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Abstract I solve and simulate a Dynamic Stochastic General Equilibrium (DSGE) two-country model of endogenous Foreign Direct Investment (FDI) entry under the assumption of heterogeneous firms ` a la Ghironi and Melitz (2005). A number of microeconomic stylized facts regarding Multinational Corporations (MNC) are mapped into a rich macroeconomic structure that allows me to explore the relationship between FDI and business cycles across developed economies. I find that the entry and pricing decisions of MNCs alter substantially the way shocks are transmitted across countries, increase the volatility of the Real Exchange Rate, and appear to be promising candidates as one of the explanations of the consumption-output puzzle in open macroeconomics.
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Introduction



The case study of Javorcik Smarzynska, Keller, and Tybout (2006) on the soap and detergents industry in Mexico documents the importance of NAFTA in triggering the entry of Wal-Mart and other foreign retailers into the country, a process that eventually revolutionized different industries shaking up the distribution sector and triggering upstream innovation and firm selection.1 Entry of multinational producers of services and non-tradables is now common throughout the world, especially so after the implementation of a wave of Regional Integration Agreements and the General Agreement on Trade in Services (G.A.T.S.) of 1994. Indeed, the 1990s have witnessed a formidable growth in the volume of capital flowing North-North, across industrial countries, and a surge in North-South flows, from industrial to developing countries. Yet, little is known about the cyclical properties of these flows and their effects on the macroeconomy in a dynamic setting. In a rather simple view, the dynamics of global capital flows are the outcome of forces that can be grouped in push and pull factors. By Host country or pull factors, we refer to policy changes in the host economies that typically include the liberalization of capital accounts and domestic stock markets, large-scale privatization programs, and market conditions. Home country or push factors range from business and credit cycle conditions to technological change (Prasad, Rogoff, Wei, and Kose, 2003). In this paper, I look at non-financial pull factors that trigger a specific type of capital flow, Horizontal Foreign Direct Investment (HFDI) generated by entry of Multinational Corporations, using a microfounded two country Dynamic Stochastic General Equilibrium Model with firm heterogeneity `a la Ghironi and Melitz (2005). My interest is twofold. First, I discuss the implications of the correlation between MNF entry and host country business cycle for a large set of macroeconomic variables, among which I am especially interested in short run correlations and the Real Exchange Rate (RER). Second, I show how the sorting of MNF according to productivity impacts the host country productivity in a way that could contribute to explain the conflicting evidence on the relationship between FDI and growth. Although the distinction between market seeking Horizontal FDI (HFDI), and resource seeking Vertical FDI (VFDI), has been shown to be a theoretical curiosity as real world MNFs operations typically span across diverse activities with potentially different motivations (Yeaple, 2003), I consider solely HFDI and deliberately neglect international trade as a channel of international interdependence.2 Three main economic reasons justify such choice. First, HFDI entry dominates flows across developed nations and tends to substitute trade at the product level (Swenson, 2004), therefore generating little 1 Other examples in the Mexican retailing sector include the 1991 joint venture of Aurrera with Wal-Mart, the 1992 joint venture of Comercial Mexicana with Price-Cosco, and the 1994 joint venture of supermarket chain Gigante with Carrefour and Office Depot. According to (Javorcik Smarzynska, Keller, and Tybout, 2006), only one large supermarket chain, Soriana, remained independent in Mexico in the mid-1990s. 2 See the next Contessi(2006) for an investigation of a dynamic version of the proximity-concentration trade-off, that considers both FDI and trade in a DSGE setting.
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international trade compared to Vertical FDI (Hanson and Slaughter, 2004). Second, for this group of countries, the magnitude of within vertical fragmentation can be reasonably expected to be smaller than in a North-South context (Borga and Zeile, 2004). Finally, descriptive evidence shows that FDI in the service and non-tradable sectors has outgrown manufacturing oriented entry, as a minimum in capital flows between OECD economies3 (UNCTAD, 2004),and only a fraction of the output of the services sector is composed by tradables (Bradford Jensen and Kletzer, 2005). By isolating the unique role of HFDI in economic interdependence across countries, I find that FDI responds to positive aggregate productivity shocks in two ways. At the intensive margin, existing MN producers increase sales, as the Host country economy booms as a response to the domestic positive shock. At the extensive margin, higher productivity reduces the fixes cost of enter the market, triggering new MNF producers to locate in the Host economy, hence adding their production to the output of the existing firms. In the aggregate, this translates in a high volatility of G.D.P. compared to consumption, that is very close to US data a result that traditional models of international business cycle have a hard time to induce and even new generations models with firm heterogeneity such as Ghironi and Melitz (2005, GM05 henceforth) cannot account for. The high volatility of G.D.P. is tied to the high volatility of the Real Exchange Rate (RER), which is affected by the pricing behavior of multinational producers, constituting a relevant portion of production considered in the aggregate price indexes both in the data and in this model. For reasonable parametrizations, the RER volatility is about twenty times larger that the one generated by GM05 although still substantially lower than the one computed for O.E.C.D. countries. Finally, the model with HFDI successfully reproduces the ranking of contemporaneous cross-country correlations of aggregate variables, contributing to explain the consumption output puzzle detailed in Backus, Kehoe and Kydland (1992, BKK92 henceforth).The correlation of aggregated consumption in the simulated economy is about half the correlation of output, a ration very close to the figure reported in BKK92 for US data. The paper is structured as follows. After discussing motivation and related literature in section 2, I illustrate the model in section 3 and discuss how to close it in section 4. I discuss the impulse response of the artificial economy in section 5 and compare the second moments of the simulated model with US data and other relevant papers in the literature in section 6. Section 7 concludes. Analytical derivations, tables and graphs can be found in Appendices A and B. 3 In the early 1970s, services accounted for only 25% percent of the world FDI stock; in 1990 this share was less than one-half; and by 2002, it had risen to about 60%. Over the same period, the share of manufacturing has fallen from 42 to 34 percent
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Motivation and related literature



