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Abstract This paper studies the e¤ects of alternative exchange rate regimes on the extensive margin of trade. First, we investigate the phenomenon empirically. We build a measure of the extensive margin of intra–EMU trade and analyze the business cycle properties of this measure. We show that the adoption of a common currency has been associated with an increase of the volatility of the extensive margin of trade in the EMU. Second, we address this question theoretically and build a two–country version of the model of Bilbiie, Ghironi and Melitz (2007) with trade and endogenous varieties. We compare the variety e¤ect of two exchange rate regimes (‡exible exchange rates and monetary union) and show that monetary uni…cation may increase macroeconomic interdependence by means of a common nominal interest rate, a¤ecting the dynamics of entries. Finally, the model is able to replicate empirical evidence when monetary policies follow Taylor–type rules targeting the PPI in‡ation rates. Keywords: Extensive margin, variety e¤ect, monetary union, monetary policy. JEL Class.: E32, E52, F41.
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Introduction



This paper contributes to a growing amount of literature investigating the link between monetary policy and the creation of new goods varieties through extending the problem to an open economy.1 In a closed economy set–up, Bilbiie et al. (2007) show that real interest rate dynamics are crucial to the intertemporal arbitrage faced by …rms when they invest in the creation of new varieties, thereby increasing the future value of their shares, or produce more of each existing variety, thus paying a higher dividend at present in order to increase the current value of their shares. Using SVAR estimations, Bergin and Corsetti (2008) con…rm that monetary policy has a non–negligible e¤ect on net business creation and …rms’entry. They also show how simple macroeconomic endogenous entry models are able to replicate some of these features. In this paper, we …rst 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 bilateral intra–EMU exports. The covered period 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. 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 assessment of the stylized facts highlighted in the empirical section that presents some original conclusions. First, in accordance with most empirical studies (see for instance Flam and Nordstrom (2006) and Berthou and Fontagné (2008)), we …nd that the level of the extensive margin of trade has increased signi…cantly (by 7 to 10%) after the adoption of the Euro. Second, analyzing the business cycle properties of the extensive margin of intra–EMU trade, we 1



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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show that the volatility of the extensive margin of trade has increased (roughly by 15%) after the introduction of the Euro. We also point out the important negative cross– correlation of the extensive margin of trade with a measure of the nominal interest rate, suggesting that monetary policy might play an important role in understanding the dynamics of the extensive margin. The paper then builds a theoretical model and checks its ability to account for these business cycle properties about the extensive margin of trade. The theoretical model is a two–country version of the sticky prices model of Bilbiie et al. (2007), wherein households consume domestic and foreign goods. The model explicitly takes …rm entries into account, since new varieties enter both consumption bundles at each period. Trade thus occurs both at the intensive and the extensive margins. Financial markets are complete and perfectly integrated since …nancial assets (domestic, foreign nominal bonds and equities) are perfectly substitutable. The model features nominal rigidities since exchange rate arrangements have no e¤ect on the volatility of the extensive margin of trade under ‡exible prices. Monetary policies are determined by central banks, with the monetary policy instrument being the nominal interest rate, thus intended to stabilize either producer price index (PPI) or consumer price index (CPI) in‡ation rates. We use the theoretical model to compare the dynamics of the extensive margin of trade under two alternative exchange rate regimes: ‡exible exchange rates, which is a fair approximation of the



15% margins of the ERM after 1993, and a monetary



union. We …rst provide the reader with some insights in (Ramsey) optimal monetary policy under both regimes. We then focus on simple Taylor–type monetary policy rules. Under ‡exible exchange rates, both monetary policies are determined independently and each central bank sets the nominal interest rate through a simple Taylor–type rule that reacts positively to in‡ation. Under the second regime, the common central bank sets the common nominal interest rate using the same kind of policy rule, reacting to aggregate in‡ation within the monetary union.
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The main theoretical conclusion of the paper is that participation in a monetary union increases the volatility of the extensive margin of trade when monetary policy is speci…ed in terms of Taylor–type rules. In the model, entries are triggered by variations in expected returns on shares and these must be equated with expected returns on bonds in equilibrium. We …nd that monetary uni…cation deeply a¤ects the dynamics of the extensive margin of trade, through di¤erent dynamics of nominal interest rates. Monetary uni…cation respectively reduces the drop of the nominal interest rate for the economy undergoing a positive (asymmetric) productivity shock and increases the drop of the nominal interest rate for the other economy. As entries are negatively a¤ected by variations in the nominal interest rate, the rise of varieties in the domestic economy and the drop of varieties in the foreign economy both increase. As a result, the additional interdependence arising from participation in a monetary union is found to enhance the volatility of the extensive margin of trade. This theoretical result is qualitatively robust to the in‡ation rate that central banks target (PPI or CPI) and to a wide range of parameters value. Quantitatively, the model is in accordance with the empirical evidence put forth in the empirical section of the paper when central banks follow simple interest rate rules and target the PPI in‡ation rate. The remaining of the paper is organized as follows. Section 2 presents some empirical evidence about the impact of the Euro on cyclical properties of the extensive margin of trade within the EMU. Section 3 presents the major assumptions of the economy. Section 4 compares the dynamics of the extensive margin of trade after productivity shocks under the alternative regimes, based on impulse response functions (IRFs, hereafter). Section 5 also investigates the second–order moments implied by alternative regimes using numerical simulations and proceeds to a complete sensitivity analysis. Section 6 makes some concluding remarks.
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Stylized facts



