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Most empirical studies provide evidence that the rate of capacity utilization is stable around a constant Non-accelerating inflation rate of capacity utilization (NAIRCU). Nevertheless, available statistical series of the rate of capacity utilization, which is unobservable, are constructed by assuming that it is stable over time. Hence, the stability of the NAIRCU is an artificial artefact. In this paper, we develop a method to estimate the rate of capacity utilization without imposing stability constraints. Partially inspired to the Production function methodology (PFM), we estimate the parameters of a production function by imposing aggregate correlations between the rate of capacity utilization and a set of macroeconomic variables, namely investment, labor productivity and unemployment. Our results show that the NAIRCU is not a constant rate but a non-stationary time-varying trend, and that chronicle under-utilization of capacity with stable inflation is a plausible equilibrium. Hence, persistent deviations of GDP might reflect persistent shocks to capacity utilization rather than exogenous shocks to total factor productivity. As a corollary, expansionary demand policies do not necessarily create permanent inflationary pressures if the NAIRCU is below full-capacity output, namely in post-crisis periods.

Introduction

Potential output and the output gap are the two theoretical concepts representing the core of modern economic policy theory. Most international institutions, including the International Monetary Fund (IMF) and the European Commission (EC), rely extensively on these concepts to build theoretical and empirical models for forecasts and policy recommendations [START_REF] Masi | IMF Estimates of Potential Output: Theory and Practice[END_REF][START_REF] Havik | The Production Function Methodology for Calculating Potential Growth Rates & Output Gaps[END_REF]. According to the Output Gap Working Group (OGWG), which is the institution in charge of providing official estimates of potential output and output gaps in European Union (EU) Member states, potential output is "the level of output that can be achieved when the economy operates at full capacity (and the factors of production are thus utilized at non-inflationary levels)"2 . Because the non-inflationary rate of capacity utilization is assumed to be stable at full capacity, persistent deviations of GDP with stable inflation must reflect exogenous shocks to total factor productivity. This assumption implies ruling out, by construction, the existence of equilibriums characterized by chronicle under-utilization of capacity, and the possibility of recovering from recessions through expansionary demand policies without generating permanent inflationary pressures. These assumptions, however, are hardly reconcilable with the empirical evidence of large and persistent unutilized capacity in key sectors of the European economy after the 2008 crisis (OECD, 2013) and raising request of expansionary fiscal policies to recover positive and sustainable rates of growth in Europe (OECD, 2016). A plausible explanation for chronicle under-utilization of productive capacity, and the rationale for expansionary fiscal policies, is that the non-inflationary rate of capacity utilization which is the equilibrium rate of capacity utilization that ensures inflation stabilitypartially tracks the actual rate of capacity utilization. Therefore, temporary but persistent deviations of the rate of capacity utilization from full capacity might imply a permanent deviation of the non-inflationary rate of capacity utilization. In other words, economists would say that full-capacity utilization is unstable because there is hysteresis in the non-inflationary equilibrium [START_REF] Blanchard | Hysteresis and the European Unemployment Problem[END_REF].

The stability of the non-inflationary rate of capacity utilization at full capacity is an open issue. Some empirical works supported this hypothesis, by providing evidences of a constant equilibrium rate of capacity utilization characterized by inflation stability [START_REF] Mcelhattan | Estimating a Stable-Inflation Capacity-Utilization Rate[END_REF][START_REF] Mcelhattan | Inflation and Capacity[END_REF][START_REF] Mcelhattan | Inflation, Supply Shocks, and the Stable-Inflation Rate of Capacity Utilization[END_REF][START_REF] Garner | Capacity Utilization and US Inflation[END_REF][START_REF] Nahuis | An Alternative Demand Indicator: The Non Accelerating Inflation Rate of Capacity Utilization[END_REF]. Since the rate of capacity utilization is not directly observable, empirical data used to estimate the non-inflationary equilibrium rate come mostly from business surveys. Business surveys, however, are extremely sensitive to the way respondents translate in concrete business practices theoretical concepts such as productive capacity or capacity utilization, which seem to be more familiar to economists than to firms' managers. Furthermore, ad hoc adjustments of raw data coming from surveys, aiming to eliminate theoretically undesirable patterns of chronicle underutilization of capacity, stabilize artificially these series around a constant trend [START_REF] Shapiro | Assessing the Federal Reserve's Measures of Capacity and Utilization[END_REF].

In this paper, we provide an alternative methodology to estimate the rate of capacity utilization through a simple methodology that captures the interactions between capacity utilization, labor productivity, investment and unemployment. We then analyze the aggregate properties of our measures of capacity utilization and productive capacity for 14 EU countries by comparing with estimates derived from business surveys. We show that our measures of capacity utilization provides results that are qualitatively comparable with the results of surveys, as they capture the same business cycle properties. Nevertheless, we can reject the stability properties attributed to the non-inflationary equilibrium rate of capacity utilization, providing evidence of hysteresis.

The structure of the paper is as follows. Section 2 reviews the literature about the main empirical methodologies used to estimate the rate of capacity utilization and the Non-accelerating inflation rate of capacity utilization (NAIRCU). Section 3 presents the methodology proposed to estimate productive capacity and the rate of capacity utilization. In section 4 we estimate the NAIRCU and find evidences of hysteresis. We also provide theoretical justifications and policy implications of these empirical findings. Section 5 concludes.

Capacity utilization in theory and practice: the NAIRCU hypothesis

The rate of capacity utilization is simply the ratio of output to the productive capacity:

𝑢 = 𝑌 𝑌 𝐶𝑃 (1)
Nevertheless, the productive capacity of a firm is a purely theoretical concept and we cannot directly observe it. In particular, there are many different definitions of productive capacity or capacity output. From an "engineering" perspective, capacity output is the maximum level of output that a firm might achieve by fully using the capital stock available, which implies running plants 24 hours a day, 7 days a week, 365 days per year. From an "economic" perspective, productive capacity is the level of output consistent with a non-inflationary use of factors of production, and it is generally defined in relation to normal operating conditions, not to full-time running of existing plants (See [START_REF] Perry | Capacity in Manufacturing[END_REF][START_REF] Ragan | Measuring Capacity Utilization in Manufacturing[END_REF].

Historically, standard Keynesian approaches used to refer to an "engineering" definition of productive capacity, by measuring productive capacity as a linear function of the output to capital ratio (Domar, 1936). In these approaches, the main inquire was the relationship between capacity utilization, capital accumulation and employment, in order to measure the margins of maneuver for policy makers who wanted to target full employment. Because the implicit assumption was that inflation instability is not a major issue below full employment, and that full employment is a maximum ceiling rather than an average trend, there might be a variety of equilibriums consistent with inflation stability below fullemployment. Hence, inflation does not represent a useful information to estimate full-employment output (See also [START_REF] Okun | Potential GNP: Its Measurement and Significance[END_REF]Fontanari et al, 2019). The "economic" approach to productive capacity emerged in the framework of the neoclassical approach, as the main inquire was the relationship between employmentmore recently, capacity utilizationand inflation stability, in order to provide monetary policy with a reliable demand indicator of inflationary pressures. Hence, the object of study is no longer how far current output is running from a full-employment capacity output, but rather how far current output is running from a (constant) steady-inflation capacity output. Here, the implicit assumption is that it exists a unique and stable normal rate of capacity utilization, 𝑢 𝑛 , that would virtually ensure inflation stability, and that a positive or negative gap between current and normal capacity output is associated to a corresponding acceleration or deceleration of inflation.

Based on [START_REF] Modigliani | Targets for Monetary Policy in the Coming Year[END_REF], who first introduced the concept of Non-inflationary rate of unemployment (NIRU), then renamed Non-accelerating inflation rate of unemployment (NAIRU), a vast economic literature tried to provide empirical evidence of the stability of the rate of capacity utilization consistent with steady inflationthe Stable inflation rate of capacity utilization (SIRCU), then renamed Non-accelerating inflation rate of capacity utilization (NAIRCU) [START_REF] Mcelhattan | Estimating a Stable-Inflation Capacity-Utilization Rate[END_REF][START_REF] Mcelhattan | Inflation and Capacity[END_REF][START_REF] Mcelhattan | Inflation, Supply Shocks, and the Stable-Inflation Rate of Capacity Utilization[END_REF][START_REF] Gordon | Foundations of the Goldilocks Economy: Supply Shocks and the Time-Varying NAIRU[END_REF][START_REF] Nahuis | An Alternative Demand Indicator: The Non Accelerating Inflation Rate of Capacity Utilization[END_REF] 3 . The economic intuition behind the NAIRCU is equivalent to the NAIRU's: as long as capacity utilization lies above the NAIRCU because of an excess demand, the marginal costs increase and so does inflation, until higher prices cancel out the excess demand. The reason for increasing marginal costs is that firms need to resort to overtime shifts and run plants faster, by increasing both labor and maintenance costs. Conversely, if capacity utilization lies below the NAIRCU, the marginal costs decrease and so inflation, until demand increases again by adjusting capacity utilization up to the NAIRCU. The models used to estimate the NAIRCU are also the same used to estimate the NAIRU, as they also consist of identifying the parameters of a standard vertical Phillips curve, by using capacity utilization instead of unemployment and by assuming a constant NAIRCU:

𝛥𝑝̂𝑡 = 𝛽(𝑢 𝑡 -𝑢 𝑛 ) + ∑ 𝛾 𝑖 𝑍 𝑖,𝑡 𝑚 𝑖=1 + 𝜁𝛥𝑝̂𝑡 -1 + 𝜖 𝑡 (2)
Equation ( 1) assumes that the variation of price inflation (𝛥𝑝̂𝑡) is a function of the difference between capacity utilization and the NAIRCU (𝑢 𝑡 -𝑢 𝑛 ), a set of supply shocks including oil and imports' price inflation, unit or nominal labor costs, exchange rate and/or institutional variables (∑ 𝑍 𝑖,𝑡 𝑚 𝑖=1

