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Abstract 

 

This paper examines recent changes in the cyclicality of euro area inflation. We estimate time-

varying parameters for the hybrid New Keynesian Phillips curve using three alternative proxies 

for the output gap. Our analysis, which is based on the state-space method with Kalman 

filtering techniques, suggests that the slope of the euro area Phillips curve has become steeper 

since 2012. Thus, the current low level of inflation and persistently negative output gap 

increase the risk that euro area inflation will stay below the monetary policy target for an 

extended period.  
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1 Introduction 

 

In recent years euro area price developments have been full of surprises. In the middle of the 

financial crisis the decrease in the HICP inflation rate was only temporary, in spite of sharply 

decreasing output. On the other hand, we have had only weak economic growth and lower-

than-expected inflation in the current year. In order to assess future price developments in the 

euro area, we need to examine how effectively the negative output gap restrains inflation. The 

cyclical sensitivity of inflation can be analysed using the Phillips curve.  

 

In this paper, we estimate time-varying parameters for the euro area hybrid New Keynesian 

Phillips curve using the state-space method with Kalman filtering techniques.  Our analysis, 

which is based on three different proxies for the output gap, indicates that the slope of the euro 

area Phillips curve has increased since 2012. This change raises the risk that the HICP inflation 

rate will stay below the monetary policy target for an extended period. In Sections 2 and 3 the 

Phillips curve and our empirical analysis are reported. Conclusions are drawn in Section 4. 

 

 

2 The hybrid New Keynesian Phillips curve 

 

The hybrid New Keynesian Phillips curve is based on the assumption that price setting is 

staggered (see Clarida et al. 1999). It is assumed that when setting prices, some firms are 

forward-looking and optimize while the rest of them behave according to backward-looking 

rules of thumb (Galí and Gertler, 1999) or indexation (Christiano et al. 2005). The Phillips 

curve parameters depend on the underlying economic structures, i.e. price rigidities and 

flexibility in the product and labour markets.4 We analyse the hybrid model in the following 

form: 

{ } ,)1( 11
*

ttttttt oilgapE εθλπαπαπ +∆++−+= −+    (1) 

where πt denotes the inflation rate and gapt the output gap in period t. The parameters α and 

α−1  give to the relative weights of forward-looking and backward-looking price setters. 

4 See Woodford (2003) for the theory of the New Keynesian Phillips Curve and Mavroeidis et al. (2014) for an 
extensive survey of the New Keynesian Phillips curve literature. 

                                                           



Survey expectations in period t are denoted as *
tE . The term Δoilt refers to the change in oil 

price and εt is an independently and identically distributed error term.  

 

 

3 Empirical analysis 

 

We use quarterly data for the period 1990Q1-2014Q2 and measure inflation by the year-on-

year percentage change in the Harmonised Index of Consumer Prices (HICP). Inflation 

expectations are constructed using Consensus Economics survey data.5 We estimate the hybrid 

model using three different proxies for the output gap: Hodrick-Prescott filtered output gap and 

OECD and IMF estimates, based on the production function method. Oil price change is 

measured by the annual percentage change in the spot price of Brent crude oil in euros.6 

 

 
Figure 1. Euro area actual inflation, inflation expectations and alternative output gaps. 

 

 

Euro area price developments have been quite volatile since 2007 (see figure 1). The HICP 

inflation rate peaked at nearly 4 percent but declined sharply after the Lehman Brothers 

5 Following Gerlach (2007) we compute the one-year-ahead expected inflation as a weighted average of the 
current and next-year forecasts, with weights depending on the month in which the forecast is made. Three-
month averages are used in order to a construct quarterly series. 
6 Inflation expectations from 1990Q1 to 2002Q4 are constructed relative to the weighted expected CPI of 
Germany, France, Italy and Spain. The same method is also used for the IMF output gap series of 1990Q1-
1990Q4. 
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collapse due to dramatically decreasing output and falling energy prices. We had gradually 

accelerating inflation after mid-2009, but from 2012 onward inflation has been slowing 

continually. Inflation expectations also came down temporarily in the middle of the crisis, and 

they have been decreasing again since 2010. Since the beginning of the financial crisis the 

pronounced economic uncertainty has contributed to substantial differences in the alternative 

output gap proxies.  According to the OECD and IMF estimates, the euro area output gap has 

been permanently negative since the onset of the crisis, whereas the HP-filtered output gap was 

temporarily positive in 2011-2012.  Toward the end of the sample the output gap estimates are 

still very different, varying between -0.8% (HP) and -3.2% (OECD). 

