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Abstract

This paper studies the differences in inflation dynamics in the euro area and
eleven EMU economies by comparing the empirical performance of two output
gap based Phillips relations: the expectations augmented Phillips curve and the
New Keynesian Phillips curve. Direct measures of inflation expectations are used
from OECD forecasts which offers some advantages over simply imposing
rational expectations. Not only do we find that inflation expectations are central to
the inflation process in all eleven EMU countries but that there is very
considerable heterogeneity of inflation dynamics. Both models correspond quite
well to the data, aided perhaps by the persistence in expectations. However, in
most countries it appears that the New Keynesian approach may offer the better
explanation. The difference between the two specifications has important
implications for monetary policy and for the inflation dynamics policy generates,
with a greater immediate effect in the New Keynesian case. Given the substantial
differences in responsiveness among the member states and differences in output
gaps, this has considerable implications for the setting of the single monetary
policy.

Inflation dynamics have been heavily debated over the years. Three main factors have recently
reignited interest. The first is the major changes in the conjuncture of low inflation and real
economic growth in many industrialised countries in the 1990s (i.e. behaviour seems to have
changed).  Secondly, the policy problem has changed and new monetary institutions have emerged.
Economic and Monetary Union in Europe has led to the establishment of a single monetary policy
that has to cope with strikingly different processes of price development in the twelve member
states. Lastly, recent theoretical advances have produced alternative views of the dynamic process,
which have crucially different implications for the design of optimal monetary policy. In particular
we can contrast the implications of the expectations augmented Phillips curve in the tradition of
Phelps (1967), Friedman (1968) and Lucas (1976) with the New Keynesian Phillips curve of Taylor
(1980), Calvo (1983) and Fuhrer and Moore (1995).

Our interest in this paper is three-fold. In the first place we wish to establish empirically what
these two main alternative specifications of the Phillips relation imply for the dynamics of inflation
in the euro area. Secondly, we want to compare the two approaches in a common framework, which
involves making assumptions about the determination of the output gap. Finally, in the light of the
variation across the twelve member countries and across the two models we seek to explore the
implications for the single monetary policy that has to be decided for the euro area by the
Governing Council of the European Central Bank.1

                                                
1 Greece had to be omitted from estimation due to lack of data.
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To pre-judge our results, both versions of the Phillips relation do a reasonably good job in
accounting for inflation dynamics in the euro area. Statistical tests appear to favour the New
Keynesian approach as an overall explanation in the euro area and most individual countries but the
magnitude and significance of some of the coefficients are more problematic.  The difference in
slopes of the Phillips curve under either specification is substantial across the member states,
implying that the same output gap would have strikingly different implications for inflation across
the euro area. The persistence of both inflation and the output gap, while also showing considerable
variation across countries, is not so divergent. However, combining the two factors to show the
dynamics of inflation exacerbates the differences both among the member states and between the
two models.  What is particularly notable is the difference between the functions estimated at the
euro area level and those for the individual countries. In the expectations augmented model the euro
area Phillips relation is much more responsive than it is for the two largest economies, Germany
and France. Whereas, in the New Keynesian case euro area inflation is so persistent that the
influence of the Phillips relationship is small and insignificant if the GDP deflator is used. Thus if
euro area policy were to be based on these relationships the two specifications would lead to
different conclusions and ones that could be considerably different from that implied by behaviour
in individual countries.

Expectations play a central role in comparing the two theories. Since we are interested in
practical policy implications we require a measure of expectations that is available at the time of
decision-making. Instead of imposing model-based rational expectations, we use a direct measure of
inflation expectations as an empirical proxy. We take the published OECD inflation forecasts to
represent prevailing inflation expectations in wage and price formation.2 They need not necessarily
be rational although they may be. The Phillips curves are fitted to data for the period 1981-2000 by
a single equation generalised method of moments. Contrary to many other empirical studies, the
output gap appears to be an adequate empirical measure of cyclical inflationary pressure in the
Phillips relation.

The paper proceeds as follows. Section 1 derives the two Phillips relations that we estimate and
places them in the context of existing empirical studies of the new Keynesian specification. Section
2 presents the empirical framework, testing strategy and the data. Section 3 considers the empirical
results for the euro area and eleven EMU countries and explores their implications for inflation
dynamics and the monetary policy of the euro area. Section 4 concludes.

1 Two Phillips Curve Specifications

This section presents the two alternative Phillips curve specifications, which are applied in this
study, taking the expectations-augmented Phillips curve is described first.

The approach to modelling the Phillips curve has been heavily influenced by history. Reducing
inflation has been seen to be costly. Problems in credibility and thus expectations formation have
helped lead to substantial employment and output losses in the process of disinflation. While
research on inflation dynamics has been largely based on the Phillips curve since the late 1950s, its
economic modelling has changed considerably over the years. Originally Phillips (1958) and

                                                
2 Similar studies with survey based expectations have been done by Roberts (1997, 1998) for the US economy.
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Samuelson and Solow (1960) hypothesised a stable negative relationship between unemployment
and inflation without paying special attention to the role of expectations. This stability seemed to
disappear and about ten years later Phelps (1967) and Friedman (1968) developed the expectations-
augmented Phillips curve with a central role of expectations in the inflation process through wage
bargaining and price setting to reinstate it. In turn in the 1970s, Lucas (1976) offered a 'rational
expectations' approach, to overcome the systematic deviation of inflation expectations from actual
inflation that had been occurring in many formulations as inflation rose. In later empirical work on
the expectations-augmented Phillips curve rational expectations are typically assumed and real
economic activity is measured by actual output relative to potential, the output gap.

Recent advances in the theoretical modelling of inflation dynamics have led to a specification
labelled the New Keynesian Phillips curve, which is based on work by Taylor (1980) and Calvo
(1983). This theory has been built explicitly from microfoundations. It suggests that prices are
sticky and inflation depends entirely on current and expected future economic conditions. Currently
expected future inflation determines inflation in this theory, contrary to the expectations-augmented
Phillips relation, where inflation is dependent on previously expected current inflation. In the New
Keynesian theory, excess demand enters through real marginal costs, the empirical measure of
which in the literature is typically the output gap or real labour costs (labour income share).

1.1 The Expectations-augmented Phillips Curve

The expectations-augmented Phillips curve can usefully be presented using Fischer’s (1977) model
with one-period wage contracts. In this model expected inflation plays a central role in wage
bargaining, as nominal wages are predetermined at the beginning of every period. However, output
and the price level can then adjust during each period as a reaction to random disturbances affecting
the economy. If the goal of wage setting is assumed to be a given real wage, the nominal wage
contract for period t depends on the expected price level in the following way:

                tttt pW 11 ��

�� � (1)

where t–1Wt is the logarithm of period t nominal wage, whose contract has been made at the end of
period t–1. The term t–1pt is the expected price level for period t, according to the expectation
formed at the end of period t–1. For simplicity, the scale factor, �, is henceforth assumed to be zero.