This section presents some stylized facts about 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. We proceed as follows. First, we make use of the annual BACI database from the CEPII recording bilateral trade ‡ows (exports for instance) among EMU countries for more than 5000 tradable goods. When the product is not traded (even though it is tradable), the database reports a zero. From 1995 to 2005, for each country pair, we thus count the number of non–traded goods and the number of traded goods, thereby obtaining a measure of the bilateral extensive margin of exports. Then using STAN (the OECD trade and industry database), we collect the total bilateral exports in value among EMU members to build the (time–varying) weights of bilateral trade with each EMU partner for each country. Using these weights, we construct the average extensive margin of intrazone exports for each EMU participating country over the period. This period is very interesting since it covers both the end of the ERM and the beginning of the Euro starting in 1999.



2.1



Levels



We …rstly report the raw increase in the extensive margin of intra–EMU trade over the pre–and post–EMU periods (respectively form 1995 to 1999 and from 2000 to 2005). Results reported in Table 1 are clearly consistent with previous empirical studies about the impact of monetary uni…cation on the extensive margin of trade. For instance, Flam and Nordstrom (2006) show that the creation of the Euro has led to an increase in trade, driven by the extensive margin and by vertical specialization. Berthou and Fontagné (2008) con…rm these results using …rm–level data estimates. Table 1 shows that the increase of the extensive margin of intrazone trade before the Euro ranges from 1% to 2% over a 5 years period while the corresponding …gure after the Euro is between 7% and 10%. Although in accordance with previous studies, these aspects are
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Table 1: Variation of the extensive margin of intra–EMU trade, in % Austria Belgium Finland France Germany Greece Ireland Italy Netherlands Portugal Spain Average Average without Greece



Pre–EMU 1.73 -0.67 -0.06 2.54 -1.45 11.89 4.65 -1.24 -2.51 5.47 1.98 2.03 1.05



Post–EMU 9.83 3.37 19.09 1.80 3.42 24.57 5.08 4.02 3.71 16.35 5.64 8.81 7.23



Total sample 11.56 3.44 16.01 3.99 1.20 29.32 7.06 2.12 0.62 22.34 8.81 9.68 7.72



not our primary focus. We thus turn to the business cycle properties of the extensive margin of intra–EMU trade before and after the Euro.



2.2



Second–order moments



In this paragraph, we decompose the extensive margin of trade in two components, the long–run component and the short–run component. We therefore apply the HP–…lter with coe¢ cient 6.25 (see Ravn and Uhlig (2002)) to the log of the extensive margin and report the second–order moments of the short–run component of the extensive margin of trade after removing the …rst and last observations (not reliable because of the …ltering method). We do this over the pre– and post–EMU periods (respectively from 1996 to 1999 and from 2000 to 2004). Table 2 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, on average, Table 2 exhibits a 14.86% increase in the volatility of the extensive margin of intra–EMU trade between 1996–1999 and 2000–2004 (31.51% when including Greece).
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Table 2: Standard deviation of the extensive margin of intra–EMU trade, in % Pre–EMU 0.11 0.33 1.54 0.26 0.64 0.66 2.09 0.09 0.74 1.23 0.29 0.73 0.74



Austria Belgium Finland France Germany Greece Ireland Italy Netherlands Portugal Spain Average Average without Greece



Post–EMU 0.84 1.31 1.71 0.46 0.17 2.11 2.01 0.49 0.32 0.48 0.69 0.96 0.85



We also report the correlation of the short–run component of the extensive margin of intra–EMU trade with some interest variables. For each country, we …rst report the average contemporaneous correlation with the extensive margin of other countries over the whole sample (1996–2004). Secondly, we report the correlation over the whole sample (1996–2004) of the extensive margin of trade with the short–term component of the GDP, and the nominal interest rate (interest rates are long–run interest rates). Results are summarized in the following table. Table 3 shows that extensive margins of intra–EMU trade are quite well correlated, since the average correlation with the extensive margin in other EMU countries is 0.43. No clear pattern emerges from the correlation of the extensive margin with GDP, so the extensive margin appears to be mainly acyclical.2 A more clear–cut pattern seems to govern the cross–correlation of the extensive margin of trade with the nominal interest rate, and as one would expect, the correlation is negative (around -0.26). A more detailed analysis of the third column of Table 3 indicates that the correlation is either 2



Of course, it can be that depending on the type of shocks hitting the economy, the extensive margin displays either a pro– or counter–cyclical behavior. A more structural analysis such as a SVAR, would be needed here. However, this type of analysis is impossible in our case given the weak number of observations.
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Table 3: Contemporaneous correlation of the extensive margin of intra–EMU trade with other ext. mar. with GDP with NIR Austria Belgium Finland France Germany Greece Ireland Italy Netherlands Portugal Spain Average



0.61 0.02 0.49 0.64 0.32 0.42 0.42 0.61 0.25 0.43 0.53 0.43



0.2775 -0.0596 0.2226 -0.1236 0.0088 -0.0363 0.4421 -0.1114 -0.4214 -0.3003 0.0498 -0.01



-0.45 0.08 -0.28 -0.52 0.07 0.04 -0.37 – -0.21 -0.49 -0.43 -0.26



close to zero, either negative. Finally, the correlation with the current account balance appears to be negative.
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The model



In this section, we develop a theoretical model to account for the stylized facts displayed in the previous section.