 

We estimate time-varying coefficients for the hybrid New Keynesian Phillips curve using the 

state-space method with Kalman filtering techniques. Compared to rolling regressions, this 

method has several advantages, since it uses available information more efficiently and 

obviates the need to choose an estimation window. Using this approach, model parameters can 

be updated optimally for every period, which is important because it allows for all Phillips 

curve parameters to change simultaneously in response to new information and structural 

changes in the economy.7  

 

The estimated time-varying coefficients and corresponding conditional two-standard-deviation 

upper and lower confidence bands are reported in figure 2. In the 1st column the results are 

based on the HP-filtered output gap and in the next two columns the IMF and OECD estimates 

are used. Figure 2 reveals that in the pre-crisis period the forward looking-ness of the euro area 

inflation process gradually strengthened over time. However, since the onset of the crisis the 

relative weight of the forward-looking inflation component has decreased somewhat. The role 

of energy prices in euro area inflation dynamics was minor until 2000, but has increased to 

some extend thereafter.  

 

7 In the state space model, all parameters are allowed maximum flexibility. They are assumed to follow random 
walks, and errors are assumed to be uncorrelated and normally distributed.  In order to enable convergence, we 
set initial values for estimated parameters and define the variances of the signal equation and the state 
equations. As a robustness check we run our estimations under several different assumptions as to error term 
variances and initial values. The chosen variances affect the volatility of the parameters, but do not substantially 
affect the observed trends of parameters over time.  As starting values for iterations we use the pre-crisis 
coefficients of the fixed-coefficient hybrid Phillips curve. We define the pre-c6risis period to end at 2008Q2, just 
before the collapse of the investment bank Lehman Brothers. 

                                                           



The evolution of the estimated output gap parameter measures changes in the cyclical 

sensitivity of euro area inflation. In all cases the slope parameter indicates that the euro area 

Phillips curve flattened gradually until about 2005. This may be due to increasing monetary 

policy credibility and globalisation, which restrained import price rises and tightened 

competition in the goods and labour markets. In the post 2005 period, the steepening of the 

slope of the Phillips curve continues until the crisis. 

 

   

          Figure 2. The estimated time-varying coefficients and corresponding conditional two-standard-deviation bands 
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The crisis seems to have had a definite impact on the output gap coefficient. If the cyclical 

demand pressure is proxied by the HP-filtered output gap, the estimated slope parameter 

suggests that the euro area Phillips curve has steepened steadily since the Lehman Brothers 

collapse. If instead we use the production function -based proxies for the output gap, our results 

indicate that the euro area Phillips curve first became flatter until the end of 2011 but has since 

been increasing quite sharply. All in all, although the alternative output gaps are very different, 

they all indicate that the cyclical sensitivity of euro area inflation has increased since 2012.8   

 

Our estimation results are in line with recent studies by Riggi and Venditti (2014) and Larkin 

(2014). Riggi and Venditti (2014) analyse euro area inflation dynamics in 1999Q1-2014Q2 by 

considering nine different measures of inflation and fourteen measures of economic slack. 

Their parameter instability tests and backward-looking Phillips curve estimations indicate that 

the euro area Phillips curve relationship has been quite unstable in recent years. According to 

their analysis the cyclical sensitivity of inflation increased substantially in 2013. Riggi and 

Venditti (2014) argue that this can be explained by changes in goods-sector prices. Their 

interpretation is that the steepened Phillips curve in the euro area is due to less nominal rigidity 

or fewer strategic complementarities in price setting due to a reduction in the number of firms 

in recent years.  

 

Larkin (2014) estimates a traditional Phillips curve based on adaptive expectations and an HP-

filtered output gap for the euro area and eleven euro area countries. According to his rolling 

regressions the euro area Phillips curve flattened until 2007, but thereafter the slope has 

increased substantially. Larkin (2014) shows that the same change has been experienced in 

individual euro area countries with only a very few exceptions. Evidence of the steepened 

Phillips curve in individual euro area countries has also been presented in Banca D’Italia (2014) 

for Italy, Àlvarez and Urtasun (2013) for Spain and Riggi and Venditti (2014) for Italy, Spain 

and France.  

 

 

 

 

8 Comparison shows that in all cases the time-varying slope parameters toward the end of the sample are smaller 
than the corresponding fixed coefficients estimated for the whole sample. 

                                                           



4 Conclusions 

 

We investigated how the cyclical sensitivity of euro area inflation has varied over time. On the 

basis of three different output gap proxies and time-varying parameters for the hybrid New 

Keynesian Phillips curve, we provided evidence that the slope of the euro area Phillips curve 

has increased since 2012. This change partly explains the recently measured lowering of HICP 

inflation rates. 

