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This paper examines inflation dynamics in Europe. Econometric specification tests with pooled European data are used to compare the empirical performance of the New Classical, New Keynesian and Hybrid specifications of the Phillips curve. Instead of imposing any specific form of expectations formation, direct measures, ie Consensus Economics survey data are used to proxy economic agents' inflation expectations. According to the results, the New Classical Phillips curve has satisfactory statistical properties. Moreover, the purely forward-looking New Keynesian Phillips curve is clearly outperformed by the New Classical and Hybrid Phillips curves. We interpret our results as indicating that the European inflation process is not purely forward-looking, and inflation cannot instantaneously adjust to changes in expectations. Consequently, even allowing for possible non-rationality in expectations, a lagged inflation term enters the New Keynesian Phillips curve for inflation dynamics in Europe.

Introduction

Expectations have a central role in the inflation process and monetary policy design, since the effects of monetary policy on employment and production depend on credibility and thus expectations formation. It is very generally accepted that changes in monetary policy regimes affect the formation of inflation expectations and inflation dynamics. However, many recent empirical studies find evidence that the inflation process is persistent, ie that inflation is strongly correlated with its own lagged values (see eg [START_REF] Gordon | The Time-Varying NAIRU and Its Implications for Economic Policy[END_REF]. Persistence may be due to deep parameters or institutional constraints (such as indexation) in the economy or due to more transient factors such as expectations or policy regimes.

According to [START_REF] Erceg | Imperfect Credibility and Inflation Persistence[END_REF] inflation responds sluggishly to shocks because of private sector's gradual learning about monetary policy inflation target.

On the other hand, inflation persistence is due to imperfect information in [START_REF] Ehrmann | Uncertain Potential Output: Implications for Monetary Policy[END_REF], which argue that inflation expectations change slowly, as agents do not know whether a shock hitting the economy is temporary or permanent. Gaspar, Smets and Vestin (2005) suggest that the monetary policy regime and inflation persistence are related.

In empirical studies of inflation dynamics, it is often assumed that expectations are rational. After the emergence of the rational expectations theory in the 1970's, there has been until recently very little interest in modelling expectations, although it has been argued that rationality of expectations may be an overly restrictive assumption. If we choose to avoid imposing rational expectations, we can use models which model expectations formation through limited information channels [START_REF] Woodford | Imperfect Common Knowledge and the Effects of Monetary Policy[END_REF][START_REF] Adam | Optimal Monetary Policy with Imperfect Common Knowledge[END_REF]), sticky information (Mankiw andReis 2001, 2002), or bounded rationality and learning (Sargent [START_REF] Sargent | The Conquest of American Inflation[END_REF][START_REF] Sims | Implications of Rational Inattention[END_REF][START_REF] Evans | Learning and Expectations in Macroeconomics[END_REF]. Alternatively, we can use directly measured expectations, which are based on surveys or financial markets information.

Since the late 1950s research on inflation dynamics has been largely based on the Phillips curve. Originally [START_REF] Phillips | The relation between unemployment and the rate of change of money wage rates in the United Kingdom, 1862-1957[END_REF] and [START_REF] Samuelson | Analytical aspects of anti-inflation policy[END_REF] hypothesised a stable negative relationship between unemployment and inflation. [START_REF] Phelps | Phillips curves, expectations of inflation, and optimal unemployment over time[END_REF] and [START_REF] Friedman | The role of monetary policy[END_REF] augmented expectations in the Phillips curve via wage bargaining and price setting. In the 1970s, [START_REF] Lucas | Econometric policy evaluations: A critique[END_REF] presented the rational expectations hypothesis, which holds that inflation expectations cannot systematically differ from actual inflation. In empirical work applying this type of Phillips relation, which is nowadays often called the New Classical Phillips curve, real economic activity is often measured by the output gap.

