









	
 Home

	 Add Document
	 Sign In
	 Create An Account














[image: PDFKUL.COM]






































	
 Viewer

	
 Transcript













The E¤ect of a Common Currency on the Volatility of the Extensive Margin of Trade Stéphane Aurayy



Aurélien Eyquemz



Jean–Christophe Poutineaux



First version: July 2008 This version: December 2011



Abstract This paper studies the e¤ects of the European monetary uni…cation on the volatility of the extensive margin of trade. First, we highlight empirical novel facts about the effects of monetary uni…cation. We build country-level measures of the extensive margin of intra–EMU exports and describe how their volatilities evolved over time. We show that the adoption of a common currency has been associated with an increase of the volatility of the extensive margin of exports for most countries, and a decrease in the volatility of the extensive margin of exports for Germany. Second, we address this question theoretically and build a two–country version of the model of Ghironi and Melitz (2005) with endogenous entry, heterogenous …rms, endogenous tradability, endogenous labor supply and sticky prices. We compare the volatility of the extensive margin of trade under …xed exchange rates and in a monetary union. Monetary uni…cation does imply an increase in the volatility of the extensive margin of trade for pre-EMU followers (such as France or the Netherlands) and a decrease in the volatility of the extensive margin of trade for the leader (Germany). This pattern is qualitatively consistent with the data but arises only if monetary policy responds moderately to output. Keywords: Extensive margin, variety e¤ect, monetary union, monetary policy. JEL Class.: E32, E52, F41.
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Introduction



What are the e¤ects of the European monetary uni…cation on the volatility of the extensive margin of trade in European Monetary Union (EMU hereafter) countries? This is the novel question this paper aims at answering. Several empirical studies (Flam and Nordstrom (2006) and Berthou and Fontagné (2008)), …nd that the level of the extensive margin of trade has increased signi…cantly after the adoption of the Euro and argue that monetary uni…cation has led to a substantial drop in trade costs. However, to our knowledge, there are no studies on the impact of the European monetary uni…cation on the volatility of the extensive margin of trade in EMU countries and this is precisely what this paper investigates both empirically and theoretically. A recent and growing literature argues that endogenous entry or changes in the variety space help understanding the propagation of economic ‡uctuations in closed economies.1 In particular, Bilbiie et al. (2007) show that real interest rate dynamics and therefore prices stickiness and monetary policy are crucial to determine the dynamics of entries. The e¤ect of real interest rates relies on the intertemporal trade-o¤ faced by …rms when they invest in the creation of new varieties or produce more of each existing variety. Empirically, Bergin and Corsetti (2008) con…rm that monetary policy has a non-negligible e¤ect on net business creation and …rms’ entry using SVAR estimations. They also rationalize this e¤ect in a closed-economy general equilibrium model.2 Several additional contributions seek to model a positive response of entries to monetary innovations. Lewis (2009) shows that the estimated response to a monetary expansion does not support the monetary policy transmission mechanism proposed by the model of Bilbiie, Ghironi and Melitz (2009). Some di¤erent approaches have attempted to solve this question. A limited participation model is, for instance, proposed by Uusküla (2008). In this setting a monetary expansion increases the number of …rms while in a sticky price model, the number of …rms in the economy decreases after a monetary expansion (see Bergin and Corsetti (2008), Uusküla (2008) and Totzek (2009)).3 1



