The previous subsections have contrasted model-based and
judgment-based macroeconomic forecasts, and have made it clear
that judgments from sector experts can be useful in the short run,
especially when unusual disturbances to the economy occur. Being
equipped with several different forecasts, our natural question is,
what can be gained from combining them into a single overall fore-
cast? Combining a set of purely model-based forecasts is rather
straightforward, especially within the Bayesian framework, where
the weights are given by posterior model probabilities (Draper 1995).
When at least one of the forecasting models cannot be represented
by a probability model for the observed data, we need to resort to
other solutions.

Winkler (1981) proposes an alternative Bayesian approach that
may be used to combine model-based and judgment-based forecasts.
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We will form weights separately for each variable and forecast hori-
zon. Winkler’s procedure is described in detail in appendix 2. The
method assumes that the forecast errors from the different fore-
casts at a specific time period follow a multivariate normal dis-
tribution with zero mean and covariance matrix . It is further
assumed that the forecast errors are independent over time. The
optimal weights on the individual forecasts can then be shown to
be a simple function of ¥~!'. This means that the weights depend
not only on the relative precision of the forecasts but also on the
correlation between forecast errors. It should be noted that while
the weights sum to unity, some weights may be negative. Neg-
ative weights arise quite naturally, especially when the forecast
errors are highly correlated (Winkler 1981), but for convenience
in interpretation, we shall restrict all weights to be non-negative.
The results do not change substantially if we allow for negative
weights.

The forecast-error covariance matrix 3 needs to be estimated
from the realized forecast errors available at the time of the for-
mation of the combined forecast. This means that > needs to be
estimated from a small number of observations. We use a prior dis-
tribution to stabilize the estimate of ¥ (see appendix 2 for details).
Before turning to the results, it should be noted that we have not
conducted this weighting experiment for GDP due to the real-time
problems related to this variable.

The assumption of unbiased forecast errors does not seem to
hold for the DSGE and implicit-forward-rate forecasts of the inter-
est rate (see figure 7 in appendix 2), which may have consequences
for the combined forecasts. However, the combined forecast with
weights inversely related to the univariate mean-squared forecast
errors (MSEs), which thus include any potential bias, yields similar
results in terms of its accuracy (see figure 2).

From figure 2, we also see that the combined CPI-inflation
forecast performs very well at all forecast horizons. The excellent
performance of the combined forecast at the first-quarter horizon
is particularly noteworthy. We want to stress that we only use
those forecast errors that were actually available at the time of the
forecast. This means that the RMSE evaluation at, e.g., the eight-
quarter horizon only uses weights up to 2003:Q4 (the sample ends
in 2005:Q4).
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Turning to the short-term interest rate, we see once more that
combining forecasts is a good idea. The RMSE of the combined
forecast is low for all forecast horizons, only slightly beaten by the
implicit forward rate at the first two horizons and the BVAR forecast
at the longer horizons (see the middle panel of figure 2).

3. Advantages of Structural Analysis

3.1 Historical Decompositions

In section 2, we analyzed the usefulness of DSGE and BVAR models
for forecasting purposes. But policymakers are also very interested in
understanding the factors that have brought the economy to where
it is right now. This necessitates a structural model that can disen-
tangle the underlying causes for the recent economic development.
In the DSGE model, all shocks are given an economic interpreta-
tion, while the BVAR model requires additional identifying restric-
tions. As an example of the use of models for structural analysis,
we let the two models interpret the low inflation rate in Sweden
during 2003-05, by decomposing the model projections into the
various shocks that have driven the development of inflation and
output.

In figure 4, we report the actual outcome of GDP growth, infla-
tion, and the repo rate together with projections from the BVAR
model. The first row of figure 4 reports forecasts made in 2003:Q1
under the assumption that no shocks would hit the Swedish econ-
omy during 2003-05. It can be seen that parts of the increase in
GDP growth and the decreases in inflation and the interest rate
were expected, but actual inflation turned out to be a great deal
lower than anticipated by the BVAR model. From the second row
of figure 4—where we have added the “foreign” shocks, identified by
the BVAR model ex post (dashed line), to the BVAR model’s no-
shock (expected) scenario (dotted line)—we can see that the sudden
drop in inflation during 2003 and the lower GDP growth during the
first quarters of 2003 were mainly due to foreign shocks hitting the
economy.'? The last row of figure 4 shows the effects of “domestic”

0The foreign shocks are identified through the assumption that foreign
GDP growth, foreign inflation, and the foreign interest rate are strictly
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Figure 4. Actual Outcomes (—) and Predictions for
2003:Q2-2005:Q4 from the BVAR Model without Any
Shocks (---) and with Only Subsets of the Shocks Active
during the Forecasting Period (———)
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shocks, which are simply identified residually as the parts of the fore-
cast errors that are not accounted for by foreign shocks. From the
last row, we see that with only domestic shocks, the BVAR model
overestimates inflation during 2003, although overall macroeconomic
growth seems to be well captured. For 2004 and 2005, the picture is
somewhat different, and during these years it is clear from figure 4

exogenous. Formally, this implies, among other things, that the foreign variables
are ordered before all domestic variables in the Choleski decomposition. In addi-
tion, the forecast-error decompositions in figure 4 are based on the assumption
that the real exchange rate is ordered last in the Choleski decomposition. The
results are not affected much, however, if we instead assume that real-exchange-
rate shocks are treated as foreign. The results are available upon request. No
attempt is made to identify individual foreign shocks.
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that the domestic shocks have been a more important source for the
forecast errors in general and the low inflation rate in particular.
In principle, it is also possible to get even more information about
the shocks from the BVAR model, as long as we are willing to make
additional identifying assumptions.!!

In figure 5, we instead decompose the forecast errors from the
DSGE model. The first row shows the outcome of GDP growth, infla-
tion, and the interest rate along with the predictions from the DSGE
model under the assumption that no shocks are hitting the econ-
omy (i.e., the corresponding information to the first row of figure 4,
which was based on the BVAR model). Both models overestimated
inflation and the interest rate, but the DSGE model also overrated
GDP growth to a somewhat larger extent. The other rows in figure 5
show the “ex post forecasts” from the DSGE model when we add
the model’s estimates of different kinds of shocks during 2003-05
(dashed lines) to the original forecasts from 2003:Q1 (dotted lines):
monetary policy shocks (second row), technology shocks (third row),
markup shocks (fourth row), foreign shocks (fifth row), preference
shocks (sixth row), and fiscal policy shocks (last row). It can be
seen that when the estimated technology shocks and foreign shocks
are individually taken into account, the “ex post forecasts” of infla-
tion from the DSGE model are rather close to the outcome. The
DSGE model thus supports the finding from the BVAR model that
many of the forecast errors during 2003 were due to foreign shocks.
In 2004 and 2005, when the BVAR model suggested that foreign
shocks were less important, the DSGE model attributes a large part
of the low inflation to both foreign shocks and domestic technology
shocks. Interestingly, the model suggests that increased competition
(i.e., lower markups) is not an important factor for directly under-
standing the low-inflation outcome. However, it is, of course, possible
that the increased degree of openness (i.e., “globalization”) has stim-
ulated the favorable development in total factor productivity. It is
also clear from figure 5 that fiscal policy shocks have played a very

1 Other identifying restrictions may involve, e.g., restrictions on long-run
impulses as in King et al. (1991). Jacobson et al. (2001) present some results
based on such restrictions from a VAR model using similar data as this paper.
Alternatively, restrictions may be imposed directly on the impulse-response func-
tions as suggested by Canova and de Nicol6 (2002) and Uhlig (2005).
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Figure 5. Actual Values (—) and Predictions for
2003:Q2—2005:Q4 from the DSGE Model without
Any Shocks (---) and with Only Subsets of the Shocks

Active during the Forecasting Period (———)
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limited role during this period and that monetary policy has, in
fact, been expansionary. According to the DSGE model, the Riks-
bank reduced the repo rate more than the usual amount during this
period to prevent inflation from falling too far below the target.

We find the results from these exercises very promising. Not
only can the BVAR and DSGE models make forecasts that have,
on average, an equal or better precision than the Riksbank’s official,
more subjective forecasts, but they can also, ex post, decompose the
forecast errors in ways that are informative for policymakers and
advisers.

3.2  The Effects of Monetary Policy Shocks

In the previous sections, we have shown that the BVAR model is
a fine forecasting tool, but to some extent it can also explain what
has happened in the economy, as long as we are willing to place
some identifying assumptions on the shocks. However, to answer
questions about how monetary policy is designed and how it influ-
ences the economy, we need to add further structure. Working with
an identified model is especially important in a central bank envi-
ronment where experiments such as predictions conditioned upon
alternative interest rate paths are carried out. Therefore, we study
impulse-response functions to see how the links between the interest
rate setting and inflation outcomes differ between the BVAR and
DSGE models.

Figure 6 displays the effects on output growth, CPI inflation,
the repo rate, and the real exchange rate to a one-standard-deviation
interest rate shock in the BVAR model (first column) and the DSGE
model (last column).!?

Qualitatively, there are some similarities between the impulse
responses in the two models. For example, an increase in the inter-
est rate appreciates the real exchange rate. However, there are also

1215 the BVAR model, this is implemented through exogenous shocks to the
interest rate in a Choleski decomposition where the interest rate is ordered after
all other variables except the real exchange rate. Other nonrecursive identify-
ing restrictions (e.g., allowing the central bank to react to changes in the real
exchange rate within the period, but not to the two GDP variables) gave similar
results. In the DSGE model, exogenous shocks are added to the central bank’s
reaction function (i.e., a monetary policy shock).
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Figure 6. Posterior Median Impulse-Response Functions
to a One-Standard-Deviation Interest Rate Shock for the
Domestic Variables in the BVAR (First Column) and
DSGE Model (Second Column) with 68 Percent and
95 Percent Probability Bands
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discrepancies between the BVAR and the DSGE models. Although
an increase in the interest rate causes a decline in output growth
and inflation, consistent with typical prejudices, the responses in the
BVAR are not significant in contrast to those in the DSGE model.
Moreover, the DSGE model fulfills long-run nominal neutrality (i.e.,
monetary policy can only affect prices and not real quantities in the
long run), whereas there is no such restriction in the BVAR. Fur-
ther, the quantitative differences are very large. The DSGE model
supports conventional wisdom: if the interest rate is unexpectedly
increased by 0.35 percentage point (and then gradually reduced), the
maximum effect on inflation is around 0.15 percentage point and is
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recorded after about 171% years. The effects in the BVAR model are
much smaller and typically insignificant.

Although there are reasons to expect that monetary policy shocks
are more credibly identified in the DSGE model, the differences in
impulse-response functions and forecasting properties between the
BVAR and the DSGE models may create difficulties when using the
models in the policy process, even if each individual model com-
pares well with the subjective forecasts and rests on solid method-
ological grounds. Given the small impact of interest rate changes
in the BVAR model, inflation projections conditional upon alter-
native interest rate paths would not differ to any considerable
extent from the BVAR’s unconditional forecasts. In contrast, the
results in figure 6 suggest that the DSGE’s conditional forecasts will
change a great deal compared with the unconditional forecasts if the
former are generated by injecting monetary policy shocks (which
have much larger effects in the DSGE model). The impression of
alternative policy assumptions will thus be very different in the
two models.

4. Concluding Remarks

The theme of this paper is that modern macroeconomic tools like
BVAR and DSGE models deserve to be used more in real-time
forecasting and for policy advice at central banks. We have shown
that it is possible to construct and use BVAR and DSGE models
that make about as good inflation forecasts as the much more com-
plicated judgmental procedure typically employed by central banks.
In our view, central banks should use formal models—VARs and
DSGEs—as benchmarks for forecasts and policy advice, and to sum-
marize the implications of the continuous flow of new information
about the state of the economy to which central bank economists
are exposed.

We want to emphasize that we do not view our results as argu-
ments against the use of judgments in monetary policy analysis.
The key point here is not to dispute judgments versus formal mod-
els but, rather, to determine how to coherently combine the BVAR
and DSGE models with beliefs about the current conditions. Our
results suggest that it would be beneficial to incorporate judg-
ments into the formal models, so that the forecasts reflect both
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judgments and historical regularities in the data.!* We have ana-
lyzed a Bayesian weighting scheme based on the forecast errors of
the different methods to combine the judgmental and model fore-
casts. The results are promising: the root mean-squared errors of the
combined forecasts of the CPI and the interest rate are consistently
low on all evaluated forecast horizons. As an alternative, short-run
judgments by sector experts could be directly incorporated into the
models by exploiting the methodology suggested in Waggoner and
Zha (1999).

There are a number of gains in using formal models in the policy
analysis. They make it possible to decompose forecast errors and pro-
vide a tool for characterizing the uncertainty involved in statements
about the future development in the economy. Formal models make
it possible to quantify the imprecision and uncertainties involved
in the forecasting process. Formal models also serve as a learning
mechanism, where lessons about the complex interdependencies in
the economy can be accumulated. Our results suggest, for example,
that subjective forecasts may be too myopic and not take sufficient
account of important historical regularities in the data. Our present
version of the DSGE model, on the other hand, may reflect problems
with interest rate determination in financial markets, i.e., the empir-
ical failure of the expectation hypothesis and the UIP condition; see
the discussion in, e.g., Faust (2005).

Naturally, there are also limitations to the use of the current gen-
eration of modern macroeconomic models for policy purposes. Poli-
cymakers are often interested in details about the state of the current
economy. Formal models cannot possibly cover all details within a
tractable consistent framework. Neither can sector experts, but their
insights into details often lead policymakers to rely on advice and
forecasts from experts rather than from models. Another problem is
that there are gaps between different models. Different models give
quite different forecasts and imply different policy recommendations.
Researchers are not typically bothered by this, as long as the mod-
els are considered to be good. Policymakers are, of course, bothered.

13Svensson (2005) offers a theoretical analysis of the links between judgments
and monetary policy. One way of including judgments in the formal models is
to approach this in a Bayesian manner. However, it is less clear how to translate
the provided form of judgment into a usable prior distribution.
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For some policy purposes, we therefore think that it makes sense to
weight various models according to their empirical performance. We
have discussed a procedure for combining forecasts that may also be
used when some of the forecasts do not come from a well-specified
formal model, which is typically the case in policy work. Another
way of bridging the gap between formal models is to use Bayesian
prior distributions that incorporate identical prior information on
features that are common to the models, such as the steady state of
the system (Villani 2005) or impulse-response functions (Del Negro
and Schorfheide 2004).

Appendix 1. The BVAR Model

The BVAR model contains quarterly data on the following seven
variables: trade-weighted measures of foreign GDP growth (ys), CPI
inflation (7¢) and the three-month interest rate (i), the correspond-
ing domestic variables (y, 7, and i, where i is the repo rate), and the
level of the real exchange rate defined as ¢ = 100(s + ps — p), where
ps and p are the foreign and domestic CPI levels (in logs) and s is
the (log of the) trade-weighted nominal exchange rate.

The BVAR model used in this paper is of the form

(L) (x; — Wdy) = Aey, (1)

where © = (yy,7f,if,y,m,r,q) is an n-dimensional vector of time
series, II(L) = I, — I} L — ... — Iz L*, and L is the usual back-shift
operator with the property Lx; = xz;_;1. The structural distur-
bances e, ~ N,(0,1,), t = 1,...,T, are assumed to be indepen-
dent across time. We impose restrictions on II(L) such that the
foreign economy is exogenous. A is the lower-triangular (Choleski)
contemporaneous-impact matrix, such that the covariance matrix
Y of the reduced-form disturbances decomposes as ¥ = AA’. We
also have experimented with nonrecursive identifying restrictions,
in which case the equations are normalized with the Waggoner-Zha
rule (Waggoner and Zha 2003b), and the Gibbs sampling algorithm
in Waggoner and Zha (2003a) is used to sample from the posterior
distribution. The deterministic component is d; = (1, dpyp)’, where

g 11 <1993:Q1
MPt=0 if t > 1993:Q1
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is a shift dummy to model the abandonment of the fixed exchange
rate and the introduction of an explicit inflation target in 1993:Q1.
Since the data are modeled on a quarterly frequency, we use k = 4
lags in the analysis. Larger lag lengths gave essentially the same
results, with a slight increase in parameter uncertainty.

The somewhat nonstandard parameterization of the VAR model
in (1) is nonlinear in its parameters but has the advantage that
the unconditional mean, or steady state, of the process is directly
specified by ¥ as Fy(z;) = Ud;. This allows us to incorporate prior
beliefs directly on the steady state of the system, e.g., the informa-
tion that steady-state inflation is likely to be close to the Riksbank’s
inflation target. To formulate a prior on W, note that the speci-
fication of d; implies the following parameterization of the steady
state:

P+ 1y if < 1993:Q1
Eo () = {1[11 it > 1993:Q1,

where ); is the ¢-th column of W. The elements in ¥ are assumed to
be independent and normally distributed a priori. The 95 percent
prior probability intervals are given in table 1.

The prior proposed by Litterman (1986) will be used on the
dynamic coefficients in II, with the default values on the hyperpa-
rameters in the priors suggested by Doan (1992): overall tightness is
set to 0.2, cross-equation tightness to 0.5, and a harmonic lag decay
with a hyperparameter equal to 1. See Litterman (1986) and Doan
(1992) for details. Litterman’s prior was designed for data in levels
and has the effect of shrinking the process toward the univariate
random-walk model. Therefore, we set the prior mean on the first
own lag to 0 for all variables in growth rates. The two interest rates
and the real exchange rate are assigned a prior that centers on the
AR(1) process with a dynamic coefficient equal to 0.9. The usual

Table 1. Ninety-Five Percent Prior Probability
Intervals of ¥

yf 7'l'f ’I"f y ™ r q
¥y (2,3) (1.5,25) (4.5,55) (2,2.5) (1.7,23) (4,45) (-1,1)
¥y (—1,1) (1.5,25) (1.5,25) (=1,1) (4.3,5.7) (3,5.5) (=9, 9)
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random-walk prior is not used here, as it is inconsistent with having
a prior on the steady state. Finally, the usual non-informative prior
|2|~("+1/2 is used for .

The posterior distribution of the model’s parameters and the
forecast distribution of the seven endogenous variables were com-
puted numerically by sampling from the posterior distribution with
the Gibbs sampling algorithm in Villani (2005).

Appendix 2. Combining Judgmental and Model Forecasts

Suppose that we have available forecasts, at a given forecast hori-
zon, from k different forecasting methods over T different time
periods. Let @t denote the j-th method’s forecast of a variable
Ty, and ejt = Tj — ¢ the correspondmg forecast error, where
j = ,k and ¢ = 1,...,T. The question here is how to
merge these k forecasts into a smgle combined forecast. Following
Winkler (1981), we shall assume that the vector of forecast errors
from the k methods, e; = (e1t,...,ext)’, can be modeled as inde-
pendent draws from a multivariate normal distribution with zero
mean and covariance matrix 3. This implies that &; ~ Ng(zu, ),
where &; = (Z14,...,2x)" is the vector of forecasts of z; from the
k forecasting methods, and v = (1,...,1)". We use an uninforma-
tive (uniform) prior on x; and an inverted Wishart density for 3
a priori: X ~ W (Xg,v), where ¥y = E(X) and v > k is the
degrees-of-freedom parameter. The prior on ¥ is important, as his-
torical forecast errors are limited and an estimate of ¥ is typically
unreliable. This is particularly important when the correlations in
3. are large, which is often the case with forecast errors from com-
peting methods. As v increases, the prior becomes increasingly con-
centrated around Y. The specification of ¥y and v is discussed
below.

The posterior mean of the true value x;, which is the natural
combined forecast for a Bayesian, can now be shown to be a linear
combination of the individual forecasts (Winkler 1981):

$t|$t Z w]t‘r]tv (2)



Vol. 3 No. 4 Modern Forecasting Models in Action 139

where the weights of the forecasting methods are given by

Iy—1
, u'Xy
wy = (Wigy ..., Wkt) = —= , 3
= ) = (3
and the posterior estimate of X is
S = B(3| LI AL 5
= €1,...,61) =
t 1 s Ct t—’—’U 0 t+ v ty

where ﬁ‘t is the usual unbiased estimator of a covariance matrix.

The weights w; sum to unity at all dates ¢, but they need not be
positive. Negative weights may result quite naturally, as explained
in Winkler (1981), especially when the forecasts are positively cor-
related across methods.

Strictly speaking, the weighting scheme in (3) is only known to be
the Bayesian solution under the assumption that forecast errors are
independent and unbiased. The independence assumption is likely
to be violated for forecast errors beyond the first horizon. For sim-
plicity, we will continue to assume independent forecast errors at all
forecast horizons. An alternative approach would be to stick to the
weighting scheme in (3) but with a more sophisticated 3, estimate
that accounts for autocorrelation, e.g., the Newey-West estimator.
This procedure is unlikely to be a Bayesian solution, however, and
also suffers from the drawback that the Newey-West estimator is
likely to be unstable when the history of available forecast errors is
short. The second assumption behind (3) is that forecasts are unbi-
ased. This does not seem to be supported for the implicit forward
rate or the DSGE’s interest rate forecast at longer horizons, and
can potentially have a large effect on the combined forecast. There-
fore, we also look at an ad hoc method for combining forecasts with
weights inversely proportional to the mean-squared errors from past
forecasts. Note that this method ignores the fact that forecast errors
of different methods are typically correlated.