3.1



Households



In each country the number of households with in…nite life is normalized to one. In the home country the representative household j 2 [0; 1] maximizes a welfare index,3 (1 ) X t u (ct (j) ; `t (j)) ; 0 (j) = E0 t=0



subject to the budget constraint, bt (j)+et bt (j)+pc;t (vt (nt + ne;t ) xt (j) + ct (j)) = (1 + it 1 ) bt + pc;t (dt + vt ) nt xt 3



1



(j) + (1



1



(j)+et 1 + it t ) wt `t



(j)



We do not detail relations for the foreign economy, but similar conditions do hold.
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1 t



bt



(j) ;



1



(j)



and subject to appropriate transversality conditions on di¤erent assets. In the above expressions,



is the subjective discount factor, ct (j) is the consumption



bundle chosen by household j, `t (j) is the quantity of labor supplied. pc;t denotes the CPI in the domestic country in period t; wt the nominal wage, and



t



a tax on



nominal wages intended to correct distortions related to the economy’s monopolistic competition. Household j has access to three di¤erent assets: mutual fund shares of domestic …rms (xt (j)) and two nominal bonds, in quantity bt (j) and bt (j), that pay nominal interest rates it



and it



1



1



between periods t



1 and t. In period t,



the household determines the optimal fraction xt (j) of the national fund to be held, given the average value of national …rms in period t, vt , and the total real amount of dividends dt . Finally,



t



(j) is a lump–sum transfer. Similar relations hold for the



representative foreign household, where foreign variables are marked by a . First order conditions of the domestic household j with respect to ct (j), `t (j) ; bt (j) ; bt (j) and xt (j) imply, uc;t+1 (1 + it ) 1 = 0; uc;t (1 + c;t+1 ) uc;t+1 ) Et (dt+1 + vt+1 ) = 0; uc;t u`;t (1 t ) $ t = 0; uc;t Et fet+1 g (1 + it ) (1 + it ) = 0; et Et



vt



where



c;t



=



pc;t pc;t 1



(1



1 and $t =



wt pc;t



is the real wage.



As agents have access to local and foreign bonds, …nancial markets are complete and perfectly integrated. Unsurprisingly, 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, et pc;t uc;t = = qt ; uc ;t pc;t where qt is the real exchange rate.
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All goods are tradable. Agents thus have access to a time–varying (nt ) number of type ! varieties of domestic goods and to nt type ! varieties of foreign goods. Final consumption bundles are a combination of national and foreign varieties in which varieties are imperfectly substitutable with elasticity



> 1. The consumption bundle of the



representative domestic household is thus, Z



ct (j) =



nt



cd;t (!; j)



1



Z



d! +



0



nt



cm;t (! ; j)



1



1



;



d!



0



and the corresponding CPI is, Z



pc;t =



nt



1



pt (!)



d! +



0



Z



1



nt



1



1



px;t (! )



d!



:



0



Similar expressions are used for the foreign country. We assume that the price of goods imported by the domestic (respectively foreign) economy, px;t (! ) (resp. px;t (!)) is a¤ected by iceberg shipping costs: agents must buy (1 + ) units to consume one unit of imported good. We also assume that …rms set prices in their currency (producer currency prices), implying full exchange rate pass–through. The domestic prices of foreign (imported) varieties are thus, px;t (! ) = (1 + ) et pt (! ) . Optimal variety demands from domestic households are, cd;t (!; j) =



t



(!)



cm;t (! ; j) = ((1 + ) qt where 4



t



(!) =



pt (!) pc;t



and



t



(! ) =



pt (! ) pc;t



ct (j) ; t



(! ))



ct (j) ;



are the real prices of goods ! and ! .4



The link between consumer price and producer price in‡ation is thus, 1+ 1+



t c;t



=



t



; and



t 1
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1+ 1+



t c;t



=



t t 1



:



3.2



Firms



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.5 At the end of the period a fraction



2 [0; 1] of all existing



…rms is hurt by a death shock. We assume that the entry is made at least one period ahead of production, so that, nt = (1



) (nt



1



+ ne;t 1 ) :



Each of the nt …rms is specialized in the production of a di¤erentiated variety. In period t, the production function for the representative domestic …rm specialized in variety ! is, yt (!) = zt `dt (!) ; where zt is the aggregate labor productivity common to all domestic …rms and `dt (!) is a quantity of labor. The aggregate productivity thus evolves according to the following autoregressive structure, zt = (1 where



z;t



z) z



+



z zt 1



+



z;t ;



represents an iid innovation with zero mean and constant variance.