In this framework the aggregate supply relation between the price level, the expected price level
and excess demand can be rewritten in terms of inflation, expected inflation and excess demand.
Hence, with one-period wage contracts the expectations-augmented Phillips curve can be expressed
as

                tttt ŷ1 ��� ��
�

(2)

where �t denotes the period t inflation rate, defined as the rate of change of prices from period t–1
to period t. The term t–1�t refers to the corresponding expected rate of inflation i.e. the expected
current inflation in period t. The term tŷ  denotes the period t excess demand. In the expectations-
augmented Phillips relation inflation expectations pertain to the current inflation. In principle, the
theory allows for different expectations formation mechanisms. Static, adaptive and rational
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expectations have been postulated in empirical studies. The standard formulation with rational
expectations is

                � � tttt ŷE 1 ��� ��
�

(3)

where Et–1 is the expectations operator conditional on information available in period t–1. The mean
value of forecast errors is zero under rational expectations.

The output gap, which is here defined as the difference in logarithms of actual and potential
output, is often used to indicate the excess demand in the economy. Other measures, like the
capacity utilisation rate and the unemployment gap, which denotes the difference between the actual
rate of unemployment, and the non-accelerating inflation rate of unemployment, the NAIRU, have
also been used. Alternative specifications may include additional lags of excess demand.

The expectations-augmented Phillips curve approach has support from many empirical studies,
see for example King and Watson (1994) and Lown and Rich (1997). In applied work, oil price and
other additional variables have often been incorporated to the model in order to capture the supply
shocks of the 1990s.

1.2 The New Keynesian Phillips Curve

The new Keynesian approach has incorporated recent methodological advances in dynamic general
equilibrium theory. In this approach, inflation is wholly explained by the current and expected
future economic conditions, and non-neutral effects of monetary policy are based on temporary
nominal price rigidities. Furthermore, the theory uses explicit microfoundations, assuming firms are
monopolistically competitive and nominal price setting is staggered. Price-setting decisions of
individual firms are derived from an explicit optimisation problem, as every firm maximises profits
subject to constraints on the frequency of price adjustments or alternatively subject to menu costs
related to changing prices (Rotemberg, 1982).

Generally, aggregating the decision rules of firms is rather complicated when nominal price
setting is staggered, but it can be simplified following the approach in Calvo (1983), where each
firm has a fixed probability (1–�) of changing its price in any period. Correspondingly, � is a
probability of keeping the price fixed. The probability of adjusting the price is independent of the
length of time since the last price change. The expression 1/(1–�) describes the average time a price
is fixed. Thus, nominal rigidity increases, as � rises.

Aggregating across the price setting decisions of the individual firms yields the following
linearised relationship between current inflation, expected future inflation and real marginal costs:

                � � tttt mc���� ��
�1E (4)

where mct is the period t log deviation of the firms’ real marginal costs from the steady state value
and expectations are conditional on information available in period t. Thus, in this specification,
inflation is dependent on currently expected future inflation. The parameter � is the subjective
discount factor and the coefficient on real marginal costs, the term �, is a function of two structural
parameters of the model in the following way: � = (1–�)(1–��)/�, where � is the degree of price
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rigidity. Because � is decreasing in �, the longer prices are fixed on average, the less sensitive
inflation is to current variation in real marginal costs. In this framework forward-looking firms have
to set prices for possible multiple periods and base their pricing decisions on the expected future
developments of marginal costs. Iterating equation (4) forward yields:

                � �ktt
k

k
t mc

�

�

�

�� E
0

��� . (5)

As inflation is equal to the discounted stream of future marginal costs, it is entirely forward looking
with no persistence in it. The credibility issues of monetary policy are relevant in this framework.
With credible monetary policy inflation can be reduced without output losses via expectations of
future monetary policy.

In empirical studies, the output gap is a commonly used proxy for the real marginal costs, but
labour costs have also been used. These variables are assumed to capture changes in real marginal
costs associated with variation in excess demand in the economy. Under certain assumptions about
technology, preferences and the structure of labour markets we can link the output to real marginal
costs within a local neighbourhood of the steady state of log real marginal costs according to:

                tt ymc ˆ�� (6)

Substituting the above relation into (4), we obtain the typical specification for the New Keynesian
Phillips relation:

                � � ,ˆE 1 tttt y���� ��
�

(7)

where � = ��.

1.3 Evidence from Earlier Empirical Studies

Although the output gap based New Keynesian Phillips curve under rational expectations has often
been used in monetary policy analysis, the empirical validity of the model has not been firmly
established. Inflation seems to be poorly captured and the output gap is often insignificant or has a
wrong, negative, sign. To represent the data better, the model has typically been modified, using the
lagged inflation rate and alternative measures of real economic activity.

The real marginal costs implied by the New Keynesian theory are difficult to measure
empirically. This has lead to a debate in applied work over whether the output gap or labour costs is
the appropriate measure of cyclical inflationary pressure. The output gap has been criticised for
having problems in measurement and it may not move proportionally with real marginal costs due
to the failure to account for labour market frictions. Moreover, the relation between unobservable
firm-level marginal costs and observable aggregate marginal costs appears to be problematic and
the estimation results seem to be highly sensitive to the specification of labour costs.

Empirical studies have raised questions about the adequacy of the underlying theory. The
theoretical model under rational expectations does not imply any lags of inflation. Such lags have
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been interpreted as representing agents who only look backwards setting prices. The poor empirical
fit may thus be associated with the possible inaccuracy of the rational expectations hypothesis
assumption.

Fuhrer and Moore (1995) have shown with US data that the New Keynesian model under
rational expectations hypothesis without lags cannot capture inflation dynamics. In the recent study
by Gagnon and Khan (2001) inflation responds better to anticipated movements in labour costs than
to the output gap. When the output gap is used in that study, the estimated slope of the New
Keynesian Phillips curve is negative for the euro area and the US but positive for Canada. When
lagged inflation is added to the output gap based model, the slope of the curve is positive for the
euro area and Canada, but negative (wrong) for the US. In most of the output gap based estimations
by Gagnon and Khan, the estimated coefficient on output gap itself is insignificant.

Gali and Gertler (1999) conclude that the New Keynesian Phillips curve provides a reasonable
approximation to inflation dynamics in the US, when the labour income share is used to measure
real marginal costs. Although backward looking price setting is statistically significant in their
study, it is not quantitatively important. Gali, Gertler and Lopez-Salido (2001) favour the New
Keynesian Phillips curve conditional on real unit labour costs instead of the output gap both for the
euro area and the US. While there seems to be some backward looking in inflation dynamics, they
find that the New Keynesian Phillips curve fits the euro area data. Sbordobe (2002) argues also that
the New Keynesian Phillips curve performs better when real labour costs are used. By contrast,
Rudd and Whelan (2002) argue that the empirical fit of the New Keynesian model is not improved
when using real labour cost instead of the output gap.

Benigno and Lopez-Salido (2002) have compared inflation dynamics in five major EMU
countries. When studying France, Germany, Italy, the Netherlands and Spain they provide evidence
on heterogeneity in price changes across the countries. This study suggests that inflation has a
dominant forward looking component only in Germany and there is a significant backward looking
component in inflation process in the other four countries.

