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Abstract
This paper provides a survey on the recent literature on the new
Keynesian Phillips curve: the controversies surrounding its
microfoundation and estimation, the approaches that have been
tried to improve its empirical fit and the challenges it faces
adapting to the open-economy framework. The new Keynesian
Phillips curve has been severely criticized for poor empirical
dynamics. Suggested improvements involve making some
adjustments to the standard sticky price framework, e.g.
introducing backwardness and real rigidities, or abandoning the
sticky price model and relying on models of inattentiveness,
learning or state-dependant pricing. The introduction of open-
economy factors into the new Keynesian Phillips curve
complicate matters further as it must capture the nexus between
price setting, inflation and the exchange rate. This is nevertheless
a crucial feature for any model to be used for inflation forecasting
in a small open economy like Iceland.
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1. Introduction

The use of dynamic stochastic general equilibrium (DSGE) models with a solid
microeconomic foundation and market imperfections has become increasingly popular in
academic macroeconomics. The precise modelling approach to imperfections in the goods,
factor and financial markets in DSGE models cover the waterfront in today’s
macroeconomics. This development has not gone unnoticed by policy-making institutions.
The gap between academic macroeconomic models and applied policy models has decreased
in recent years. This is a reflection of a wider convergence between monetary theory and
policy making in practice. As Walsh (2006) notes: “Today ... [c]entral banks employ DSGE
models for policy analysis. Policy makers think in terms of rules. They recognize the value of
credibility and commitment. They try to reduce uncertainty in markets by providing
information about the likely future path of interest rates. All these characteristics of the
modern practice of policy have been grounded in recent developments in monetary theory.
And academic economists are focusing their analysis on issues that are of interest to and of
practical relevance for policy makers”, (Walsh, 2006: 23).

This union of academic and applied policy models is evident in the trend in
macroeconomic model building at policy-making institutions. There has been a clear
tendency away from the large-scale disaggregated models of the 1970s towards tractable
small- and medium-sized models, well suitable for medium-term policy analysis, which is the
basis for efficient monetary policy making in an uncertain environment. The older large-scale
models were criticized on a number of fronts, e.g. for lacking microeconomic foundation,
their treatment of expectations formation, their forecasting abilities in comparison to simple
vector autoregression (VAR) models, their underlying econometric methodology
(identification, and dealing with non-stationarity) and their modelling of the cost of
disinflation in terms of output losses." In the words of Pesaran and Smith (1995): “the
models did not represent the data ... did not represent the theory ... were ineffective for

practical purposes of forecasting and policy”, (Pesaran and Smith, 1995: 65-66).

I Diebold (1998) surveys the main literature and provides the classic references, Bardsen et al. (2005) supply a
recent update on the methodological issues, Fukac and Pagan (2006) categorize macroeconomic models into
four generations, where fourth generation models are DSGE models or at least models that incorporate DSGE
features, Brayton et al. (1997) describe the evolution of macro models used at the U.S. Federal Reserve Board,
Coletti et al. (1996) review the history of macroeconomic modelling at the Bank of Canada and Spencer and
Karagedikli (2000) reflect on the New Zealand experience. Pagan (2003) discusses the trade-off between
theoretical and empirical coherency and how models used at central banks try to resolve this trade-off.



DSGE models represent an ambitious attempt to combine progress in
macroeconomic theory, structural forecasting and practical monetary policy making. They
build on a foundation of rigorous stochastic dynamic optimization and are thus not as
exposed to Lucas’ (1976) critique as their earlier counterparts. Disagreement remains on the
precise structure of these models and how well they manage to combine theoretical
consistency and empirical coherency.

The adaptation of DSGE models to practical use in policy making is a red-hot
research area in some of the main policy institutions in the world, including; U.S. Federal
Reserve, European Central Bank, Bank of England, Bank of Canada, Reserve Bank of New
Zealand, Central Bank of Chile, Sveriges Riksbank, Norges Bank, Bank of Finland and the
IMF.* Many issues remain unsolved. First, the precise modelling of the microeconomic
foundation of DSGE models with regard to imperfections in various markets, price setting
and expectations is still controversial. Second, various estimation approaches to DSGE
models have been tried, e.g. maximum likelihood, general method of moments and Bayesian
approach, while others favour calibrating methods. Third, forecast performance of these
models has to be tested more thoroughly and how vulnerable they are to misspecifications.
Fourth, the ability of these models to communicate clear stories to policy makers and the
public needs to be analysed. Finally, another burning research issue is extending DSGE
models to an open-economy framework.’

The Central Bank of Iceland is interested in DSGE models and is looking into
building such a model if they prove to be a helpful and supportive tool for inflation
targeting. But model building is a time-consuming effort and a stone by stone approach can
often be well advised, especially when the bank currently has a new reasonably well-
functioning core model. The first stone is to survey the landscape and collect the most up-

to-date knowledge of these models.

2 See Edge et al. (2005a,b,c), Juillard et al. (2005a,b), Smets and Wouters (2004) and Erceg et al. (2006) for
DSGE models of the US economy, Smets and Wouters (2003), Adolfsson et al. (2005¢), and Jondeau and
Sahuc (2006) for the euro zone, Harrison et al. (2005) for Britain, Binette et al. (2004), Moran and Dolar (2002),
and Murchison et al. (2004) for Canada, Liu (2005) for New Zealand, Medina and Soto (2005) for Chile,
Adolfsson et al. (2005a,b) and Curdia and Finocchiaro (2005) for Sweden, Qvigstad (2005) for the development
within Norges Bank, Kilponen et al. (2004) for Finland, and Laxton and Pesenti (2003) for IMEF’s new GEM
model.

3 For discussion on some of these issues, see Fukac and Pagan (2000), Alvarez-Lois et al. (2006), Del Negro,
Schorfheide, Smets, and Wouters (2006), Del Negro and Schorfheide (2003, 2005), Sims (2002), An and
Schortheide (2005), and Adolfsson, Andersson, Lindé, Villandi and Vredin (2005).



This paper focuses on the ongoing theoretical development of the structure of the
supply-side of small-scale DSGE models, which is most often represented by a version of
the new Keynesian Phillips curve. It provides a bird’s eye view of the recent literature on the
new Keynesian Phillips curve: the controversies surrounding its microeconomic foundation
and estimation, the approaches that have been tried to improve its empirical fit and the
challenges it faces adapting to the open-economy framework where it must capture the
nexus between price setting, inflation and the exchange rate. This is a crucial feature for any
model to be used for inflation forecasting in a small open economy like Iceland.

The paper is structured in the following way. Section 2 discusses the development of
new Keynesian economics, which is the main framework used in modern monetary analysis.
Section 3 examines the microfoundation of the new Keynesian Phillips curve, with special
emphasis on its measure of excess demand and how different price setting structures lead to
different specifications of the new Keynesian Phillips curve. Section 4 takes a look at the
stylized facts of inflation dynamics and how the new Keynesian Phillips curve has problems
with fitting the data. Section 5 provides an overview of the three groups of approaches,
which have been tried, to improve the empirical fit of the new Keynesian Phillips curve.
Section 6 looks at the first approach, which involves staying within the traditional sticky
price framework but making some adjustments to improve the empirical fit of the curve.
The section surveys the growing literature on the hybrid Phillips curve, the need for the
introduction of real rigidities into new Keynesian models and the so-called hazard function
approach to price setting modelling. Section 7 examines the second line of approach to
improve the fit of the new Keynesian Phillips curve, which relies on various factors from
behavioural economics and the limited information approach. Section 8 portrays some new
empirical evidence on price setting and inflation dynamics resulting from vast empirical
research in recent years and discusses what these new findings reveal about the different
modelling approaches to improving the empirical fit of the new Keynesian Phillips discussed
in the previous sections.

Section 9 looks at the adaptation of the new Keynesian Phillips curve to an open-
economy framework. Of course, all the issues discussed regarding the closed economy
Phillips curve in the previous sections are still central in the open-economy approach. The
addition of open-economy factors amplifies the complexity as new channels arise, especially

the introduction of exchange rate dynamics and shocks from abroad. The section is divided



into two subsections. First, a few controversial issues in the specification of the
microfoundation of the open economy new Keynesian Phillips curve are discussed, e.g. price
setting and exchange rate pass-through, and how it has evolved in open-economy DSGE
models. The second subsection looks at various estimations of different forms of open
economy new Keynesian Phillips curves.

Section 10 concludes with a brief summary of the main findings and a discussion on
what approach seems most promising of being able to solve the problems that the new
Keynesian Phillips curve has in fitting the empirical facts and ensuring a successful

adaptation to the open economy.

2. New Keynesian Economics

Short-run inflation dynamics is a pivotal issue in macroeconomics, model design and
monetary policy making. Various improvements have been made in model design with
regard to inflation dynamics. In the old IS-LM framework prices or wages were fixed and
there was no room for price adjustment structure. Like many of the models used in
monetary policy analysis in the 1970s and 1980s, the IS-LM model “started from curves”, its
equilibrium conditions are not the results of optimization of private agents in the economy
(see McCallum and Nelson, 1999 for a discussion on the weakness of the IS-LM paradigm).
The Phillips curve entered the economic field as a simple empirical relationship between
wage inflation and unemployment. The two last decades of the 20" century were turbulent
yet fruitful times where the Phillips curve re-entered macroeconomic models as a structural
relationship derived from first principles. The new Keynesian Phillips curve is now the
dominant approach to wage and price modelling in macroeconomics and a key relationship
in modern macroeconomic models.

Two key improvements to inflation dynamic modelling were behind the
development of the new Keynesian Phillips curve. First, explicit modelling of expectations
and the emphasis on forward-looking behaviour in the inflation process marked a great
advancement. This is of course due to the works of Friedman (1968), Phelps (1967), Sargent
(1971) and Lucas (1972, 1976). This has important consequences for monetary policy
making as pointed out by Walsh (2006). If private agents’ expectations about future inflation
are important determinants of inflation it underlines the importance of monetary policy

making to be systematic, credible and transparent. This expectational channel of monetary



policy introduces a new instrument for monetary authorities, i.e. the possibility to influence
inflation by influencing forward-looking expectations. This has led to an ongoing discussion
on the advantages of commitment versus discretion, different from the debate of the 1980s
resulting from the time-inconsistency literature (see Persson and Tabellini, 1990, for a survey
on the time-inconsistency literature). The current debate centres on the benefits from
committing to price stability even in the absence of an inflationary bias, e.g. by introducing
an official inflation target, and being transparent in formulation, communication and
implementation of monetary policy in order to anchor future inflation expectations and
improve the trade-off between stabilizing inflation and output gap volatility. Walsh (2000)
draws attention to the strong contrasts between this new transparency literature and the
policy advice of models from the 1970s through the 1990s in which policy was only effective
if policy makers succeeded in surprising private agents in the economy.

The second improvement in inflation dynamic modelling is the introduction of
implicit price and wage optimization problems within a monopolistic environment, most
often of the Dixit and Stiglitz’s (1977) type, leading to staggered price and wage setting in the
tradition of Fischer (1977), Taylor (1980) and Calvo (1983).* Kimball (1995) and Yun (1996)
were the first to introduce Calvo price setting into stochastic, optimizing-agent models.
Earlier combinations of monopolistic competition and staggered price setting, e.g Svensson
(1986), Blanchard and Kiyotaki (1987), Blanchard and Fischer (1989), Akerlof and Yellen
(1991), were either static, not based on explicit optimization problems of all agents in the
economy or partial equilibrium models.

These two improvements are vital ingredients in new Keynesian economics, which is
the main workhorse framework used in modern monetary policy analysis in a closed
economy framework.” New Keynesian models represent a convergence between (i) simple
(static) policy-oriented models, such as the IS-LLM model, (ii) Keynesian emphasis on the role
of monopolistic competition, markups, and costly price adjustments (e.g. Mankiw and
Romer, 1991), and (iii) dynamic general equilibrium models with their roots in the real

business cycle literature (see e.g. Kydland and Prescott, 1982, Long and Plosser, 1983,

* In monopolistic competition, there is a large number of firms, each producing differentiated products that
buyers view as close, though not perfect, substitutes for one another. Each firm therefore has enough pricing
power in the market for its particular product variant, that it can charge a price at a mark-up over its marginal
cost of production.

> Goodfriend (2004) prefers the term “New Neoclassical Synthesis”, which refers to Paul Samuelson’s original
attempt to bridge the gap between classical and Keynesian economics in the 1950s.



Prescott, 1986). The on-going debate on the appropriate specification of new Keynesian
models, which is reflected in part in this paper, does not suggest that this convergence is yet
complete. Diverse modelling approaches are still confronted and they give rise to different
policy-implications. Krugman (2000) and Mankiw (2006) both refer to this convergence as a
truce rather than a synthesis.

New Keynesian models range from small-scale canonical models without a solid
microfoundation, which yet provide a stylized representation of the key aggregates in the
economy whilst capturing the essence of the transmission mechanisms of monetary policy,
to full-blown DSGE models where equilibrium levels are derived from optimization
problems faced by consumers, workers, producers, investors, and even monetary authorities
in an environment characterized by various forms of rigidities.’

New Keynesian models provide a tractable framework for analysis of optimal
monetary policy design for a closed economy. The combination of dynamic optimizing
agents, nominal rigidities and other market imperfections provides better understanding of
transmissions of various types of shocks and allows for the derivation of optimal policy
based on welfare analysis.

A small-scale new Keynesian model for a closed economy basically consists of three
components. The demand block is represented by an expectational 1S curve, which is a linear
approximization to the representative household’s intertemporal Euler equation. This relates
the level of real activity to expected (and sometimes past) real activity and the real interest
rate.” The supply block is represented by a price setting equation - the new Keynesian Philljps
curve - which can be derived from various price setting behaviour, as will be discussed later. It
relates inflation to expected (and sometimes past) inflation and a measure of excess demand.
The model is closed by a monetary policy rule, which can either be directly specified or derived
from the minimization of a central bank’s loss function, which again can be derived from the

maximization of the representative household’s utility function as shown by Woodford

¢ DSGE macroeconomic models used for quartetly economic forecasting in practice at central banks, e.g.
BEQM at the Bank of England and JEM at the Bank of Japan, are more complex in structure as they seck to
have a well defined steady state and a careful accounting of stock-flow relations. These models are sometimes
built in two distinctive parts: (i) a theoretical core part, which is a structural DSGE model, and (i) an ad hoc
non-core part, which includes additional variables and short-run dynamics not captured by the structural model
in the core part, (see Harrison et al., 2005). Other larger DSGE models use an integrated approach and rely on
Bayesian estimation methods, e.g. Smets and Wouters (2003), Adolfsson et al. (2005b).

7 In the new Keynesian framework, each variable is most often expressed in terms of its deviation from
equilibrium, i.e. in “gap” terms.



(2001). The policy interest rate setting is thus commonly a reaction function where the
monetary authorities respond to the output gap and (expected) inflation.” These small-scale
models are simple, coherent and plausible models of the monetary transmission mechanisms
and are consistent with the view that the fundamental role of monetary policy is to provide
an anchor for inflation and inflation expectations. An extensive literature has dealt with
optimal monetary policy design in such a framework in recent years, e.g. Taylor (1999),
Svensson (1999), Clarida, Gali and Gertler (1999), Woodford (2003a) and Walsh (2003).

This paper centres on the Phillips curve, which is one of the most important and
controversial relation in macroeconomics. The Phillips curve has developed immensely since
it was first introduced as a simple statistical relationship between money wage growth and
unemployment by Phillips (1958). Few economic relations have caused as much a stir
amongst economists and policy makers around the world as the Phillips curve. It has been
blamed for the Great Inflation of the 1970s as it convinced many economists and policy
makers at the time that there was a reliable and exploitable trade-off between the level of
unemployment and the inflation level, even in the long run. The Phillips curve has
undergone recurrent revisions as macroeconomics has evolved with the introduction of
rational expectations, intertemporal optimization and various rigidities. It has developed
from being a pure statistical relationship found in the data in the 1950s and 1960s, to being
nearly declared dead in the 1970s and 1980s, and resurrected in the 1990s.”

The major issues regarding the Phillips curve have been (i) the choice of variables to
include in the relationship, (ii) the modelling of its microfoundation, especially regarding
price setting, expectations and various rigidities in the goods, labour and capital markets, and
(iii) the optimal estimation approach. The ongoing debate on the Phillips curve, which has
lasted for almost a half a century now, is the result of disagreement on these issues.

The introduction of open-economy factors complicate matters further as they
influence all the issues mentioned above: new variables have to be included, the
microfoundation is altered and estimation is made more difficult. Exchange rate economics
is filled with puzzles and exchange rate forecasting is one of the most difficult tasks for

economists. But although open-economy elements complicate modelling and estimation

8 Berg et al. (2006a,b) provide an overview of the new Keynesian model approach to monetary analysis and a
practical how-to guide for building such models and using them for forecasting.
? See Mankiw (2006) and Woodford (1999) for good overviews of the development of macroeconomics.



efforts it is crucial for policy-makers to have efficient tools for policy analysis. Introducing
open-economy factors into DSGE models is thus at the top of the agenda at many policy

institutions around the world.