), lagged variation of price inflation (𝛥𝑝̂𝑡 -1 ) and an uncorrelated, stochastic disturbance (𝜖 𝑡 ). To extrapolate the NAIRCU, we can estimate the simple OLS equation:

𝛥𝑝̂𝑡 = 𝛼 + 𝛽𝑢 𝑡 + ∑ 𝛾 𝑖 𝑍 𝑖,𝑡 𝑚 𝑖=1 + 𝜁𝛥𝑝̂𝑡 -1 + 𝜖 𝑡 (3) with 𝑢 𝑛 = - 𝛼 𝛽 .
If parameters α and β are significantly different from 0, and 𝑢 𝑛 is positive, we can conclude that there are evidences of a constant Non-accelerating inflation rate of capacity utilization. If, on the other hand, parameters α and β are not significantly different from 0, or 𝑢 𝑛 is negative, we can conclude that there are no evidences of the existence of a Non-accelerating inflation rate of capacity utilization or anyway that this latter is not stable. Despite some studies detecting a loss of predictive power for the NAIRCU, especially in the last decades [START_REF] Cecchetti | Inflation Indicators and Inflation Policy[END_REF][START_REF] Emery | Is There a Stable Relationship Between Capacity Utilization and Inflation?[END_REF][START_REF] Dotsey | The Relationship Between Capacity Utilization and Inflation[END_REF], there seems to be a consensus on the overall significant relationship between capacity utilization and inflation acceleration [START_REF] Mcelhattan | Estimating a Stable-Inflation Capacity-Utilization Rate[END_REF][START_REF] Mcelhattan | Inflation and Capacity[END_REF][START_REF] Mcelhattan | Inflation, Supply Shocks, and the Stable-Inflation Rate of Capacity Utilization[END_REF][START_REF] Garner | Capacity Utilization and US Inflation[END_REF][START_REF] Morin | Estimating Capacity Utilization from Survey Data[END_REF]), especially by accounting for endogenous fluctuations in the NAIRCU [START_REF] Gordon | Foundations of the Goldilocks Economy: Supply Shocks and the Time-Varying NAIRU[END_REF] or structural breaks to the Phillips curve [START_REF] Nahuis | An Alternative Demand Indicator: The Non Accelerating Inflation Rate of Capacity Utilization[END_REF].

The empirically detected stability of the NAIRCU, however, is partially the result of statistical artefacts related to the methods used to estimate the unobservable rate of capacity utilization. Despite the variety of existing methods, Business Surveys (BS) represent the main source of information for these studies (See [START_REF] Perry | Capacity in Manufacturing[END_REF][START_REF] Klein | Capacity Utilization: Concept, Measurement, and Recent Estimates[END_REF] for a review of traditional capacity utilization indicators). Also international institutions, including the Directorate General for Economic and Financial Affairs (DG ECFIN) of the European Commission (EC), rely on BS time-series to provide official estimates of potential output and the output gap [START_REF] Havik | The Production Function Methodology for Calculating Potential Growth Rates & Output Gaps[END_REF]. The BS methodology consists of sending questionnaires to firms' managers in order to obtain qualitative and quantitative measures of a large variety of indicators, including firms' productive capacity and capacity utilization (See OECD, 2003 for a review of the method). Although largely diffused, this methodology has important drawbacks. It turns out that managers can hardly translate in practical terms theoretical concepts such as productive capacity and capacity utilization, which seem to be more familiar to economists. Moreover, questionnaires do not provide a clear definition of these concepts. Most of the time, they provide a general and one-fitsall definition of capacity output, which does not take account of production heterogeneities across sectors that affect how managers identify and estimate capacity output within their plant (See [START_REF] Corrado | Capacity Utilization[END_REF]. In order to provide a clearer definition, and to reconcile the inherently "engineering" approach with an "economic" approach, questionnaires suggest managers to refer to what they consider a normal level of production as a measure for full-capacity output4 . Nevertheless, what managers consider a normal production at the time they answer the survey does not necessarily corresponds to what they considered normal in the past, or what they would consider normal in the future. In other words, normal production is a highly time-dependent concept that changes over the business cycle [START_REF] Ragan | Measuring Capacity Utilization in Manufacturing[END_REF][START_REF] Brierley | Reasons for Adopting Different Capacity Levels in the Denominator of Overhead Rates: A Research Note[END_REF]. Consequently, what is normal before a recession might be completely different from what is normal few quarters or years after a recession, and might well correspond to a different degree of utilization of the capacity in place. Although this issue is well known, it does not seem to create any troubles as long as we take this capacity utilization measure as nothing more than a business cycle indicator, which is useful to predict other cyclical variables such as inflation and investment. In other words, these data are not supposed to investigate the cardinal value of capacity utilization but rather its cyclical, de-trended behavior. To simplify this task of de-trending and normalizing capacity utilization across cycles, data are systematically corrected and re-arranged before publication, by smoothing peaks and eliminating situations of chronicle under-utilization of capacity that are theoretically rejected [START_REF] Shapiro | Assessing the Federal Reserve's Measures of Capacity and Utilization[END_REF]. This process of stabilizing capacity utilization series also generates empirical biases, namely the cyclical bias and lost-and-found effect, as productive capacity appears to build up, disappear and then re-appear again, displaying an excess pro-cyclicality with respect to production generated by the artificial anti-cyclicality of capacity utilization [START_REF] Perry | Capacity in Manufacturing[END_REF][START_REF] Shapiro | Assessing the Federal Reserve's Measures of Capacity and Utilization[END_REF].

Assuming the medium-run stability of capacity utilization, however, seems to be the norm in most empirical estimates. The well-known peek-to-peek methodology, adopted by the Wharton institute, assumes that output cyclically converges towards full capacity output. In this framework, every peek in output series is supposed to reflect a full capacity utilization state (See [START_REF] Perry | Capacity in Manufacturing[END_REF]. [START_REF] Shaikh | Measuring Capacity Utilization in OECD Countries: A Cointegration Method, Economics Working Paper Archive[END_REF], referring to a purely "engineering" definition of productive capacity, suggest estimating capacity utilization through a co-integration relationship between output and capital stock, by explicitly assuming that the rate of capacity utilization is dynamically stable around a fixed normal path. [START_REF] Tsoulfidis | A New Method for the Estimation of Capacity Utilization: Theory and Empirical Evidence from 14 EU Countries[END_REF], by referring to a standard SVAR estimation technique inspired by [START_REF] Blanchard | The dynamic effect of aggregate demand and supply disturbances[END_REF], estimate capacity utilization by imposing long-run restrictions to capacity output such that only stochastic disturbances can affect it (See Cerra V. & Saxena S.C., 2000 for a review of the SVAR methodology and other alternative methodologies to estimate potential output and capacity utilization). Nevertheless, when stability is not explicitly assumed, empirical estimates of capacity utilization reveal unstable patterns. Namely, [START_REF] Berndt | Measuring and Assessing Capacity Utilization in the Manufacturing Sectors of nine OECD Countries[END_REF] estimate capacity output, defined as the minimum point of the average cost curve, in nine OECD countries and find significant evidence of chronicle excess capacity. Fontanari et al (2019) estimate productive capacity in the US by referring to an updated version of the method followed by [START_REF] Okun | Potential GNP: Its Measurement and Significance[END_REF], and they also find evidence of persistent under-utilization of productive capacity.

In the next section, we suggest an alternative methodology to estimate the rate of capacity utilization without assuming that it is stable around a fixed, normal capacity utilization rate, in order to investigate further the theoretically supposedand empirically confirmedstability of the NAIRCU. More precisely, we want to estimate the degree of utilization of the productive capital stock in place in order to verify, ex post, whether the estimated rate of capacity utilization that virtually ensures inflation stability, the NAIRCU, is stable. We do this to provide an answer to a crucial question that traditional empirical methodologies neglect by design: is chronicle excess capacity a plausible equilibrium in the wake of negative shocks? A positive answer might provide useful indications to policy makers who are not only concerned about stabilizing inflation but also about combating unemployment, and who are not entirely satisfied by the theoretical approach consisting of assuming that inflation stability implies necessarily full capacity production.

Estimating the rate of capacity utilization in EU countries

Motivation and scope

The aim of this empirical exercise is to investigate the stability of the Non-accelerating inflation rate of capacity utilization (NAIRCU). To do so, we estimate the rate of capacity utilization in 14 EU countries and seek for a steady inflation level of utilization, without imposing any pre-determined stability constraint to productive capacity or to capacity utilization. Indeed, whether this stability assumptionwhich we do neither integrate nor reject a prioriholds true is a research question. Assuming stability in capacity utilization is not just a methodological issue, and it is not without loss of generality. If we assume that capacity utilization is stationary around full capacity utilization, persistent deviations of GDP will necessarily reflect supply-side shocks. Hence, a temporary although persistent demand crisis that triggers under-utilization of productive capacity would be soon interpreted as a supply-side crisis, triggered by a negative structural shock to total factor productivity and consequent capital scrapping. In this theoretical framework, the suggested policy receipt would be implementing contractionary demand policies, aiming to choke off the risk of inflationary pressures, instead of expansionary policies, aiming to absorb the unutilized resources. Consequently, temporary demand shocks might turn into policyinduced persistent recessions [START_REF] Schettkat | Monetary Policy and European Unemployment[END_REF], leading to structurally higher unemployment rates and secular stagnation [START_REF] Summers | Economic Prospects: Secular Stagnation, Hysteresis and the Zero Lower Bound[END_REF]. Providing alternative estimates of capacity utilization without assuming that it is stable might shed lights on how reasonable is to reject a priori the hypothesis of persistent under-utilization of productive capacity, especially in the wake of large and long recessions.