We need to determine ¥y and v in the inverted Wishart prior

for X. We will use the following parameterization of the prior mean
of X:

1
EQZO'% 1%
p

D D
DD
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which leaves o, p, and v to be specified. It seems fair to expect all
forecasting methods to produce fairly correlated forecasts, so that
p is comparatively large and also increases with the forecast hori-
zon (most methods will produce long-run forecasts that are quite
close to their steady-state value, and the steady states in the differ-
ent methods should not be too different). Moreover, oy should also
increase with the forecast horizon. We will assume that both p and
oo increase linearly with the forecast horizon (o ranges from 0.5
to 1, and p equals 0.5 at the first forecast horizon and 0.92 at the
eighth horizon). Finally, we need to pin down the overall precision
in the prior—the degrees-of-freedom parameter, v. We set v = 50,
which gives us a 95 percent prior probability interval for p at the
first horizon equal to (0.4, 0.75). The results are robust to nondrastic
variations in the prior.

Turning to the results, we show the bias for the different models’
CPI inflation and interest rate forecasts in figure 7. The interest rate
forecasts from the DSGE model and the implicit forward rate espe-
cially seem to be biased. Therefore, we also consider a weighting
scheme that is inversely related to the univariate mean-squared

Figure 7. Forecast Bias
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Figure 8. Sequential Weighting Schemes for Yearly
CPI Inflation
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forecast errors, which thus includes any potential bias. In figures 8
and 9, we compare the two weighting schemes. However, as seen from
figure 2 in the main text, the accuracy of the combined forecast does
not seem to be affected much by which scheme is used.

Figure 8 shows the sequential weighting schemes for CPI inflation
at different horizons. Note that the weights are equal on all three
forecasts at the beginning of the evaluation period, where there are
not enough realized forecast errors to estimate Y. The weights for
CPI inflation in the two different weighting schemes are similar on
the first- and second-quarter horizons, at least in the latter part of
the evaluation period. At longer horizons, there are fewer forecast
errors for constructing the weights and larger biases in the forecasts.
This causes the two weighting schemes to differ much more than at
shorter horizons.
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Figure 9. Sequential Weighting Schemes for the
Interest Rate
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For the interest rate, the sequential forecast weights are once
more stable at the two shortest horizons compared with the longer
ones; see figure 9. From figure 9, it can also be seen that the supe-
riority of the implicit forward rate at the first- and second-quarter
horizons is immediately picked up by both weighting schemes.
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This paper introduces a new indicator of core inflation for
New Zealand, estimated using a dynamic factor model and dis-
aggregate consumer price data. Using disaggregate consumer
price data, we can directly compare the predictive performance
of our core indicator with a wide range of other “core inflation”
measures estimated from disaggregate consumer prices, such
as the weighted median and the trimmed mean. The medium-
term inflation target of the Reserve Bank of New Zealand is
used as a guide to define our target measure of core inflation—
a centered two-year moving average of past and future infla-
tion outcomes. We find that our indicator produces relatively
good estimates of this characterization of core inflation when
compared with estimates derived from a range of other models.

JEL Codes: C32, E31, E32, E52.

1. Introduction

Inflation is a key variable in the formulation of monetary policy.
However, inflation data are often subject to transitory shocks, which
do not require a policy response. The purpose of core inflation meas-
ures is thus to remove the influence of transitory shocks, revealing
the unobserved, policy-relevant trend in inflation.
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The 2002 Policy Targets Agreement (PTA), signed by the
Minister of Finance and the governor of the Reserve Bank of
New Zealand (RBNZ), requires the Reserve Bank to keep annual
inflation in the consumers price index (CPI) between 1 and 3 percent,
on average, over the medium term. This suggests that the policy-
relevant rate of inflation for New Zealand should remove short-term
fluctuations from inflation by averaging over the medium term. But
what is the “medium term”?

It is commonly thought that the lag between a change in mone-
tary policy and its impact on inflation is one to three years, suggest-
ing that the medium term is a period long enough to smooth out
fluctuations in annual inflation lasting around two years in dura-
tion.! Core inflation could thus be defined as historical realizations
of the inflation target, where the target looks something like an aver-
age of annual inflation over the past two years. The problem with
this characterization of core inflation, however, is that it lags annual
CPI inflation by almost a year.

Ideally, we would like our core inflation indicator to look like a
moving average (MA) of annual inflation, but without the phase shift
induced by taking an average of historical data. In other words, we
want an indicator that looks like a centered moving average of annual
inflation (or, equivalently, a forecast of a backward-looking average),
but one that can be computed in real time. One way or another, this
is precisely what all core inflation measures aim to do; they aim to
produce a real-time estimate of the underlying, policy-relevant rate
of inflation, something that is unobservable in real time.

We estimate core inflation using disaggregate consumer prices
and a cross-sectional smoothing technique that was first used by
Altissimo et al. (2001) to estimate a coincident indicator for the euro-
area business cycle. Essentially, we aim to exploit the leading and
lagging relationships among disaggregate prices to proxy for future
CPI inflation, thus smoothing inflation and avoiding the phase shift
induced by taking an average of historical data on aggregate prices.

Many central banks monitor a variety of measures of core infla-
tion, typically constructed from disaggregate CPI data. The CPI

! Christiano, Eichenbaum, and Evans (2005), e.g., find that inflation responds
in a hump-shaped fashion to a monetary shock, peaking at around about two
years.
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excluding food and energy, for example, is a very popular measure
of core inflation in the United States. There is a multitude of other
so-called exclusion measures used around the world, all with a com-
mon goal in mind—to eliminate the idiosyncratic noise from inflation
by removing the most volatile components from the CPIL. In addi-
tion to the exclusion measures, there is also a range of statistical
measures of core inflation monitored by central banks. These meas-
ures aim to remove those components from inflation that are most
volatile in a particular month, quarter, or year. Two popular statis-
tical measures are the weighted median and the trimmed mean of
inflation, proposed by Bryan and Cecchetti (1994). However, many
of these measures of core inflation—both the exclusion and the sta-
tistical methods—tend to be too volatile and often fail to provide a
reliable signal for underlying inflation (Cogley 2002).

Recently, there have been some advances in econometric the-
ory that allow the decomposition of very large panels of data into
a small number of common factors (Forni et al. 2000; Stock and
Watson 2002; Forni et al. 2005). These methods are well suited to
the problem of estimating core inflation, where the inflation signal
of interest is both unobservable in real time and common to a large
number of macroeconomic series.

Cristadoro et al. (2005) apply the dynamic factor model to
extract the long-run component of inflation from almost 450 nomi-
nal, real, and financial indicators of inflation, producing a measure
of core inflation for the euro area. Their core measure has the benefit
of being smooth, without having the phase shift induced by taking
an annual percentage change of inflation. Moreover, the Cristadoro
et al. (2005) indicator is very competitive at forecasting annual
inflation at horizons up to two years ahead. Similarly, Amstad and
Fischer (2004) and Amstad and Potter (2007) use the dynamic factor
model to compute core inflation measures for Switzerland and the
United States, respectively. Unlike Cristadoro et al. (2005), Amstad
and Fischer (2004) and Amstad and Potter (2007) allow for real-time
estimates of core inflation as each new piece of data arrives (what
the authors call “sequential information flow”).

One of the key objectives of this paper is to compare dynamic
factor model estimates of core inflation with a variety of meth-
ods of estimating core inflation from disaggregate consumer price
data—including standard core inflation measures, estimates from
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pooling regressions, and estimates from bivariate forecasting models.
Essentially, we want to ask, Given data on disaggregate consumer
price movements, what is the best way to estimate core inflation?
Thus, unlike Amstad and Fischer (2004), Cristadoro et al. (2005),
and Amstad and Potter (2007) (who use broader data sets to esti-
mate core inflation), we limit ourselves to using disaggregate con-
sumer prices.?

We assess the performance of our core inflation indicator in real
time by comparing how well it predicts a particular characterization
of the RBNZ’s inflation target—a centered two-year moving average
of annual inflation. We compare the indicator with a variety of other
estimates of core inflation based on disaggregate price data and find
that the indicator performs well. Furthermore, when compared with
a range of forecasting models used at the RBNZ, many of which
use a wider range of information, the core inflation measure also
compares favorably and is only bettered by models that incorporate
judgment and utilize more up-to-date information.

2. Methodology

We have T time-series observations for N different inflation series
from the CPI denoted 7j;, where j =1,...,N;t=1,...,T; and 7
is the (log) seasonal change of the j-th price index. Further, let us
add to this panel the (log) seasonal change in headline CPI, 7;. Head-
line inflation can then be represented as the sum of two unobserved
components, a signal 7; and an error e;:

7Tt:71':+€t~ (1>

The objective is to estimate the signal 7} using all information in the
panel of CPI price changes. We assume that each variable can be rep-
resented as two stationary, orthogonal, unobservable components—a
common component x;; and an idiosyncratic component € ;:

it = Xjt + Ejt; (2)

2In the case of New Zealand, the CPI data are not subject to revision and are
more timely than most other key macroeconomic releases; the CPI is published
more than one month before the producer price index and more than two months
before the national accounts.
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where the common component is driven by a small number of com-
mon factors (shocks).

We decompose the common component into a long-run compo-
nent XJLt and a short-run component X;St by removing high-frequency,
short-run fluctuations up to a given critical period h (Cristadoro
et al. 2005):

Tit = Xh + X5 + €5t (3)

Specifically, the intertemporally smoothed (long-run) common com-
ponent can be attained by summing waves of different periodicity
between [—m/h,m/h] using a spectral decomposition. The long-run
common component is what we are after in estimating our meas-
ure of core inflation. This measure removes the idiosyncratic noise
specific to each of the components of the CPI, as well as smooth-
ing out the short-term fluctuations not requiring a monetary policy
response.

Isolation of the unobserved common component can be achieved
by assuming that the common components are driven by shocks
that are pervasive in the cross-section of price movements, while
the shocks driving the idiosyncratic terms are local and affect only
a limited number of prices. This is called an approximate dynamic
factor structure. The dynamic factor model is

mje = bj(L) ft + €jt, (4)
where fi = (fit,..., fqt)" is a vector of ¢ dynamic factors and b;(L)
is of order s, for every dynamic factor 1,...,q: the process for f;

is assumed to be stationary.® This model is said to have ¢ common
dynamic factors.

If we let Fy = (f, fi_1,-..,f{_s)’, the dynamic factors have a
static representation:

it = NjFy + €t (5)

where b;(L)f; = \jF;. Thus, a model with ¢ dynamic factors has
r = q(s + 1) static factors.

3Typically the data-generating process for the common factors is approxi-
mated by a finite-order vector autoregression (VAR). See, e.g., Forni et al. (2007).
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3. Estimation

The dynamic factor model is estimated in the frequency domain
using an eigenvalue decomposition of the spectrum smoothed over a
range of frequencies. Estimation requires the specification of three
parameters: two of the three parameters determining the number of
static factors r, ¢, and s, and the size of the Bartlett lag window M .4
Estimation of the static factor representation of the dynamic factor
model (5), on the other hand, requires an eigenvector-eigenvalue
decomposition of the variance-covariance matrix and requires r to
be specified.® We use the dynamic factor representation to estimate
our indicator of core inflation. More details on the estimation of the
dynamic and static factor models are provided in appendix 1.

In order to get good estimates of the common factors, Cristadoro
et al. (2005) recommend that the panel of data used to estimate the
dynamic factor model should have series that lead and lag annual
inflation. Their argument is summarized as follows.

Consider the case where there is only one common shock to
inflation, f;, which is loaded with different lags in a cross-section
containing three variables:

X1t = fi—1, Xzt =[ft, and X3t = fi-2. (6)

In this case, it is clear that variable 2 leads variable 1, which in
turn leads variable 3. If CPI inflation is xi¢, then x1:41 = f; and
X1t—1 = fi_2, so that the cross-sectional information hidden in the
contemporaneous X ;s is exactly the time-series information con-
tained in CPI inflation and its first lead and lag. CPI inflation can
thus be smoothed in period ¢ by using the leading variable as a proxy
for future CPI inflation, which is unavailable at time t.

The methodology then consists of projecting the long-run com-
mon component of headline CPI inflation, x, onto the (inter-
temporally smoothed) present and past common factors:

Xt =Proj[x{ | fmt—rm =1,..., ¢k =1,...5]. (7)

“For all the dynamic factor models estimated in this paper, we set M = /T,
as in Forni et al. (2005).
5A VAR in F, can then be used to estimate the dynamics of the model.
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Thus, as seen in the example above, the method will produce good
results if y; loads mainly with lags central to the interval 0,...,s.
In other words, to get good estimates of the common factors, the
data set must include variables that lead and lag x;. As noted by
Cristadoro et al. (2005), leading variables are of particular impor-
tance, since lagging variables could be replaced by lags of existing
variables, whereas the leading variables are irreplaceable.

As noted in the introduction, we characterize the target for our
core inflation indicator as a centered two-year moving average of
annual CPI inflation. Letting MA(m, h) be a centered moving aver-
age with a window of 2h + 1, then

MA(?Tt, h) =

(T + T—hp1+ o+ T+ oo+ Tepho1 + Tegn).

(8)

Our objective is to construct an indicator of core inflation that
matches the properties of this filter and does not require future
information (information from period ¢ + 1 to t + h) to compute.
Estimation in the frequency domain allows us to remove short-term
fluctuations from the common components to reveal a long-run com-
mon component of annual CPI inflation YF. Moreover, our target
filter MA(m,4) sets the long-run frequencies that we can use to
intertemporally smooth the common component {F. Specifically, we
compute the intertemporally smoothed (long-run) common compo-
nent of inflation by summing waves of different periodicity in the
band [0, 27/9], removing all short-run cyclical fluctuations up to nine
quarters in duration.® Henceforth, our characterization of the infla-
tion target is denoted 7[*?** = MA(m;,4) and the dynamic factor

model’s estimate of core inflation is denoted mf°"¢ = F.

2h+1

4. Data and Dynamic Structure of the Data

We begin with quarterly data for all 264 subsections of the CPI for
a period ranging from 1991:Q1 to 2006:Q2. To these series we also
add headline CPI, tradable CPI, and nontradable CPIL.”

See Giannone and Matheson (2006) for further discussion.
"Statistics New Zealand publishes a split of the CPI regimen into tradable
and nontradable price indexes. We include these indexes in our panel to enable
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The data are filtered in five steps. First, we remove all series
from panel that do not span the entire sample. Second, we take
the natural logarithm and seasonally difference all series to achieve
stationarity. Third, we remove outliers from each series by replac-
ing observations more than six times the interquartile range with
the median of the series. Fourth, we remove the series whose prices
change less than once a year on average.® The filtered series are then
standardized to have zero mean and a unit variance. After filtering,
the panel contains headline inflation, tradable inflation, nontradable
inflation, and inflation data for 228 subsections of the CPL.? Core
inflation is obtained by reattributing the mean and the variance of
each series; i.e., the estimate of 77°" is rescaled by multiplying it by
the standard deviation of m; and by adding the mean of 7.

The left side of figure 1 displays a histogram of the leads/lags at
which the highest absolute correlation with inflation occurs in our
panel. The figure shows that the structure of the data is well bal-
anced and includes a similar number of leading and lagging variables.
Because of the importance of the leading variables in estimation, we
also examine the predictive power of the series in our panel by way
of a Granger causality test—testing the null hypothesis that series j
does not Granger-cause headline CPI inflation. The right side of
figure 1 displays a histogram of the p-values from this test. Around
30 percent of the series in the panel Granger-cause headline infla-
tion at the 10 percent level of significance. With a similar number

the RBNZ to more readily compute core measures of tradable and nontradable
inflation. The inclusion of these aggregate variables should not pose a problem
for estimating core inflation, because an approximate factor structure allows for
local correlation among the idiosyncratic components.

8Correcting for outliers and removing series that change less than once a year
on average are not crucial steps. The core indicator estimated with the raw,
unadjusted data is very similar to the indicator estimated with the adjusted
data: the root mean-squared forecast error of the core indicator estimated with-
out adjustments is only marginally (0.0052 percent) higher than that presented
in table 4 (in section 6). Nevertheless, we choose to make these corrections to
insure against any coding or typographical errors (made by the RBNZ or Statis-
tics New Zealand) that could adversely affect quarterly updates of core inflation
in the future. The core inflation indicator has been published in the RBNZ’s
quarterly Monetary Policy Statement since September 2006.

9During the filtering process, a total of 9.21 percent of the CPI regimen is
removed from the original panel and thirty-five observations are classified as
outliers. See Giannone and Matheson (2006).
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Figure 1. The Correlation Structure of the Panel

Highest Absolute Correlation Granger Causality
40 40
35 — 35
30 30
w
2
525 25
] — =
S 20 20
@
o
E15 15
=
10 10
5 5
0 0

'
B

-2 2 4 0 0.2 0.4 06 0.8

0
Lag/Lead (Quarters) prvalue

of leading and lagging variables and with a sizable proportion of
the series having some predictive ability with respect to annual CPI
inflation, this panel seems well suited to estimating a dynamic factor
model. A more detailed description of our panel, including statistics
relating to the dynamic structure of the data discussed in the next
section, can be found in Giannone and Matheson (2006).

4.1 The Dynamic Structure of the Data

Determining the unobserved factors driving prices is difficult. As
with many statistical problems, the choice of the number of factors
requires a trade-off between parsimony and fit. The more factors
that are added to the model, the more variation in the data set that
will be explained by the factors. Fewer factors, on the other hand,
will produce a smoother indicator of core inflation, but at a cost
of poorer fit to the data. Moreover, the selection of the number of
static factors r is further complicated since there is more than one
configuration of the parameters ¢ and s that has similar fit to the
data.

Bai and Ng (2002) show that the number of static factors can be
consistently estimated with an information criterion. Unfortunately,
the Bai and Ng criterion does not appear to be suitable for our
empirical application and chooses T static factors. Effectively, this
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means that, statistically, our panel is driven by very many factors—
so many, in fact, that if one were to project inflation on the estimated
common components, one would get precisely the original data back,
rotated on the factors.

In an approximate factor structure with ¢ common shocks and
r common factors, there are ¢ dominant eigenvalues from the
spectral-density matrix (dynamic rank) and r dominant eigenval-
ues from the covariance matrix (static rank). Thus, some insight
into a number of the common shocks can be found by examining the
behavior of the dynamic eigenvalues, which represent the variance of
the dynamic factors. Figure 2 plots the first ten dynamic eigenvalues
from the spectral-density matrix of our data over frequencies [0, 7].
The first four eigenvalues are considerably larger than the others,
particularly at the long-run frequencies with which we are concerned.
It thus seems that the long-run common comovement in these data
can be adequately captured by the first four dynamic factors.

Another approach to determine the number of factors is to
describe the comovements of the panel using the percentage of the

Figure 2. The First Ten Dynamic Eigenvalues from
the Spectral-Density Matrix
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Table 1. Percentage of Total Variance Explained by the
First Twelve Dynamic and Static Factors

1 2 3 4 5 6 8 10 12

qg| 023| 042 057 ] 069 | 0.78 | 084 | 092 095 | 0.97
r| 013 026 | 035| 042 | 048 | 053 | 0.63 | 0.70 | 0.76

variance of the panel accounted for by the common factors, as sug-
gested by Forni et al. (2000). Table 1 reports the percentage of the
total variance in our panel explained by the first twelve dynamic
factors ¢ (estimated using dynamic principal components) and the
same number of static factors r (estimated using principal compo-
nents).!? The table shows that a small number of factors explain a
large amount of the variation in our panel. Moreover, there is a dis-
crepancy between the variance explained by the dynamic and static
factors, suggesting, as with the results in section 4, that there are
some rich dynamics at play in our panel. Because the rank of the
covariance matrix of the panel is always r = ¢(s+1) and the rank of
the spectral-density matrix is always ¢, the difference between the
variance explained by r and q reflects the lagged factors s. Selecting
the number of dynamic factors ¢ so that the marginal contribution
from adding one more factor is less than 10 percent, as suggested by
Forni et al. (2000), produces g = 4. Selecting the number of static
factors r to explain the same amount of variation as ¢ = 4 produces
r = 10, implying that s is somewhere between 1 and 2.

For our indicator of core inflation, we choose to set ¢ = 4, s = 2,
and 7 = 12.' As a robustness check, we estimate the indicator
recursively with different configurations of ¢ and s over a period
from 2000:Q1 to 2005:Q2 and find that our chosen parameterization
performs comparatively well. Indeed, with the exception of when
s = 0, the models with ¢ = 4 outperform all other models for
a given s, justifying our assumption of four dynamic factors. The

10G8ee appendix 1 for a description of principal-components estimators.