3. The Microfoundation of the New Keynesian Phillips Curve

In the forward-looking new Keynesian Phillips curve, inflation 7, is a function of expected

future inflation E,7,,, and some measure of (log) real disequilibrium §, :

ﬂ-t =ﬂEt7zt+l +§§t (1)

where f is a traditional utility discount factor and the coefficient ¢ is a function of
underlying model parameters, amongst them the degree of price stickiness, as discussed later.
The new Keynesian Phillips curve, expressed in equation (1), can be derived from a model of
optimizing price setting firms assumed operating within a monopolistic competition facing
constant demand elasticities and subject to barriers to price adjustments. This section looks
at how different price setting modelling approaches lead to different Phillips curves and the

question of the appropriate measure of the real disequilibrium factor.

3.1 Price Setting

An important issue in the specification of the new Keynesian Phillips curve is the form of its
price setting structure. As discussed earlier, the combination of monopolistic competition
and the staggered price setting approach within a general equilibrium framework marked a
great improvement in inflation dynamic modelling. Arrow (1959) was the first to note that
the assumption of some degree of market power is crucial for any discussion on firm’s
pricing decision. In a Walrasian economy, every firm is a price-taker and the market clears in
equilibrium where price equals marginal cost (P=MC). In contrast, a firm operating in an
imperfect competitive environment takes into consideration the downward-sloping demand
curve for its product and sets price at a mark-up over marginal costs to maximize profits
(this matk-up is given by (P-MC)/P or simply P/MC, which is a monotonic transformation

of the former and the inverse of real marginal cost)."” The relation between prices, marginal

10 Dixit and Stiglitz’s (1977) monopolistic competition model is the standard form of imperfect competition in
new Keynesian economics. It is characterized by the constant elasticity of demand, which excludes all dynamic

10



costs and the mark-up, and how they affect aggregate demand, are crucial in new Keynesian
models, as discussed later.

Dynamic price adjustment has traditionally been modelled as either state-dependant or
time-dependant. The former represent price changes in a cost-benefit analysis framework where
firms readjust their prices if the profit from doing so exceeds the cost of adjustment. The
duration of price stickiness in state-dependant models is thus endogenous and a function of
the state of the economy. These models are hard to solve and will not be discussed in much
detail in this paper. The latter assumes that firms change their prices on an exogenous
schedule that is unaffected by the state of the economy. The staggered price-setting
approach belongs to the time-dependant group. It emphasizes the nature of the price
decision itself and the environment that this decision is taken in. It was originated to explain
the empirical findings on price setting that prices change infrequently.

The new Keynesian Phillips curve can be derived from various versions of time-
dependant price setting in a closed economy framework as shown by Roberts (1995) and
discussed in Taylor (1999). These versions include Taylor’s (1980) fixed duration staggered
wage-price contract setting, Calvo’s (1983) random time-dependant price setting and
Rotemberg’s (1982) adjustment cost price setting, which is not strictly time dependant but its
implications are similar to time-dependant models as shown by Roberts (1995).

Let us take a closer look at Calvo’s (1983) random time-dependant pricing as it is so
commonly used in DSGE models. In his framework, each firm resets its price with
probability (1-6) each period, as each adjustment opportunity occur randomly and
independently of the time that has passed since its last price adjustment. The number of
firms is assumed large and they are further assumed identical, apart from their differentiated
products and the timing of their price adjustments.'’ Hence, (1-0) represents the fraction of

firms adjusting their prices in each period and 6 denotes the portion of firms keeping their

prices unchanged. The aggregate price level, p,, is then a combination of the lagged price

level, p, ,, and the optimal price, p,, chosen by the set of firms that adjust their prices in

elements into the response of demand to prices, and makes the profit-maximizing mark-up over marginal costs
constant regardless of changes in demand or in the cost of production. Mark-ups nevertheless vary in
traditional sticky-price models as firms cannot all charge the desired mark-up without cost.

1 If these assumptions are coupled with monopolistic competition, which is the traditional way of introducing
market power in new Keynesian models, firms are also assumed to use the same production technology and
face demand curves with constant and equal demand elasticities.

11



that period: p, =@p, , +(1—8)p, (each variable expressed in terms of percent deviation

from a zero inflation steady state). The average time over which a price is fixed is given by
(1—9)2 k6" =(1-6)". Hence, if §=0,75 in a quarterly model, prices are fixed on
k=0
average for a year. This price frequency interpretation is only valid if either there are
common factor markets or capital is fixed such that it is independent of the pricing decision
made by the individual firm, as discussed later.
The optimal price, set at time 7 by the set of firms adjusting their prices in that
period, is the price that maximizes expected discounted profits subject to the process for

determining when the firm will next be able to adjust. This can be expressed as

pl=(1- ﬁe)iwe)"Ef fmer.,} ®

Thus, firms consider the expected future path of marginal cost in light of the

probability that their prices may remain fixed for a number of periods. Combining this with
the expression for the aggregate price level and denoting the inflation rate as 7, = p, — p, |,

makes it possible to derive a typical forward-looking new Keynesian Phillips curve:
ﬂt =ﬂEt{7[z+l}+ ﬂmct (3)

_(1-6)1-59)

where B is a discount factor, 4, =————"—=is a function of the frequency of price

adjustment, @, and mc, is the percent deviation of the firm’s real marginal costs from its

steady state level. The new Keynesian Phillips curve in equation (3) is often expressed in
terms of an output gap instead of marginal cost, as will be discussed shortly.

Recently, a limited information approach to price setting has been introduced. In the so-
called inattentive version of this approach, price adjustment is recursively time-contingent, as
rational agents choose only to sporadically update their information sets and plans, as

information is costly to acquire, absorb and process. This type of price setting gives rise to a

12



different kind of Phillips curve than is normally referred to as new Keynesian, although it is
very Keynesian in spirit.

Mankiw and Reis (2002) introduced sticky information price setting in the limited
information tradition. Sticky information represents a different kind of barrier to price
adjustment than the popular Calvo framework. Their sticky-information model is based on
the assumption that information spreads slowly throughout the economy. In contrast to the
Calvo type staggered price models, every firm sets its price every period, but firms gather
information and work out optimal prices slowly over time. In their sticky-information model,
A represents the fraction of firms that obtains new information concerning the state of the
economy and calculates a new trail of optimal prices.

The inattentive approach is evolving into a fully-fledged macroeconomic model and

will be discussed in detail in section 7.1.

3.2. The Measure of Real Disequilibrium

A second important issue in the specification of the new Keynesian Phillips curve in
equation (1), in addition to its price setting structure, is its measure of the real disequilibrium.
Unemployment, relative to the natural rate, or the output gap, defined as the gap between
actual and potential output, were the measures of real disequilibrium used in the traditional
version of the Phillips curve. According to the new Keynesian version, real marginal cost
(MC/P) is the correct measure of the real disequilibrium that drives inflation, see equation
(3). This stems from the fact that marginal cost of production is a crucial factor determining
how a monopolistic firm sets its price, as discussed earlier. The aggregate price level, and
hence inflation, is an accumulation of these pricing decisions. This relationship between the
behaviour of an individual firm’s marginal cost, its mark-up and the dynamics of inflation is
vital in new Keynesian models.

Until recently it was common to relate real marginal costs to an output gap measure
and thus use an output-gap based version of the new Keynesian Phillips curve instead of a
marginal-cost based Phillips curve. This simplification of a proportionate relation between
real marginal costs and the output gap relies on strict assumptions regarding technology,
preferences and labour market structure, e.g. that all firms use a Cobb-Douglas production
technology and face a common wage, and hence marginal cost is the same for all firms and

independent of the production level of each firm. This simplification has been criticized and
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lately the labour share has increasingly been used as a proxy for marginal cost instead. In a
simple Cobb-Douglas technology setting, the labour share is proportional to real marginal
costs. But this approach has also been challenged, as will be discussed shortly.

A third important issue regarding the new Keynesian Phillips curve is how it fits the

data. This is the subject of the next section.

4. Inflation Dynamics and the New Keynesian Phillips Curve

The new Keynesian Phillips curve is far from being unanimously agreed upon and as Gali
and Gertler note “[r]econciling the new [Keynesian] Phillips curve with the data, has not
proved to be a simple task”, (Gali and Gertler, 1999: 201). Empirical research into the nature
of inflation dynamics is a classic task for economists and a continuing undertaking by

monetary authorities and various other institutions.

4.1 The “Stylized Facts” on Inflation Dynamics

The “stylized facts” on inflation dynamics are the following (see Fuhrer and Moore, 1995,

Rogoff, 2003, Favero, 2001, and Melick and Galati, 2000):

- near universal fall in inflation in recent years;

- inflation persistence, i.e. there is a large amount of inflation inertia, although it seems
to be declining in recent years in connection with decreasing mean inflation;

- there is a short-run trade-off between inflation and real activity;

- inflation initially responds little to changes in monetary policy and they have their full
impact with lags of up to two years;

- disinflationary policies have contractionary effects on output;

- maximum effects of changes in monetary policy have their impact on output before

inflation.

The global disinflation has been attributed to improved monetary and fiscal policy
making and better policy institutions, increased competition due to globalization of markets
and productivity trends. This feature is often modelled by introducing a regime change,

increased credibility or by a time-varying inflation target in new Keynesian models.

12 Mankiw (2001) discusses the “inexorable and mysterious” trade-off between inflation and unemployment, as
he calls it.
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Cecchetti and Debelle (2006) provide a recent survey of the existing evidence on
inflation persistence. First, they cite a number of studies that have found that the
autocorrelation (AR) coefficient is often close to one in many countries when estimated on
data over the past twenty years. Second, they refer to some more recent papers that have
looked at whether persistence has changed over time. Studies using rolling regressions have
found that the AR coefficient has declined significantly over the past decade in many of the
main industrialized countries. Other studies, which allow for a structural break in the mean
of inflation, also find considerably declined persistence. Research into price setting behaviour
and inflation persistence has amplified lately and the use of disaggregated data and surveys
has increased. The results will be discussed in more detail in section 8.

The degree of inflation persistence is important for monetary policy making for a
number of reasons. First, stabilizing inflation following adverse shocks is more expensive in
terms of output losses when the degree of inflation persistence is higher, i.e. the sacrifice
ratio is higher. Second, persistence can undermine the anchoring of inflation expectations,
which is a fundamental role of monetary policy. Finally, the effects of monetary policy are

delayed by higher persistence, as will be discussed shortly.

4.2. Empirical Fit of the New Keynesian Phillips Curve
Mankiw (2001) discusses three failures of the new Keynesian Phillips curve. First, Mankiw

cites Ball (1994a, b), which shows that a fully credible disinflation can cause an economic
boom in a new Keynesian model with rational expectations contrary to empirical facts.
Mankiw reaches the same result using impulse response function analysis where he shows
that a contractionary monetary shock, which causes a decline in inflation, is found to cause
falling unemployment contrary to empirical facts.

Monetary authorities around the world recognize that there is a short-run trade-off
between stabilizing inflation and output. There is also a widespread agreement that
policymakers should try to stabilize both inflation and output. This trade-off is illustrated by
a stylized Taylor curve (sometimes called the efficient monetary policy frontier), which
represents the set of variance-minimizing combinations of inflation and output that are
technically feasible. This trade-off is in variances, not levels, contrary to what was a popular
interpretation of the original Phillips curve version. Svensson (1999) notes: “there is

considerable agreement among academics and central bankers that the appropriate loss
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function both involves stabilizing inflation around an inflation target and stabilizing the real
economy, represented by the output gap .... Inflation targeting central banks are not what
King (1997) referred to as ‘inflation nutters’ ... Thus, it seems non-controversial that real-
world inflation targeting is actually flexible-inflation targeting”, (Svensson, 1999: 200-202).
New Keynesian models have had problems producing such a trade-off endogenously and
have commonly added an ad hoc cost push shock to equation (1). But of course, “this is a
fix, not an acceptable solution” as coined by Blanchard and Gali (2005: 17).

A number of approaches have been tried to derive a microfoundation for such cost
push shocks. Steinsson (2003) models two potential sources: time varying income taxes and
time varying monopoly power of producers. He finds that for reasonable calibrations of the
model, the former approach results in very small shocks while the latter is capable of creating
large disturbances to the Phillips curve. Ravenna and Walsh (2006) show that an endogenous
cost-push shock arises, and thus an endogenous trade-off between stabilizing the variability
of inflation and the output gap, when a cost channel for monetary policy is introduced into a
new Keynesian model. A cost channel is present when a firm’s marginal cost depends
directly on the nominal interest rate. Interest rates also appear in a firm’s marginal cost in the
model in Christiano, Eichenbaum and Evans (2005). They note that a drop in interest rates
after an expansionary monetary policy shock pushes marginal costs down and that this effect
is strong enough to bring about a temporary fall in inflation. Blanchard and Gali (2005) also
get an endogenous trade-off between the stabilization of the variances of inflation and the
output gap when labour market imperfections are introduced into a DSGE model, as will be
discussed later. An endogenous trade-off also arises in Monacelli’s (2005) model when
exchange rate pass-through is incomplete.

Second, Mankiw (2001) cites Fuhrer and Moore (1995) who show that a staggered
Taylor model has trouble generating the degree of inflation persistence found in the data. In
Taylor’s setup, prices are set as a mark-up over marginal cost in a sequence of overlapping
wage contracts, lasting for a fixed number of periods. Shocks affect prices via wages and
price-level persistence increases with the length of the wage contracts. But although prices
display inertia, inflation does not need to exhibit persistence. This persistence problem applies to
the forward-looking new Keynesian Phillips curve, whether it is derived from Taylor (1980)
or Calvo (1983) pricing. In Calvo’s setup, price setters are forward-looking and inflation can

jump immediately to its new level in response to a shock. The only inertia in inflation is

16



inherited from the inertia in its driving variable, i.e. real marginal costs. Kiley (2002) has
nevertheless shown that Taylor’s setup displays less price-level persistence than Calvo’s, as
some prices remain fixed for many periods in Calvo’s settings but price-level persistence in
Taylor’s framework depends on wage stickiness and no wages remain fixed longer than the
duration of the longest contract.

Price-level persistence and inflation persistence have different implications for
monetary policy making. Disinflations are costly, in terms of output losses, in case of the
latter but not in the former unless monetary policy lacks credibility.

Rudd and Whelan (2006) emphasize that the persistence problem faced by the new
Keynesian Phillips curve is not that it cannot match the autocorrelation of inflation found in
the data, as discussed by e.g. Fuhrer and Moore (1995), but that it fails to account for the
empirical importance of lagged inflation in reduced-form inflation equations, even after
having conditioned on driving variables for the inflation process. They note that when the
new Keynesian Phillips curve specification is combined with the assumption of rational
expectations, it makes a very precise prediction about inflation dynamics. This can be seen

by applying repeated substitutions to equation (1), which yields:
7[[ =§ZﬂkEt§t+k (4’)
k=0

This implies that inflation depends solely on current and expected future values of the real
disequilibrium (expressed by the output gap or the labour share). But this does not mean that
the new Keynesian Phillips curve cannot predict a highly autocorrelated inflation rate. In fact
it does so as long as the measure of real disequilibrium is highly autocorrelated, which
applies to de-trended output and the labour share according to Rudd and Whelan (2000).
Kiley (2005) also provides evidence of inertia in the labour share.

The third failure of the new Keynesian Phillips curve, according to Mankiw (2001), is
that it is incapable of producing empirically plausible impulse response functions to
monetary policy shocks. According to empirics, monetary shocks should have a delayed and
gradual effect on inflation. In contrast, according to the new Keynesian Phillips curve the
purely forward-looking inflation can adjust immediately to changes in monetary policy. This

also contrasts the empirical fact that nominal shocks appear to have their greatest effect on
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inflation only after they have their maximum effect on real activity. Mankiw (2001) thus
concludes: “Although the new Keynesian Phillips curve has many virtues, it also has one
striking vice: It is completely at odds with the facts. In particular, it cannot come even close
to explaining the dynamic effects of monetary policy on inflation and unemployment,”
(Mankiw, 2001: C52).

Chari et al. (2000) discuss another persistence problem that sticky price models have,
closely related to Mankiw’s discussion on the third failure of the new Keynesian Phillips
curve: “The central challenge to a theory of monetary business cycles is to find a solution to
the persistency problem. Monetary economists have long searched for a mechanism that has
a multiplier effect in the sense that small frictions lead to long periods of endogenous price
rigidity and, hence, persistent output movements. Here we find that the staggered price-
setting mechanism is not the long-sought solution”, (Chari et al, 2000: 1177). Dotsey and
King (2000) point to the irony of this real output persistence problenr. “Though built with
increasingly precise microfoundations, modern optimizing sticky price models have
displayed a chronic inability to generate large and persistent real responses to monetary
shocks .... This is an ironic finding, since Taylor (1980) and other researchers were
motivated to study sticky price models in part by the objective of generating large and

persistent business fluctuations”, (Dotsey and King, 2000: 1).