The methodology

The approach that we follow is partially inspired to the production function methodology (PFM) used to estimate potential GDP. Briefly, the PFM consists of estimating the Non-accelerating wages rate of unemployment (NAWRU) by identifying the parameters of a vertical Phillips curve, which holds true by assumption, and then plugging the time-series of the NAWRU, together with capital stock timeseries, into a Cobb-Douglas production function. Then, the residuals of the estimated production function are split between a trend component, which is the total factor productivity, and a cyclical component, which is the degree of utilization of productive capacity [START_REF] Havik | The Production Function Methodology for Calculating Potential Growth Rates & Output Gaps[END_REF]. This methodwith respect to alternatives based on simply de-trending observed output and calling the trend "potential GDP"has the advantage of explicitly providing a theoretical definition and formalization of potential GDP. In other words, the reliability of estimates produced with the PFM is directly related to the reliability of the theory that lies behind, namely the new-Keynesian theory of the Non-accelerating inflation rate of unemployment, formalized through a vertical Phillips curve.

In our approach, we use a fixed-coefficients production function in order to focus specifically on the rate of (physical) capacity utilization, and avoid a prior estimation of the NAWRU that would imply assuming a vertical Phillips curve. Then, instead of identifying the coefficients of a vertical Phillips curve, we estimate the structural parameters of our production function by identifying the coefficients of other well-established theoretical relationships that we assume they hold true, namely the Kaldor-Verdoorn law, the Okun's law and a standard investment function with an accelerator effect. Hence, the reliability of the empirical estimates that we provide depends directly on the reliability of these theoretical relationships. To estimate the structural parameters of the production function, we refer to the method of the simulated minimum distance (SMD), typically used to calibrate the coefficients of theoretical simulation models (Grazzini & Richiardi, 2014). The SMD methodology consists of estimating the true structural parameters of a theoretical model by minimizing the distance between some simulated statistics (i.e, the moments of the distribution of simulated outputs) and their empirical benchmark. The method requires the definition of an objective function that is a function of the distance between the empirical and the simulated statistics. Then, starting from an initial arbitrary vector of parameters, an optimizing algorithm simulates extensively the model by varying the values of the parameters until it converges towards the set of structural parameters that minimize the objective function. Our approach is similar to the SMD approach, although we do not cope with a simulated model. We first give initial arbitrary values to the structural parameters of a fixed-coefficients production function, in order to generate a time series of the rate of capacity utilization (see section 3.2.1). Then, we plug this series into a system of theoretical equations that we estimate through a simple OLS method, and we extrapolate the 𝑅 2 and the t-statistics of the equations (see section 3.2.2). Finally, we define an objective function in terms of the 𝑅 2 and the t-statistics of the system of OLS equations and we seek, through an optimizing algorithm, the values of the structural parameters of the production function that maximize the objective function (see section 3.2.3). By doing so, we obtain a series of the rate of capacity utilization that is the one that maximizes the objective function, hence the significance of our theoretical model. This series will allow us, as a last step, to estimate the Non-accelerating inflation rate of capacity utilization (NAIRCU) by identifying the coefficients of a vertical Phillips curve, in order to analyze the emergent stability or instability of the relationship between capacity utilization and inflation.

The stability or instability is emergent because the series of the rate of capacity utilization that we use to identify the NAIRCU are not stable by construction. Next sections detail the steps of the procedure that we just introduced.

Defining productive capacity and capacity utilization

We define productive capacity as the level of output that is consistent with a full utilization of the productive capital stock installed, consistently with an engineering approach.

𝑢 = 𝑌 𝑌 𝑝 (4) 
With 0 ≤ 𝑢 ≤ 1 by definition.

Because capacity utilization corresponds to the ratio of observed GDP to the unobserved productive capacitywhich is a function of the unobserved productive capital stockthe main task is to estimate the productive capital stock and the productive capacity. We estimate the capital stock by using the Perpetual Inventory Methodology (PIM) (OECD, 2009). The PIM consists of computing the current stock of productive capital by simply adding past investment to the past capital stock, net of capital depreciation. We follow the standard assumption of geometric capital depreciation and assume a fixed ratio of capital depreciation to the capital stock:

𝐷𝑒𝑝 𝑡 = 𝛿𝐾 𝑡-1 (5)
Moreover, we make the "heroic assumption" [START_REF] Domar | Capital Expansion, Rate of Growth, and Employment[END_REF] that the productive capacity generated by an additional unit of capital goods invested is constant over time,

𝛥𝑌 𝑝 𝑌 𝑝 = 𝛥𝐾 𝐾 (6)
This implies that the ratio between productive capacity and the capital stock is also fixed

𝑌 𝑝 𝐾 = 𝑣 (7)
Accordingly with the PIM, we thus estimate capital accumulation as a function of the observed investment rate and three unknown parameters: the productive capacity to capital ratio, 𝑣, the depreciation rate, 𝛿, and the initial rate of capacity utilization, 𝑢 0 :

𝐾 ̂𝑡 = 𝛥𝐾 𝑡 𝐾 𝑡-1 = 𝐼 𝑡-1 -𝛿𝐾 𝑡-1 𝐾 𝑡-1 = 𝐼 𝑡-1 𝐾 𝑡-1 -𝛿 = ( 𝐼 𝑡-1 𝑌 𝑡-1 * 𝑌 𝑡-1 𝑌 𝑝 𝑡-1 * 𝑌 𝑝 𝑡-1 𝐾 𝑡-1 ) -𝛿 = ( 𝐼 𝑡-1 𝑌 𝑡-1 * 𝑢 𝑡-1 * 𝑣) -𝛿 (8) 
Finally, by applying a logarithmic transformation of equation ( 4) to obtain the rate of growth of capacity utilization and substituting equation ( 8) in equation ( 6), we obtain

𝑢 ̂𝑡 = 𝛥𝑢 𝑡 𝑢 𝑡-1 = 𝛥𝑌 𝑡 𝑌 𝑡-1 - 𝛥𝑌 𝑝 𝑡 𝑌 𝑝 𝑡-1 = 𝛥𝑌 𝑡 𝑌 𝑡-1 - 𝛥𝐾 𝑡 𝐾 𝑡-1 = 𝛥𝑌 𝑡 𝑌 𝑡-1 -( 𝐼 𝑡-1 𝑌 𝑡-1 * 𝑢 𝑡-1 * 𝑣) + 𝛿 (9) 
Which leads to

𝑢 𝑡 = 𝑢 𝑡-1 * (1 + 𝑢 ̂𝑡) (10) 
Hence, the rate of capacity utilization is a function of the observed real GDP growth rate, the observed investment rate and three unknown parameters that we need to estimate: the initial capacity utilization rate 𝑢 0 , the ratio of productive capacity to the productive capital stock v, and the depreciation rate δ. To reduce our estimation problem to a two dimensional problem, we set an arbitrary value to 𝑢 0 and estimate the two remaining parameters v and δ. This simplification affects equation (10) but does not have any effect on equation ( 9), which is our focus. Therefore, in the following we will set 𝑢 0 = 1 for all countries and will estimate only the two unknown and endogenous parameters v and δ5 .

The theoretical model

To estimate the unknown parameters of the production function, v and δ, we set a simplified system of OLS equations that capture the theoretically (and empirically) acknowledged macroeconomic interactions between capacity utilization, capital accumulation, labor productivity and unemployment.

In the simplest version, we only consider capital accumulation and capacity utilization as explanatory variables. Nevertheless, we also test models with additional explanatory variables, as explained later on.

Here we present the simplest version, which we retain for estimation, as we do not find significant differences with respect to the more complex models.

The first equation captures the interaction between labor productivity growth, capacity utilization and capital accumulation. It is a well-known stylized fact that labor productivity is endogenous to output growth [START_REF] Kaldor | Causes of the Slow Economic Growth of the United Kingdom[END_REF][START_REF] Mccombie | Some New Empirical Evidence Using U.S. State Data[END_REF][START_REF] Verdoorn | Factors that Determine the Growth of Labor Productivity[END_REF][START_REF] Castiglione | Verdoorn-Kaldor's Law: an empirical analysis with time series data in the United States[END_REF]Millemaci & Ofria, 2012). The pace of capital accumulation can explain this endogenous relationship. Namely, as capital accumulation proceeds, new vintages of capital goods replace old vintages and the more efficient technology embedded in new vintages raises labor productivity. Capacity utilization can also explain labor productivity by capturing economies of scale, which allow expanding production faster than employment. The positive correlation between capacity utilization and labor productivity is also part of the identification strategy of total factor productivity (TFP) in DG ECFIN's models for estimating potential GDP [START_REF] Havik | The Production Function Methodology for Calculating Potential Growth Rates & Output Gaps[END_REF], as empirical studies show a positive correlation between various measures of capacity utilization and TFP [START_REF] Basu | Why is Productivity Pro-Cyclical? Why Do We Care?[END_REF][START_REF] Baldwin | Export Growth, Capacity Utilization, and Productivity Growth: Evidence from the Canadian Manufacturing Plants[END_REF]. In order to account also for persistency effects and learning by doing [START_REF] Arrow | The Economic Implications of Learning by Doing[END_REF], we formalize labor productivity growth as a function of current and past capacity utilization, current and past capacity accumulation and past labor productivity growth.

𝐴 ̂𝑡 = 𝐴 Ȧ = 𝛼 1 + 𝛼 2 * 𝐾 ̂𝑡 + 𝛼 3 * 𝑢 𝑡 + 𝛼 4 * 𝐾 ̂𝑡-1 + 𝛼 5 * 𝑢 𝑡-1 + 𝛼 6 * 𝐴 ̂𝑡-1 + 𝜀 𝑡 (11) 
Another theoretically and empirically acknowledged stylized fact is the relationship between unemployment and output growth [START_REF] Okun | Potential GNP: Its Measurement and Significance[END_REF][START_REF] Santacreu | Employment and Capacity Utilization Over the Business Cycle, Economic Synopses[END_REF][START_REF] Ball | Okun's Law: Fit at 50?[END_REF]Fontanari et al, 2019).