We assume that prices are chosen before the beginning of the production period so that …rms must pay to change it according to a Rotemberg (1982) technology. The representative …rm ! faces a quadratic cost, t



(!) =



pt (!) pt 1 (!)



2



2



1



t



(!) ytd (!) :



The adjustment cost is paid in terms of consumption goods. Consequently, the demand faced by the representative …rm is, ytd (!) = where ct = 5



R1 0



t



(!)



ct (j) dj, ct =



(ct +



R1 0



ct (j) dj,



t)



+ (1 + ) qt



t



= nt



t



1



(!) and



(ct + t



= nt



t)



t



;



(! ).



For the foreign economy, we do not detail relations but assume that similar conditions do hold.
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In period t, the representative …rm ! chooses pt (!), to maximize dt (!) + vt (!); where (1 ) X uc;t+s s vt (!) = Et ( (1 )) dt+s (!) ; uc;t s=1 d t (!) yt (!)



dt (!) =



2



pt (!) pt 1 (!)



2



1



t



$t d y (!) : zt t



(!) ytd (!)



The optimal pricing is, pt (!) = pc;t



t



(!) =



(



1) 1



2



2 t



$t ; ( t ) zt



+



(1)



where, ( t) =



t



(1 +



t)



(1



) Et



(



t+1 (1 + (1 +



2 t+1 ) yt+1 uc;t+1 c;t+1 ) yt uc;t



)



:



In period t, ne;t new …rms enter the market. They can only begin to produce consumption goods in t + 1. Period t is devoted to build new …rms. Each entrepreneur uses a sunk and …xed amount fe;t wztt of labor to build the …rm. Entry in the market occurs as long as the current discounted expected pro…t value is greater than the cost of entry, i.e. until, vt = fe;t



3.3



$t : zt



Aggregation and equilibrium



We solve the model by applying the behavioral symmetry equation to the …rms, t



t,



(!) =



ytd (!) = ytd , yt (!) = yt (!) ; dt (!) = dt , vt (!) = vt ;



and by assuming that the real aggregate output is, Z nt Z nt yt = t (!) yt (!) d!, and yt = 0



t



(! ) yt (! ) d! :



0



We recall that governments budget constraints write, Z 1 Z 1 Z 1 (j)dj + t wt `t (j) = 0, and (j)dj + 0



0



0



12



t wt



Z



0



1



`t (j) = 0:



Moreover, in this open economy, the structure of real price indexes implies the following variety e¤ect,



where



= (1 + )1



nt



1 t



nt



t



+ qt1 1



+ qt



nt 1



1



= 1,



(2)



1 t



= 1;



(3)



t



nt



is the inverse of home bias.



Finally, assuming symmetry in asset holdings (so that, xt = xt



= xt = xt



1



1



= 1) in



the economy, we de…ne competitive equilibrium as a sequence of quantities, d d 1 fQt g1 t=0 = fyt ; yt ; ct ; ct ; `t ; `t ; `t ; `t ; nt ; nt ; ne;t ; ne;t gt=0 ;



and a sequence of real prices, fPt g1 t=0 = f t ;



1 t ; $ t ; $ t ; vt ; vt ; dt ; dt ; qt gt=0 ;



such as: 1 (i) For a given sequence of prices fPt g1 t=0 , the realization of shocks fSt gt=0 =



1 fzt ; zt g1 t=0 , the sequence fQt gt=0 respects …rst order conditions for domestic and



foreign households and maximizes domestic and foreign …rm pro…ts. 1 (ii) For a given sequence of quantities fQt g1 t=0 , the realization of shocks fSt gt=0 = 1 fzt ; zt g1 t=0 , the sequence fPt gt=0 guarantees:



– labor markets equilibrium, Z 1 Z nt `t = `t (j) dj = `dt (!) d! + zt 1 fe;t ne;t ; 0 0 Z 1 Z nt 1 `t = `t (j ) dj = `t d (! ) d! + zt fe;t ne;t ; 0



0



– goods markets equilibrium, yt = nt



1 t



yt = nt



t



1



ct +



2 ct + 2
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2 t yt 2 t



+ qt



1



yt + qt1



ct +



2 ct +



2 t



2



yt 2 t yt



(4)



; :



(5)



Combining aggregate production functions, yt = nt zt t `dt ; yt = nt zt



d t `t



;



with labor markets equilibrium conditions yields the aggregate labor markets equilibrium,6 zt `t =



yt



+ fe;t ne;t , zt `t =



yt



+ fe;t ne;t :



t



t



Finally, we recall that aggregate dividends are, yt 1 nt y dt = t 1 nt dt =



4



2 2



t



2 t



1



2



1



(



1) 1



(



1) 1



2



2 t



+ 2



2



t



+



( t) ( t)



(6)



; :



(7)



Dynamics under alternative exchange rates regimes



In this section, we calibrate the model and analyze the dynamics of our economy after asymmetric productivity shocks. We investigate two alternative monetary policies (optimal monetary policy and simple interest rate rules) both in the case of ‡exible exchange rate and in the case of a monetary union.