The main focus of this paper is dissecting the relationship between business cycles and FDI entry and sales, a research question for which the economic profession has provided few theoretical and empirical results (Hanson and Slaughter, 2004). A loose argument might go as follows. Because the cyclical component of output is positive and large during expansions, firms typically have higher earnings to invest both at home and abroad and we would expect FDI outflows to increase during the positive part of the cycle, in line with the increase in domestic investment and entry.4 However, foreign investment is arguably related to the business conditions in the host country and the actual FDI decision certainly depends on a combination of factors among which the business cycle of the host country plays a crucial role. The understanding of the individual importance of these factors appears a profitable avenue for current research. From the empirical standpoint, an infant literature is now looking into the importance of business cycles in FDI decisions, using micro data. Buch and Lipponer (2005) use the Bundesbank sector-level dataset containing annual data on foreign activities of German companies for the period 1989-2002 to investigate the role of long-term fundamentals as opposed to short-term business cycle developments in driving outward German investment. They find that business cycle developments have a statistically significant impact on foreign activities, and that business cycle impacts foreign sales more than FDI entry. Del Negro and Brooks (forthcoming) study the link between stock market movement and the degree to which firms are international.5 They find that global shocks are a more important source of return variation for stocks whose underlying company is more internationalized, while country specific shocks are less important for such stocks, with a magnitude that has more than doubled from the late 1980s to the late 1990s. Desai and Foley (2006) study the co-movement of returns and investment between US MNF and their affiliates for the period 1982-1999 using firm-level data collected by the Bureau of Economic Analysis. They compare the correlation of these variables - value added, returns and capital investment - among the different affiliates of US MNF across G-6 countries and analogue measures of domestic activity of the host countries, finding strong evidence for higher correlation of the former over the latter, particularly for the first two measures. The Comment by Campa (2005), however, highlights that it is difficult to interpret the sources and implications of this correlations without a model able to provide a theoretical framework of analysis and a quantitative benchmark. From a macroeconomics perspective, Jos Jansen and Stokman (2004) find reduced form evidence for a link between bilateral economic relationships (trade and FDI) and bilateral business cycle cor4 Stylized facts for the US economy, suggested by Bilbiie, Ghironi, and Melitz (2007) show that firm entry is highly procyclical and co-moves with real profits which are also pro-cyclical, with net entry leading G.D.P. and profit expansions. This is interpreted as an indicator that the expectation of future profits plays an important role in G.D.P. expansions. 5 Measured in terms of the magnitude of foreign sales, the share of a company’s foreign operations and the share of operating income generated abroad.
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relations for a representative but small set of industrial countries.6 However, as they point out, it is difficult to identify a direction of causality between one and the other without a theory of international interdependence in presence of FDI. To add further puzzling pieces to the picture, recent careful macroeconometric work provided by Doyle and Faust (2005) demonstrates that the correlation across the business cycles of developed countries has, if anything, decreased in the 1990s, at a time when both trade and FDI were peaking. Some of these empirical issues can be reconciled by the model I develop to study the theoretical connection between the business cycle conditions of the host country and MNF entry, with an emphasis on contemporaneous correlations, RER and long run effects. I adopt an approach that comes somewhat natural when dealing with modern business cycle issue and model monopolistically competitive firms that are heterogenous in their idiosyncratic productivity in a simple fashion as suggested by Melitz (2003), Bergin, Glick, and Taylor (2006), Bergin and Glick (2003) and Ghironi and Melitz (2005). Here, firms face uncertainty about their individual productivity when they make an irreversible investment to enter the domestic market by paying a fixed cost. Similarly to these papers, at any point in time the composition of the MNF sector is pinned down endogenously by the microeconomic structure and determined by the interaction of the fixed cost to enter the foreign market with owned plants, the dispersion of productivity and the elasticity of substitution among goods varieties. Over time, once firms entry and exit into and from the domestic and foreign market over the business cycle, shocks to aggregate productivity interact with sunk entry costs making the pattern of FDI endogenous and altering the composition of the consumption aggregate changes across countries, but more importantly impacting the aggregate price indices that are mirrored in the RER.



3 3.1 3.1.1



The Model Consumption Intertemporal problem



I construct a two country model where prices are perfectly flexible, contracts are written in nominal terms and consumers have identical Dixit-Stiglitz preferences for a subset of two measures Ω and Ω∗ of varieties in each period and inter-temporally C.R.R.A. over the C.E.S. consumption aggregator. Individuals face the following inter-temporal optimization problem (in real terms): 6 For North-South flows, Levy Yeyati, Panizza, and Stein (2007) find FDI outflows to be countercyclical with respect to both output and interest rate cycles in a E.U. aggregate and in the U.S.A. (but no effect in Japan) and interpret this result as a reflection of investors’ arbitrage among different investment opportunities.
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{Ct , xt , Bt }∞ t=0



Et



∞ X



# t



β U (Ct )



t=0



H F Ct + vet NH,t xt+1 + Bt+1 + Qt Bt+1 +



2 η 2 η H F Bt+1 + Qt Bt+1 = 2 2



H = wt Lt + (e vt + π et ) ND,t xt + (1 + rt )Bt+1 + (1 + rt∗ )Qt BtF + Tt



(1) (2)



where utility depends only on a consumption aggregator Ct and takes a CRRA functional firm U ((Ct ) = −1



(1 − γ)



Ct1−γ discounted using the discount factor β ∈ (0, 1) , and γ > 0 is the relative risk aversion



parameter. Households hold three types of assets: the shares in a mutual fund of domestic firms xt+1 and H F domestic and foreign risk-free bonds Bt+1 and Pt Bt+1 that yield interest rates rt and rt∗ , and bear a 2 2 H F transaction cost Bt+1 η/2 and Bt+1 η/2, eventually rebated to consumers in each country, for an



amount equal to Tt . et and Qt = et Pt∗ /Pt are the nominal and real exchange rate.7 In each period, a mass of entrepreneurs earn profits



et Π Pt



= π et from a number ND,t of domestic



varieties they produce. Households finance their expenditure earning labor income wt Lt , and cashing both the bonds bought in the previous period (1 + rt )BtH (principal and interest), and the shares and profits vet xt and π ext of the mutual fund that owns all the individual producers of the ND,t varieties. I will analyze later the case of financial autarky as opposed to international trade in bonds. In the H F = Bt+1 and xt = xt+1 = 1, that first case, aggregate accounting (at Home) implies BtH = BtF = Bt+1



reduces the budget constraining to Ct + vet NH,t xt+1 = wt Lt + (e vt + π et ) ND,t xt . Net of domestic bond trading, the budget constraint can be re-interpreted as describing national accounts of an autarkic economy where spending (consumption, Ct plus investment to finance new ventures, vet NE,t ) must be equal to income (labor income wt Lt plus dividends π et ND,t ). Based on the intertemporal optimization problem, I can define two Euler equations for bond and for share holdings, 



Et (Ct+1 ) Ct "



β(1 − δ)Et



Ct+s Ct



γ = β(1 + rt+1 )



−γ



(3)



# (e vt+1 + π et+1 ) = vet



(4)



Notice that the intertemporal discount factor β is reduced by a component δ that captures the probability of firms’ death similar to models that incorporate the death probability of individuals. 7 e is equal to units of home currency necessary to buy one unit of foreign, while Q represent the units of t t home consumption per unit of foreign consumption.
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3.1.2



Intratemporal problem



In each period consumption takes place over a continuum of goods indexed by ω ∈ Ω ∪ Ω∗ and aggreσ R  σ−1 σ−1 gated as8 Ct = ω∈Ωt ∪Ω∗ yt (ω) σ dω to which is associated a standard C.E.S. price aggregator t 1 R  1−σ where σ > 1 is the symmetric constant elasticity of substitution Pt = p (ω)1−σ dω ω∈Ωt ∪Ω∗ t t



across goods. As shown in the appendix, the demand for a single variety is  yt (ω) =



pt (ω) Pt



−σ Ct



(5)



Thus, in the C.E.S. demand system expenditure on an individual home or foreign good will be proportional to total consumer expenditure. Analogous optimization problem, resource constraints, Euler equation, price aggregators and demand system can be defined for the Foreign economy.