See for instance Bénassy (1996), Bilbiie, Ghironi and Melitz (2007), Broda and Weinstein (2010), Etro and Colciago (2010), Wang and Wen (2007) and many others. 2 In a framework with preset goods prices and entry costs paid in terms of goods, Bergin and Corsetti (2008) also show that the overall entry costs does not change and that a temporary monetary shock leads to entry by reducing the real interest rate. 3 Other important contributions can be mentioned. Mancini-Gri¤oli (2006) obtains a positive correlation of …rms’ entry with monetary innovations by introducing nominal rigidities only in entry costs, or legal fees
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In addition, it has been shown that considering endogenous entries (or an endogenous number of varieties) in an open economy allows for a new description of the dynamics of trade ‡ows and their relation with relative prices (see Auray and Eyquem (2011), Cook (2002), Ghironi and Melitz (2005), Hamano (2009), and Zlate (2010)). The paper follows this promising avenue and investigates the link between monetary policy and the creation of new goods varieties extending the problem to an open economy with nominal rigidities.4 First, we expose empirical facts about the volatility of the extensive margin before and after the Euro and highlight important changes. Second, we propose a model with endogenous entry, heterogenous …rms providing micro-foundations for endogenous tradability, and sticky prices. Within this model, we analyze the e¤ects of switching from a …xed exchange rate monetary policy regime to a monetary union on the volatility of the extensive margin of trade. We then show that the model matches qualitatively the empirical facts documented in the empirical section. We provide an empirical assessment of the business cycle properties of the extensive margin of trade within European Monetary Union (EMU) countries using disaggregated data on intraEMU exports. The covered period (1991 to 2009) includes both the end of the Exchange Rate Mechanism (ERM henceforth), as well as the introduction of the Euro in 1999 and the beginning of the common currency period among EMU countries. This analysis reveals that the standard deviation of the extensive margin of trade has been increasing signi…cantly after the introduction of the common currency for most European countries (58.9% over the last 10 years on average) and decreased signi…cantly for Germany, Belgium-Luxembourg and Italy (-37.5% over the last 10 years on average). We then build a two-country model incorporating nominal rigidities and international trade to compare the dynamics of entries under alternative exchange rate arrangements. The results derived then serve as a theoretical by assuming that lawyers set their fees according to a Calvo (1983) model. This allows monetary policy to be e¤ective and pro-cyclical with …rm entry, despite goods prices remaining ‡exible throughout the analysis. Using the setup of Bilbiie et al. (2009) and adding entry cost paid in terms of output, Cecioni (2010) estimates a New Keynesian Phillips curve using US data. The results suggest that the e¤ect of real marginal cost on in‡ation is stronger than what is predicted by the standard model. The estimated elasticity of the desired markup with respect to the number of …rms implies that an increase of 10% in the number of active …rms would lower annual in‡ation by 1.4% in the short run. Weber (2010) studies the impact of the volume of …rm entry on the conduct of monetary policy assuming heterogeneity in prices determination. In this case, when …rm entry is high, the aggregate price level is more ‡exible and in‡ation is more volatile. 4 Other extensive margin models applied to international macroeconomics include Broda and Weinstein (2004), Broda and Weinstein (2006), Corsetti, Martin and Pesenti (2007), Corsetti, Martin and Pesenti (2008) and Hummels and Klenow (2005).
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assessment of the stylized facts highlighted in the empirical section that presents some original conclusions on its own. The model nests the seminal contribution of Ghironi and Melitz (2005) by allowing for endogenous entry, heterogenous …rms and endogenous tradability. In their two-country model, entry occurs upon payment of an entry cost, more than covered by the markup resulting from imperfect competition, and exit is induced by an exogenous death shock. Each …rm produces a single variety so the correspondence between the population of …rms and the variety space is perfect. In addition to the aggregate labor productivity, each …rm draws a …rm-speci…c labor productivity index in a Pareto distribution. Individual …rms thus di¤er in terms of productivity, and only the most productive ones engage in international trade, because trade requires the repeated payment of trade and international export costs. Upon the realization of aggregate productivity shocks, the export threshold is endogenously a¤ected by the size of export markets, the real exchange rate and the marginal production cost, implying that the export sector as well as consumption price indices (CPIs hereafter) vary endogenously along the business cycle. On top of the assumptions proposed by Ghironi and Melitz (2005), we allow for endogenous labor supply and sticky prices, to investigate the impact of monetary policy regimes on the business cycles, and more particularly on the dynamics of varieties. In models with endogenous entry and sticky prices, monetary policy a¤ects the equilibrium path of real interest rates. These di¤erent paths have important consequences on (i ) the dynamics of consumption, and (ii ) the arbitrage between riskless assets (bonds in our case) and shares, with clear implications on investment in the creation of new plants. An increase in the real interest rate lowers the growth rate of consumption and increases investment in the creation of new …rms, boosts entry and increases the number of varieties, while a decrease in the real interest rate generates opposite e¤ects. In addition to the e¤ects on the total number of varieties, which is an important driver of the number of exporters (i.e. the extensive margin of trade), monetary policy also a¤ects the extensive margin of trade through its e¤ects on the threshold that determines the ability of …rms to export, by a¤ecting e¢ cient wages, the size of consumption sectors in both countries and the real exchange rate.
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More speci…cally, we compare the dynamics of our two-country model under two di¤erent monetary policy or exchange rate regimes. Under …xed exchange rates, a leading country (the domestic economy) sets its monetary policy depending on domestic in‡ation and output targets while the following country (the foreign economy) credibly pegs its nominal exchange rate to the leading economy. As a consequence, its nominal interest rate is completely tied to the nominal interest rate of the leading economy. In a monetary union, a common central bank sets the nominal interest rate depending on both domestic and foreign in‡ation and output targets. We argue that these exchange rate regimes adequately replicate the exchange rate and monetary policy regimes that EMU countries adopted in the pre- and post-EMU periods, where Germany was the leading economy, and other countries such as France or the Netherlands were the followers. A realistic calibration of the model then allows us to contrast the dynamics implied by each regime after both domestic and foreign productivity shocks. In a monetary union, the equilibrium is very close to the equilibrium arising under ‡exible prices. In addition, the equilibrium is symmetric, i.e. domestic and foreign shocks have symmetric (but not identical) e¤ects on both economies. Aggregate productivity shocks increase consumption in both countries, increase entries, varieties and hours worked in the economy experiencing the shock, lower the export threshold, increase the number of exporters, lower real prices and induce a drop in the CPI in‡ation rate. In the other economy, entries, varieties and hours worked drop, the export threshold increases, the number of exporters falls and CPI in‡ation drops due to imported de‡ation. A …xed exchange rate regime delivers di¤erent dynamics. First, due to the fact that monetary policy is oriented towards targets in the leading economy, domestic and foreign productivity shocks have di¤erentiated e¤ects. Second, the monetary policy stance is not only quantitatively di¤erent after each type of shock but the sign of the stance is reversed in the case of a shock in the following economy. In models without entry and in most cases with endogenous entry, positive productivity shocks lead to an increase in output and a fall in CPI in‡ation, that the central bank accommodates by lowering nominal interest rate. In our model, this is the case in a monetary union for both shocks, and in the …xed exchange rate regime after a shock in the leading economy. In the case of a shock in the following economy, monetary policy is restrictive (the nominal interest rate increases) because
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(i ) monetary policy is focused on targets in the leading economy, (ii ) imported in‡ation is not very high, and (iii ) monetary policy responds positively to output. The increase in output is large enough to reverse the response of the nominal interest rate in both economies and leads to asymmetric e¤ects with respect to the case of a shock in the leading economy. Due to the response of monetary policy to output, CPI-based real interest rates increase in most cases (monetary union and shock in the leading economy under …xed exchange rates) more than in the ‡exible prices economy after a positive productivity shock. The increase is larger in the case of …xed exchange rates. In addition, CPI-based real interest rates drop in the case of a shock in the following economy under …xed exchange rates. Therefore, a …xed exchange rate regime magni…es the increase in entries, varieties and exporters in the leading economy (or attenuates the drop in the following economy) in the case of a shock in the leading economy. It also ampli…es the drop in entries, varieties and exporters in the leading economy (or attenuates the increase in the following economy) in the case of a shock in the following economy. In other words, because of the depicted responses of the extensive margin of trade (the number of exporters) after each type of shock, a monetary union will lower the volatility of the extensive margin of trade in the leading economy, and increase the volatility of the extensive margin of trade in the following economy. This theoretical pattern is qualitatively consistent with empirical evidence, robust to a wide range of changes in structural parameters, but very sensitive to changes in monetary policy parameters. In particular, we stress the importance of responding to output for our results to arise, although not too much. Quantitatively, changes in extensive margin volatilities are large but not as much as in the data, suggesting that monetary policy and exchange rate regimes contribute to explain the facts, among other factors however. The rest of the paper is organized as follows. Section 2 presents empirical evidence about the impact of the Euro on the volatility of the extensive margin of trade within the EMU. Section 3 develops a two-country model to address the question theoretically. Section 4 presents the steady state of the economy and discusses the calibration of the model. Section 5 compares the dynamics of the extensive margin of trade after productivity shocks under a …xed exchange rate regime and in a monetary union, and proceeds to numerical simulations. Section 6 makes some concluding remarks.
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Empirical evidence



This section presents some empirical evidence about the volatility of the extensive margin of trade within the EMU. As no clear measure of the extensive margin of trade exists, we use disaggregated bilateral trade data and build a (theoretically consistent) measure of the extensive margin of trade. More precisely, we follow Hummels and Klenow (2005) and more recently Bergin and Lin (2010), and de…ne the extensive margin of trade in a manner that is consistent with consumer price theory. Data are extracted from the annual UN Comtrade database recording bilateral trade ‡ows for a wide range of countries (including EMU countries) at the 4-digit level in the STIC Revision 3 classi…cation.5 We collected data from 1991 up to 2009. The extensive margin of exports from country j to m at period t is de…ned as: P xworld i;m;t emm;j;t =



i2Xm;j;t



xworld m;t



;



where xworld i;m;t is the world export to country m for products i in which country j has positive exports to country m at time t and where xworld is the world total exports to country m at m;t time t.6 emm;j;t is thus a positive index between 0 and 1, where 0 means that the extensive margin of exports does not exist and where higher values of the index characterize larger sets of exported varieties. Our special interest in EMU countries and intra-EMU trade, leads us to report the extensive margin of exports of all EMU countries and consider the euro area as the destination country.7 In the left panel of Table 1, we report the volatility of raw extensive margins of intra-EMU trade over the pre- and post-EMU periods (respectively form 1991 to 1998 and from 1999 to 2009).8 In addition, we decompose the extensive margins into a long-run component and a short-run component by applying the HP-…lter, with a coe¢ cient put on an annual basis, i.e. 6.25 (see Ravn and Uhlig (2002)). The right panel of Table 1 reports the same statistics calculated on the short-run component of extensive margins. We also report the variation of volatilities using alternative …ltering methods or subsamples. 5



http://wits.worldbank.org/wits/ We choose to consider a positive export in a particular category as a trade ‡ow superior to $100 000 and consider the good as non-traded if the ‡ow is less than $100 000. 7 Notice that Luxembourg is aggregated with Belgium, due to the practice of UN Comtrade. In addition, Greece and Ireland are excluded due to concerns about the reliability of data. 8 Raw extensive margins data are available at http://aeyq.free.fr/. 6
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Table 1: Standard deviation of the extensive margins Raw data A I II (%) I II Austria 1.22 1.60 31.20 0.71 1.18 Belgium and Lux. 0.50 0.77 53.99 0.43 0.60 Germany 1.12 0.30 -73.00 0.97 0.40 Spain 0.82 1.49 82.58 0.62 1.18 Finland 1.02 1.53 50.47 0.89 1.10 France 0.78 1.03 31.41 0.43 1.07 Italy 0.91 0.58 -36.94 0.67 0.50 Netherlands 0.49 1.32 170.51 0.40 1.18 Portugal 1.29 1.30 0.89 1.32 1.04 Average 0.91 1.10 21.75 0.72 0.92



of intra-EMU trade, in % Filtered data B C (%) (%) (%) 66.75 60.13 64.19 39.98 39.06 32.64 -58.36 -81.58 -84.85 90.26 64.73 48.26 22.57 21.97 0.59 147.09 131.41 155.12 -26.01 -2.59 1.58 196.84 267.35 310.45 -21.01 4.45 12.60 28.02 56.10 53.55