5. In Search of Improvements

Various approaches have been tried to improve the empirical fit of the new Keynesian
Phillips curve. They can broadly be categorized into three groups.

The first approach involves staying within the traditional sticky price framework,
which commonly uses Calvo’s (1983) random time-dependant price setting, but making
some adjustments. These adjustments come in four forms. The first adjustment involves
abandoning the assumption of rational expectations and allowing for some backwardness by a
share of agents in expectation formation and price setting in order to produce inflation
inertia. This has been done by assuming a rule of thumb price behaviour by some firms (Gali
and Gertler, 1999) or some form of price indexation (Christiano, Eichenbaum and Evans,
2005, and Smets and Wouters, 2003).

The second adjustment to the traditional sticky price framework emphasizes the

importance of using a measure of real marginal cost instead of the output gap as the driving
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variable in the Phillips curve, as the relative relationship between marginal cost and the
output gap is very unstable. Gali and Gertler (1999) combine these two approaches, as
discussed in the next section.

The third adjustment to the traditional sticky price framework involves introducing
various forms of real rigidities, e.g. sticky wages and firm-specific capital, to solve the
persistence problem. Christiano, Eichenbaum and Evans (2005), Erceg, Henderson and
Levin (2000) and Blanchard and Gali (2005) follow this approach.

The fourth adjustment to the traditional sticky price framework entails allowing the
probability of price adjustment to increase with the duration of price stickiness such that
firms are more likely to change their prices as time passes from their last adjustment. This is
in line with results from various studies on price setting behaviour, as discussed later. This
hazard function model of price adjustments is analysed by e.g. Sheedy (2005) and Alvarez, Burriel,
and Hernando (2005).

In addition to the above, most traditional sticky price models include an ad hoc cost
push shock in order to get a trade-off between stabilizing inflation and output, as discussed
earlier.

The second approach to improve the new Keynesian Phillips curve follows a
different path. It abandons the traditional sticky price framework and incorporates various
factors from Phelps’ (1970) limited information approach and behavioural economics. This
approach comes mainly in two forms. First, there is zhe inattentive model of limited information
emphasized by e.g. Mankiw and Reis (2002), Ball, Mankiw and Reis (2005), Reis (2006) and
Reis (forthcoming). Second, there is #he learning model studied by e.g. Milani (2005a, b).

The third approach to improve the new Keynesian Phillips curve relies on state-
dependant price setting. Dotsey, King and Wolman (1999) introduced state-dependant price
setting into a DSGE model. Dotsey and King (2005) provide a recent update. Gertler and
Leahy (2000) derive an analytically tractable Phillips curve based on state-dependant pricing,
which they claim is able to match the micro evidence on price setting although they have
problems accounting for the persistence of inflation. Danziger (1999) and Golosov and
Lucas (2003) emphasize that state-contingent models reduce the real impact of monetary
policy shocks. These results seem to indicate that state-dependant price setting is not a likely

solution to the real output persistence problem. Furthermore, models that rely on state-
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dependant pricing are much harder to solve than standard sticky price models. This
approach will not be dealt with in this paper.
The following discussion will discuss the first two approaches to improving the new

Keynesian Phillips curve.

6. Improvements to the Sticky Price New Keynesian Phillips
Curve

The first approach to improve the empirical fit of the new Keynesian Phillips curve involves
making some adjustments to the standard sticky price version. These adjustments entail
allowing for some backwardness in expectation formation and price setting, using the labour
share rather than the output gap as a driving variable, introducing some forms of real
rigidities or applying the so-called hazard function approach to pricing. This section will

discuss each in turn.

6.1 Hybrid, Marginal Cost-based Phillips Curve
Gali and Gertler (1999) propose a hybrid marginal cost based Phillips curve, where they

assume that a subset of firms set prices according to a backward-looking rule of thumb.

Hence, lagged inflation enters the Phillips curve as an independent variable:

7, = Ame, + 7/E, {”m}"' V7 ©)

where A=(1-w)1-6)1-£6)/¢, y,=p6/9, y,=0/$, and ¢=6+all-601-p)].
They emphasize that the hybrid Phillips curve in (5) differs in two important ways from
other hybrid versions used in earlier empirical work, e.g. by Fuhrer and Moore (1995). First,
the coefficients in the hybrid Phillips curve are all explicit functions of three model structural
parameters: the degree of price stickiness, €, the degree of “backwardness”, @, and the
discount factor, . Woodford (2005) discusses how this interpretation is limited to the case
of common factor markets, as discussed later.

Second, real marginal costs are used as a measure of demand pressure as opposed to
an output gap. Much discussion has centred around whether and under what circumstances
real marginal cost can be related to an output gap measure. A desirable feature of changing

to a marginal cost-based Phillips curve, according to Gali and Gertler, is that it directly
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accounts for productivity gains and wage pressures on inflation, which are often missed by
using the output gap. In addition, traditional output gap estimation methods are fraught with
large uncertainties which can affect the empirical fit of an output-gap based Phillips curve.
Real marginal costs are of course unobservable. Gali and Gertler (1999) propose
using average unit labour costs to measure nominal marginal cost, which means using the
labour share of income as a proxy for real marginal cost. This proposal relies on a Cobb-
is given by Y, = A4 K™* N, (A, denotes

Douglas technology setting where output, Y,,

technology, K, capital, and N, labour). In this setting, real marginal costs are given by the

ratio  between real wages and the marginal product of labour, ie.
S

MC, =W,/ P)/(dY,/dN,)=—- , whete S=W,N,/PY, is the labour income share.
al’l

Expressed in terms of deviations from the steady state, this becomes: mc, =, .

Gali and Gertler’s (1999) main results are the following: First, that the labour share is
a statistically significant driving variable of the inflation process. Second, that forward-
looking behaviour dominates price setting, although backwardness is statistically significant it
is of limited quantitative importance. Thus, although the forward-looking new Keynesian
Phillips curve is rejected by the data, it is a reasonable approximation to the inflation process.
They stress further research into the cyclical behaviour of marginal costs, as discussed later.

Angeloni et al. (2005) note that there are four sources of inflation persistence in a
hybrid model such as in Gali and Gertler (1999), corresponding to each of the right-hand-
side terms (a cost-push shock is added to the hybrid model in equation (5)): (i) Mark-up gap
persistence, which they call “extrinsic persistence”, (ii) backwardness in the price-setting
mechanism (“intrinsic persistence”), (iii) persistence due to inflation expectation formations
(“expectations-based persistence”), and (iv) persistence in the stochastic error term (“error-
term persistence”). Cecchetti and Debelle (2006) argue that “the price setting process itself is
unlikely to be a source of positive persistence — indeed the opposite may be true. With
forward-looking behaviour, persistence will be zero. ... The inflation expectations process is
therefore the likely source of inflation persistence.”, (Cecchetti and Debelle, 2006: 318).

Blanchard and Gali (2005) refer to this appending of a lagged inflation term in
equation (5) as “a fix, not an acceptable solution” (Blanchard and Gali, 2005: 24). Christiano,

Eichenbaum and Evans (2005) introduce a variant of Calvo’s (1983) price mechanism where
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firms that cannot re-optimize their prices use dynamic price indexation. Smets and Wouters
(2003) use a similar approach in their DSGE model for the euro area, although they allow
for partial indexation. Blanchard and Gali (2005) refer to this kind of indexation as an
“unconvincing fix, with little basis in fact”, (Blanchard and Gali, 2005: 24).

Vast efforts have been put into empirical work on new Keynesian models of price-
setting, inspired by the acclaimed success of hybrid marginal cost-based new Keynesian
Phillips curves by Gali and Gertler (1999) and Sbordone (2002). Several authors have
criticized their approach and questioned their results. The disagreement has mainly focused
on five issues: First, what do the empirical results reveal about the importance of forward-
looking versus backward-looking variables in the relationship? Second, which estimation
approach to the new Keynesian Phillips curve should be used? Third, should real marginal
costs be represented by the labour share or an output gap in the Phillips curve? Fourth, is
further research into the dynamics of real marginal costs needed, e.g. with regard to
modelling labour market rigidities. Fifth, how many lags of inflation should be included in
the hybrid specification. Finally, some have claimed, e.g. Rudd and Whelan (20006), that the
whole approach to price setting modelling has to be revised as the new Keynesian Phillips

curve fails to fit the empirical results on inflation dynamics.

6.1.1 Backward- or Forward 1 ooking?

The values of ¥, and ), in equation (5) are very critical for the relationship between

monetary policy, inflation and real activity. If inflation expectations are entirely forward-
looking (¥, =0) equation (5) becomes equal to the fully forward-looking Phillips curve in
equation (1), which can be solved forward to show that inflation is simply equal to the sum
of all future expected gaps (disequilibria). Berg et al. (2006a) refer to this as the “speedboat”
economy, as a small (if perceived to be persistent) hike in policy interest rates will have a
large and simultaneous effect on current inflation. If y, is zero, the Phillips curve is
backward-looking and current inflation becomes a function of all lagged values of the gaps.
In this case, the effects of monetary policy are more gradual and only an accumulation of

many periods of interest rate adjustments can move current inflation toward some desired

path. Berg et al. (2006a) refer to this case as an “aircraft carrier” economy.
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Steinsson (2003) analyses optimal monetaty policy for different values of y, and %,

in a closed economy DSGE model with hybrid price setting in the tradition of Gali and
Gertler (1999) and Fuhrer and Moore (1995). He finds that “the main features of optimal
policy in the purely forward-looking case, such as the importance of commitment, carry over
to this hybrid case”, (Steinsson, 1999: 1449). He notes two differences in optimal policy
making in the hybrid case. First that a gradual approach to bringing down inflation is optimal
and secondly that the trade-off between stabilizing inflation and output variability is altered
such that it is optimal to tolerate a larger reduction in output to steer clear of letting too
much inflation into the system. Steinsson notes that “[tlhese features of our hybrid cases
seem to correspond quite well with actual central bank policy”, (Steinsson, 2003: 1449).

Gali and Gertler (1999) find that forward-looking behaviour is more important than

backward-looking behaviour (¥,close to 0.7) and state that: “Our results suggest that,

conditional on the path of real marginal costs, the baseline new Phillips curve with forward-
looking behaviour may provide a reasonably good description of inflation dynamics”, (Gali
and Gertler, 1999: 219).

Paloviita (2004) reaches another result using European data. She compares the
empirical fit of different new Keynesian Phillips curve specifications using survey-based
expectations for proxies of rational expectations. By using survey-based expectations she
avoids the problem of simultaneously testing the specification of the Phillips curve and the
formation of expectations. Her estimation results suggest that the backward-looking factor

dominates the inflation process with ¥, close to 0.6, a considerably higher value than the

one reported by Galf and Gertler (1999). In another paper, co-written with David Mayes, the
forward-looking weight is found to increase when real-time data, i.e. the data available at
each time, is used in the specification of a hybrid Phillips curve, (see Paloviita and Mayes,
2005).

Sbordone (2002) uses a different modelling and estimation approach than Gali and
Gertler (1999) but reaches a similar basic supportive conclusion for marginal cost-based
Phillips curves and the importance of forward-looking price setting in explaining inflation
dynamics: “the rational expectations model of price setting with nominal rigidities does
indeed provide a quite good approximation to the actual dynamics of inflation. What is at

fault in the New-Keynesian Phillips Curve specification is not the forward-looking model of
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price setting but the assumed proportionality between marginal costs and measures of the
output gap”, (Sbordone, 2002: 283).

Kiley (2005) estimates a purely forward-looking and a hybrid marginal cost-based
new Keynesian Phillips curve as well as a sticky information Phillips curve following Mankiw
and Reis (2002) and a hybrid sticky information curve. He compares the performance of
these versions to a reduced-form forecasting regression. He finds that the purely forward-
looking new Keynesian Phillips curve, as well as a simple Gali and Gertler’s (1999) type of a
hybrid Phillips curve, perform very poortly relative to the reduced-form regression. He finds
that the best-fitting hybrid Phillips curve uses a four-quarter weighted average of lagged
inflation and that the weight on the sum of inflation lags falls to just above 4 as the number
of inflation lags increase from one to four. This of course draws the attention to what kind

of microfoundation can provide a reasonable explanation to so long lags.

6.1.2 What Estimation Approach?
Gali and Gertler (1999) use a GMM estimation approach to estimate the structural

parameters €, @, ¥, and y, which calls for the use of appropriate instruments that are

correlated with the variables they represent but uncorrelated with the error term. They use
lagged variables as instruments, which relies on the assumption that the model is correctly
specified and expectations are indeed rational, as any estimation error reflects expectational
errors, which are unforecastable at the current date or earlier. This approach has the
disadvantage of testing simultaneously the specification of the Phillips curve and the rational
expectations theory. Gali and Gertler use two different specifications of the orthogonality
condition to address the sensitiveness of how the orthogonality conditions are normalized
when using GMM on small samples. Gali and Gertler (1999) use U.S. data but Gali, Gertler
and Lopez-Salido (2001, 2003) extend their analysis to European data.

Sbordone (2002) tests the wvalidity of the sticky price hypothesis by testing
implications that depend only upon the firm’s optimal pricing problem rather than within a
general equilibrium model that requires further structural assumptions. Sbordone (2002) uses
a two-step minimum distance estimation procedure along the lines of Campbell and
Schiller’s (1987) evaluation of present value relationship in finance and uses it to compare
actual inflation dynamics to the inflation path predicted by the Calvo model taking as given

the dynamics of nominal marginal cost. Rudd and Whelan (2006) note that this approach has
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the disadvantage that it cannot be used to obtain statistical estimates of the model’s
parameter and thus cannot conclude whether the forward-looking components of the new
Keynesian Phillips curve are of fundamental importance to observed inflation dynamics.
GMM does not suffer from the same problem, but it has problems of its own.

Rudd and Whelan (2005b) criticize the GMM estimation approach used by Gali and
Gertler (1999) and state that “their procedure is likely to suggest that forward-looking
behaviour is very important even if the true model contains no such behaviour”, (Rudd and
Whelan, 2005b: 1179). They find that expected future values of the driving variable in a new
Keynesian Phillips curve, whether measured by the labour share or the output gap, can only
explain a very small fraction of observed inflation dynamics and find that Galf and Gertler’s
results are also consistent with a backward-looking Phillips curve. They elaborate further on
this in a more recent paper: “In practice, inflation can be predicted well from its own lagged
value; hence, incorporating lagged inflation into the inflation equation should allow the
hybrid model to fit the level of inflation relatively well. However, such a fit could also be
obtained by any model that features an important role for lagged inflation—including
models that rely on nonrational, backward-looking expectations. In contrast, the hybrid

model’s predictions for the evolution of A7, are quite clear-cut and allow us to precisely

distinguish this model from a traditional backward-looking specification”, (Rudd and
Whelan, 2006: 304).

Kurmann (2005) stresses the uncertainty surrounding Gali and Gertler’s estimates.
He argues that it is difficult to assess the importance of forward-looking behaviour in price
setting and calls for further research on the determinants of firms’ costs and market
structure. Lindé (2005) proposes a full information maximum likelihood (FIML) approach as
single equation methods, such as GMM used by Gali and Gertler (1999), produce imprecise
and biased estimates. He estimates a macroeconomic model with a hybrid Phillips curve
using FIML and finds that a output-gap based hybrid version, where backward-looking
behaviour is equally or more important than forward-looking behaviour, provides a
reasonable approximation of US inflation dynamics.

Kiley (2005) argues for maximum likelihood (ML) techniques as their estimation
offers more efficient and less-biased estimates of structural parameters, even in case of
misspecification, and provides an explicit measure of fit through the likelihood function

enabling assessment of alternative non-nested models.
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Rabanal and Rubio-Ramirez (2005) argue for Bayesian estimation procedure on the
grounds that it takes advantage of the general equilibrium approach, it outperforms GMM
and maximum likelithood in small samples, it does not rely on the identification scheme of
the VAR and that even in the case of misspecified models Bayesian estimation is consistent.

Bardsen et al. (2005) reanalyse the data used in the studies of Gali and Gertler (1999)
and Batini, Jackson and Nickell (2000) and claim that the empirical relevance of the new
Keynesian Phillips curve on these data is very weak. They state that the goodness-of-fit of
the new Keynesian Phillips curve on euro data is no better than a random walk and that the
significance of the forward-looking term is misleading.

Barkbu and Batini (2005) use an application of the method by Johansen and Swensen
(1999) to estimate a hybrid new Keynesian Phillips curve when inflation is non-stationary
using Canadian data and emphasize that GMM and FIML methods are invalid under these
circumstances.

Gali, Gertler and Loépez-Salido (2005a) and Sbordone (2005) respond to the
criticisms by Rudd and Whelan (2005b) and Lindé (2005) and maintain their former results
on the importance of forward-looking price setting behaviour in inflation dynamics. Gali,
Gertler and Loépez-Salido (2005a) emphasize that their results are robust across a number of
different estimation methods, including the closed form specification stressed by Rudd and
Whelan (2005b) and maximum likelihood methods uphold by Lindé (2005). They also

criticize Rudd and Whelan’s (2005b) dramatization of the potential bias problem of the

GMM approach and their choice not to obtain direct estimates of ¥, and ¥, .

