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Abstract
By means of structural VARs we investigate the long-run nexus between inflation and output in the Eurozone under

different identification schemes and model specifications. The Eurozone is an interesting case study due to its very low

inflation rate and to the official adherence of its monetary authority to the classical dichotomy. We find a strong

positive long-run connection between inflation and output, supporting recent theoretical models arguing that this might

exist at low long-run inflation rates.
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1. Introduction 

Many economists and economic policy makers believe in the classical dichotomy, namely the view 

that inflation and real economic magnitudes are unrelated in the long-run (Mishkin, 2007). This 

notwithstanding, some studies found that inflation and unemployment have a linear negative long-

run connection (Furuoka, 2007; Furuoka et al. 2013). Moreover, recent theoretical models imply 

nonlinearities in the long-run level of output-inflation nexus. The level of economic activity – the 

level of output, in particular - and inflation are positively connected at low inflation rates, but 

negatively at high ones (Akerlof et al., 1996, 2000; Levin and Yun, 2007; Vaona, 2013; Snower and 

Tesfalessie, forthcoming. More specifically on the output level, Deveraux and Yetman, 2002; Vaona 

and Snower, 2008; Graham and Snower, 2008; Ahrens and Snower, 2014)
1
. We here focus on testing 

the hypothesis of long-run non-superneutrality in the form that the inflation rate has no long-run 

effect on the level of output. 

Low inflation rates – nonetheless subject to permanent shifts – are seldom observed for long periods 

of time (Dickens, 2001). Hence, high inflation observations might drive the results of cross-country 

studies (Ericsson et al., 2001). Nonetheless, Bullard and Keating (1995) find positive long-run nexuses 

between the long-run level of output and inflation in low inflation countries. 

Under these respects, the Eurozone experienced very low inflation rates for about two decades. The 

purpose of the present note is, therefore, to shed further light on the above issues by focusing on 

the Euro area.  

Next, we introduce our data and methods. Baseline results and robustness checks follow. Finally, we 

conclude by discussing our results in the light of the literature of reference, their policy implications 

and some limitations of our research strategy. 

2. Data and Methods 

Figure 1 – Inflation in the Eurozone, 1996Q1-2014Q4  

 
Data source: OECD 

We consider OECD quarterly series concerning the GDP deflator and the GDP in 2005 prices from 

1996Q1 to 2014Q4. Inflation is computed with reference to the same quarter of the previous year. 

Data are in logs. Robustness checks also consider data regarding the harmonized consumer price 

index (HCPI) and the short-term interest rate. Figures 1 and 2 show the series. The beginning and the 

end of the sample are characterized by some instability: a pattern to keep into account in the 

following of the analysis. 

                                                           
1
 It is worth noting that this stream of literature mainly stresses the role of the product and labor markets in 

the transmission mechanism of monetary policy (a brief review is offered in Vaona, 2016). The credit channel 

is mostly ignored notwithstanding its importance (Bernanke and Gertler, 1995; Gertler and Kiyotaki, 2010; 

Iacoviello and Minetti, 2008; Guerrieri et al. 2012). Therefore our empirical results might capture different 

mechanisms than those stressed by the contribution listed above. 
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Figure 2 – Real GDP and the nominal interest rate in the Eurozone, 1996Q1-2014Q4 

 
Data source: OECD. 

Regarding our methods, we start with unit root and (single equation) Engle and Granger 

cointegration testing. We use the Schwarz information criterion (SIC) to choose the lag length of all 

tests. For brevity sake, we here only report the Augmented Dickey-Fuller (ADF) and the Phillips and 

Perron (PP) tests, the latter based on a spectral OLS autoregressive approach. More unit root tests 

are available upon request. 

If tests detect cointegration, we will resort to a VECM. If all variables turn out to be I(1) but not 

cointegrated, we will resort to VARs in first differences after Davidson et al. (1978). We choose the 

lag length computing five criteria: the sequential modified likelihood ratio test statistic (LR), the final 

prediction error (FPE), the Akaike information criterion (AIC), the SIC, and the Hannan-Quinn 

information criterion (HQ). Next we follow the majority of the criteria. Furthermore, we use AIC to 

impose zero restrictions on the parameters of the included lags in baseline results, while robustness 

checks rely on HQ.  

Estimation of bivariate structural VARS is widespread in the literature (Vaona, 2016). More 

specifically, we mainly rely on Blanchard and Quah (1989) decompositions (hereafter BQ), adopting a 

monetarist view, namely that, in the long-run, inflation is a purely monetary phenomenon (Roberts, 

1993; Bullard and Keating, 1995; Rapach, 2003). Baseline results also include the identification 

approach by Cover et al. (2006) and Bashar (2011). Suffice here to say that this identification 

strategy assumes a vertical long-run aggregate supply curve, that can be shifted by movements of 

the demand curve, as demand shocks may induce more innovation and higher productivity. More 

technically, the approach by Bashar (2011) entails estimating an AB SVAR in output growth and 

inflation changes where the A matrix is [ͳ −�ͳ ͳ ] and the B matrix is [ . .Ͳ .]. Parameters to be 

estimated are denoted by dots. The value of is derived from the identification assumption that 

demand shocks do not have any long-run real effect unless when shifting the supply curve.
2
 

In baseline results we make use of accumulated structural impulse response functions (SIRFs) and 

forecast error variance decompositions (FEVD). To sum up, if, according to our unit roots tests, the 

acceleration of inflation and real growth are stationary, but inflation and the level of real output are 

not and if there is no evidence of cointegration, this will have two implications. In the first place, 

inflation acceleration and output growth will not have any long-run link. However, their accumulated 

impulse response functions in presence of identified shocks will detect permanent changes in the 

levels of inflation and output which are I(1). 