I: Pre-EMU (1991-1998), II: Post-EMU (1999-2009), A: HP-…ltered data, B: Linearly-…ltered data, C: Linearly…ltered data with subsample 1991-1998 and 1999-2007



The left panel of Table 1 shows that the extensive margin of intra–EMU trade displays a lot of heterogeneity among EMU members, both in terms of levels of volatility and dynamically (volatility has been rising for some countries, dropping for others). However, the volatility of the extensive margin of exports has increased for most EMU countries, except for Germany and Italy where it has signi…cantly decreased. After …ltering series and removing their potential trends, the right panel of Table 1 shows that the picture remains broadly unchanged. These results are qualitatively robust to the …ltering method and the subsample considered, except for Italy and Portugal where …ltering methods and/or atlernative subsamples a¤ect the sign of volatility changes. Further, Figure 1 displays the standard deviations of extensive margins of exports computed on a 10-years rolling window, i.e. the standard deviation over the last 10 years, to check that the pattern displayed in Table 1 is not an artifact of the pre- and post-EMU time decomposition. Figure 1 clearly depicts a situation where the volatility of extensive margins of intra-EMU exports have increased and converged to a level of 1.1% for most EMU countries (Austria, Spain, Finland, France, the Netherlands and Portugal) and decreased and converged to a level of 0.5% for some EMU countries (Germany, Belgium-Luxembourg and Italy). In average, over the period, the group of countries converging to a higher volatility has experienced a
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Figure 1: Standard deviation of the extensive margin of exports over the 10 past years, in %. 1.6 1.4 1.2 1 AUT SPA FIN FRA NLD PRT
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58.9% increase in the volatility of the extensive margin of exports and the group of countries converging to a lower volatility has experienced a 37.5% drop in the volatility of the extensive margin of exports.
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The model



In this section, we develop a theoretical model to account for the stylized facts analyzed in the previous section. In particular, we quantify the impact of the monetary policy and exchange rate regime before and after the adoption of the common currency on the volatility of the extensive margin of trade. The analysis proceeds within a two-country open-economy model with an endogenous traded goods sector, endogenous labor supply and sticky prices, allowing for a non-trivial role played by monetary policy and exchange rate regimes.
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3.1



Households



In each country the number of households with in…nite life is normalized to unity. In the home country the representative household maximizes a welfare index:9 "1 !# 1 1+ X c ` s s s t ; t = Et 1 1+ s=t subject to the budget constraint: bt + et b



;t



+ pt (e vt (nt + ne;t ) xt + ct ) = rt



1 bt 1



+ et rt



1 b ;t 1



and to the appropriate transversality conditions. In the above expressions,



+ pt det + vet nt xt



1



+ wt `t ;



is the subjective discount factor, ct is the aggregate consumption



bundle, `t is the quantity of labor supplied. The degree of risk-aversion is



1



and



is the



elasticity of labor supply with respect to the real wage. The variable pt denotes the CPI in the domestic country in period t, and wt the nominal wage. Domestic households have access to three di¤erent assets: a mutual fund shares of domestic …rms (xt ) and two nominal bonds issued in the domestic and in the foreign economy, respectively in quantity bt and b ;t , that pay nominal interest rates rt



1



and rt



1



between periods t



1 and t. In period t,



the household determines the optimal fraction xt of the national fund to be held, given the average value of national …rms in period t, vet , and the average total real amount of dividends det . Similar relations do hold for the representative foreign household, where foreign variables are denoted with a .



First order conditions of the domestic household j with respect to ct , `t ; bt ; and b ct



Et vet



(1



) Et



Et where



t



=



pt pt 1



"



ct+1 ct ct+1



rt (1 + t+1 ) det+1 + vet+1 rt



et+1 r et t



1 is the CPI in‡ation rate, and $t =



wt pt



imply:



1 = 0;



`t ct



ct+1 (1 + t+1 )



;t



= 0;



$t = 0; # = 0;



is the CPI-based real wage.



9 We do not describe in details relations characterizing the foreign economy. However, similar conditions hold.
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As agents have access to local and foreign bonds, …nancial markets perfectly integrated. The uncovered interest rate parity thus holds. As a condition similar to the Euler equation on bonds holds for foreign households, combining Euler equations on bonds for both domestic and foreign households, and using the uncovered interest rate parity condition yields the following risk-sharing condition:10 ct ct where qt =



et pt pt



= qt ;



is the real exchange rate.



The aggregate consumption is a bundle of the di¤erent varieties available in the domestic economy: ct =



Z



nt



cd;t (!)



1



d! +



0



where



Z



nx;t



cx;t (!)



0



1



d!



!



1



;



> 1 is the elasticity of substitution between di¤erent varieties, nt is the number of



domestic varieties, and nx;t is the number of foreign imported varieties.11 The corresponding CPI is: pt =



Z



nt



pd;t (!)1



d! +



0



Z



0



nx;t



px;t (!)1



d!



!



1 1



;



where pd;t (!) is the price of imported varieties and px;t (!) the domestic price of foreign varieties imported in the domestic market. Optimal variety demands are thus: cd;t (!) =



3.2



pd;t (!) pt



ct ;



cx;t (!) =



px;t (!) pt



ct :



Firms



The production sector follows Ghironi and Melitz (2005), allows for endogenous entry and endogenous tradability, and incorporates sticky prices. After …rms enter in the production sector, they must decide whether selling in the domestic market or selling both in the domestic and the foreign market, depending on their speci…c productivity level, which determines their ability to pay the entry cost on export markets. The model therefore provides an endogenous mechanism for both the total number of …rms/varieties in the economy, and for the number 10



The foreign Euler condition thus becomes redundant once the risk-sharing condition is taken into account to determine the equilibrium. 11 As will become clear in the next section, nt varieties are produced in the domestic (resp. nt in the foreign economy) and only a subset nx;t (resp. nx;t ) of the total number of varieties is actually traded.
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of exporting …rms, which is exactly the extensive margin of trade, due to the fact that each …rm produces a single variety. Total number of varieties. First, we describe the endogenous determination of the total number of …rms in the economy. At each period t, there are two types of …rms in the domestic economy: nt …rms that are already on the market at the beginning of the period and ne;t …rms that are newly created during this period.12 At the end of the period a fraction 2 [0; 1] of all existing …rms is exogenously a¤ected by an exit shock. We assume that the entry occurs one period ahead of production. The total number of varieties in the domestic economy thus evolves according to: nt = (1



) (nt



1



+ ne;t



1) :



In period t, ne;t new …rms enter the market. They start producing in t + 1, as period t is devoted to build the plant. Each entrepreneur uses a sunk and …xed amount fe of e¢ cient labor to build the …rm. Entry in the market occurs as long as the expected (average) pro…t is greater than the entry cost, i.e. until: vet = fe



$t : at



Each of the nt …rms is specialized in the production of a di¤erentiated variety. In period t, the production function of the representative domestic …rm specialized in variety ! is: yt (!) = z (!) at `dt (!) ; where at is the aggregate labor productivity common to all domestic …rms, z (!) is the …rmspeci…c labor productivity drawing in a Pareto distribution, and `dt (!) is the quantity of labor. Aggregate productivity evolves according to the following autoregressive process: at = (1 where



z;t



a) a



+



a at 1



+



a;t ;



is a mean-zero iid innovation with constant variance.