"Equation (5) implies that r = q(s + 1). However, it is worth noting that
this holds only in the case where the order of the MA in the common shocks is
finite and that, in general, » > ¢(s + 1); see Forni et al. (2007). In choosing our
parameter configuration, we implicitly assume that the order of the MA is finite.
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performance of the indicator with ¢ = 4 and s = 1 is the same as
our chosen parameterization.!?

Giannone and Matheson (2006) show that the first four common
factors explain more than 75 percent of the variability of headline
CPI inflation. Moreover, at the periodicities with which we are con-
cerned (longer than two years), the degree of commonality is even
higher, with the common factors explaining over 80 percent of the
variation.

5. The Core Inflation Indicator

The core inflation indicator is displayed in figure 3 alongside annual
CPI inflation and our target variable, a centered two-year moving
average of annual CPI inflation. We find that the core inflation indi-
cator smooths much of the noise from annual CPI inflation, and it
closely tracks the target variable.

Figure 3. CPI Inflation, the Inflation Target, and the
Core Indicator
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'2Gee section 6 for more details on the real-time prediction experiment and
appendix 4 for the results for different configurations of ¢ and s.
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So how well does our core inflation indicator do in predicting
the target measure of inflation? Table 2 compares the core inflation
indicator with weighted-median inflation; trimmed-mean inflation
(with a 10 percent trim); the CPI excluding food, administration
changes, and gasoline; and the exponentially smoothed measure of
core inflation proposed by Cogley (2002). All of these measures of
core inflation are described in greater detail in appendix 2 of the
paper. For the moment, we only discuss our core inflation indicator
estimated up to the end of the sample. The real-time indicator in
the final row of the table, Core (Real Time), is discussed in the next
section.

All of the core measures average around 2 percent, similar to
headline CPI. However, there are some large differences in the vari-
ability of the measures. In particular, the measures of the weighted
median, trimmed mean, and CPI excluding food, administration
charges, and gasoline are much more volatile than our core indicator
and the exponentially smoothed indicator. In fact, these core meas-
ures seem to do a bad job at smoothing inflation, having standard
deviations higher than headline CPI inflation itself. Our core indica-
tor has a standard deviation that closely matches the target variable,
whereas the exponentially smoothed measure seems to smooth infla-
tion too much and has a much lower standard deviation than the
target.13

Looking at absolute correlations with the target measure, 7;*"9¢,
at leads and lags of up to one year, we find that our core inflation
indicator correlates highly and is in phase with the target variable.
The exponentially smoothed measure also correlates highly with the
target, although with a lag of two quarters. Likewise, the weighted
median, the trimmed mean, and the CPI excluding food, adminis-
tration charges, and gasoline tend to lag the target by a couple of
quarters.

It is interesting to look at the concordance of each core inflation
measure with our target variable, /7", Concordance measures the
percentage of the sample where changes to the indicator and changes
to the target variable have the same sign, i.e., the percentage of time
that changes to the core indicator accurately reflect changes in the

13The standard deviation of /%" is 0.46.
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unobserved target variable (Harding and Pagan 2002). For all of
the indicators, concordance is above 50 percent—the proportion of
time that a coin toss would accurately predict the correct change
in the target variable. Concordance is highest for our core inflation
indicator, at 0.79 percent. The exponentially smoothed measure also
predicts changes in the target 70 percent of the time.

Following Cogley (2002), the predictive ability of core inflation
can be evaluated using the following regression:

core

Ti4a — g = 0+ ﬁ(ﬂ-t - 7Tt) + €t4, (9)

where 7 is headline CPI inflation, 744 is headline CPI inflation one
year into the future, 77°"¢ is the core inflation measure, and €44 is
idiosyncratic noise. The regression estimates whether the current gap
between core inflation and headline inflation predicts future changes
in headline inflation, where predictive power is indicated by G > 0
(a should also be equal to 0).

We find that our core indicator and the exponentially smoothed
indicator have significant predictive power, and they explain nontriv-
ial amounts of the variation of future changes in headline inflation,
according to R2. The other core measures, in contrast, perform very
poorly by this metric.

5.1 The Real-Time Properties of the Core Indicator

Because our core indicator is estimated, unlike the other core infla-
tion measures displayed in table 2, it is subject to revision as more
data become available. However, this may not impact dramatically
on the relative predictive performance of the indicator.

To examine the real-time properties of the indicator, we esti-
mate it recursively for each quarter from 1997:Q1 to 2005:Q2 (the
next section describes the real-time estimation procedure in more
detail). An indicator of core inflation that is not subject to revision
can then be created using the real-time estimates of core inflation
in each quarter; i.e., the series 7;9"¢, can be compiled using "¢
estimated each quarter from 1997:7Q1 to 2005:Q2.

Comparing these real-time estimates of core inflation with core
inflation estimated using all of the data (the last row of table 2), we
find that the indicator retains many desirable features. It remains



160 International Journal of Central Banking December 2007

Table 3. Revisions to the Core Indicator in Real Time

t t—1 t—2 t—3 t—4

Mean Revision 0.12 0.09 0.08 0.07 0.06
Mean Absolute Revision 0.26 0.17 0.10 0.08 0.07

highly correlated with the target, albeit now with a lag of one quar-
ter. Interestingly, the concordance with the target increases with the
real-time core indicator.

Revisions to the core inflation indicator over time can be ana-
lyzed by comparing the real-time estimates of core inflation with the
core inflation indicator estimated using all of the data. To be con-
crete, each quarter ¢, the estimate of core inflation can change not
only for period ¢ but also for all w historical periods prior to period
t,i.e., periodst—1,...,f —w, where w denotes the first observation
used to estimate the indicator each quarter. Table 3 displays the
mean revisions and the mean absolute revisions to the core indica-

tor at periods ¢,t — 1,...,t — 4 (revisions are defined to be the core
indicator estimated up to the end of the sample minus the real-time
estimates).

Not surprisingly, the revisions are larger for the most recent esti-
mates of core inflation. The final five estimates of core inflation have
generally been revised up since 1997:Q1, with the revisions to the
most recent estimate, period ¢, being just under twice as large as
those from a year prior to the most recent estimate. The magnitude
of each revision in period ¢ is 0.26 percent, almost four times more
than the estimate from period ¢ — 4.

Notwithstanding any changes to the dynamic relationships
within our panel, with such a small sample to begin with (twenty-
one observations), the core inflation will suffer from biases relating
to changes to time-series properties of headline CPI inflation over
the sample. This can be seen in figure 3, where we see that the mean
and variance of the series are higher in the second half of the sam-
ple, perhaps as a result of the changes to the inflation target of the
Reserve Bank of New Zealand. Recall that, after the dynamic factor
model is estimated, the mean and the standard deviation of head-
line CPI inflation are reattributed to m{°"¢ to make it comparable to
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Figure 4. Revisions to Real-Time Estimates of
Core Inflation
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headline CPI inflation. Mean and variance shifts are thus a source
of revision to our core indicator.

To further examine the impact of this type of revision, we com-
pare the real-time estimates of the core inflation, Core, with the
real-time estimates of core inflation scaled with the mean and stan-
dard deviation of headline inflation estimated over the entire sample,
Core (ex post). In this way, we get a sense of how mean and variance
shifts over the sample have influenced the size of the revisions. The
revisions to the most current estimate of core inflation in real time
(period t) from these two core indicators are displayed in figure 4.

Revisions to the standard core indicator were particularly large
over 2000, when there was a substantial shift in headline inflation,
although the impact of that shift did not influence Core (ex post)
by as much. Indeed, generally speaking, Core was not revised as
much as Core (ex post), suggesting that mean and variance shifts
over our sample period were partly to blame for the revisions to the
real-time estimates of core inflation. However, this is only one source
of revision to our core indicator. There are many others not consid-
ered here, including changes to the dynamic structure of the panel
over the sample period. Notwithstanding any changes of this type,
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it is reasonable to expect better estimates of the mean and standard
deviation with which we scale the core inflation indicator as more
data come to hand, which suggests that revisions to the indicator
will likely be smaller in the future.

We have seen that, regardless of being subject to (sometimes
substantial) revision, the core indicator compares favorably with a
range of other, more standard, measures of core inflation in pre-
dicting an unobserved centered two-year moving average of head-
line CPI inflation—an approximation of the medium-term inflation
target of the RBNZ. In the next section, we further examine the
real-time properties of the inflation indicator by way of a real-time
prediction experiment for the unobserved target variable.

6. A Real-Time Prediction Experiment

To simulate the predictive performance of our indicator, we esti-
mate the dynamic factor model each quarter from Ty = 1999:Q4
to 17 = 2006:Q2, using exactly the information that was avail-
able in real time. In New Zealand, the CPI data are not subject
to revision and do not require seasonal adjustment since they are
expressed in log seasonal differences. The data are outlier-adjusted
and standardized prior to estimation in each quarter.

The predictive ability of our indicator is compared with two
broad categories of estimators of core inflation. The first category
contains methods of estimating core inflation that utilize only CPI
data: dynamic factor forecasts, time-series forecasts, conventional
core inflation indicators, and static factor model forecasts. The other
category contains indicators based on the real-time forecasts from
a suite of models used in the policy process at the RBNZ, many of
which use a much broader data set than is used to compute our core
inflation indicator.

By definition, our core inflation indicator produces an estimate
of the unobservable centered moving average of annual inflation.
Some of the other methods of estimating core inflation we consider,
however, are not tailored to this representation of inflation; forecast-
based methods, e.g., do not yield estimates of inflation that are com-
patible with our target measure. To address this problem, we adopt a
forecast-based measure of the target, which averages historical infla-
tion and forecasts of inflation. Specifically, each quarter, inflation
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is forecast four periods ahead, and an estimate of the unobserved
. . target . .

inflation target, m, , is computed as a centered moving average
of the historical and forecast data. Specifically, the forecast-based

estimate of the inflation target based on model 7 is

target () — é(wH st T e A (D) Feea(d)), (10)
where all inflation observations after period t are forecasts from
model 1.

The estimate of the target is then compared to the ex post target,
779 the number of prediction errors is Ty — Ty — 4. We compute
each indicator’s root mean-squared error (RMSE) and compare these
statistics with the RMSEs from a range of other real-time estimates

of the target variable. The RMSE of model ¢ is defined as

T, —4
N 1 2 : target ~target /- 2
RMSE(Z) = m = (7Tt — T (Z)) . (11)
=10

We use the Diebold and Mariano (1995) statistic to assess the quality
of our results, testing whether the MSEs (the square of the RMSE)
of the competing models are statically different from the dynamic
factor model estimate of the target. The test statistic for model i is

STAT(i) = _ 46 (12)

V(d(2))

where d(i) is the mean difference in squared errors (e?(i) — e?)
between model ¢ and the dynamic factor model estimate of the tar-
get, e.(i) is the forecast error from model i, and e; is the forecast
error from the dynamic factor model.'4

To test whether the forecasts make a useful contribution to an
estimate of the inflation target estimated using the published fore-
casts of the RBNZ (discussed below), we also compute a variant of

Y“In practice, STAT(3) is tested using a t-test with Th — To — 4 degrees of free-
dom. The variance of the error differentials V' (d(7)) is adjusted for heteroskedas-
ticity and autocorrelation using the Newey and West (1987) estimator, with a

truncation lag of 3.
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the Chong and Hendry (1986) encompassing test. This is based on
the following forecast combination regression:

mi T = M) + (L= N (RBNZ) e, (13)

where 7/*9°*(i) is the prediction from model i, #;*9**(RBNZ) is
the prediction from RBNZ’s published forecasts, and ¢; is an idio-
syncratic error term. If A = 0, model ¢ adds nothing to the RBNZ
predictions, and if A = 1, the RBNZ predictions add nothing to the
predictions from model i.1°

We define the following forecasting model for annual headline
CPI inflation:

p k T
Tepn =Po+ D BT+ D> PojmTmaj+eern,  (14)

§=0 j=0m=1

where 7,1, is inflation h periods into the future (h =1,...,4), 7y is
inflation in period ¢, and x,, ¢ is a variable used to predict inflation.

6.1 The Models Based on Disaggregate CPI Series
6.1.1 Core Inflation Indicator

The dynamic factor model is estimated with ¢ = 4 and s = 2,
intertemporally smoothing the common component by summing
waves of frequency between [—7/9,7/9]. The estimate of the target

is simply yF.16

6.1.2 Dynamic Factor Model Forecasts

As with the core indicator, the dynamic factor model is estimated
with ¢ = 4 and s = 2. Here, however, we forecast the common com-
ponent y; itself (Forni et al. 2005 show how this done in practice—
a brief summary of the procedure can be found in appendix 1).

'5As with the Diebold and Mariano (1995) test, the standard errors of the
regression are adjusted using the Newey and West (1987) estimator.
16 Appendix 4 displays the RMSEs for different configurations of ¢ and s.
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These forecasts are concatenated with historical inflation data and

averaged using equation (10) to produce frfwget.w

6.1.8 Standard Core Inflation Indicators

We compute two estimates of the inflation target using a range
of standard core inflation indicators: trimmed-mean inflation;
weighted-median inflation; the CPI excluding food, administration
charges, and gasoline; median inflation; double-weighted inflation
(Wynne 1997) ; and exponentially smoothed inflation (Cogley 2002).
Appendix 2 describes these indicators in greater detail. The first esti-
mate of the target is the “naive” prediction based on each indicator’s
raw estimate of core inflation, 7,9 = 7¢°"¢. The second estimate
uses equation (14) to forecast inflation four quarters into the future.
Specifically, in (14), m = 1 and z,, ; = 7°"°. In each quarter, and at
each forecasting horizon, the lag orders p and k are selected using the
Schwartz-Bayesian information criteria (BIC), where p = 0,...,3
and k = 0,...,3 (so that the maximum number of lags of each vari-
able is four).!® These forecasts are then used to compute 7,7,
based on equation (10). This is called the “scaled” standard core

inflation indicator.

6.1.4 Time-Series Forecasts

Three time-series models are used to forecast headline inflation one
year ahead: autoregressive, random walk, and random walk in mean.
In each quarter, and at each forecasting horizon, the autoregres-
sive forecast is made using equation (14), where fa;,, = 0, and the
autoregressive order p is chosen using the BIC, with p = 0,...,3.

7A core inflation indicator similar to this produced the best forecasts of
annual inflation in Cristadoro et al. (2005). Cristadoro et al. (2005), however,
concatenate their dynamic factor model forecasts with the in-sample predicted
values from the dynamic factor model. We chose to concatenate with historical
data instead, because the resulting indicator produced slightly better predictive
performance.

8The BIC for model i and horizon h is defined as BIC"(i) = T'In(S/T) +
2k1In(T), where T is the number of usable time-series observations, k is the num-
ber of estimated parameters, and S is the sum of squared errors of the regression,

S =0 (Tern — Fegn)®
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The random-walk forecast is made using equation (14) with Gy = 0,
p =0, fio = 1, and B2, = 0, and the random-walk-in-mean fore-
cast takes the mean of the series as the forecast at all horizons (all
terms in equation (14) are set to 0 except for ). Once the fore-
casts are made, they are concatenated with historical data to yield
a prediction for the inflation target, based on equation (10).

6.1.5 Pooling Regressions

We make inflation forecasts from one to four quarters ahead using
equation (14) and each of the i components of the CPI, where m = 1,
Tm,t = i, and ¢ = 1,...,n. The lag orders p and £ are selected
using the BIC at each horizon h, where p =0,...,3and k=0, ..., 3.
The resulting 227 forecasts for h = 1,...,4 are then weighted using
three methods: a simple average (equal weights), a BIC-weighted
average, and an expenditure-weighted average. To be explicit, at
each forecasting horizon, let the weighted-average forecast for head-
line CPI inflation be

Tivn = Z Q" (i) A pgn (i (15)

where Q" (i) is the weight attached to model i’s forecast at hori-
zon h and 7y (i) is the forecast from model ¢ at horizon h. The
average forecast sets the weights equal across the n forecasts so
that Q"(i) = 1/n for all h. The BIC-weighted average weights each
forecast according to the fit that the underlying estimated model
had to the data, weighting models with better fit more highly.
Here, the weight attached to each forecast ¢ at each horizon h is
calculated as

exp(—0.5BIC" (7))
>y exp(—0.5BIC"(j))’

J

Qi) = (16)

where BIC"(i) is the minimum BIC for model i at horizon h over
models estimated with p=0,...,3 and k =0,...,3.1?

¥The BIC-weighted-average forecast is approximately the Bayesian-model
average forecast arising from equal model priors and diffuse coefficient priors.
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The expenditure-weighted average weights the forecast associ-
ated with CPI component ¢ with that component’s expenditure
weight, w;, across all horizons h, Q"(i) = w;.

The three sets of pooled forecasts are concatenated with histor-
ical data and averaged using equation (10) to yield predictions for
the target measure of inflation.

6.1.6 Static Factor Model Forecasts

The static factor model forecasts for headline inflation are made
using the first r static principal components estimated from the
panel of CPI data, fi4,...,fr:. For each quarter, and each
forecasting horizon h, equation (14) is estimated with z,, ¢+ = fi.1,
where the orders of p, k, and r are selected using the BIC, with
r=1,...,4,p=0,...,3;and £k =0,...,3. These forecasts are then
concatenated with historical data and averaged using equation (10).

6.2 Core Indicators Based on Some of the Forecasting Models
Used at the RBNZ

A prediction of the inflation target at time t is computed using
these forecasts in the same way as for the time-series forecasts from
above: the real-time estimate of core inflation at time ¢ is 7;*"9%
constructed using equation (10), where all observations up to and
including period ¢ are actual data and all observations beyond period
t are forecasts. Some of these models use a much broader informa-
tion set than the estimates of the target rate of inflation described
above (see appendix 3 for a detailed description of these forecasts).

The forecasting models are as follows:

)

the real-time published forecasts of the RBNZ
an average of real-time private-sector forecasts
a Bayesian VAR forecast (BVAR)

a BIC-weighted VAR forecast

a factor-model forecast

an indicator forecast

The published forecasts and the average of private-sector fore-
casts require further discussion, as they can be characterized as



168 International Journal of Central Banking December 2007

Figure 5. Calender of CPI Publication and Forecasts

Quarter t Quarter t+ 1
Third month First month Second month Third month
[ I 1 T I T I | I |
All models Quarter t Private- RENZ RBNZ
except private CPI published sector forecasts forecasts
sector and survey finalized  published
RENZ use data
up to end of
quarter t

being judgment-based forecasts—unlike the other forecasts discussed
so far.

With the exception of the core indicators based on these two
forecasts, which can incorporate information dated in period ¢ + 1,
all other core indicators discussed so far use information dated up to
the end of period t—the same period for which the latest CPI data
are available. This can be better illustrated in figure 5. The majority
of the estimators of core inflation are made with information up to
the end of quarter t; estimates of 7;*%* can be constructed using
most models with the arrival of period t’s CPI data, published in
the middle of the first month of period ¢ + 1. However, the RBNZ
and private-sector forecasts incorporate information up to the sec-
ond month of period ¢ 4 1, using more up-to-date information than
the other models.

7. Empirical Results

The results from the real-time prediction experiment are displayed
in table 4.

Looking first at the indicators based on the disaggregate
CPI data, the core indicator and the scaled exponentially smoothed
indicator compare favorably with the other estimates of core infla-
tion, producing the lowest RMSEs (around 0.26 percent) of the price-
based indicators examined. The other indicators perform much worse
than these two indicators, with several indicators having predic-
tive performance significantly worse than the core indicator (at the
10 percent level). Aside from the core indicator and the exponentially
smoothed indicator, the standard core inflation indicators perform
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particularly poorly, though (generally speaking) the performance
of these indicators improves when scaled (used in a forecasting
regression). The remainder of the models based on the disaggre-
gate CPI data have comparable predictive ability, each with RMSEs
of between 0.30 and 0.35 percent.

Overall, the indicators based on the published forecasts of the
RBNZ and the private-sector forecasts are the best predictors of
the target variable, followed by the core inflation indicator and the
scaled exponentially smoothed indicator: the indicator based on the
private-sector forecasts is particularly good and statistically better
than the core inflation indicator. The relatively good performance
of the RBNZ and private-sector indicators comes as no surprise,
given that they are based on an information set that is both broader
and more up-to-date than is used by the other indicators. Indeed,
aside from the core inflation indicator and the scaled exponentially
smoothed indicator, the indicators based on disaggregate CPI data
are worse than the indicators based on RBNZ forecasts, perhaps
reflecting the broader range of information that is incorporated in
these indicators (e.g., real variables are incorporated into all RBNZ
models).