3.2



Production



3.2.1



Domestic Entry



Consider the Home country. In each period, a mass of potential entrants can enter production. I will use goods, varieties, products, firms and entrepreneurs as substitutes, although this model should be thought to refer to varieties, each produced by a different mono-product manufacturing unit. The timing of entry is depicted in Figure ??. Entrants in t, start producing in t+1. However, both existing and varieties can be hit by an exogenous “death” shock with probability δ after entry.9 The number of produced varieties is equal to the survivors from the existing stock and new products: ND,t = (1 − δ)(ND,t−1 + NE,t−1 )



(6)



I assume that entrepreneurs know δ and that they are forward looking, with the implication that the expected profit is exactly the realized average profit, Et [πs (z)] = π es (z), s > t. With such structure, potential entrants evaluate their expected post-entry value with the present discounted value of the ∞



expected stream of future profits {e πs }s=t+1



vet = Et



∞ X



s−t



[β(1 − δ)]



s=t+1







Ct+s Ct



−γ π es



(7)



8 Goods can be produced domestically or abroad, thus Ω ∪ Ω∗ should be thought of as a continuum of goods available to production in the whole world. In every period only a subset Ωt ∈ Ω will be actually produced. 9



This implies that a share δNE of the new firms will never produce.
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equal to the average value after entry and production.10 Before entering production of a specific variety, each entrepreneur faces a sunk entry cost of fE,t effective labor units equal to



Wt fE,t Zt



units of the home consumption good. Upon entry he draws



the idiosyncratic relative productivity level z from a common distribution G(z). The producer of each variety maintains its relative productivity until it exits the market, namely until it is hit by the death shock. Exit of varieties is thus independent of the productivity level. Notice that in this model idiosyncratic productivity does not evolve over time, so there in no learning by producing and exporting. I rationalize this assumption by assuming that each variety is “borne” with a specific production process (i.e. productivity) that does not change unless the variety ceases to exist because of changes in tastes of consumers, upgrades or obsolescence. Hence, a higher quality specification of a variety becomes an entirely new good ω ∈ Ω ∪ Ω∗ with a specific z drawn from g(z). The Free Entry Condition requires that the firm value is equalized with the entry cost



vet =



wt fE,t Zt



(8)



measured in units of effective labor. As in Krugman (1980) the interaction between the fixed labor costs and the labor endowment of each country determines the number of firms operating in every period, with a number of effects that feed back from labor market dynamics in the general equilibrium setting I adopt. This features makes my model entirely non-monetary and therefore fundamentally different from Russ (2007) and Lubik and Russ (2006), where fixed costs are measured in monetary units so that the size of the money supply determines the number of firms operating in every period and the shocks in the money market produce general equilibrium effect mediated by sticky prices. 3.2.2



Domestic production and FDI entry



On the production side, each variety is produced by a different entrepreneur under increasing returns to scale with a fixed cost and constant but heterogeneous marginal cost for the single factor of production, labor lt (z). Not only is the output of each producer influenced by aggregate (or common) productivity Zt , but also by an idiosyncratic (relative) productivity parameter z that enters the cost function as follows:11



ΓD,t (ω) = Wt lt (z) =



Wt yD,t (ω) zZt | {z }



(9)



variable cost



Here, lD,t (z) = yt (ω)/zZt is the total labor requirement needed to produce a quantity yt (ω) of output that is sold domestically. Notice that Zt is common for all varieties and changes over time, 10



Notice that agents use the stochastic discount factor modified to take into account the probability of exiting. Appendix.



11 See



8



while z is variety specific and time invariant. This cost function implies that productivity differences across products translate into differences in the unit cost of production. The latter is measured in units of consumption good and equals wt /zZt where wt is the real wage Wt /Pt . Labor mobility within countries ensures domestic wage equalization across productions and international immobility of workers prevents agglomeration. Producers can also engage in FDI for the delivery of a variety abroad, by setting up a unit in the other country and hiring foreign labor (paid at a foreign wage rate) at the cost of an annualized fixed cost fI,t in terms effective labor units, equal to



∗ Wt∗ fI,t Zt∗



units of the foreign consumption good. Hence



their cost structure is



∗ ΓI,t (ω) = Wt∗ lI,t (z) =



∗ Wt∗ fI,t ∗ Z | {zt }



+



fixed cost of FDI



3.2.3



Wt∗ ∗ y (ω) zZt∗ I,t | {z }



(10)



variable cost of FDI



Optimal Pricing and Profits



I can break down the optimization problem for each market as. max ΠD,t = pD,t (ω)yD,t (ω) −



pD,t (ω)



∗ max ΠI,t = et [pI (ω)yI,t (ω) −



pI,t (ω)



Wt yD,t (ω) Zt z



∗ Wt∗ fI,t Wt∗ ∗ y ] (ω) − I,t Zt∗ z Zt∗



(11)



(12)



Optimal prices for each segment are12



pD,t (ω) = µ



Wt W∗ , pI,t (ω) = µ t∗ zZt zZt



(13)



Thus, the price for each variety ω and optimal profits, relative to the price index of the market of destination are expressed as follows:



ρD,t (ω) =



pD,t (ω) wt pI,t (ω) w∗ =µ , ρI,t (ω) = = µ t∗ ∗ Pt zZt Pt zZt



(14)



Associated to this optimal prices, I can define optimal profits for each segment:



12 See



−σ



ΠD,t (ω)



= pD,t (ω) [ρD,t (ω)]



ΠI,t (ω)



= εpI,t (ω) [ρI,t (ω)]



−σ



Appendix.
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Ct σ ∗ Wt∗ fI,t Ct∗ − σ Zt∗



(15) (16)



The optimal profits for each firm, relative to the price index of the market of location of the mother company are expressed as follows: Ct = ρ1−σ D,t (z; ω) σ  ∗  wt∗ fI,t Ct∗ 1−σ − = Qt ρI,t (ω) σ Zt∗



πD,t (ω) πI,t (ω)



where Qt =



et Pt∗ Pt



(17) (18)



is the RER. Combining profits from the two markets, the total operating profit for



a firm producing variety ω can be defined as



πt (z) = πD,t (ω) [ID (zmin ≤ z)] + πI ,t (ω) [II (zI ≤ z)] where ID (.) and II (.) are indicator functions from which we can obtain the average profits, as the sum of average profits on the domestic market, and the average profit from export and FDI activities: Z π et ≡



∞



Z



∞



πt (z)dG(z) + zmin



π(z)dG(z) zI



This structure of profits, reflects the fact that out of a total mass of firms ND,t producing domestically in every period in each country, there are a total of ND,t domestic producers and of ∗ ∗ Foreign firms engaging in FDI at home, where G(z) is a distribution with = [1 − G(zI∗ )] ND,t NI,t



support [zmin , ∞). Average productivity levels are defined as in Melitz (2003) as I consider separately the average productivity of firms who produce and sell (e zD ) and of those that sell domestically and engage in FDI (e zI ), in the two countries, "Z zeD,t ≡



∞



zmin,t



1 # σ−1



ztσ−1 dG(zt )



"



, zeI,t



1 ≡ 1 − G(zI,t )



Z



∞



1 # σ−1



ztσ−1 dG(zt )



(19)



zI,t



The weights of the averages are proportional to relative firm output shares, and summarize all the relevant the information on the productivity distribution, as shown in Melitz (2003).13 Another way to see how these productivity averages are obtained is to observe that π eD,t ≡ πD,t (e zD,t ), and π eI,t ≡ πI,t (e zI,t ). Thus, π eD,t is the average firm profit from domestic sales, while π et ≡ π eD,t + π eI,t [1 − G(zI,t )] are total profits earned by the average firm in home.14 Following the New Trade Literature with heterogeneous productivity 15 , I assume that productivity 13 The z es are weighted averages of the productivity levels and are independent of the number of firms while the weights reflect the relative output shares of firms with different productivity levels. 14 Notice that G(z I,t ) − G(zX,t ) of them are exporters and 1-G(zI,t ) are MNF. 15 The Pareto distribution of the productivity parameter implies that the distribution of sales is also a Pareto, a feature that is consistent with firm level data. Helpman, Melitz, and Yeaple (2004)
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z is distributed as a Pareto (zmin , k)16 k kzmin z k+1



g(z) =



G(z) = 1 −



z



min



k



k > σ − 1.