Exporters and non-exporters. Second, given the total number of …rms that produce goods during the period nt , the subset of these …rms selling in both domestic and foreign markets, 12



Similar conditions hold in the foreign economy.
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denoted nx;t , is determined. While all …rms supply the domestic market, the ability of …rms to access foreign markets depends on their individual productivity. Access to the export market indeed requires the repeated payment of a …xed export cost fx , expressed in units of e¤ective t labor (or fx $ at in units of consumption goods), and the payment of an iceberg melting cost



(1 + ).13 The condition to access foreign markets is to generate enough pro…ts to cover these costs, and depends on …rm-speci…c productivity. Let pd;t (!) denote the nominal price of a domestic variety sold in the domestic market, and px;t (!) the nominal price of a domestic variety sold in the foreign market.14 Export prices of domestic varieties are denominated in the foreign currency, determined after domestic prices, and a¤ected by iceberg melting costs, so that px;t (!) = (1 + ) et 1 pd;t (!), or in real terms: x;t (!)



where



d;t (!)



=



pd;t (!) pt



and



x;t



=



1



= (1 + ) qt



px;t (!) pt



d;t (!) ;



(1)



are real prices. Domestic prices pd;t (!) are chosen



subject to an adjustment costs paid in terms of domestic goods, as in Rotemberg (1982). The representative domestic …rm ! faces a quadratic cost: %t (!) =



2



2



pd;t (!) pd;t 1 (!)



d t (!) yt (!) ;



1



0;



where ytd (!) is the demand faced by the …rm. First, let us derive the optimal pricing in the case of a non-exporting …rm. In this case real dividends are: dd;t (!) =



d d;t (!) yt (!)



2



2



pd;t (!) pd;t 1 (!)



1



$t y d (!) : z (!) at t



d d;t (!) yt (!)



In period t, the representative …rm ! chooses pd;t (!) to maximize the sum of the current dividends and the value of the …rm, which is the expected present discounted value of future dividends. The optimal pricing condition is: d;t (!)



=



t



$t ; z (!) at



where, after de…ning the average PPI in‡ation rate as t



(2)



d;t



=



pd;t (!) pd;t 1 (!)



= (



1) 1



2 2 d;t



+



d;t (1 +



d;t )



(1



) Et



d;t+1



(1+



1, the markup writes: 2



)



yt+1 uc;t+1 (1+ t+1 )yt uc;t d;t+1



z(!)a `d (!)



:



t t t (!) Out of a quantity yt (!) = z (!) at `dt (!) produced, only ytd (!) = y1+ = is actually sold. 1+ 14 Symmetrically, pd;t (!) is the nominal price of a foreign variety sold in the foreign market, and px;t (!) is the nominal price of a foreign variety ! sold in the domestic market.
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Importantly, …rms entering the market price exactly like …rms already on the market and behave as the (constant number of) price setters in Rotemberg (1982). Pricing conditions are the same for entrants as for …rms operating on the market during period t



1. This is



consistent with the time-to-build structure of entries: new …rms start producing after one period, have time to learn the pricing decisions made by ‘old’…rms in period t and imitate them in period t + 1.15 The optimal determination of domestic prices is the same for nonexporting and exporting …rms. To see this, remark that export dividends can be expressed as a function of domestic prices using equation (1), which together with the shape of foreign demand, implies that the optimal decision made by exporting …rms for the domestic price is exactly that described by equation (2). The real total dividend of a domestic plant ! writes:16 dt (!) = dd;t (!) + dx;t (!) ; where domestic dividends are obtained by substituting the production cost using the pricing equation and by using the demand faced by …rms on the domestic market: dd;t (!) = 1



2



1



2 d;t



t



and export dividends are derived similarly: ( 1 1 dx;t (!) = qt x;t (!) ct 1 t



fx



d;t (!) (ct



$t at



+ %t ) ;



if the …rm exports,



dx;t (!) = 0



(3)



if the …rm does not export.



Firm-speci…c productivity draws and cut-o¤ exporting …rm. The determination of the number of exporting …rms depends on the (time-varying) individual productivity zx;t of the cut-o¤ exporting …rm, i.e. the last …rm productive enough to pay exports costs. The latter is determined by a zero-export-pro…t condition dx;t (!) = 0, which, using equation (3) and the pricing equation, yields: zx;t = (1 + )



t t t



fx 1 ct



15



1 1



$t qt at



1



:



(4)



See Bilbiie et al. (2007) for more discussion. The entry cost is paid once, when the plant is created, and does not enter the expression of pro…ts, as opposed to the cost of exporting, that is paid each period. If the latter is not paid, the …rm stops exporting. 16
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Firm-speci…c productivity z (!) has a Pareto distribution with lower bound zmin and shape parameter k >



k =z k+1 and the 1: The probability density function of z is g (z) = kzmin



(zmin =z)k . The relative weight of exporting …rms



cumulative density function is G (z) = 1 is thus determined by: nx;t = (1



G (zx;t )) nt = (zmin =zx;t )k nt :



The number of exporting …rms is thus a decreasing function of the productivity threshold. In addition, equation (4) sheds light on the determinants of the number of exporting …rms in the model, nx;t : the level of the marginal production cost a¤ects nx;t negatively, as well as the …xed export cost; the size of the foreign market a¤ects nx;t positively, just as the real exchange rate (a real depreciation, i.e. an increase in qt a¤ects nx;t positively). Finally, trade costs increase the export threshold, i.e. larger trade costs lower the number of exporters.



3.3



Aggregation and equilibrium



Average values. We solve the model by averaging the productivity of domestic suppliers and the productivity of …rms addressing both markets.17 The average productivity of each type of …rm is: zed;t = 5zmin , zex;t = 5zx;t ;



1



where 5 =



k k ( 1)



1



, which gives the average pricing conditions:



ex;t



$t , 5zmin at $t = x;t (e zx;t ) = (1 + ) qt 1 t ; 5zx;t at ed;t =



zd;t ) d;t (e



=



t



and the average domestic and export dividends: ded;t = ded;t (e zd;t ) =



1



dex;t = dex;t (e zx;t ) =



1



2 d;t



2



t



1 k



(



1 ed;t (ct + %t ) ,



1)



fx



$t : at



The total average dividend thus writes:



17



nt det = nt ded;t + nx;t dex;t ;



An extensive discussion of the calculations can be found in Ghironi and Melitz (2005).
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and the total average value of …rms, vet , is de…ned similarly. Symmetric relations characterize



the foreign economy.