4.1



Parametrization



First, we specialize the utility function to the following argument separable speci…cation, u (ct (j) ; `t (j)) =



ct (j)1 1



`t (j)1+ : 1+



Second, we assign numerical values to the economy’s parameters. The discount factor is set to



= 0:99, implying a steady state annual real interest rate of 4%. The proportion



of failing …rms during each period in the economy is



= 0:025 (see Bergin and Corsetti



(2008)). The friction parameter a¤ecting the size and persistence of in‡ation in the economy is set to



= 77, as suggested by Ireland (2001). Bilbiie et al. (2007) calibrate



6



These equilibrium relations are prefered to aggregate accounting relations, that are much more complex in an open economy as compared to the closed economy.
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the elasticity of substitution at 4. The implied steady state mark–up is thus 33%, which is much higher than what other studies suggest. We set the elasticity of substitution between varieties to



= 5, which implies a 20% mark–up in the steady state. Corsetti



et al. (2008) allow transportation costs to vary from 0:2 to 0:75. We adjust the level of costs to match the implied degree of trade openness (2 = (1 + )) with the average observed degree of intrazone trade openness in the EMU, around 30%, which implies = 0:5429.7 The risk–aversion parameter is set to Frischian elasticity is



1



= 2 and the inverse of the



= 0:5, which lies within the interval proposed by Canzoneri,



Cumby and Diba (2007). Concerning exogenous shocks, we constraint the value of fe to get



= 1 in the steady state and parameters governing productivity shocks



dynamics are



z



= 0:95, and std



z;t



= 1%.8 We restrict our analysis to purely



asymmetric productivity shocks when looking at the IRFs. However, a more realistic assumption about shocks’ correlation, namely corr (zt ; zt ) = 0:5 (see Fidrmuc and Korhonen (2003)), is made in the section proceeding to numerical simulations.



4.2



Dynamics under optimal monetary policy



Equations (4), (5), (6) and (7) clearly show that PPI in‡ation acts as a tax on both output, consumption and dividends. It directly lowers the level of output to which households have access. It also distorts the value of dividends through ine¢ cient mark– up ‡uctuations, as described by equation (1) for the domestic economy, and thereby the number of entries in the economy. Finally, in‡ation also acts as a direct tax on output since …rms have to pay the adjustment cost, which in turn reduces output and thus private consumption. Bilbiie et al. (2007) thus show that targeting domestic producer in‡ation is the optimal policy in a closed–economy model with endogenous entry. However, it is not obvious that stabilizing producer price in‡ation is the optimal monetary policy in an open– economy set–up due to the so–called terms of trade spillover, documented by Corsetti 7 8



See European Commission (2006). In the following analysis, we leave the analysis of shocks to fe;t aside and simply assume fe;t = fe .
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and Pesenti (2001) in an environment without entry. Before analyzing the impact of simple Taylor–type rules, we provide the reader with some insights about optimal monetary policy in an open–economy with endogenous entry. We determine the optimal monetary policy with commitment by maximizing the aggregate welfare, thereby solving the Ramsey problem. The optimal monetary policy is thus a sequence, 1 f g1 t=0 = f t ; t ; it ; it gt=0 ;



where, f t g1 t=0 = fct ; `t ; $ t ; yt ; nt ; ne;t ; dt ; vt ; t ; f t g1 t=0 = ct ; `t ; $ t ; yt ; nt ; ne;t ; dt ; vt ;



t;



t;



t;



t;



t;



t; t;



1 c;t gt=0



;



1 c;t t=0



;



that solves, M ax t



0



= E0



1 X t=0



t



Z



1



u (ct (j) ; `t (j)) dj +



0



Z



1



u (ct (j) ; `t (j)) dj ;