Roberts (1997, 1998) has analysed inflation dynamics in the US with the New Keynesian
specification by using survey estimates of inflation expectations instead of rational expectations
assumption. He finds evidence that inflation expectations are not rational, which appears to be
connected to the poor empirical fit of the New Keynesian theory. However, the results are highly
dependent on inflation surveys, which have been criticised as being unreliable estimates of inflation
expectations.

2 Empirical Evidence

2.1 The Empirical Framework

In order to make the two Phillips curve specifications as comparable as possible for the euro area
data, we have applied the same method of operationalising expectations and the same measure of
excess demand to both cases.

The role of expectations is central when comparing the two theories. The expectations-
augmented Phillips curve and the New Keynesian Phillips curve differ in a way expectations are
linked to inflation process. In the expectations-augmented specification current inflation is related
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to the previously expected current inflation, as shown in (3). We have modified this slightly in
applying it to the data, to allow us to test for non-neutrality in inflation process:

                � � tttt ŷE 1 ���� ��
�

. (3')

Under neutrality the parameter � = 1. It also makes the model directly comparable to the new
Keynesian specification.

In the New Keynesian specification (7), current inflation is dependent on the currently expected
future inflation. In this case the parameter � is the discount factor, which is less than but very close
to unity. Inflation varies positively with the output gap in both specifications and the parameters �
and � measure the sensitivity of inflation to variation of excess demand. In the New Keynesian
model the future output gap changes are assumed to capture the future changes in real marginal
costs exactly.

We used two inflation measures in estimation: the annual changes of the GDP deflator and the
private consumption deflator, because both measures are widely used in the existing literature. The
corresponding OECD forecasts are used to measure inflation expectations. By using direct measures
of inflation expectations, we can avoid the problem faced by many previous studies of inflation
dynamics, of having to test dual hypotheses, about the specification of the Phillips curve and the
formation of expectations, at the same time. Thus, in our study we can allow for the possibility that
the expectations themselves may adjust slowly or move for spurious reasons. The OECD forecasts
are likely to be more reliable proxies for inflation expectations than some survey estimates that have
been used, as they are based on systematic monitoring of economic developments and econometric
models. While using these proxies for inflation expectations, we can also test whether the lagged
inflation rate is needed to improve the empirical fit of the Phillips relation.

We use the encompassing test of Davidson and MacKinnon (1993) to analyse whether the
expected future inflation or the expected current inflation dominates inflation process:

                � � � � tttttt ŷE)1(E 11 ������ ����
��

. (8)

Equation (8) includes both expectations variables (from (3') and (7)) and hence encompasses both
models under consideration as special cases. If the hypothesis (1–�) = 0 is not rejected and the
hypothesis � = 0 is rejected, the inflation process is dominated by the currently expected future
inflation. Accordingly, in the converse case, i.e. the hypothesis � = 0 is not rejected and the
hypothesis (1–�) = 0 is rejected, the model reduces to the expectations-augmented Phillips curve
with the previously expected current inflation. If the sum of the estimated coefficients is restricted
to one, it is possible to analyse relative weights of the alternative components in the inflation
process.

The two Phillips relations can also be compared using a non-nested test (Davidson and
MacKinnon, 1993). This test analyses whether one Phillips curve specification has explanatory
power over the other, which would indicate that the second is misspecified. However, compared to
the tests based on parameter restrictions with certain assumptions about distributions, non-nested
tests are substantially weaker. At best they only indicate which model fits data better.

In applying the non-nested test to the two Phillips relations, we express the two models of the
alternative Phillips curve specifications in a manner that allows us to test them both against a more
general specification:
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� �� � ttttt y ������� ˆˆE)1( 1 ����
�

(9)

and

� �� � ttttt y ������� ~ˆE)1( 1 ����
�

(10)

where the terms t�̂  and t
~
�  denote the fitted values of the single equation estimates of the

expectations-augmented Phillips curve and the New Keynesian Phillips curve, respectively. The
validity of the alternative specifications can be analysed by combining the test results.

As in all such non-nested tests, three classes of outcome are possible: one model is better
supported by the data than the other; neither is satisfactorily supported and lastly both are
supported. For example, if the hypothesis � = 0 is not rejected in (9), the expectations-augmented
specification has no explanatory power over the New Keynesian one. Accordingly, if the hypothesis
� = 0 is rejected in (10), the New Keynesian specification has explanatory power over the other
one. So, when considering the results of both equations we can conclude that the New Keynesian
specification supports evidence against the expectations-augmented one in this example. It the third
case where both hypotheses are supported that provides the greatest problem. It could simply mean
that there is nothing much to choose between the expectations-augmented and the New Keynesian
Phillips relations. However, it may be that the particular data sample is inadequate for testing
inflation dynamics between the two Phillips curves. Since the implications of the two relations for
the conduct of monetary policy are noticeably different such an outcome would be unhelpful.

2.2 The Data

The annual data cover the period 1981–20003. For all countries, the inflation rates and the output
gap series are constructed using the OECD Economic Outlook data set. Two alternative inflation
measures are used, the annual changes of the GDP deflator and the private consumption deflator.
The corresponding OECD inflation forecasts for every country have been collected from the OECD
Economic Outlook publications. The OECD makes forecasts twice a year. Here, the December
estimates for the next year are considered. Thus, in the expectations-augmented Phillips curve
specification, in (3'), the previous year’s December forecasts for the current year are used.
Similarly, the current year’s December forecasts for the next year measure inflation expectations in
the New Keynesian specification (7). The output gap is defined as the difference between the log
real GDP and the HP-filtered log real GDP.

When aggregating inflation rates, inflation forecasts and the output gap for the euro area, the
ECB country weights for the eleven EMU countries have been used.4 The four biggest economies,
Germany, France, Italy and Spain dominate the euro area with a weight of over 80 per cent.
                                                
3 The data for Luxembourg are available only for the period 1983–2000.
4 The inflation rates and the inflation forecasts were aggregated from individual country series by using the ECB
country weights for 11 EMU countries. The percentage weights from 1999 are: Germany 32.4, France 22, Italy 18,
Spain 9.1, The Netherlands 6, Belgium 3.8, Austria 3.2, Finland 2, Portugal 1.7, Ireland 1.4 and Luxembourg 0.3. The
output gap: the log real aggregated GDP minus the HP-filtered log real aggregated GDP. Real GDP was aggregated
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Figures 1 and 2 show that the inflation rates and inflation forecasts for the GDP and private
consumption deflators for the euro area, while having a similar pattern, differ in important respects.
In the beginning of the 1980s inflation was about 10 per cent, but it decreased to approximately 3
per cent during the next few years. Since a small peak of about 4.5 per cent in the beginning of the
1990s inflation has remained subdued in the euro area. When looking at the inflation forecasts for
the current year, it can be seen that the decreasing inflation was overpredicted in the first half of the
1980s. In addition, the accelerating inflation in the late 1980s was not directly captured by the
forecasts. With low and stable inflation, recent inflation forecasts are close to actual inflation.
However, the private consumption deflator has been the more difficult to predict, including the
upturn in 2000.