The second equation captures the relationship between unemployment and output growth by splitting GDP growth into a capital accumulation component and a capacity utilization component, in order to take account of different employment effects from varying productive capacity and varying the utilization rate. In order to take account of hysteresis effectsif anyon unemployment [START_REF] Blanchard | Hysteresis and the European Unemployment Problem[END_REF], we also add past unemployment as an explanatory variable. In other versions of the model, we also accounted for labor costs as an additional explanatory variable, but we could not find significant differences with respect to this simpler specification, as we show later on.

𝑈 𝑡 = 𝛽 1 + 𝛽 2 * 𝐾 ̂𝑡 + 𝛽 3 * 𝑢 𝑡 + 𝛽 4 * 𝐾 ̂𝑡-1 + 𝛽 5 * 𝑢 𝑡-1 + 𝛽 6 * 𝑈 𝑡-1 + 𝜇 𝑡 (12) 
The third equation captures the theoretical and empirical relationship between investments and output growth, according to the standard accelerator principle [START_REF] Ford | Business Investment: Recent Performance and Some Implications for Policy[END_REF][START_REF] Pinto | Perspectives on the Recent Weakness in Investment[END_REF]IMF, 2015;[START_REF] Banerjee | Why) Is Investment Weak?[END_REF][START_REF] Kopp | Determinants of US Business Investment[END_REF]. Particularly, we refer to a simple investment function with an accelerator effect normalized for the capital stock, in order to focus specifically on the relationship between the rate of capital accumulation and the rate of capacity utilization [START_REF] Rowthorn | Demand, real wages and economic growth[END_REF][START_REF] Dutt | Stagnation, Income Distribution, and Monopoly Power[END_REF]. In this simplest formulation, only capacity utilization determines investment decisions, while in other specifications we introduce profits and interest rates as additional explanatory variables. In order to account for persistency effects, we define an investment function relating current investment to capital ratio (hence, next period's accumulation rate) to current capacity utilization, past capacity utilization and past investment to capital ratio (hence, current accumulation rate).

( 𝐼 𝐾 ) 𝑡 = 𝛾 1 + 𝛾 2 * 𝑢 𝑡 + 𝛾 3 * 𝑢 𝑡-1 + 𝛾 4 * ( 𝐼 𝐾 ) 𝑡-1 + 𝛷 𝑡 (13) 
Because the endogenous variable is unobservable, when we estimate equation ( 13) we normalize for the output-capital ratio in order to transform the left-hand side into the observable investment rate, 𝐼 𝑌 ⁄ . We do this for every specification of the investment function. Indeed, we also test alternative specifications of equations ( 11) to (13), by introducing additional explanatory variables to the simplest, baseline specifications. In particular, we test four different models6 (Table 1). Real interest rate(t-1) α_8 * The Ricardo effect is the difference between the rate of growth of nominal compensation per employee and capital goods inflation

The baseline model is the simplest model that we presented earlier in this section. In the second model, we add real compensation per employee growth as a further explanatory variable of labor productivity growth, in order to capture the Webb effect [START_REF] Webb | The Economic Theory of Legal Minimum Wage[END_REF]. The Webb effect suggests that higher real wages positively affect labor productivity because of a higher incentive for firms to select workers that are more productive and a higher incentive for workers to increase the quality of their work. This is consistent with the more recent literature on efficiency wages [START_REF] Shapiro | Equilibrium Unemployment as a Worker Discipline Device[END_REF], which underlines the positive effects of higher real wages on workers labor effort and productivity. We also add real unit labor costs in the unemployment equation, in order to capture the negative effectwhich is standard in new-Keynesian NAIRU modelsof higher real wages on firms hiring decisions, after accounting for labor productivity. Furthermore, we add the profit share in the investment equation to capture the positive effect of higher profits out of income on investment decisions (Badhuri & Marglin, 1990). In the third model, we start from model 2 and we only change the labor productivity function, by substituting real compensation per employee growth with the organization effect and the Ricardo effect [START_REF] Sylos-Labini | Factors affecting changes in productivity[END_REF]1995). The organization effect assumes that firms target a constant mark-up. Hence, an increase in higher real unit labor costs will induce firms to adopt a more efficient labor organization, in order to increase labor productivity and re-establish the targeted mark-up. The Ricardo effect assumes that the output-to-labor ratio depends on the costs of labor relative to the cost of capital goods. If wages run faster than capital goods prices and labor becomes more expensive relative to capital, firms will invest in labor saving techniques that increase the output to labor ratio. If, on the other hand, capital goods prices run faster than nominal wages and labor becomes cheaper relative to capital, firms invest in less efficient labor-intensive techniques with a lower output to labor ratio. In the fourth and last model, we start from model 3 and add the real interest rate in the investment function, in order to account for the negative effect of a higher interest rate on firms' investment decisions [START_REF] Keynes | The General Theory of Employment, Interest and Money[END_REF].

The objective function and the estimation procedure

After setting the theoretical framework as a simple system of three equations, we estimate the parameters of the production function using the non-linear Generalized Reduced Gradient (GRG) optimization algorithm [START_REF] Lasdon | Nonlinear Optimization Using the Generalized Reduced Gradient Method[END_REF]. The method is straightforward. We first set initial values to the production function's parameters, v and δ, and obtain the resulting time-series of the rate of capacity utilization and the rate of capital accumulation (see section 3.2.1). We then plug these series into the system of three equations and estimate the linear coefficients through a simple Ordinary Least Squares (OLS) method (see section 3.2.2). Finally, we define an objective function that captures the statistical significance of the three equations model, and let the optimization algorithm finding the vector of the unknown parameters 𝑣 and 𝛿 that maximizes this objective function. The arguments of the objective function are the sum of the three 𝑅 2 and the sum of the sixteen t-statistics of OLS equations ( 11) to (13):

Q(𝑣, 𝛿) = 𝛼 * ∑ (𝑅 2 (v, 𝛿) 𝑖 * 100) 3 𝑖=1 + (1 -𝛼) ∑ 𝑡(v, 𝛿) 𝑖 16 𝑖=1 (14)
The GRG algorithm finds therefore the vector (𝑣 * , 𝛿 * ) = argmax 𝑣,𝛿 Q(𝑣, 𝛿). Since Q(𝑣, 𝛿) is a non-linear function of 𝑣 and 𝛿, we set different initial values (𝑣 0 , 𝛿 0 ) in order to explore all local maximums and retain the one with the highest value of the objective function among those who have an interpretable economic meaning7 . In order to analyze the sensitivity of the results to the parameters of the objective function, which reflect the relative weight of t-statistics and 𝑅 2 at the local maximum, we test different values of 𝛼 = (0; 0,25; 0,5; 0,75; 1). We do this for all of the four models described in section 3.2.2.

Results

We apply the methodology described in section 3.2 to 14 EU countries8 . Although some countries do not have any meaningful vector (𝑣 * , 𝛿 * ) for some values of α (see footnote 7), there is a clear correlation between α and the two estimated parameters, 𝑣 * and 𝛿 * . More interestingly, the correlation between the ratio of these two, 𝑣 * / 𝛿 * , and α is always positive and relatively stable for 𝛼 ≤ 0.5, while it tend to explode for values higher than 0.5. This reflects the strong trade-off between the 𝑅 2 and the t-statistics above a certain value of the 𝑅 2 : beyond this value, small improvements in the 𝑅 2 imply large losses in the t-statistics, hence a substantial fall in the objective function. As soon as the 𝑅 2 becomes the main or only maximizing argument, the estimated values (𝑣 * , 𝛿 * ) can change in the direction of an improvement in the 𝑅 2 in spite of the significant drop in the t-statistics, which do not affect the objective function anymore. Introducing the t-statistics within the objective function helps therefore stabilizing the estimates of (𝑣 * , 𝛿 * ). A value of 𝛼 ≤ 0.5, equally weighting the two arguments, seems the most appropriate.

While the specification of the objective function might affect the estimated parameters beyond a certain value of α, the specification of the theoretical model seems to have a limited impact. In most countries, there are no significant differences in (𝑣 * , 𝛿 * ) when the theoretical specification changes: except few exceptions, the boxplot of the estimated values (𝑣 * , 𝛿 * ) in the four theoretical models shows that estimates are concentrated on a relatively tight variation range, suggesting that the theoretical specification does not affect in a sensitive way the estimated value of the endogenous parameters. A graphical inspection of the time-series of the rate of capacity utilization for each theoretical specification, using α = 0.59 , confirms this result: in most countries there are no significant differences in the dynamics of capacity utilization across the 4 theoretical specifications, as the series converge towards a common evolution trend and co-evolve parallel each other. The only significant exception is Germany, which has significantly different initial trends. The smaller number of observations available for Germanywe used 1992, instead on 1965, as initial datecan explain this larger variation across models.

Because of the relatively small differences across the four models, we retain for simplicity the simplest model, which is model 1. In future research, we might investigate more deeply the issue of which theoretical specification best suits each country's estimate of capacity utilization, with also a closer inspection of the macroeconomic correlations that emerge with the other explanatory variables. At this point, however, we prefer to stick to a simple and one-fits-all model that is more easily interpretable, as the signs and magnitudes of correlations between explained and explanatory variables are comparable across countries and theoretically acknowledged. On the other hand, sign and magnitude of correlations in more complex theoretical specifications can be highly heterogeneous across countries and controversial from a theoretical standpoint. Namely, the effect of the profit share on investment decisions, or the effect of the wage share on the unemployment rate, are highly volatile across countries, as they are either positive or negative, or not significantly different from 0. This heterogeneity across countries is clearly an interesting finding that deserves a specific investigation, but it goes beyond the scope of this paper.

We plot therefore the values of 𝑣 * and 𝛿 * estimated through model 1, with 𝑢 0 = 1 and 𝛼 = 0.5 10 and the depreciation rate computed as a % of GDP (instead of % of the capital stock).