0



subject to the model. In the case of a monetary union, an additional constraint is taken into account since, et = 1: This problem is typically known to result in time–inconsistent policies, as authorities may choose their policy instruments after agents have formed their expectations about forward variables, such as the in‡ation rate, and therefore may take advantage of this situation in period zero. As a consequence, from period one and onwards, authorities have an incentive to change their optimal policy since agents now take into account prior commitments when forming their expectations. Therefore, to avoid such inconsistency issues, we adopt the timeless perspective and assume that the optimization problem is constrained by some former prior commitment, that is consistent with the optimal commitment chosen for period one and onwards. We thus solve the Ramsey program and analyze its dynamic properties both when the exchange rate is ‡exible and when countries form a monetary union.9 9 To do this, we solve the Ramsey problem analytically (in level) using Matlab’s symbolic toolbox and use Dynare’s second order approximation algorithm to simulate the model numerically. Notice
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Figures 1 and 2 present the IRFs after a unit domestic asymmetric productivity shock when monetary policy is optimal. Figure 1: IRFs after an asymetric domestic productivity shock –optimal policy (1) 0.8
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The general mechanism behind changes in productivity transmission relates to changes in the equilibrium of labor markets in the domestic economy. As labor becomes more productive, entry costs drop and households work harder to produce larger quantities of existing varieties. Thus, both the extensive and the intensive margins of aggregate production increase. As entry costs are reduced, expected dividends improve, thereby inducing entries, and this in turn leads to an increasing number of goods varieties. The latter e¤ect is known as the variety e¤ect. According to this e¤ect, the number of …rms in the economy increases, which positively a¤ects competition on the goods market that both the optimal monetary policy and policy rules are studied around the same steady state, described in Appendix A.
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Figure 2: IRFs after an asymetric domestic productivity shock –optimal policy (2) -3
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and leads producers to lower their prices. As a consequence mark–ups drop, implying a sharp decrease in the PPI in‡ation rate. Interestingly and contrary to both the common wisdom and to the closed–economy results (see Bilbiie et al. (2007)), the optimal monetary policy under ‡exible exchange rate does not consist in decreasing the nominal interest rate to minimize ‡uctuations of PPI in‡ation rates. Indeed, two major pitfalls arise when stabilizing PPI in‡ation rates in our framework. The …rst one is related to the dynamics of entries. As nominal interest rate have a great (and negative) in‡uence on entries through the non–arbitrage condition, decreasing the nominal interest rate in the domestic economy would dampen the increase of entries. Second, the terms–of–trade externality would not be taken into account thereby resulting in a too low volatility of the terms–of–trade. To illustrate this,
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the following algebra shows how CPI targeting could actually take these aspects into account. Using the (loglinearized) de…nition of CPIs we get the following expressions for real prices,10 bt =



1 1



n bt



1



qbt ;



1



bt =



1



n bt +



1



qbt ;



which plugged into the de…nition of real prices allow us to express CPI in‡ation rates as a function of PPI in‡ation rates, the nominal depreciation rate and the dynamics of varieties, bc;t = (1



bc;t = (1



) bt +



bc;t +



) bt + (bc;t



et et )



(1 (1



) n bt ; 1 ) n bt : 1



CPI in‡ation rates thus take into account the arrival of new varieties in the market, as well as home and (converted) foreign PPI in‡ation rates weighted by their relative shares in household consumption. Di¤erences between both regimes (‡exible exchange rate and monetary union) appear very clearly. Nominal interest rates are much more volatile in the case of ‡exible exchange rates (both rates evolve in opposite directions) while in the case of a monetary union the path of the nominal interest rate is much smoother, re‡ecting the con‡ict between the optimal reactions of the two countries after such an asymmetric shock. As a consequence, the optimal monetary policy in the case of a monetary union is not restrictive enough for the domestic economy and too restrictive in the foreign economy as compared to the optimal monetary policy in the case of ‡exible exchange rates. This pattern a¤ects the dynamics of entries: in the short run, varieties do not increase as much as under ‡exible exchange rates in the domestic economy and do not drop as much in the foreign economy. However, notice that the pattern reverts after something like 10 quarters, since the e¤ect of nominal rigidities vanishes. We are therefore unable to conclude on the net e¤ect of exchange rate regimes (when monetary policy is optimally conducted) on the volatility of the extensive margin of trade based on IRFs only. 10



Notice that this relation holds only in the general equilibrium.
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4.3



Dynamics under interest rate rules



We now turn to the case where monetary policies are set according to standard Taylor– type rules. In the case of ‡exible exchange rates, central banks set their interest rate according to, bit+1 =



b +



r it



b +



bit+1 =



r it



(1



i ) Et



(1



i ) Et



fbobj;t+1 g ;



(8)



bobj;t+1 ;



(9)



where bi and b are respectively the deviation and the logdeviation of the nominal interest and of the in‡ation rate from their steady state values.



In a monetary union, in contrast, both countries share the same currency and the interest rate is set by the common central bank according to, bit+1 = bit+1 = biut+1 =



bu r it



+



u



(1



i ) Et



1 1 bobj;t+1 + bobj;t+1 : 2 2



(10)



In these monetary policy rules, bobj and bobj are the in‡ation rate targets chosen by central banks. Hereafter, we will consider two di¤erent in‡ation targets: PPI in‡ation and CPI in‡ation.