z



(20)



Under Pareto productivity, the above defined geometric averages become 1



1



zeD,t = ∇ σ−1 zmin,t zeI,t = ∇ σ−1 zI,t



with ∇ =



k . k − (σ − 1)



(21)



zmin and zI are cut off points, that identify the marginal firm for which profits are null in the domestic and foreign production activities.  πI,t (zI ) = 0 ⇐⇒ zI =



∗ fI,t Ct∗



1  σ−1 



wt∗ σ Zt∗



σ   σ−1



1 σ−1



 (22)



Firms with z > zI earn positive profits from FDI, firms with z < zI , do not go international. Optimal profits are



π eI,t = (∇ − 1)



∗ Qt wt∗ fI,t Zt∗



∇=



k k − (σ − 1)



(23)



The existence of sunk costs of exporting or engaging in FDI is key to predicting self-selection of the most productive firms into those segments. Only the most productive firms can amortize the fixed costs and make non-negative profits. Increased profits opportunities, furthermore, lead to increased entry and labor demand, that boost real wage and force least productive firms to exit. 1



Under the Pareto (zmin , k) assumption, thus, zI = ∇− σ−1 zeI allows to simplify the relative number ∗ /ND of FDI firms NI /ND = [1 − G(zI )] ND /ND and NI∗ /ND = [1 − G(zI∗ )] ND



NI,t = ND,t ∗ NI,t = ND,t







zmin ∗ zI,t



zmin,t zI,t !k



k



 =



∗ ND = ND



zmin,t zeI,t



zmin,t ∗ zeI,t



k



k



∇ σ−1



!k k



∇ σ−1



(24)



∗ ND,t ND,t



For simplicity, I have derived profits and averages for firms of the Home country. Correspondingly, ∗ ∗ ∗ ∗ ∗ ∗ ∗ the Foreign country host firms characterized by ND,t , NI,t , πt∗ , πI,t , zD,t , zI,t , zeD,t , zeI,t ,π et∗ , π eI,t , vet∗ . 16



zmin , is the lower bound of the distribution and k > σ − 1 the shape parameter.
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4



Closing the model



4.1



Financial Autarky



4.1.1



Labor Market



At Home, new entrants hire fE,t workers as an entry cost, while each Home producers that engages ∗ in FDI hire fI,t foreign workers per period to cover the fixed cost of FDI production. At the same



time, each foreign firm producing domestically hires fI,t domestic workers per period to carry out FDI production in Home. Sales at Home generate optimal profits for Home firms with idiosyncratic productivity z and optimal profits for Foreign owned firms with idiosyncratic productivity z ∗ according to



πD,t (z)



=



∗ πI,t (z)



=



1 wt lD,t (z) σ−1   fI 1 1 ∗ wt lI,t (z ) − wt Qt σ − 1 Zt



(25) (26)



Notice foreign firms hire labor in the domestic country paying the domestic wage rate, but the foreign firms transfer their idiosyncratic technology (z ∗ ) to the home country. From the optimal profits above, I can derive the average amount of labor hired to cover domestic sales and FDI sales of the foreign average firm, to which I can add the the “investment” labor hired by new entrants NE,t fE,t /Zt to get the total Home labor demand



LD t



 = (σ − 1) ND,t



 ∗ Qt π eI,t NE,t fE,t π eD,t ∗ ∗ fI,t + (σ − 1) NI,t ++ + σNI,t wt wt Zt Zt



Since labor supply is fixed at LSt = L, equilibrium is such that wages are determined endogenously as  ∗ ∗ (σ − 1) ND,t π eD,t + Qt NI,t π eI,t h i . wt = NE,t fE,t ∗ f Lt − Zσt + NI,t I,t σ 4.1.2



Current Account



From a national accounts perspective the Current Account can decomposed in three broad aggregates as follows: Current Account(CAt )=Net Exports(N Xt ) + Net Income Receipts + Unilateral Transfers.17 17 According to the Balance of Payment manual Net Income Receipts include interest income, distributed dividends and FDI earnings. Accordingly, there is an entry in the Current Account and an offsetting entry in the Financial Account. Unilateral Transfers include, net compensation of employees.
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Under the assumption of Financial Autarky and null unilateral transfers , the Current Account corresponds to the net repatriation of profits from FDI operations, usually not featured in standard open macro models, see Lubik and Russ (2006):



NI π eI,t | {z }



∗ Qt NI∗ π eI,t | {z }



−



Repatriation of profits from foreign sales



Repatriation of profits to foreign firms sales



{z



|



=0



Net Factor Income



}



e I,t divided by the price index in the location of Notice that π eI,t are real profits (nominal profits Π the home company Pt ) made in the foreign country by the home company, and measured in home ∗ e ∗ divided by the price index in the location of the currency. π eI,t are real profits (nominal profits Π I,t



foreign company Pt∗ ) made in the home country by the foreign company, and measured in foreign currency. Hence, the following equation shows how the RER works as a clearing mechanism for differential in FDI profits. Qt =



4.2



NI π eI,t ∗ ∗ . NI π eI,t



Bonds Trading



The autarky model can be extended by introducing international trade in bonds, a customary term of comparison for the two-country world economy described above. Households can trade internationally risk-free bonds denominated in their own currency or in the foreign currency (B H and B F ). The setting in one of market incompleteness, and adjusting portfolio entails a frictional cost necessary to induce the stationarity of the model H F Bt+1 + Qt Bt+1 +



2 η 2 η H F Bt+1 + Qt Bt+1 + vet NH,t xt+1 + Ct = 2 2



= (1 + rt )BtH + Qt (1 + rt∗ )BtF + (e vt + π et ) ND,t xt + wt Lt + Tt



H∗   Bt+1 η 1 η ∗ F∗ H∗ 2 F∗ 2 + Bt+1 + Bt+1 + Bt+1 + vet∗ NH,t x∗t+1 + Ct∗ = Qt 2 Qt 2 1 ∗ = (1 + rt ) BtH∗ + (1 + rt∗ )BtF ∗ + (e vt∗ + π et∗ ) ND,t x∗t + wt∗ L∗t + Tt∗ Qt



The risk free interest rate is measured in units of the issuing country’s consumption basket and Tt 2 H is revenue from adjustment costs that is rebated on household, so that in equilibrium Tt = η2 Bt+1 + 2 η F 2 Qt Bt+1 . Such constraints lead to consumption Euler equation modified to take into account the trade in bonds:
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h i −γ Et (Ct+1 ) −γ



Ct



 Et



"



H 1 + ηBt+1 = ; β(1 + rt+1 )



Et



H∗ ηBt+1







−γ 1+ Qt ∗ Ct+1 ; = Qt+1 β(1 + rt+1 )



−γ



Qt+1 Ct+1 Qt Ct−γ



Et



h



∗ Ct+1



Ct∗



# =



−γ i



−γ



F 1 + ηBt+1 β(1 + rt+1 )



(27)



a



F st 1 + ηBt+1 = ∗ ) β(1 + rt+1



(28)



The multiplicative term in from of the expectation terms includes the adjustment cost used to ensure stationarity. Notice that under perfect foresight one can take the ratios of the Euler equations by country and show that H H∗ 1 + rt+1 Qt+1 1 + ηBt+1 Qt+1 1 + ηBt+1 = = ∗ F F∗ 1 + rt+1 Qt 1 + ηBt+1 Qt 1 + ηBt+1



