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This paper revisits the exchange rate pass-through (ERPT) for a set of transition economies, namely for 10 new EU Member States (NMS), over the period 1996-2015. As the transition process has entailed a deep transformation in their economies and institutions, the extent of pass-through is expected to be regime-dependent on this changing macroeconomic environment. We propose to implement a nonlinear panel smooth transition regression (PSTR) approach, where transitional factors related to EU accession are captured properly from the data. Our empirical results suggest that the inflation regime is the main macroeconomic driver of the extent of ERPT. When inflation levels exceed the threshold of 4.56%, i.e., within a highinflation environment, the degree of pass-through is higher and reaches a full ERPT. However, with the shift towards a stable and low-inflation regime, i.e., when inflation levels are below a threshold of 4.56%, the extent of pass-through significantly declines in the NMS group. Our findings shed further light on how the credibility gained through the commitment to euro area membership is beneficial and would ensure better control of inflation.

Introduction

With the historic enlargement in May 2004, eight countries of central and eastern Europe have been admitted to the European Union (EU). Once certain economic criteria have been fulfilled -a high degree of price stability, a sound fiscal situation, stable exchange rates and converged long-term interest rates -the so-called new EU member states (NMS) can join the euro area. Today, among the post-communist economies, five countries have already adopted the euro as their national central bank becomes a member of the Eurosystem. 1 As a matter of fact, foregoing their local currencies to join a monetary union would pose a serious challenge for these (post-) transition economies as well as for the European Central Bank (ECB). A country adopting the euro cedes its monetary policy to the European monetary authority and no longer has the option of using monetary policy to respond to local economic conditions. The impact of the monetary policy decisions on the common currency may induce different effects on expenditure switching and price level movements, depending on the extent of the exchange rate pass-through (ERPT) into domestic prices within each country. Thereby, a common exchange rate movement, in the absence of a national monetary policy, may have a differential impact on the domestic prices across the NMS, leading notably to possible divergence in inflation rates. As the main objective of the ECB monetary policy is to achieve medium-term price stability for the euro zone aggregate, thorough knowledge of the degree of ERPT is of particular importance for the NMS.

There has been a lively debate on the path towards the adoption of a single currency for the NMS group. As is well-known, Maastricht criterion on inflation stability requires that the NMS must have inflation not exceeding by more than 1.5 percentage points the average inflation rate of the three countries with the lowest inflation rate in EU. A high level of inflation persistence compared to the current euro area members would make it more difficult to fulfil the Maastricht benchmark for inflation. Then, the extent to which exchange rate changes impact domestic prices in the NMS is crucial for the assessment of the convergence criteria. A higher degree of ERPT can represent an obstacle leading to persistence in the inflation differentials vis-à-vis the euro area. Furthermore, within a monetary union where nominal exchange rates are fixed between member states, inflation differentials could be exacerbated due to the real appreciation that would be experienced by the catching-up economies. 2 Therefore, the issue of the desirability and feasibility of maintaining flexible exchange rates and an independent monetary policy is of particular importance in this context.

In fact, the NMS have gone through significant structural changes since the demise of the Soviet-type communist regimes at the start of the 1990s. A set of economic reforms and stabilization programs have been conducted, specifically in terms of a monetary policy framework. Then, macroeconomic conditions that have changed during the transition process could potentially change the degree to which exchange rate changes are transmitted to prices. For instance, the NMS have experienced very different developments in their exchange rate systems. Different regimes have been adopted over time, including currency boards, fixed pegs to a basket, crawling pegs, managed and free floating (see Table 1). As discussed in the literature on NMS, the degree of pass-through may differ according to the nature of the exchange rate regime in place (see e.g. Bitans, 2004; Coricelli et al., 2006; María-Dolores, 2010; Beirne and Bijsterbosch, 2011, among others). Then, it is expected that different exchange rate regimes may lead to changing the behavior of ERPT. Moreover, there were dramatic changes in the inflation levels across central and eastern European economies. Most of these countries shifted from a high inflation environment, at the beginning of the 90s, to a relatively moderate inflation rate by the late 90s (see Figure 1). Between 2003 and 2005, however, inflation started to rise again in most countries in the region, particularly in Bulgaria, Estonia, Latvia and Lithuania, reaching a peak in 2008. 3 Therefore, considering these factors that have changed during the transition process is crucial when measuring the rate of pass-through.

In fact, the existing literature has followed diverse approaches to account for this changing macroeconomic environment in the NMS of the EU. For example, a stationary recursive vector autoregressive (VAR) system was estimated by Billmeier and Bonato (2002), for the Croatian economy, in order to account for the potential endogeneity of exchange rates in the ERPT equation. Furthermore, in a sample of 9 central and eastern European NMS, Beirne and Bijsterbosch (2011) considered both endogeneity and times series proprieties of the data, i.e., non-stationarity and cointegration relationship, through a Vector Error Correction Model (VECM). Nevertheless, due to the great diversity in terms of exchange rate and inflation environment regimes in the European catching-up economies, a more relevant econometric approach is required to account for the presence of structural breaks and regime shifts in the data series as shown in Figure 1. More specifically, in light of the experience of most of the NMS, shifting from a centralized system to a more liberalized regime, the idea of a potential regime-switching dynamic in the ERPT mechanism is more plausible. It is worth highlighting that the major drawback of the previous literature is the failure to account for policy shifts in the NMS by using the relevant empirical techniques. Neglecting the transitional factors which are related to EU accession could potentially result in biased (over or underestimated) ERPT estimates. For instance, several studies assume linearity in the transmission of exchange rate changes rather than testing it. Although they have put forth the role of macroeconomic factors, they failed to recognize the possible nonlinear dynamic of ERPT during the transition phases. For example, in a panel of 10 European NMS, Jimborean (2013) introduced a predefined interactive dummy variable to account for the impact of exchange rate regime shifts on the ERPT. This interaction term takes the value of unity for countries with a fixed exchange rate regime and zero for flexible exchange rate regimes. As linear and ad hoc approaches would potentially lead to problematic results, we propose instead to use a class of nonlinear regime-switching models, where the regime-dependence of ERPT can be modelled properly from the data.