 

The euro area Phillips curve has become steeper, indicating that the impact of the output gap 

on inflation has become stronger. However, it should be emphasised that expectations are the 

most crucial element in euro area inflation dynamics. In the 1990s and 2000s, increasing 

monetary policy credibility and firmly anchored inflation expectations contributed to a 

decrease in the slope of the Phillips curve. Therefore, in the wake of the recovery, any deviation 

of inflation expectations from the monetary policy target could further increase the cyclical 

sensitivity of euro area inflation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



References  

 

Àlvarez, L.J. and Urtasun, A. (2013) Variation in the Cyclical Sensitivity of Spanish Inflation: 

An Initial Approximation, Banco de España Economic Bulletin, July-August. 

 

Banca D’Italia (2014) Economic Bulletin No. 1/2014. 

 

Christiano, L.J., Eichenbaum, M., Evans, C.L. (2005) Nominal Rigidities and the Dynamic 

Effects of a Shock to Monetary Policy. Journal of Political Economy 113 (1), 1–45. 

 

Clarida, R., Galí, J., Gertler, M. (1999) The Science of Monetary Policy: A New Keynesian 

Perspective. Journal of Economic Literature 37 (2), 1661–1707. 

 

Galí, J., Gertler, M. (1999) Inflation dynamics: A structural econometric analysis. Journal of 

Monetary Economics 44, 195–222. 

 

Gerlach, S. (2007) Interest Rate Setting by the ECB: Words and Deeds. International Journal 

of Central Banking 3 (3), 1–46. 

 

Larkin, J. (2014) Examining the sensitivity of inflation to the output gap across euro area 

Member States, Central Bank of Ireland Quarterly Bulletin 02/April 14. 

 

Mavroeidis, S., Plagborg-Møller, M. and Stock, J. H. (2014) Empirical Evidence on Inflation 

Expectations in the New Keynesian Phillips Curve, Journal of Economic Literature 52 (1), 

124–188. 

 

Riggi, M. and Venditti, F. (2014) Surprise! Euro area inflation has fallen, Banca D’Italia 

Occasional Paper, No. 237.  

 

Woodford, M. (2003) Interest and Prices: Foundations of a Theory of Monetary Policy, 

Princeton and Oxford: Princeton University Press. 

 

  



BANK OF FINLAND RESEARCH DISCUSSION PAPERS 
 
ISSN 1456-6184, online 
 
1/2014 Bill Francis – Iftekhar Hasan – Jong Chool Park – Qiang Wu Gender 

differences in financial reporting decision-making: Evidence from 
accounting conservatism. 2014. 58 p. ISBN 978-952-6699-63-9, online. 

 
2/2014 Esa Jokivuolle – Jussi Keppo Bankers' compensation: Sprint swimming in 

short bonus pools? 2014. 40 p. ISBN 978-952-6699-64-6, online. 
 
3/2014 Iftekhar Hasan – Chun-Keung (Stan) Hoi – Qiang Wu – Hao Zhang Beauty is 

in the eye of the beholder: The effect of corporate tax avoidance on the cost 
of bank loans. 2014. 67 p. ISBN 978-952-6699-65-3, online. 

 
4/2014 Kaushik Mitra – Seppo Honkapohja Targeting nominal GDP or prices: 

Guidance and expectation dynamics. 2014. 47 p. ISBN 978-952-6699-66-0, 
online. 

 
5/2014 Hendrik Hakenes – Iftekhar Hasan – Phil Molyneux – Ru Xie Small banks and 

local economic development. 2014. 49 p. ISBN 978-952-6699-69-1, online. 
 
6/2014 Esa Jokivuolle – Jarmo Pesola – Matti Virén What drives loan losses in 

Europe? 2014. 27 p. ISBN 978-952-6699-70-7, online. 
 
7/2014 Taneli Mäkinen – Björn Ohl Information acquisition and learning from 

prices over the business cycle. 2014. 38 p. ISBN 978-952-6699-71-4, online. 
 
8/2014 Maritta Paloviita – Matti Virén Analysis of forecast errors in micro-level 

survey data. 2014. 20 p. ISBN 978-952-6699-74-5, online. 
 
9/2014 Eero Tölö – Esa Jokivuolle – Matti Virén Do private signals of a bank’s 

creditworthiness predict the bank’s CDS price? Evidence from the 
Eurosystem's overnight loan rates. 2014. 46 p. ISBN 978-952-6699-75-2, 
online. 

 
10/2014 Peter Nyberg – Mika Vaihekoski Descriptive analysis of the Finnish stock 

market: Part II. 2014. 31 p. ISBN 978-952-6699-76-9, online. 
 
11/2014 Bruce A. Ramsay – Peter Sarlin Ending over-lending: Assessing systemic risk 

with debt to cash flow. 2014. 26 p. ISBN 978-952-6699-79-0, online. 
 