A thorough discussion on these estimation approaches is outside the scope of this
paper but in addition to the references in this section, the interested reader is referred to e.g.
Dufour et al. (2005), Dupuis (2004), Fuhrer (2005), Guay and Pelgrin (2004), Henry and
Pagan (2004), Jondeau and Bihan (2005), and Nason and Smith (2005).

6.1.3 Should the Iabour Share be used?

Wolman (1999) is critical on the relationship between marginal cost and inflation described

by Gali and Gertler (1999). First, he points towards the measurement problem, which he
states is more severe for marginal cost than for output: “[T]he researcher must have access
to data on marginal cost. But unlike GDP or inflation, marginal cost is not a data series

measured by a government statistical agency. Measurement is lacking for good reason: the
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appropriate measure of marginal cost depends on characteristics of the economy which are
only imperfectly understood. These characteristics include the competitiveness of factor
markets and the extent of adjustment costs firm face in hiring new workers and installing
new capital”, (Wolman, 1999: 39).

Second, Wolman argues that using labour share as a proxy for real marginal costs is
not an acceptable solution as it relies on an oversimplification. It assumes that all firms use
Cobb-Douglas production technologies and that there is an economy-wide competitive
labour market. Third, Wolman compares the Calvo price setting specification used by Gali
and Gertler (1999) to a “more reasonable specification” that lets the probability of price
adjustment be a smoothly increasing function of time since the last adjustment (i.e. a hazard
function), and finds that Gali and Gertler’s empirical results are very sensitive to the
assumption of Calvo price setting.

Rudd and Whelan (2005b) are also critical of the use of labour share as a proxy for
real marginal cost: “Rather than moving procyclically, the labor share ... has typically
displayed a pattern that would be considered countercyclical, with the series spiking upward
during each postwar recession in the United States. ... How can the observed behavior of
the labor share be reconciled with the theoretical prediction that real marginal cost should be
procyclical? Most likely, the answer is that average unit labor costs are simply a poor proxy
for nominal marginal cost ... there are several reasons to believe that marginal and average
cost manifest different cyclical patterns. ... By and large, the important measurement issues
that surround the use of average unit labor costs as a proxy for marginal cost have been
ignored in the recent literature on the [new Keynesian Phillips curve]. Indeed, proponents of
the labor share approach such as Gali, Gertler, and Lopez-Salido (2005) generally refer to the
labor share series simply as “real marginal cost,” as though these two concepts are identical”,
(Rudd and Whelan, 2005b: 14-15).

In contrast, Batini, Jackson and Nickell (2005) provide evidence that the labour share
in the UK. is positively correlated with inflation. They construct a new Keynesian Phillips
curve based on Rotemberg (1982) adjustment cost price setting and extend it to capture
employment adjustment costs and the openness of the U.K. economy, as discussed later.

McAdam and Willman (2004) apply a novel approach to improve Gali, Gertler, and
Lopez-Salido’s (2001) model. They argue that the observed shifts in the labour share of

income in Europe are inconsistent with the practice of specifying a standard Cobb-Douglas
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production function and then calibrating using the observed labour income share. They
discuss the hump-shaped labour income share in GDP in the euro area; after increasing
significantly in the 1970s, it decreased continuously in the 1980s and 1990s. They prefer to
estimate a multi-sector supply-side model which allows for sectorally differentiated scale and
technological progress parameters implying time-varying factor shares. A second important
assumption is abandoning Dixit and Stiglitz’s assumption of constant price elasticity of
demand and using an Almost Ideal Demand System (AIDS) demand function instead to
introduce strategic interaction in price setting as competitors’ price enters the price equation.
They note that this assumption introduces the possibility to incorporate the adverse supply-
side shocks of the 1970s into their model, which again is vital to explain the hump-shaped
labour share development. A third central issue in their model is that capital is endogenous.
These assumptions produces plausible parameter estimates of a hybrid new Keynesian

Phillips curve with regard to fixed-price durations, dynamics and a more balanced role for

backwatd- and forward-looking components (both ¥, and y, around 0.5).

6.1.4 Are Labour Market Rigidities the Answer?

Sbordone (2005) underlines that “[w]hat has emerged from the copious empirical research

on inflation dynamics, in my opinion, is that a full understanding of the Phillips curve can in
fact be reached only through an understanding of the dynamics of labor costs, and how
these relate to output dynamics. And this is where future empirical research should be
focused”, (Sbordone, 2005: 1196-1197).

Gali and Gertler (1999) also advocate for further research into real marginal costs, its
cyclical behaviour and its connection to unit labour costs. They argue that sluggish behaviour
of real marginal costs, possibly due to wage rigidity, may account for the slow response of
inflation to output which could possibly explain why disinflations require costly output
reductions. Hence, they campaign for further research into both nominal and real rigidities.

Christiano, Eichenbaum and Evans (2005) stress the importance of future research
into modelling labour market rigidities and integrating them into DSGE models as they find
that wage stickiness is crucial for their model to account for the estimated dynamic response
of the US. economy to a monetary shock. By their accounts, price stickiness plays a
relatively small role. The introduction of labour market rigidities will be discussed in section

6.2.
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6.1.5 What About the Output Gap?

Paloviita (2004), as mentioned earlier, examines the empirical performance of different

specifications of the new Keynesian Phillips curve using survey-based expectations for
proxies of rational expectations on European data. In this approach, the output gap serves at
least as good a proxy for real marginal costs as the labour share.

Neiss and Nelson (2005) interpret the results of Gali and Gertler (1999) and
Sbordone (2002) differently and suggest that labour market rigidities are not crucial in
modelling inflation dynamics. They argue that an output gap-based Phillips curve fits the
data about as well as a marginal cost-based Phillips curve, if the output gap is measured in a
theory-consistent manner. They point out that potential (or natural) output is usually defined
as the output level that would prevail in the absence of nominal rigidities in DSGE models.
They argue that potential output is affected by real shocks and does not follow a smooth
trend as implied by popular de-trended or filtered measures of the output gap.

This is a part of a wider discussion on output gap estimation. The neoclassical
growth model portrays the growth of potential output as a rather smooth process governed
by exogenous variables, i.e. technological progress and population growth. This model is the
background for various output gap estimation methods that assume a smooth trend in
potential output. Kydland and Prescott (1982) were the first to criticize the prediction of the
neoclassical growth model of a smooth trend in potential output. They argue that potential
output undergoes continuous changes and volatility in actual output mainly reflects changes
in potential output. Potential output is thus stochastic instead of deterministic and the real
output level simply reflects the variation in the equilibrium output level. This disagreement
on the nature and causes of business cycles is well-known. It centres on the following
questions: Is potential output a deterministic trend that actual output swings around because
of various market failures and information problems or is it a stochastic variable which
changes rapidly due to various real shocks? This disagreement refers to output dynamics but
it has different monetary policy implications. If trend output is stochastic, for example a
random walk, all shocks have permanent effects. If it is deterministic, all shocks have only
transitory effects. Econometrics does not provide a definite answer as it is difficult to detect

whether a time series of limited length is non-stationary or stationary with high persistence.
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Various assumptions regarding output dynamics have been put forward, both regarding the
trend and the cycle component, as well as the relationship between the two.

Real business cycle theory explains business cycles with references to stochastic
productivity shocks as well as shocks caused by changes in government expenditures.
Monetary policy has no stabilization role to play in this kind of model as the economy is
continuously in equilibrium. New Keynesian economics disagrees and refers to various types
of nominal rigidities and information problems that cause prices and wages to vary from
their flexible price equilibrium values. Demand shocks can thus have important effects on
output, both in the short and medium term, and they are the main causes of business cycles.
By new Keynesians’ accounts, monetary policy has a vital stabilization role to play and it is
essential to respond immediately to demand shocks as they can stimulate inflation, which

harms the efficiency of the economy and hurts economic growth in the long run.

6.1.6 Does the Hybrid Patching Work?

The previous subsections show that there is not an agreement on whether the hybrid

marginal cost-based Phillips curve represents the solution to the empirical problems of the
new Keynesian Phillips curve. According to Gali, Gertler and Loépez-Salido (2005a) the
hybrid marginal cost-based approach works well but they note that there are three
unresolved issues: First, the rationale for the role of lagged inflation in the hybrid Phillips
curve. Second, further studies have to look at whether Calvo’s price setting model is simply
too stylized. Finally, they find it important to attain a better understanding of marginal cost
dynamics. This has led them, and many others, to search for various methods to introduce
real rigidities into their models in order to explain marginal cost dynamics. This is the subject
of the next section. Others have focused on amending Calvo’s price setting model and an
example of this will be discussed in section 6.3. Finally, there are a number of economists
that call for a deeper revision of the microfoundation underlying the new Keynesian Phillips
curve.

Ball, Mankiw and Reis (2005) discuss the “sorry state of monetary policy analysis”
and argue that policymakers should be cautious with regard to the policy implications of the
new Keynesian literature, which relies on an unconvincing Phillips curve: “The problems

with both the new Keynesian and the accelerationist Phillips curves are increasingly

13 See for example Nelson and Plosser (1982), Campell and Mankiw (1987a,b), Blanchard and Quah (1989), and
Cooley and Dwyer (1998).
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understood. This has led some authors to suggest a compromise. According to the so-called
“hybrid” Phillips curve, a subset of agents have backward-looking inflation expectations and
the rest have rational expectations (e.g., Gali and Gertler, 1999). Yet this compromise may
yield the worst of both worlds. Like the new Keynesian Phillips curve, the hybrid model
yields an immediate jump in inflation in response to monetary policy shocks (unless all
agents are backward looking). Like the accelerationist Phillips curve, the hybrid model fails
to explain the absence of inflation inertia under earlier monetary regimes (unless no agents
are backward looking). That is, by taking a weighted average of two flawed models, the
hybrid model of the Phillips curve ends up with the flaws of each.” (Ball, Mankiw and Reis,
2005: 7006).

Rudd and Whelan (2006) argue that the hybrid approach to patching up the new
Keynesian Phillips curve merely addresses a symptom of a much deeper rooted problem,
which is the reliance on a strict form of rational expectations. They seem to agree with Ball,
Mankiw and Reis (2005) that further research should be aimed at introducing behavioural

economics into the microfoundation of the Phillips curve. This will be discussed in section 7.

6.2 The Need for Real Rigidities

Real rigidity refers to “a lack of sensitivity of desired relative prices to macroeconomic
conditions”, (Mankiw and Romer, 2002: 1319). Real rigidity amplifies the effects of nominal
stickiness and is thus a candidate for a solution to the real output persistence problem. The
possible candidates for the sources of real rigidities are many. Special attention has been
given to labour market imperfections, capital market imperfections and the firm-customer
relationship.'* Ball and Romer (1990) point out that real rigidity alone does not cause
monetary shocks to have real effects. In the case of freely adjustable prices, money is neutral
regardless of the degree of real rigidity.” Andersen (1998) compares price and wage
staggering and concludes that wage staggering holds the potential of being able to solve the
persistence problem. This section will discuss some modelling approaches of labour and

capital market imperfections.

14 See section 6.6 on pages 294-302 in Romer (20006) for a textbook discussion on the need for real rigidity.

15 Dotsey and King (2000) incorporate “real flexibilities” to solve the persistence problem, i.e. supply-side
features that allow for more elastic response of output to demand without increasing marginal cost. They do
this by including an important role for material inputs, variable capital utilization, and variation in employment
along an extensive margin into a macroeconomic model.
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6.2.1 Labour Market Rigidity

Wage rigidity was the central ingredient in many early Keynesian models. This view implies

countercyclical real wages in response to aggregate demand shocks, a prediction that has
failed to find support in empirical research. Keynesian models have thus emphasized price

' The new Keynesian framework is

stickiness or combinations of price and wage rigidities.
currently being extended from only allowing for price rigidities to introducing labour market
imperfections as well as capital market imperfections.

Blanchard and Gali (2005) introduce real wage rigidity into a new Keynesian model
and show how monetary authorities then face an endogenous trade-off between stabilizing
inflation and the output gap. Real rigidity is also a source of inflation inertia and costly
disinflation in their model. Hence, their model provides a possible solution to Mankiw’s
(2001) objections to the new Keynesian Phillips curve. The Achilles’ heel of the model is that
it provides no microeconomic foundation for the real wage rigidity. Blanchard and Gali plan
to explore the microeconomic foundation for real wage rigidity in the future, as well as its
implications for optimal monetary policy. This is a red-hot research area as many different
modelling approaches to incorporate labour market imperfections have been tried.

Hall (2005) discusses the integration of search and matching models, where workers
and jobs are heterogeneous, into general equilibrium models used to explain business cycles
(see Yashiv, 2006 for a new survey on the use of search and matching models in
macroeconomics). Hall says: “The new research offers some new mechanisms that may
advance understanding of both business cycle and the important sub-cyclical movements of
unemployment and other key variables. Notice that none of the driving forces of
unemployment fluctuations discussed here are explicitly transitory. They do not disappear
after firms and workers get around to changing prices and wages. They can explain the
highly persistent sub-cyclical movements that elude the call-option sticky-price model and
neoclassical model”, (Hall, 20006: 42).

Walsh (2005) incorporates labour market search, habit persistence and policy inertia,
in addition to the conventional sticky price assumption, into a DSGE model and analyses the

sources of real effects of monetary policy shocks. Walsh finds that the model gives impulse

16 See section 5.3 on pages 242-251 in Romer (2006) for a textbook treatment of alternative assumptions on
wage and price stickiness in traditional Keynesian models and section 5.6 for an overview of the cyclical
behaviour of real wages, which appear to be only moderately procyclical, pointing towards some labour
imperfections.
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response functions for output and inflation that have the typical hump shaped pattern
commonly found in VAR analysis. The labour market imperfection magnifies the real effects
of the monetary shock such that less nominal rigidity is needed than in standard new
Keynesian models. Interestingly, Walsh finds that policy inertia is the key determining factor
for the sizeable output and inflation effects of policy shocks.

Christoffel and Linzert (2005) emphasize that it is not sufficient to model wage
rigidities to understand the driving forces behind sluggish marginal costs. Labour market
adjustments can happen via the hours of work as well as the employment bargain. They
introduce a Mortensen and Pissarides (1994) labour market model with matching frictions
into a new Keynesian model to generate equilibrium unemployment, as well as allowing for a
so-called right-to-manage wage bargaining, which entails that firms and workers bargain only
over wages, taking the firm’s labour-demand function as given. This form of bargaining
implies a channel through which wages affect marginal costs and hence inflation dynamics.
Christoffel and Linzert (2005) demonstrate that wage rigidity in this kind of bargaining
framework can contribute to explain a considerable part of the inflation persistence
witnessed in the data. In contrast, with traditional Nash bargaining, marginal costs are mainly
influenced by the number of hours worked not wages. In that case, wage rigidity does not
lead to more inflation persistence. Hence, they emphasize the importance for monetary
authorities to understand labour market adjustments and how they influence the
transmission mechanism of monetary policy, especially how various “institutional”
parameters, which determine employment protection, bargaining power of workers and the
natural rate of unemployment, can influence unemployment and inflation dynamics.

Christoffel, Kister and Linzert (2000) extend the intriguing work of Christoffel and
Linzert (2005) by providing further quantitative assessment of the role of labour markets for
inflation dynamics and monetary policy in an estimated multi-sector DSGE model for a
closed economy. They estimate the DSGE model using Bayesian techniques for German
data from the late 1970s to present and find that the labour market structure is of major
importance. Price setting in the wholesale sector follows the indexation tradition in
Christiano, Fichenbaum and Evans (2005) and Smets and Wouters (2003) whilst the retail
sector, which buys differentiated wholesale goods and turns them into a final consumption
bundle, is characterized by perfectly competitive product markets. Wages convert into

inflation by increasing the cost of the intermediate good, which enters the new Keynesian
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Phillips curve in their model. All else equal, the impact of wages on marginal cost will be
larger the less prominent inflation indexation and the larger the portion of wholesale firms
allowed to update prices each period.

The quest for the optimal approach to incorporate labour market imperfections into
DSGE models continues. Gali, Gertler and Lépez-Salido (2005b) note that “labor market
frictions are the key factor ... however, the exact form that these frictions may take (e.g.
nominal wage rigidity, efficiency wages, search frictions, etc.) is ... an open question” (Gali,

Gertler and Lopez-Salido, 2005b: 24).

6.2.2 Capital Market Rigidity

Capital accumulation has been a central theme of economics at least since Adam Smith’s

Wealth of Nations. But capital is often assumed either fixed or exogenous in business cycle
theory with references to the role of these models as short-run analysis instruments. This
was true for the old IS-LM model and it is still a common assumption in the new Keynesian
framework.'” Tately this assumption on exogenous capital accumulation has been
questioned.