Euro area real output and potential output show a simpler pattern (Figure 3). Before the end of
the 1980s real growth was quite modest and the output gap was negative. In the late 1980s and in
the beginning of the 1990s output was above potential and economic growth was fairly brisk. After
that the output gap was negative again until the year 1999 because of slow growth in many euro
area economies.

The figures for the individual country variables (shown in Appendix Figure A1) are much more
complex. We have divided the countries into two groups, both to make each country distinguishable
and to highlight the outliers. The inflation history varies clearly across the EMU countries,
especially in the 1980s, Portugal being the main outlier. In the 1980s and 1990s the output gap path
was quite similar in the seven biggest euro area economies with the exception Germany, where we
can see the effect of unification. Compared to these countries, the four smallest economies have
experienced quite different and more diverse developments in the output gap, with Finland being
the obvious outlier with its crisis at the beginning of the 1990s.

Figure 1. Euro area inflation and inflation forecasts,
using the GDP deflator
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using ECB country weights for 11 EMU countries and taking into account the unification in Germany by splitting the
HP-filtering for Germany in two. Real GDP up to 1990 was extended by three years by excluding the East German
share of 6.5 per cent from the combined real GDP series. Similarly, real GDP since 1991 (for the unified Germany) was
extended backwards by three years by adding the share of East Germany to the original series. An HP-filter was then
applied to each series separately before combining them, using the first series up until 1990 and the second therafter.
For the years 1981 and 1982, the missing Luxembourg data were assumed to have the same characteristics as Belgium.
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Figure 2. Euro area inflation and inflation forecasts,
using the private consumption deflator
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Figure 3. Euro area real output and potential output
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3 Results

3.1 Single Equation Estimation

The parameters for both Phillips relations were estimated separately using the generalised method
of moments (Hansen, 1982). In both cases the instruments used are chosen to represent variables
which are predetermined at time t. For comparability, the instrument set for both specifications
consists of the same three variables: the lagged inflation forecast, Et–1{�t}, and two lags of the
output gap, 1ˆ

�ty  and 2ˆ
�ty . Thus lagged inflation expectations are treated as exogenous

(predetermined) and the output gap is the only endogenous right hand side variable in the
expectations-augmented Phillips curve. The standard errors of the estimated parameters are



11

modified using the white-covariance correction. The J-statistic is used to test the overidentifying
restrictions ie validity of the instruments.

Overall, the estimation results using the GDP deflator (shown in Table 1) are fairly plausible for
the euro area and for individual economies. The estimated coefficients on the expected inflation are
higher in the New Keynesian specification with only two exceptions. In the expectations-augmented
specification none of the point estimates is significantly over unity, but some rather low values
(clearly less than 0.9) can be found. By contrast, in the New Keynesian specification the point
estimates for Italy, Portugal and Spain exceed unity and the hypothesis of � = 1 is rejected at the 5
per cent level. In the New Keynesian specification, only the point estimate for the Netherlands is
below 0.90. For the euro area it is plausible at 0.991.

Table 1. Single equation estimation results using the GDP
deflator as the measure of inflation

Expectations-augmented specification

� � tttt yλπβπ ˆE 1 ��
�

Parameters Test
� � J

EU 11 0.953 (0.035) * 52.945 (19.078) * 0.071

Austria 0.912 (0.077) * 65.708 (26.107) * 0.031
Belgium 0.856 (0.059) * 56.821 (19.956) * 0.097
Finland 0.817 (0.062) * 13.470 (13.197) 0.192
France 0.833 (0.043) * 11.345 (9.231) 0.001
Germany 0.929 (0.062) * 18.463 (10.575) 0.103
Ireland 0.975 (0.132) * 20.606 (27.599) 0.120
Italy 1.017 (0.051) * 157.924 (37.412) * 0.010
Luxembourg 0.953 (0.163) * 101.804 (45.517) * 0.058
Netherlands 0.798 (0.062) * 59.580 (21.799) * 0.124
Portugal 1.037 (0.071) * 22.303 (32.983) 0.036
Spain 0.984 (0.043) * 31.542 (15.885) 0.057

New Keynesian specification

� � tttt yκπβπ ˆE 1 ��
�

Parameters Test
� � J

EU 11 0.991 (0.021) * 1.292 (10.132) 0.244

Austria 0.964 (0.057) * 34.284 (17.822) 0.088
Belgium 0.910 (0.064) * 18.291 (20.041) 0.080
Finland 0.904 (0.019) * –3.572 (6.010) 0.062
France 0.915 (0.031) * –1.802 (8.384) 0.167
Germany 0.985 (0.050) * 6.457 (8.159) 0.061
Ireland 0.950 (0.082) * –8.850 (23.068) 0.125
Italy 1.119 (0.013) * 99.752 (9.984) * 0.231
Luxembourg 0.948 (0.174) * 90.311 (32.036) * 0.130
Netherlands 0.805 (0.036) * 18.396 (11.898) 0.165
Portugal 1.128 (0.047) * 15.477 (21.732) 0.158
Spain 1.101 (0.043) * 7.325 (8.683) 0.046
Notes: Sample period 1981–2000 with the exception of Luxembourg: 1983–2000. Numbers in parentheses are standard
errors, * indicates significance at 5 per cent level. J-statistic corresponds to the Hansen test of the overidentifying
restrictions. The J-statistic times the number of observations is asymptotically �2 with one degrees of freedom, the critical
value of which is 3.84. Instruments: the lagged inflation expectation, Et–1{�t} and the two lags of the output gap, ŷt–1 and
ŷt–2.
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The estimated output gap enters always with a positive sign when the expectations-augmented
model is considered. In the New Keynesian specification the coefficient on the output gap is
positive for the euro area and for eight out of eleven countries. The estimated coefficients on the
output gap are clearly higher in the expectations-augmented specification compared to the other
case. Hence, inflation appears to be more sensitive to changes in current excess demand, when
expectations are measured by the inflation forecast for the current year instead of the inflation
forecast for the next year. This is in part because the excess demand effect is incorporated in
expected future inflation. A more direct comparison of the inflation dynamics accounting for
difference in lag structures in the models follows in Section 3.3. The statistical reliability of the
output gap coefficients is greater in the expectations-augmented specification for the euro area as
well as for almost all countries.

The results are slightly different, when using the private consumption deflator as the measure of
inflation, as shown in Table 2. The estimates of the expectations variable continues to be higher
with the New Keynesian specification. Although the estimated coefficient on the expected inflation
for the euro area is too high in the New Keynesian specification, 1.022, it is not statistically
different from unity. The hypothesis of � = 1 is rejected at the 5 per cent level in the New
Keynesian specification for the same three countries: Italy, Portugal and Spain, as for the GDP
deflator.

With the private consumption deflator, all the estimated output gap coefficients are positive in
the expectations-augmented specification and there is only one estimate with the wrong sign in the
New Keynsian case. The expectations-augmented specification gives notably higher and
statistically more reliable coefficients for the output gap than for the New Keynesian specification.

The overidentifying restrictions are rejected, according to the J-statistic, in only a few cases in
Tables 1 and 2. The potential weakness of the instruments was also checked by regressing the
regressors of the Phillips curves on the three instruments; see Appendix Table A1. In the case of
expected future inflation, in over half of the cases R-squared from the regressions was above 0.80
and only in one case below 0.70. For the output gap only 8 out of 24 of the R2s were below 0.60.
Thus, overall, the chosen instruments seem to be relevant to the variables we seek to model.