12/2014 Topias Leino – Jyrki Ali-Yrkkö How well does foreign direct investment 

measure real investment by foreign-owned companies? – Firm-level 
analysis. 2014. 33 p. ISBN 978-952-6699-84-4, online. 

 
13/2014 Seppo Orjasniemi Optimal fiscal policy of a monetary union member. 2014. 

24 p. ISBN 978-952-6699-86-8, online. 
 
14/2014 Patrizio Lainà – Juho Nyholm – Peter Sarlin Leading indicators of systemic 

banking crises: Finland in a panel of EU countries. 2014. 30 p. ISBN 978-
952-6699-85-1, online. 

 
15/2014 Bill Francis – Iftekhar Hasan – Qiang Wu Professors in the boardroom and 

their impact on corporate governance and firm performance. 2014. 59 p. 
ISBN 978-952-6699-88-2, online. 

 
 
 



16/2014 Bill Francis – Iftekhar Hasan – Qiang Wu – Meng Yan Are female CFOs less 
tax aggressive? Evidence from tax aggressiveness. 2014. 52 p. ISBN 978-
952-6699-89-9, online. 

 
17/2014 Bill Francis – Iftekhar Hasan – Xian Sun – Maya Waisman Can firms learn by 

observing? Evidence from cross-border M&As. 2014. 42 p. ISBN 978-952-
6699-90-5, online. 

 
18/2014 Manthos D. Delis – Iftekhar Hasan – Efthymios G. Tsionas The risk of 

financial intermediaries. 2014. 43 p. ISBN 978-952-6699-91-2, online. 
 
19/2014 Bill Francis – Iftekhar Hasan – Lingxiang Li Abnormal real operations, real 

earnings management, and subsequent crashes in stock prices. 2014. 54 p. 
ISBN 978-952-6699-92-9, online. 

 
20/2014 Iftekhar Hasan – Emmi Martikainen – Tuomas Takalo Promoting efficient 

retail payments in Europe. 2014. 21 p. ISBN 978-952-6699-93-6, online. 
 
21/2014 Fabio Verona – Manuel M. F. Martins – Inês Drumond Financial shocks and 

optimal monetary policy rules. 2014. 49 p. ISBN 978-952-6699-95-0, online. 
 
22/2014 Iftekhar Hasan – Krzysztof Jackowicz – Oskar Kowalewski – Łukasz 

Kozłowski Bank ownership structure, SME lending and local credit 
markets. 2014. 57 p. ISBN 978-952-6699-96-7, online. 

 
23/2014 Patrick Crowley – Andrew Hughes Hallett Volatility transfers between cycles: 

A theory of why the "great moderation" was more mirage than 
moderation. 2014. 19 p. ISBN 978-952-323-000-2, online. 

 
24/2014 Adam Gulan – Markus Haavio – Juha Kilponen Kiss me deadly: From 

Finnish great depression to great recession. 2014. 42 p. ISBN 978-952-323-
001-9, online. 

 
25/2014 Iftekhar Hasan – Suk-Joong Kim – Eliza Wu The effects of ratings-contingent 

regulation on international bank lending behavior: Evidence from the 
Basel 2 accord. 2014. 36 p. ISBN 978-952-323-002-6, online. 

 
26/2014 Jukka Isohätälä – Alistair Milne – Donald Robertson The net worth trap: 

investment and output dynamics in the presence of financing constraints. 
2014. 51 p. ISBN 978-952-323-005-7, online. 

 
27/2014 Jukka Isohätälä – Feo Kusmartsev – Alistair Milne – Donald Robertson 

Leverage constraints and real interest rates. 2014. 60 p. ISBN 978-952-323-
006-4, online. 

 
28/2014 Hanna Westman Crisis performance of European banks – does management 

ownership matter? 2014. 66 p. ISBN 978-952-323-007-1, online. 
 
29/2014 Sami Oinonen – Maritta Paloviita Analysis of aggregated inflation 

expectations based on the ECB SPF survey. 2014. 24 p. ISBN 978-952-323-
008-8, online. 

 
30/2014 Antti Lehtoranta Childhood experience of father's job loss and stock market 

participation. 2014. 34 p. ISBN 978-952-323-013-2, online. 
 
31/2014 Sami Oinonen – Maritta Paloviita Updating the euro area Phillips curve: the 

slope has increased. 2014. 12 p. ISBN 978-952-323-014-9, online. 



 

 

 

http://www.suomenpankki.fi/en • email: Research@bof.fi 

ISBN 978-952-323-014-9, ISSN 1456-6184, online 

 


	Updating the euro area Phillips curve: the slope has increased
	Abstract
	1 Introduction
	2 The hybrid New Keynesian Phillips curve
	3 Empirical analysis
	4 Conclusions
	References
	Recent Bank of Finland Research Discussion Papers