                                                           
2
 Bashar (2011) diffusely compares BQ and Cover et al. (2006). 
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In robustness checks, we introduce an interest rate measure to move to a trivariate SVAR and we 

adopt the identification strategy by Rapach (2003), encompassing a monetarist view of long-run 

inflation and the assumption that, in the long-run, technological shocks do not influence the interest 

rate. While illustrating our robustness checks, for sake of brevity, we will focus on long term 

derivatives after, for instance, Rapach (2003). The long-run derivative of GDP growth with respect to 

inflation acceleration can be defined as  ���ீ��,��ி = lim�→∞(�ܩ��௧+�/����ி,௧)  (1)   (௧+�/����ி,௧ܨ���)/

where INF denotes inflation and ���ி,௧ the identified shock to inflation acceleration. In other terms, 

under the stationarity and cointegration conditions stated above, ���ீ��,��ி measures the long-run 

change in the level of output due to a theoretically identified change in inflation as a proportion of 

the effect that this shock has on the long-run level of inflation. This is because ���ீ��,��ி coincides 

with the ratio of the values of the SIRFs of output growth and inflation acceleration as time goes to 

infinite. 

Further note that, in a trivariate setting, as in Rapach (2003) the infinite horizon response of 

structural disturbances is  lim௦→∞ (௧+௦��ܩ௧+௦�௧+௦ܨ��) = (݀ଵଵ Ͳ Ͳ݀ଶଵ ݀ଶଶ Ͳ݀ଷଵ ݀ଷଶ ݀ଷଷ)(���ி,௧��,௧�ீ��,௧)    (2) 

where ��,௧ and �ீ��,௧ respectively denote identified shocks to the change in the interest rate and 

output growth. Therefore ���ீ��,��ி = �31�11. The application of this equality to the bivariate case is 

straightforward. For notational purposes, the infinite horizon response of structural disturbances of 

a bivariate SVAR in inflation acceleration and output growth with a monetarist identification 

assumption is lim௦→∞ (௧+௦��ܩ௧+௦ܨ��) = (ܿଵଵ Ͳܿଶଵ ܿଶଶ) ቀ���ி,௧�ீ��,௧ቁ    (3) 

For most of our estimates we used JMulti after Lütkepohl and Krätzig (2004). 

3. Baseline results 

We start by running unit root and cointegration tests. Inflation and real output level are I(1), but 

they are not cointegrated (Table 1). Inserting a linear trend in the test would not alter this result. 

Further unit root tests are available upon request. 

Hence, we estimate a VAR in first differences for output and inflation in logs. Three lag length criteria 

(FPE, LR and AIC) point to 5 as the most suitable choice, the other two would point to a shorter lag 

structure. We stick to the majority of the criteria and we compute accumulated SIRFs (Figure 3). We 

find permanent effects of inflation on output. c11 is estimated to be 0.002 – with a bootstrapped t-

statistic of 5.71 - while the estimated c21 is 0.004 – with a bootstrapped t-statistic of 2.08 - implying a 

value of LRDGDP,INF of 2. Bootstrapping returns results robust to departures from standard 

assumptions regarding error processes. 

The effect of output growth shocks can be interpreted as the result of technological developments 

that raise output and reduce costs and inflation. 

Figure 4 shows FEVDs: inflation acceleration shocks mainly drive changes in the inflation rate, while 

output growth shocks mainly output growth. Figure 5 shows SIRFs upon adopting the identification 

strategy à la Cover et al. (2006). Results are qualitatively similar those in Figure 3. Quantitatively they 

imply a larger LRDGDP,INF of 4.98. After about two years SIRFs hit their long-run value making a 

medium run identification approach, as in Lastrapes (1998), superfluous. 
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Figure 3 – Accumulated impulse-response functions to one standard deviation structural shock (BQ identification) 

  

  
Notes. 95% Studentized Hall Confidence Bootstrapped Intervals based on 200 repetitions. 
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Figure 4 – Forecast error variance decompositions (BQ identification) 
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Table 1 – Unit root and cointegration tests (p-values) 

Unit root tests 

 ADF PP 

 Levels First differences Levels First differences 

Inflation 0.10 0.00 0.10 0.00 

Real output level 0.22 0.00 0.20 0.00 

Single equation cointegration tests (null of no cointegration) 

Inflation equation 0.35 

Real output level equation 0.87 

Note: the first difference of logged real output level is an approximation to the percentage growth 

rate of real output. 
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Figure 5 – Accumulated impulse-response functions to one standard deviation structural shock 

(identification à la Cover et al., 2006) 

 
Note. Analytic response standard errors. 