In our paper, we implement nonlinear panel data techniques by using a panel smooth transition regression (PSTR) approach to capture the potential nonlinear dynamics of the passthrough in the NMS of the European Union. We investigate how the different macroeconomic regimes experienced by these catching-up economies would nonlinearly impact the ERPT mechanism. The main advantage of the PSTR framework is the use of a grid search to select endogenous threshold level(s) to properly identify different macroeconomic states. We examine the presence of nonlinearities in ERPT with respect to three macroeconomic variables, namely the inflation environment, the economic activity during the business cycle, and the exchange rate variability. We focus on 10 central and east European new Member States (Bulgaria, Czech Republic, Estonia, Hungary, Lithuania, Latvia, Poland, Romania, Slovenia and Slovakia) where marked regime policy shifts were started at the end of the 1990s. 4 The model is estimated using quarterly data spanning the period 1996:1 to 2015:1.

The rest of the paper is organized as follows. Section 2 presents the methodology used to estimate the nonlinear ERPT. Section 3 describes the data and the empirical specification. Section 4 outlines and discusses the main empirical results. The robustness analysis is conducted in Section 5. Section 6 provides concluding remarks.

Econometric Approach

The various economic developments experienced by the NMS group could potentially lead to the presence of structural breaks and regime shifts in the dynamic of ERPT. Neglecting this changing macroeconomic environment could result in biased ERPT estimates. 5 Although the existing empirical works have put forth the role of macroeconomic factors, they fail to recognize the existence of nonlinearity or regime-switching behavior in the pass-through mechanism for the catching-up economies. In our paper, we propose the implementation of a reliable econometric approach in order to gauge with accuracy the impact of regime shifts on the extent of ERPT. We use the class of nonlinear panel smooth transition models (PSTR) as introduced by González et al. (2017). The main advantage of this approach is to allow for identifying different regimes which are endogenously determined from the data.

A PSTR model with two extreme regimes and a single transition function is defined as follows:

= + + ; , + , 1 for = 1, … , , and = 1, … , , where and denote the cross-section and time dimensions of the panel, respectively.

is the dependent variable, is an unobservable time-invariant regressor, is a vector of time-varying exogenous variables, is an observable transition variable and is an error term. The transition function ; , is a continuous function of the observable variable and bounded between 0 and 1, where denotes the location parameter or the threshold level and determines the smoothness of the transition across regimes. The PSTR model (1) implies the existence of two extreme regimes associated with low and high values of with a single monotonic transition of the coefficients from to + . The parameters are equal to if the threshold variable is smaller than and is equal to + if the threshold variable is larger than .

In line with Teräsvirta (1994) for the case of time series smooth transition autoregressive (STAR) models, González et al. (2017) consider the following logistic transition function:

; , = 1 1 + exp$- -& , with > 0 2
The estimation of the PSTR in equation (1) consists of two steps. First, fixed effects are eliminated by removing individual-specific means. Then, in the second step, parameters , , , are estimated by Nonlinear Least Squares (NLS). 6 Before estimating the PSTR model, it is important to test for linearity, i.e., whether the regime-switching effect is statistically significant. González et al. (2017) outlined a procedure for testing the null hypothesis of linearity against a PSTR model. The test is non-standard because under the null hypothesis . : = 0, the PSTR model contains unidentified nuisance parameters. One solution adopted by González et al. (2017) is to replace ; , by a first-order Taylor expansion around = 0 and test the linearity hypothesis as . : = 0. After reparameterization, this leads to the following auxiliary regression:
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where the parameters * are proportional to the slope parameter and * = + 2 * , with 2 is the remainder of the Taylor expansion. Therefore testing . : = 0 in equation ( 1) is equivalent to testing . * : * = 0 in equation (3). We can use the Wald, Fisher and Likelihood Ratio tests and their statistics respectively defined are as follows: where 9 is the number of explanatory variables, 662 is the panel sum of squared residuals under . (linear panel model with individual effects) and 662 is the panel sum of squared residuals under . (i.e., the PSTR model with two regimes). Under the null hypothesis, the 34 5 and 32 statistics are distributed as a = > 9 and the 34 7 statistic has an approximate ? 9, --9 distribution. 7 If the null hypothesis is not rejected, we conclude that the model is linear. If the null is rejected, the nonlinear PSTR specification is considered, and no remaining nonlinearity test is conducted in order to determine the number of transition functions to be included in the model. 6 As the parameters of the PSTR model are estimated by a nonlinear optimization routine, it is crucial to select good starting values for the algorithm to work. A standard practice in the STR literature suggests that starting values can be obtained by means of a grid search across the parameters and . For each value of and the residual sum of squares is computed, and values that correspond to the minimum of that sum are taken as starting values. Good starting values are absolutely necessary for convergence of the algorithm. We have considered a grid search of 50 values for and 100 values for , and the results are then fed into the NLS procedure as starting values. This procedure increases the precision of the estimates the regression coefficients , and ensures faster convergence of the NLS algorithm. 7 As explained by González et al. (2017), the F -version of the LM test has better size properties in small samples than the asymptotic χ2 -based statistic.

Following a sequential procedure, as in González et al. (2017), a generalization of the PSTR model allowing for more than two different regimes is written as follows:
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where G are the number of logistic transition functions as in equation (2). For instance, suppose that we want to test whether there is one transition function, . : G = 1 versus at least two transition functions . : G = 2 . Thus, we can write a model with G = 2 as:
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The rationality of the procedure is as before, that is, the second transition function is replaced by its first-order Taylor expansion around > = 2 and then in testing linear constraints on the parameters. Thus, the first-order Taylor approximation of > B > ; > , > C leads to the following auxiliary regression:
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To test the null . : G = 1 against . : G = 2, the null hypothesis of no remaining nonlinearity is defined as . : I = 0. A similar logic is followed to compute the Wald, Fisher and Likelihood Ratio Tests as before. If the null hypothesis is not rejected, we conclude that the model is PSTR with one transition function G = 1 and two extreme regimes. If the null is rejected, the procedure is then repeated for . : G = against . : G = + 1, until we fail to reject the null assumption.

Empirical Specification and Data

The benchmark model used throughout the ERPT literature is based on the pricing behavior of exporting firms. The standard log-linear pass-through specification has the following form (see e.g., Gopinath et al., 2010; Campa and Goldberg, 2005):

KL = M + N + O + PQ * + R , 10
where KL is the local currency import prices, N is the nominal exchange rate, is a primary control variable used to capture domestic demand conditions, and Q * is a measure of foreign producer cost which is a second control variable representing foreign exporters' costs. Our primary concern in this study is the pass-through elasticity which corresponds to the coefficient on the exchange rate which is expected to be bounded between 0 and 1. A onefor-one pass-through to changes in import prices, known as a complete ERPT, is given by = 1. In this case, exporters let the domestic currency import prices affected by exchange rate move. When exporters adjust their markup, a partial or incomplete ERPT occurs and < 1.