Equilibrium. Assuming symmetry in asset holdings (so that, xt = xt



1



= xt = xt



1



= 1)



in each economy, and de…ning the aggregate (domestic) output of the consumption sector as Rn yt = 0 t d;t (!) yt (!) d!, a competitive equilibrium is de…ned as a sequence of quantities: 1 e e fQt g1 t=0 = fyt ; yt ; ct ; ct ; `t ; `t ; nt ; nt ; ne;t ; ne;t ; nx;t ; nx;t ; zx;t ; zx;t ; dt ; dt ; bt ; b ;t ; bt ; b ;t gt=0 ;



and a sequence of real prices:



fPt g1 t=0 = fed;t ; ed;t ; ex;t ; ex;t ; $ t ; $ t ;



t;



t;



et ; vet ; qt g1 t=0 ; d;t ; v



d;t ;



1 such that, for a given sequence of shocks fSt g1 t=0 = fat ; at gt=0 , and conditional on a certain



monetary policy: 1 (i ) For a given sequence of prices fPt g1 t=0 , the sequence fQt gt=0 satis…es …rst-order con-



ditions of domestic and foreign households and maximizes domestic and foreign …rms’ dividends. 1 (ii ) For a given sequence of quantities fQt g1 t=0 , the sequence fPt gt=0 guarantees the equi-



librium of labor markets:18 0 ded;t 1 1 @n t `t = $t ( t 1) 1 2 2d;t 0 ded;t 1 1 @nt `t = $t ( t 1) 2 1 2 d;t



1



1 t 1 t 1 t 1 t



1 + nx;t dex;t A + at 1 + nx;t dex;t A +



t



1 at



nx;t fx + ne;t fe ;



1



t



t t



1



nx;t fx + ne;t fe



the equilibrium of consumption goods markets:



1 1 yt = nted;t (ct + %t ) + qt nx;tex;t ct ;



1 yt = nt ed;t



1 (ct + %t ) + qt 1 nx;tex;t ct ;



and the equilibrium of …nancial markets:



bt + bt = 0; b



;t



+b



;t



= 0:



18 In the case of ‡exible prices, the markup is constant, i.e. t = = conditions are exactly similar to those of Ghironi and Melitz (2005).
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1



, and the labor markets equilibrium



;



The equilibrium de…ned above is determined conditionally on a certain monetary policy in both countries, which in turn determines the dynamics of the nominal exchange rate. Aggregate output. We also de…ne aggregate real output measures that are consistent with actual GDP measures. These measures include the aggregate output of the consumption sector, the costs of building new plants and the export costs: ygdp;t = yt + (fe ne;t + fx nx;t ) ygdp;t = yt + fe ne;t + fx nx;t



$t ; at $t : at



Variety e¤ ect. Finally, in this open economy, the structure of price indexes implies the following variety e¤ect: 1 nte1d;t + nx;tex;t



4



1 nt ed;t



= 1;



1 + nx;tex;t



= 1:



Steady state and parametrization



Steady state. We de…ne a symmetric steady state as a situation without in‡ation where all variables are constant and where c = c => q = 1: Without loss of generality, we also assume a = zmin = 1. The steady state of this economy does not generally admit a closed-form representation. However, adjusting the export costs so that the share of exporting …rms is constant and equal to ', a closed-form representation of the steady state can be derived. In particular, given the share of exporting …rms ', the steady state level of hours is uniquely pinned down and is equal to: 6(



`=



1)



(



3 5)



6 (1



)



6



(



1)



4



;



where, =



(1



3



(1 ) ) ; (1 ) = fe (



5



=



1



1) 1



+



1



+



=



1



1 (1



k



k (



1)



;



+ '



2



;



1



= (1 + ) 4



='



1 k



1'



1 k



((1 + ) )



+ '( 1



fe



2



+ )1



'



1 1



17



1) ;



1



;



2 1



;



6



= (1 +



( + ))



1



:



Other variables are functions of `, or functions of



, if



is adjusted to normalize ` (see



Appendix A for more details). Before proceeding to further analysis, we assign numerical values to the economy’s structural parameters. Preferences. The set-up is annual for the parameterization to be consistent with the empirical facts described in Section 2. The discount factor is thus set to



= 0:96, implying an annual



real interest rate of 4.17% in the steady state. As in Ghironi and Melitz (2005), the riskaversion parameter is set to



= 2. The inverse of the Frischian elasticity is set to



1



= 1.



The steady state value of ` is normalized to one under all calibrations by adjusting the value of . The production sector. Without loss of generality, we set fe = 1.19 The annual proportion of …rms that exit the market each period in the economy is



= 0:1 (see Bergin and Corsetti



(2008)). We follow Ghironi and Melitz (2005) and calibrate the elasticity of substitution between varieties at



= 3:8. Even though Berman, Martin and Mayer (2009) provide evidence



of lower elasticities in France using …rm-level data, lower values imply markups that are too high with respect to values found in empirical studies. Incidentally, a value of



= 3:8



apparently implies very high steady state markups. The question of markups in our model is a little more complex, however. As noted by Bilbiie et al. (2007),



1



is the markup over



marginal costs. Comparing this markup with the markup arising in models without entry and …xed costs, i.e. in which the markup over average costs and the markup over marginal costs coincide, might be confusing. In our model, a way to measure the markup over average costs in the steady state is to divide total dividends de by the aggregate production of the



consumption sector y. Our baseline calibration ( = 3:8) yields a markup on average costs of 14:29%, which matches quite closely values usually obtained in models without entry. We make use of this result to calibrate the nominal rigidities parameter



. In a model



with Calvo prices, changes in the markup a¤ect the dynamics of in‡ation with intensity c )(1



(1



c



c)



where



1 1



c



is the average duration of price contracts. With price adjustment



19



Only the ratio between fe and fx is relevant in determining the steady state, and fe can be freely normalized without any consequence on the steady state or on dynamics.
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costs, the impact is



1



. The Rotemberg parameter should thus be set to equalize the impact



of changes in the markup on in‡ation dynamics, i.e.



=



( (1



1) c )(1



c c)



. However, due to the



discrepancy between the markup over average and marginal costs implied by our model, we choose to adjust the value of



used to calibrate , so as to obtain a consistent value of ( no entry 1) c the parameter governing nominal rigidities, i.e. = (1 c )(1 c ) , where no entry is the value of the elasticity among varieties usually calibrated in models without entry. Based on empirical evidence about EMU countries (see Benigno and Lopez-Salido (2006)), we assume that retailers change prices every 6 quarters on average ( 1 1 c



implying



= 0:3333), which, given that



no entry



= 7:5 and



= 1:5 in an annual set-up,



c



= 0:96, implies



= 4:7785.



The trade sector. Following Berman et al. (2009), we adjust the …xed export cost so that the share of exporting …rms is exactly ' = 20%, in accordance with the observed proportion in France. We do not dispose of clear-cut empirical evidence about trade costs and productivity distributions in Europe. In particular, based on various measures of the freeness of trade, empirical studies show that trade costs may vary largely across countries and sectors (see Chen and Novy (2008) for an illustration). Based on US data, Ghironi and Melitz (2005), choose



= 0:3. Corsetti et al. (2008) allow trade costs to vary from 0:2 to 0:75. Berman et al.



(2009) set



= 0:2, which is lower than the value of Ghironi and Melitz (2005). Identically, for



the parameter k, which governs the distribution of …rms’ productivity, Ghironi and Melitz (2005) set k = 3:4 and Berman et al. (2009) choose much lower values (k = 1:5 in their benchmark calibration).20 Due to the lack of converging values for Europe, we choose to tailor the values of state



nx e1x ygdp



and k so as to match the degree of trade openness in the steady



with the observed degree of intra-zone trade openness in the EMU, which is



around 30% (see European Commission, 2006). We choose to set



= 0:2; implying a Pareto-



distribution parameter of k = 2:96. Our calibration implies that exporters are 72:24% more productive than non-exporters, and domestic prices are 43:53% higher than export prices. Shocks. Finally, parameters governing productivity shocks dynamics are std



z;t



z



= 0:8145, and



= 1%.21



20



Notice however that they are not tied by the requirement that k should be higher than ( presence of distribution costs in their model. 21 A quarterly persistence of 0:95 yields an annual persistence of z = 0:954 = 0:8145.
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1) due to the