FIGURE 1

Deprecation rates (% of capital stock and % of GDP) and the capacity-to-capital ratio in 14 EU countries
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Depreciation rates (% of capital stock) range between 2% in UK to about 40% in Netherlands (topright), while productive-capacity-to-capital ratios (top-left) range between 0.14 in Spain to 1.84 in the Netherlands and correlate positively with capital depreciation rates, suggesting that faster depreciation of capital compensates with a higher accumulation of productive capacity for each unit of capital invested. The choice of setting 𝑢 0 = 1 to all countries (see section 3.2.1) might explain the large volatility of the capacity to capital ratio, which might explain in turn the large volatility of the depreciation rate, given the positive correlation between these two ratios. Indeed, if we compute the average depreciation rate as % of GDP (bottom-center), this volatility falls substantially: the depreciation rate ranges between 8.2% in UK and 21.6 in Austria, a range of volatility that is much more consistent with official estimates of the average depreciation rate in EU [START_REF] Goerzig | Depreciation in EU Member States: Empirical and Methodological Differences[END_REF]. In Figure 2, we plot the time series of the rates of capacity utilization compared to the corresponding series provided by the DG ECFIN of the European Commission. Although, from a graphical inspection, the two series seem to co-evolve, DG ECFIN's estimates appear stationary and less volatile than our series of capacity utilization, which show non-stationary dynamics. In particular, by looking at the dynamics of the rate of capacity utilization after the 2008 financial crisis in our estimates time-series, we can identify three main clusters of countries: the first cluster includes countries where the rate of capacity utilization show clearly a return to the pre-crisis trend, namely Germany, Austria, Ireland, France, Italy, Portugal and the Netherlands. The second cluster includes countries where the rate of capacity utilization is slowly returning towards the pre-crisis trend although still below it, namely Spain and Greece. The third cluster includes countries with a lower and stable rate of capacity utilization with respect to the pre-crisis trend, namely Belgium, Sweden, Denmark, Finland and the UK. In the next section, we investigate more closely these converge patterns and the differences between our series of capacity utilization and the series provided by the DG ECFIN. We will show that our series of capacity utilization are not qualitatively different with respect to the DG ECFIN estimates in terms of cyclical fluctuations, as we capture the same business cycles properties than the DG ECFIN's series. For instance, the utilization gap, which is the gap between capacity utilization and the Non-accelerating inflation equilibrium, in our series correlates positively with the utilization gap of the DG ECFIN's estimates, and they both coevolve and correlate significantly with the output gap. Nevertheless, our series capture endogenous fluctuations in the Non-accelerating inflation rate of capacity utilization that the DG ECFIN estimates do not detect, and that might help to explain the three above-mentioned clusters. Note: to simplify the comparison, we normalized the DG ECFIN series such as the initial rate of capacity utilization is also equal to 1.

Capacity utilization and the NAIRCU

Capacity utilization in EU countries

Our research question is whether there exists a stable relationship between capacity utilization and inflation. The interest of answering this question is twofold: first, we want to test whether our methodology provides results that are comparable with official estimates of capacity utilization and potential GDP produced by the European Commission. Indeed, if we are able to find a significant Nonaccelerating inflation rate of capacity utilization that leads to comparable measures of the utilization gap the gap between actual capacity utilization and the NAIRCU -, this might be an evidence that our methodology captures the same cyclical features than official estimates. Second, we want to analyze the properties of the capacity utilization-inflation relationship. In particular, we want to test whether the Non-accelerating inflation rate of capacity utilization is an exogenous stable point in time or rather an endogenous, time-varying trend. [START_REF] Gordon | Foundations of the Goldilocks Economy: Supply Shocks and the Time-Varying NAIRU[END_REF] and [START_REF] Nahuis | An Alternative Demand Indicator: The Non Accelerating Inflation Rate of Capacity Utilization[END_REF] find empirical evidence that there exists an equilibrium rate of capacity utilization consistent with inflation stability. When current capacity utilization exceeds the NAIRCU, this reflects an excess demand that will lead to an acceleration of inflation. When the rate of capacity utilization is below the NAIRCU, this reflects an insufficient level of demand that will trigger a deceleration of inflation. According to [START_REF] Nahuis | An Alternative Demand Indicator: The Non Accelerating Inflation Rate of Capacity Utilization[END_REF], there are empirical evidences that in some countries there is a constant level of capacity utilization consistent with the NAIRCU theory, which is statistically significant. By assuming a structural break in the relationship between capacity utilization and inflation, the results show that there are statistical proofs that such structural break occurred, suggesting that although the NAIRCU is generally stable with respect to demand fluctuations, it can vary because of supply-side shocks. This result is consistent with [START_REF] Gordon | Foundations of the Goldilocks Economy: Supply Shocks and the Time-Varying NAIRU[END_REF], who finds evidence of a fluctuating NAIRCU that is however stable around a long-term trend. In what follows, we would like to replicate the results by [START_REF] Nahuis | An Alternative Demand Indicator: The Non Accelerating Inflation Rate of Capacity Utilization[END_REF] and [START_REF] Gordon | Foundations of the Goldilocks Economy: Supply Shocks and the Time-Varying NAIRU[END_REF], by using both the DG ECFIN's capacity utilization estimates and our estimates. In particular, we want to answer two main research questions that are tightly related. The first is whether a significant NAIRCU exists in the EU countries that we analyze. The second is whether the NAIRCU is stable, as the assumption of NAIRCU's stability is at the core of the EU Commission's methodology to estimate potential GDP in the EU. Consistently with [START_REF] Nahuis | An Alternative Demand Indicator: The Non Accelerating Inflation Rate of Capacity Utilization[END_REF], we start from the following model 11 :

Looking for the NAIRCU

𝛥𝑝̂= 𝛽(𝑢 -𝑢 𝑛 ) + 𝛾𝛥𝑈𝑙𝑐 ̂+ 𝜀𝛥𝑝̂𝑜 𝑖𝑙 + 𝜁𝛥𝑝̂-1 (15) Equation ( 15) says that the inflation rate varies according to the difference between capacity utilization and the NAIRCU, (𝑢 -𝑢 𝑛 ), supply-side shocks including unit labor costs inflation (𝑈𝑙𝑐 ̂) and oil price inflation (𝑝̂𝑜 𝑖𝑙 ), and past inflation (𝑝̂-1 ). The sign 𝛥 indicates the variation from t-1 to t. If we assume that the NAIRCU is constant, we can rewrite equation ( 15) as:

𝛥𝑝̂= 𝛼 + 𝛽𝑢 + 𝛾𝛥𝑈𝑙𝑐 ̂+ 𝜀𝛥𝑝̂𝑜 𝑖𝑙 + 𝜁𝛥𝑝̂-1 (16) 
With 𝑢 𝑛 = -𝛼/𝛽 By estimating the parameters of equation ( 16) with the Ordinary Least Squares (OLS) method, we test if the assumption of a constant NAIRCU can explain the capacity utilization-inflation relationship.

The NAIRCU in the DG ECFIN capacity utilization series

We first estimate the parameters of equation ( 16) using the DG ECFIN's measure of capacity utilization.

11 [START_REF] Nahuis | An Alternative Demand Indicator: The Non Accelerating Inflation Rate of Capacity Utilization[END_REF] uses import prices instead of oil prices. In 7 out of 14 countries (Austria, Belgium, Finland, France, Germany, Ireland and Sweden), we do find a significant and constant NAIRCU (𝑢 𝑛 ). In these countries, a positive gap between capacity utilization and the NAIRCU correlates significantly with an acceleration of the inflation rate, while a negative gap correlates with a deceleration of the inflation rate (𝛽 > 0). In the other countries, even if we can find a reasonable value for the NAIRCU, the correlation between the utilization gap and inflation variation, the β coefficient, is not statistically different from 0. We follow [START_REF] Nahuis | An Alternative Demand Indicator: The Non Accelerating Inflation Rate of Capacity Utilization[END_REF] and test the alternative hypothesis that the NAIRCU is globally stable net of structural, supply-side shocks that can permanently affect it. That is, we want to test whether there is still a significant relationship between capacity utilization and inflation acceleration by taking account of possible structural changes to the NAIRCU.

To do so, we estimate equation ( 16) by taking account of structural breaks to the intercept α. While [START_REF] Nahuis | An Alternative Demand Indicator: The Non Accelerating Inflation Rate of Capacity Utilization[END_REF] arbitrarily sets a unique break date, we let the model identifying endogenously the relevant and significant breaks, by referring to the Bai & Perron (1989) methodology. This implies testing the following hypothesis against (17):

𝑢 𝑛 𝑡 = { - 𝛼 1 𝛽 𝑖𝑓 𝑡 0 < 𝑡 < 𝑡 * 1 - 𝛼 2 𝛽 𝑖𝑓 𝑡 * 1 < 𝑡 < 𝑡 * 2 (… ) - 𝛼 𝑛 𝛽 𝑖𝑓 𝑡 * 𝑛-1 < 𝑡 < 𝑡 * 𝑛 (17) 
Contrarily to [START_REF] Nahuis | An Alternative Demand Indicator: The Non Accelerating Inflation Rate of Capacity Utilization[END_REF], we cannot find any significant break in none of the 14 countries, suggesting that if a NAIRCU exists, it is not a constant although shifting value. We test therefore a second and last alternative hypothesis. Following [START_REF] Ball | Hysteresis in Unemployment: Old and New Evidence[END_REF], we assume that the NAIRCU is a time trend in actual capacity utilization's time series, by applying a standard Hodrick-Prescott filter12 :

𝐻𝑃 = min 𝑢 𝑛 [∑ (𝑢 𝑡 -𝑢 𝑛 𝑡 ) 2 𝑛 𝑡=0 + 𝜆 ∑ ((𝑢 𝑛 𝑡+1 -𝑢 𝑛 𝑡 ) -(𝑢 𝑛 𝑡 -𝑢 𝑛 𝑡-1 )) 2 𝑛 𝑡=0 ] (18) 
Instead of identifying the NAIRCU by estimating the coefficients of equation ( 16), we identify the NAIRCU by estimating the coefficients of equation ( 15), with 𝑢 𝑛 equal to the filtered series of 𝑢. We do so through an iterative process. In the first step, we compute equation ( 18) by setting an initial value λ=1, we plug the resulting time-series of 𝑢 𝑛 into equation ( 15) and we estimate the coefficients and the 𝑅 2 using the OLS method. Then, we repeat the same procedure with alternative values of λ until we find the value of λ that maximizes the 𝑅 2 . In other words, we aim to identify the shape of the time-varying NAIRCU that fits the better with the model of equation ( 15). 𝑅 2 0,345 0,061 0,399 0,233 0,335 0,316 0,594

Except for Greece and Spain, the coefficient β is positive and statistically significant in most countries, suggesting that the hypothesis of a time-varying NAIRCU finds empirical support. In Greece and Spain, even though the estimated β is still consistent in terms of sign and magnitude, it is less statistically significant with respect to the other countries. Hence, we can conclude that in most of these countries a time-varying NAIRCU, computed as a filtered series of the rate of capacity utilization, is a statistically significant alternative to a constant NAIRCU.