The aim of our empirical analysis is to give further evidence on the nonlinear behavior of the ERPT with respect to changes in macroeconomic environment. As shown in Figure 1, there was a general descending trend in inflation rates for almost all the NMS. Several studies have underlined the importance of inflation levels and monetary regime in influencing the extent of pass-through (see e.g. Taylor, 2000; Choudhri and Hakura, 2006; Ben Cheikh and Rault, 2017; López-Villavicencio and Mignon, 2017; Jašová et al., 2016, among others). Countries with low-inflation environment and credible monetary policies are more likely to have their currencies chosen for transaction invoicing (local-currency pricing, LCP), and hence more likely to have low pass-through to domestic prices. However, the major drawback of the existing literature is to assume linearity rather than testing it. For example, in their panel-data set of 11 industrialized countries, Bailliu and Fujii (2004) introduced interaction terms in their ERPT equation between the rate of change in the exchange rate and dummy variables that capture changes in the inflation environment. The authors use the multiple break test developed by Bai and Perron (1998) to determine the timing of shifts in the inflation environments.

Similarly, the nature of the exchange rate regime in place would influence the currency changes transmission to domestic prices (see e.g. Devereux and Engel, 2002; Campa and Goldberg, 2005; McCarthy, 2007, among others). Countries with a low relative exchange rate variability would be chosen for transaction invoicing by foreign firms. As a result, the transmission from exchange rates tends to be lower as imported goods are more localcurrency priced. 8 To give support to this intuition, Jimborean (2013) introduced a predefined interactive dummy variable to account for the impact of exchange rate regime shifts in the ERPT model. This interaction term takes the value of unity for countries with a fixed exchange rate regime and zero for flexible exchange rate regimes. As linear and ad hoc approaches would possibly lead to problematic results, for more accuracy, we propose to implement a panel smooth transition framework where a grid search is used to select endogenous threshold level(s) to identify different macroeconomic regimes. To do so, we extend the linear pass-through regression (10) with the following nonlinear specification:

KL = M + N + O + PQ * + TN × ; , + R , 11 
where ; , is the transition logistic function driving the nonlinear dynamic of ERPT. In our case, different transition variables are considered: the level of inflation rate, V measured as quarterly changes in consumer prices index (CPI); the magnitude of exchange rate volatility. We adopt the same exchange rate volatility proxy employed by Barhoumi (2006) and compute exchange rate volatility as the standard deviation of quarterly changes in the exchange rate, W XY Z[ ; the economic output growth, ∆ , proxied by real GDP growth.9 According to equation ( 11), the ERPT elasticity is given by the following individual-specific and time-varying coefficient:

]2^ = PKL PN = + T × ; , 12 
With a single logistic transition function, two extremes regimes can be identified, i.e., low extreme regime, ; , = 0, and the upper extreme regime, ; , = 1. Due to the features of logistic PSTR models, ERPT coefficient is expected to take different values depending on whether the transition variable, = V , W XY_ Z[ , , is below or above the threshold, . For example, let us consider the case of inflation level as a transition variable. If the inflation rate is below the estimated threshold value, i.e., V -→ -∞ which means that ; , = 0, the importing country experiences a low-inflation regime, and thereby pass-through elasticity is equal to: ]2^ = . If inflation rate is above the threshold value, i.e., -→ +∞ which means ; , = 1, then the economy is in higher inflation episodes and the pass-through coefficient becomes: ]2^ = + T. 10 The PSTR pass-through equation is estimated for a panel of 10 new EU Member States: Bulgaria, Czech Republic, Estonia, Hungary, Latvia, Lithuania, Poland, Romania, Slovakia and Slovenia. 11 We use quarterly data spanning the period 1996:1 to 2015:4. For the domestic import prices KL , we use import price index seasonally adjusted. As a proxy for the domestic demand, , we use the real GDP. For the exchange rate N , we use the nominal effective trade weighted series, where an increase means depreciation of the national currency, and a decrease means appreciation. To capture changes in foreign costs, we follow Campa and Goldberg (2005) by constructing an exporter partners' cost proxy. In logarithms, this latter is measured as follow: Q * ≡ -N + Rc , where Rc is the domestic unit labour cost (ULC) and is the ULC-based real effective exchange rate. Finally, inflation rate series represent the quarterly change in consumer prices index (CPI). All the data are extracted from the Eurostat database. were highest in Bulgaria and Romania in terms of average (in absolute value) and variability as measured by the standard deviation. At the same time, the import-price changes have followed in some extent the same pattern as larger changes in terms of average as recorded in Romania. We note that Poland and Latvia exhibit large volatilities of import price changes similar to those experienced by Bulgaria and Romania. As for consumer-price inflation, although the largest rates are recorded in Romania in average terms, the Baltic states have the most volatile inflation levels over the period. This could be explained by the strong pick-up in inflation over the period 2004-08 which has been particularly virulent in these countries (see Figure 1). The following rigid exchange rate regimes, i.e., unilateral hard pegs to euro, have limited their monetary policy actions at that time. These dramatic changes in the inflation levels across central and eastern European economies are confirmed when carrying out Bai and Perron's (2003) multiple break test on quarterly inflation series for each country. As reported in Table A1 in Appendix A, there is evidence of at least two breaks in all EA countries, and for some of them, three breaks are identified. Finally, according to real output figures, it is clear that the NMS group has experienced strong levels of economic growth throughout the past three decades. In line with the transition process, structural reforms, including trade and price liberalization, have played a strong role in growth. It is important to note that in "hard-peg" countries, the process of catching-up in real income is likely to manifest itself in higher inflation (see e.g. Darvas and Szapáry, 2008). Also, the NMS countries still exhibit diverse output co-movements. For instance, Hungary, Poland, and the Czech Republic, business cycles synchronization with the euro area is higher than for the other NMS (see Rinaldi-Larribe, 2013). In fact, inflation differentials may reflect different business cycle positions or catching-up processes in the NMS group. As explained by Andersson et al. (2009), the main factor behind the Eurozone inflation differentials are differences in business cycle positions. Especially after the outbreak of the 2008-09 financial crisis, there have been signs of divergence in growth patterns with less synchronized business cycles. Next, we have checked for the stationarity of our key variables using the cross-sectionally augmented IPS (Im et al., 2003) panel unit root tests as proposed by Pesaran (2007). Results indicate that variables belonging to the pass-through equation ( 11) are stationary in firstdifferences. Also, we have conducted panel cointegration tests using error-correction-based tests of Westerlund (2007) to check whether a long-run relationship between variables (in levels) does exist. According to the group-mean and panel test statistics proposed by Westerlund (2007), we cannot reject the null assumption of no cointegration. 12 It is worth stressing that several empirical studies were not able to restore the long-run equilibrium in ERPT relationship (see e.g. Bailliu and Fujii; 2004; Campa and Goldberg 2005; Choudhri and Hakura, 2006). Given this evidence, we first assume that variables in equation ( 11) are not cointegrated and estimate ERPT using the following first-difference form:

ΔKL = M + ΔN + OΔ + PΔQ * + TΔN × ; , + R , 13
where Δ denotes the difference operator. In the same way, the extent of ERPT is computed through the following individual-specific and time-varying coefficient:

]2^ = PΔKL PΔN = + T × ; , 14 
The robustness of our results using the above PSTR specification was tested in two ways. First, according to equation ( 13) only the contemporaneous pass-through coefficients are computed as panel regime-switching models are designed only for non-dynamic panels (see González et al., 2017; Hansen, 1999, for a detailed discussion). To deal with this issue, once the threshold values are estimated from equation ( 13), it is possible to consider a dynamic panel-data model by including lagged import prices as explanatory variables. Then, the extent of ERPT will be estimated for the identified regimes using a generalized method of moments (GMM) estimator. Second, the time dimension within our panel dataset covers only two decades, and it is possible that panel cointegration tests based on such a short time span would have a limited power. The, we have considered the possible presence of a long-run equilibrium relationship between variables (in levels) entering the ERPT as in equation ( 11). The cointegrating relationship is estimated using the panel Dynamic OLS (DOLS) procedure as proposed by Mark and Sul (2003).

Empirical results

As explained above, before estimating our PSTR models, the first step is to test whether the regime-switching effect is statistically significant, using linearity and no remaining nonlinearity tests. The testing procedure can be done by testing the null assumption of a linear model against a nonlinear PSTR model, i.e., . : G = 0 against . : G = 1. Then, if the linearity is rejected, we determine G the optimal number of transition functions,

A B

A ; A , A C, and hence the number of extreme regimes which is equal to G + 1. The procedure is then repeated for . : G = against . : G = + 1, until we fail to reject the null assumption. 13 The linearity tests are conducted for our three different transition variables, i.e., 12 To save space, the results from panel unit root and panel cointegration tests are not reported here, but are available upon request. 13 As discussed in González et al. (2017), it is possible to consider more than one threshold in each transition function as follows:

A f A ; A , A g = B1 + exp h-A ∏ A -Aj k jE lC m .
It is sufficient in practice to consider only the cases of K = 1 or K = 2 as these values allow for capturing the nonlinearities due to regime the level of inflation rate, V ; the magnitude of exchange rate volatility, W XY_ Z[ ; and the economic output growth, Δ . 14 Results from linearity analysis are presented in Table 3. For the inflation rate as a transition variable, the linearity test results show that the null hypothesis that the model is linear is rejected for all three tests, i.e., Wald, Fisher and Likelihood Ratio tests, implying that the extent of pass-through responds nonlinearly to the inflation environment. This is not surprising given the presence of structural breaks and regime shifts in inflation series (see Table A1 in Appendix A). Similarly, when considering the economic growth, the null of linearity is strongly rejected against nonlinear PSTR. . : G = + 1, until we fail to reject the null assumption (numbers in bold). Under . , the 34 5 and 32 statistics are distributed as a = > 9 , whereas the 34 7 statistic has an approximate ? 9, --9 distribution. Numbers in parentheses are L-values.

However, for the exchange rate volatility as a potential driver of the nonlinearity, contrary to our expectation, there is no evidence of a nonlinear relationship as the null . : G = 0 of linear model is not rejected. In fact, due to the construction of our proxy for nominal exchange rate volatility (5-year rolling standard deviation), the test is conducted over the period 2000-2015. 15 As the currencies of the region of Central and Eastern Europe has been switching. In order to determine the optimal number of thresholds, we have checked Akaike (AIC) and Schwarz (BIC) information criteria which suggest that one threshold level in the logistic transition, K = 1, is more appropriate. Results are not reported here to save space, but are available upon request. 14 Our nonlinear PSTR model is estimated using real GDP growth (as a transition variable) instead of some measure of output gap in order to avoid using ad hoc de-trending processes that might eliminate valuable information from the data. As a robustness check, we have also considered the output gap by applying the Hodrick-Prescott (HP) filter to the quarterly real GDP series (using a smoothing parameter of 1,600). The results were similar as the ERPT is still not changing significantly across the identified growth regimes. Results are not reported here but are available upon request. 15 A 5-year rolling window is used to keep enough observations when computing the proxy exchange rate volatility. When considering different sample windows, of 10 years for example, there will be less time-variation and then capturing heterogeneity through linearity test (over the period 2005-2015) is less plausible. As a more volatile during the 1990s, the presence of regime-switching behavior could not be detected when considering more recent episodes. Unfortunately, due to the lack of data availability for many post-communist economies, tests of linearity could not be applied for a larger data span. 16 Regarding no remaining nonlinearity tests when considering inflation and growth as transition variables, = V , Δ , the results indicate that the null hypothesis . : G = 1 against . : G = 2 cannot be rejected, implying that PSTR models with only one transition function and two extreme regimes are more appropriate. 17 Note: This table reports the estimation results of the PSTR pass-through equation ( 13) using Nonlinear Least Squares (NLS). ERPT are pass-through elasticities for low-and high-inflation regimes. Numbers in parentheses are L-values of estimates. For ERPT elasticities, L-values in parentheses are based on the null hypothesis of zero ERPT: . : = 0 and . : + T = 0, while L-values in square brackets correspond to the null of full ERPT: . : = 1 and . :

+ T = 1. We also report 95% confidence intervals between square brackets. 2 > denotes the coefficient of determination and 662 ‰Š‹OE• is the ratio of sum of squared residuals between PSTR model and the linear specification. Also, misspecification tests are conducted using the ?-version of the LM-type test: L34 7 ' are the L-values of the LM test of parameter constancy and L34 7 ƒ are the L-values of the LM test of no remaining nonlinearity.