The exogenous capital stock assumption was defended by McCallum and Nelson
(1999) within an optimizing framework with sticky prices. They argue: “In principle it might
be possible to incorporate an endogenously determined capital stock, as in Sargent and
Wallace (1975). Our interest, however, is in obtaining relationships from optimizing
behaviour, and it appears unlikely that such an equation for capital accumulation can be
derived that is both analytically tractable and empirically successful. ...[W]e adopt the
strategy that in a theoretical analysis, one would assume a constant or steadily growing capital
stock, while in an empirical application, the behaviour of log investment is approximated by
a random walk. ... [TThe main justification for our exogenous capital assumption is analytical
simplicity”’, (McCallum and Nelson, 1999: 299-300).

McCallum and Nelson (1999) also cite various studies that have shown that, at least
for the U.S., the relationship is weak between the capital stock and output at business cycle
frequencies. But Angeloni et al. (2002) find that investment (relative to consumption) plays a

larger role in the euro area monetary policy transmission than in the U.S.

17 In many new Keynesian models, both in a closed economy and an open economy framework, capital is
simply ignored.
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Woodford (2005) criticizes the exogenous capital accumulation assumption and
presents for the first time an analysis of aggregate supply where capital accumulation is both
Sfirm-specific and endogenons. This implies that each firm accumulates capital solely for its own
use facing standard (convex) neoclassical adjustment costs. This contradicts the common
market assumption where capital inputs are bought on a spot market such that the price of
capital is independent of the quantity used by the same firm. This assumption has been used
in the literature where capital accumulation has been endogenous, e.g. Yun (1996). Also note
that contrary to standard neoclassical investment theory, firms are not price takers in
Woodford’s model as they produce differentiated goods. The firm-specific assumption is
important as the firm’s marginal cost will no longer be unaffected by the firm’s past
decisions, including its past price setting, as in the standard microeconomic foundation
specification for the new Keynesian Phillips curve. Thus, price setting cannot be analysed
separately from the decision of capital accumulation when capital is firm-specific. This has
important consequences for the structure of the Phillips curve.

The aggregation of prices is simplified in traditional staggered price setting models,
whether of the Calvo or Taylor type, by the fact that all firms that set their prices in the same
period choose the same price. The introduction of firm-specific state variables makes the
analysis more complex as Woodford’s calculations show. The coefficient & in equation (1)
becomes more complex in this case and the interpretation of it as simply representing
frequency of price changes no longer applies. Woodford (2005) develops an output-gap

formulation of a new Keynesian Phillips curve where capital is both endogenous and firm-

specific:
T, =ﬂEt7[t+l + K‘z _K[INt ©)
}7[ is the output gap, defined as the (log) difference between actual and flexible-price

equilibrium output, [, is the percentage deviation of investment from its steady-state level,

as a share of steady-state output, and &k and k, are different functions of & and some

elasticities. This aggregate supply specification represents a more complex relation between

inflation and real activity than the standard new Keynesian Phillips curve.
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Woodford (2005) also discusses the importance of modelling the labour market. He
distinguishes between two possible assumptions. First, a homogenous labour market where
all sectors hire the same kind of labour and there is a single economy-wide labour market,
such that all firms face a common wage. Woodford points out that this assumption is very
common in the literature and when coupled with the usual exogenous capital accumulation
assumption, the marginal cost will be the same for all firms and independent of the quantity
produced by any firm. In this case, the pricing decision can be analysed separately as in the
standard new Keynesian framework. Eichenbaum and Fischer (2004) assume a common
labour market but allow for firm-specific endogenous capital.

The other possibility investigated by Woodford (2005) is to assume a sector-specific
labour market. He thus has four possible model assumptions regarding common or specific
factor markets by assuming either specific or common markets for capital and labour inputs.
In addition, he compares the effects of assuming endogenous and exogenous capital

accumulation. He shows through a numerical example how the coefficient ¢ in the
aggregate supply specification is a different function of the underlying model parameters in
each case. A special focus is on the relationship between & and the frequency of price
adjustments under each possible assumption.

In this setup the parameter & becomes a measure of the average degree of strategic
complementarity/substitutability of firm pricing decisions. Strategic complementarity
(£ <1) in price setting exists if firm /s price increase causes an incentive for firm ; to also
increase its prices. Strategic substitutability (¢ >1), on the other hand, refers to the case
where a price increase by firm 7 causes an incentive for firm ; to lower its prices. According
to Fehr and Tyran (2005), strategic complementarity is more common in price competition
whereas strategic substitutability is more widespread in quantity (Cournot) competition.
Strategic complementarity also plays a role if search frictions, informational frictions or
increasing returns are important.

Woodford (2005) finds that the homogenous factor model (where the existence of
an economy wide labour market, a common wage and a common rental market for capital is
assumed) leads to the highest value of &, implying strategic substitutability in price setting in
different sectors of the economy. Woodford explains this with reference to the fact that this

model has the fewest real rigidities in the terms of Ball and Romer (1990). Price adjustment
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is faster in case of demand changes when strategic substitutability prevails. Woodford finds
that there are greater real rigidities and the Phillips curve is hence flatter when the labour
market is modelled in a specific factor market fashion, even when the common market
assumption is still applied to the capital input market. Not surprisingly, real rigidities are even
greater and the Phillips curve is flatter when capital inputs are modelled as firm-specific and
the case with the greatest real rigidities is when both factor markets are modelled in the
specific fashion and capital is exogenously given, i.e. the specific factor market case. Adding
the endogenous capital market assumption to this case does not alter the scenario much
according to Woodford’s calibrated example and his conclusion is that “the implicit
assumption of an exogenously evolving capital stock in derivations of the Phillips curve for
models with firm-specific capital by authors such as Sbordone (1998) appears not to have
been a source of any great inaccuracy”, (Woodford, 2005: 32-33).

In short, Woodford finds that the assumption of a firm-specific capital is important
whereas the endogeneity of the capital stock is not a vital issue.

Fehr and Tyran (2002) examine how strategic substitutability and complementarity in
price setting lead to different price adjustments following a fully anticipated negative money
shock. They find that the strategic environment is a decisive factor in determining the
dynamics of nominal price stickiness and cause real effects even when no exogenous
frictions or adjustment costs are present.

Fehr and Tyran’s (2002) results are that when price setting is characterised by
strategic substitutability, adjustment after a monetary shock is fast as price expectations are
very flexible in this case. If, in contrast, strategic complementarity is the ruling factor in
pricing, price expectations are very sticky and the adjustment is long-lasting and can have
large real effects. An underlying assumption behind their result is that a fraction of the
people is not fully rational and Fehr and Tyran (2002) cite a number of studies that have
provided evidence for that assumption. The interaction between rationality and strategic

complementarity or substitutability is discussed further in Fehr and Tyran (2005)."®

6.3 The Hazard Function Approach

The hazard function approach involves improving the new Keynesian Phillips curve by

relaxing Calvo’s assumption of a constant probability of price adjustment and allowing for an

18 Steinsson (2005) discusses strategic complementarity in an open-economy model.
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upward sloping hazard function for price adjustment. This implies that newer prices are
stickier than older ones and the underlying assumption is that firms are more likely to change
older than newer prices.

Sheedy (2005) derives a new Keynesian Phillips curve where lagged inflation enters
as an independent variable due to the upward sloping hazard function and the coefficient on
the distributed lag is more positive when the hazard function becomes more upward sloping.
Sheedy notes that “[w]hat turns out to be important for inflation persistence is not how
much price stickiness there is on average, but whether there are systematic differences
between the stickiness of prices of different ages. In particular, newer prices need to be
stickier than older prices in order to explain structural inflation persistence ... In terms of the
hazard function for price adjustment, the most important feature influencing structural
inflation persistence is the slope, not the level.”, (Sheedy, 2005: 32). Sheedy estimates hazard
function using aggregated macroeconomic data and finds that the results confirm that they
are indeed upward sloping, although they are not monotonic over the entire range which he
interprets as evidence that some prices are reviewed on a regular basis.

But although Sheedy’s results are promising, they have an empirical problem of their
own. A common finding in empirical studies using micro data on consumer and producer
prices is that hazard functions for price adjustments are decreasing. Alvarez, Burriel, and
Hernando (2005) review the international evidence on hazard functions and explain this
result by the existence of heterogeneous price setters, when the heterogeneity is taken into
account the negative slope of the hazard function is reduced. Nakamura and Steinsson

(2006b) try to account for this heterogeneity in their study, as discussed in section 8.1.

7. The Inattentive Approach and Learning

The novel idea of introducing imperfect information as an important theme in the monetary
transmission mechanism comes from Edmund S. Phelps. In 1969 he organised a conference
where the role of incomplete information in explaining the sluggish adjustment of prices and
wages was a central theme. The proceedings of the conference were published in the well-
known Phelps volume in 1970. Phelps (1970) introduces the famous metaphor of an
economy consisting of separate islands where agents are unable to observe wage and
production decisions made on other islands. Lucas’ (1972, 1973) representation of Phelps’

island model, where agents in the economy do not know whether a change in the price of his
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or her product represents a change in the good’s relative price or a change in the aggregate
price level, became very popular but its spotlight faded when the VAR literature of the early
1980s showed that the Lucas model had a persistence problem of its own (see Woodford,
2003b). As Krugman notes “Few ideas in economics have been so influential, yet left so little
lasting impact, as the idea that nominal shocks have real effects because of ‘rational
confusion’.”, (Krugman, 2000: 38). But recently, limited information has re-entered business
cycle models in forms that also have their origin in Phelps’ pioneering contribution.

Recent applications of the limited information approach are different from Lucas’
representation in at least two ways. First, they emphasize that Phelps did not only stress the
uncertainty from uncertain nominal GDP levels but also the uncertainty coming from the
unknowability of the expectations of others. This idea has been introduced in price setting
models and in these models, prices become a function of not just the state of aggregate
demand but also of prices charged by other firms. A second alteration is the staggering of
information gathering, either because it is costly to assemble information or because of
limited ability to gather information.

Another conference organized by Edmund Phelps, along with Roman Frydman, in
1981 was an important pioneering work that led to more explicit models of how learning
affects macroeconomic dynamics. The proceedings of the conference were published in
Frydman and Phelps (1983). The literature on learning in macroeconomics is rapidly
expanding (see e.g. Evans and Honkapohja, 2001, Bullard, 2006, and Preston, 2000).
Orphanides and Williams (2003) show that imperfect knowledge increases inflation
persistence and distort the policymaker’s trade-off between inflation and output stabilization.
Milani (20052) investigates adaptive learning as a potential source of inflation persistence and
derives a promising version of the new Keynesian Phillips curve.

This section will discuss the inattentive approach and the learning approach and how
they both seem promising approaches to solving the empirical problems of the new
Keynesian Phillips curve. The former upholds the rational expectation assumptions, but
introduces information costs such that these expectations are only sporadically updated,
whilst the latter relies on a relative modest deviation from rational expectations that nests it

as a limiting case.
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7.1 The Inattentive Approach

The inattentive approach of limited information is evolving into a fully-fledged
macroeconomic model. The basic idea in this approach is that agents have rational
expectations but that these expectations are only sporadically updated as it is costly to
acquire, absorb and process information. “The limited-information approach argues that
following the hallmark of economics of studying choice subject to constraints, information
should be treated as a costly good”, (Reis, 2006: 794). Information is thus sticky and only
gradually dissipates through this inattentive economy.” The inattentive literature is
expanding rapidly and this approach has very recently been applied to the behaviour of
consumers, workers, producers and investors.

Mankiw and Reis (2002) were the first to employ the inattentive approach and used it
to model firm’s price setting, as discussed eatlier, and derive a sticky information Phillips
curve. Their model is not a fully-fledged DSGE model; it is basically just a price setting
model and even one that lacks microeconomic foundation. They also have a very simple
representation of both aggregate demand and monetary policy.

Mankiw and Reis (2003) expand their earlier model and apply the sticky information
assumption to the labour market and use it to explain observed variations in unemployment,
which they find that the model does quite well. Ball, Mankiw and Romer (2005) discuss
optimal monetary policy in the Mankiw and Reis (2002) model and find that price level
targeting is optimal. Reis (forthcoming) applies the inattentive approach to model
consumption and argues that it helps to explain consumption dynamics. Reis (2006) makes a
novel contribution and presents a model for production behaviour based on the inattentive
approach with a microfoundation, as will be discussed shortly. Gabaix and Laibson (2001)
look at investment behaviour when investors only update their portfolio decisions
infrequently and come to the conclusion that it can explain the puzzling premium of equity
over bond returns. Mankiw and Reis (2006) explore a macroeconomic business cycle model
where the inattentive approach is applied to price and wage setting as well as consumption.
They state that “a model with such pervasive stickiness is better at matching some key facts

that describe economic fluctuations than is either a benchmark classical model without such

19 Sims (2003), Woodford (2003b) and Moscarani (2004) follow an alternative model of combining rational
expectations with inattentive behaviour, which emphasizes that agents have a limited capacity to absorb
information.
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informational frictions or a model with only a subset of these frictions”, (Mankiw and Retis,
2006: 2).

Kiley (2005) estimates a baseline sticky information Phillips curve as well as a hybrid
version, where a fraction of firms set prices according to a rule-of-thumb behaviour as in
Gali and Gertler (1999), using MLL methods. He finds that the baseline sticky information
Phillips curve performs better than a purely forward-looking new Keynesian Phillips curve as
the residuals are less serially-correlated and the fit of the model, measured by the log-
likelihoods, Bayesian information criterion and R’ is much better. His estimate of the
information lags of roughly two quarters is slightly lower than suggested by Mankiw and Reis
(2002) and the estimate presented by Khan and Zhu (2002). But the baseline sticky
information Phillips curve performs very poorly compared to a reduced-form regression, as
was the case with the purely forward-looking new Keynesian Phillips curve, as discussed in
section 6.1.1. The hybrid sticky information Phillips curve performs much better, and the
version with four lags of inflation again perform better than the one-lag version. Kiley (2005)
thus comes to the conclusion that “the sticky-information model has the same problem as
the sticky-price model in generating the importance of lagged inflation for forecasting
inflation in the absence of some rule-of-thumb or indexing behavior ... the basic lesson
from a comparison of the full sample results for the hybrid sticky-price and sticky-
information models is that they fit the data approximately as well as each other and as a
reduced form equation for inflation ... It seems that the close fits of the different models
occur because the models are in fact very similar when “hybrid” behavior is allowed”, (Kiley,
2005: 21-24).

Reis (2006) develops a continuous time version of the sticky information Phillips
curve of Mankiw and Reis (2002). More importantly, he provides a microfoundation for the
sticky information model. The only assumption Reis makes is that there is a cost of
acquiring, absorbing and processing information in connection with forming expectations
and making decisions.”” He solves a standard profit maximization problem with regard to
this new constraint and finds that inattentiveness is the optimal response to such a cost.

Agents rationally choose to update their information sets and plans only sporadically at

20 “It is costly to acquire information in the sense of collecting all the pieces of information that are relevant to
assess the current state of the world. It is costly to absorb information in the sense of compiling this
information into the relevant sufficient statistics needed to make optimal decisions. And it is costly to process
information in the sense of coming up with the optimal action and implementing it”, (Reis, 2006: 795).
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optimally chosen dates. “Adjustment with inattentiveness is therefore recursively time-contingent,
independent of the current state, but a function of the state at the last adjustment”, (Reis,
2006: 798).

The duration of inattentiveness is determined by the cost of planning on the one
hand and the speed of accumulation of losses from being inattentive on the other hand.
Thus, larger planning costs induce longer inattentiveness and faster accumulation of losses
from inattentiveness shortens the period of inattentiveness. Reis notes that costs from being
inattentive increase in line with volatility in the economy, which indicates that updating of
plans should be more frequent in an economy with more volatility. This remark is interesting
for a small open economy, which tends to be more volatile than larger, more closed,
economies.

Reis aggregates the behaviour of many inattentive producers and comes to the
remarkable result that the distribution of inattentiveness converges to that of a Poisson

px

process with parameter p. At any time, pe ~ represents the share of firms that have not

planned for x periods. The share of producers planning at every instant is constant and

equal to p. This result is very convenient as aggregate dynamics become tractable, especially

the derivation of the Phillips curve:
! .
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which is a continuous-time version of the sticky information Phillips curve of Mankiw and

Reis (2002), where p, is the time derivative of the overall price level p,, & is the index of

real rigidities, and y;' is the output in the economy if agents are attentive. This can be

written in the discrete time version as in Mankiw and Reis (2002):
ap & ;
T, =T yt+p2(1_p)1Et—l—j(ﬂt+aAyt) (8)
Jj=0

As discussed in Mankiw and Reis (2002), this sticky information Phillips curve does not

suffer from the same empirical problems as the traditional new Keynesian Phillips curve as
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disinflations are always costly in terms of output losses, monetary policy shocks have their
greatest impact on inflation with a considerable delay and there is a positive correlation
between the change in inflation and the level of economic activity. But Reis (2006) provides
additional evidence in favour of this form of a Phillips curve.

First, Reis provides quantitative evidence by showing that the model of inflation with
the sticky information Phillips curve (with @ =0,11 and p=0,25 implying an average
inattentiveness of one year) fits the second moments of post-war inflation in the U.S. very
well, both with regard to its variability and persistence. Second, he evaluates the model’s
forecasting performance by comparing its inflation one-quarter ahead relative to two
unrestricted reduced-form models: (i) an unrestricted bivariate VAR on inflation and the
growth rate of the output gap and (ii) an AR(2) model of inflation. The model with the sticky
information Phillips curve clearly outperforms the other two models.