Table 2. Single equation estimation results using the private
consumption deflator as the measure of inflation

Expectations-augmented specification
� � tttt yλπβπ ˆE 1 ��

�

Parameters Test
� � J

EU 11 0.956 (0.043) * 64.252 (18.566) * 0.032

Austria 0.975 (0.088) * 56.249 (33.707) 0.028
Belgium 0.893 (0.092) * 57.305 (31.093) 0.026
Finland 0.826 (0.058) * 28.011 (6.479) * 0.048
France 0.928 (0.055) * 28.561 (11.416) * 0.013
Germany 0.904 (0.076) * 37.369 (10.137) * 0.044
Ireland 1.004 (0.105) * 24.607 (26.085) 0.094
Italy 1.005 (0.042) * 105.023 (24.650) * 0.029
Luxembourg 0.751 (0.077) * 44.156 (28.803) 0.006
Netherlands 0.941 (0.053) * 59.313 (16.117) * 0.218
Portugal 1.034 (0.077) * 63.813 (43.146) 0.100
Spain 1.011 (0.029) * 27.238 (12.593) * 0.041
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New Keynesian specification

� � tttt yκπβπ ˆE 1 ��
�

Parameters Test
� � J

EU 11 1.022 (0.023) * 15.170 (10.840) 0.024

Austria 1.017 (0.064) * 41.532 (23.794) 0.037
Belgium 0.943 (0.084) * 27.049 (27.230) 0.036
Finland 0.876 (0.038) * 13.582 (4.971) * 0.093
France 1.021 (0.044) * 10.591 (10.630) 0.054
Germany 0.939 (0.064) * 16.400 (6.118) * 0.062
Ireland 1.014 (0.086) * 7.239 (16.323) 0.118
Italy 1.079 (0.025) * 44.703 (19.182) * 0.156
Luxembourg 0.785 (0.065) * –1.748 (18.613) 0.116
Netherlands 0.958 (0.030) * 24.818 (10.845) * 0.177
Portugal 1.164 (0.051) * 84.781 (33.272) * 0.080
Spain 1.077 (0.034) * 7.327 (9.161) 0.003
Notes: See Table 1.

Both Phillips curve specifications with both inflation measures show reasonable inflation
dynamics for this data set, where the output gap is a proxy for excess demand and inflation
expectations are measured directly. Qualitatively similar estimation results are obtained from single
equation estimation with ordinary least squares (see Appendix 4 of Paloviita (2002)) and pooled
least squares methods, as reported in Appendix Table A2. The estimates of the impact of expected
inflation are greater when the New Keynesian specification is applied. Whereas, while most
coefficients on the output gap are positive, they are higher and more reliable with the expectations-
augmented specification.

The results are comparable with the earlier studies of inflation dynamics in the euro area. The
output gap based Keynesian Phillips curve under rational expectations in Gali, Gertler and Lopez-
Salido (2001) and Gagnon and Khan (2001) show the same estimated coefficient on the expected
inflation, 0.991, as we obtain, for the case of the GDP deflator. However, the slope of the Phillips
curve is negative in both of the studies. We thus find more supportive evidence for the empirical
validity of the output gap. The slope of the Phillips curve is positive in 44 of the 48 cases for the
euro area and the individual countries that we show in Tables 1 and 2.

3.2 Comparison of the Two Hypotheses

On the basis of the results reported above, a clear statistical preference cannot yet be claimed for
either of the Phillips relations. Both of them seem to capture inflation dynamics fairly well. We
therefore turn to the two tests we described in Section 2.1.

The encompassing test (8), shown in Appendix Tables A3 and A4, indicates that the currently
expected future inflation seems to dominate the inflation process compared with the previously
expected current inflation for the euro area with both inflation measures.5 In other words the weight
on � is clearly larger than that on 1 - �. (The weights are constrained to sum to unity in the
regression.) Similar results are found for most of the individual countries. However, the opposite
                                                
5 The instruments are the same as before, ie the lagged inflation forecast and two lags of the output gap.
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result occurs for the same three countries that exhibited a poor empirical fit for the New Keynesian
Phillips curve. The encompassing test indicates that the larger weight falls on the previously
expected current inflation for Italy and Spain under both inflation measures and for Portugal with
the GDP deflator. Some of the estimated output gap coefficients are negative, for example, that for
the euro area with the GDP deflator. Overall, the J-statistics indicate that the instrument set for
encompassing test is acceptable is almost all cases. The encompassing test was also applied to the
euro area and individual countries without imposing unit sum constraint but the results (not reported
here) were qualitatively similar.

Thus, taken together, the encompassing tests appear to be more favourable to the New
Keynesian specification. However, because of the number of implausible coefficients and the
variation in results between the inflation measure, this test may not be a very reliable means of
evaluation of the relative merits of the two Phillips relations.

However, the same conclusions appear from the non-nested test derived from (9) and (10) as
shown in Appendix Tables A5 and A6.6 Section A of the both tables tests the expectations-
augmented model against the general model while section B reverses the procedure and tests the
New Keynesian model against the general model. Section C summarises the outcomes.

The New Keynesian Phillips curve is preferred in the euro area under both inflation measures,
as the expectations-augmented specification has no explanatory power over the New Keynesian but
the new Keynesian specification has explanatory power over the expectations-augmented. Similar
results can be seen for most individual countries, with 9 (8) out of 11 countries for the GDP (private
consumption) deflator showing a significant result for the second hypothesis. By contrast, this
result is obtained for the first hypothesis in only two of the countries with both inflation measures.

So if we combine the two sets of results as in panel C of the Tables, both panels A and B come
out in favour of the New Keynesian version in seven out of eleven cases for the GDP deflator (six
out of eleven for the consumption deflator). For all other cases the results are mixed – in four cases
both hypotheses are preferred and in five, neither.  The expectations-augmented specification is not
favoured for any country with either deflator.

3.3 A Direct Comparison of the Price Dynamics

As we noted above it is not possible to compare the slopes of the Phillips curves in the New
Keynesian case just by comparing the estimates of � from (7) because the expected future inflation
term is not predetermined but also depends upon current economic activity. In the same way we
cannot compare the impact current economic activity on inflation from the Phillips curve alone. We
need to include some sort of determination process for the output gap over time.

We can, for example, describe the time series properties of the output gap by a simple
autoregressive process:

ttt yy �� ��
�1 .  (11)

By successive forward substitution in (7) we obtain

�
�

�

�
�

0

E
j

jtt
j

t y��� . (12)

Then using the autoregressive process in (11) for the expected values of the output gap, under the
assumption that t�  is a shock whose expected value is zero, (12) becomes simply
                                                
6 In both specifications the lagged US inflation rate was used in addition to the instruments used in the previous test.
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� �� � tt y���� �� 1/ . (13)
Defining � ����� �� 1/*  we can now compare *

�  across each of the estimated New Keynesian
Phillips curves as a measure of the impact of a change in the output gap on inflation, as we have
now allowed for different persistence in the output gap �. In the same way we can compare the
impact in the expectations-augmented specification (3'), �, with *

�  in order to compare the impact
in the two different specifications.