In order to conclude that these time-varying NAIRCUs are also stationary, we run standard statistical tests. We run the Augmented Dickey-Fuller (ADF) test, which tests the null hypothesis of unit root, and we complement with an ADF test with structural breaks, which tests the null hypothesis of unit root after accounting for a structural break. We also run the Kwiatkowsky-Phillips-Schmidt-Shin (KPSS) test, which tests the null hypothesis of trend stationarity. Except for Greece and Portugal, the ADF test rejects the null hypothesis of unit root, before and/or after accounting for a structural break 13 . The KPSS test, on the other hand, suggests not rejecting the null hypothesis of trend stationarity in all countries except for Greece, which is trend-non-stationary. Hence, according to the DG ECFIN estimates of capacity utilization, a constant or anyway stationary NAIRCU can explain the utilization-inflation relationship in most European countries. More precisely, we cannot reject the hypothesis of stability of the NAIRCU in 12 out of the 14 EU countries that we analyzed.

Capacity utilization and the NAIRCU in our methodology

In section 4.2.1, we could identify a constant or non-constant but anyway stationary Non-accelerating inflation rate of capacity utilization in 12 out of 14 EU countries. In this section, we perform the same analysis using our series of capacity utilization instead of the DG ECFIN's series. For 8 out of 13 countries, the β coefficients of equation ( 15) are statistically significant, below the 10% confidence threshold, suggesting that in these countries capacity utilization fluctuates around a timevarying non-accelerating inflation equilibrium. In Belgium, France and Ireland, the estimated β coefficient is still positive but not significant at the 10% threshold, although it is far more statistically significant with a time-varying trend than with a constant NAIRCU (compare with Tables 5 and6). In the Netherlands and Denmark, the β coefficient is definitely not statistically different from 0.

Although the NAIRCU is clearly not constant in most of the EU countries that we analyzed, we cannot rule out that it is stationary around a constant, medium-run trend. We test the null hypothesis of nonstationarity of the NAIRCU by running the standard ADF test that we complement with the ADF test with break. As in section 4.2.1, we also run the KPSS test, which tests the null hypothesis of trend stationarity against the alternative hypothesis of non-stationarity. In 4 out of 13 countries (Finland, Ireland, Spain and the UK) all tests agree about the non-stationarity of the NAIRCU. In 8 out of 13 countries (Austria, Belgium, Denmark, France, Greece, Portugal, Sweden and the Netherlands), the ADF test (with and without breaks) and the KPSS provide conflicting results.

In Austria, the ADF test rejects the hypothesis of unit root while the KPSS test rejects the hypothesis of trend stationarity. In Belgium, Denmark, France, Greece and the Netherlands, the ADF test (with or without break) suggests not rejecting the null hypothesis of unit root, while the KPSS test suggests not rejecting the hypothesis of trend stationarity. In Sweden, both the ADF and the KPSS tests agree on non-stationarity, unless we consider a break in the ADF test, while in Portugal both tests agree on stationarity after accounting for a structural break in the ADF test. Only in Italy, both tests converge on stationarity. Hence, for most countries we are not able to rule out the hypothesis that the NAIRCU is non-stationary, as the three tests only converge towards a common solution in 1 out of 14 countries.

Capacity utilization and the business cycle

Our estimates of capacity utilization and the DG ECFIN estimates provide therefore a substantially different result. According to the DG ECFIN methodology, the NAIRCU can be well identified in a fixed or time-varying trend of capacity utilization globally stable in most EU countries (except for Greece) despite the 2008 crisis, suggesting a strong attractive capacity of the Non-accelerating inflation rate of capacity utilization. Our estimates of capacity utilization provide evidence, on the contrary, that the time-varying non-accelerating inflation trend of capacity utilization is globally unstable in most EU countries, consistently with the hypothesis of hysteresis in the NAIRCU, which implies that temporary shocks to the rate of capacity utilization can deviate persistently the NAIRCU from its previous trajectory. Nevertheless, these two measures of capacity utilization do not seem to differ substantially when it comes to explain business cycle dynamics. In Figure 3 we plot our measure of capacity utilization gap (that is, the difference between capacity utilization and the NAIRCU) with the DG ECFIN's capacity utilization gap and the output gap. In most countries, the series coevolve very closely, suggesting that these series explain the same cyclical patterns. Table 9 shows the correlation indices among these three variables, by confirming the previous conclusion that we drew from a simple graphical inspection of Figure 3. If we compare our measure of capacity utilization gap with the DG ECFIN's measure of the utilization gap (column 1 of Table 9) we can see that in most countries these two measures are highly correlated, suggesting that they are not substantially or qualitatively different. Moreover, both capacity utilization measures correlate positively with the output gap (columns 2 and 3 of table 9), suggesting that they do not differ substantially even in their capacity to track output fluctuations around potential output. In most countries, moreover, our estimates of capacity utilization provide a better fit than the DG ECFIN's estimates, as the correlation with the output gap is substantially higher. Hence, our methodology provides a theoretically and empirically consistent measure of the capacity utilization gap that is comparable with the standard methodologies, and that successfully tracks fluctuations of output around potential output, as predicted by the standard theoretical and empirical literature. Nevertheless, we detect endogenous and persistent fluctuations in the NAIRCU that standard models neglect by construction.

Theoretical explanations and policy implications of hysteresis

The resutts provided in section 4.2.2 suggest not rejecting the hypothesis that the Non-accelerating inflation rate of capacity utilization can persistently deviate in the wake of temporary shocks, consistently with empirical findings of hysteresis in the Non-accelerating inflation rate of unemployment, the NAIRU, and in potential GDP [START_REF] Ball | Hysteresis in Unemployment: Old and New Evidence[END_REF]2014). A plausible explanation, dating back to Joan Robinson at least, relies on the idea that the normal rate of capacity utilization is a historical convention:

"(…) experience gradually modifies the views of entrepreneurs about what level of profit is obtainable, or what the average utilization of plant is likely to be over its life-time, and so react upon subjectivenormal prices for the future"14 .

This implies that the normal rate of capacity utilization is a time-dependent, historical variable, and that firms might get accustomed with a stable and lower rate of capacity utilization without necessarily entailing a costly capital adjustment process, especially if fluctuations are relatively small and within a tolerable range [START_REF] Setterfield | Hysteresis in the Normal Rate of Capacity Utilization: a Behavioural Explanation[END_REF]. For instance, investment or de-investment decisions imply sunk costs, costs that firms cannot recover ex post. If firms' investment or de-investment decisions take account of the existence of sunk costs, positive or negative departures from the desired or normal capacity utilization rate might not necessarily induce a change in the capital stock [START_REF] Dixit | Entry and Exit Decisions Under Uncertainty[END_REF][START_REF] Dixit | Investment and Hysteresis[END_REF]. Consequently, these gaps might persist as long as the expected costs of maintaining insufficient or idle capacity are lower than the expected unrecoverable costs implied by adjusting capacity. This effect is particularly relevant when capital is to a large extent indivisible. If firms cannot adjust linearly capital to small demand fluctuations, because it would require a costly investment and a large accumulation of new capacity, they will rather react to business cycles by changing prices to maintain reasonable margins of profit. Business surveys among firms' accountants confirms this hypothesis [START_REF] Brierley | Reasons for Adopting Different Capacity Levels in the Denominator of Overhead Rates: A Research Note[END_REF].

Most accountants refer to a measure of budgeted capacity to compute their overheads costs. Because of the sensitivity of budgeted capacity to past production levels, this accounting decision implies pumping up prices in periods of negative cycles in order to maintain high profit margins on average costs, rather than cutting prices in order to boost the degree of utilization of capacity. Moreover, accountants that use normal instead of budgeted capacity also refer to backward-looking estimates, as they compute an average of past actual realizations to define their normal benchmark, rather than a constant target.

An alternative and fascinating explanation for chronicle under-utilization of productive capacity relies on the existence of conflicting goals between managers and stakeholders [START_REF] Schoenberger | Corporate Strategy and Corporate Strateists: Power, Identity and Knowledge Within the Firm[END_REF][START_REF] Jensen | The Modern Industrial Revolution, Exit, and the Failure of Internal Control Systems[END_REF]. If managers aim to expand the firm to maximize their power, instead of maximizing shareholders' profits, they might keep on investing also in presence of excess capacity as long as they have enough internal liquidity at disposals. When asked why they keep on investing even though the demand conditions are rather favorable for a downsizing, managers often reply that they do it to "have a chair when the music stops" (Jensen, 1993, p. 847), suggesting that they prefer to keep accumulating idle capacity waiting for high market shares when less profitable firms will eventually exit the market.