Reis’ third test is more demanding as it looks at whether the model can also explain
inflation dynamics during the pre-war period in the U.S. when monetary policy was very
different. This test basically investigates whether the model survives the Lucas (1976)
critique. He finds that the model does not fit the pre-war data as well as the post-war data,
but finds that the model does a good job overall. “It predicts about the right amount of
persistence of inflation in the data and it captures well the dynamic relation between inflation
and lagged and lead nominal income and lagged and lead productivity ... Few (if any) of the
existing models of inflation would perform this well across such different periods in
history”, (Reis, 2006: 812-813).

Future research efforts will undoubtedly focus on the promising inattentive approach

and it will be very interesting to follow that development.

7.2 Learning and Inflation Persistence

Expectations play a vital role in the new Keynesian Phillips curve. Is it possible that the main
root of its problems fitting to the empirical facts lie in the underlying assumption of rational
expectations? Various forms of introducing imperfect knowledge and learning have been
tried. Some have focused on the uncertainties that policymakers face due to imperfect
knowledge of the evolution of key natural rates, e.g. Collard and Dellas (2004), while others
have emphasized the presence of imperfections in expectation formation when private

agents have imperfect knowledge of the economic structure or about the monetary
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authorities’ inflation target (see e.g. Erceg and Levin, 2003, and Orphanides and Williams,
2000).

Milani (2005a) follows an adaptive learning technology to form expectations where
private agents are modelled as econometricians, who estimate simple models of the economy
and form expectations based on them, but in such a way that they are concerned about
potential structural breaks in the economic relationship they need to learn. He derives a
hybrid new Keynesian Phillips curve from a traditional new Keynesian model with price
indexation as suggested by Christiano, Eichenbaum and Evans (2005), with subjected

expectations instead of rational expectations and an added cost-push shock:*

_(=pai-a) . B ; y
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where S e (0,1)is the usual household’s discount factor, 0 <l—a <1 represents the
fraction of prices that are allowed to adjust in a given period, 0 <y <1 is the degree of
indexation to past inflation and E, denotes nonrational expectations. What is missing from

equation (9) is how the subjective expectations are formed. In order to get an expression for
those Milani makes a few assumptions. First, he assumes that firms estimate a simple AR(1)

model to form their inflation forecast:
T, =@, +O,7,  tTE, (10)

Second, that firms update their estimates as new data becomes available according to the

Constant-Gain Learning (CGL) formula:

¢t :¢t—1 +KRt_—11Xt(ﬂ-t _thqu—l) (11)
Rt = Rt—l + K(Xt—lX;—l _Rt—l) (12)

21 Milani derives both an output gap-based and a marginal cost-based Phillips curve.
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where equation (11) expresses the updating of the forecasting rule coefficients

¢?t = (¢0’,,¢?1J) over time and equation (12) describes the evolution of R,, which is the

t—1

0 K denotes the

matrix of the second moments of stacked regressors X, ={l,7l‘H

constant gain, compared with the recursive least squares gain (equal to ¢7'), a larger

K implies faster learning of structural breaks. Finally, Milani assumes that agents only have

access to information up to #—1 when forming their expectations in period ¢, ie. E, is

replaced by E . - Expectations are thus formed as:

E 7 =0, (1+¢, )+ ¢1i-17[z-1 (13)

On the basis of these assumptions on expectation formation, the hybrid marginal cost-based

new Keynesian Phillips curve becomes:
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where the reduced-form coefficients are time-varying and convolutions of the structural
parameters expressing inflation dynamics and of the parameters denoting agents’ beliefs.
Milani estimates equation (14) (and an output gap-based version) by nonlinear least squares
using quarterly U.S. data on inflation, output and real marginal costs from 1960 to 2003 for
three different values of &.” His estimated parameters values are interesting. Inflation
indexation, a popular way of introducing inflation inertia, is not supported by the data as his
values for p are small and not significantly different from zero. His estimate of the Calvo
fixed duration parameter, &, indicate that prices remain fixed for around three quarters,
which fit well with other studies. More importantly, he obtains very low parameter values on
lagged inflation and finds that inflation is mostly forward-looking. But given this form of

expectation formation, his new Keynesian Phillips curve is equivalent to a completely

22 In a companion paper, Milani (2005b), he estimates a full new Keynesian model with learning by likelihood-
based Bayesian methods instead of this single equation estimation.
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backward-looking specification as learning becomes the major source of inflation
persistence.

Milani approach is promising, but as noted by him, the results depend crucially on
the assumed learning speed of private agents in the economy. He makes a novel contribution
by deriving the best-fitting constant gain in the sample and showing that it has changed
substantially over time. The latter result limits the robustness of the former as the fact that
the learning speed has changed substantially in the past makes a best-fitting estimate less
valuable. Bullard (2006) emphasizes the role of policy in determining whether and how fast
learnability is attained. Future research will hopefully test the overall performance of this

kind of learning models as emphasized by Collard and Dellas (2004) and Kiley (2005).

8. New Empirical Evidence on Price Setting Behaviour and
Inflation Persistence

Increased awareness of the importance of price setting behaviour has promoted a large body
of empirical research in recent years aimed at attaining better understanding of the
characteristics of inflation persistence, the cost of disinflation and the effectiveness of
monetary policy. These research efforts have been conducted both at a macroeconomic level
and as microeconomic studies. Survey evidence has also been extensively used. What do the
results from these studies say about the new Keynesian Phillips curve and the underlying

price setting behaviour?

8.1 Empirical Evidence Using U.S. data

Blinder et al. (1998) marked a significant contribution to empirical research into price
stickiness using survey methods. Their main conclusions are the following:

First, prices in the U.S. economy are indeed sticky and almost half of all prices are
only adjusted no more often than once a year. Second, prices are not more rigid downwards.
Third, relatively few firms use forecasts of economy-wide inflation in price setting. Fourth,
they portray a hybrid picture with regard to time-dependant or state-dependant price setting:
“In the end, the survey responses suggest a world in which firms deal with fixed costs of
price adjustment not by adopting [state-dependant] strategies, as optimizing theory suggests,
but by setting up a schedule of periodic — and not too frequent — price reviews, which they
ignore whenever appropriate!”, (Blinder et al., 1998: 301). Fifth, customer relationships are

very important in price setting. “About 85 percent of all goods and services in the U.S.

46



nonfarm business sector are sold to “regular customers” with whom sellers have an ongoing
relationship ... And about 70 percent of sales are business to business rather than from
businesses to consumers”, (Blinder et al., 1998: 302).

Blinder et al. (1998) discuss what these results indicate about the validity of various
theories of price stickiness. They point towards coordination failure, cost-based pricing with
lags, nonprice competition and Okun’s implicit contract theory as the most promising.
Especially, they emphasize coordination failures due to strategic interaction as firms hesitate
to be the first to adjust their prices because they fear that their competitors will not do the
same. They also underline a theory that has in their view gotten much less attention than it
deserves; the idea that firms have other ways to clear markets than adjusting prices, e.g.
varying delivery lags, sales effort and product and service quality.

Bils and Klenow (2004) examine the frequency of price adjustments for 350
categories of goods and services covering about 70 percent of consumer spending. They find
much less price stickiness than earlier studies, with half of prices lasting less than 4.3 months
or 5.5 months or less if temporary price cuts due to sales are excluded. They also test
whether good’s inflation rates behave in accordance with time-dependant price setting
models. They find that volatility and persistence is much less than predicted by traditional
Taylor or Calvo type of time-dependant pricing. “In other words, the popular sticky-price
models fail most dramatically to predict inflation’s behaviour for goods with the least
frequent price changes”, (Bils and Klenow, 2004: 949).

Nakamura and Steinsson (2006b) argue that Bils and Klenow’s (2004) results are due
to retail sales and promotions being included. They use a less aggregated dataset than Bils
and Klenow (2004) and find that when sales at the product level are eliminated, the median
duration of consumer price is 11 months in 1998-2005. This result is broadly in line with
Blinder’s results and recent evidence using European data, as discusses later. Nakamura and
Steinsson (2006b) also present the first broad-based evidence on price dynamics at the
production level in the U.S. and find that the median duration of finished goods producer
prices was 8.7 months in 1998-2005.

Nakamura and Steinsson (2006b) examine other issues than the frequency of price
changes. A second subject is estimating the portion of price changes that are price increases.
They find this share to be roughly two-thirds in both consumer prices excluding sales and

finished goods producer prices. They find this feature to point towards a price setting model
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where large but relatively brief idiosyncratic shocks to firms represent a significant source to
price changes.

A third matter they look at is examining the effects of inflation rate variations on the
frequency and size of price adjustments. Not surprisingly, they find that price changes
become much more frequent as inflation rises. But they also find that the frequency of price
decreases and the size of price increases and price decreases do not respond strongly to
inflation. They use this fact as a natural test for their calibrated benchmark menu cost model
and find that it matches the data quite well on this point.

A fourth feature of price adjustment that Nakamura and Steinsson (2006b) analyse is
the degree of seasonal synchronization. They find the frequency of price adjustments to be
highly seasonal both for consumer and producer prices. It is highest in the first quarter and
lowest in the fourth quarter. This is a feature that the benchmark menu cost model has
problems with fitting and they reckon this to be a time-dependant element.

Finally, Nakamura and Steinsson (2006b) examine the hazard function of price
adjustments and consistent with the discussion in section 6.3, they are mainly interested in
the slope. They note that their calibrated benchmark menu cost model implies a steeply
upward sloping hazard function during the first few months following a price adjustment. A
novel initiative is their approach to account for the heterogeneity across products in the level
of the hazard function, as it leads to a downward bias in the slope if it is not accounted for.
They nevertheless find that the model is inconsistent with the data in at least two important
ways. “First, it implies a low and sharply rising hazard in the first few months while the data
show a large and slightly falling hazard. Second, the menu cost model does not give rise to a
spike in the hazard function at 12 months. It is perhaps most natural to interpret this 12
month spike in the hazard function as evidence that pricing decisions of firms have a time-
dependent component, though it may also reflect seasonal movements in costs. The
downward slope of the empirical hazard function in the first few months is more difficult to
rationalize”, (Nakamura and Steinsson, 20006: 4).

Mankiw, Reis and Wolfers (2003) emphasize an issue, which they claim is routinely
ignored in monetary policy analysis, the fact that not everyone has the same expectation.
They call attention to the sticky information model as it has this disagreement at its heart in
contrast to standard sticky price theory where there is no room for such disagreement

amongst agents’ expectations as people share a common information set and form
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expectations rationally. They show that the amount of disagreement in inflation expectations
is substantial and it varies over time together with other economic aggregates. They claim
that “the sticky-information model, according to which some people form expectations
based on outdated information, seems capable of explaining many features of the observed
evolution of both the central tendency and the dispersion of inflation expectations over the
past fifty years”, (Mankiw, Reis and Wolfers, 2003: 49).

Branch (forthcoming) looks at how well alternative models of expectation formation
fit survey data on inflation expectations. He compares three alternative models with data
from the Michigan survey of inflation expectations: (i) Mankiw and Reis’ (2002) static sticky
information model, (i) a discrete choice model of sticky information where agents face a list
of forecasting models distinct in the frequency of recursive-updating, which is motivated by
Reis” (2000) inattentive model and Brock and Hommes’ (1997) analysis on the adaptively
rational equilibrium dynamics, (iii) the model uncertainty case analysed in an eatlier paper by
the author (Branch, 2004). He finds that a sticky information model where the choice of
updating probabilities is time-varying fits better than the static approach of Mankiw and Reis
(2002). Furthermore, on the basis of ML estimation, he finds that the highest proportion of
agents in the Michigan survey update their information sets every 3-6 months, a lower
proportion does so every period whilst few agents update their expectations at periods of 9
months or more. These proportions vary over time. “Our results suggest that a structural
approach to model uncertainty and inattentiveness along the lines of Reis [2006] may further
enhance our understanding of the process of expectation formation”, (Branch, forthcoming:

3).

8.2 Empirical Evidence Using European Data

The Eurosystem Inflation Persistence Network (IPN) has performed vast empirical research
into price setting behaviour in the euro area. The IPN has an unprecedented data set on
macroeconomic and sectoral variables as well as information on price setting behaviour at
the individual firm level. The main findings of IPN are the following:

First, macroeconomic research seems to indicate that inflation persistence is much
lower than earlier studies have shown, once occasional shifts in the mean of inflation are
accounted for (see e.g. Altissimo, Bilke, Levin, Mathd and Mojon, 2006). “Overall, most

studies find statistical evidence in favour of shifts in the mean of inflation. Moteover, once
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such shifts are allowed for, the p -estimates are considerably lower than those reported in
the upper panel and generally statistically different from one, indicating that inflation is not
highly persistent”, (Altissimo, Ehrmann and Smets, 2006: 14). Melick and Galati (2006) note
that “[a]veraging across all these studies [by the ECB], the typical result is that persistence
has fallen roughly by half. However, there is a substantial degree of dispersion around this
average result, with some studies reporting no change in persistence ... and others reporting
that the inflation process no longer displays any persistence”, (Melick and Galati, 2006: 2).
These shifts in the mean of inflation could be due to changes in the monetary policy regime.
This result is a mixed blessing for the new Keynesian Phillips curve. If inflation persistence is
lower in recent periods, the new Keynesian Phillips curve may do better in fitting recent
data. But if it still has problems fitting the data for other monetary regimes it is not immune
to the Lucas critique.

Second, microeconomic studies have shown that firms’ price adjustments are lumpy,
a large part of firms keep their nominal prices unchanged for some time, (see Alvarez et al.,
20006, for a summary for the euro area). Prices in sectors in the CPI index are left unchanged
on average for four to five quarters. Price adjustments are somewhat less frequent in the
retail sector compared to the producer sector where the median firm adjusts its prices once a
year. These results are similar to Nakamura and Steinsson’s (2006b) results for the U.S. but
lower than Bils and Klenow’s (2004) result. IPN’s evidence on the portion of price decreases
is also similar to Nakamura and Steinsson’s (2006b) result as around 40% of price
adjustments in the euro area are price decreases compared to one-third in the U.S. According
to Angeloni et al. (2006) and Kiley (2005) this evidence contradicts models of price
adjustments that imply continuing adjustments, such as sticky information price setting, the
Calvo model with indexation and the Rotemberg (1982) price adjustment cost model.

Third, survey data indicates that a lot of firms adjust their prices in a time-dependant
manner but also that they use state-dependant adjustments in response to large idiosyncratic
shocks (see Fabiani et al., 2005, for a summary for the euro area). It is much more difficult to
include state-dependant price setting in macroeconomic models and still an open question
whether it is advisable.

Fourth, price setting surveys also show that the vital causes for price stickiness are
long-run  relationship with customers, explicit contracts which are costly to re-negotiate and

coordination problems resulting from the unwillingness of firms to change prices ahead of their
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competitors (Fabiani et al., 2005). These surveys find common arguments for price
stickiness, such as menu costs and information costs, less important. These issues are absent
in most macroeconomic models and are not part of the microeconomic foundation of the
new Keynesian Phillips curve (see Nakamura and Steinsson, 2006a, for a novel approach to
explain price rigidity due to consumer lock-in and time-inconsistency problems that firms
face in customer markets). Coordination problems are nevertheless one of the classic sources
of price stickiness discussed in the Keynesian literature. Blanchard and Fischer (1989) even
cite Keynes (see Romer, 20006, section 6.7, for a textbook discussion of the relationship
between coordination problems, real rigidities and multiple equilibria).

Fifth, microeconomic studies find that there is significant sectoral heterogeneity in
the degree of price stickiness across product categories (Alvarez et al., 2006). These studies
point towards the variability of input, especially wage developments, and the degree of
competition as two important factors behind the heterogeneity. Structural reforms that
increase the degree of competition in labour and product markets can thus possibly reduce
price stickiness. This evidence points, as does the findings of Sbordone (2005), Christiano,
Eichenbaum and Evans (2005) and Gali, Gertler and Loépez-Salido (2005a), towards wage
stickiness as an important ingredient behind price stickiness and inflation persistence
(Altissimo, Ehrmann and Smets, 2006). But it can also be supportive to the inattentive
model of price setting as these variations in the frequency of price changes across goods
seem to be connected to the price elasticity of demand as implied by the inattentive model.