The CPI in‡ation rate is subject to measurement and observation issues (due to the unobservability of an explicit measure of varieties in the economy) and thus appears as an unrealistic monetary policy target. However, we analyze this kind of policies since they are much closer to the optimal monetary policy in an open–economy environment with endogenous varieties, as seen in the previous paragraph. The regime of ‡exible exchange rates implies that the economy evolves according to the model described in Appendix B along with the equations (8)–(9), while in the case of a monetary union, the economy evolves according to the model described in Appendix B along with the equations (10). Figures 3 and 4 plot the IRFs after a purely asymmetric positive productivity shock in the domestic economy under ‡exible exchange rates and in a monetary union. As in the previous case, when central banks target the PPI in‡ation rate, domestic output rises since the creation of new …rms is made cheaper by the increase in the
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Figure 3: IRFs after an asymetric domestic productivity shock –PPI interest rate rule (1) Output - Foreign % deviation
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productivity of labor. Hours thus increase, as well as entries and the output thanks to the dynamics of the extensive margin. The transmission of the shock to the foreign economy occurs through trade and …nancial linkages. The drop of domestic prices reduces the competitiveness of the foreign economy and triggers a standard expenditure switching e¤ect. This results in an increase in …nal consumption while depressing their exports and leading the output to fall. This expenditure switching e¤ect also results in a lower (both internal and external) demand for foreign goods and leads to a moderate de‡ation. This drop in global demand for foreign goods also results in a drop of varieties. Under ‡exible exchange rates, monetary authorities reduce the nominal interest rate in reaction to PPI in‡ation rates in both economies, although more aggressively in
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Figure 4: IRFs after an asymetric domestic productivity shock –PPI interest rate rule (2) PPI Inf lation - F.
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the domestic economy. In this economy, the boom in output is increased through an intertemporal substitution e¤ect. On the other hand, the variety e¤ect is cooled down by the reaction caused by the monetary policy rule, since the equalization of returns on bonds and shares implied by the non–arbitrage condition involves a slight moderation of entries. This phenomenon marginally a¤ects the activity’s extensive margin since it is too small to change the variety e¤ect’s sign, which remains clearly positive. When both countries form a currency union, the adjustment pattern is broadly una¤ected. However, both economies share the same interest rate, set according to the rule described earlier. As the de‡ation experienced by the home economy is deeper, the common currency situation implies an under–reaction of the nominal interest rate in the domestic economy and an over–reaction in the foreign economy, as compared
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to the situation of ‡exible exchange rate. As a consequence, the drop of the nominal interest rate is lower in the domestic economy and higher in the foreign economy. As the nominal interest rate exhibits this pattern, expected returns on shares follow the same dynamics because of the non–arbitrage condition. This in turn implies that the dampening e¤ect of the reaction of monetary policy on varieties (through the drop of the nominal interest rate and equity market) is reduced in the home economy and increased in the foreign economy. In this case, the impact of monetary uni…cation is clear: the volatility of the number of varieties (the extensive margin of trade) is higher in the monetary union regime than in the case of ‡exible exchange rates. This result is clearly in line with the stylized facts described in Section 2 of this paper, showing that the volatility of the extensive margin of trade has increased after the adoption of the Euro as common currency. The next section provides some numerical simulations to reach both qualitative and quantitative assessment on the impact of exchange rate regimes with endogenous varieties.
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Numerical simulations



We run simulations to provide a quantitative assessment on how alternative exchange rate regimes a¤ect key second–order moments related to the extensive margin of trade. Our goal is to compare the results of simulations to the empirical evidence shown in Section 2. In particular, we argue that the case of ‡exible exchange rates (in the model) is a fair approximation of the pre–EMU period, the ERM where exchange rates were …xed with a



15% ‡uctuation margin.



We feed the model with random productivity shocks with corr (zt ; zt ) = 0:5, extract the HP–…ltered series and monitor the following indicators: the average volatility of the extensive margin in the case of ‡exible exchange rates f lex



= std n bft lex + std n bt f lex ;
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the average volatility of the extensive margin in the case of a monetary union mu



= std (b nmu nt mu ); t ) + std (b



the average volatility surplus,



=



mu f lex



1 ;



the contemporaneous cross–correlation between domestic and foreign extensive margins cn;n ; the contemporaneous cross–correlation between the extensive margin and the nominal interest rate cn;i : We also proceed to a sensitivity analysis of our results by analyzing the impact of various speci…cations of monetary policy rules (PPI vs CPI in‡ation targets, interest rate persistence) and by varying the value of key parameters, such as ; the elasticity of substitution between varieties11 , ticity,



the risk–aversion parameter,



1



the Frisch elas-



the number of …rms leaving the market each period and , the level of trade



costs (implying changes in the degree of openness). Results are summarized in Tables 4 and 5. When monetary policy is optimal, the model is unable to replicate the stylized fact according to which the volatility of the extensive margin increases after monetary uni…cation. The short–run e¤ects identi…ed in the previous section clearly dominate. As a matter of fact, none of the stylized facts identi…ed in the empirical section are correctly replicated under optimal monetary policies. When monetary policy follows simple Taylor–type rules, both with PPI and CPI targets, the model is able to reproduce the increase in volatility of the extensive margin after monetary uni…cation. When central banks react to PPI in‡ation rates, the average increase in the volatility of the extensive margin ranges from 1:15% to 10:25% depending on parameters value. In the benchmark case, the increase is 9:10%. These …gures are very close to the increase documented in the empirical section (14:86%). However, the level of volatility is not perfectly matched. When central banks target 11 Varying the elasticity of substitution between varieties is made along with adjustments in the level of trade costs, to keep the degree of trade openness constant.
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Data Optimal P olicy P P I, i = 0 =7 =5 = 10 = 0:1 = 0:2 P P I, i = 0:7 =7 =5 = 10 = 0:1 = 0:2