Despite being altogether worse than the published forecasts of
the RBNZ according to RMSE, some of the core indicators are able
to improve the predictive performance of the RBNZ indicator. Look-
ing at weights attached to each of the indicators relative to the
RBNZ indicator from the encompassing regression A, we find that
the largest weights are attached to the external average, the core
indicator, and the scaled exponentially smoothed indicator. More-
over, because the core inflation indicator and the scaled exponen-
tially smoothed indicator can be computed as soon as the CPI data
are available, these indicators are more timely than the indicator
based on published RBNZ forecasts, which are finalized more than
one month later.

8. Summary and Conclusion

This paper introduced a new indicator of core inflation for
New Zealand, estimated using a dynamic factor model. Defining core
inflation to be consistent with the medium-term inflation target of
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the RBNZ, we found that our indicator produced relatively accurate
estimates of core inflation, compared with a range of other indicators
of core inflation. Estimates of core inflation derived from the RBNZ’s
published forecasts and an average of private-sector forecasts pro-
duce more accurate measures of core inflation than our indicator.
However, our core indicator is more timely and can be computed
as soon as the CPI data are published—around a month before the
RBNZ forecasts are finalized.

Appendix 1. Estimation of Static and Dynamic Factor
Models

Static Factor Model

Assume there are T' time-series observations for N cross-section units
denoted xz;;, where ¢ =1,...,Nand t =1,...,T. We let X be the
T x N matrix of observations, x; is a row denoting all N observations
at time ¢, and x; is a column vector denoting all T observations for
cross-section unit j.

The static factor model is estimated using an eigenvector-
eigenvalue decomposition of the sample covariance matrix—
principal components. Specifically, let V' be the eigenvectors cor-
responding to the r largest eigenvalues of the N x N matrix I' =
% Zthl x¢xy. The static principal components estimator yields

~ A~

F=XV, A=V, and x=FA/, (17)

where F'is a T x r matrix of common factors, A is an r» x N matrix
of factor loadings, and x is a T' X N matrix of common components.

Dynamic Factor Model

The dynamic factor model is estimated using an eigenvalue decom-
position of the spectrum smoothed over a range of frequencies—
dynamic principal components. Estimation proceeds as follows:

(i) Estimate the spectral-density matrix of X, using a Bartlett
lag window of size M; i.e., compute the autocovariance matri-
ces 'x (k) = % ZtT:kH 'z, where k = 1,..., M, multiply
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them by the weights wy = 1 — A}LL, and apply the discrete
Fourier transform:
1 XM
Sx(wm) =5 > wpl(k)e™mk, (18)
k=—M
(ii) For each frequency, w,, = 22MW7T17 m = —M,...,M, let

Dy(wy,) be the diagonal matrix with the ¢ largest eigen-
values of 3y (wm,) on the diagonal, and let Uy (wy,) be the
associated matrix of eigenvectors. Use the discrete inverse
Fourier transform on X, (wp,) = Uy(wm)Dg(wm)Uq(wm)" to
obtain

- 27 M

Fx(k) = m Z i]x(wm)eiw’”k. (19)
m=—M

(iii) The covariance matrix of the idiosyncratic part is then esti-
mated as a residual:

Le(k) = Tx (k) = Ty (k). (20)

(iv) Let Z be the r generalized eigenvectors (with eigenvalues in
descending order) of T',(0) with respect to I'((0) with the
normalization that ZjIA“E(O)Zl{ = 1if i = j and 0 otherwise.
This is generalized principal components, which is essentially
weighted principal components, where each principal compo-
nent is weighted by the inverse of the size of its idiosyncratic
noise.

(v) The estimated dynamic factors and common components are,
respectively,

A ~

F=XZ and xun=1,(h)Z(Z'Tx(0)2) Z'x; (21)
for h=0,..., M.
The covariance matrix of the long-run common components,

fi (wm), can be estimated by applying the inverse Fourier trans-
form (step ii above) to the spectral-density matrix (18) over the
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frequency band of interest [—m /7, 7/7| (where 7 denotes the period-
icity of the shortest cycle allowed). The estimated long-run common
components are then

Xevn =TE(h)Z(Z'Tx(0)2) ™ Z' 2y (22)

Appendix 2. The Standard Core Inflation Measures

Let headline CPI inflation be the weighted average of the inflation
rates of n disaggregate subgroups of the CPI:

n
T = Zwitﬂ'ita (23)
i=1

where 7; is headline CPI inflation, 7;; is inflation in the i-th com-
ponent of the CPI, and w;; is the expenditure weight of the i-th
component.

Trimmed Mean

Each quarter, the trimmed mean is calculated as follows:

(i) Compute the annual percentage change in each of the i com-
ponents of the CPI.

(ii) Sort the resulting series from smallest to largest, along with
their associated weights w;.

(iii) Compute the cumulative sum of the weights of the ordered
prices.

(iv) Exclude the series with cumulative weights either less than
5 percent or with cumulative weights greater than 95 percent.

(v) Compute the trimmed-mean inflation rate as

last last

[1/ Z w;] z W; T, (24)

i=first i=first

where first and last denote the first and last CPI components
in the truncated list of ordered price changes.
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Weighted Median

The weighted-median inflation rate is calculated using steps (i)—(iii)
above. The weighted median is then the first percentage change in
price where the cumulative weight is greater than or equal to 50
percent.

Median

Median inflation is simply the median rate of inflation from the n
components of the CPI.

CPI Ezcluding Food, Administration Charges, and Gasoline

This measure is computed using

n
Z W;Tt, (25)
=0

where ) is the number of CPI components categorized as food,
administration charges, and gasoline, and the weights w; have been
adjusted to sum to 1.

Double- Weighted Inflation

This measure of core inflation is computed by each of the compo-
nents of the CPI—a weight inversely proportional to its variability.
Double-weighted inflation is calculated as

Do WiV 1o
== ' where ;=

Z?:l W; Vg Z?:l ]_/O'Z‘t7

and where o;; is the standard deviation of inflation in component
relative to headline CPI inflation, (m;; — 7).

(26)

Ezxponentially Smoothed Inflation
Exponentially smoothed inflation is
J

¢y (1—¢)Ym s, (27)

=1
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where ¢, the expectations adjustment parameter, is set to 0.125, as
in Cogley (2002).

Appendix 3. Some Forecasts Used at the RBNZ

The Published Forecasts

These are the real-time forecasts published in the Reserve Bank’s
quarterly Monetary Policy Statement (MPS). The forecasts are a
combination of model-based forecasts and judgment. Broadly speak-
ing, the near-term forecasts can be characterized as being judgment
based and indicator based. The longer-term forecasts, on the other
hand, are made with the help of a large-scale macroeconomic model,
the Forecasting and Policy System (FPS).

External Average

The external-average forecast is the average forecast from a group of
private- and public-sector institutions. These forecasts are attained
by an informal survey conducted by the RBNZ in the middle of each
quarter.

BVAR

The BVAR has a Minnesota prior, shrinking the VAR coefficients
toward univariate unit roots (Doan, Litterman, and Sims 1984), and
contains five endogenous variables n (GDP, CPI, ninety-day rates,
the trade-weighted index [TWI], and the terms of trade [TOT]). The
VAR can be written as

Ye = Po+ Prys—1 + ...+ Ppyp_t + uy, (28)

where u; is a vector of one-step-ahead forecast errors and y; is n x 1.
We assume that the innovations in (28) have a multivariate normal
distribution N(0,3,). The VAR can also be expressed in matrix
form as

Y = X0 +U, (29)

where Y is a T'x n matrix with rows y;; X is a T' X k matrix with rows
ry = [1,Y4_1,--Yi_pl, where k = 1 +np; U is a T' x n matrix with
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rows uj; and ® = [®g,..., ®,]". The Minnesota prior is implemented
as in Del Negro and Schorfheide (2004):

= (X'X)+H ) Hvee(X'Y) + 1 H D), (30)

where the ¢ denotes the weight of the Minnesota prior, ® is the
prior mean, and H is the prior tightness. The values for & and H
are the same as in Doan, Litterman, and Sims (1984). All variables,
except ninety-day interest rates, enter the VAR in log-differences.
Thus, to be consistent with the Minnesota prior, the prior for the
mean of the first lag of all growth variables is 0; the prior for the
mean of the first lag of the ninety-day interest rate is 1. The prior is
augmented with a proper inverse Wishart prior for X,,. The overall
tightness of the prior is determined by the hyperparameter ¢. Fol-
lowing Del Negro and Schorfheide (2004), this parameter is chosen
ex ante to maximize the marginal data density; i.e., each quarter,

i =argmaxp,(Y). (31)

VAR

The VAR forecast is a BIC-weighted average of VAR forecasts from
over 500 different VAR specifications. The VAR specifications differ
in three respects: (i) they have different variables in them, (ii) they
embody a different number of lags (between one and three lags for
each variable), and (iii) some of the VARs are in difference form
while others use levels data. The base VAR uses GDP, CPI, the
ninety-day bank-bill rate and the (real/nominal) TWI. This base
model is then augmented with a world sector, commodity prices,
migration and housing, and hours worked. The world sector is some-
times represented using U.S. GDP, U.S. CPI, and U.S. interest rates,
and sometimes using the inputs that feed into FPS—world GDP
(defined to be a twelve-country weighted average), short world inter-
est rates, and world CPI. The commodity prices also take various
forms: the ANZ SDR commodity price index, (import and) export
prices denominated in New Zealand dollars, and a U.S.-dollar oil
price. Because of limitations in the data, not all of these series can
be incorporated in the model simultaneously, which is why the VAR
forecast is obtained over an average of models.
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Factor Model

The factor-model forecast is derived from a data set comprising
almost 400 macroeconomic series. All series in the data set are
seasonally adjusted using X12 (additive). The series are then trans-
formed to account for stochastic and deterministic trends; the I(1)
series are logged and then differenced, and the I(0) series are left as
levels. See Matheson (2006) for a more detailed description of these
data.

We estimate static factors from this data set using the same
method as described above for the static factor models and use them
in the following h-step-ahead regression:

Tipn = ¢ + B(L) fr + (L) + erqn, (32)

where 71, = In(pesn/pr) is h-period inflation in CPI P, and
mr = In(P;/Pi—1), ¢ is a constant, S(L) and ~(L) are lag poly-
nomials, f; is a vector of factors (estimated using static principal
components), and e, is an error term.

The algorithm that is used to produce factor-model forecasts
each quarter tailors the raw data set X to the task of forecasting
inflation at different horizons: note that the factors from X are the
same regardless of the horizon being forecast. Following the method
described in Matheson (2006), the data set X is reduced by removing
those series that do not have a high correlation with inflation at the
horizon being forecast. Essentially, we regress the inflation rate that
we are trying to forecast on each series in the data set. We then rank
the resulting R-squareds (coefficients of determination) and remove
those series that are least informative—keeping a proportion 6 of the
series at each horizon h. The factors are then extracted from this
reduced data set X*.

Due to uncertainty about the particular cut-off criterion to
choose, we average the factor-model forecasts over a variety of dif-
ferent criteria: § = (5,10, 20,50,100).2° Aside from the size of the
data set, the five factor-model forecasts are constructed in the same
way using (32). We estimate (32) using the factor with the largest

2ONote that when § = 100 all of the data are used to extract factors, as in
Stock and Watson (2002).
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eigenvalue (the principal component) and do not allow lags of the
factor (8(L) = ). The number of lags of inflation that are included
at each horizon is chosen using the BIC, with lags varying from zero
to four.

Indicator Forecast

The indicator median forecast uses the same data set and forecast-
ing methodology as the factor-model forecast. Bivariate regressions
are run for each series in the data set, where series x; replaces f; in
(32). The number of lags of each indicator is allowed to vary from
one to four and the number of lags of inflation is allowed to vary
from zero to four, with all lags selected with the BIC. The BICs
from these regressions are then ranked. The indicator median fore-
cast is the median forecast from the top 10 percent of the ranked
bivariate regressions.

Appendix 4. Core Indicator: RMSE for Different
Configurations of ¢ and s

s 0 1 2 3 4
q
1 0.465 0.493 0.461 0.471 0.478
2 0.432 0.370 0.364 0.362 0.368
3 0.340 0.320 0.327 0.319 0.320
4 0.241 0.257 0.257 0.274 0.290
5 0.235 0.265 0.279 0.293 0.294
6 0.254 0.264 0.290 0.300 0.302
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This paper shows that switching the dominant use of
household-specific sticky wages in the New Keynesian model
(Erceg, Henderson, and Levin 2000) for firm-specific sticky
wages has qualitative and quantitative consequences. First,
the model with firm-specific sticky wages incorporates endoge-
nous changes in the rate of unemployment, whereas there is no
unemployment with household-specific sticky wages. Secondly,
business-cycle fluctuations of wage inflation and the real wage
are clearly distinguishable. In particular, the real wage is coun-
tercyclical after a demand shock under any sensible calibra-
tion with firm-specific sticky wages, whereas the model with
household-specific sticky wages requires larger wage stickiness
than price stickiness. Finally, optimal monetary policy is more
oriented to stabilizing price inflation with firm-specific sticky
wages, and is more oriented to stabilizing the output gap and
wage inflation with household-specific sticky wages.
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1. Introduction

The New Keynesian framework was initially introduced as a general-
equilibrium (microfounded) structure with nominal rigidities on
price setting (King and Wolman 1996; Yun 1996). There was a com-
petitive labor market with homogeneous labor and market-clearing
wages. Soon it was noticed that a flexible-wage labor market, even
combined with sticky prices, brings over some business-cycle pat-
terns that are difficult to find in actual data—mainly, high volatility
on nominal and real wages, strongly procyclical real wages, and little
persistence on price inflation and output.! To dampen wage volatil-
ity, most early New Keynesian models were specified with a high
labor-supply elasticity to the real wage (as usually assumed in the
real-business-cycle [RBC] literature with logarithmic specifications
for the leisure component in the utility function). However, the bulk
of empirical microevidence suggests that the labor-supply elasticity
should be a low positive number (Altonji 1986; Pencavel 1986; and
Card 1994), disputing the macrolevel calibration commonly used in
the New Keynesian literature.

Staggered-wage contracts may also help to reduce wage volatil-
ity.2 In a well-known paper, Erceg, Henderson, and Levin (2000)—
EHL henceforth—describe a New Keynesian model with both stag-
gered prices and staggered-wage contracts that can be optimally
adjusted subject to some constant probability & la Calvo (1983).%:4

!See Jeanne (1998), Taylor (1999), Chari, Kehoe, and McGrattan (2000),
Casares (2002), and Krause and Lubik (2007).

20ther sources of wage rigidities, such as efficiency wages (Danthine and
Kurmann 2004) or search and matching frictions (Krause and Lubik 2007), also
have been recently incorporated into the labor market of the New Keynesian
model.

3The Calvo (1983) constant-probability assumption is frequently taken in New
Keynesian models because it results in a simple and comprehensive inflation equa-
tion: the so-called New Keynesian Phillips curve (Walsh 2003, chap. 5). In turn,
inflation fluctuates in the New Keynesian model, responding to changes in current
and expected future real marginal costs.

4Other authors use Taylor (1980) staggered-price contracts with a predeter-
mined length (Chari, Kehoe, and McGrattan 2000; Huang, Liu, and Phaneuf
2004), and some others follow Rotemberg (1982) to assume a quadratic price-
adjustment cost function to slow down price adjustments (Ireland 2003). In all
cases, the resulting price-inflation dynamics are similar to those obtained with
the dominant Calvo-style pricing scheme.
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Households act as wage setters and firms as price setters.® Thus,
each household owns one differentiated type of labor service and
can decide on its nominal-wage rate, provided the arrival of the
adequate Calvo-type market signal. As a result, the dynamics of
wage inflation can be formulated in a single forward-looking equa-
tion governed by the gap between the aggregate marginal rate of
substitution of households and the real wage. The EHL model with
household-specific sticky wages has received empirical support (Gali,
Gertler, and Lépez-Salido 2001; Rabanal and Rubio-Ramirez 2005)
and is becoming a preeminent model for monetary policy analy-
sis (Amato and Laubach 2003; Smets and Wouters 2003; Woodford
2003; Giannoni and Woodford 2004; Christiano, Eichenbaum, and
Evans 2005; Levin et al. 2006; Casares 2007a).

This paper describes one variant for a sticky-wage New Key-
nesian model in which firms are the wage-setting actors instead of
households. Wage contracts will be reset only in cases when the firm
is able to post the optimal price, attaching the Calvo-style staggered-
prices scheme also to staggered wages. As in Bénassy (1995), firms
will offer households the nominal wage that matches their labor
demand with the households’ labor supply. These firm-specific sticky
wages result in a wage-inflation equation different from that obtained
in the EHL model with household-specific sticky wages. In particu-
lar, wage-inflation fluctuations are influenced by two real-wage gaps:
the household-related gap between the marginal rate of substitution
and the real wage (also present in the EHL model) and the firm-
related gap between labor productivity and the real wage (absent in
the EHL model).

Furthermore, firm-specific sticky wages bring to the New Key-
nesian model an endogenous measure of unemployment due to the
separation between demand and supply of labor in the fraction of
wage contracts that cannot be renegotiated over the current period.
The unemployment rate is then obtained as the percent difference
between economy-wide labor supply and labor demand. In recent
years, several papers have already shown how to incorporate unem-
ployment into a New Keynesian structure by attaching a labor

5The assumption of providing households with market power to set wages had
already been taken in Blanchard (1986), Rankin (1998), and Ascari (2000).
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market with matching frictions & la Mortensen-Pissarides (1994).
In those papers, unemployment arises as a result of having search
costs and matching frictions in the labor market. This paper shows
the alternative of nominal rigidities on the firm-specific wage-setting
procedure to explain the presence of unemployment in the labor
market.”

The quantitative implications of having either firms or house-
holds as wage-setting actors are examined within a complete New
Keynesian model with sticky wages. Thus, the business-cycle prop-
erties of the EHL model (households set wages) are compared to
those of the model with wage-setting firms. Apart from the key dif-
ference on the absence or presence of unemployment, we will show
how wage inflation and the real wage respond in a substantially dif-
ferent way to both supply and demand shocks. Special attention
will be focused on the real-wage business cycle. Sumner and Silver
(1989) provide empirical arguments that explain the slight procycli-
cality of the real wage observed in the U.S. economy as a combined
reaction to supply and demand shocks. They show that the real
wage is procyclical in periods dominated by supply shocks, whereas
it behaves countercyclically in periods when output fluctuations are
driven by demand shocks.® The impulse-response functions obtained
in the New Keynesian model with firm-specific sticky wages provide
the kind of real-wage reactions consistent with the Sumner-Silver
hypothesis. This result is not found in the baseline calibration of
the EHL model with the same level of price and wage stickiness
because the real wage is procyclical after a demand shock. The lat-
ter is reversed and the EHL model also replicates the Sumner-Silver
hypothesis when wage stickiness is higher than price stickiness to let
prices react more strongly than wages and obtain a countercyclical
real wage.

A list of those papers should include Christoffel and Linzert (2005), Gertler
and Trigari (2006), Krause and Lubik (2007), and Kuester (2007).

"Blanchard and Cal{ (2007) also introduce unemployment in a New Keyne-
sian model by assuming rigidities on the aggregate real wage based on one ad
hoc formulation.

8Fleischman (1999) corroborates these results in his empirical analysis. Bordo,
Erceg, and Evans (2000) use a sticky-wage model to argue that during the Great
Depression the real wage moved anticyclically in response to a monetary contrac-
tion, which is one example of a demand-side shock.
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The consequences of firm-specific or household-specific sticky
wages for the optimal design of monetary policy in the New Key-
nesian model are also discussed in this paper. Following Woodford
(2003, chap. 8) and Giannoni and Woodford (2004), optimal mon-
etary policy can be obtained by minimizing a welfare-theoretic
intertemporal loss function subject to a set of model equations. We
compute the optimal monetary policy in the two sticky-wage variants
and compare their stabilizing results. In addition, the performance of
an instrument Taylor (1993)-type rule is examined both for a (base-
line) standard representation and also for one specification that uses
optimized coefficients in accordance with optimal monetary policy.
The EHL model implies an optimal policy that stabilizes almost
completely the output gap with a very high reaction coefficient in
the Taylor-type rule. By contrast, the model with firm-specific sticky
wages has an optimal monetary policy with a stronger concern on
stabilizing price inflation and more output-gap variability as a result.
In both sticky-wage cases, the optimized Taylor-type rule provides
a stabilizing performance only slightly inferior to that under the
optimal monetary policy.

The remaining sections of the paper are organized as follows.
Section 2 describes how to introduce sticky wages that are linked
to the staggered-pricing behavior of monopolistically competitive
firms and how these firm-specific sticky wages explain the pres-
ence of unemployment in the labor market. In section 3, we derive
the price-inflation equation with firm-specific sticky wages, which
involves terms on expected next period’s inflation, the real mar-
ginal costs, and the rate of unemployment. The complete New Key-
nesian models with either firm-specific or household-specific sticky
wages are outlined in section 4 with numerical values assigned to the
structural parameters mostly borrowed from EHL (2000). Sections
5 and 6 are devoted to carrying out the business-cycle and mone-
tary policy comparisons of the two sticky-wage variants. Section 7
concludes with a review of the major findings and contributions of
the paper.