The New Keynesian Phillips curve in its original form is purely forwardlooking and based explicitly on microfoundations. In this specification timecontingent price setting can be derived using Taylor's overlapping contracts model [START_REF] Taylor | Aggregate dynamics and staggered contracts[END_REF]), Rotemberg's model of quadratic costs of price adjustment [START_REF] Rotemberg | Monopolistic Price Adjustment and Aggregate Output[END_REF] or the [START_REF] Calvo | Staggered prices in a utility-maximizing framework[END_REF] model with random price adjustment. All these models relate current inflation to currently expected future inflation and the current driving variable. In the New Keynesian theory, excess demand enters through real marginal costs, which is empirically measured by the output gap or real unit labour cost (labour income share). The hybrid specification of the New Keynesian Phillips curve [START_REF] Galí | Inflation dynamics: A structural econometric analysis[END_REF] includes elements of both forward-looking and backward-looking price setting, since it has the lagged inflation term as an additional explanatory variable. In the Hybrid model only The results of this study suggests that when using directly measured inflation expectations both the New Classical and New Keynesian Phillips curves are able to capture European inflation dynamics. However, a specification test by [START_REF] Davidson | Estimation and inference in econometrics[END_REF] indicate that the New Keynesian Phillips curve is outperformed by New Classical Phillips curve. More specifically, when comparing the relative weights of the expectations terms of alternative models, we get evidence in favour of the New Classical specification with lagged expectations. Thus, there seems to be sluggishness (or delay) in the effect of expectations on inflation contrary to the New Keynesian specification with current expectations. The empirical performance of the Hybrid Phillips curve is also reasonable. The Wald test of coefficient restrictions suggests that the empirical fit of this specification is clearly better than that of the purely forward-looking New 
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Three Phillips curve relationships and specification tests

Standard specifications

The New Classical, the New Keynesian and the Hybrid Phillips curves involve very different assumptions about the role of expectations in the inflation process.

In the New Classical Phillips curve [START_REF] Phelps | Phillips curves, expectations of inflation, and optimal unemployment over time[END_REF][START_REF] Friedman | The role of monetary policy[END_REF][START_REF] Woodford | Interest and Prices[END_REF] [START_REF] Galí | Inflation dynamics: A structural econometric analysis[END_REF] relates current inflation to both currently expected future inflation and the lagged inflation rate.

Only some firms are assumed to be forward-looking and to set their prices optimally. The rest are assumed to be backward-looking in their pricing decisions.

Thus, in the Hybrid modification of the New Keynesian Phillips curve, the lagged inflation term is needed as an additional explanatory variable
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According to equation (2.4), the current inflation rate depends not only on the expected path of the driving variable (ie the output gap in this study), but also on the lagged inflation rate, t-1 . Therefore, the Hybrid Phillips curve implies persistence in inflation. The inflation process is the more persistent, the larger the indexation parameter 2 .

Alternative Phillips curve relationships are based on time-dependent optimal price setting with nominal rigidities. Since optimal pricing decisions are based on the present value of expected profits, expectations play a crucial role in pricing decisions in all specifications. The three specifications have clearly different policy implications. The New Classical Phillips curve implies that monetary policy will have only temporary effects on real economic activity. By contrast, longer-lasting real effects of monetary policy can be modelled using the New Keynesian Phillips curve. The Hybrid model is able to explain inflation persistence due to delayed effects of monetary policy on inflation. 

Estimating formulas

The standard specifications for the New Classical, New Keynesian and Hybrid Phillips curves ie equations (2.1), (2.2) and (2.4) need to be modified slightly, when rational expectations are not imposed and inflation expectations are measured directly. In estimations we used the following modified formulas

t * t t y ˆ + = (2.5) t * 1 t t t y ˆ + = + (2.6) and t 1 t * 1 t t y ) 1 ( + + = + (2.7)
where the terms
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refer to period t-1 and period t representative market expectations, which are not necessarily rational. As Adam and Padula ( 2003) have shown, we can derive the New Keynesian Phillips curve with directly measured expectations. In applying equations (2.5)-(2.7) to the data, one need not assume any specific form of non-rationality in expectations. Since the task here is to compare the different models on their own terms, the theoretical restrictions are imposed in the estimated specifications of the New Keynesian models. Thus, in the New Keynesian Phillips curve, the imposed value of ß is 0.97 and, as seen in equation (2.7), the sum of forward-and backward-looking components is restricted to unity for the Hybrid Phillips curve.

When estimating alternative specifications separately, clear statistical

preference cannot yet to be claimed for any of the Phillips curve relationships. In order to facilitate the comparison of models, we applied two statistical tests to the data. The New Classical and New Keynesian Phillips curves were compared using -9 -a specification test proposed by [START_REF] Davidson | Estimation and inference in econometrics[END_REF]. This test analyses, whether current or lagged expectations dominate the inflation process
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Equation (2.8) includes both expectations variables and then encompasses both models under consideration as special cases. The sum of the estimated coefficients 1 and 2 was restricted to one in order to analyse the relative weights of alternative components in the inflation process, as the test typically puts strong weight on either of the variables compared. With the same driving variable in both specifications, we were able to focus clearly on the timing of the expectations term in the Phillips curve relationship.