We begin by examining the empirical results from Table 4 where inflation is considered as a transition variable. As outlined above, the parameters are estimated using NLS method. Following González et al. (2017), we check the quality of our nonlinear models. We compute sum of squared residuals ratio (662 ‰Š‹OE• ) between PSTR model and the linear specification robustness check, the standard deviation of quarterly changes in the exchange rate is calculated using a 10-year rolling window, but results are basically the same as the null assumption of linearity could not be rejected. 16 Other proxies for exchange rate volatility have been considered in ERPT literature. For instance, Brun-Aguerre et al. ( 2012) used a realized volatility measure computed as the square root of the cumulated squared logarithmic daily exchange rate changes. Unfortunately, due to the lack of data availability at daily frequency for our sample of NMS, we are not able to consider such indicators. 17 We have checked for the possible implementation of time series smooth transition regression (STR) models by conducting individual (country-by-country) estimations. As stated by Teräsvirta (1994), linearity tests should be conducted as a starting point of the modelling strategy. We have carried out individual tests for our panel of 10 NMS using our three different transition variables (inflation rate, exchange rate volatility, and the economic growth). As shown in Table B1 in Appendix B, the null hypothesis of linearity could not be rejected for all of the NMS group. This is not surprising as we have only 80 observations per country which is not sufficient to render nonlinear dynamic modeling possible or robust. This outcome is consistent with findings of Herzberg et al. (2003) who did not did not find any evidence of nonlinearity for the case of UK. This would confirm the usefulness of exploring the panel structure of the available data which helps restore the regime-switching behavior.

which suggests a better fit for the nonlinear model. We also apply the Lagrange Multiplier (LM) test of parameter constancy as a diagnostic check, in addition to no remaining nonlinearity. As shown in Table 4, our estimated PSTR model passes the misspecification test as the null hypothesis of parameter constancy cannot be rejected.

With respect to the estimated parameters, we observe the presence of significant threshold inflation level in our panel of new EU countries, with ̂ = 0.045. The presence of threshold allows for distinguishing two inflation regimes in the ERPT mechanism: lowinflation environment when CPI inflation is below the threshold value of 4.5% V < , and high-inflation regime when inflation surpasses the level of 4.5% V > . This is consistent with our empirical priors that pass-through mechanisms may be different whether the inflation rate is above or below a given threshold. As for the transition parameter z, the estimated value confirms the smoothness transition from one to another as displayed in Figure 2. This pattern is more realistic as the shift from a high inflation environment to a relatively moderate one was gradual in most of post-communist countries. Regarding ERPT estimates, our results suggest a significant regime-dependence of the pass-through to inflation levels. We find that a 1% increase in the rate of exchange rate depreciation would increase the import-price inflation by 0.57% when CPI inflation is below = 4.5%, but beyond this threshold level, the degree of ERPT becomes higher and close to unity elasticity ]2^ = 0.91% .

To provide statistical significance of our results, we display the point estimates of ERPT with 95% confidence intervals over the two regimes (values between square brackets in Table 4). It is clear that the increase in exchange rate transmission within the high-inflation regime is robustly significant. The pass-through rates are statistically different between the two inflation regimes. Also, according to confidence bands, the response of import prices to exchange rate within the high-inflation regime is not different from elasticity of unity, which indicates the presence of a complete ERPT. Moreover, we check whether there is a complete ERPT by testing the null hypothesis of a pass-through of unity, namely . : = 1 and . :

+ T = 1. According to our results, a partial ERPT is found in the low-inflation regime, while the assumption of full ERPT is confirmed within a high-inflation environment (see L-values in square brackets in Table 4).

Our results are in line with Taylor's (2000) hypothesis which postulates that the shift towards more credible monetary policy and a low-inflation regime would reduce the transmission of the exchange rate changes. This outcome could be explained by the pricing strategies of foreign firms as they are sensitive to the macroeconomic conditions in the importing country. Countries with a stable inflation environment and credible monetary policies are more likely to have their currencies chosen for transaction invoicing (LCP strategy). In such a case, ERPT would be lower. However, when exporters perceive a higher inflation level in the importing country, they may shift away from LCP setting and then prices are set in foreign currencies (producer-currency pricing, PCP). This behavior would entail a greater degree of pass-through. 18 Furthermore, our results corroborate those obtained in the empirical literature for the European transition economies. The broad downward tendency in inflation rates are closely linked to the decline in pass-through estimates since the late 1990s, although ERPT in central and eastern Europe remains on average larger than for industrial countries (Bitans, 2004).

Nevertheless, as mentioned above, previous studies on the NMS group have suggested a high degree of sensitivity of results which are mainly due to differences in empirical methodologies and data periods. For instance, María-Dolores (2010) found long-run ERPT coefficient roughly 0.63% as the average for a sample of nine NMS countries. The hypothesis of complete pass-through is clearly rejected for all the countries except for Slovenia. Moreover, previous empirical studies have estimated the exchange rate transmission regardless of the macroeconomic conditions in the importing country. By focusing on four new EU members, Coricelli et al. (2006) revealed a full pass-through for Slovenia and Hungary without considering the influence of the inflation environment. We think that the distinction between different inflation regimes is crucial to understand the dynamic behavior of pass-through in the NMS group. The use of nonlinear PSTR appears appropriate for separating inflation environment into low and high regimes. From a policy point of view, the relationship between ERPT and inflation regime would have important economic implications: on the one hand, a higher degree of passthrough allows the use of exchange rate as a shock absorber. For NMS that have maintained an independent monetary policy, this would be helpful in containing macroeconomic imbalances. For instance, in the recent period of 2012-14, an accommodative monetary policy has helped offset imported disinflationary pressures stemming from global commodity markets and the euro area. Then, for the European transition economies that have not yet adopted the Euro, ceding monetary autonomy could be costly. On the other hand, the adoption of the single currency would be beneficial in terms of monetary policy credibility. As the main objective of the ECB is to achieve medium-term price stability for the euro zone aggregate, a sustained commitment to maintaining a low-inflation environment would further reduce the ERPT and enhance inflation convergence. The credibility to be gained from the monetary union framework is of key importance for NMS with historically higher levels of inflation. As shown in Figure 1, most of central and eastern European countries have had a double-digit inflation rate during the 1990s. 19 Next, we investigate the role of economic activity in influencing the extent of ERPT. Based on the linearity tests in Table 3, the impact of currency changes on import prices would be nonlinear with respect to real GDP growth. It is expected that when the economy is growing faster, the extent of pass-through would be higher than in periods of slowdown or recession. Foreign firms tend to pass-through exchange rate changes during periods of high economic activity rather than in periods of contractions (see e.g. Ben Cheikh and Rault, 2016). The estimation results from the PSTR model ( 12) where output growth is taken as a transition variable = Δ are presented in Table C1 in Appendix C. In line with the estimated thresholds, ̂= 0.033, two economic growth regimes could be identified: a lowactivity regime, i.e., when real GDP growth is under the threshold of 3.3% Δ < ; and high-activity regime if the output is growing above 3.3% Δ > . Nevertheless, the estimated ERPT elasticities are not conclusive about the presence of threshold effect. As indicated by the 95% confidence bands, the pass-through coefficients are not statistically different between the low-and high activity regimes. In other words, the increase in ERPT elasticity when real GDP growth surpasses the threshold of 3.3% is not statistically significant. 20