2. Firm-Specific Sticky Wages and Unemployment

Let us begin the analysis by describing the wage-setting process of
monopolistically competitive firms & la Dixit and Stiglitz (1977),
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which may jointly decide the price and the nominal wage. Price
stickiness causes output, labor demand, and prices to be firm spe-
cific because these variables would depend on when was the last
time a firm was able to set the optimal price. In principle, if firms
can also decide on the nominal wage, they will post values sub-
ordinated to the pricing decision and the upcoming labor-demand
constraint.

For explanatory purposes, we can split this connection between
prices and wages set at the firm into three separate stages. First, the
firm-specific price of some i-th firm, P;(i), determines the amount
of output produced by the firm, (i), at the Dixit-Stiglitz demand
curve. The higher the price, the lower the output demand with a
constant elasticity. Given a production technology, labor demand,
nd(i), is then determined as the amount of work hours that must
be employed to produce the given level of output. Labor demand,
therefore, increases with output. Finally, the labor supply pro-
vides the nominal wage, W;(7), that the firm must set to con-
vince the household to work the number of hours determined by
labor demand. Since labor supply responds positively to a wage
increase, the firm will offer higher wages when labor demand is
rising. In a schematic way, P;(i) and W,(i) are connected through
this chain:

Pt(Z) Demﬂ)i (-) yt(’i) TGChnﬂ]y (+) nf(z) Labor lp;;ly (+) Wt(l)

As a result, the subordinate wage, Wy(i), takes the value obtained
when matching the firm-specific labor demand with the household’s
labor supply. Therefore, a labor-demand equation, a labor-supply
curve, and one equilibrium condition are required for the computa-
tion of Wy(7).

We start by describing the labor-supply behavior. Unlike the
EHL (2000) model that bears household-specific labor, the assump-
tion of firm-specific wages is consistent with an economy where
identical households own all the heterogeneous labor services, while
firms only demand one differentiated type of labor.? Thus, prices

9The assumption of firm-specific labor has been recently introduced in the
New Keynesian literature. Thus, Woodford (2003, chap. 3) and Matheron (2006)
take this assumption with Calvo staggered prices and fully flexible nominal wages.
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and nominal wages are set at the firm, whereas households make
optimal substitutions across quantities of differentiated consump-
tion goods and labor services.!® The following separable utility
function ranks preferences between bundles of consumption, c¢;,
and bundles of labor services supplied, ny, for the representative
household:

Clio. (nf)l‘i”y
U(Xtact’nf) = eXp(Xt)lt_ o -V 1 + ) (1)

where o, ¥,y > 0.0 and x; is the AR(1) preference shock, x; =
PxXt—1 +ef with ef ~ N(0, 0ex), that affects utility from consump-
tion. The bundles of consumption and labor in (1) are obtained
using Dixit-Stiglitz aggregators over differentiated consumption

Gp =1
. _ P 5
goods and labor serv1ces, c = [ fo e (1 9? ] and ny =

[y ni)*%

household can be written in nominal terms as follows:

1+ew

. The budget constraint for this representative

/ Wt(z’)nf(z’)di:/ Pi(i)ei(i)di + (1 4+ Ry) ' Byyr — B, (2)
0 0

which indicates that labor income on the left-hand side of (2)
is spent on purchases of consumption goods and on increasing
the amount of risk-free bonds, (1 + R;) 'B;y1 — By, that yield
a nominal interest rate, R;. Using Dixit-Stiglitz aggregators of

P

the price level and the nominal wage, P, = [ fo P(i)l~ 0o di|

1
and W, = [fo W, (i 1”“’0%} 1+ew’ it can be proved that optimal

households’ substitutions imply that fol Wi(i)n;(i)di = Wyni and
fol P.(i)ct(i)di = Piey. Inserting these results in (2) and dividing by

De Walque, Smets, and Wouters (2006) study the implications of firm-specific
labor in a model with Taylor contracts on prices set by firms and wages set by
households. Finally, Casares (2007b) also assumes firm-specific labor services in
a model with flexible prices and Calvo sticky wages set by either households or
firms.

10Tn other words, firms are both monopolistic competitors on providing con-
sumption goods and monopsonistic competitors on demanding labor services.
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P, the budget constraint in real magnitudes—i.e., units are bundles
of consumption goods—becomes

1Biv1 B
PP

W,

Pt nf :Ct+(1+Rt)_

(3)

Using (1) in an infinite time horizon with rational expectations,
the representative household wants to maximize F} Z;‘io BIU (Xttjy
Ci+j,Mi4 ;) subject to budget constraints (2) or (3) in period ¢ and
future periods.!! The first-order conditions for the optimal deci-
sion on the number of bundles of consumption goods, ¢;, and labor
services, nj, respectively, are

exp(xe)e; 7 — & =0, (4a)
v Wi
—U(ng)" + ft?t =0, (4b)

where &; is the Lagrange multiplier of the budget constraint. The
value of & implied by (4a) can be substituted in (4b) and terms
can be rearranged to obtain the following labor-supply function for
bundles of labor services:

ns — (eXp(Xt)VVt/Pt> 1/~ |

¢ Wey

()

Meanwhile, the first-order conditions on the i-th specific type of
consumption good and on the i-th specific type of labor service,
respectively, are

exp(xe)cr® ( “ ) — ¢ (P ;ﬁ?) =0, (6a)

ct(7)

T (n)’ (m(@)) " + & Wvﬁj) I;/: =0. (6b)

¢
Combining (4a) and (6a) to eliminate & leads to the Dixit-Stiglitz
demand function
, P(i)\
o) = (52) e )

1 As usual, the discount factor is constant at 8 < 1.0 and future values are
foreseen by applying the rational-expectations operator FE;.
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where 0, is the constant elasticity of substitution for consumption
goods. Analogously, a supply curve for the specific type of labor
service can be derived by combining (4b) and (6b):

it = (M0) " ®)

in which 6, is the constant elasticity of substitution across differen-
tiated labor services. Taking logs on both sides of (8) yields

75 (1) = 0 (Wi(i) — W) + 75, (9)

where variables topped with a hat denote the log of the original vari-
able (e.g., /Wt(z) = log Wy(7)). The (log-linear) labor-supply curve
(9) indicates how households are willing to provide more specific
labor services whenever their relative nominal wage increases or,
alternatively, whenever there is a higher supply of bundles of labor.

Shifting to labor demand, let us suppose that all firms have access
to a production technology with decreasing marginal productivity
of labor and a technology shock. Thus, the production function is
written for the i-th firm as follows:

ye(i) = (exp(z)n (@), (10)

with 0.0 < a < 1.0. The amount of firm-specific output, y(7),
depends on the firm-specific labor demand, nf(i), and on the exoge-
nous AR(1) technology shock, z; = p,z;—1 4+ with € ~ N(0, o.=).
Firms are monopolistic competitors & la Dixit and Stiglitz (1977),
with labor demand determined by the level of output. Therefore, we
recall the Dixit-Stiglitz demand equation, (7), then use the market-
clearing condition, ¢;(i) = (i), and the Dixit-Stiglitz output aggre-
6

1, e
gator, y; = [fo ye(i) % dz}

yi(i) = <P;3(:)> - [/Olyt(i)ee’;ldi] v )

P
0,—1 .
""" to obtain
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Then inserting the production function (10), we find

6

The last expression can be log-linearized to reach the following labor-
demand equation:

Ad(i) =~ (B) - B) + 7, (11)

11—«

where 7y = fol nd(i)di is the log of aggregate labor.'?

Now, we are ready to obtain the subordinate nominal wage. As
in Bénassy (1995), the wage contract is set at the value that matches
labor supply with labor demand. Before introducing wage stickiness,
let us examine the wage-setting behavior with fully flexible wages. If
all firms can reset their wage contracts every period, the matching
condition n¢(i) = ng(i), where 13 (i) is given by (9) and n¢(i) by
(11), leads to this (log of) the nominal wage:

0, - -

/Wt(l) :Wt—m(Pt(i)_Pt)' (12)

There is a negative relationship between the ﬁrln\-speciﬁc optimal
price, ]315(@'), and the subordinate nominal wage, Wy(7). Those firms
that set prices above the aggregate price level will demand less labor
and will reduce the nominal wages offered to households in order to
reach a perfect match of labor supply with their decreasing demand
for labor. With flexible wages, the labor market is in equilibrium
because all the pairs of differentiated labor supply and labor demand
are well matched.

However, the presence of nominal rigidities on firm-specific wage
setting brings in situations of disequilibrium in the labor market
regarding the fraction of wage contracts that are not revised. For
simplicity, we extend the sticky-price scheme & la Calvo (1983)

2Therefore, labor demand becomes the amount of labor effectively employed
as typical from a Keynesian economy.



Vol. 3 No. 4 Firm-Specific or Household-Specific Sticky Wages 191

to the resetting of the subordinate wage contracts.'® Hence, there
is a constant probability, n, that the firm is not able to opti-
mally adjust prices, which also causes the lack of wage adjust-
ment. In those situations, next period’s prices and nominal wages
are left unchanged, assuming that the steady-state rate of inflation
is 0 and price/wage indexations do not proceed. With this price
and wage stickiness, the wage-setting procedure of labor matching
becomes forward looking in order to take into account expectations
on future amounts of labor demand and supply attached to the
unrevised price and wage. Assuming that the i-th firm can opti-
mize in period ¢, the labor-matching wage is set at the value that
satisfies

En25] nt+] nt—i-]( )] =0, (13)

where E; denotes the rational-expectations operator conditional to
not being able to change the price and the wage contract in future
periods. Inserting the labor-demand equation (9) for any ¢+ j period
n (13), and also the labor-supply curve (11) for any ¢ 4 j period,
results in the following (log of) the labor-matching nominal wage:

Py — i(ﬁfﬁ—y - ﬁt+1)>
(14)

—~ 0,
W.(i) = ————P,(s) + (1—- ﬁn)EfZﬁJ ’ (wm +

%
0., (1 — ) = 6.,(1—a)

that collapses to (12) in the absence of nominal Calvo-type rigidities
(n = 0.0). As in Blanchard and Gali (2007), let us define the rate of
unemployment as follows:

Ut = ﬁ? - ﬁta (15)

which can be noticed in (14) referring to the ¢ + j period. As
mentioned above, firm-specific sticky wages explain the separation

13In the absence of optimal pricing, the firm would have to demand as many
labor units as required by the Dixit-Stiglitz demand curve at the current (non-
optimal) price, whereas households would have to work that number of hours
with no wage revision. Neither party would optimize in their choices of labor.

14 The rate of unemployment could also have been introduced as u; = 1 — Z—: If

so, (15) Would be reached by taking logs on both sides of the equivalent expression
1—u = é and then assuming that log(1 —u¢) ~ —u: because u; is a sufficiently

small number
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between the supply of labor bundles and their effective labor demand
coming from the unrevised wage contracts. Such an endogenous
unemployment is not present in EHL (2000), because the household-
specific wage-setting behavior leads to a perfect matching for all
pairs of differentiated labor demand and labor supply despite having
wage stickiness.

Let us continue the analysis to derive the wage-inflation equa-
tion with firm-specific sticky wages. Aggregate wage inflation can
be defined as 7}" /W?t — Wt—l and, in a similar way, aggregate
prlce mflatlon as 7rt = Pt ]315 1 These definitions allow us to write
Wtﬂ W, + Y1 T, and Ptﬂ =D+ Zk 1 Ty 41> Which can be
inserted into (14) to yield

—~ — 0 ~ = 1-
Wili) - W, = —m(ﬂu) - B) -

E; Z 5j 77j Ut+j
=0

)

As a well-known result obtained for the Calvo pricing scheme, aggre-
gate price inflation is linked to the log-difference between the optimal

price and the aggregate price level:!®
p_Ll=n/ 5. 5
Ty = T(Pt(z) — Pt) (17)

With firm-specific wages, the Calvo fixed-probability scheme for
sticky prices also determines the allocation of differentiated wages
coming from the (subordinate) sticky wages. Thus, wage inflation
is analogously related to the log-difference between the subordinate
nominal wage and the aggregate nominal wage,

= (Wi — ). (18)

150One can reach this result by log-linearizing the aggregate-price- level defini-

1
tion with Calvo-style pricing frictions, P; = [(1 —n)P.(3)' "% + nP. ]1*913,
where P; is the aggregate price level and P:(¢) is the optimal price.
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Combining (16), (17), and (18), we can obtain a relationship between
wage inflation and price inflation of this kind:'®

Op
0, (1 — )

(1 =61 —n)
N6

T = PEmSL ., — (Wf - ﬂEthﬂ) - Ut,

(19)

which determines wage-inflation fluctuations with firm-specific
sticky wages. Using (19) to compute 7%, ; and then substituting the
result in (16) yields

- . 0 ~ ~ 11—
Wi (i) — W, = —W”_a)(ﬂ(i) ~P)- Hwﬂn

7=0

The relative firm-specific wage contract, /Wt(z) — /Wt, depends on
the current relative firm-specific price, ﬁt(z) - 137&, with a negative
sign of dependence. If the i-th firm set an optimal price higher than
the aggregate price level, its labor demand would fall in response to
the decay in the amount of production given by the Dixit-Stiglitz
demand curve. Thus, the firm would set a lower nominal-wage con-
tract to clear the supply of labor with its decreasing labor demand.
Another determinant of the relative firm-specific wage contract is
the expected discounted sum of the rates of unemployment from
the current period onward. The influence of unemployment on the
labor-matching nominal wage is of a negative sign. A positive unem-
ployment rate means that households wish to work more bundles of
labor than the actual number of bundles, which compels a lower
nominal wage to satisfy the labor matching condition.

16See appendix 1 for the proof. One alternative way to express (19) is

w 0, (1=Bn(1—n) . <= 4
e ’_ew(l—a)ﬂtp_ 76w Et;ﬁ“fﬂ"

which means that wage-inflation fluctuations are negatively related to current
price inflation and also negatively influenced by the stream of current and
expected future rates of unemployment.
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3. Pricing and Inflation Dynamics with Firm-Specific
Sticky Wages

What are the implications of firm-specific sticky wages on price
setting? And what are the implications on price inflation as a
result of putting together optimal prices with unchanged prices?
This section investigates these questions and derives the Phillips
curve for the variant of the New Keynesian model with firm-
specific sticky wages (FSW model henceforth). As mentioned above,
sticky prices, and the subordinate sticky wages, are jointly intro-
duced by assuming a constant probability for optimal pricing as
in Calvo (1983). Therefore, the firm-specific (subordinate) nom-
inal wage (20) is taken into account to find the optimal price
because both prices and wages can be simultaneously reset. Sup-
posing that the ¢-th firm can price optimally in period ¢, the
value of P;(7) is the one that maximizes conditional intertemporal

profits:1”
Pt(i))l_ep Wi(i) 4
F— ——nd (1),
(P t+j Y TP t+j b4 (1)

B> Avgg?
=0

where the rational-expectations operator, F}', is conditional to not
being able to change the price and the nominal wage in future peri-
ods, and Ay ; is the stochastic discount factor.!® The optimality
condition for P;(i) yields

EPY  Avessn’ [(1 — 0p)(Pi(i)) % (Piyy)"" g1
=0
~ W) ond, (1) Dy 4(3)

Py Oyirj(i) OP(i) =0 (21)

"Notice that total income and labor costs both are expressed in aggre-
gate output units. In addition, total income is obtained as the product of the

relative price multiplied by the units of output. So, total income of period

s Pe(d . Py (i) ( Pe(i)\— . Py (i — .
is Byi(i) = S () ~0rye(i) = (P2 o)

¥The discount factor consistent with the household’s optimizing behavior

. . i exp(Xt4j)cy s
described above is Ay 4y = 7 ———tH

at 3.

which in steady state is constant

—o

exp(xt)cy
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Meanwhile, the conditional Dixit-Stiglitz demand constraints in any

t 4+ j period,
, P(i)\ %
s = (F2) s 22
J
imply that
OYrv5 () - ,
bty = B P (23)

Inserting (23) into (21) and solving out for the optimal price P,(7),
we obtain

0p B Y020 Ara i [Ye4i(9) (Peas) PP yes s
Op =1  EY 3000 Ay [(Pet )P Myesg]

Pt(’i) = (24)

. d .
where ;4 (i) = V;,/:fj) gz:: ((z)) is the real marginal cost in period t+j

subject to the lack of optimal pricing and wage adjustments from
period t through period ¢ + j. Log-linearizing (24) yields

PUZﬂﬂﬁﬂzﬁjfm+%MD (25)

7=0

The next task is to find an expression for 13,5(1) that only depends
on aggregate variables so that we can derive a price-inflation equa-
tion. The conditional expectation of the log of the firm-specific real
marginal cost that appears in (25) can be decomposed as follows:

E{uy;(i) = (Wili) — EyPiyy) — Efmpl, (i), (26)

where ﬂ/’L;lt +;(4) is the log of the firm-specific marginal product of
labor in t + j. It should be noticed that Efvftﬂ- (i) depends on the
log of the nominal wage subordinated to the optimal price set in

period ¢, /Wt(z) Recalling the production function (10), and the con-
ditional Dixit-Stiglitz demand constraint (22), we can also express

E} mplt ﬂ( i) as a function of the optimal price in period t:

o =N ) 0,«
& s (i) = 12

E?mpltﬂ‘(i) = I — o (Pt(i) - EtPtJrj)

+ Etmplt—i-jv
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which can be substituted in (26) to yield
("

Bty (i) = (Wt(i) - EtﬁtJrj) (ﬁt( )— Etﬁt+j) — Eympl, ;.

We can do some algebra to rewrite the last expression in the following

way:1?

J
EMpyy (i) = Exheyj + (Wt(i) - Wi —E; Zﬁik)
k=1

O [ =~ . ~ J
- (Pt(z) —Pt—;wf+k>, (27)

where it should be noticed that wtﬂ denotes the log of the aggre-
gate real marginal cost @Z)tﬂ = (Wtﬂ Ptﬂ) mplt +;- The relative

nominal wage in period t, Wt( ) — W,, is given by equation (20),
derived in the previous section. That result can be used in (27) to
reach

Opla+0,1) =, = 1—3n)
M(Pt(l) —P) - ( 0. ) EtZﬁjutH

7=0

ﬁtﬂ(i) = Et{ﬁ\t—i-j -

l—«o

J
O,
# B (e v )

k=1

which can be substituted in (25) to obtain a value for ﬁt(z) — P, that
only depends on aggregate variables:

0,(a+ 01 ~ ~ .
(1 i Hw)) (B(i) = B) = (1— B, S @i,
J=0

l—«o

1—0n = . = 0,c w
— (G)Et Zﬁjutﬂ‘ + Ey Zﬁjﬂj ((1 + 1 i oz) Wfﬂ‘ - 7Tt+]> .
w =0 j=1

(28)

19First, both Wt+J —Wtﬂ and Pt+g _Pt+J are inserted on the rlght hand side of

the equation and, secondly, WH_J W+ Zk 1 Ty and PH_] =P+ Zk LTk
are used from the definitions of wage and price inflation.
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The terms 7’ ; can be replaced by those obtained when rewriting
the expression that appears in footnote (16) for any t + j period.
Such substitutions in (28) lead to the following equation:

0 01 ~ ~ .
<1 n “ff(ﬁ) (Bi) = B) = (1— BB S B,

=0

1— — — o Op(a+0,"
; ﬂnEtE :B]ut+j +Et§ :5]77] <<1+ p( )) Werj
w j=0 j=1

1l —«o

n (1-— n)él — 1) Zﬁkut+j+k> 7
P k=0

where the terms involving unemployment can be rearranged to
obtain

—1 N R R . —~
<1 + M) (Pe(i) = Pr) = (1= Bn)Ee Y ' (wtﬂ- - eiut-i-j)
=0 Y

11—«

00 -1
+E Yy # ((1+ w> wf+j)- (29)
j=1

By combining (29) and (17), we can build a dynamic equation for
my — pnEymy, | that, after simplifying terms, results in this price-
inflation equation for the FSW model:2°

1-m@A—-Fn ~ 1
. (1 N Gp(a—|—9;1)> (djt - 7“15)' (30)

p_ p
= BEm + 9
11—« v

The dynamic behavior of price inflation in (30) is purely forward
looking and resembles quite closely the so-called New Keynesian
Phillips curve with flexible wages (Sbordone 2002; Walsh 2003,
chap. 5; Woodford 2003, chap. 3) because price inflation depends on
the expected future rate of inflation and on the current aggregate

20Gee appendix 2 for the proof.
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real marginal costs. However, the introduction of sticky wages set
by demand-constrained firms makes the unemployment rate enter
(30) with a negative impact on price inflation. The economic intu-
ition behind this influence relies on the connection between prices
and wages with firm-specific wage setting. A positive unemploy-
ment rate lowers nominal wages (as discussed in section 2), and
the subsequent fall in the firm-specific real marginal cost has a
negative influence on the rate of price inflation via optimal price
resetting.