The instability of the NAIRCU has relevant implications for both theory and policy. The supposed stability of the NAIRCU is a key hypothesis supporting the theoretical structure and the empirical estimates of potential GDP (De [START_REF] Masi | IMF Estimates of Potential Output: Theory and Practice[END_REF][START_REF] Havik | The Production Function Methodology for Calculating Potential Growth Rates & Output Gaps[END_REF]. If the NAIRCU is stationary and inflation variation ensures this stability, deviations of GDP from the medium-run trend are likely to be only temporary, since demand will eventually adjust to full capacity supply. Hence, the monetary policy will be effective in stabilizing inflation around a desired target also in the wake of temporary supply-side price shocks, without persistent effects on GDP. Nevertheless, if the NAIRCU is non-stationary there are no reasons to exclude that capacity utilization might adjust at a less-than-full capacity level after a temporary but persistent shock. Hence, temporary shocks, both from the demand or the supply-side, might imply permanent effects on capacity utilization and growth rates. Non-stationarity of the NAIRCU, however, has also positive implications for policy makers: if capacity utilization can stabilize downwards after a temporary demand shock, a permanent deviation of GDP after a temporary negative shock does not necessarily imply an exogenous shock to total factor productivity. Consequently, expansionary demand policies might help to adjust GDP to potential GDP without triggering a permanent inflationary acceleration. For these reasons, empirical evidences of instability in the NAIRCU should be of particular interest for policy makers, and be a stimulus to investigate further on this issue. Developing empirical methodologies that do not take NAIRCU stability for granted is crucial to provide policy makers with enough confidence that NAIRCU stability (hence, potential output stability) is indeed a reasonable assumptionor, alternatively, to provide them with enough confidence that this assumption must be rejected.

Conclusion

Official estimates of potential GDP provided by the main international institutions, including the IMF and the EU Commission, assume that the Non-accelerating inflation rate of capacity utilization, the NAIRCU, is stable around full capacity. Empirical estimates confirm this hypothesis: the NAIRCU is a significant and stable center of gravity for the rate of capacity utilization. Hence, persistent deviations of GDP reflect necessarily an exogenous shock to total factor productivity.

Empirical estimates of the NAIRCU rely on business surveys: firms' managers are asked to reply to standardized questionnaires investigating both quantitative and qualitative business indicators, including assessments of their own productive capacity and the degree of utilization. Nevertheless, because questionnaires investigate fluctuations around normal trends, without accounting for fluctuations of normal trends, the rate of capacity utilization shows strong stability patterns. Moreover, ad hoc adjustments to eliminate patterns of chronicle underutilization of productive capacity further stabilize the time-series of the rate of capacity utilization around a constant trend [START_REF] Shapiro | Assessing the Federal Reserve's Measures of Capacity and Utilization[END_REF]. Consequently, the stability of the Non-accelerating inflation rate of capacity utilization is a statistical artefact, as the time series of capacity utilization used to estimate the NAIRCU are stationary by construction.

In this paper, we develop a methodology to estimate the rate of capacity utilization without assuming that it is stable, in order to verify ex-post whether the stability assumption about the NAIRCU is reasonable enough. Our methodology gets inspiration from the Production Function Methodology (PFM). The PFM approach [START_REF] Havik | The Production Function Methodology for Calculating Potential Growth Rates & Output Gaps[END_REF] consists of estimating a Cobb-Douglas production function by imposing a correlation between capacity utilization and inflation acceleration through a vertical Phillips curve. In our approach, we estimate a fixed-coefficients production function by imposing a correlation between capacity utilization and other macroeconomic variables, namely investment, unemployment and labor productivity, without any prior assumption about the functional form of the Phillips curve. This allows us to verify, ex post, whether the NAIRCU is indeed stable.

Our results on 14 EU countries show that our methodology captures the same business cycle properties than the DG ECFIN's methodology. In particular, in most countries our utilization gap, which is the gap between capacity utilization and the estimated NAIRCU, correlates positively with the DG ECFIN's utilization gap indicator. Moreover, our utilization gap also correlates positively with the output gap, which is the gap between real output and potential output, by often outperforming the DG ECFIN's utilization gap. Nevertheless, according to the stationarity rests that we perform on the NAIRCU series, we can significantly reject the hypothesis of NAIRCU stability in 4 out of 14 countries and we cannot reject the hypothesis of NAIRCU instability in 9 out of 14 countries. This means that the Nonaccelerating inflation rate of capacity utilization is not a constant value but rather a non-stationary timevarying trend.

The non-stationarity of the NAIRCU is an interesting finding: if chronicle underutilization of productive capacity is a likely empirical fact, persistent deviations of GDP do not necessarily reflect structural shocks but can also reflect persistent demand shortages. Moreover, if capacity utilization can stabilize at a lower rate without triggering a permanent deceleration of inflation, expansionary demand policies might help reaching higher capacity utilization equilibriums without triggering a permanent acceleration of inflation. Theoretical models that assume NAIRCU stability would therefore overstate the risks of inflation acceleration after a long lasting negative demand shock, by suggesting policy makers to run restrictive monetary policies aimed to limit inflation, rather than expansionary monetary or fiscal policies aimed to sustain aggregate demand [START_REF] Hargreaves-Heap | Choosing the Wrong Natural Rate: Accelerating Inflation or Decelerating Employment and Growth[END_REF]. To the extent that these deflationary policies induce firms to scrap the excess capacity, the unemployment rate might structurally increase and stabilize at a higher level (Schettkat & Run, 2009).

Many analysist believe that the 2008 financial crisis created permanent damages to potential GDP, rising the risk of a secular stagnation [START_REF] Ball | Long Term Damage from the Great Recession in OECD Countries[END_REF][START_REF] Summers | Economic Prospects: Secular Stagnation, Hysteresis and the Zero Lower Bound[END_REF]. Because the stability of the NAIRCU is a crucial assumption to estimate potential GDP, disentangling structural shocks to factors' productivity from persistent underutilization of productive capacity should be a priority in economists' research agenda, in order to avoid that temporary demand shocks might turn into a secular stagnation because of unnecessary deflationary fiscal and monetary policies. 
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 2 FIGURE 2Our estimated rate of capacity utilization (full line, left scale) and the DG ECFIN capacity utilization rate (dotted line, right scale) in the 14 EU countries.
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 3 FIGURE 3Our estimated utilization gap, the DG ECFIN's utilization gap and the output gap in the 14 EU countries
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 3 Figure A3.3The ratio of the capacity-to-capital ratio to the depreciation rate for each specification of the objective function in the 14 EU countries

  

  

  

  

TABLE 1

 1 Alternative Theoretical Specifications for Estimating the Rate of Capacity Utilization

	Equations	Variables	Model 1 Model 2 Model 3 Model 4
		Constant	α_1	α_1	α_1	α_1
		Labor productivity growth(t-1)	α_2	α_2	α_2	α_2
		Utilization rate(t)	α_3	α_3	α_3	α_3
		Utilization rate(t-1)	α_4	α_4	α_4	α_4
		Accumulation rate(t)	α_5	α_5	α_5	α_5
	Labor	Accumulation rate(t-1)	α_6	α_6	α_6	α_6
	productivity growth(t)	Real compensation per employee growth(t)		α_7		
		Real compensation per employee growth(t-1)		α_8		
		Real unit labor cost growth (t)			α_7	α_7
		Real unit labor cost growth (t-1)			α_8	α_8
		Ricardo effect* (t)			α_9	α_9
		Ricardo effect* (t-1)			α_10	α_10
		Constant	β_1	β_1	β_1	β_1
		Unemployment rate(-1)	β_2	β_2	β_2	β_2
		Utilization rate(t)	β_3	β_3	β_3	β_3
	Unemployment rate(t)	Utilization rate(t-1) Accumulation rate(t)	β_4 β_5	β_4 β_5	β_4 β_5	β_4 β_5
		Accumulation rate(t-1)	β_6	β_6	β_6	β_6
		Real unit labor cost (t)		β_7	β_7	β_7
		Real unit labor cost (t-1)		β_8	β_8	β_8
		Constant	γ_1	γ_1	γ_1	γ_1
		Accumulation rate(t)	γ_2	γ_2	γ_2	γ_2
		Utilization rate(t)	γ_3	γ_3	γ_3	γ_3
	Accumulation rate(t+1)	Utilization rate(t-1) Profit share(t)	γ_4	γ_4 γ_5	γ_4 γ_5	γ_4 γ_5
		Profit share(t-1)		γ_6	γ_6	γ_6
		Real interest rate(t)				α_7

TABLE 2 The

 2 NAIRCU in the DG ECFIN's series of capacity utilization

	DG ECFIN Austria	Belgium	Denmark	Finland	France	Germany	Greece
	𝛼	-0.178*** -0.105*	-0.06	-0.1**	-0.091** -0.122***	-0.011
		(-2.888)	(-1.894)	(-1.573)	(-2.286)	(-2.489)	(-3.678)	(-0.141)
	𝛽	0.002***	0.001*	0.001	0.001**	0.001** 0.001***	0
		(2.893)	(1.872)	(1.542)	(2.275)	(2.467)	(3.646)	(0.043)
	𝑢 𝑛	85%	80.6%	82.8%	82.8%	84%	84,4%	/
	𝑅 2	0,554	0,599	0,287	0,416	0,548	0,526	0,014
	DG ECFIN Ireland	Italy	Netherlands	Portugal	Spain	Sweden	UK
	𝛼	-0.189**	-0.055	-0.056	-0.083	-0.016	-0.186**	-0.041
		(-2.466)	(-0.845)	(-0.874)	(-1.226)	(-0.249)	(-2.271)	(-0.653)
	𝛽	0.002**	0.001	0.001	0.001	0.00	0.002**	0.00
		(2.436)	(0.813)	(0.865)	(1.201)	(0.213)	(2.266)	(0.630)
	𝑢 𝑛	77.9%	77.9%	83.2%	82,9%	91.1%	83.9%	83.2%
	𝑅 2	0,387	0,348	0,088	0,229	0,291	0,343	0,557