5



Dynamics under …xed exchange rates vs. monetary union



In this section, we analyze the e¤ects of productivity shocks in a loglinearized version of our two-country model. Monetary policy and exchange rate regimes. We close the model assuming that monetary policies are set according to Taylor-type rules. The question of which in‡ation rate is targeted is clearly important in the analysis. In particular, due to the fact that the number of varieties enters the CPI, the model-consistent CPI does not correspond to the data-consistent CPI. Therefore, we assume that the central bank targets the average PPI in‡ation rate



d;t ,



i.e. the



in‡ation rate of average domestic producer prices. We argue that this rate is consistent with statistical measures that central banks actually observe and react to. In addition, central banks also react to a data-consistent measure of the GDP, that again does not take into r = ygdp;t =ed;t . account the e¤ects of time-varying varieties, i.e. ygdp;t



We argue that monetary uni…cation fundamentally changed the monetary policy arrangement of EMU countries. In the pre-EMU …xed exchange rate arrangement, followers, such as France or the Netherlands, pegged their currencies to a leader, Germany. In the post-EMU arrangement, the common central bank takes into account union-wide variables (in‡ation rate and GDP). More formally, in the case of a …xed exchange rate regime, monetary policy will be set according to domestic targets in the domestic economy (the leader) and according to an active exchange rate peg in the foreign economy (the follower): rbt = where



e



> 0,



> 1,



r



bt 1 rr



+ (1



rbt = rbt



r)



et e (b



bd;t + ebt



1) ;



r bgdp;t yy



;



(5) (6)



0 and where hats denote logdeviations. As shown by Be-



nigno, Benigno and Ghironi (2007), such a monetary policy guarantees both national and international determinacy, delivers a constant nominal exchange rate, and therefore yields an equality between domestic and foreign nominal interest rates in equilibrium. In contrast, in the case of a monetary union, both countries share the same currency, and the nominal exchange rate is always constant by de…nition. The nominal interest rate is set
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by the common central bank according to: rbt = rbt = rbtu =



btu 1 rr



+ (1



bud;t +



r)



r;u bgdp;t yy



;



(7)



r;u r r = 12 ybgdp;t + 12 ybgdp;t . In the benchmark calibration, where but = 12 bd;t+1 + 21 bd;t+1 and ybgdp;t



policy parameters are



r



= 0,



=



e



= 1:5 and



y



= 0:25.



Impulse response functions. Figure 2 plots the Impulse Response Functions (IRFs hereafter) implied by the model after an asymmetric domestic productivity shock in a …xed nominal exchange rate regime and in a monetary union. Figure 2 also plots the equilibrium of the model under ‡exible prices to provide insights about the role of prices stickiness under both exchange rate regimes in the model. Figure 2: IRFs after a 1% domestic productivity shock. Solid: ‡exible prices / Dashed: …xed exchange rates / Dotted: monetary union.



0.1 0.05



0.5



0



0



-0.4



5



10 15 20



Exp. Thres. - foreign 0.1



-0.05



0



5 10 15 20 Exporters - foreign



10 15 20



%



0.1



-0.1 5



10 15 20 Years



5 10 15 20 CPI inflation - foreign 0



-0.2



%



%



-0.1 -0.2 -0.4 5



Eff. wage (w/a) - home



0



0.2 0 -0.2 -0.4 -0.6 -0.8



5 10 15 20 CPI inflation - home 0



10 15 20



Eff. wage (w/a) - foreign 0.04 0.02 0 -0.02 -0.04 -0.06 -0.08 5



-0.3 5



10 15 20



5



Nominal interest rate 0



%



5



-0.1



-0.15



%



5 10 15 20 Exporters - home 1.4 1.2 1 0.8 0.6 0.4 0.2



%



%



-0.3



5 10 15 20 Exp. Thres. - home



-0.2



-0.2



-0.1



0



%



-0.1



5 10 15 20 Varieties - foreign



%



%



1



0.8 0.6 0.4 0.2 0



Hours - foreign



%



%



0.15



5 10 15 20 Varieties - home



%



Hours - home



%



0.25 0.2 0.15 0.1 0.05



Consumption - foreign



%



%



Consumption - home



-0.1 -0.2



10 15 20 Years



5



21



10 15 20 Years



10 15 20



Real exchange rate 0.14 0.12 0.1 0.08 0.06 0.04 0.02 5



10 15 20 Years



Under ‡exible prices, a domestic productivity shock enhances the e¢ ciency of domestic …rms both at the intensive margin, inducing domestic …rms to produce more of existing varieties, and at the extensive margin, implying an increase the creation of new plants at the same time. These e¤ects are depicted by the joint responses of domestic consumption and the total number of domestic varieties. The increase in entries in the domestic economy (not reported) requires an additional amount of labor and hours worked rise signi…cantly in the domestic economy. The rise in hours worked is obtained alongside with an increase in the domestic e¢ cient wage, which is needed to induce households to increase their labor supply. Under ‡exible prices, only average PPI in‡ation rates are constant, while CPI in‡ation rates are not, because they incorporate the rates of change in domestic and foreign varieties. As in a closed economy (see Bilbiie et al. (2007)), we …nd that an increase (respectively a drop) in the growth rate of the total number of varieties leads to a drop (resp. an increase) in the CPI in‡ation rate. Interestingly, under ‡exible prices, the drop in the CPI in‡ation rate combines with the dynamics of the nominal interest rate to deliver higher ex-ante returns on the creation of new …rms, leading to an increase in the average value of …rms, which is consistent with booming entries. The transmission of the shock to the foreign economy occurs through the risk-sharing condition together with the composition of CPIs (variety e¤ects) and the equilibrium of the consumption goods markets. Domestic consumption increases signi…cantly, and relative domestic real prices fall, as attested by the larger drop in the domestic CPI in‡ation rate compared to the foreign CPI rate. It leads the real exchange rate to depreciate, although by less than the increase in domestic consumption. Foreign consumption thus increases because domestic exported goods are cheaper for foreign consumers. However, foreign varieties are less competitive and the expenditure switching e¤ect towards domestic goods in both economies leads foreign producers to experience shrinking demand. The shortage in the demand for foreign varieties triggers a drop in production, hours worked, and expected pro…ts, which leads …rms to exit the market, a¤ecting progressively and negatively the total number of varieties. Finally, the number of domestic exporters is positively a¤ected by the increasing total number of varieties and by the decreasing export threshold. The latter drops through the e¤ect of the depreciating real exchange rate, together with the increased market size abroad. The
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shock exerts opposite e¤ects on the foreign number of exporters: the fall in the number of varieties produced in the foreign economy, together with the increase in the export threshold (mostly driven by the dynamics of the real exchange rate), lead the total number of exporters to drop in the foreign economy. As a consequence, the export sector expands temporarily in the domestic economy and shrinks in the foreign economy. The analysis of IRFs with sticky prices, under …xed exchange rates and in a monetary union, o¤ers additional insights. In particular, sticky prices a¤ect the dynamics of both economies through modi…cations in the adjustment patterns of real interest rates, with signi…cant e¤ects on entries, on the total number of varieties and in turn on the total number of exporters. In the case of a domestic productivity shock, the additional drop in CPI in‡ation rates under both exchange rate regimes is entirely due to the dynamics of the average PPI in‡ation rate. In the …xed exchange rate regime, the drop in CPI in‡ation rates is much larger because monetary policy in both countries targets domestic in‡ation and output. As a consequence, the CPI-based real interest rate increases more than under ‡exible prices. As shown in the model section, a tight trade-o¤ relation links real returns on bonds and ex-ante expected returns on shares. When the CPI-based real interest rate increases, the no-arbitrage condition imposes an increase in the value of …rms and stimulates entries, inducing a progressive increase in the total number of varieties. Indeed, in models with entry costs speci…ed in terms of e¢ cient labor, restrictive monetary policy shocks or endogenous monetary policy reactions increase entries and the total number of varieties, while expansionnary policies decrease entries and total varietes. This e¤ect is directly related to the valuation channel of …rms and to the fact that entry costs rise (fall) after expansionary (restrictive) monetary policy shocks or reactions (see Bilbiie et al. (2007) for an extensive discussion). Therefore, in the …xed exchange rate regime, because the CPI-based real interest rate increases more than under ‡exible prices in both countries, the increase of entries and varieties is magni…ed in the domestic economy and the drop of entries and varieties is attenuated in the foreign economy. In addition, prices stickiness leads to a delayed response of e¢ cient wages. They decline in both countries on impact, and increase less for the next 10 periods. This dynamics of e¢ cient real wages reinforces the increase in entries and varieties in the domestic
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economy and contributes to attenuate the drop in entries and varieties in the foreign economy. It also a¤ects the dynamics of the export threshold in both countries: the threshold drops more in the domestic economy and increases less in the foreign economy. As a consequence of these joint dynamics, the number of exporters overshoots in the domestic economy and drops less in the foreign economy, in comparison to the ‡exible prices equilibrium. Finally, because nominal rigidities tend to magnify the responses of investment in the creation of new varieties, the increase in consumption is lower in both countries, which is consistent with a shift in households’resources from the consumption sector to the investment sector. The same e¤ects are observed in the case of a monetary union, but their magnitude is smaller. Because monetary policy focuses on union-wide in‡ation and output targets, the e¤ects of nominal rigidities are smaller in both countries, as shown by the attenuated responses of CPI in‡ation rates. The immediate consequence of the smaller impact of nominal rigidities is that the equilibrium in a monetary union is closer to the ‡exible prices equilibrium. The analysis of the IRFs after a domestic shock clearly shows that prices stickiness alters the adjustment pattern of many variables as compared to the ‡exible prices equilibrium. In addition, alternative exchange rate regimes also lead to di¤erent adjustment patterns. In particular, after a shock in the domestic economy (the leading country) (i ) the increase in the number of exporters is larger in the domestic economy (the leader) under the …xed exchange rate regime than in a monetary union, and (ii ) the drop in the number of exporters is smaller in the foreign economy (the follower) under the …xed exchange rate regime than in a monetary union. Thus, monetary uni…cation is expected to lower the volatility of the number of exporter, i.e. of the extensive margin of trade, in the domestic (leading) economy, and is expected to increase the volatility of the extensive margin of trade in the foreign (following) economy. We complete this analysis and report the IRFs after an asymmetric foreign productivity shock in Figure 3. Under ‡exible prices, the dynamics is exactly symmetric to that observed in the case of a domestic productivity shock. Under sticky prices, the adjustment pattern in the case of a foreign productivity shock is very di¤erent from that arising after a domestic productivity
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Figure 3: IRFs after a 1% domestic productivity shock. Solid: ‡exible prices / Dashed: …xed exchange rates / Dotted: monetary union.