The Wald test is based on parameter restrictions and it is weaker than the specification test. It was used to compare the three alternative Phillips curves against the following very general model, which incorporates all the specifications as special cases , where * t refers to period t inflation forecast, made in period t-1. As shown in table 1, with both cases we could not reject the joint hypothesis that the constant a is equal to zero and the coefficient of the expectations, b, is equal to one. Thus, we found evidence that since the beginning of the 1990s survey-based forecasts were unbiased, which means that inflation expectations seem to have not been far from rationality 3 .

3 Qualitatively similar results with pooled euro area data can be found in Paloviita (2005a) -13 -assume that both inflation expectations and the output gap are measured correctly and they are not correlated with each other or with the error term. However, since least squares is not necessarily an appropriate estimation method for alternative Phillips relations, empirical results are mostly reported using only the generalised method of moments (GMM). In order to avoid too many instruments, ie possible small sample problems due to 'overinstrumenting', only two or three instruments were used in Phillips curve estimations.

First, the New Classical and New Keynesian Phillips curves ie equations (2.5) and (2.6) were estimated separately with least squares and the GMM. For both specifications two alternative expectations terms (June or December forecasts)

and two alternative driving variables (the HP-filtered or OECD output gaps) were used. When using the GMM, the instrument sets included always two predetermined variables: the lagged output gap and the lagged inflation rate. Jstatistic was used to test overidentifying restrictions of both specifications.

GMM results for the New Classical and New Keynesian Phillips relations are reported in Appendix 1. For both specifications we always obtained a positive coefficient for the output gap and only in one case for the New Keynesian specification, the estimated parameter was not statistically significant. When comparing alternative driving variable results of both models, we notice that the estimated coefficient was always higher with the HP filtered output gap. On the other hand, when using June forecasts instead of December forecasts, we got higher estimates. All in all, the New Classical Phillips curve results were quite reasonable, since the overidentifying results were never rejected at 5 per cent level. However, the empirical fit of the New Keynesian Phillips curve was poor, 4 For all countries in the sample, the correlation is 0.967. We also estimated the Hybrid Phillips curve using GMM, since IV methods might be needed because of errors-in-variables and/or simultaneity problems.

Also for the Hybrid model, predetermined variables were chosen for instruments:

two lags of the output gap and second lag of inflation. As shown in table A2.2,

The Hybrid Phillips curve results were slightly mixed: expectations were more forward-looking, when HP filtered output gap was used and by contrast, more backward-looking, when OECD output gap estimates were used. However, the relative weight of backward-looking expectations varied only between 0.46 and 0.53. All estimated coefficients for the driving variable were plausible and significant, and overidentifying restrictions were never rejected. All in all, the results in Appendix 2 indicates that the empirical fit of the New Keynesian Phillips curve can be improved by adding the lagged inflation term, ie by using the Hybrid model. When comparing the New Classical Phillips curve to the general model, the test results were slightly mixed: in three cases the New Classical specification is accepted, but only at the 1 per cent level. Qualitatively, the Wald test results

INSERT TABLE 3 HERE INSERT TABLE 4 HERE

seemed to be robust with respect to exact choice of current or lagged expectations (ie choice of the month, June or December) and choice of the output gap measure.

To conclude, the test results suggested that both the New Classical and Hybrid

Phillips curves provide a better description of the European inflation process than does the New Keynesian Phillips curve. Changing the timing of the expectations term in the New Keynesian Phillips curve, ie replacing current expectations by lagged expectations, we obtain the New Classical Phillips curve, which gives a better approximation of the inflation process than does the New Keynesian specification. In this case, we do not assume any backward-looking price setting.

On the other hand, when the backward-looking expectations term is added to the purely forward-looking New Keynesian Phillips curve, the empirical fit is much improved.