Robustness check

To check the reliability of ERPT estimates across the identified regimes, we consider a dynamic panel data model by including lagged import prices as explanatory variables as follows. Based on the estimated threshold values obtained from equation ( 13), the extent of ERPT is estimated for the identified regimes using a generalized method of moments (GMM) estimator which allows to circumvent the potential endogenous bias and reverse causality problems (see Arellano and Bond, 1991; Arellano and Bover, 1995; Blundell and Bond, 1998). Thus, we modify the pass-through equation to have the form of a dynamic panel data model as follows:

ΔKL = M + dΔKL m + ΔN + OΔ + PΔQ * + TΔN × Ž > ̂ + R , 15
where Ž > ̂ is an indicator function taking the value of 1 if the transition variables = V , Δ exceed the estimated threshold level .

19 It is important to note that the recent European sovereign debt crisis has revived the debate about the relative benefits and drawbacks of adopting the single currency. It is possible that early Euro adopters, such as the Slovak Republic and Slovenia, were able to benefit from an increased stable and credible monetary environment. However, with the euro area crisis, the reputational value of monetary union membership has been questioned. 20 We have also checked whether asymmetry can arise from the direction of exchange rate changes, i.e., depreciations vs. appreciations. In a large sample of 33 emerging and developed economies, Brun-Aguerre et al.

(2017) reported that prices reaction is more pronounced in case of depreciations than for appreciations in the long-run. Similarly, in a sample of four developed countries, Delatte and Lopez-Villacencio (2012) revealed an asymmetric pass-through by adopting a nonlinear cointegrating specification. They gave a supportive evidence that the degree of ERPT is higher following depreciations than appreciations over the long-run. Then, we have estimated a panel threshold model where the threshold level of currency changes is set to zero, ∆N = 0, in order to distinguish between positive and negative deviations of the exchange rate. Estimation results reveal that the pass-through elasticities are quite similar between appreciation and depreciation episodes. This outcome is consistent with Ben Cheikh (2012) for the case of euro area countries. Using a time series STR model, the author does not give a supportive evidence of the presence of asymmetry arising from the direction of exchange rate changes.

According to equation ( 15), it is possible to estimate the immediate effect of the exchange rate on import prices, i.e. the short-run ERPT, given by the coefficient . Also, due to the lagged adjustment of import-price inflation, the long-run ERPT can be computed as / 1 -d . For the upper regime, i.e. when > , short-and long-run ERPT are computed respectively as ( + d) and + T / 1 -d . As shown in Table 5, the regime-dependence of pass-through to inflation levels is still robust in both short-and long-run. Note: This table reports the estimation results of equation ( 15) using GMM estimator. In the low-inflation regime, short-run ERPT corresponds to and long-run ERPT refers to / 1 -d . In the high-inflation regime, short-run ERPT corresponds to + d and long-run ERPT refers to + T / 1 -d . Numbers in parentheses are L-values of estimates. The K2 test for autocorrelation has a null hypothesis of no autocorrelation, while the Sargan-Hansen test has the null hypothesis that the model and overidentifying conditions are correct specified with L-values reported in parentheses. Also, we have considered the possible presence of a long-run equilibrium relationship between variables (in levels) entering the ERPT equation (10). The cointegrating relationship is estimated with the panel Dynamic OLS (DOLS) procedure as proposed by Mark and Sul (2003). The advantage of DOLS estimators is to take into account potential endogeneities among the variables. The method consists in augmenting the cointegrating regression with lead and lagged values of differences of the regressors to alleviate a potential endogenous feedback effect.

The estimated cointegrating relationship is given by:

KL ž = ̂ + 0.803 * * * N . > + 0.574 * * * . >> + 0.187 * * * . ˆ ‡ Q * 16
where the numbers in parentheses denote standard errors. ***, **, and * denote 1%, 5%, and 10% significance levels, respectively. As displayed, the long-run pass-through coefficient is statistically significant with the expected positive sign. According to DOLS estimator, one percent depreciation of the nominal exchange rate increases the import prices by roughly 0.80%. Although the impact of exchange rate is found to be large in the long-run, the null assumption of full ERPT, i.e. namely . : = 1, is strongly rejected. According to the 95% confidence intervals, the long-run ERPT elasticity lies between 0.76% and 0.84%. It is expected that pass-through would be complete in the long-run as the staggered price setting tend to be a short-run phenomenon. However, the pricing behavior of foreign firms can prevent a full adjustment of import prices even in the long-run. Firms can follow pricing-to-market (PTM) strategy by adjusting their markups to maintain market share, leading to incomplete degree of pass-through (see Dornbusch, 1987; Krugman, 1987). Furthermore, to ensure the robustness of the threshold effect, long-run ERPT estimates are computed for the identified low-and high inflation regimes. Doing so, estimation results can be reported as follows: As indicated above, within the low-inflation regime, a 1% increase in the exchange rate leads to a rise in import prices by roughly 0.83% in the long-run. The rate of pass-through is found to be larger compared to estimates obtained from first-differences equation ( 13). This is not surprising as equation ( 17) is rather reflecting long-run measures. In the high-inflation regime, i.e., when inflation is exceeding the threshold of 4.5%, the long-run ERPT becomes higher reaching a unitary elasticity. We have also conducted a Wald test to check whether point estimates are statistically different. The null hypothesis of equal pass-through rates is strongly rejected (Wald test = 8.889, with L-value = 0.002). In all, the presence of a threshold effect in the pass-through mechanism remains statistically significant across the different robustness checks.

KL =

Concluding remarks

In this paper we have reexamined the dynamic of ERPT on import prices in a set of central and eastern EU Member States. As this group of countries has gone through significant structural changes during the catching-up process, we expect the presence of regimeswitching behavior in the pass-through mechanism. We propose to implement the class of nonlinear PSTR models where the transitional aspects related to EU accession are captured endogenously from the data. Among the main macroeconomic factors that may influence the exchange rate transmission, we have assessed the role of inflation rate, the economic growth and the exchange rate variability. Using quarterly data over the period 1996-2015, our empirical results suggest a significant regime-dependence of the pass-through to inflation environment. When inflation levels are exceeding the threshold of 4.56%, i.e., within a highinflation environment, the degree of pass-through is found to be higher and reaches a full ERPT. However, with the shift towards low-inflation regime, i.e., when inflation levels are below a threshold of 4.56%, the extent of pass-through is significantly declining in the NMS group. However, when considering the economic activity and exchange rate as potential nonlinear drivers of the ERPT, the exchange rate transmission is not changing significantly across the different regimes.