H H∗ F Zero net supply of bonds worldwide imply the equilibrium conditions Bt+1 + Bt+1 = 0 and Bt+1 + F∗ Bt+1 = 0.I will focus on a symmetric equilibrium in which the identical household in the two countries



make identical choices so that BtH = BtF and BtF ∗ = BtH∗ under perfect foresight. H F Bt+1 + Qt Bt+1 = (1 + rt )BtH + Qt (1 + rt∗ )BtF + ND,t π et − NE,t vet + wt Lt − Ct



(29)



H∗ Bt+1 1 F∗ ∗ ∗ + Bt+1 = (1 + rt ) BtH∗ + (1 + rt∗ )BtF ∗ + ND,t π et∗ − NE,t vet∗ + wt∗ L∗t − Ct∗ Qt Qt



(30)



Subtracting the latter from the former I get an expression for the dynamics of home Net Foreign Asset accumulation (At+1 ), that turns out to be a function of the cross-country interest rate differential besides depending on the differentials between labor income, consumption and net investment. H F Bt+1 + Qt Bt+1



=



 1 ∗ ND,t π et − Qt ND,t π et∗ 2  1  1 1 ∗ ∗ − NE,t vet − Qt NE,t vet∗ − NE,t vet − Qt NE,t vet∗ − (Ct − Qt Ct∗ ) 2 2 2 (1 + rt )BtH + Qt (1 + rt∗ )BtF +



So the financial account defined as the changes of aggregate bond holdings in the two countries, is by definition equal to the Current Account



CAt



H F F ≡ Bt+1 − BtH + Qt Bt+1 + Bt+1



CA∗t



≡







H∗  Bt+1 − BtH∗ F∗ F∗ + Bt+1 + Bt+1 Qt



And naturally the sum of both countries Current Accounts is zero (CAt + Qt CA∗t = 0) and world consumption is the sum of world labor income and net investment income (Ct + Qt Ct∗ = wt Lt + 14



∗ ∗ Qt wt∗ L∗t + ND,t π et + Qt ND,t π et∗ − NE,t vet + Qt NE,t vet∗ )NE,t vet as world lending net of world borrowing is



null.



4.3



Real Exchange Rate



Aggregating the average price for domestically and FDI produced variety peD,t ≡ pD,t (e zD ) and peI,t ≡ pI,t (e zI ) and using the number of Domestic and FDI firms as weight, the aggregate welfare-based price indices are   1 ∗ Pt = ND,t (pD,t (e zD )1−σ + NI,t (p∗I,t (e zI )1−σ σ−1



(31)



 ∗  1 ∗ 1−σ Pt∗ = ND,t (pD,t (e zD ) + NI,t (pI,t (e zI ) σ−1 .



(32)



Thus, in each country the domestic price index depends on the numbers of varieties and the average prices for domestic goods sold domestically by domestic producers and goods produced domestically by foreign firms through FDI, both of them sold in the domestic market. By dividing through the e1−σ NI as the steady state spending in price indices Pt and Pt∗ , and defining SD ≡ ρe1−σ D ND and SI ≡ ρ I the domestic good, in goods imported from abroad, and in the goods produced domestically by MNF, ∗ I re-write the equivalent price indices as expenditure shares 1 = SD + SI∗ and 1 = SD + SI .



If I use the relevant welfare based price indices, to construct a Welfare Based Real Exchange Rate Qt ≡ et Pt∗ /Pt as follows:18



Q1−σ t



1−σ 1−σ   z e z e ∗ + NI,t T OLt zeD,t ND,t T OLt zeD,t ∗ I,t D,t =  1−σ z eD,t ∗ ND,t + NI,t ze∗



(33)



I,t







where T OLt ≡ et



Wt∗ Zt∗



   t / W are the Terms of Labor.19 Zt



A transformation of Qt aimed at resembling the construction of CPI based Real Exchange Rates can be obtained following GM05 and Broda and Weinstein (2006), and redefining price indices as follows: 1



∗



1



P = NH1−σ Pe, and P ∗ = NH1−σ Pe∗ where the aggregate price indices Pe is a weighted average of peD,t and 1  σ−1 ∗ pe∗I,t , and Pe∗ of peD,t and pe∗I,t . This allows me to redefine qt = et Pe∗ /Pe so that Qt = NH,t /NH,t qt . How are Qt and qt different? qt < 1 implies that average prices are higher in Home, whereas Qt measures the difference in consumers welfare derived from spending a given nominal amount in each market. Hence, if Qt > 1 and qt < 1 implies that consumers derive higher utility from spending the same amount in the Home market with higher prices, and this is the case if the number of varieties NH,t in Home is sufficiently above the one in Foreign that it compensates the price differential. Moreover, 18 See 19



Appendix. t If Home effective labor appreciates ( W ↑) then the Terms of Labor decreases (T OLt ↓ ), and the Home Z t



economy as a whole becomes a less attractive location. The way one should think about the terms of labor is that if T OLt > 1 a firm with a given level of idiosyncratic productivity z can produce at lower cost in the Home country than in the Foreign.
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I call qt the Real Exchange Rate constructed using the CPI index and log-linearized it as



qt =



qbt



∗ ND,t + NI,t ∗ ND,t + NI,t



1 ! σ−1



Qt



h ∗ i = T[ OLt + SI b zeI,t − b zeI,t   h i 1 ND ∗ bD,t bD,t + − SD − N −N σ−1 ND + NI    NI ∗ b b NI,t − NI,t + SI − ND + NI



where variables with a hat represent percentage deviations from the steady state and SH = SD + SI as the steady state spending in the domestic good, in the home goods produced by MNF and in goods produced domestically. When does qt appreciates (i.e. qt falls)?20



4.4



Synthesis of the model



Under Financial Autarky, There are 25 endogenous variables. Of these, 15 are not predetermined ∗ ∗ ∗ , vet , vet∗ , Ct , Ct∗ , Qt , 4 are predetermined at , zeI,t , zeI,t , NI,t , NI,t et , π et∗ , NE,t , NE,t at t: wt , wt∗ , π ∗



∗



∗



∗ t: ND,t , ND,t , rt , rt∗ , and there are 6 endogenous expectational errors: ηtve, ηtve , ηtπe , ηtπe , ηtC , ηtC .



Under Bond Trading, There are 29 endogenous variables. Of these, the predetermined group does ∗ ; moreover, there not change but the 8 variables redetermined at t now include, Bt , B∗,t , B,t∗ , B∗,t



are 7 endogenous expectational errors which now include ηtQ . In both cases, the model also features ∗ ∗ . The two systems are reported in Tables ( 5) and , fI,t , fI,t exogenous variables: Zt , Zt∗ , fE,t , fE,t



( 6) in the appendix. The systems are log-linearized around the steady state, represented in canonical form as Γ0 yˆt = Γ1 yˆt−1 + Ψˆ zt + Πηt and solved using the Gensys algorithm, which rewrites the system h i0 ∗ ∗ as yˆt = G1 yˆt−1 + impact Zˆt , Zˆt∗ , , fˆE,t , fˆE,t , fˆ, I,t , fˆI,t .