Empirical evidence against the purely forward-looking New Keynesian Phillips curve can be found also in other studies with directly measured expectations. Paloviita (2005b) examines euro area inflation dynamics since the late 1970s and uses OECD inflation forecasts to proxy inflation expectations. Also The New Keynesian Phillips curve has been widely studied also under the assumption of rational expectations, but the empirical evidence has been mixed. [START_REF] Galí | Inflation dynamics: A structural econometric analysis[END_REF] If a possible departure from rational expectations is allowed, directly measured expectations in principle provide a channel through which inflation persistence could be introduced to the New Keynesian Phillips curve with microfoundations for optimal price setting. However, although this channel seems to be important, this study suggests that it is not powerful enough to properly explain all of the persistence in the European inflation process. This is reasonable, since inflation expectations seem not to be very far from rationality. To conclude, since expectations have important autonomous effects on the monetary policy environment, expectations should be taken explicitly and independently into account in conducting monetary policy. Moreover, there seems to be evidence of inflation persistence which cannot be reduced to the persistence of expectations.
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  behave optimally when adjusting prices while the rest use rules of thumb or indexation, which is based on recent history of aggregate prices.In this study we analyse the inflation process in eleven out of twelve countries presently constituting the euro area 1 . Inflation dynamics in these countries is examined by comparing the empirical performance of the New Classical, New Keynesian and Hybrid Phillips curves. In comparison, econometric specification tests are applied to pooled European data. Consensus Economics survey data are used to proxy inflation expectations and in estimations least squares and the generalised method of moments (GMM) are used. Special attention is paid to the role of expectations in inflation dynamics.

  not purely forward-looking, and the inflation rate does not adjust instantaneously to changes in expectations.The rest of this study is structured as follows. In chapter 2 the three different Phillips curves and econometric specification tests are presented. Empirical evidence on European inflation dynamics is reported in chapter 3. Chapter 4 concludes.

  expected current inflation, currently expected future inflation, lagged inflation rate, and current output gap are the explanatory variables in the general model. If the parameters b and c are equal to zero, the model reduces to the New Classical Phillips curve. Alternatively, if the coefficients a and c are equal to zero, we obtain the New Keynesian Phillips curve. Moreover, the general model reduces to the Hybrid model if the parameter a is equal to zero. Using the Wald restrictions, we were able to determine whether restricted specifications are accepted by the data.

  three different Phillips curves were compared using the Wald test of coefficient restrictions (see tables 3 and 4). When the parameter restrictions of the New Keynesian Phillips curve were tested against the general model, the Wald test clearly rejected parameter restrictions implied by the New Keynesian Phillips curve specification. When the same test was used to evaluate the Hybrid model against the general model, the Hybrid model was clearly accepted in all cases.

  which uses the same econometric specification tests in comparison of different Phillips relations, suggests that the New Keynesian Phillips curve is outperformed by the New Classical and Hybrid Phillips curves. The basic features of the New Keynesian Phillips curve are also rejected in Paloviita and Mayes (2005), who use real time information and directly measured inflation expectations (ie OECD forecasts) in different specifications of the Phillips curve.Gorter(2005) argues that with survey-based expectations, for France the New Keynesian Phillips curve is appropriate, but for Germany and Italy the Hybrid specification is needed.[START_REF] Adam | Inflation dynamics and subjective expectations in the United States[END_REF] find evidence that with surveybased expectations the Hybrid Phillips curve must be used to describe the US inflation process properly.

  Figure 1.Inflation history, December inflation forecasts for the next year and the output gaps