From a policy perspective, the substantial role of inflation environment in influencing the extent of pass-through is a key input for the lively debate on the path towards the single currency. First, the shift towards a more stable inflation environment is beneficial for the NMS that have not yet adopted the Euro, as reduced ERPT rates would reinforce inflation convergence and business cycle synchronization vis-à-vis the euro area. During the catchingup process, the inflation differentials could be exacerbated due to the real exchange rate appreciation and a declining rate of pass-through is very helpful. Second, a number of important institutional changes, including shifts in monetary policy regimes, have occurred and played a crucial role in changing the macroeconomic conditions in the NMS. The implemented structural reforms and stabilization policies have changed country risk and credibility perceptions in the post-communist economies. As stated by the ERPT literature, countries with stable macroeconomic environment and credible monetary policies are more likely to have their currencies chosen for transaction invoicing (LCP setting), and hence would have low pass-through to domestic prices. The gained credibility is beneficial and would ensure better control of inflation and higher degree of output stability. Of course, the commitment to euro area membership through the fulfilment of convergence criteria has played a substantial role in the growing credibility. Thereby, joining the common currency would further strengthen the economic policy framework. However, with the eruption of the global financial crisis in 2008/09 and the ensuing Euro crisis, the reputational value of euro area membership has been questioned. The issue of adopting the single currency has been revived, suggesting how adverse macroeconomic shocks could be manageable without monetary autonomy. For the NMS that have not yet adopted the euro, independent monetary policy has allowed the use of nominal exchange rate depreciation to be a shock absorber and was helpful in managing cyclical conditions. Overall, even though the decision to join the Euro has broader political considerations, we think that the success of reforming the current euro area institutional framework would also be key. 
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Table 1 . New EU Member States -Currency Arrangements

 1 

	Country	EU Accession	Currency	Exchange rate regime classification (IMF, 2014)	Earlier regimes
	Bulgaria	2007	Lev	Hard peg -currency board	Float until 1997. Currency board adopted in
					response to hyperinflation.
	Czech Republic 2004	Koruna	Other managed arrangement	Peg to dollar/currency basket until 1997.
					Inflation targeting; free float until 2013.
	Hungary	2004	Forint	Floating -inflation targeting	Various pegs and crawling pegs until 2008
					with increasingly wide bands (15% 2001-08).
	Poland	2004	Złoty	Free floating -inflation	Various pegs and crawling pegs until 2000.
				targeting	
	Romania	2007	Leu	Floating -inflation targeting	Monetary based targeting with managed float
					until 2005. Abandoned amid high inflation.
	Estonia	2004	Euro (since 2011) ...	Pegged to deutsche mark/euro (currency
					board).
	Latvia	2004	Euro (since 2014) ...	Pegged to SDR 1994-2004, pegged to euro
					2004-2014.
	Lithuania	2004	Euro (since 2015) ...	Pegged to dollar 1994-2002, pegged to euro
					2002-2014 (currency board).
	Slovak Republic 2004	Euro (since 2009) ...	Float until 2004. Float with a 15% band
					during ERM II (2005-08).
	Slovenia	2004	Euro (since 2007) ...	Float until 2004. Pegged to euro during ERM
					II 2004-06.
		Source: IMF Country Report No. 15/98, February 26, 2015.	

Table 2

 2 provides summary statistics of our key variables for which we report the mean and the standard deviation of their quarterly changes over 1996-2015. Exchange rate changes

10 

For example, in the case of PSTR model with two transition function: KL = M + N + O + PQ * + TN ; , + d > ; > , > + R , the parameters in the low, intermediate, and upper regimes will be equal to , + T and + T + d , respectively. 11 Croatia is not included in our sample of NMS as the country joined the EU later (in July 2013) in comparison to the other post-communist economies.

Table 2 . Summary statistics of key variables over 1996:1-2015:4

 2 

	Country	Mean ∆KL	∆N	V	∆	Standard Deviation ∆KL ∆N	V	∆
	Bulgaria	0.99	-2.19	4.64	2.61	4.25	11.94	3.60	4.83
	Czech Republic	0.09	0.52	2.97	2.50	1.74	2.51	2.46	3.11
	Estonia	0.76	0.09	6.17	4.79	2.13	0.87	5.36	6.29
	Hungary	1.09	-0.48	7.75	2.03	2.96	3.02	5.74	2.94
	Latvia	1.43	0.14	5.90	4.62	3.94	1.41	5.91	7.00
	Lithuania	0.40	0.85	4.19	4.57	2.59	2.04	5.95	5.63
	Poland	1.40	-0.13	5.35	4.12	4.46	3.99	4.95	2.21
	Romania	1.94	-2.91	15.50	3.45	3.77	6.29	15.43	5.32
	Slovakia	0.60	0.51	4.16	3.93	2.07	2.02	2.71	3.64
	Slovenia	0.89	-0.34	4.55	2.85	1.69	0.92	2.93	3.88

Notes: Mean and standard deviation are computed from quarterly percentage changes of import prices, nominal effective exchange rate, real GDP and CPI inflation. Data period is 1996-2015. Source: Eurostat database.

Table 3 . Tests for linearity and no remaining nonlinearity

 3 

	Model	(1)	(2)	(3)
	Threshold variables	Inflation n op GDP growth qr op	Exchange rate volatility s tu op
	. : G = 0 vs . : G = 1:			
	34 v	6.952	16.044	3.833
		(0.030)	(0.065)	(0.147)
	34 7	3.444	2.250	1.886
		(0.032)	(0.074)	(0.152)
	32	6.995	20.872	3.847
		(0.030)	(0.013)	(0.146)
	. : G = 1 vs . : G = 2:			
	34 v	1.480	0.686	-
		(0.476)	(0.876)	
	34 7	0.721	0.221	-
		(0.486)	(0.881)	
	32	1.483	0.693	-
		(0.476)	(0.874)	

Note: Linearity tests are conducted using 34 5 , 34 7 and 32 tests. For each model, we test for . : G = against

Table 5 . Estimation results using dynamic GMM panel-data estimation with

 5 

	w op = • op

Table B1 . Linearity tests

 B1 numbers are L-values of ? versions of the LM linearity tests. The first row shows the test the null of linearity. The second to fourth rows are the L-values of the sequential test for choosing the adequate transition function.