Table 4: Numerical results f lex mu (%) (%) 0:74 0:85 0:6393 0:4704 0:6043 0:6593 0:7615 0:8358 0:5858 0:6459 0:5010 0:5392 1:3122 1:4248 0:6518 0:6640 0:6273 0:6726 0:7964 0:8564 0:6050 0:6555 0:5186 0:5498 1:4001 1:4801 0:6695 0:6772



for PPI in‡ation targets lex (%) cfn;n cmu n;n 14:86 0:43 26:43 0:51 0:10 9:10 0:26 0:03 9:76 0:25 0:01 10:25 0:24 0:01 7:62 0:37 0:15 8:59 0:33 0:03 1:86 0:09 0:01 7:22 0:26 0:07 7:53 0:26 0:06 8:33 0:24 0:02 6:03 0:37 0:18 5:71 0:36 0:10 1:15 0:11 0:06



Data Optimal P olicy CP I, i = 0 =7 =5 = 10 = 0:1 = 0:2 CP I, i = 0:7 =7 =5 = 10 = 0:1 = 0:2



Table 5: Numerical results f lex mu (%) (%) 0:74 0:85 0:6393 0:4704 0:5071 0:6179 0:6508 0:7913 0:5066 0:6172 0:4328 0:5085 0:8829 1:2336 0:5625 0:6228 0:5449 0:6335 0:7029 0:8144 0:5396 0:6290 0:4598 0:5207 1:0213 1:2875 0:5933 0:6384



for CPI in‡ation targets lex cmu (%) cfn;n n;n 14:86 0:43 26:43 0:51 0:10 21:84 0:36 0:11 21:60 0:36 0:11 21:84 0:37 0:10 17:51 0:48 0:04 39:73 0:44 0:29 10:72 0:11 0:12 16:26 0:32 0:05 15:86 0:32 0:04 16:56 0:31 0:06 13:23 0:44 0:09 26:06 0:38 0:19 7:59 0:11 0:07
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cfn;ilex



cmu n;i 0:26 0:17 0:48 0:660 0:47 0:62 0:49 0:47 0:36 0:69 0:56 0:63 0:50 0:51 0:46 0:73 0:60 0:72 0:60 0:66 0:54 0:76 0:65 0:84 0:69 0:64 0:60



cfn;ilex



cmu n;i 0:26 0:17 0:48 0:64 0:55 0:71 0:59 0:64 0:53 0:65 0:59 0:63 0:39 0:65 0:55 0:84 0:66 0:85 0:66 0:80 0:62 0:87 0:73 0:85 0:57 0:77 0:66



the CPI rate of in‡ation, the associated increase is magni…ed. The increase in volatility predicted by the model ranges from 7:59% to 39:73% and reaches 21:84% in the benchmark case, and is thus implausibly high compared to the data in most cases. Nevertheless, as already mentioned, the model consistent CPI in‡ation rate remains subject to measurement and observability problems. Thus, …gures reported in Table 5 should not be taken too seriously. Overall, stylized facts described in Section 2 are qualitatively well matched by several speci…cations of our model. As a matter of fact, the correlation between extensive margins and the correlation of the extensive margins and nominal interest rates are broadly consistent with the data. Remarkably, monetary uni…cation is found to decrease the contemporaneous international correlation between extensive margins and to decrease the (negative) correlation between extensive margins and nominal interest rates. Quantitatively, the model …ts data quite well when central banks follow Taylor– type rules and target the PPI in‡ation rates. However, with a restricted number of shocks driving business cycles (only two correlated productivity shocks), our model has a hard time matching precisely all moments together for all speci…cations. Finally, the sensitivity analysis indicates that our results are robust to a wide range of parameters values.
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Conclusion



This paper studies the impact of monetary uni…cation on the volatility of the extensive margin of trade. To do this, we …rst build an original measure of the extensive margin of intra–EMU trade and investigate its business cycle properties. We show that the volatility extensive margin of trade has risen after monetary uni…cation, by something like 15%. We then build a theoretical model to account for this stylized fact. Extending the model of Bilbiie et al. (2007), the analysis relies on a two–country dynamic general equilibrium model with trade, endogenous entry and nominal rigidities. Comparing
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the variety e¤ect of ‡exible exchange rates regimes and monetary union, we show that monetary uni…cation increases macroeconomic interdependence by means of a common nominal interest rate, a¤ecting the dynamics of entries. The volatility of the extensive margin of trade is thus found to increase after monetary uni…cation when monetary policy follows simple Taylor–type rules, in line with the data. This result is qualitatively robust to alternative speci…cations of the monetary policy rule followed by central banks, in terms of in‡ation target (PPI or CPI) and in terms of persistence of the monetary policy instrument. It is also robust to several variations of parameters value. Quantitatively speaking, the model …ts data well only when central banks follow Taylor–type rules and target the PPI in‡ation rate.
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Appendix A



Steady State



We solve the model in logdeviation from the Pareto–optimal symmetric steady state equilibrium where, b = b = 0, c = c ; y = y ; ` = ` ; n = n ; ne = ne . Pareto– optimality requires that = (1 ) 1 . Assuming z = 1, and imposing = 1; the steady state of the economy implies that fe is constrained to fe = (1 )(1+ )' c and that, $=
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Loglinearization



Loglinearized conditions for households are,12
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Notice that the foreign Euler condition on bonds is redundant with the risk–sharing condition.
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Other loglinear equilibrium conditions are,



ybt
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