Figures 4 and 5 make these comparisons for the GDP and private consumption deflators derived
in Tables 1 and 2. The values of � are shown in the Tables below the respective figures. There are
main messages we can derive from this comparison. The first is that the broad ranking of countries
under the two models is similar. There are some notable differences for Ireland, Portugal, Finland
and Austria but the larger countries, representing some 80% of the GDP of the euro area remain in
the same order and relative position. The second obvious result is that the persistence in the output
gap not merely varies substantially across countries but that it increases the spread of the New
Keynesian curves, particularly for the more extreme cases. This increase in spread is to be expected
unless � were unity. As a generality � is a decreasing function of the slope of Phillips curve so the
changes are less than proportionate. The third noticeable feature is that the results under the private
consumption deflator vary less than under the GDP deflator. The extent is important when it comes
to comparing policy based on the EU11 aggregate relationship compared to the position for the
individual states. With the private consumption deflator case the euro area results are similar under
the two models. While of the major countries Spain and to a lesser extent France lie below the euro
area slope and Italy clearly lies above it, the discrepancies are not so striking for the private
consumption deflator. With the GDP deflator the Phillips curve is virtually horizontal in the New
Keynesian case. This would again be a good representation of the country result for France and
Germany and to a lesser extent Spain. Italy remains an outlier. The expectations augmented curve,
however, has far more in common with the consumption deflator values and is very different from
the estimate one would get by weighting the individual country estimates by their economic size.
Differences among the member states of clear policy importance here and the application of an
aggregate model would have very different implications from a disaggregate one. Even if we ignore
the more extreme results and concentrate on the consumption deflator as this is the target variable
for monetary policy it still remains the case that over this sample the range of country experience is
still over a factor from 2 to 3. This order of difference is very similar to those reported in the survey
of studies of the euro area in Mayes and Virén (2000).

The final feature of inflation dynamics worth considering from this simple analysis is the
degree of persistence. As expected, it is clear from Figure 6, that with the exception of Belgium and
Luxembourg, there is very considerable persistence over the data period, with inflation persistence
following a similar pattern to output gap persistence.
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Figure 4. Slopes of the Phillips curves when using the GDP deflator as the measure
of inflation
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NK NK
EA with corr.factor without corr.factor Autocorrelation Correction factor

EU 11 0.5294 0.0454 0.0129 0.7378 3.5175

France 0.1135 -0.0682 -0.0180 0.7585 3.7845
Finland 0.1347 -0.1566 -0.0357 0.7957 4.3828
Germany 0.1846 0.2078 0.0646 0.7106 3.2182
Ireland 0.2061 -0.2440 -0.0885 0.6569 2.7566
Portugal 0.2230 0.5521 0.1548 0.7419 3.5672
Spain 0.3154 0.3304 0.0733 0.8024 4.5105
Belgium 0.5682 0.4537 0.1829 0.6153 2.4803
Netherlands 0.5958 0.5506 0.1840 0.6865 2.9930
Austria 0.6571 1.0077 0.3428 0.6802 2.9392
Luxembourg 1.0180 1.9832 0.9031 0.5615 2.1959
Italy 1.5792 2.9314 0.9975 0.6801 2.9387
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Figure 5. Slopes of the Phillips curves when using the private consumtion
deflator as the measure of inflation
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NK NK
EA with corr.factor without corr.factor Autocorrelation Correction factor

EU 11 0.6425 0.5336 0.1517 0.7378 3.5175

Ireland 0.2461 0.1995 0.0724 0.6569 2.7566
Spain 0.2724 0.3305 0.0733 0.8024 4.5105
Finland 0.2801 0.5953 0.1358 0.7957 4.3828
France 0.2856 0.4008 0.1059 0.7585 3.7845
Germany 0.3737 0.5278 0.1640 0.7106 3.2182
Luxembourg 0.4416 -0.0384 -0.0175 0.5615 2.1959
Austria 0.5625 1.2207 0.4153 0.6802 2.9392
Belgium 0.5731 0.6709 0.2705 0.6153 2.4803
Netherlands 0.5931 0.7428 0.2482 0.6865 2.9930
Portugal 0.6381 3.0243 0.8478 0.7419 3.5672
Italy 1.0502 1.3137 0.4470 0.6801 2.9387
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Figure 6 Persistence in Inflation and the Output Gap in the euro area

Output gap The inflation rate The inflation rate
gdp-defl. pcp
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4 Conclusions

In recent years there has been an increasing interest in the issue of inflation dynamics because of the
puzzling price developments and the new euro area. Also the development in the underlying
theoretical frameworks has renewed the study of the tradeoff between inflation and output, which is
central in monetary policy analysis. In empirical studies of inflation dynamics only limited support
has been found for the output gap based New Keynesian Phillips curve under rational expectations.

In this paper inflation dynamics in the euro area and eleven EMU economies have been studied
by comparing the empirical performance of the two alternative output gap based Phillips relations:
the expectations-augmented Phillips curve and the New Keynesian Phillips curve. In applied work
the Phillips relation and the hypothesis of expectations formation have been typically tested jointly.
By contrast, in this study the rational expectations hypothesis has not been maintained, as direct
measures of market expectations have been used. In the expectations-augmented specification the
OECD inflation forecast for the current year has been used to measure inflation expectations.
Correspondingly, the OECD inflation forecast for the next year has measured inflation expectations
in the New Keynesian specification. In addition to the single equation estimation with alternative
inflation measures, the empirical superiority of the alternative Phillips relations has been compared
using encompassing and non-nested tests. Comparison of the impact of the output gap on inflation
across models and countries requires taking account of the determination process of the output gap,
as it is not predetermined in the New Keynesian model.

The empirical evidence suggests that the output gap based expectations-augmented Phillips
curve provides a reasonable approximation to the inflation dynamics in the euro area, when
expectations i.e. the previously expected current inflation is measured directly using the OECD
inflation forecasts. Also, the output gap based New Keynesian Phillips curve with the currently
expected future inflation tracks inflation variation plausibly, when the OECD forecasts are used. A
conclusive comparison between the alternative models cannot be made on the basis of the single
equation estimation results, but the empirical test results show evidence more in favour of the new
Keynesian specification both for the euro area and for most EMU countries. Results are
qualitatively fairly similar regardless of the inflation measure, the GDP deflator or the private
consumption deflator.

However, there appears to be substantial heterogeneity in inflation processes across the euro
area countries, with the slope of the Phillips curve varying by a factor of two to three across the
member states, after omitting the outliers. A policy based on a common relation would therefore
have strikingly different outcomes across the area. If additionally there was substantial asymmetry
in the shocks (size of the output gap) across the area, the appropriateness of a single policy based on
aggregate estimates could amplify the discrepancies even further if the particular distribution of
shocks happened to be correlated with the distribution of slopes. Mayes and Virén (2000, 2002)
show that these discrepancies are rather greater if the Phillips 'curve' is actually allowed to be more
like a curve and not the linear relationship that is estimated in the two cases here. They also use
OECD forecasts as the measure of expected inflation in the more recent of their articles.