5 5.1



System Dynamics Calibration



Parameters are chosen to provide a term of comparison with the results in Ghironi and Melitz (2005) that discuss the role of trade. The values of β and γ are standard in the literature for a discount factor to simulate quarterly data, and relative risk aversion, respectively. The values of σ and k determine 20 Consider the quantity, T OT where Q represents units of home (US) consumption per units of foreign consumption t t (EU), and et represents units of home currency (USD) per unit of foreign (Euro). et =1.5 means that USD 1.5 are needed to buy Euro 1.
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the dispersion of firms sales under the Pareto assumption; σ = 3.8 implies a mark-up µ = 35% which is considered high in models with no fixed costs, but not so high in models with fixed costs, where captures a component over average fixed costs. Without loss of generality I assume the lower bound of the Pareto distribution zmin to be one and normalize the labor endowments to 1. The countries are perfectly identical so the same parameters apply to both. The steady state level of variable is listed in table ( 4). The ratio of new to existing varieties



NE ND is



calibrated to be smaller than the ratio of



job destruction for U.S. (10%) which is computed based on possibly multiproduct firms. The share of domestic and FDI producers over the total number of firms depends on the fixed cost of FDI fI that I assume to be about 25% of the annualized fixed cost of entering production of a new variety P DV (fE )/4. Higher values of fI reduce the share of FDI firms as the FDI entry cut-off productivity level shifts up. I experimented with different levels of the fixed cost of entry and the qualitative response of the model resulted unaffected, as well as the uniqueness and determinacy of the linear rational expectation system. The ranking of average productivity levels also depends on the cut-off point, the average firm in each economy has productivity 86% higher than the most inefficient nonexiter. The average local firm, however, is only 18% more efficient. As for FDI firms, the cut-off MNF is approximately 50% more productive than the average firm in the economy, a number that appears to be in line with Helpman, Melitz, and Yeaple (2004). Because there is a negative relationship between idiosyncratic prices and productivity, the average prices rankings are exactly reversed, with relatively inefficient local producers charging relatively higher prices. As for aggregate variables, consumption takes approximately 90% of G.D.P. while investment to finance entry of new firms absorbs approximately 10% of the aggregate output (15-20% in O.E.C.D. data). Finally the share of expenditure of FDI firms sI is approximately 49% higher than the relative number of FDI firms NI /ND , a discrepancy due to the fact that MNF are relatively larger than local producers, in terms of sales and profits.



5.2



Impulse Responses



Figures ( 5 - 8) focus on the case of financial autarky and represent the dynamic responses of the main variables of the economy to a +1 percent temporary cross-sectional productivity (Z) shock in the Home economy, and a -1 percent reduction of the fixed costs of entry fE and the fixed cost of becoming MNF fI . All shocks are common across firms and all variables referring to profits, prices and idiosyncratic productivity should be read as averages (with tilde). Figures ( ?? - ??) describe analogous impulse responses for the case of Bond Trading. Temporary aggregate (cross-sectional) productivity increase in Home (Figure
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5).



On impact, while Zt increases by one percent, temporarily, the Home market becomes a relatively more attractive business environment. This reduces the fixed cost to enter the for domestic firms (wt fE,t /Zt∗ ) so that the number of entrants at Home NE jumps on impact and this triggers entry of producers in the following periods. The positive common technology shocks reduces the annualized cost to produce in the Home market for foreign firms (wt fI,t /Zt∗ ), as these costs are also measured in units of effective labor. The number of Foreign FDI producers in Home NI∗ increases temporarily. The new domestic entrants and FDI producers would have made no profits under the previous level of productivity, as they had too low idiosyncratic productivity. In fact, the FDI cut-off productivity level zI and immediately weighted average z˜I has dropped on impact. Entry increases labor demand, so Home labor costs w increase. Entry of less efficient Foreign producers pushes the average prices charged by FDI firms ρˆ∗I up. The average price charged by Domestic firms ρˆD also increases, so the overall   1 aggregate price index at Home P = ND peD 1−σ + NI∗ peI 1−σ σ−1 increases (more than in P ∗ ). This explains why Q jumps as well, causing an increase in TOL. Because there is no fixed cost for domestic production, increase productivity translates into lower operating costs and higher profits, hence π ˆD increase. Weighted average profits of FDI π ˆI fall, however, because entrants in Home are less efficient, hence less profitable. In the new steady state, the home market is not a permanently more attractive business environment; as productivity mean reverts the number of entrants NE starts decreasing as well as the (lagged) number of producers ND . Fewer firms weaken the demand for workers that, in turn, causes a reduction of wages - after impact -, toward the long run equilibrium. Both zI∗ and NI∗ go back to the steady state level, with a hump due to the wage response to the temporary productivity shock, which induces the entry of FDI firms. In the transitions dynamics, relative increase of Home wages determine some re-adjustment: The ρeI and ρe∗I increases are totally re-absorbed during in the transitional period; the reduction of ρeI, due to the exit of the most inefficient firms in the pool of NI∗ .After impact Q undershoots following the moment the relative Price indices and then reverts to the state level, TOL follows the same adjustment, although magnified by the movements of the relative wages. Permanent cross-sectional productivity increase in Home (Figure 6). On impact, Zt increases by one percent, permanently, and the Home market becomes a relatively more attractive business environment. This reduces the fixed cost to enter the Home market for domestic firms (wt fE,t /Zt ). The number of entrants at Home NE jumps on impact and this triggers entry of producers in the following period. The positive common technology shocks reduces the annualized cost FDI firms face to produce in the Home market (wt fI,t /Zt ), as such cost is also measured in units of effective labor. The number of Foreign FDI producers in Home NI∗ increases permanently. In fact, the FDI cut-off productivity level zI∗ and weighted average z˜I∗ have dropped on impact and will stay permanently lower. In fact, the new Domestic entrants and FDI producers would have made no profits under the previous 18



level of productivity, as they had too low idiosyncratic productivity. Entry increases labor demand, so Home labor costs w increase. Entry of less efficient foreign producers pushes the average prices charged by FDI firms ρˆ∗I up. The average price charged by Domestic firms ρˆD also increases, so the 1   σ−1 overall aggregate price index at Home P = ND peD 1−σ + NI∗ pe∗1−σ increases, the increase being I higher than for P ∗ . This explains why Q jumps as well, causing an increase in TOL. Because there is no fixed cost for domestic production, increase productivity translates into lower operating costs and higher profits, hence π ˆD increaseWeighted average profits of FDI π ˆI∗ fall because entrants in Home are less efficient, hence less profitable. Transition and Long Run effects: In the new steady state, the home market becomes a relatively more attractive business environment; higher common productivity draws a permanently higher number of entrants NE , which translates into a permanently higher number of producers ND . For both zI∗ and NI∗ the impact effect is larger than the long run effect because the dynamic behavior of labor costs counterbalances the initial jump: while wages increase, fewer FDI firms find it profitable to enter, hence zI∗ increase and NI∗ decrease during the transitional dynamics. In the transitions dynamics, relative increase of Home wages determine some re-adjustment: The ρeI and ρe∗I increases are partially re-absorbed during in the transitional period; the reduction of ρeI, due to the exit of the most inefficient firms in the pool of NI∗ is more than compensated by the increase in wages than translates, in turn, on higher prices; As for the dynamic of Q, the movement of the Home aggregate price index P dominates the movement of P ∗ and Q mean-reverts to guarantee return to PPP even if the shock is permanent. TOL moves accordingly. A permanent reduction of fE in Home (Figure 7). On impact, fE decreases by one percent. This reduces the fixed cost to enter the Home market for domestic firms (wt fE,t /Zt ). The number of entrants at Home NE jumps on impact and this triggers entry of producers ND in the following periods. In the long run, the Home market stays a relatively more attractive business environment for the pool of potential Home entrants. However, in t the Investment cost is financed by lower current consumption so C jumps down on impact. Large Domestic Entry increases labor demand, so Home labor costs w increase. For foreign firms, the annualized cost to produce in the Home market (wt fI,t /Zt ) does not change; however the drop in Home expenditure, reduces home sales of Foreign FDI firm and induces exit. The number of Foreign FDI producers in Home NI∗ decreases on impact, while the FDI cut-off productivity level zI∗ and weighted average z˜I∗ jump up. Exit of less efficient foreign producers pushes the average prices charged by FDI firms ρˆ∗I down. Weighted average profits of FDI π ˆI∗ increase, however, because the pool of remaining FDI firms in Home are both larger more efficient, hence more profitable. The increase in Home wages, keeps on pushing foreign firms out (NI decreases after jumping). The present discounted value of the stream of future profits in Foreign, however, increases, because the remaining FDI firms make higher profits, so that the initial drop of ∗ NE∗ is reversed over time and ND , that falls after the shock, starts growing, eventually leading to a
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∗ higher long run level of ND . Home prices: inefficient domestic entrants boost ρˆD while the average