4. Two Variants for a Sticky-Wage New Keynesian
Model

The basic New Keynesian model is built upon three elements: (i) an
optimizing IS curve that describes a negative relationship between
output and the real interest rate, (ii) a New Keynesian Phillips
curve obtained from the aggregation of slowly adjusted prices set
by profit-maximizing firms, and (iii) a monetary policy rule that
determines short-run changes in the nominal interest rate (McCal-
lum 2001; Walsh 2003, chap. 5). The presence of wage stickiness
requires the inclusion of additional equations on the supply side for
wage inflation, real marginal costs, or labor productivity as in the
EHL (2000) model. Now we investigate the qualitative implications
of the firm-specific wage-setting behavior described above in com-
parison to the common practice of having household-specific sticky
wages.?! Therefore, the analysis compares the structures of the EHL
and FSW models.

Firstly, the common parts of the EHL and FSW models are intro-
duced. Following McCallum and Nelson (1999), the IS curve can
be obtained from the household’s optimizing program described in
section 2. The first-order conditions on consumption and bonds can
be combined to reach this consumption Euler equation:

exp(xt)c; 7 _ 1+ R;
BE:(exp(xis1)ery) 1+ By

21 Casares (2007b) conducts a similar comparison in a flexible-price scenario.
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where inserting the market-clearing equilibrium conditions, ¢; =
and ¢;11 = yry1, log-linearizing the result, and recalling the AR(1)
generating process for the preference shock yields

R - 1
Yt = Eyyry1 — E(Rt - Et”fﬂ — (1= py)xe)- (31)

The resulting equation (31) is the expectational IS curve that indi-
cates how output fluctuations are forward looking and depend neg-
atively on the real interest rate, Ry — Eymr} 1, and positively on the
consumption preference shock, ;.

For now, let us suppose that monetary policy is conducted by a
central bank whose policy actions follow a Taylor-type monetary pol-
icy rule (Taylor 1993) with an interest-rate-smoothing component,

Rt = Mﬂ-pﬂ'f + ng(gf, - @t) + ,URRt—h (32)

with firp, pgy, and pr > 0 and being numbers that satisfy the
Taylor principle to avoid indeterminacy.?? The output-gap term that
appears in (32) is defined as the log-difference between current out-
put and potential (natural-rate) output, y; — ﬁt. Current output is
determined by demand conditions in a way depicted by the IS curve
(31). Potential output is the amount that would have been pro-
duced in the economy if both prices and wages were fully flexible to
adjust optimally every period. Dropping nominal rigidities (n = 0.0),
one can find that potential output fluctuations are (exogenously)

determined by the following equation:?3
o+ ~
(552 40) =142+ v (33)

22As a general result, determinacy is guaranteed when pzr + ur > 1. See
Woodford (2003, chap. 4) for more detailed discussions.

231f prices fully adjust every period, the FSW model collapses into a flexible-
price, flexible-wage economy with no unemployment (a kind of RBC economy
with imperfect competition and heterogeneous labor). All the firms would choose
the same optimal price and the same subordinate nominal wage. Since all the
contracts are reset every period, all the pairs of labor supply and labor demand
across differentiated labor services are well matched and equal. In turn, the labor
market clears in terms of bundles of labor services and the unemployment rate
is zero.



200 International Journal of Central Banking December 2007

Equations (31), (32), and (33) will be shared by the models with
either household-specific (EHL model) or firm-specific (FSW model)
sticky wages because the wage-setting behavior does not alter their
computation. The distinct components of both models are discussed
next, mainly regarding the driving forces for price-inflation and
wage-inflation fluctuations.

4.1 Firm-Specific Sticky Wages (FSW Model)

The price- and wage-setting interactions described above served to
derive equation (30), which governs inflation dynamics in the FSW
model. Price inflation is purely forward looking and depends on both
the real marginal cost and the rate of unemployment. For compar-
ative purposes with the EHL model, (30) will be transformed into
one equivalent expression. Prior to that, let us define the log of the
real wage as wy; = W; — P, and use it when log-linearizing equa-
tion (5) to determine the log of the supply of labor bundles, 7,
then insert it into equation (15) to obtain the unemployment rate as
follows:

s o~ 1, - -
utznt—mz;(wt—ayﬂrxt)—nt-

Meanwhile, we have from the utility function (1) that the log
of the labor-consumption marginal rate of substitution (MRS) is
mrs; = yn; + oc¢; — X¢, where inserting the goods market-clearing
condition, ¢; = ¥;, and subtracting the log of the real wage result in
the following gap between the MRS and the real wage:

Mmrs; — Wy = Yy + oYy — X¢ — We. (34)

Interestingly, the FSW model implies a close relationship between
uy and mrs; —wy. Observing the last two equations, one can see that

Mrs; — Wy = —Yus, (35)
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which allows us to express the inflation equation (30) in the following
manner:

7t = 5Et7rf+1 + (mrs; — wy) — (mpl, — W)

(1—n)(1—pn) <1 — — >’

1
77<1+ 9p(lfj2w )) o

(36a)

where we also used TZJ\t = Wy — @t. In turn, the price-inflation

dynamics of the FSW model embedded in (36a) are governed by the
reaction to two gaps:4

(i) the MRS gap, mrs; — Wy, the log-deviation between the mar-
ginal rate of substitution and the real wage

(ii) the productivity gap, mpl, — Wy, the log-deviation between the
marginal productivity of labor and the real wage

The MRS gap represents the increase in the log of the real wage
required to equate the supply of labor bundles to their actual level
of employment. The reaction of price inflation to the labor-supply
wedge, mrs; — 1y, is absent in the traditional New Keynesian Phillips
curve but present in (36a). Thus, the FSW model brings in the MRS
gap as another explanatory variable for inflation dynamics due to the
combination of sticky prices with firm-specific sticky wages. When
the marginal rate of substitution exceeds the real wage, the unem-
ployment rate turns negative, u; < 0.0, because households’ sup-
ply of labor bundles falls below their actual amount of work. Such
negative unemployment has a positive impact on the firm-specific
nominal wage subordinated to the optimal price (as discussed in
section 2). More costly wages increase real marginal costs, opti-
mal prices are posted higher, and, after aggregation, price inflation
will rise. .

The productivity gap, mpl, — w;, enters the inflation equation
(36a) with a negative sign to reflect the impact of real marginal
costs (note that n/u?lt — w; is the log of the real marginal cost with
a minus sign in front). Thus, if labor productivity exceeds the real

2 Here we are mimicking the interpretation that Walsh (2003, chap. 5) makes
from the EHL model.
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wage, the real marginal cost becomes negative, and the fraction of
firms that are able to reset their prices will post a lower price. So,

price inflation falls after a positive productivity gap.
Turning to wage-inflation dynamics in the FSW model, we

can substitute the term 7 — SEym; ; implied by (36a) in the
wage-inflation equation (19) to yield

m = BEmid +

1=0=p) (15 o=
)

6w (1—a) V6,

(7750 — @) + (mpl, —@)) ,
n <1+a9w + o,

(37a)

where the unemployment rate was also replaced by its relationship
to the MRS gap using equation (35). Both the productivity gap and
the MRS gap also affect the rate of wage inflation in the FSW model
with a positive influence (the productivity gap had a negative impact
on price inflation). The firm-specific wage-setting procedure subor-
dinated to the pricing behaligr explains these relationships. Thus, a
positive productivity gap, mpl, — w; > 0.0, implies a negative value
for the log of real marginal costs, which would make firms lower
optimal prices, increase their amount of output (via a Dixit-Stiglitz
demand curve), and thus also increase their labor demand. The (sub-
ordinate) firm-specific nominal wage would be raised as necessary to
match the increasing labor demand with labor supply. Higher nom-
inal wages on the revised contracts would increase the rate of wage
inflation. Concerning the MRS gap, when mrs; —w; > 0, households
wish to work fewer bundles of labor than their current employment,
and newly revised nominal-wage contracts will have to be of higher
value to match labor supply and labor demand. The fraction of firms
that can reset wages would post higher nominal values that on the
aggregate would push upward the rate of wage inflation.

Three more equations are needed to close the FSW model (which
will also be part of the EHL model). The production function (10)
implies this log of the aggregate marginal product of labor:

mpl, = Yy — Ny, (38)
and this log of aggregate output:

Y= (1= a)(m + 2), (39)
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where it should be noticed that labor demand becomes effective
labor.2® Concerning the real-wage dynamics, we can take the first
difference on the definition of the log of the real wage, w; = I//I\/t — ]3t,
to obtain

Wy = Wy—1 + 7 —7f. (40)

All in all, the FSW model comprises ten equations, (31)—(40),
that may determine solution paths for the ten endogenous variables:
ol il Wy, mplt, Uy, MTS¢, Up, yt, n¢, and R;. The model has two pre-
determined variables (w;—; and R;_1) and two exogenous variables
(supply shocks shaping technology, z;, and demand shocks shaping
consumption preference, x¢).

4.2 Household-Specific Sticky Wages (EHL Model)

Unlike the setup just described, the common practice for a sticky-
wage specification in the New Keynesian framework is to let house-
holds decide on the nominal-wage contract as first assumed by EHL
(2000).26 They build a labor-market structure with heterogeneous
types of labor services, each of them supplied by one differentiated
household. Thus, there are household-specific nominal wages that are
slowly adjusted with constant probability a la Calvo (1983). House-
holds may be able to set the nominal wage, whereas the amount
of labor supplied is labor-demand constraint. Firms employ bun-
dles of labor obtained using a Dixit-Stiglitz aggregator that com-
bines all types of labor services. Thus, firms can substitute between
differentiated labor services with a constant elasticity. In turn,
EHL (2000) derives the following forward-looking wage-inflation
equation:

7T;”U = IBEtﬂ-;U+1 + (1 nw)(l ~an) (ﬂ%t - l//jt) (37b)

N (1 + 70

Z>When firm-specific price and wage contracts are not reoptimized, firms are
bound to produce as many units of differentiated output as demanded, whereas
households are bound to supply as many units of differentiated labor as required
to produce that output demand. Labor demand determines the effective level of
employment.

260ther recent papers with household-specific sticky wages are Amato and
Laubach (2003), Smets and Wouters (2003), Christiano, Eichenbaum, and Evans
(2005), and Casares (2007a).
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The slope coefficient in (37b) depends on structural parameters
such as the Calvo (1983) sticky-wage constant probability, 7,;
the elasticity of the labor marginal disutility, 7; the firms’ elas-
ticity of substitution across differentiated labor services, 6,,; and
the intertemporal discount parameter, . The MRS gap is the
only driving force on wage-inflation dynamics in the EHL model.
The assumption of household-specific sticky wages leaves the wage-
inflation fluctuations determined exclusively by variables related to
the household sector. Put differently, no firm-related variable such
as labor productivity enters the wage-inflation equation in the EHL
model.

Similarly for the price-inflation equation, the EHL model does
not include the MRS gap, mrs; — w;, because the price-setting and
wage-setting procedures are separated (prices for the firms, wages for
the households). When firms set prices, they just look at their real
marginal costs and take the same economy-wide nominal wage as
given in their pricing decision. In turn, the price-inflation equation

of the EHL model can be written as follows:27

(1—np)(1 a_eﬁ;P) (mpl, — ). (36b)

Tlp (1 +1a

p_ P
T, = ﬁEﬂrtJrl —

To summarize, table 1 reports the determinants of the dynamic
behavior of both price and | wage inflation in the FSW and EHL
models. Productivity gaps, mpl, — w;, reduce price inflation in both
sticky-wage setups, whereas they raise wage inflation only in the
FSW model. On the other hand, MRS gaps, mrs; — w;, have a pos-
itive impact on wage inflation in both models and also a negative
influence on price inflation in the FSW model.

The set of equations of the EHL model can be obtained by mak-
ing three changes in the system (31)—(40) belonging to the FSW
model. We first introduce (36b) instead of (36a) for the price-
inflation dynamics. Secondly, (37b) enters the system, replacing

27See Shordone (2002) for an explicit derivation. The price-inflation equation
of the EHL (2000) paper has a slightly different slope coefficient because the real
marginal cost is not firm specific in their model.
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Table 1. Determinants of Price Inflation
and Wage Inflation
Price-Inflation Equation
FSW Model, EHL Model,
Eq. (36a) Eq. (36b)
Productivity Gap, @t — Wy (-) (-)
MRS Gap, ﬂ%t — ’l/ﬁt (+) 0
Wage-Inflation Equation
FSW Model, EHL Model,
Eq. (37a) Eq. (37b)
Product1v1ty Gap, mpl — Wy (+) 0
MRS Gap, mrs; — @ (+) (+)

(37a) for wage-inflation dynamics. The third step would consist of
eliminating equation (35) because there is no unemployment in the
EHL model. These three variations would lead to a nine-equation
system that prov1des solution paths for the nine endogenous vari-
ables: 7}, 7", Wy, mplt, mrse, Ui, Yy ¢, and Ry. Predetermined
variables and shocks are assumed to be identical in both sticky-wage
setups.

4.8 Baseline Parameterization

In the next two sections, we carry out the business-cycle and mone-
tary policy analysis in the EHL and FSW models. For such applied
exercises, some numerical values of their structural parameters are
required. Borrowing numbers from the baseline quarterly calibration
used in EHL (2000), we set 5 = 0.99, 0 = 1.5, v = 1.5, a = 0.3,
0, = 4.0, 6, = 0.4, and n, = 5, = 0.75 in the EHL model. These
values assigned to 3, o, v, o, and 6, are also set in the FSW model.
In the FSW model, a single Calvo probability, n, collects the level
of price and wage stickiness since wage setting is subordinated to
the pricing decision. Thus, in the FSW model, we set the same
Calvo probability as in the EHL model, n = 0.75, which means
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that both prices and wages are reset optimally once per year.?8 The
households’ elasticity of substitution regarding the supply of differ-
entiated labor services—exclusive from the FSW model—is set at
0., = 4.0 also to be equal to the elasticity of substitution of firms’
demand for labor in the EHL model.?? The interest rate monetary
policy rule (32) is somehow different here compared with that in
EHL (2000), and we assign, on empirical grounds, the Taylor (1993)
original coefficients with a significant extent of interest rate smooth-
ing, pug = 0.8. Using the partial-adjustment mechanism for mone-
tary policy proposed by Clarida, Gali, and Gertler (1998), the reac-
tion coefficients to inflation deviations and the output gap become
firr = 1.5(1 — 0.8) = 0.3 and puz = %2(1 — 0.8) = 0.025.

As for the stochastic elements, the standard deviations of the
innovation of the shocks are chosen with a double criteria. First, total
variability of output gives a standard deviation of output equal to 2
percent. Second, supply (technology) shocks account for 60 percent
of that output variability in the long-run variance decomposition
(100 periods ahead), whereas demand shocks explain the remaining
40 percent.?? Serial correlation is set to be very high for technol-
ogy shocks (p, = 0.95) and moderately high for demand shocks
(py = 0.80). Table 2 collects all the baseline numerical values of
parameters used in both the FSW and EHL models.

Even though the FSW and EHL models share the same degree
of frictions on price and wage setting (n = 0.75 in the FSW
model and n, = n, = 0.75 in the EHL model), the slope coef-
ficients in their price-inflation and wage-inflation equations are
clearly different (see table 3). Thus, the price-inflation equation in
the FSW model has a coefficient on the productivity gap lower
than that in the EHL model (0.0207 versus 0.0316). Besides, the

28 Taylor (1999) reviews a survey of empirical papers to conclude that it can
be realistic to assume the same price and wage stickiness in around one optimal
adjustment per year.

2%However, we must keep in mind that these elasticities of substitution have a
distinct economic interpretation.

39The role of supply and demand shocks in the accounting of output business-
cycle fluctuations is a matter of recent controversy. Smets and Wouters (2003,
2007) claim that supply-side shocks originate most output fluctuations in both
the United States and the euro area, whereas Dufourt (2005) and Gordon (2005)
find that demand shocks explain a fraction of output variability in the United
States significantly higher than that due to supply shocks.
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Table 2. Baseline Numerical Values of Parameters

FSW Model EHL Model
B = 0.99 n = 0.75 B = 0.99 My =T = 0.75
o = 1.50 fter = 0.30 o = 1.50 fer = 0.30
v = 1.50 puy = 0.025 v = 1.50 py = 0.025
a = 0.30 ur = 0.80 a = 0.30 pwr = 0.80
6, = 4.00 6., = 4.00 6, = 4.00 6., = 4.00
p. = 0.95 py = 0.80 p. = 0.95 py = 0.80
0. = 1.05% oex = 1.34% | o.- = 0.98% oex = 1.32%
Table 3. Slope Coeflicients at Baseline
Values of Parameters
Price-Inflation Equation
FSW Model, Eq. (36a) EHL Model, Eq. (36b)
mol. — @ A=m(A=8n) _ (A-np)(1=Bnp) _ a1p
For mpl, — w; 77<1+9p(<zt91;1 = 0.0207 np(lJr%) = 0.0316
__ (a—n)(1-pn) 1
For mrsy — w, ; 1+6:(thgl) 0w = 0.0035 0.0
‘Wage-Inflation Equation
FSW Model, Eq. (37a) EHL Model, Eq. (37b)
For mpl, — @ W = 0.0296 0.0
For mrs, — Wy 7,(1&;:11@;@?1&)) 1+QW<ZZ_1) = 0.0094 W =0.0123
P

MRS gap has less influence than the productivity gap in price-
inflation fluctuations of the FSW model because its coefficient is
significantly smaller (0.0035). In the EHL model, there is no effect
from the MRS gap on price inflation. Regarding wage-inflation
dynamics, the slope coefficients are rather similar for the produc-
tivity gap under household-specific or firm-specific sticky wages
(0.0123 in the EHL model and 0.0094 in the FSW model). How-
ever, wage inflation is more sensitive to the productivity gap than
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to the MRS gap in the FSW model because its slope coefficient
is 0.0296 (more than three times higher). In the EHL model,
there is no influence on wage-inflation dynamics coming from the
productivity gap.

5. Business-Cycle Analysis

Impulse-response functions can be obtained from innovations in the
supply (technology) shock, z;, and the demand (IS) shock, x;.3! The
sizes of the innovations are normalized to one standard deviation
(numbers provided in table 2) and are compared in both sticky-wage
New Keynesian models. Responses are plotted in figure 1 (supply
shock) and figure 2 (demand shock) in percent deviations from the
steady-state values for output, the real wage, labor productivity, the
marginal rate of substitution, and labor demand, whereas unemploy-
ment, price inflation, and wage inflation are directly displayed as
level departures from the steady-state rates.

5.1 Supply (Technology) Shock

Figure 1 shows that both output and labor productivity respond to
a technology shock with very similar long-lasting rises in the FSW
and EHL models. By contrast, wage inflation has a distinctive reac-
tion depending on the wage-setting behavior of the model. When
households set nominal wages (EHL model), the model predicts a
drop in wage inflation because new wage contracts are set downward.
The reason for this behavior is that wage inflation only reacts to the
MRS gap (see equation 37b). This gap turns out to be negative due
to the initial drop in the MRS and the subsequent increase in the
real wage.

If wages are subordinated to the pricing decision of firms (FSW
model), wage inflation reacts very differently. In that sticky-wage
specification, the change of wage inflation is the result of combining

3'Even though the demand shock is a consumption-preference shock, we could
observe analogous effects from other demand-side shocks such as a fiscal pol-
icy shock, an investment-related shock, or a monetary policy shock. Actually,
an interest rate shock entering the Taylor-type monetary policy rule (32) would
turn absolutely equivalent to a contractionary (negative-signed) demand shock
entering the IS curve (31).



Vol. 3 No. 4 Firm-Specific or Household-Specific Sticky Wages 209

Figure 1. One-Standard-Deviation Supply (Technology)
Shock: Impulse-Response Functions in the New Keynesian
Model with Alternative Sticky-Wage Specifications
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the influence of both the productivity gap and the MRS gap. With
the technological improvement that brings the shock, the productiv-
ity gap becomes clearly positive and outweights the influence of the
MRS gap. In turn, wage inflation rises.

The rate of price inflation and the real wage react to the tech-
nology shock moving in the same direction in both sticky-wage
setups. However, the real wage increases more strongly in the FSW
model, whereas price inflation has a more significant drop in the
EHL model. The response of the real wage is higher in the FSW
model because wage inflation rises there, while it falls in the EHL
model. As for the price-inflation reaction, the slope coefficient for
the productivity gap is lower in the FSW model (see table 3),
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as a consequence of the price/wage connections with firm-specific
sticky wages. Subsequently, the inflation drop is greater in the EHL
model.

Finally, the rate of unemployment rises in the FSW model,
whereas it remains at zero by construction in the EHL model.
The unemployment reaction observed in the FSW model is not
quantitatively large (the peak increase is approximately one-fourth
of the output change). The decline in labor demand that results
from the productivity hike explains why unemployment rises. Con-
cretely, the types of labor services that do not have their wage
contract revised suffer from a mismatch between labor supply and
demand. Their labor demand falls below labor supply because
their relative prices are rising due to the lack of price adjust-
ments. Thus, wage stickiness in the FSW model predicts a higher
rate of unemployment in response to an expansionary technology
shock.