It is, however, important to note that the sample of data used here covers the entire period from
1980 to 2000. As Figure 1 showed there has been a substantial change in the behaviour of inflation
since the beginning of the 1990s. Furthermore, with the introduction of the euro area and the
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Stability and Growth Pact one might also expect some changes in the relationships, quite possibly
in the direction of convergence.

Contrary to many other studies under rational expectations, inflation dynamics is adequately
captured in this study without need to use lagged inflation as an explanatory variable. The results
also provide evidence supporting the use of the output gap as a measure of cyclical variation in the
Phillips relation. The plausible empirical fit of the models may be associated with the assumption of
expectations formation. Both Phillips curves seem to capture price changes, as inflation
expectations may adjust slowly and agents need not necessarily be rational. The present results are
in line with the studies by Roberts (1997, 1998), which show evidence on the New Keynesian
Phillips relation using survey based expectations from the US. Using the OECD forecasts as direct
measures of inflation expectations may therefore be worth studying further.

The role of expectations in inflation dynamics is crucial when designing monetary policy.
Under the expectations-augmented Phillips curve, monetary policy change does not change inflation
directly, even if economic agents modify their expectations as a reaction to a policy change. The
only effect comes through the excess demand channel. Instead, if inflation dynamics follows the
New Keynesian Phillips curve, a transition to a new policy regime affects inflation immediately, as
current inflation is dependent on currently expected future inflation. The better the policy change is
understood by the private sector, the more current inflation is affected according to the New
Keynesian Phillips relation through the change in expectations. The debate over the appropriate
monetary policy becomes more complex as it is not just the setting of policy that matters in some
mechanical way but its impact on expectations as well that matters.

There may therefore be some benefit to understanding inflation dynamics from easing
combination of the Phillips relation with rational expectations as the maintained hypothesis. Instead,
the use of direct measures of inflation expectations may improve our understanding of inflation
processes. By using direct estimates of inflation expectations, in this paper we have been able to
suggest two main results for the euro area. First of all in the simple specifications used the New
Keynesian Phillips curve fits the euro area data slightly better than the expectations-augmented
Phillips curve. Secondly, whatever the specification there has been very considerable heterogeneity
in the inflation process across the member states of the euro area in the last 20 years. The role of
expectations in inflation dynamics is important in conducting monetary policy and still open to
debate. Research on expectations formation would be an important complement to the present
results. Given the extent of the asymmetries in behaviour it appears that studying the process
disaggregated at least to the member state level is necessary in the design of the single monetary
policy.
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Appendix Tables anf Figures

Figure A1  Data for eleven EMU countries
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Table A1   Validity test results for the instruments used in single equation estimations

                 A R-squared from least squares regressions using the GDP deflator as
the measure of inflation

� � � � 2111 ˆˆE
����

��� tttttt ycybaE ��

� � 211 ˆˆEˆ
���

��� ttttt ycybay �

Dependent variable Et{�t+1} ŷt

EU11 0.954 0.654
Austria 0.761 0.519
Belgium 0.814 0.536
Finland 0.810 0.826
France 0.867 0.715
Germany 0.807 0.604
Ireland 0.797 0.437
Italy 0.940 0.662
Luxembourg 0.833 0.316
Netherlands 0.750 0.694
Portugal 0.796 0.776
Spain 0.787 0.849

                      B R-squared from least squares regressions using the private
 consumption deflator as the measure of inflation

� � � � 2111 ˆˆEE
����

��� tttttt ycyba ��

� � 211 ˆˆEˆ
���

��� ttttt ycybay �

Dependent variable Et{�t+1} ŷt

EU11 0.943 0.655
Austria 0.708 0.519
Belgium 0.845 0.532
Finland 0.758 0.825
France 0.871 0.714
Germany 0.686 0.604
Ireland 0.806 0.438
Italy 0.949 0.660
Luxembourg 0.781 0.313
Netherlands 0.773 0.704
Portugal 0.825 0.772
Spain 0.875 0.849
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Table A2 Pooled least squares results in the euro area
(Cross section weights)

Expectations-augmented specification

� � tttt yλπβπ ˆ1 ��
�

E

Parameters Test
Inflation
measure ���� ���� R2 D-W

GDP deflator 0.834 (0.020) * 27.873 (4.872) * 0.703 1.401

PCP 0.836 (0.020) * 26.620 (4.735) * 0.715 1.447

New Keynesian specification

� � tttt yκπβπ ˆ1 ��
�

E

Parameters Test
Inflation
measure ���� ���� R2 D-W

GDP deflator 0.974 (0.017) * 7.793 (3.830) 0.842 1.542

PCP 0.974 (0.016) * 10.091 (3.427) * 0.850 1.743
Notes: Sample period 1981–2000 with the exception of Luxembourg: 1983–2000. Numbers in parentheses are standard
errors, * indicates significance at 5 per cent level.
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Table A3   Encompassing test results

� � � � � � tt1t1ttt ŷE1E ����������
��

A Encompassing test results using the GDP deflator as the measure of inflation

Parameters Test
���� (1-����) ���� J

EU 11 1.150 –0.150 (0.367) * –5.571 (26.403) 0.236

Austria 0.361 0.639 (1.541) 75.119 (59.863) 0.074
Belgium 0.590 0.410 (0.652) 67.232 (41.536) 0.083
Finland 1.674 –0.674 (0.414) * –13.150 (15.286) 0.006
France 1.130 –0.130 (0.308) * 1.452 (9.335) 0.234
Germany 1.026 –0.026 (0.335) * 5.485 (11.328) 0.060
Ireland 1.233 –0.233 (0.528) * –17.136 (39.162) 0.133
Italy –0.083 1.083 (0.508) 160.304 (62.084) * 0.011
Luxembourg –0.639 1.639 (1.363) 122.511 (62.853) 0.035
Netherlands 1.800 –0.800 (0.395) * 0.929 (25.167) 0.125
Portugal 0.305 0.695 (0.301) –7.742 (22.859) 0.058
Spain 0.287 0.713 (0.383) 25.544 (13.653) 0.051

B Encompassing test results using the private consumption deflator as the measure of 
inflation

Parameters Test
���� (1-����) ���� J

EU 11 0.623 0.377 (0.425) 34.999 (29.161) 0.020

Austria 0.937 0.063 (0.717) 38.052 (33.963) 0.046
Belgium 0.764 0.236 (1.0959) 49.094 (45.969) 0.046
Finland 1.944 –0.944 (0.5029) * 0.330 (10.577) 0.124
France 0.718 0.282 (0.280) * 15.676 (9.968) 0.022
Germany 0.641 0.359 (0.466) 24.468 (12.111) 0.053
Ireland 2.134 –1.134 (1.007) * –30.631 (50.482) 0.033
Italy 0.113 0.887 (0.350) 100.880 (31.942) * 0.030
Luxembourg 1.129 –0.129 (0.778) 37.561 (38.284) 0.180
Netherlands 2.083 –1.083 (0.595) * –13.708 (25.446) 0.004
Portugal 0.647 0.353 (0.164) * 70.320 (22.579) * 0.110
Spain 0.012 0.988 (0.408) 26.526 (14.900) 0.052
Notes: Sample period 1981–2000 with the exception of Luxembourg: 1983–2000. Numbers in parentheses are standard
errors, * indicates significance at 5 per cent level. J-statistic corresponds to the Hansen test of the overidentifying
restrictions. The J-statistic times the number of observations is asymptotically �2 with one degrees of freedom, the critical
value of which is 3.84.  Instruments: the lagged inflation expectation, Et–1{�t} and the two lags of the output gap, ŷt–1 and
ŷt–2.
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Table A4 Non-nested test results