price ρˆ∗I charged by remaining survivors fall on impact and then starts growing again, as wages rise. Foreign Prices: transitional positive entry pushes ρˆ∗D while the average price ρˆI charged by Home FDI   1 firms changes very little, making aggregate prices grow over time as P = ND peD 1−σ + NI∗ pe∗I 1−σ σ−1 . Home prices increase more than Foreign and the Real Exchange Rate qt appreciates. A permanent reduction of fI in Home (Figure 8). After a symmetric fI and fI∗ decrease by one percent (GATS-Commercial Presence), relative prices (Qt , qt , T OLt ) do not change because of the symmetry of the shock.. On impact fI decreases by one percent and this reduces the fixed cost to enter the Home market for FDI firms (wt fI,t /Zt ). Hence, the number of FDI producers in Home NI∗ jumps on impact, while the FDI cut-off productivity level zI and weighted average z˜I jump up. Demand for labor increases, so that w increase on impact, labor income wL increase, and consumption C increase permanently permanently. Higher future (expected) sales trigger domestic entry (NE ), which has positive impact on the number of producers. Increase production over time appreciates the wage rate, during the transition. Entry of less efficient foreign producers pushes the average prices charged by FDI firms ρˆ∗I up and weighted average profits of FDI π ˆI decrease, because the pool of remaining FDI firms in Home is less efficient, hence less profitable.



6



Properties of the theoretical economy



In order to study the business cycle properties of the model, I assume the policy variables (trade and entry costs) away and take Zˆt , Zˆt∗ to be the only exogenous shocks to the economy. I simulate the model for the case of Financial Autarky (FA, or no international bond trade) to facilitate the comparison with the GM05 results. In fact, after Obstfeld and Rogoff (2000), there is a general consensus in the profession that models of co-movement with trade frictions and incomplete asset markets tend to render generated moments that are closer to the data. I assume the data generating process as GM05 and Backus, Kehoe, and Kydland (1992), that is shocks have the following AR(1) structure: 



Zˆt







Zˆt∗











=



0.906 0.088



0.088 0.906



 



Zˆt−1 ∗ Zˆt−1











+



ξt ξt∗



 



where innovations have variance σξ2 = σξ2∗ = 0.0073 and covariance covξ∗ ξ = covξξ∗ = 0.0019.The model-generated endogenous variables are then HP-detrended in order to compute second moments for the high frequency component of the (log-deviation from steady state of the) series. Results are reported in percentage terms (of the variable they refer to) and as a ratio of the standard deviation of G.D.P. in Tables ( ??tab:2sd), ( ??tab:2ac), and ( ??tab:2ccc). The volatility of the models proxies 20



for investment (fixed cost of entry, veR,E NE ), and capital stock (the value of firms, veDR ND and the stock of existing producers ND ) are higher than in the trade only case, but somewhat distant from the BKK92 figures. Reintroducing the large G.D.P. component of non-traded goods and services produced by the MNF sectors brings the volatility of G.D.P. close to the one in the BKK92 real data, in fact practically the double of the standard deviation of the model with trade only. However, consumption is too volatile, about 15% too much relative to G.D.P. Moreover, the CPI based Real Exchange Rate is substantially more volatile than in GM05 but still only one tenth of the figure reported in Chari, Kehoe, and McGrattan (2002). Table ( ??tab:2ac) reports the autocorrelations of the two models and data from BKK92 and CKM02. Despite the higher volatility of the CPI based RER, the models with trade and FDI do not get very close to real data in terms of autocorrelation. Cross- and within- country correlations in Table 5, however are quite significant. The model with HFDI manages here to replicate the ranking of contemporaneous correlations of traditional IRBC models, from which the GM05 model is not exempt. HFDI under Financial Autarky manage to generate a cross country correlation of consumption that slightly more than 50% of the cross country correlation of output.
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Conclusions



In this paper I have considered how productivity shocks are transmitted internationally when horizontal Multinational Firms mediate international transmission of shocks, as a first step of an investigation of a dynamic version of the proximity-concentration trade-off, that considers both FDI and trade in a DSGE setting. I have shown that FDI respond to positive aggregate productivity shocks in two ways. At the intensive margin, existing MN producers increase sales, as the Host country economy booms as a response to the domestic positive shock. At the extensive margin, higher productivity reduces the fixes cost of enter the market, triggering new FDI producers to locate in the Host economy, hence adding their production to the output of the existing firms. In the aggregate, this translates in a high volatility of G.D.P. compared to consumption. By computing second moments of variables generated after simulating the artificial economy, I find that output volatility is very close to O.E.C.D. data and in fact larger than the volatility of consumption, a result that traditional models of international business cycle have a hard time to induce and even new generations models with firm heterogeneity such as Ghironi and Melitz (2005) cannot account for. The high volatility of G.D.P. is tied to the high volatility of the Real Exchange Rate, which is affected by the pricing behavior of multinational producers that constitute a relevant portion of
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production in the aggregate price indices. For reasonable parametrizations, the RER volatility is about twenty times larger that the one generated by GM05 although still substantially lower than the one computed for O.E.C.D. countries. Finally, the model with HFDI successfully reproduces the ranking of contemporaneous cross-country correlations of aggregate variables, contributing to explain the consumption output puzzle detailed in Baxter (1995). The correlation of aggregated consumption in the simulated economy is about half the correlation of output. Future research should investigate the dynamic effects of the proximity concentration trade-off and discuss the role of capital in a model with heterogeneity. A first step in these directions is Contessi (2006), that highlights the role of FDI in explaining the puzzle of decreased cross-country correlations contemporaneous to a massive increase in trade and FDI flows, focusing endogenous entry, exit and the change in modes of supply as potential channels that affect the transmission of shocks across countries over time.
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A



Analytical Derivations



A.1



Profit maximization and first order conditions for the firms



Consider a production process that involves only labor as the single factor of production. Producing a variety requires a fixed and a variable cost equal to



f Zt



and



1 Zt z yt



respectively.
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Therefore, this



technology has a cost function with the following structure



Γt (ω) = Wt lt (z, ω) = Wt (



Wt ft Wt 1 1 ft + yt (ω)) = yt (ω) + Zt Zt z Zt Zt z | {z } | {z } fixed cost



variable cost



where Wt is the wage rate, lt (z) represents labor use and yt (ω) is the level of firm output. The fixed cost can be interpreted as the annualization of a once-and-for-all sunk cost or a recurrent fixed cost that is independent of the output level. Such cost function implies that average costs



Γt (ω) yt (ω)



decreases with the level of output22 . Variable production cost and marginal cost are







W t ft + Z1t z Zt yt Wt Zt z yt (ω) and



=



Wt Zt z .