5.2 Demand (1S) Shock

A consumption-preference shock leads to an increase in the house-
holds’ demand for consumption bundles that expands the IS curve
(31) to higher levels of demand-driven output. Figure 2 shows the
effects of this expansionary demand shock. At first, output and price
inflation rise while (labor) productivity falls under both sticky-wage
specifications. The cases of firm-specific or household-specific sticky
wages are distinguishable in the reactions of wage inflation, the real
wage, and unemployment. Even though wage inflation rises in both
sticky-wage setups, the FSW model reports a substantially smaller
increase, approximately one-third of that reported in the EHL model
(see figure 2). This difference is obtained because in the FSW model
wage inflation reacts to the productivity gap, mpl, — w;, which hap-
pens to be negative due to the fall in productivity. In turn, the
impact of a positive MRS gap, mrs; — @t/z 0, is partially compen-
sated by a decreasing productivity gap, mpl, — w; < 0. In the EHL
model, there is no influence of productivity on wages, which brings
about a stronger reaction of wage inflation.

Meanwhile, price inflation rises in both sticky-wage models due
to lower productivity and higher real marginal costs. Quantitatively,
the response of price inflation is just slightly higher in the EHL
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Figure 2. One-Standard-Deviation Demand (IS) Shock:
Impulse-Response Functions in the New Keynesian Model
with Alternative Sticky-Wage Specifications
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model.?2 As for the real wage, its reaction is obtained when making
the difference between the responses of wage inflation and price infla-
tion. In the FSW model, the real wage drops because wage inflation
increases to a smaller extent than price inflation. On the contrary,
the EHL model reports an increase of wage inflation sufficiently large
to produce a higher real wage despite the rise of price inflation.

32The responses of price inflation turn out to be nearly identical despite the
differences in the driving forces of inflation between the FSW and the EHL model.
Thus, the lower slope coefficient in reaction to the productivity gap in the FSW
model is almost neutralized by the inflationary effect of the MRS gap that the
EHL model does not capture (see table 3 for the numerical values of the slope
coefficients).
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Hence, the FSW model implies that the real wage would be coun-
tercyclical in the presence of a demand shock (higher output, lower
real wage), while it reacts in a procyclical fashion in the EHL model
(higher output, higher real wage).

Figure 2 also shows that the rate of unemployment falls below
its steady-state value in the model with firm-specific sticky wages.
Firms demand more labor to produce the additional units of out-
put resulting from the consumption expansion. Since 75 percent
of the wage contracts cannot be revised, households have to work
longer than desired on those labor services whose contracts are not
adjusted. The excess of labor demand over labor supply in aggregate
terms represents the reduction of the unemployment rate below its
steady-state value.

Summarizing, the impulse-response analysis of the New Keyne-
sian model under different wage-setting behavior confirms a distinc-
tive behavior of the supply side of the model (wage inflation, price
inflation, the real wage, and unemployment) in the presence of sup-
ply and demand shocks. Wage inflation responds to fluctuations in
the MRS if households set nominal wages (EHL model), whereas it
reacts to those and also to changes in labor productivity if firms are
wage setters (FSW model). In turn, the wage-inflation response to a
technology shock is of a different sign. The real wage is procyclical
after both shocks in the EHL model, whereas it is procyclical after a
supply shock and countercyclical after a demand shock in the FSW
model. Regarding inflation, we have observed that the responses
are slightly smaller with firm-specific wages. Finally, unemployment
rises with a supply shock and falls with a demand shock in the FSW
model and has no reaction in the EHL model.

5.8 The Real-Wage Business Cycle and the Sumner-Silver
Hypothesis

Sumner and Silver (1989) suggest with an empirical paper that the
cyclicality of real wages in the United States depends on the cause
of the cycle: if the business cycle is driven by supply shocks, the
real wage is strongly procyclical, whereas if demand shocks origi-
nate output fluctuations, the real wage becomes clearly anticycli-
cal. Their result provides a convincing empirical explanation of why
the correlation between business-cycle fluctuations of output and



Vol. 3 No. 4 Firm-Specific or Household-Specific Sticky Wages 213

the real wage is positive and weak in the U.S. economy (Abraham
and Haltiwanger 1995). The sign of the correlation varies with the
sample period, as the current business cycle is caused by either
supply shocks (positive correlation) or demand shocks (negative
correlation).

As discussed above, the real wage is procyclical after a technology
shock and responds anticyclically in reaction to demand shocks in
the FSW model, which replicates the Sumner-Silver empirical find-
ings.?3 By contrast, the reactions of the real wage in the EHL model
are procyclical to both supply and demand shocks, which implies
that the Sumner-Silver hypothesis cannot be validated and the real
wage would turn strongly procyclical.?*

Table 4 reports the coefficients of correlation between the real
wage and output obtained at the baseline price/wage stickiness,
n = 0.75 in the FSW model and 7, = 71, = 0.75 in the EHL
model. The real-wage correlations with output are computed in
reactions observed to exclusively supply or demand shocks. If house-
holds act as wage setters (EHL model), the real wage is highly pro-
cyclical with supply shocks, with a coefficient of linear correlation
p(W, yr) = 0.92, and it also shows a clear procyclical behavior with
demand shocks, p(w,y:) = 0.71. The latter fails to be consistent
with the Sumner-Silver empirical hypothesis. However, the FSW

Table 4. Real-Wage Correlation with Output at Baseline
Price/Wage Stickiness

FSW Model with EHL Model with
n:O-75 ’I]p:’r’w:O_75
Supply Shocks 0.94 0.92
Demand Shocks —0.72 0.71

33Bénassy (1995) shows that the cyclicality of the real wage in an optimizing
model with flexible prices and predetermined wages is also consistent with the
Sumner-Silver hypothesis.

340f course, this result might change if we had other sources of variability
(shocks) in the model. Nevertheless, monetary (interest rate) shocks have the
same impact as a contractionary demand shock.
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model provides real-wage correlations consistent with the Sumner-
Silver empirical hypothesis. When supply shocks hit the economy,
the real wage is strongly procyclical, p(wy, ;) = 0.94, while the real
wage turns clearly anticyclical if demand shocks drive the business
cycle, p(wy, y) = —0.72.

5.8.1 Sensitivity Analysis

Next, we will examine the robustness of the real-wage cyclicality
to changes in the level of nominal rigidities on price/wage setting.
The analysis is somehow different for each sticky-wage specifica-
tion at hand. The FSW model has a single Calvo probability for
both price and wage stickiness (n). The value of 1 will be adjusted
to consider cases in which the average length of price/wage con-
tracts runs from two quarters (n = 0.5) to ten quarters (n = 0.9).
The EHL model with household-specific sticky wages features two
Calvo probabilities—one for price stickiness affecting firms (7),) and
another one for wage stickiness affecting households (7,,). The sen-
sitivity analysis consists then on moving either 7, or 7, from 0.5 to
0.9 while leaving the other unchanged at 0.75.

Figure 3 displays the results of this sensitivity analysis. The coef-
ficient of correlation between output and the real wage in the pres-
ence of supply shocks is always positive and close to 1 at any level
of price/wage rigidities in both sticky-wage models (see the plot on
the left-hand side of figure 3). Consequently, these correlation coeffi-
cients lie on the shaded area that would represent the Sumner-Silver
hypothesis.3® With demand shocks, the real wage is always anticycli-
cal in the FSW model, with negative coefficients of correlation with
output that enter the Sumner-Silver area in the plot on the right-
hand side of figure 3. Numerical values for the limit cases n = 0.5
and 1 = 0.90 are reported in table 5.

The real-wage cyclicality after a demand shock in the EHL model
depends upon the relative price/wage stickiness as shown in figure 3.
If the wage-stickiness parameter is at n,, = 0.80 or higher values,
with n, = 0.75, wage inflation would barely increase after the shocks
and the real-wage response would be more affected by the rise of

35 Arbitrarily, it is assumed that a coefficient of correlation greater than 0.5 in
absolute value represents strong linear dependence.
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Figure 3. Real-Wage Cyclicality and Nominal Rigidities:
A Robustness Test of the Sumner-Silver Hypothesis in the
FSW and EHL Sticky-Wage Models
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Table 5. Real-Wage Correlation with Output at Various
Levels of Price/Wage Stickiness

FSW Model

EHL Model

Supply Shocks

Demand Shocks

n=0.50 — 0.98
n = 0.90 — 0.83

n=0.50 — —0.85
n=0.90 — —0.53

np = 0.50 and 7, = 0.75 — 0.95
np = 0.90 and 7, = 0.75 — 0.88
np = 0.75 and 7, = 0.50 — 0.96
np = 0.75 and 7, = 0.90 — 0.87

np = 0.50 and 7, = 0.75 — —0.85
np = 0.90 and 7, = 0.75 — 0.71
np = 0.75 and 7, = 0.50 — 0.91
np = 0.75 and 7, = 0.90 — —0.70
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price inflation than by that of wage inflation. It results in a real-wage
drop and therefore a negative correlation between the real wage and
output (see the plot on the right-hand side of figure 3). Table 5 shows
that the case when 7, = 0.75 and 7,, = 0.90 in the EHL model with
demand shocks leads to the negative correlation p(w;,y;) = —0.70.

A second possibility is to lower price stickiness. The right-side
plot of figure 3 also shows that the coefficient of correlation between
the real wage and output with demand shocks turns negative and
enters the Sumner-Silver area when 7, falls below 0.70. Thus, table 4
reports significantly countercyclical real wages with demand shocks,
p(We, y) = —0.85, when setting 1, = 0.50 and 7,, = 0.75 in the EHL
model.

In review, the FSW model satisfies the Sumner-Silver hypothesis
at any of the levels of price/wage stickiness examined here. In the
EHL model, by contrast, only the calibration with a degree of wage
stickiness more persistent than price stickiness is consistent with the
Sumner-Silver hypothesis.

6. Monetary Policy Analysis

This section deals with issues related to monetary policy. In partic-
ular, we will look for answers to the following two questions:

(i) What are the implications for optimal monetary policy design
of having either household-specific or firm-specific sticky
wages in the New Keynesian model?

(ii) Can we approximate optimal monetary policy fairly enough
using a Taylor-type instrument rule (32) in both sticky-wage
cases? If so, what values for the reaction coefficients are
required to pursue optimal policy?

So far, monetary policy has followed (32) with a numerical specifi-
cation for its policy coefficients pir, pgz, and pgr that conveys the
Taylor (1993) original prescription together with a significant degree
of interest rate inertia. Now, we can examine the stabilizing prop-
erties of that baseline specification of (32) by comparing it with
optimal monetary policy. Furthermore, we will search the optimized
coefficients for (32) as the triplet that best approximates optimal
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policy. To begin with, we follow Woodford (2003, chap. 6) and
Giannoni and Woodford (2004) to derive the model-based second-
order approximation of welfare losses obtained from the utility
function of the model. In the FSW model, this welfare-theoretic
instantaneous loss function is

Li= (7)) + @ — 7)°, (41)

1
- 9P(%+U)
state efficient output gap, and the weight on output-gap variabil-
(1=m)(1—Bn) (52 +0)
77(1+%%z;1))9p

Therefore, optimal monetary policy targets the variability of price
inflation (around its zero steady-state rate) and the variability of
the output gap around its steady-state efficient level. This is the
same policy recommendation assessed by Woodford (2003, chap. 6)
for a New Keynesian model of Calvo-style staggered pricing, het-
erogeneous labor, and flexible wages. Even though wages are also
sticky in the FSW model, the only source of nominal frictions is
the Calvo-type probability, 1, attached firsthand to the price-setting
decision of firms and subsequently to wage adjustments because they
are subordinated to optimal prices. In other words, sticky wages
and sticky prices are part of the same nominal friction. The role of
firm-specific sticky wages in the central-bank loss function is embed-
ded at the value of A in (41) through the elasticity parameter 6,,,
which is absent in models with flexible prices or household-specific
sticky wages.6 Besides, the FSW model permits a trade-off between
variabilities of price inflation and the output gap regardless of nom-
inal shocks (documented below), which was not possible in stan-
dard models with sticky prices (Taylor 1979; Clarida, Gali, and
Gertler 1999).

The welfare-theoretic optimal monetary policy can be obtained
in the FSW model by finding the targeting rule that minimizes the
expected intertemporal welfare losses, EFy Z;io (37 Lt j, subject to a

where ; = J; — ¥, is the output gap, 7* is the steady-

ity is A = (see appendix 3 for its derivation).

36n a model with heterogeneous labor, fully flexible wages, and staggered prices
4 la Calvo, the central bank loss function would be (41) with a slightly different
- —Bn) (42 4o
A= Loma-omG—a to) (Woodford 2003, chaps. 6 and 8).

Op(a
n(422ed g,
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reduced set of the structural equations of the model.3” Such an opti-
mizing program and its first-order conditions are shown in appen-
dix 4. For policy simulations, the baseline numerical parameteriza-
tion displayed in table 2 can be used to imply the value of A = 0.021.
This stabilizing policy preference can be used to optimize the policy
coefficients for the Taylor-type rule (32). In particular, we search
values of the triplet jirr, py, and pg that minimize the (long-run)
unconditional expectation of Z}io (7 Ly in the FSW model.?® It
leads to

fe = 4.09, pz=1.17, and pp = 1.54,

which indicate that the nominal interest rate should strongly
respond to changes in price inflation and in a more moderate way
to the output gap and the previous nominal interest rate. The opti-
mized coefficients are significantly higher than those proposed in
Taylor (1993) and used in our previous calibration.

Table 6 examines the stabilizing performance of three alterna-
tive monetary policy rules in the FSW model: (i) the (optimal)
welfare-theoretic targeting rule with A = 0.021; (ii) the baseline
Taylor-type rule (32) with p.r = 0.3, uy = 0.025, and pr = 0.8;
and (iii) the optimized Taylor-type rule (32) with uk, = 4.09,
py =117, and pf = 1.54. One can see that the standard deviations
of both price inflation and the output gap are much lower when
applying the optimal policy compared with the baseline instrument
rule. They are cut to approximately one-fourth of their values—
from 0.68 percent to 0.16 percent in the case of price inflation,
and from 0.67 percent to 0.19 percent in the output gap. However,
both wage inflation and the nominal interest rate report a some-
what higher standard deviation with the welfare-theoretic target-
ing rule because optimal policy does not contemplate any concern
on their variabilities (see table 6 for the numbers). When switch-
ing from the baseline to the optimized coefficients in (32), the
standard deviation of price inflation falls to 0.18 percent and that

3"The optimal monetary policy analysis based on the utility function is a
subproduct of the targeting-rules approach introduced by Svensson (1999) and
Woodford (1999).

38This same criterion has been used for monetary policy analysis by Levin and
Williams (2003), Adalid et al. (2005), and Casares (2007a).
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Table 6. Performance of Monetary Policy Rules

Std. Deviations Loss

(%, Annualized) Ratio

FSW Model 7P T Y R L/L*

Welfare-Theoretic Targeting 0.16 0.69 019 1.33 1.00
Rule (Optimal) (A = 0.021)

Baseline Taylor-Type 0.68 0.60 0.67 1.01 16.64

Rule (32) (prr = 0.30,
417 = 0.025, jup = 0.80)
Optimized Taylor-Type 0.18 0.65 020 1.21 1.29
Rule (32) (i, = 4.09,
15 = 117, iy = 1.54)

EHL Model L S Y R c/cr

Welfare-Theoretic Targeting 0.50 0.20 0.03 1.40 1.00
Rule (Optimal)
(Arr = 0.357, Ay = 0.012)

Baseline Taylor-Type 0.89 0.50 0.57 1.16 4.96
Rule (32) (pixr = 0.30,
pg = 0.025, ur = 0.80)

Optimized Taylor-Type 0.50 0.22 0.06 1.49 1.04
Rule (32) (u7» = 39.46,
py =100.0, pp = 0.72)

of the output gap to 0.20 percent, which are values only slightly
higher than the numbers obtained under the optimal policy. In
overall terms, the ratio of the unconditional loss value under the
Taylor-type rule (32) divided by that loss under the optimal pol-
icy (denoted as L/L* in table 6) is more than 16 with the base-
line coefficients in (32) and gets reduced to only 1.29 with the
optimized coefficients in (32). Therefore, it could be said that the
stabilizing performance of the instrument rule (32) with the base-
line coefficients is quite poor, whereas replacing those with opti-
mized coefficients provides a very good approximation to optimal
policy.

Figure 4 shows how the responses of price inflation and the
output gap to supply and demand shocks in the FSW model are
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Figure 4. Monetary Policy Analysis in the FSW Model:
Responses to a Supply Shock (Left) and to a Demand
Shock (Right) under Different Monetary Policy Rules
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quantitatively much smaller under the optimal welfare-theoretic pol-
icy compared with the baseline specification of (32). By contrast,
the use of the optimized coefficients in (32) allows that Taylor-type
rule to mimic fairly well the responses of price inflation and the
output gap obtained with the optimal policy, which confirms its
good stabilizing performance. Wage inflation responds more aggres-
sively under the optimal policy (and the optimized Taylor-type
rule) because the optimal monetary policy is not aimed at sta-
bilizing wages. Figure 4 also displays the reactions of the nom-
inal interest rate under optimal monetary policy. If there is a
supply shock, the nominal interest rate falls in a way similar to
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that implied by the baseline Taylor-type rule. However, the reac-
tion to a demand shock is much more aggressive with the opti-
mal policy since the nominal interest rate is raised four or five
times higher than the level reached with the baseline Taylor-type
rule. Such a severe policy tightening leads to a demand contrac-
tion that nearly neutralizes the initial expansionary shock. Sub-
sequently, the output gap is practically erased and price inflation
stays near 0.

Let us turn to the EHL model for a comparison of optimal
monetary policy with household-specific sticky wages. The welfare-
theoretic loss function of the EHL model was already obtained by
Woodford (2003, chap. 6) and Giannoni and Woodford (2004) as
a weighted average of variabilities involving price inflation, wage
inflation, and the output gap:

Lo=Aen (7)) 4+ (1= M) (7)) + M@ — 77)%, (42)

-1
Gpnp

Optip ' +0uw(1—a)ry’

where the weights on the policy targets are A» =

aty +o

and Ay = epmgli@j(l—)a)n;“
ing the slope coefficients in the price-inflation and wage-inflation
equations, (36b) and (37b). Thus, if households are the wage-setting
actors, the optimal monetary policy targets wage-inflation variabil-
ity, which was not included in the loss function of the FSW model.
With the numerical values assigned in the baseline calibration (table
2), the stabilizing policy weights in (42) are A;» = 0.357 and
Ay = 0.012. The price-inflation weight indicates that optimal policy
should be more oriented to fighting volatility of wage inflation than
of price inflation.3?

The welfare-theoretic targeting rule for the EHL model was
derived in appendix 5 by minimizing FE; Z;io (7 L+ subject to the
structural equations of the model. Table 6 shows its stabilizing per-
formance. Despite the apparently low value of A3, optimal policy in
the EHL model puts the economy very close to the (natural-rate)
frictionless scenario because the output gap barely fluctuates. Thus,

with x, and k,, respectively, denot-

39This is in deep contrast to the much higher number for A.» suggested by
Giannoni and Woodford (2004) for the reasons discussed in Casares (2007a).
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the standard deviation of the output gap is only 0.03 percent under
the welfare-theoretic optimal policy, which seems very low compared
with the value of 0.57 percent obtained under the baseline Taylor-
type rule (32). Meanwhile, the variabilities of price inflation and
wage inflation get moderate reductions when implementing the opti-
mal policy compared with the baseline Taylor-type rule (32). The
standard deviation of price inflation falls from 0.89 percent to 0.50
percent and that of wage inflation decreases from 0.50 percent to
0.20 percent.

Using the optimal welfare-theoretic monetary policy and the
same criterion mentioned for the case of the FSW model, the opti-
mized coefficients on the Taylor-type rule (32) of the EHL model
are*?

Prp = 39.46, pz = 100.0, and pp = 0.72,

which clearly reflect the major concern of stabilizing the output gap
due to its large reaction coefficient, u% = 100.0.

The standard deviations of the targeted variables in the EHL
model with the optimized Taylor-type rule (32) are very similar
to the numbers obtained with the welfare-theoretic targeting rule.
Actually, price inflation has the same volatility, whereas wage infla-
tion and the output gap report only slightly higher numbers (see
bottom part of table 6). Unlike the FSW model, the presence of
wage inflation in the loss function (42) causes the optimal mone-
tary policy to significantly reduce the wage-inflation volatility. In
terms of welfare losses, the ratio of unconditional welfare losses
is almost 5 with the baseline calibration of (32), and that can be
reduced to only 1.06 (i.e., just a 6 percent higher loss) with the
optimized coefficients in (32). Therefore, the Taylor-type rule (32)
with g7, = 39.46, p7 = 100.0, and p = 0.72 approximates fairly
well the stabilizing performance achieved with optimal monetary
policy.