5



10 15 20 Years



-0.02 -0.04 -0.06 -0.08 -0.1 -0.12 -0.14 5



10 15 20 Years



shock, only under …xed exchange rates. In particular, while a shock in the leading country leads to a drop in both CPI in‡ation rates, a productivity shock in the following economy implies an increase in CPI in‡ation rates. This reversal of the dynamics of CPI in‡ation rates is entirely driven by the monetary policy arrangement under …xed exchange rate. Through general equilibrium e¤ects, the de‡ation imported in the leading economy from the following economy is small enough to be overturned by the increase in output in the reaction function of the central bank, and the nominal interest rate increases in equilibrium. Therefore, the dynamics of CPI-based real interest rates is reversed as compared to the case of a shock in the leading economy, and the reaction of the central bank of the leading economy to output is the key for this reversal. Resources are shifted from the investment sector to the consumption sector: (i ) the response of consumptions are magni…ed as compared to the ‡exible prices
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equilibrium, (ii ) the drop in entries is larger in the leading economy and the increase in entries smaller in the following economy, (iii ) export thresholds increase more or drop less, and (iv ) the total number of exporters drops more in the leading economy and increases less in the following economy. In comparison, this reversal in the pattern of real interest rates (driven by CPI in‡ation rates and by monetary policy) is not observed in a monetary union. Indeed, in this case, a productivity shock in the foreign (following) economy produces e¤ects that are symmetric to those arising after a productivity shock in the domestic economy. Therefore, in the case of a productivity shock in the foreign economy, because of the reversed dynamics of CPI-based real interest rates, monetary uni…cation is expected (i ) to lower the volatility of the extensive margin of trade in the leading economy, and (ii ) to magnify the volatility of the extensive margin of trade in the following economy. In our model, monetary policy arrangements lead to di¤erent economic dynamics with respect to the dynamics implied by ‡exible prices equilibrium. In particular, a …xed exchange rate regime leads productivity shocks to exert di¤erentiated e¤ects on the extensive margin of trade, while a monetary union displays IRFs that are closer to those arising under ‡exible prices. Under …xed exchange rates, because monetary policy is aimed at targets in the leading economy only, monetary policy is both too tight in the case of a productivity shock in the leading economy, and too loose in the case of a productivity shock in the following economy. Since a monetary union delivers symmetric dynamics after both shocks and similar dynamics to those arising under ‡exible prices, monetary uni…cation shall induce (i ) a signi…cant drop in the volatility of the extensive margin of trade in the leading economy, since its responses are larger under a …xed exchange rate regime than in a monetary union, and (ii ) an increase in the volatility of the extensive margin of trade in the following economy, since its responses are smaller under a …xed exchange rate than in a monetary union. Numerical simulations. In this section, we report the variation of the volatility of the extensive margin of trade implied by our model after monetary uni…cation. For the sake of consistency, the arti…cial time series generated by the model are HP-…ltered with the same parameter (6.25) that has been applied to the data. Table 2 reports the variations in the volatility for various parameter values, thereby testing the sensitivity of our results to changes in
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structural parameters, as well as policy parameters. From the data (Section 2), recall that (nx ) =



37:5% and



(nx ) = 58:9%.



Table 2: Changes in the volatility of the Baseline y =0 (nx ) (nx ) (nx ) Baseline 5:56 0:53 0:20 ' = 0:25 5:58 0:46 0:18 ' = 0:30 5:59 0:41 0:17 =1 6:23 2:87 0:07 =5 5:83 1:39 0:30 = 0:5 6:56 0:55 0:19 =5 4:07 0:80 0:21 =1 1:44 1:05 0:16 = 10 9:37 1:95 0:14 (at ; at ) = 0:25 5:34 0:51 0:20 4:95 0:47 0:19 (at ; at ) = 0:50



extensive margins of trade, in % y = 0:125 y = 0:5 (nx ) (nx ) (nx ) (nx ) (nx ) 0:19 2:62 1:33 11:78 4:39 0:18 2:61 1:30 11:83 4:52 0:17 2:61 1:27 11:86 4:62 0:07 3:14 2:23 11:77 1:27 0:28 2:50 0:75 14:11 10:06 0:18 3:00 1:30 14:79 9:53 0:20 1:99 1:09 8:04 1:40 0:16 0:78 0:69 2:89 1:27 0:13 4:34 1:07 18:44 11:39 0:19 2:55 1:30 11:03 4:08 0:18 2:42 1:23 9:79 3:56



Table 2 shows that the intuition provided by analyzing the IRFs is veri…ed. Monetary uni…cation lowers the volatility of the number of exporters in the pre-EMU leading country and increases the volatility of the number of exporters in the pre-EMU following country. The second column of the Table (



y



= 0) indicates that the e¤ect arises when monetary policy



does not include output stabilization motives, but its magnitude remains modest. For our baseline calibration, the volatility of the extensive margin of trade falls by 0.2% only in the leading country and increases by 0.19% only in the following country, which is clearly distant from what is observed in the data. The inclusion of an output stabilization component in the monetary policy rules ampli…es the e¤ects of monetary uni…cation on the volatility pattern to a certain extent, as shown by columns 3 ( drops by 2.62% when



y



increases by 1.33% when



y



= 0:125) and 1 (



= 0:125 and by 5.56% when y



y



= 0:125 and by 0.53% when



y



= 0:25). The volatility now



= 0:25 in the leading country, and y



= 0:25 in the following country.