TABLE 3

 3 The time-varying NAIRCU in the DG ECFIN's series of capacity utilization

	DG ECFIN	Denmark	Greece	Italy	Netherlands Portugal	Spain	UK
	λ	0,1	250	0,05	4	50	0,5	0,5
	𝛽	0,004**	0,002	0,008*	0,004**	0,003**	0,003	0,003*
		(2,370)	(1,363)	(1,700)	(2,699)	(2,165)	(1,168)	(1,764)

TABLE 4

 4 Stationarity tests for the NAIRCU in the DG ECFIN's capacity utilization measures

		Denmark	Greece	Italy	Netherlands Portugal	Spain	UK
	ADF	S**	NS	S**	NS	NS	S***	S**
	with break		NS		S**	NS		
	KPSS	S	NS**	S	S	S	S	S

TABLE 5

 5 The NAIRCU in our estimated series of capacity utilization

	Austria	Belgium	Denmark

TABLE 7

 7 The time-varying NAIRCU in our estimated series of capacity utilization

		Austria	Belgium	Denmark	Finland	France	Germany	Greece
	λ	33	1	88	15	1	/	1
	β	0,174**	0,259	-0,040	0,147*	0,210	/	0,835***
		(2,380)	(1,487)	(0,646)	(1,823)	(1,413)	/	(3,711)
		Ireland	Italy	Netherlands	Portugal	Spain	Sweden	UK
	λ	16	0,1	0,05	0,1	700	1	0,05
	β	0,057	1,386***	0,123	1,503**	0,064*	0,373*	3,048**
		(1,135)	(3,040)	(0,794)	(2,208)	(1,697)	(1,985)	(2,334)

TABLE 8

 8 Stationarity tests for the NAIRCU in our series of capacity utilization

	Test	Austria	Belgium	Denmark	Finland	France	Germany	Greece
	ADF	S ***	NS	NS	NS	NS	/	NS
	with Break		NS	NS	NS	NS		NS
	KPSS	NS *	TS	TS	NS*	TS	/	TS
	Test	Ireland	Italy	Netherlands	Portugal	Spain	Sweden	UK
	ADF	NS	S*	NS	NS	NS	NS	NS
	with Break	NS		NS	S***	NS	S**	NS
	KPSS	NS*	TS	TS	TS	NS**	NS*	NS***

TABLE 9

 9 Correlation indices between our utilization gap and the DG ECFIN's utilization gap (Col. 1), our utilization gap and the output gap (Col. 2), the DG ECFIN's utilization gap and the output gap(Col. 3) 

	Corr(dx,dy)	CUG & ECFIN's CUG	CUG & OG	ECFIN's CUG & OG
	Austria	0,627	0,871	0,634
	Belgium	0,598	0,587	0,648
	Denmark	0,432	0,799	0,269
	Finland	0,449	0,877	0,471
	France	0,642	0,433	0,710
	Germany	0,654	0,549	0,439
	Greece	0,457	0,342	0,219
	Ireland	0,240	0,646	0,566
	Italy	0,478	0,498	0,213
	Netherlands	0,077	0,090	0,455
	Portugal	0,411	0,395	0,129
	Spain	0,082	0,747	0,109
	Sweden	0,649	0,602	0,792
	UK	0,227	0,327	0,262
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https://europa.eu/epc/output-gaps-working-group_en

Because SIRCU and NAIRCU are equivalent acronyms, in the following we will refer exclusively to NAIRCU.

Examples of questionnaires used by the DG ECFIN can be found at https://ec.europa.eu/info/businesseconomy-euro/indicators-statistics/economic-databases/business-and-consumer-surveys/methodologybusiness-and-consumer-surveys/national-questionnaires_en. Refer also toOECD (2003) for a further inquire into the methodology of business surveys.

See Appendix A2.

We refer to the AMECO database for our observable variables. See Appendix A1 for further details.

Some local maximums imply a vector (𝑣 * , 𝛿 * ) with abnormal values that do not have any economically meaningful interpretation. In order to avoid as much as possible an arbitrary selection of "economically meaningful" results, we take a sufficiently large range of acceptable values for 𝑣 * and 𝛿 * . More precisely, we accept depreciation rates ranging from 1% to 40% and productive-capacity-to-capital ratios ranging from 0,1 to 2.

See also Appendix A3

In absence of a meaningful vector (𝑣 * , 𝛿 * ) with 𝛼 = 0.5 (see footnote 7), we take the vector (𝑣 * , 𝛿 * ) corresponding to the lower 𝛼 closer to 0.5. This applies to Denmark, France, Germany and the Netherlands.

[START_REF] Ball | Hysteresis in Unemployment: Old and New Evidence[END_REF] uses the HP filter as an approximation for the NAIRU instead of the NAIRCU. Nevertheless, the intuition is the same: the non-accelerating inflation equilibrium rate is a time-trend of the actual rate.

In the case of Greece, the standard ADF test without time trend in the estimated equation suggests rejecting the null hypothesis of unit root. Nevertheless, if we include a time trend in the estimated equation, the test clearly suggests not rejecting the null hypothesis of unit root, which implies that the Greek NAIRCU is trend nonstationary.

Robinson J. (1956) The accumulation of capital, cited in[START_REF] Lavoie | Traverse, Hysteresis, and Normal Rates of Capacity Utilization in Kaleckian Models of Growth and Distribution[END_REF] 
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Finland France

Germany Greece 𝛼 -0,037 0,011 0,020 -0,008 0,021 -0.091*** -0,018 (-0,751) (0,401) (0,850) (-0,221) (0,810) (-3,152) (-0,427) 𝛽 0,029 -0,010 -0,016 0,006 -0,020 0,077*** 0,013 (0,751) (-0,406) (-0,894) (0,220) (-0,819) (3,116) (0,413) Ireland Italy Netherlands Portugal Spain Sweden UK 𝛼 0,002 0,039 0,040 0,007 0,012 -0,009 -0,007 (0,111) (0,931) (1,552) (0,143) (0,582) (-0,221) (-0,127) 𝛽 -0,001 -0,032 -0,038 -0,005 -0,007 0,008 0,006 (-0,111) (-0,939) (-1,576) (-0,169) (0,592) (0,202) (0,128)

Except for Germany, there is no constant and significant relationship between capacity utilization and inflation acceleration, as the coefficient of capacity utilization is not statistically different from zero in all countries. If a NAIRCU exists, it is not constant. We estimate therefore equation ( 16) by allowing for structural breaks in the intercept of the model. Again, we do not impose a unique break at an arbitrary date but we allow for multiple structural breaks endogenously detected, according to equation ( 17). TABLE 6 The NAIRCU in our estimated series of capacity utilization after accounting for structural breaks Austria Belgium Denmark Finland France Germany Greece 𝜶 -0,037 0,011 0,020 -0,008 0,021 0,170*** -0,018 (-0,751) (0,401) (0,850) (-0,221) (0,810) (4,714) (-0,427) 𝛽 0,029 -0,010 -0,016 0,006 -0,020 -0,190*** 0,013 (0,751) (-0,406) (-0,894) (0,220) (-0,819) (-4,788) -0,018 𝛼 2 -0,203*** (-4,713) Ireland Italy Netherlands Portugal Spain Sweden UK 𝛼 0,002 0,039 0,040 0,007 -0,095*** -0,009 -0,007 (0,111) (0,931) (1,552) (0,143) (4,305) (-0,221) (-0,127) 𝛽 -0,001 -0,032 -0,038 -0,005 0,075*** 0,008 0,006 (-0,111) (-0,939) (-1,576) (-0,169) (-3,753) (0,202) (0,128) 𝛼 2 -0,146*** (-4,458) 𝛼 3 -0,118*** (-4,162)

Except for Germany and Spain, there is still no statistically significant relationship between capacity utilization and inflation acceleration, even allowing for structural breaks. Hence, in most countries (12 out of 14) there are no evidences of a constant, although not unique, NAIRCU. In Spain, the Bai-Perron test detects two significant structural changes, hence three different NAIRCUs, casting some doubts about the stability of the constant Non-accelerating inflation rate of capacity utilization. As for the DG ECFIN estimates, we test therefore the alternative hypothesis of a time-varying NAIRCU by estimating a standard Hodrick-Prescott filter. We follow the same iterative procedure described in section 4.2.1.

Appendix A1-Description and source of observable variables

Appendix A2-Irrelevance of the starting point

Figure A2 shows the time series of the rate of capacity utilization in France if we set four different exogenous starting points, 𝑢 0 = (1; 0.9; 0.8; 0.7), and we only estimate the remaining parameters 𝛿 * and 𝑣 * .

FIGURE A2

The estimated rate of capacity utilization in France as a function of the vector (𝑢 0 ; 𝑣 * ; 𝛿 * ) When changing the initial rate of capacity utilization, the only estimated parameter that changes is 𝑣 * = (1.584; 1.76; 1.98; 2.263), but the estimated value of the capital depreciation rate does not change (𝛿 * = 0,356) and the capacity utilization time-series neither, except for a shift in the intercept. This is because parameters 𝑢 0 and 𝑣 * are non-linearly dependent (the product of (𝑢 0 * 𝑣 * ) is always 1.584 for all values of 𝑢 0 ) and the estimated ratio 𝑢 𝑡 𝑢 0 ⁄ is a function of (𝑢 0 * 𝑣 * ), not of 𝑢 0 . This implies that we can set an exogenous initial rate of capacity utilization and only estimate the two remaining parameters v and δ, without consequences on the dynamics of the rate of capacity utilization. Unfortunately, by doing so we will not be able to obtain estimates of the exact value of the rate of capacity utilization. Nevertheless, this is not a major issue, since we do not aim to estimate the value of the capacity utilization rate but rather to provide an analysis of its dynamic properties. In other words, because we are interested in 𝑢 ̂= (𝑢 𝑡 𝑢 0 ⁄ -1) rather than 𝑢 𝑡 , and 𝑢 ̂ is independent of 𝑢 0 , this simplification does not affect the scope of our analysis.