Finally, new macroeconomic studies, e.g. Paloviita, (2004, 2005a,b), have tested the
importance of inflation expectations for inflation dynamics and examined the consequences
of allowing for bounded rationality in expectations. Paloviita (2004) notes that “although
there might be persistence in inflation expectations, simply allowing for non-rationality in
expectations is not enough to capture all of the persistence in inflation process propetly ...
lagged inflation is needed”, (Paloviita, 2004: 17). Hence, a hybrid Phillips curve performs
better empirically than a forward-looking New Keynesian Phillips curve. Her studies do find
that backwardness in inflation expectations has been reduced and inflation has become more
forward-looking in recent years. Hence, this is promising, at least to a certain degree, for the

new Keynesian Phillips curve.
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9. The Adaptation of the New Keynesian Phillips Curve to the
Open Economy

The previous discussion shows, as mentioned earlier, that disagreement on the Phillips curve
centres on three major issues. First, the choice of variables to include in the Phillips curve.
Should the Phillips curve include lagged inflation or is the process fully forward-looking?
Should real disequilibrium be represented by an output gap or marginal cost-based measure?
If the former is chosen, how should the gap be defined and measured? If the latter is chosen,
how should real marginal costs be measured?

The second issue centres on the optimal modelling approach to the microfoundation
of the Phillips curve. What kind of constraints do firms face in their price setting? Is it
rational to model the goods market as imperfect whilst assuming perfectly competitive
labour and financial markets? How can real rigidities be integrated into this framework? Is it
possible to introduce some inertia in the inflation process without abandoning rationality in
price setting?

Finally, there is the issue on the estimation approach to the Phillips curve, discussed
briefly in section 6.1.2.

Things become even more complicated in an open-economy framework as zhe New
Open Economy Macroeconomic (NOEM) literature has shown. The relationship between marginal
costs and the labour share becomes more complicated as producers face a choice between
imported and domestic intermediate inputs. Price setting is also more complex as the choice
of currency, competition from abroad and the pass-through of exchange rate changes into
prices become an issue. Modelling of real rigidities in capital and labour markets is also
influenced by the introduction of the openness factor, especially in an era of increased
globalization of product, labour and financial markets. It should also be obvious that
estimation and forecasting is probably not made any easier with the openness dimension.
Favero (2001) discusses how a consensus has been reached in using VAR analysis to derive
evidence from economic data in the case of closed economies but not for open economies.

The introduction of open-economy elements into DSGE models marks the frontier
of current research. Exchange rate economics is one of the most challenging areas within
macroeconomics and a heftily debated issue in monetary policy design. It is a field
considered filled with anomalies and puzzles. It is therefore not surprising that model

building becomes increasingly difficult when it comes to modelling inflation dynamics in an
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open economy where the relationship between inflation and exchange rate is a key concern.

. . . 3
In a small open economy setting this becomes even more crucial. >

A number of early papers, e.g. Ball (1999) and Clarida et al (2001, 2002), found that
optimal monetary policy design was in no important way different in an open-economy
environment compared to the closed economy framework. This isomorphic result is based
on a number of strong assumptions. The law of one price is assumed to hold and there is full
pass-through from exchange rate changes into prices. This is in strong opposition to wide-
ranging empirical research and in stark contrast to Johnson’s (1974) advice that “[t]he
distinction between an open and a closed economy in monetary analysis is fundamental”,
(Johnson 1974: 223).

Recent research shows that introduction of open-economy factors has important
influences for model design, inflation dynamics and monetary policy making. Svensson
(2000) notes that “[ijncluding the exchange rate in the discussion of inflation targeting has
several important consequences”, (Svensson, 2000: 158). By his account the main
implications of introducing the exchange rate are (i) additional channels for the transmission
of monetary policy, (ii) further emphasis on forward-looking behaviour and the role of
expectations, and (iii) transmission of foreign shocks to the domestic economy. He does not
discuss the issue of incomplete exchange rate pass-through.

The NOEM literature represents an attempt to introduce new Keynesian economics
into an open-economy framework. NOEM has brought new insights into international
transmission of shocks, different price setting behaviour and policy coordination. The
models in the NOEM literature are DSGE models, with nominal rigidities and various forms
of market imperfections. They are still to a certain degree fragile as the precise modelling
approach is not fully established and different approaches yield different policy advice. This
is of course also true for their closed economy counterparts, but not in the same degree.

A major strength of DSGE models is that they enable welfare analysis and are thus
able to address normative policy questions. A limitation of the early open-economy DSGE
models in the NOEM literature was that they modelled monetary policy as a choice of a
monetary aggregate instead of short-term interest rate setting. Most modern monetary

authorities do not regard the nominal money supply as their policy instrument but instead

2 In the open-economy macroeconomic literature a small open economy denotes an economy that is too small to
influence world prices, interest rates or economic activity.

53



implement policy by the setting of short-term interest rate on the money market.”* Monetary
policy is modelled in the closed economy new Keynesian models as either a simple rule in
Taylor’s (1993) tradition or derived from a loss function of monetary authorities where an
inflation target is often explicitly assumed. This has happened with a lag in the open-
economy DSGE models (see Batini, Harrison and Millard, 2001 for an early application of
monetary rules in an open-economy framework). Obstfeld (2004) discusses the importance
of using interest rate rules instead of monetary aggregates in modelling monetary policy in
the NOEM literature. Woodford’s (2001) elegant derivation in a closed economy framework
has not been done in an open-economy version, i.e. to go from utility maximization by the
representative household to the central bank’s loss function.

The emphasis on monetary aggregates in the early NOEM literature makes the
unpredictability of money demand an important modelling issue and disregards the more
significant effects that monetary policy has through the term structure and exchange rates
where expectations play a key role.

This section will mainly focus on the open-economy Phillips curve, especially the
interaction between exchange rate dynamics, price setting and inflation. Of course, all the
issues covered earlier regarding the closed economy Phillips curve are still central in the
open-economy approach. The addition of open-economy factors amplifies the complexity as
new channels arise, especially the introduction of exchange rate dynamics and shocks from
abroad. This is crucial in a small open economy setting where the exchange rate is the most
important price as the direct exchange rate channel plays a vital role in the transmission

mechanism of monetary policy.

9.1 The Microfoundation of the Open-Economy Phillips Curve

This section looks at a few controversial aspects in the specification of the microfoundation
for the open-economy Phillips curve. First, price setting will be discussed and how it is
connected to the exchange rate pass-through literature. This leads to a closer look at the role
of intermediate inputs. Finally, modelling of real rigidities in labour and capital markets will

be considered.

24 Poole (1970) provides a classic analysis on the instrument choice problem, i.e. whether monetary authorities
should choose monetary aggregates or interest rates as their policy tools (see chapter 9 in Walsh, 2003 for a
modern textbook treatment).
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9.1.1 Price Setting and Exchange Rate Pass-Throngh
The NOEM literature has grown exponentially in volume since the publishing of the

pioneering redux paper by Obstfeld and Rogoff in 1995. The models in the early papers of
the NOEM literature are deterministic; e.g. Obstfeld and Rogoff (1995) and Betts and
Devereaux (1996, 2000). Obstfeld and Rogoff (1998, 2000) introduced uncertainty into the
models and this has become standard. Imperfect competition brought price setting
behaviour into the spotlight of attention and the confrontation between different pricing
rules was a central theme in the first wave of the NOEM literature (see Lane, 2001, for a
survey of the first wave of the NOEM literature and Bowman and Doyle, 2003, for its
monetary policy implications).

Price setting assumptions are crucial in any DSGE model, whether in a closed or
open-economy framework. The early open-economy DSGE models assumed even simpler
price setting than the closed economy versions discussed in section 3. Prices were assumed
set one period in advance in producers’ currencies (Obstfeld and Rogoff, 1995). This price
setting assumption was soon challenged by the local currency pricing assumption (Betts and
Devereux, 1996), which follows Krugman’s (1987) pricing-to-market discussion and assumes
international market segmentation. In local currency pricing (LCP), firms set their prices in
consumers’ currency contrast to the producers’ currency pricing (PCP) assumption used by
Obstfeld and Rogoff. The PCP and LCP assumptions were confronted with each other until
about the year 2002 when more refined models were built.

Two important refinements were made in modelling price setting in open-economy
DSGE models. First, staggered price setting structure in the tradition of Calvo (1983), Rotemberg
(1982), Fischer (1977) and Taylor (1980) replaced the simpler one-period in advance price
setting. This allows for richer dynamics effects of monetary policy and is also in line with the
tradition in the closed economy new Keynesian models. In the one-period in advance price
setting framework prices of all goods can adjust without costs to shocks after one period.

Kollman (2001) was the first to introduce staggered price setting into an open-economy

% The price setting discussion is also an important issue in the classic debate on the optimal exchange rate
regime. Obstfeld and Rogoff (1995, 2000) emphasize the adjustment role of flexible exchange rates through
expenditure switching, which is a key subject in their redux model. Expenditure switching refers to the
influence of exchange rate adjustments on relative demand through relative price changes across countries.
They stress that world demand can be reallocated in an efficient way in case of shocks when exchange rate
pass-through is complete, PPP holds and exchange rates are flexible. Exchange rate pass-through is nil in the
case of LCP and no expenditure switching can take place. Betts and Devereux (1996, 2000) therefore advocate
fixed exchange rates.
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DSGE model.* The second refinement involved modelling price setting within a multi-sector
framework to take into account the empirical findings on the deviations from the law of one
price (Lo.p.) and exchange rate pass-through, i.e. that there are large short-run deviations
from the L.o.p. and a high degree of pass-through into prices of imported goods but not into
final consumption goods.”

Some models only apply one of these two refinements and Monacelli (2005) was the
first to combine both refinements. Devereux and Engel (2006) use multi-sector modelling
but in connection with one-period in advance price setting. They model imports and exports
as intermediate goods, which are used in the production of final consumption goods. They
assume that the Lo.p. holds for the intermediate goods, such that they are priced in the PCP
manner, whilst final consumption goods are priced according to LCP. Devereux and Engel
(2006) allow for alternative assumptions regarding the degree of price stickiness in both the
intermediate and final goods sectors and also, which is important, allow for different degree
of substitutability between home and foreign produced intermediates. The extent of
expenditure switching is very dependant on this substitutability. Multi-sector models of this
kind emphasize that firms at the intermediate level are confronted with a sourcing decision
and the exact formulation of this pricing decision has important implications for optimal
monetary policy.

Corsetti and Pesenti (2005) use a simple asymmetric price setting assumption where
prices are pre-set one period in advance but nevertheless allow for more flexibility than in
the earlier PCP and LCP models. Corsetti, Dedola and Leduc (2005) develop a two country
quantitative DSGE model with traded and non-traded goods and incomplete exchange rate
pass-through that stems from both nominal rigidities (LCP) and price discrimination. Price
setting in their model builds on price-adjustment costs in the spirit of Rotemberg (1982).

Gali and Monacelli (2005) model price setting in a Calvo-type manner but do not
follow a multi-sector approach and assume complete pass-through of exchange rate changes
into final consumption goods prices. They derive a fully forward-looking output gap-based

new Keynesian Phillips curve in a small open economy:

26 The working paper version of Kollman’s paper was published in 1997.

27 For empirical studies on exchange rate pass-through, see e.g. Engel (1993, 1999, 2002a, b), Taylor (2000),
Campa and Goldberg (2002), Campa, Goldberg and Gonzalez-Minguez (2005), Freystitter (2003) and Marazzi
et al (2005). Devereux, Engel and Storgaard (2004) represent a novel attempt to model endogenous exchange
rate pass-through.
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oy = BE, {”H,m}"" KoX, (15)

where x, is the domestic output gap and &, is a function of the inverse of the elasticity of

labour supply and terms of trade, which is again a function of the degree of openness and
the substitutability between domestic and foreign goods. This small open economy new
Keynesian Phillips curve corresponds to the closed economy version in equation (1). The
openness factor only affects the slope of the Phillips curve, i.e. how inflation responds to
changes in the output gap. This brings Gali and Monacelli (2005) to conclude that the only
differences between a closed economy new Keynesian model and their small open economy
version are “(a) some coefficients of the equilibrium dynamical system for the small open
economy depend on parameters that are special to the [open economy| (the degree of
openness, and the substitutability across goods produced in different countries), and (b) the
natural levels of output and interest rates in the small open economy are generally a function
of both domestic and foreign disturbances. In particular, the closed economy is nested in the
small open economy model, as a limiting case”, (Gali and Monacelli, 2005: 727).

The inattentive approach has not been applied much to open economies. One
exception is Khan and Zhu (2002, 2006) who build on Gali and Monacelli (2005) but
introduce sticky information price setting in the Mankiw and Reis (2002) tradition. Hence,

they derive an open-economy sticky information Phillips curve:

/1 ﬂ' * - / *
Ty, = oy, + a,y, +/12(1_ﬂ)j E [”H,r +o Ay, +a,y, ]
l_ﬂ l_ﬂz j=0

(16)

where A is a structural parameter representing the degree of information stickiness at a

given point of time. As it rises, the number of firms increases that use updated information
when adjusting their prices, hence reducing the degree of information stickiness. y, denotes
the domestic output gap, y, is the wotld output gap and ¢, can be interpreted as the degree

of real rigidity. Khan and Zhu (2002) find that the average information stickiness is four
quarters in the U.S., between four and five quarters in Canada, and over seven quarters in the

U.K. The open-economy estimates are very similar to the closed economy ones.
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Gali and Monacelli (2005) and Khan and Zhu (2002, 2006) assume that PPP holds
and there is complete exchange rate pass-through. How do the different kinds of open-
economy Phillips curves look like when exchange rate pass-through is limited?

Monacelli (2005) makes a novel contribution.” He combines a Calvo-type staggered
price setting with a multi-sector approach where exchange rate pass-through is incomplete.
His model is a small open economy DSGE model with imperfect competition and nominal
rigidities where incomplete exchange rate pass-through represents a crucial rigidity. The
domestic economy is inhabited by infinitely-lived households consuming Dixit-Stiglitz
aggregates of domestic and imported goods, domestic firms producing a differentiated good,
and a continuum of importing firms that operate as price setters in the local market. All
goods are tradable goods.” In his model domestic firms set prices in a staggered fashion
under a standard Calvo price setting behaviour and domestic inflation is described by a
forward-looking new Keynesian Phillips. The novel contribution is found in Monacelli’s
modelling of the dynamics of import pricing.

Vast empirical research has shown that the degree of exchange rate pass-through is
incomplete in the short run, as mentioned earlier. Monacelli (2005) introduces a model to
account for the empirical facts on pass-through. He assumes that the domestic market is
populated by local retailers who import differentiated goods for which the lLo.p. holds “at
the dock”. In setting the domestic currency price of these goods the importers solve an
optimal (dynamic) mark-up problem. This generates deviations from lo.p. in the short run,
while complete pass-through is reached asymptotically. This import price setting leads to a

forward-looking new Keynesian Phillips curve for import goods:

e, = IBEt {”F,m }+ /1Fl//F,t (17)

28 His paper was first published as a working paper in 2002 by the ECB.

2 An important assumption in Monacelli’s model is that the size of the small open economy is negligible
relative to the rest of the wotld, so the latter can be treated as a closed economy. This kind of setup allows the
explicit modelling of the role of the financial markets and risk sharing and to overcome a typical problem of
unit-root in consumption that characterizes traditional small open economy models with incomplete markets
(see Schmitt-Grohe and Uribe, 2003, for a further discussion on this).
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— (1_9F)(1_ﬂ017) 0

where 4, = , 0, is the degree of exchange rate pass-through and Y/ is a

HF

L.o.p gap, discussed shortly. According to the Phillips curve above, import price inflation will
rise if the world price of imports is higher than the local currency price of the same good.
That means that if the domestic currency depreciates and there is incomplete exchange rate
pass-through, a wedge will surface between the price that local retailers pay for their goods in
the world markets and the local currency price they set in the domestic market. A rise in
world prices in terms of the domestic currency, i.e. depreciation, will increase the marginal
cost of the local retailers and thus increase foreign goods inflation. The second part of the
right hand side of equation (17) is the interesting one. It shows that import price inflation

depends on the Lo.p. gap, which again is determined by the degree of pass-through:

‘//F,x =49, —(l—}/)St = (et +pz*)_pF,z (18)

where s, = p., — py,denotes the log terms of trade, i.e. the domestic currency relative

price of imports , e, =logE, is the log nominal exchange rate, g, is the log real exchange
rate, ¥ is (inversely) related to the degree of home bias in preferences and thus a natural
index of openness.”

The lLo.p gap is inversely proportionate to the real exchange rate and the degree of
competitiveness for the domestic economy. Hence there are two roots of deviations from
aggregate purchasing power parity (PPP) in Monacelli’s model. First, the heterogeneity of
consumption baskets between the small economy and the rest of the world, which effects are

captured by the term (I—7)s,, as long as ¥ <1. For y =1, in fact, the two aggregate

consumption baskets coincide and the relative price variations are not required in
equilibrium. Second, deviations from the Lo.p., ¥/, cause deviations from PPP. Hence
with incomplete pass-through, the lL.o.p. gap contributes to the volatility of the real exchange
rate.