4. Robustness checks 

Building on Figures 1 and 2, robustness checks start with subsample stability. We first drop 

observations before the introduction of Euro coins and banknotes and, then, we drop observations 

after the collapse of Lehman Brothers. In addition, we change our measure of inflation shifting from 

the GDP deflator to the HCPI. Finally, we run a trivariate SVAR.  

Table 2 – Unit root and cointegration tests (p-values) 

Unit root tests 

 ADF PP 

 Levels First differences Levels First differences 

HCPI Inflation 0.23 0.00 0.07 0.00 

Nominal interest rate 0.12 0.00 0.23 0.00 

Single equation cointegration tests (null of no cointegration) 

Inflation equation 0.42 

Real output equation 0.34 

Nominal interest rate equation 0.12 

 

Both HCPI inflation and the nominal interest rate are I(1), as Table 2 shows. In a trivariate setting no 

cointegration shows up. Therefore, we proceed applying the BQ decomposition. Table 3 shows 

results concerning lag-length criteria, the estimated values of the relevant parameters of the long-

run impact matrix and the implied long-run derivatives. Results are broadly similar to those 

contained in the above section. LRDGDP,INF is larger in the more recent subsample, when inflation was 

.000

.004

.008

.012

.016

.020

5 10 15 20 25 30

Accumulated response of real growth to a real growth shock

.000

.004

.008

.012

.016

.020

5 10 15 20 25 30

Accumulated response of real growth to an inflation change shock

-.004

-.002

.000

.002

.004

.006

5 10 15 20 25 30

Accumulated response of the inflation change to

a real growth shock

-.004

-.002

.000

.002

.004

.006

5 10 15 20 25 30

Accumulated response of the inflation change to

an inflation change shock



 

7 

 

lower. Inserting the nominal interest rate, LRDGDP,INF halves but it is still positive and the significance 

of underlying parameters is not affected to a great extent. 

Table 3 - Results of robustness checks  

Robustness 

check 

Lag 

length 

criteria 

c11 c21 d11 d31 LRDGDP,INF 

Sample 

2002Q1-

2014Q4 

5
i
 0.0018 

[3.4378] 

0.0081 

[1.9612] 

- - 4.5 

Sample 

1996Q1-

2008Q3 

5
i 

0.0025 

[3.6170] 

0.006 

[2.1162] 

- - 2.4 

HCPI 

instead of 

GDP 

deflator 

4
i
 0.0043 

[4.1094] 

0.0112 

[2.9078] 

- - 2.6 

Trivariate 

VAR 

1
ii
 - - 0.0052 

[4.7001]  

0.0053 

[1.9583] 

1.01 

Notes. Bootstrapped t-statistics in brackets. i: chosen on the basis of LR, FPE and AIC. ii: chosen on 

the basis of FPE, AIC, SIC and HQ. 

5. Conclusions 

To conclude, we compare our results to those available in the literature, briefly infer some policy 

implications and discuss the limitations of our study.  

Our estimates of LRDGDP,INF are larger than the significant ones available, for instance, in Bullard and 

Keating (1995), namely those for Austria, Germany, Finland and the UK. However, it is also true that 

from the early sixties to 1992 - their observation period - inflation yearly rates ranged from 4% in 

Germany to 8% in the UK. In our sample, the average inflation rate is 1.5%. Our results are likely to 

derive from the nonlinearities in the output-inflation nexus highlighted by recent theoretical studies. 

We cannot detect, though, the threshold after which the effect of inflation on output either 

disappears or turns negative, exactly because of low inflation rates throughout our sample.  

Under a policy perspective, the ECB officially adheres to the classical dichotomy (ECB, 2011, 55). 

There could be advantages in fully recognizing that, at low inflation rates, this might not hold. Firstly, 

monetary policy making might turn less conflictual, gaining credibility. Secondly, more consciousness 

regarding the long-run effects of monetary policy might avoid either unnecessary delays in 

interventions or too restrictive stances. This could help fostering the implementation more 

symmetric macroeconomic policies within the monetary union (De Grauwe and Yi, 2013). 

Three caveats are warranted regarding our research strategy. In the first place, Eurozone data are 

averages of those of its member countries, that have a greater degree of sovereignty than US 

member states. However, the Eurozone can be considered a closed economy. Extending the analysis 

to its single member countries, more similar to open economies, would entail different identification 

assumptions than those adopted below, hampering comparability. Furthermore, the data we used 

are taken into account by monetary policy makers when devising policies for the whole Eurozone. 

The second caveat has a methodological nature. Recent sticky prices models incorporate a long-run 

dichotomy between nominal and real magnitudes and yet the former ones can have a persistent 

effect on the latter ones. Given the well-known problem of low power of unit root tests in finite 

samples, we might have captured persistent and not really long-run effects of inflation on the level 

of output. 

Finally, as mentioned above, our results might stem from different mechanisms than our theoretical 

literature of reference, as this literature stresses the importance of the product and labor markets 

and neglects that of the credit market. 
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