		Bulgaria	Czech Republic	Estonia	Hungary	Latvia
	Transition variable: n op					
	.	0.523	0.3900	0.1663	0.4087	0.3822
	. "	0.394	0.3423	0.1669	0.2510	0.2920
	. x	0.850	0.1655	0.9682	0.8702	0.6736
	. >	0.238	0.7449	0.0591	0.2154	0.2305
	Specification	Linear	Linear	Linear	Linear	Linear
	Transition variable: qr op					
	.	0.921	0.5887	0.7470	0.3765	0.1462
	. "	0.801	0.2265	0.6274	0.0561	0.0313
	. x	0.912	0.4026	0.4400	0.5654	0.5773
	. >	0.527	0.9292	0.6823	0.9060	0.4069
	Specification	Linear	Linear	Linear	Linear	Linear
	Transition variable: s tu op					
	.	0.188	0.7460	0.1677	0.1619	0.4107
	. "	0.077	0.7976	0.1779	0.5247	0.3338
	. x	0.319	0.7150	0.8288	0.0817	0.3036
	. >	0.487	0.3355	0.0742	0.2651	0.5074
	Specification	Linear	Linear	Linear	Linear	Linear
		Lithuania	Poland	Romania Slovakia Slovenia
	Transition variable: n op					
	.	0.4367	0.3536	0.4221	0.1177	0.282
	. "	0.4218	0.1785	0.1044	0.7109	0.421
	. x	0.1467	0.6156	0.9292	0.1006	0.443
	. >	0.8116	0.3414	0.4229	0.1027	0.154
	Specification	Linear	Linear	Linear	Linear	Linear
	Transition variable: qr op					
	.	0.2406	0.6489	0.6413	0.185	0.286
	. "	0.2741	0.9394	0.5861	0.184	0.217
	. x	0.1510	0.1594	0.9823	0.799	0.738
	. >	0.4841	0.7388	0.2023	0.088	0.166
	Specification	Linear	Linear	Linear	Linear	Linear
	Transition variable: s tu op					
	.	0.2903	0.4106	0.2174	0.627	0.178
	. "	0.9789	0.8620	0.7945	0.924	0.480
	. x	0.2691	0.1909	0.0385	0.182	0.054
	. >	0.0996	0.3072	0.4885	0.642	0.464
	Specification	Linear	Linear	Linear	Linear	Linear

The

For a sample of 14 emerging countries, López-Villavicencio and Mignon (2017) pointed out that both the level and volatility of inflation have significantly influenced the extent of ERPT. Among these countries are some NMS, such as Czech Republic, Hungary, Poland, Romania and Slovak Republic. The authors argued that countries which have experienced high levels of inflation even after the end of the 1990s are those for which ERPT is found to be higher.

Given the short time span available for the European catching-up economies, the presence of regime-switching behavior could not be detected using individual time series. As remedy, our paper proposes to explore the panel structure of the available data using the PSTR framework. Considering both countries' heterogeneity and time variability, we think that panel analysis would probably be more enlightening.

For example, if a two-regime model is an adequate representation of the data generating process (DGP) underlying the panel data set, ERPT elasticity which is estimated using a linear specification would be overestimated in comparison to ERPT coefficient in the low-regime, but underestimated compared to ERPT in the high-regime.

In a panel of 24 developing countries,[START_REF] Barhoumi | Differences in long run exchange rate pass-through into import prices in developing countries: An empirical investigation[END_REF] obtained a lower pass-through for fixed exchange rate regime countries which are defined as a panel group with a less volatile exchange rate.

Exchange rate volatility series are obtained using 5-year rolling standard deviation. We start by computing the standard deviation of changes in exchange rate for the first quarter 2000:1 during the last five years and, then, we slid forward this window quarter by quarter throughout the period(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013)(2014)(2015).

See Devereux et al. (2017) and[START_REF] Enders | International financial market integration, asset compositions, and the falling exchange rate pass-through[END_REF] for recent literature on the role of the pricing currency in explaining the observed decline of ERPT.

Appendix A. Identifying structural changes

Appendix B. Linearity tests for individual countries

To check for the possible presence of nonlinearity in each country of our sample, linearity tests are conducted using our three different transition variables, i.e., inflation rate, exchange rate volatility, and the economic growth. The linearity test for time series smooth transition regression (STR) model is performed following the procedure of Teräsvirta (1994). We can re-write equation ( 1) within a time series context as follows:

where ¢ = Q , is an K + 1 × 1 a vector of explanatory variables with Q = 1, m , … , m , and = , … , j . The transition function ; , is assumed to be either a logistic function:

or an exponential function:

Teräsvirta (1994) suggested approximating the logistic function (2A) in (1A) by a third-order Taylor expansion around the null hypothesis = 0. Assuming that the transition variable is an element in ¢ and let ¢ = 1, ¢̃ ′ ′ , where ¢̃ ′ is an K × 1 . Taylor approximation yields the following auxiliary regression:

where * = + 2 x , , ¢ , with 2 x , , the residual of Taylor expansion. The null hypothesis of linearity is . : M = M > = M x = 0. The ?-versions of LM test statistic is used here which has an approximate ?-distribution with 3K and -4K -1 degrees of freedom under . . If the null of linearity is rejected, the appropriate functional form, i.e. logistic or exponential, should be specified. According to Teräsvirta (1994), the selection of the adequate transition function is based on testing the following sequence of nested null hypotheses:

The decision rule is the following: if the . x test yields the strongest rejection of the null assumption (smallest L-value), the exponential form is selected. Otherwise, the logistic specification is preferred. Note: This table reports the estimation results of the PSTR pass-through equation ( 13) using Nonlinear Least Squares (NLS). ERPT are pass-through elasticities for low-and high-inflation regimes. Numbers in parentheses are L-values of estimates. For ERPT elasticities, L-values in parentheses are based on the null hypothesis of zero ERPT: . : = 0 and . : + T = 0, while L-values in square brackets correspond to the null of full ERPT: . : = 1 and . : + T = 1. We also report 95% confidence intervals between square brackets. 2 > denotes the coefficient of determination and 662 ‰Š‹OE• is the ratio of sum of squared residuals between PSTR model and the linear specification. Also, misspecification tests are conducted using the ?-version of the LM-type test: L34 7 ' are the L-values of the LM test of parameter constancy and L34 7 ƒ are the L-values of the LM test of no remaining nonlinearity.

Appendix C. Estimation of ERPT with respect to economic activity