As reported in column 4 of the Table, too much weight placed on output stabilization reverses the volatility pattern for the following country, since it leads the volatility of the extensive margin of trade to decrease after monetary uni…cation for both countries, in contrast with the data. Therefore, columns 1 and 3 appear to reproduce acceptably the pattern of changes in the volatility of the extensive margin of trade observed in the data, at least qualitatively. Quantitatively, the magnitude of the e¤ects of monetary uni…cation implied by our model
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remains too small compared to the data, suggesting that monetary uni…cation is a signi…cant yet insu¢ cient part of the complete picture. The sensitivity of the result to changes in the value of deep parameters is also reported in Table 2. In particular, changes in the steady state share of exporters ('), that may be driven either by lower trade costs (for a given value of the export cost) or by lower export costs (for a given value of trade costs), has little if any e¤ects on the pattern of our results. In our view, this is an important result since common sense suggests that the real main e¤ects of monetary uni…cation is the decrease in trade costs. We show here that the size of the traded sector does not impact signi…cantly on changes in the volatility of the extensive margin of trade. In addition, while the inverse of labor supply elasticity ( ) does not magnify our results, the risk-aversion parameter ( ) crucially a¤ects the magnitude of the e¤ects of monetary uni…cation. Indeed, risk-aversion controls the sensitivity of consumption dynamics to changes in the real interest rate, and therefore, among other things, the sensitivity of the economy to alternative monetary policy arrangements. When households are less riskaverse, they are less reluctant to adjust their consumption pro…les and the transmission of monetary policy actions is larger. In our model, the e¤ect is driven by the fact that monetary policy reduces the impact of nominal rigidities in a monetary union with respect to their impact in a …xed exchange rate regime. In other words, the e¤ect relies on real interest rates dynamics, and on their transmission to the extensive margin through investment in new ventures, that is possible because households face incentives to shift consumption resources to the investment sector. Therefore, it is not surprising that lower risk-aversion ampli…es our results by magnifying the transmission of monetary policy decisions to the economy. The degree of price rigidity ( ) a¤ects the magnitude of our results but is not a promising path to follow since it unambiguously ampli…es the drop in the volatility of the extensive margin of trade for both countries. Finally, the correlation between productivity shocks does not seem to a¤ect our results. It con…rms that di¤erences in terms of volatility between the …xed exchange rate regime and the monetary union relate to the impact of nominal rigidities and the transmission of monetary policy decisions to the real economy –particularly to the investment sector.
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6



Conclusion



In this paper, we collect data and build a measure of the extensive margin of trade in EMU countries to investigate whether monetary uni…cation has a¤ected its volatility, in addition to the e¤ects already documented in the literature on its mean. We show that the volatility of the extensive margin of trade has been dramatically a¤ected by monetary uni…cation, but that the impact is contrasted among EMU countries. In particular, Germany has experienced a large drop in the volatility of its extensive margin of trade, while other countries like France or the Netherlands, have experienced a large increase in the volatility of their extensive margins of trade. We show that this pattern may be accounted for in a two-country model with endogenous entry, heterogenous …rms, endogenous tradability and sticky prices. We examine the impact of moving from a …xed exchange rate regime – where a leading economy follows a domestic monetary policy and a following economy pegs its nominal exchange rate to the leading economy – to a monetary union on the volatility of the extensive margin of trade of both countries. We …nd that monetary uni…cation may have di¤erentiated e¤ects on the volatility of the extensive margin of trade: it lowers the volatility of the extensive margin of trade in the leading country and increases it in the following country, consistently with empirical evidence. The main channel through which volatilities are a¤ected is the design of monetary policies. In the …xed exchange rate regime, monetary policies in both countries target in‡ation and output of the leading economy. Nominal rigidities in the following economy are thus not taken into account, with consequences on both economies. Monetary uni…cation renders monetary policies more e¤ective in both countries by taking into account both domestic and foreign economic conditions, and results in a less volatile extensive margin of trade in the leading economy, and a more volatile extensive margin of trade in the following economy. While this pattern is qualitatively consistent with the data, the magnitude of these e¤ects remains too small as compared to the data. In addition to the e¤ects of monetary uni…cation on the volatility of the extensive margin of trade, factors such as trade regulations may have
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contributed to the di¤erentiated evolution of the volatilities of extensive margins of trade in EMU countries. These aspects are left for further research.
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Steady state



We de…ne the symmetric steady state as a situation without in‡ation where all variables are constant and where c = c => q = 1. We assume a = zmin = 1. In what follows, we denote = 1 : Some immediate relations yield: 1



r= where
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, ne =



n, de = fe $,



1



(1 (1 ) ) . (1 )



First, we use the expression of export pro…ts:
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remember also that export dividends dex are initially de…ned as:



dex =



1



$ 5zx
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allows us to express domestic dividends ded as a function of dex :
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dex + fx $ :
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After some rearrangements, plugging (8) and (9) into the total dividend in the steady state, and using nnx = zx k , we get: nx e de = ded + dx = n
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and rearranging, we get: fe = (1 + ) fx
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e de = $fe , and the expression The labor market clearing condition, using nded + nx dex = nd, of nx implies: ` fe + zx k fx : (11) = ( 1) + n 1 The following remaining relations (the labor supply equation, the export cut-o¤ point and the variety e¤ect): ` c = $; fx c
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together with equations (10)-(11) close the steady state. Even though Ghironi and Melitz (2005) show that the steady state of such an economy is uniquely pinned down, the system (10)-(13) has no closed-form solution. Hence, we consider 1 steady states where the number of exporting …rms is …xed and impose zx k = ' (or zx = ' k ). De…ning 1 = k (k 1) , equation (10) becomes: fx =



fe



;
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2 1



where 2 = (1 + ) (13), we get:
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1 k
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1). Using (15) and plugging in equations (11) and
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where 3 = fe ( 1) + 1 + ' 2 and 4 = ' ranging equation (14) the steady state is given by: `= c=
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Using (19) to substitute for n in (16), using (18) to substitute for $ in the resulting equation and combining with (20), we …nally get: `=
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where 6 = (1 + ( + )) 1 . Once ` is known, (20) gives c, (18) gives $, (19) gives n, and (16) gives the value of fx . If ` is normalized to 1, the value of is adjusted so that: =(
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Loglinearization



Loglinearized conditions for households are,22 Et fb ct+1 g b vet + Et fb ct+1 g



b vet + Et b ct+1



b ct
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Notice that the foreign Euler condition on bonds is redundant with the risk–sharing condition.
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where are,23
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1 is the steady state real rate of interest. Loglinear conditions for …rms
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Notice that markup ‡uctuations cancel in the loglinearization of the threshold.



35



Market clearing conditions and variety e¤ects are described by the following equations, `b `t n
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