Equation (17) can be integrated forward to show that imports price inflation is a

purely forward-looking variable:

30 1f y=0 the small economy is a closed one.
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T, = E, {Zﬁkﬂﬂ//nwk} (19)
k=0

Aggregate inflation, ie. the sum of domestic goods and imported goods inflation
w,=(=-pr,, +y., =7,,+)As,, is then expressed by the following forward-looking

new Keynesian Phillips curve:
ﬂ-t :ﬂEt{ﬂz+l}+ K‘;yt +Kyc/l//F,t (20)

where y, is the output gap (defined as the percentage deviation of real output from its
natural level, where the natural level is again defined as the one that would be obtained in the
case of both flexible domestic prices and complete exchange rate pass-through), and ¥/, is
a l.o.p. gap (the deviation of the world price from the domestic currency price of imports).
Justiniano and Preston (2004) extend Monacelli’s (2005) model by allowing for habit

formation in consumption and hybrid price setting by indexation in the tradition of

Christanio, Eichenbaum and Evans (2005).

9.1.2 The Role of Intermediate Inputs

The introduction of imported intermediate inputs into the production function drives a

wedge between marginal costs and the labour share, which are equal within a Cobb-Douglas

technology setting. Batini, Jackson and Nickell (2000, 2005) show that in this case, real

marginal costs, rmc,, depends on the labour share, s,,, and on the price of imported

materials relative to the price of value added, (p,,, —p,), (see appendix in Batini, Jackson

and Nickell, 2000, for a full derivation of this relationship):

rme, = —1H6¥+SLJ +au3(pm,t _pt) (21)
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The price dynamics of imports is thus of great importance for aggregate inflation dynamics
in this model. This fits well with the theoretical developments in price setting modelling in
the NOEM literature discussed previously.

Time-varying price mark-ups represent a standard result in sticky price models in
both closed and open-economy settings, as firms cannot all charge their desired mark-up
without cost. But allowing for variations in the equilibrium price mark-up due to external
competitive pressures is important in open economies. This is due to the fact that the
equilibrium mark-up depends on the elasticity of demand facing the firm and this is affected
by the level of competition the firm faces in the product market. Batini, Jackson and Nickell
(2000, 2005) note that this competition level is influenced by the degree of foreign
competition, secular shifts arising from anti-trust regulation or trade barriers, and the overall
state of the domestic economy (which they capture by the output gap, measured in two
different ways: a HP-filter method and a Cobb-Douglas production function approach).

Their specification of the equilibrium price mark-up is thus:

Inu =py+z,, +u,(y,—y)+ 1, (p" = p,) (22)

where z,, represents long-term secular shifts arising e.g. from changes in the rigor of
antitrust regulation, (p,"—p,) is a measure of the weakness or strength of foreign
competition, where p," is the wotld price of domestic GDP in domestic curtency terms, and
(v, =) denotes the output gap.

9.1.3 Real Rigidities

Amano and Murchison (2005) look at the consequences of introducing both firm-specific

capital and adjustment costs to labour into a small open economy model with CES
production technology that includes imported intermediate goods. They examine the ability
of an open-economy new Keynesian Phillips curve in a hybrid form to capture the key
features in Canadian inflation dynamics. They find that it is capable of replicating important
moments of Canadian inflation data, both with regard to inflation inertia and price
adjustment. This is a novel approach and combines various features that have been found

important in modelling the Phillips curve in both closed and open economies, i.e. hybrid
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price setting, marginal cost, labour market rigidities and specific factor markets. Future
research efforts will undoubtedly stress the role of real rigidities in open-economy DSGE
models, the combination of wage rigidities and labour market frictions, as in Christoffel and

Linzert (2005), has for example not yet been carried out in an open-economy DSGE model.

9.2 Inflation Dynamics and the Open-Economy Phillips Curve
The success of Gali and Gertler (1999), Gali, Gertler and Lépez-Salido (2001, 2003), and

Sbordone (2002) to fit a hybrid, marginal cost based new Keynesian Phillips curve to both
U.S. and euro area data led to application in other countries. Nelson (2002) questions the
isomorphism result in Clarida et al. (2001, 2002), especially with regard to the open-economy
Phillips curve. Kara and Nelson (2002) extend Nelson’s (2002) work. They note that when
exchange rate pass-through is complete, the open-economy new Keynesian Phillips curve

becomes:

ﬂ-t = ﬂEt{ﬂ-tH}-’_ Otmct +¢(Aqt _ﬂEtAQtH)-l—ut’a > 09¢ >0 (23)

such that inflation depends on expected inflation and real marginal costs as in the closed
economy case. The introduction of open-economy elements leads to the addition of the term
(Agq, — BE,Aq,.,) to the Phillips curve, i.e. current real exchange rate depreciation relative to
the expected depreciation in the next period (where a rise in g denotes a real depreciation of
the currency). Kara and Nelson (2002) estimate equation (23) using U.K. data and get an
estimated value of ¢ that is of the wrong sign. They note that incomplete exchange rate
pass-through cannot explain this feature, whereas backwardness in price setting is a possible
explanation. But other problems emerge when they estimate a version of (23) with some
backwardness in price setting, although the sign of ¢ is now correct. They thus conclude
that “[e]stimates of the New Keynesian Phillips curve fail to deliver interpretable estimates
on UK data, because (conditional on costs) they predict a tight relationship between real
exchange rate change and inflation that is not supported by the data”, (Kara and Nelson,
2002: 11).

Kara and Nelson (2002) investigate whether replacing the real exchange rate with
import prices resolves the empirical problems of a Phillips curve of the form in equation (23)

but without success. They also try to add the real exchange rate in levels to equation (23) and
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find that it is significant and with the right sign. Kara and Nelson note that “the level term
can be interpreted as capturing the presence of intermediate imported goods”, (Kara and
Nelson, 2002: 13).

Batini, Jackson and Nickell (2000, 2005) and Balakrishnan and Lépez-Salido (2002)
also estimate a new Keynesian Phillips curve on U.K. data and find that it is crucial for the
fit of the curve to extend the model with open-economy factors, especially to allow for
imported intermediate goods and variations in the equilibrium price mark-up due to external
competitive pressures.”’ Balakrishnan and Lépez-Salido (2002) note that this result reflects
the openness of the U.K. economy, which is twice as open as the euro area and triple the
U.S. level.” Barkbu and Batini (2005) reach a similar result for the Canadian case.

Batini, Jackson and Nickell (2000, 2005) estimate the following open-economy
Phillips curve for the U.K. (in levels, they also estimate it in first differences) using GMM:

T, =0, +¢E_ 7

+ alEt—lZp,t +o,E_(y, _yz*) +on,E, (p) _pt*) 24

t+1

+ alEt—lSL,t +o,E, (pm,t - p,)—O0L0E, An, +a,E,_An, +0,

t+1

where @ is a discount factor, p; is the log of the optimal price in the absence of dynamic

adjustment costs and An, denotes the change in the (log) employment while the rest of the

variables were defined earlier in connection with equation (22). Their results are that these
extensions to the hybrid Phillips curve of Gali and Gertler (1999) and Sbordone (2002) are
crucial for the fit of the Phillips curve to the U.K. data. Second, they find that inflation is
highly forward-looking with a coefficient on expected inflation equal to 0.69. Third, the
labour share term is strongly significant and the additional cost elements (real import prices
and the change in oil prices) are also important. Fourth, the employment adjustment costs
are also very relevant for price setting and for inflation in general. Finally, they do not get
significant values for the variables that are supposed to capture the variations in the price

mark-up equilibrium value.

31 Batini, Jackson and Nickell (2000, 2005) also find that employment adjustment plays an important role in
generating inflation inertia in the dynamic price setting model underlying the new Keynesian Phillips curve.
This introduction makes the labour share an inaccurate measure of marginal cost.

32 Balakrishnan and Loépez-Salido (2002) measure the degree of openness by the average levels of the sum of
exports and imports as a percentage of GDP.
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Scott (2004) points towards the need to incorporate strategic interplay to get
variations in the equilibrium price mark-up value resulting from competition from abroad,
for example in times of exchange rate appreciations. He says: “In particular, for the UK at
least, it seems that we need to combine the time-varying mark-up that arises out of the
standard sticky price models with tractable models of making mark-ups responsive to
strategic interaction between importers and domestic producers”, (Scott, 2004: 26). This is of
course connected to the strategic complementarity discussion in Woodford (2005) and the
price setting model in Devereux and Engel (2006), discussed previously.

Rumler (2005) introduces open-economy factors into a new Keynesian Phillips curve
in a model where international trade takes place at two production levels. The price setting is
a mixture of Calvo and a rule-of-thumb in the Gali and Gertler (1999) tradition. He
compares hybrid marginal cost-based new Keynesian Phillips curves in three different
settings: (1) a closed economy case, (i) an open-economy case with only imported
intermediate inputs, similar to the analysis in Batini, Jackson and Nickell (2000, 2005), and
(i) an open-economy case with both imported and domestically produced intermediate
inputs, where substitution between the domestic and foreign intermediate inputs is
important as in Devereux and Engel (2000). Real marginal cost is thus decomposed into the
relative prices of three different production factors: real unit labour costs and the prices of
imported and domestically produced intermediate goods. Rumler (2005) estimates the model
for nine euro countries and the euro area aggregate. His results support the findings of
Batini, Jackson and Nickell (2000, 2005) and Balakrishnan and Loépez-alido (2002) that the
open-economy aspects are of vital importance for the performance and fit of the new
Keynesian Phillips curve.

Another interesting result in Rumler (2005) is that the price rigidity is systematically
higher for the closed economy case than in the open-economy specification where there are
only imported intermediate inputs, as in Batini, Jackson and Nickell (2000, 2005). Rumler
(2005) proposes a possible explanation for this, “the fact that when firms face more variable
input costs as they import from volatile international markets they tend to adjust their prices
more frequently”, (Rumler, 2005: 5). Allowing for the possible substitution between
imported and domestically produced intermediate inputs, increases the degree of price

rigidity, measured by the Calvo probability of adjustment in prices.
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Guender (2000) introduces open-economy elements into the Phillips curve in a way
comparable to Kara and Nelson (2002). His underlying motive is similar to Batini, Jackson
and Nickell (2000, 2005), i.e. that competitive pressures from abroad will influence price
setting by domestic firms. Guender (2006) does not provide a microfoundation for the
introduction of open-economy factors into the price setting by domestic firms in a small
open economy (although he derives an open-economy Phillips curve from the Calvo model
in an appendix that is very similar to equation (25)). He claims that there exists a benchmark
price that the firms face in world markets and that this price affects the optimal price
charged by firms, i.e. that the domestic firms adjust their prices in line with the domestic
currency price of the final goods charged by its foreign competitors. Guender (2006) hence
gets an open-economy Phillips curve of the following form:
+ay, +bq, +u, (25)

r,=Erx

t+1

where y, is the output gap and g, is the real exchange rate. Thus, in this setting the real

exchange rate enters the Phillips curve directly. This has important implications for monetary
policy and creates a trade-off between stabilizing inflation and output when the economy is
hit by demand-side disturbances and exchange rate shocks. This trade-off arises as
disturbances cause the inflation rate and real output to deviate from their target levels and
hence amplifies the variance of both variables when the direct exchange rate channel is
operative in the Phillips curve. An important assumption in Guender’s (2006) model is that
exchange rate pass-through is complete and PPP holds.

The Phillips curve in (25) is similar to the one in Svensson (2000) although the lag
structure there is different, which is a point stressed in Svensson (2000). He notes that the
exchange rate introduces additional channels for monetary policy which work through the
economy with different lags.

Hunt (20006) estimates an open-economy small-scale new Keynesian model (without
a microfoundation) from Icelandic data using Bayesian methods and uses it to trace out
efficient monetary policy frontiers under simple inflation forecast-based monetary policy
rules. He finds that the trade-off faced by monetary authorities in Iceland is much less

favourable than those faced by central banks in Canada and the U.S. Aggregate supply is

65



modelled with an output gap-based hybrid Phillips curve where real exchange rate changes

enter as an independent variable as in Guender (2000):

T, = 51754 +(1-9, )71;471 +0,ygap, | +0,Az, + &7 (26)

t+4

where 77 is the quarterly annualized rate of CPI inflation, 7'is a four-quarter moving

average of quarterly annualized CPI inflation, Azis the first difference in the real exchange

rate index, and €” is the stochastic error process.

10. Concluding Remarks

This paper endeavours to provide a bird’s eye view of the vast and fertile literature on the
controversial new Keynesian Phillips curve in recent years. The new Keynesian Phillips
curve is the dominant approach to model inflation dynamics in macroeconomic theory and
plays a key role in small-scale macroeconomic models used for monetary analysis. It can be
derived from a model of optimizing price setting firms assumed operating within a
monopolistic competition and subjected to barriers to price adjustments. The modelling of
its microfoundation is nevertheless a matter of continuous debate as well as its ability to fit
the empirical findings on inflation dynamics, as discussed in sections 3 and 4.

A large part of this paper is devoted to discuss the approaches that have been tried to
improve the empirical fit of the new Keynesian Phillips curve in closed economies. Three
paths can be distinguished, but this paper does not discuss state-dependant pricing in much
detail. The spotlight is on mending the traditional sticky price framework or applying a new
approach.

The former path to improve the new Keynesian Phillips curve involves staying
within the traditional sticky price framework but allowing for some form of backwardness in
expectation formation and price setting, as well as using the labour share instead of the
output gap as a driving variable representing excess demand. This hybrid form has been
heftily debated in recent years. Lately, real rigidities in various forms have been introduced to
solve the empirical problems, which still emerge with the hybrid Phillips curve. Novel
attempts to introduce search and matching frictions in the labour markets, as well as
intriguing efforts to allow for firm-specific capital, give rise to renewed optimism that the

empirical problems of the new Keynesian Phillips curve will decline in the near future.
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These attempts still confront Krugman’s (2000) critique, who asks whether this
approach is building a proper microfoundation for aggregate supply or coming up with
“micro-excuses”. This question is still unanswered. On the other hand, Obstfeld and Rogoff
(1995) criticize models which assume imperfect goods market but at the same time take
complete financial markets for granted, i.e. the assumption that the economy is sophisticated
enough to set up complete capital markets, but not sophisticated enough to avoid nominal
rigidities. Christoffel and Linzert (2005) also emphasize the importance of allowing for both
rigidities and frictions in labour markets, especially in models applied to policy analysis in
Europe.

In this sense, new Keynesian economics has progressed in the last few years as the
heterogeneous treatment of markets has decreased. Instead of focusing solely on nominal
rigidities, mainly price stickiness in the goods markets, model-builders have widened their
horizon and introduced various rigidities and imperfections in other markets and applied
multi-sector modelling. This approach has given rise to more complicated inflation dynamics
as rigidities in different markets interact and affect aggregate inflation. Hopefully, this
increased complexity will bear fruit in terms of better understanding of inflation dynamics
and improved inflation forecast.

The problem some see with this first approach to improve the new Keynesian
Phillips curve is that the heterogeneous treatment of markets and the “ad-hockery” are still
present. Various imperfections are assumed, different kind for each market and the
microfoundation behind them is still to a certain degree fragile. Milani (2005) advocates
learning as “a potential single mechanism, which can induce persistence without recurring to
several modifications in different sides of the economy”, (Milani, 2005: 34). Mankiw and
Reis (2006) uphold the inattentive approach of limited information with similar arguments.
Learning and the inattentive approach represent two novel examples of the latter path that
emphasizes a new approach to improve the new Keynesian Phillips curve and new
Keynesian economics in general. Both are simple and elegant ideas, although they are
somewhat difficult in derivation, and important progress has been made in the last couple of
years towards making them fully-fledged and serious macroeconomic models. More
empirical studies of these kinds of models are needed before they can be adapted to practical

use in monetary analysis. This will undoubtedly be a red-hot research area in the near future
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and will hopefully provide better evidence as to which path to follow to improve the new
Keynesian Phillips curve. For now, the jury is still out.

The open-economy new Keynesian Phillips curve faces bigger problems than its
closed-economy counterpart. It is therefore not surprising that it has further to go. First, the
adaptation to the open economy must take into account that price setting is influenced by
the choice of currency, competition from abroad and exchange rate pass-through into the
prices. Second, the choice of a proper measure for real disequilibrium is more complicated as
the relationship between marginal costs and the labour share is influenced by the option that
producer have between imported and domestic intermediate inputs. Third, estimation and
forecasting is more difficult as exchange rate dynamics and foreign shocks play an important
role in the inflation process. Finally, the introduction of real rigidities and various other
forms of market imperfections is harder to model in an open-economy framework
characterized by increased globalization.

The productive NOEM literature has made important contributions to the
adaptation of the new Keynesian Phillips curve to the open economy, especially with regard
to modelling price setting and exchange rate pass-through. The works of Batini, Jackson and
Nickell (2000, 2005) and Balakrishnan and Loépez-Salido (2002) are good examples of
empirical use of some of the theoretical contributions of the NOEM literature. Increased
efforts to introduce real rigidities into the microfoundation of the open-economy Phillips
curve, in the spirit of what Christoffel and Linzert (2005) and Woodford (2005) have done in
the closed economy framework, will surely take place in the near future. Furthermore, the
promising new approaches, i.e. learning and the inattentive model, have not yet been applied
to open economies to a large extent. Hence, it is obvious that although the adaptation of the
new Keynesian Phillips curve to the open economy has far to go, important progress has

taken place in the last few years and there are many intriguing paths waiting to be explored.
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