Non-nested test results using the GDP deflator as the measure of inflation

Section A
� � � �� � ttttt παyκπβαπ ˆˆE1 1 ����

�

Parameters Test
���� ���� ���� J

EU 11 –0.244 (0.271) 0.996 (0.016) * 2.660 (8.222) 0.220

Austria –0.249 (0.526) 0.962 (0.038) * 31.598 (13.694) * 0.127
Belgium 0.010 (0.356) 0.918 (0.076) * 20.107 (21.792) 0.080
Finland –0.060 (0.158) 0.903 (0.016) * –3.268 (6.411) 0.055
France 0.254 (0.103) * 0.944 (0.029) * 2.715 (8.126) 0.099
Germany –0.372 (0.295) 0.988 (0.038) * 4.518 (7.429) 0.144
Ireland –0.169 (0.274) 0.961 (0.086) * –9.727 (21.105) 0.124
Italy 0.103 (0.154) 1.126 (0.018) * 98.457 (11.530) * 0.212
Luxembourg – – – – –
Netherlands –0.446 (0.136) * 0.807 (0.029) * 19.817 (6.241) * 0.163
Portugal 0.293 (0.175) 1.152 (0.058) * 9.659 (28.420) 0.089
Spain –0.136 (0.525) 1.098 (0.047) * 7.562 (8.583) 0.043

Section B
� � � �� � tttt-t πωyλπβωπ ~ˆ1 1 ���� E

Parameters Test
���� ���� ���� J

EU 11 1.240 (0.263) * 0.969 (0.076) * 62.191 (44.177) 0.220

Austria 1.246 (0.534) * 0.923 (0.186) * 79.686 (83.625) 0.127
Belgium 0.889 (1.361) –0.260 (30.326) –282.190 (9336.617) 0.367
Finland 1.058 (0.149) * 0.847 (0.248) * 8.555 (114.606) 0.055
France 0.770 (0.119) * 0.919 (0.128) * 27.398 (27.924) 0.099
Germany 1.377 (0.313) * 0.916 (0.128) * 25.344 (25.754) 0.144
Ireland 1.182 (0.377) * 0.903 (0.443) * 24.047 (135.074) 0.124
Italy 0.902 (0.147) * 1.070 (0.128) * 149.144 (108.201) 0.212
Luxembourg –0.152 (1.481) 0.920 (0.175) * 115.428 (37.312) * 0.080
Netherlands 1.449 (0.145) * 0.794 (0.092) * 54.755 (22.452) * 0.163
Portugal 0.798 (0.168) * 1.017 (0.169) * –302.244 (425.942) 0.076
Spain 1.132 (0.498) * 1.011 (0.329) * 30.149 (70.461) 0.043
Section C
Combined non-nested test results from the sections A and B

Preferred model

New Keynesian Expectations-augmented Mixed results

EU 11 X

Austria X
Belgium X
Finland X
France X
Germany X
Ireland X
Italy X
Luxembourg X
Netherlands X
Portugal X
Spain X
Notes: Sample period 1981–2000 with the exception of Luxembourg: 1983–2000. Numbers in parentheses are standard
errors, * indicates significance at 5 per cent level. J-statistic corresponds to the Hansen test of the overidentifying
restrictions. The J-statistic times the number of observations is asymptotically �2 with one degrees of freedom, the critical
value of which is 3.84. Instruments: the lagged inflation expectation, Et–1{�t}, the lagged US inflation rate and the two lags
of the output gap, ŷt–1 and ŷt–2.
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Non-nested test results using the private consumption deflator as the measure of inflation

Section A

� � � �� � tπαyκπβαπ tttt ˆˆE1 1 ����
�

Parameters Test
���� ���� ���� J

EU 11 –0.478 (0.313) 1.024 (0.024) * 15.954 (9.291) 0.044

Austria –0.513 (0.309) 1.012 (0.048) * 36.388 (16.870) * 0.055
Belgium –0.405 (0.711) 0.929 (0.058) * 25.772 (20.297) 0.059
Finland –0.536 (0.166) * 0.881 (0.021) * 15.757 (3.979) * 0.066
France 0.042 (0.174) 1.015 (0.045) * 10.748 (10.756) 0.052
Germany –0.171 (0.235) 0.906 (0.050) * 15.961 (5.066) * 0.090
Ireland –0.815 (0.302) * 1.046 (0.050) * 5.279 (12.436) 0.035
Italy –0.074 (0.205) 1.096 (0.023) * 56.806 (20.206) * 0.256
Luxembourg 0.784 (0.781) 0.832 (0.400) 21.006 (167.647) 0.001
Netherlands –0.321 (0.170) 0.948 (0.019) * 23.839 (7.199) * 0.126
Portugal 0.192 (0.169) 1.144 (0.052) * 86.296 (30.510) * 0.011
Spain –0.135 (0.562) 1.078 (0.032) * 6.971 (8.698) 0.005

Section B

� � � �� � tttt-t πωyλπβωπ ~ˆE1 1 ����

Parameters Test
���� ���� ���� J

EU 11 1.480 (0.325) * 0.951 (0.067) * 61.605 (30.562) 0.044

Austria 1.505 (0.353) * 0.989 (0.142) * 71.849 (55.977) 0.055
Belgium 1.385 (0.676) 0.939 (0.199) * 63.546 (77.888) 0.059
Finland 1.545 (0.162) * 0.813 (0.055) * 21.639 (10.748) 0.066
France 0.952 (0.197) * 0.815 (0.621) 29.502 (213.678) 0.052
Germany 1.129 (0.282) * 1.193 (0.984) 48.070 (54.144) 0.090
Ireland 1.872 (0.377) * 0.938 (0.089) * 27.543 (26.320) 0.035
Italy 1.091 (0.197) * 0.818 (0.529) –48.653 (460.305) 0.256
Luxembourg 0.281 (0.782) 0.776 (0.134) * 47.064 (25.925) 0.003
Netherlands 1.306 (0.166) * 0.986 (0.085) * 65.188 (32.658) 0.125
Portugal 0.793 (0.171) * 0.962 (0.180) * 71.198 (119.702) 0.011
Spain 1.137 (0.562) 1.001 (0.250) * 29.999 (71.888) 0.005

Section C

Combined non-nested test results from the sections A and B

Preferred model

New Keynesian Expectations-augmented Mixed results

EU 11 X

Austria X
Belgium X
Finland X
France X
Germany X
Ireland X
Italy X
Luxembourg X
Netherlands X
Portugal X
Spain X
.
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