Impulse-response functions in the EHL model obtained under
the three monetary policy rules at hand are shown in figure 5.

49The computation of the optimized coefficients was taken with an upper-level
bound at 100.0 to avoid excessively large numbers.
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Figure 5. Monetary Policy Analysis in the EHL Model:
Responses to a Supply Shock (Left) and to a Demand
Shock (Right) under Different Monetary Policy Rules
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The implementation of the optimized Taylor-type rule (32) leads to
responses of the three targeted variables (price inflation, wage infla-
tion, and the output gap) that are very similar to those responses
obtained under the optimal monetary policy. The responses under
the baseline Taylor-type rule are clearly of larger magnitudes, espe-
cially in the case of the output gap. A supply-side technology shock
(left side of figure 5) leads to an immediate fall in the nominal
interest rate under the optimal monetary policy in order to stim-
ulate output via demand and turn the output gap to the posi-
tive side.
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As shown on the right side of figure 5, the demand shock also
leads to an aggressive interest rate reaction under the welfare-
theoretic optimal rule of the EHL model. The expansionary shift
on the IS curve is almost neutralized by the combination of a higher
nominal interest rate with sticky prices that raises the real interest
rate. In turn, the positive output gap that was obtained with the
baseline Taylor-type rule is swept away, as also occurred in the FSW
model. Meanwhile, price inflation and, especially, wage inflation also
show much smaller reactions after the shocks when implementing
optimal monetary policy.

Comparing the optimal policies displayed in figures 4 and 5, the
responses of wage inflation are significantly smaller in the EHL
model than in the FSW model with either demand and supply
shocks, which reflects the policy preference for stabilizing wage infla-
tion embedded in (42). On the contrary, price inflation responds
more strongly to both shocks in the EHL model, because the optimal
policy in the FSW model shows a stronger concern for price-inflation
stabilization. The output gap shows a larger reaction after a supply
shock in the FSW model, whereas it is practically eliminated after
a demand shock in both models.

7. Conclusions

This paper shows that the assumption of who set wages (firms or
households) in the New Keynesian model with sticky wages is not
trivial. If there are firm-specific sticky wages (FSW model), the
wage-setting decision depends on the specific pricing conditions of
the firm, whereas with household-specific sticky wages, prices and
wages are set independently (as in the EHL model).

Several consequences emerge from the price/wage interactions
of firm-specific sticky wages. First, the labor market of the FSW
model delivers an endogenous measure of unemployment, which was
absent in the prominent EHL model. Only the fraction of wage con-
tracts reset over the current period provide a matching between
differentiated labor supply and labor demand. The remaining frac-
tion of non-adjusted wages bring disequilibrium between pairs of
labor demand and labor supply that, after aggregation, provide
endogenous unemployment. Therefore, introducing sticky wages set
by firms serves to incorporate unemployment in a New Keynesian
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model in an alternative way to the presence of search and matching
frictions (e.g., Christoffel and Linzert 2005).

Secondly, firm-specific sticky wages have qualitative implications
on both price-inflation and wage-inflation dynamics. The gaps of the
real wage with respect to labor productivity and the households’
marginal rate of substitution (MRS) are the driving forces for fluc-
tuations on both variables in the FSW model. In the EHL model, by
contrast, there is a separation between the productivity gap, which
only affects price-inflation fluctuations, and the MRS gap, which
only determines wage-inflation fluctuations.

Impulse-response functions indicate that output reacts to supply
and demand shocks in similar patterns under both sticky-wage spec-
ifications. However, the introduction of firm-specific sticky wages
becomes crucial for other macroeconomic variables. In addition to
the key issue of the absence or presence of unemployment, vari-
ables related to the labor market such as wage inflation or the real
wage have shown distinctive business-cycle patterns. For example,
the FSW model predicts procyclical reactions of the real wage to
supply shocks and countercyclical real-wage responses to demand
shocks, which is consistent with the empirical arguments pointed out
by Sumner and Silver (1989) to explain the mildly procyclical real
wages observed in the United States. The Sumner-Silver hypothesis
is replicated in the EHL: model only in cases when wage stickiness
is more persistent than price stickiness.

Finally, firm-specific or household-specific sticky wages also mat-
ter for monetary policy analysis. The (welfare-theoretic) optimal
monetary policy in the FSW model targets variabilities of price
inflation and the output gap, whereas in the EHL: model the opti-
mal policy targets are price inflation, wage inflation, and the out-
put gap. In comparative terms, volatilities of wage inflation and the
output gap are higher in the optimal monetary policy of the FSW
model. By contrast, price inflation has a higher variability in the
EHL model. With both sticky-wage specifications, a Taylor-type rule
for the nominal interest rate with the original Taylor (1993) coeffi-
cients, along with a significant interest-rate-smoothing component,
provides a poor approximation to optimal monetary policy. However,
the coeflicients of such an instrument rule can be optimized with a
welfare-based criterion to reach a good stabilizing performance that
closely approximates optimal policy.
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Appendix 1. Derivation of the Dynamic Relationship
between Wage Inflation and Price Inflation, Equation
(19), in the Model with Firm-Specific Sticky Wages

The paper shows in section 2 that the subordinate relative wage with
Calvo-style rigidities can be written in log-linear terms as follows:

—~ —~ 0 ~ ~ 1-—
Wi (1) — Wi = —WP_Q)(PM) - P) - ewﬁn

oo
E; Z ﬂj TZj Ut+ 5
=0

0
*Etzﬂj (e + ey

which corresponds to equation (16) of the main text. Substituting
the relative price and the relative wage for their respective coun-
terparts in terms of price inflation and wage inflation, P;(i) — P, =

T4 and W, (i) — W, = 72,7, we obtain
w 0 L=Bn =) o N~ g
i s L o, > By

1 —-n Op p
ra— Zﬁ /s (Ma o —a) i)
Moving one period forward from the last expression, we can compute
BnEymy  and then notice that

Op
O, (1 — )

(71'%) - ﬂT]Etﬂ'f_'_l) B (1 — 57;70)(1 _ 77) "

= ﬁnEﬂi’il = -

1—n w 0
e (it )

which simplifies to equation (19) in the main text:

(1—pBn)(1— n)u
N6

t-

T = BEm, — m(ﬂf — BB, ,) —



Vol. 3 No. 4 Firm-Specific or Household-Specific Sticky Wages 227

After recursive substitutions of expected next period’s wage infla-
tion, we can also obtain this alternative expression of wage inflation:

w 0 (1=n)1 =81, o .
e G 10, B ) Fuiss
J=0

Appendix 2. From the (Log-Linear) Optimal Price (29) to
the Phillips Curve (30) in the Model with Firm-Specific
Sticky Wages

The log-difference between the optimal price and the aggregate price
level is given by equation (29) of the main text,

(1 + M) (Pi(3) = P) = (1 - Bn)E; iﬁjﬁj (wm . ut+]>

l-« -
Jj=0
N O,(a+ 65"
+EtZBJ77J ((1_#1’(?0[))#&],)’
j=1

where we can insert P(i) — P, = %ﬂ'? from (17) to yield

D _ (1 - J < 1
Ty = - E; Bn ¢t+] T Ut
77<1+ 9 (a+9w )) Z 0.

1— <
+ TnEtZﬂjn]Wfﬂ-.

j=1

If we move one period forward from price inflation, premultiply the
result by 87, and apply the rational-expectations operator in period
t, we obtain

1- 1
BnEmy,, = ( (a+9 ) E; Zﬁ] <¢t+g Ut+]>
" (1 4 Oulat0ul) ) u

l—a

+ 7Et Z R
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Using the last two expressions, we compute 77 — BnE;my,; to find

1— 1-— ~ 1 1-—
( 772( ﬁ?) <¢t - Ut) +Jﬁ77Et7Tf+1a
77 (1 + P(?i‘aw )) 77

O
which reduces to the New Keynesian Phillips curve (30),

Goni-py (5 L,)

. <1 L 6p(01¢+9;1)> wt - %Ut

p P _
T, — BBy, =

p _ p
T = BEm .+

Appendix 3. Derivation of the Welfare-Theoretic Loss
Function in a New Keynesian Model with Firm-Specific
Sticky Wages (FSW Model)

All the approximations taken here are based on second-order Taylor
expansions used in Erceg, Henderson, and Levin (2000, 307-12) and
Woodford (2003, 692-96).

In the New Keynesian model with wage-setting firms, the house-
hold utility function and the social utility function are the same
because households are alike. Moreover, the effective amount of bun-
dles of labor services is given by demand conditions. Under this
assumption, the values of the utility function (1) in period ¢ can be
rewritten in effective terms as follows:

1-—0o n%Jr’Y

Ct
= — 4
Ut exp(xt) 1 — 0 1 + ,y’ ( 3)

where n; is the number of effective bundles of labor obtained from
the aggregation of the demand for labor services over the continuum

of firms:
1 TH6m
ne = [ / nd(5) " dz} . (44)
0

l1—0o
St

l1—-0o

and

Let us separate (43) into its two terms: V; = exp(x¢)

1+
Sy = \IJ% They can be approximated by the Taylor-series

expansions

1 BUTIN
V, ~ yU, (yt +5 (Lo + tht> and (45a)
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1

where the market-clearing condition ¢; = 7; was already used in
(45a). The term on disutility from labor bundles, S;, will be affected
by the degree of price/wage dispersion through its impact on fluc-
tuations of the demand for labor bundles, n;. Thus, a Taylor-series
expansion on (44) yields

1 /146, .
mzaw@+(; >mmwm, (46)

where E;n¢ (i) and var;nd(i), respectively, denote the expected value

of the demand for labor and its variance computed across the differ-
entiated firms. Recalling the log-linear production function (10) for
the specific i-th firm, we obtain

g (i) = (1 —a)7'5u(i) — 2,
which, aggregating over the ¢ space, implies
Ef(i) = (1— a) " Egili) — =, (47a)
varnd(i) = (1 — ) " 2varJ(i). (47b)

The Dixit-Stiglitz demand function (7) implies that in equilibrium

w@=<@9y%% (18)

which leads to the Taylor-series approximation for output fluctua-
tions:

. . 160,—-1 .
Ut ~ By (i) + =2 var;y(i). (49)
2 0,

Substituting the pair (47a) and (47b) into (46), we obtain

,\ _ . 1/1+6,
ne~ (1 —a) 1Eiyt(z)—zt+< 7

. ) (= )20,
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where inserting E;y:(i) = y — %9”9_1 var;y(i) from (49) yields
P

. . 16,—-1 .
ne~ (1—a) g — = L—warid: (i)
2 0,
1 /140, ~ .
—aty < —g ) (1 — ) 2varg(i).

Putting the terms involving var;y:(i) together and dropping the
exogenous variable z;, we get

1

A 1~ L (a+0:1
ne~ (1 —a) lyt+§(1—a) 1(w

1 P
- + 9p> var;y:(1). (50)

The substitution of (50) into (45b) yields
1 a+6,' 1
~ 1—a) G+ -(1—a) P (LT 4~ (i
Sy ~nU, (( a) Ty + 2( @) ( T T 9p> var; g (i)

1 _
+5(1 +7)n?> :

where using 77 = (1—a) 7292 —2(1—a) ~9;2;+2? from the log-linear
production function (10) results in

1 |
Sy ~ nU, ((1 —a) G+ (1 —a)! < =+ ) variﬂt(z’)>
2 1—a 0,

+ nU, (;(1 + 7)((1 — oz)_ngf —2(1 —a) gz + zf)) .

(51)

Following Woodford (2003, chap. 6), the steady-state solution of
the model implies the relationship nU, = yU.(1 — a)(1 — ®,),
where 1 — ®, represents the market-power distortion calculated as
the inverse of the steady-state markup of the real wage over the
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marginal product of labor.! This result can be used in (51) to obtain
(dropping the z? exogenous term)

. 1 a—f—@;l 1 .
Sy ~yUc(1 — @) (yt + 5 <1—a + 0p> va’r,yt(l)>
1 P ~
+ yUc(1 — @) (2(1 + 7)1 =)' - a1+ v)zt) . (52)

Using (45a) for V; and (52) for S, the social utility function (43)
can be approximated (after some algebra) by

1 5
U ~ yU. <<I>yyt — @ G+ (1 +7)z + x)

2
1 (a+6t 1 P
3 (1_a + 9p> ’Uariyt(l)> ) (53)
where w = m and the terms ®,72, ®,7:((1 + 7)z: + x1),

and ¢, var;y:(i) were neglected as being of order higher than 2 as
in Woodford (2003, 393-94). Let us define the relative-to-efficiency
output gap as

U =0 =0 —7) — T, (54)

where, again following Woodford (2003, 395), y* is the efficient level
of the output gap obtained as the fractional difference in steady
state between the level of output produced in a perfectly competitive
economy and the level of potential output obtained in a monopolis-

tically competitive economy, i.e., y* = log(%). For the FSW model

described in the text, we have y* = —wlog(l — ®,) ~ w®,, where
w completely depends on the values of parameters regarding prefer-
ences and technology as defined above and ®,, = 6, L From (g;—y*)?
implied by (54) and y* = w®,, the square output fluctuations, 7,

can be written as follows:

~ ~ ~ ~ ~2 ~ ~
Ui =W =0+ 200, — U — (@w®y)* + 20®, 7 — 2w®,y,, (55)

0p—1
0p °

“'Note that in the FSW model, ®, = 6, ' and 1 — &, =
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where potential output fluctuations are 7, = w((1 + )z + x¢) as
in equation (33) of the text. Inserting (55) into (53), we obtain the
following (after dropping constant and exogenous terms):

Ue

S~ a+6;t 1
U, ~ -2 (w 1(yt—y)er(

b ) vani@) . 69

-« Op

2

By log-linearizing (48), the variance on differentiated output can be
expressed in terms of price dispersion:

vary (i) = 912)11@77]3,5 (1),

which leaves (56) as follows:

0. 0,1 ~
U ~ A <w_1@t -7+ 6, (1 + 7]0(& % )> UariPt(i)> .

2 l—«o

Accordingly, the central bank intertemporal (social) utility function
Z?io B’ E Uy ; becomes

> U, o . o .,
> BB~ _yg > FE (w Y —07)?
=0 =0
O, (a+0,* ~
+0, (1 + M) variPtH(i)) . (57)

Applying the results of Woodford (2003, 694-96), due to our Calvo-
style sticky-price structure, we obtain

~ ~ 2
var; P, (i) ~ nvar; P,_1 (i) + 1 i p; (Wf) ,

which implies
oo

jz::OﬁjEtvanf’Hj (i) ~ i 77)271 ) ]zzjoﬂjEt (Wfﬂ')Q. (58)
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Combining (57) and (58), we obtain

oo U & Op(l + 71— n
VB ~ 225N BB (o @ —57) + 7™, )%,
Jgoﬁ tUt+y 2 jzoﬂ t (yt+] Y ) (1 — ,,7)(1 — 67]) ( t+j)
which can be reorganized as follows:
oS} _ oo _ 1_ 1— _ .
Zﬁ EtUt+] ~ —:Zﬁ E (7r§7+]_)2 +w 1 ( 77)2 E"; (yt+j -7 )2 7
7=0 =0 9p(1+ 0p ‘i‘ij >
ot
with 2 = ¥z< . Our last result implies that the

2 (1—n)(1—pn) ) )
central bank loss function for period ¢ is

L= (D)’ + A@ — 7)°

with )\ — (1-n)(1—Bn)($X2 +0)
N n(1+ep<a+e;1> 0,

as defined in section 6 for the output-
11—«

gap weight in the welfare-theoretic loss function of the FSW model.

Appendix 4. Welfare-Theoretic Targeting Rule in the
FSW Model

Using the “timeless perspective” optimality criterion (Woodford
1999, 18), optimal monetary policy can be reached by computing
the targeting rule that minimizes the intertemporal welfare-theoretic
loss function subject to a set of equations describing the FSW model.
Formally, it can be written as follows:

o0

Min Et Z 5]Lt+]

P -~ w
T Yt , Ut , We, Ty =0

subject to these all-time constraints:
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o (251 P
P __ P L ) — . ™
7rt+j = /BEt+J7rt+l+j + ¢1 (U}H_] + 1 ayH_]) ) U5 + %t-l-j’
w

(59)
1 - ~ u
Uty = Wi P2Yi+j + iy (60)
w w 910
Ty = BTy — m(ﬁtﬂ 5Et+37rt+1+g) — P3Uty,
(61)
Wit = W14 + T 5 = Ty g (62)
for j = —1,0,1,2,.... Equation (59) is the inflation equa-
tion (30) from the text Wr1tten for period ¢+ j because it should be
noted that ¢, = T;”f;f")) Giaj = Wiy — mplyy; = Verj +
n +P7

1250t = Wigj + 725 (U4 + ?tﬂ') and %t—f—] =112, yt—i—] Next,
(60) relates the unemployment rate to real-wage ﬂuctuatlons the
output gap, and the exogenous term s’ ; = —$2y, 1 ; + 2145+ %Xt—i—j

with ¢ = % Some algebra is involved in the determination
of (60). In short, the unemployment rate (15) can be decomposed

inupy; = (M, — Tierj) 4+ (et — Tiesj), where the second term is
(ﬁtﬂ —Ti4j) = — 122 Ut+;- Using the log-linear version of the labor-
supply curve (5) both in current and flexible-price observations, we
find 0y, ; — My = %@tﬂ- — ZYt4j + 24y ;, which, substituted for the
first term of the unemployment decomposition, yields (60). Next,
the wage-inflation equation of the FSW model, equation (19), has
been adapted to period ¢ 4+ j to be written in the form of (61)

with ¢3 = W"B}éﬂ. Finally, the auxiliary equation (62) was

already introduced in the text as equation (40). For the optimal
monetary policy conducted in period ¢, the central bank first-order
conditions are

P 7P 2 Fiod 0
2my + ¢ —§t71+wp_a) ¢ mﬁt LA =0, (63)

~ e}
20y — )_¢11—a t

T g€ =0, (64)
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OLer ver +oseT” =0, (65)

p 1
1§ — ;f# + & — BE&S, =0, (66)
& e —Er =0, (67)

where &7, &2, &7, and £ are the Lagrange multipliers associated
with constraints (59)—(62) in period ¢. The targeting rule that defines
the optimal monetary policy consists of equations (59)—(67), which
provide solution paths for the nine endogenous variables 7, 7, W,
ug, i, EF, €8, €7, and &, The IS curve (31) together with the
output-gap definition, y; = 7; — ﬁt, can be added to the system to
determine current output and the required move on the nominal
interest rate, 7; and R;.

Appendix 5. Welfare-Theoretic Targeting Rule in the
EHL Model

Using the “timeless perspective” optimality criterion (Woodford
1999, 18), optimal monetary policy can be reached by computing
the targeting rule that minimizes the intertemporal welfare-theoretic
loss function subject to a set of equations describing the EHL model.
Formally, it can be written as follows:

Min Et Z ﬂjﬁt_;_j

p X
Ty Yty W,y =0

subject to these all-time constraints:

—~ o P
ﬂ-f—&-j = 5Et+j77f+1+j +¥1 (wt+j + 1_ayt+j> + Tirjo (68)
w ﬂE W Y ~ s Fio
T = PLyjTyi14 5 + 92 1—a 1T 0| Yt — Wit | + Ty
(69)
Wy j = We—145 + Tihj — Thy s (70)
for j=...,—2,-1,0,1,2,.... Equation (68) is the New Keynesian

Phillips curve of the EHL model, equation (36b), written in terms
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p _ (A=mp)(1—Pnp) P =
of ., ; because ¢1 = o) and 7 ; = @172,Ysy,- The
wage-inflation equation of the EHL model, equation (37b), has been

adapted to period ¢t 4+ j to be written in the form of (69), with
17 w 17 w w =

g = U=nw)(1=0w) nZ(l)J(r'ygi? ) and sl i = pa((125 +0) g ) — 725 2t — Xt+i)-

Finally, the auxiliary equation (70) was already introduced above in

(30) for period t. For the optimal monetary policy in period ¢, the

central bank first-order conditions are

e} + & — & +E0 =0, (T1)

~ ~% (0% ﬂ.P "Y ﬂ_w
2)‘§(yt—y)—9011_at —802<1_a+0>§t =0, (72)

— 1€+ a7 €Y — BEES, =0,  (73)
g -l -6 =0, (T4

where &£ " & Y and &” are the Lagrange multipliers associated with
constraints (68)—(70) in period ¢. The targeting rule that defines the
optimal monetary policy in the EHL model consists of equations
(68)—(74), which provide solution paths for the seven endogenous
variables 77, 7, @y, Ur, £, &F, and €Y. The IS curve (31) together
with the output-gap definition, y; = ¥ — /@\t, can be added to the
system to determine current output and the required move on the
nominal interest rate, 7; and Ry.
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