  Figure 2. Consensus Economics and OECD inflation forecasts for the next year

  constructed series for Germany, France, Italy and Spain, which dominate the euro area, with a combined weight of over 80 per cent. Inflation histories have diverged across countries since the beginning of the 1990s. Only Greece and Portugal experienced two-digit inflation rates in the first years of the sample. In the whole sample, the average inflation rate was above 3 per cent in Greece, Ireland, Italy, Portugal and Spain, and below 3 per cent in rest of the economies. There has been remarkable heterogeneity in output gap developments across the countries. Finland, Ireland, and Portugal belong to the country group with more a divergent output gap history, while in other countries the output gap has been less volatile.
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  Further analysis of June and December forecasts (not reported here) showed that forecast errors are positively correlated and forecast errors seem not to be orthogonal to lagged information, as assumed under rational expectations. With both cases, regressing forecast error on lagged inflation rate and lagged output gap led to rejection of the null hypothesis that estimated coefficients are jointly equal to zero. These results indicate that deviations from full rationality may be important in empirical analysis of the Phillips curve relationship.
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corresponding OECD estimates, also made in December. For Germany, France, Italy and Spain the correlation between these variables 4 varies between 0.942 and 0.985. Overall, both proxies seem to follow a similar pattern. We would conclude that in comparing alternative measures of inflation expectations, we obtained support for the reliability of Consensus Economics forecasts as a proxy for were biased. By contrast, the hypothesis of unbiasedness cannot be rejected in the euro area for the period 1991-2003.
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Office, Dept of Economics, Warwick University, Coventry CV4 7AL, UK had clearly bigger relative weights than current expectations. In three cases the relative weight of the lagged expectations term was about 1 and in one case very large, 1.4. The result of the dominant role of the lagged expectations term was robust to choice of the output gap measure. Moreover, the test results were qualitatively similar with June and December forecasts. Thus, the choice of exact timing of current and lagged expectations (ie in the middle or in the end of the period) seemed not to change the test results. Overall, when comparing the New Classical and New Keynesian Phillips curves with the specification test, we got evidence in favour of the New Classical Phillips curve.
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  examines the US and[START_REF] Galí | European inflation dynamics[END_REF] the euro area inflation process. Both of these studies indicate that the New Hybrid model is favoured for France and Italy, but the results are mixed for Spain. By contrast,[START_REF] Rudd | Can Rational Expectations Sticky-Price Models Explain Inflation Dynamics? Finance and Economics Discussion Series[END_REF] find little evidence for the rational forward-looking behaviour implied by the New Keynesian theory.The results obtained suggest that with survey-based inflation expectations one could capture European inflation dynamics with the New Classical Phillips curve.Also the New Keynesian Phillips curve fit the data, but poorly. According to econometric specification tests the New Classical and the Hybrid Phillips curves clearly outperformed the New Keynesian Phillips curve. Thus we found evidence against the basic features of the New Keynesian model. The evidence of this paper suggests that the inflation process is not purely forward-looking and that the inflation rate cannot adjust instantaneously to new information. The backwardlooking or sluggish features are different in the New Classical and Hybrid models, but the results indicate that they are important in European data.
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Table 2 .

 2 Comparison

of New Classical and New Keynesian Phillips curves

  GMM using Barlett kernel with fixed bandwidth. Instruments: lagged inflation rate, t-1, and two lags of output gap, t-1 and t-2. Numbers in parentheses are standard errors, * indicates significance at 5 per cent level. J-statistic corresponds to Hansen test of overidentifying restrictions (below in brackets the associated p-values are reported).
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											Driving variable
										HP filtered output gap	OECD output gap
										S.E. of the	S.E. of the	S.E. of the	S.E. of the
										NCPC	NKPC	NCPC	NKPC
	June forecast							0.782	0.870	0.840	0.890
										Encompassing test	Encompassing test
											J-statistic	J-statistic
	June forecast						1.041	0.237	0.037	1.411	0.249	0.023
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 3 Wald

test results with HP filtered output gap
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	t	=	a	t *	+	b	t * +	1	+	c	t		+	d	t y 1
																		Joint	June forecast	December forecast
																	Hypothesis
	NKPC vs general							(a,b,c) = (0,0.97,0) F=28.122	(0.000)	F=49.514	(0.000)
	model														
	HPC vs general model			(a,b+c) = (0,1)	F=0.616	(0.541)	F=0.381	(0.684)
	NCPC vs general								(a,b,c) = (1,0,0)	F=4.904	(0.003)	F=3.154	(0.027)
	model														
	Notes: GMM using Bartlett kernel with fixed bandwidth.
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Table 4 .

 4 Wald

test results with OECD output gap

  

	t	=	a	t *	+	b	t * +	1	+	c	t	+	d	t y 1
														Joint	June forecast	December forecast
												Hypothesis
	NKPC vs general							
	model								(a,b,c) = (0,0.97,0) F=22.762	(0.000)	F=41.138	(0.000)
	HPC vs general model		(a,b+c) = (0,1)	F=0.261	(0.771)	F=0.538	(0.585)
	NCPC vs general							
	model									(a,b,c) = (1,0,0)	F=3.613	(0.015)	F=3.418	(0.019)
	Notes: See table 3.						
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Quite similar results were obtained, when using least squares (not reported here). For both specifications, when comparing alternative driving variables, higher estimates were always got with HP filtered output gaps. Moreover, June forecasts yielded in all cases higher coefficients than December forecasts. However, for the New Keynesian specification, least squares results were poor, since in one case we got a negative coefficient and only one of the estimated parameters was statistically significant. The residual were strongly correlated in all cases.

Appendix 1

New Classical and New Keynesian Phillips curve results