Domestic production. Domestic producers, who do not incur in fixed cost of production, chose prices pt (z; ω) by maximizing the following profit function for the differentiated good ω, considering the demand based revenues rt (z; ω)



ΠD,t (z; ω) = pt (z; ω)yt (z; ω) − Wt lD,t (z) = pt (z; ω)yt (ω) −



1



Wt yt (ω) Zt z



1



rt (z; ω) = pt (z; ω)yt (z; ω) = yt (z; ω)1− σ Ctσ Pt Accordingly, marginal cost is



∂Γt (ω) ∂yt (ω)



=



Wt Zt z



and marginal revenues are



21 Where 22 This



f can be equal to fI , or fX , in the case of production for export and production through FDI. scale effect is internal (to the producer), as common in the New Trade literature.
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∂ [pt (z; ω)yt (ω)] = ∂yt (ω)







1 1− σ







1 −σ



yt (z; ω)







1 σ



yt (z; ω) Pt = {z } |



1 1− σ



 pt (z; ω)



pt (z;ω)



By First Order condition,  1−



1 σ



 pD,t (z; ω) =



Wt Wt ⇐⇒ pD,t (z; ω) = µ Zt z Zt z



Given the real wage wt = Wt /Pt , relative price is



ρD,t (z; ω) ≡



wt pD,t (z; ω) = µ Pt Zt z



(34)



that can be plugged into the profit function to obtain optimal profit, in nominal and real terms



πD,t (z; ω) =



ΠD,t (z; ω) 1 = ρ1−σ (z; ω)Ct Pt σ D,t



(35)



Multinational production. Producers that engage in FDI have to bear a fixed cost of investing ∗ abroad equal to Wt∗ fI,t /Zt∗ and solve the following maximization problem,



 ∗  Wt∗ fI,t = max ΠI,t (z; ω) = et pt (z; ω)yt∗ (z; ω) − Wt∗ l(z) − Zt∗ Thus, ρI,t (z; ω) ≡



pI,t (z; ω) wt∗ = µ Pt∗ Zt∗ z



(36)



The optimal profits from FDI, relative to the price index of the market of location of the mother firm are



πI,t (z; ω) =



A.2



∗ wt∗ fI,t Qt 1−σ ρI,t (z; ω) Ct∗ − Qt σ Zt∗



Parametrization



Replacing the non-parametrized distribution with the Pareto, we can obtain a relatively simple explicit solution for the averages23 (I am omitting the time subscripts). 



k zeD = k − (σ − 1) 23 And



σ−1 that zeX =∇



σ−1 k k z σ−1 zX z z I − Xk kI zk zk z z X I X I z k −z k I X zk zk X I



(



)



=∇



1  σ−1



σ−1−k zIσ−1−k −zX 1 1 k − k z X



1



zmin = ∇ σ−1 zmin



z I
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(37)







k zeI = k − (σ − 1) Because



1



zI = ∇ σ−1 zI



(38)



(σ−1) (σ−1) z k z σ−1 − zaσ−1 zbk za (σ−1)−k zb (σ−1)−k (σ−1)−k zb =z −z = = a b − z a b k k k za za zb (za zb )



zeDO =



A.3



1  σ−1



σ−1 k zIk zmin − zIσ−1 zmin k



(zI zmin )



Relative number of firms 1



From (38), we know that zI = ∇− σ−1 zeI which allows to simplify the relative number of firms



NI ND



[1 − G(zI )] ND = ND  k  k k zmin zmin = = ∇ σ−1 zI zeI



=



∗ NI∗ [1 − G(zI∗ )] ND = = ND ND







zmin zI∗



k



∗ ND = ND



(39) (40)



zmin zeI∗ ∇



1 1−σ



!k



∗ ND ND



NX zk = kI − 1 NI zX



A.4



(41)



Cut-Off points: Marginal FDI firm



Cut-off points zX,t and zI,t are determined as a zero-net-profit condition for the firm that makes exactly enough operating profit to cover the fixed cost of entry into the export segment and the FDI mode. For the FDI business, πI,t −



∗ ∗ w,t fI,t Zt



= 0. Therefore,



zI,t : πI,t (z; ω) = 0 ⇐⇒



∗ wt∗ fI,t Qt 1−σ ∗ [ρI,t (z; ω)] Ct = Qt ∗ σ Zt
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 1−σ Qt 1 σ ∗ w Ct∗ σ zI Zt∗ σ − 1 t  1−σ 1 zI  1−σ 1 zI



= = =



1 zI



=



zI,t



=



∗ Qt wt∗ fI,t Zt∗  σ−1 ∗ ∗ wt fI,t σ 1 σ ∗ w Ct∗ Zt∗ Zt∗ σ − 1 t σ−1 ∗  ∗ σ  fI,t wt σ 1 Ct∗ Zt∗ σ−1 1 σ  ∗  1−σ   ∗  1−σ  σ−1 1−σ fI,t wt σ 1 ∗ ∗ Ct Zt σ−1 1 σ  ∗  σ−1    ∗  σ−1 fI,t 1 wt σ Ct∗ Zt∗ σ−1



(42)



Now using the cut-off point for FDI firms, I can determine average profits of the FDI segment π eI,t using (38),



π eI,t = Qt (∇ − 1)



A.5



∗ wt∗ fI,t Zt∗



(43)



Labor Market Clearing



The labor supplied in the economy meets demand that takes the form of variable costs to produce and fixed production costs to allow entry into different segments or markets:



Entry



Domestic Production



FDI from F



wt lD,t (z)



wt lI,t (z)



Variable labor cost



wt fI,t Zt



Annualized Fixed Cost Once and for all Cost



wt fE,t Zt



Production Labor. A generic firm i produces zZt units of variety ω per worker. Considering separately work that is used for domestic and FDI production, lD,t (z) and lX,t (z) are the number of workers hired in the domestic economy to produce good for the domestic market and export market, while lI,t (z) is the number of workers hired in the domestic economy by foreign firms to produce for the domestic market. Labor used as Investment. New entrants hire fE,t workers as an entry cost. Each exporter hires fX,t workers per period to cover export costs. Each foreign firm producing domestically hires fI,t domestic workers per period to carry out FDI production. Profits from domestic sales for a domestic
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firm with idiosyncratic productivity z are



πD,t (z)



= ρD,t (z) yX,t | {z } |{z} wt σ σ−1 zZt



=



− wt lD,t (z) =



zZt lD,t (z)



1 wt lD,t (z) σ−1



(44)



Profits from domestic FDI sales for a foreign firm with productivity z are  Π∗I,t (z)



=







1   pI,t (z ∗ ) et  | {z } Wt σ σ−1 z ∗ Zt



∗ πI,t (z)



= =



yI,t |{z}



 − Wt  =



z ∗ Zt lI,t (z)



   Π∗I,t (z) 1 Pt σ fI ∗ ∗ = Wt lI,t (z ) − Wt lI,t (z ) + P∗ et Pt∗ Pt σ − 1 Zt   1 f 1 I wt lI,t (z ∗ ) − wt Qt σ − 1 Zt



(45) (46)



Notice foreign firms hire labor in the domestic country paying the domest wage rate, but the foreign firms tranfer their idiosyncratic technology (z ∗ ) to the home country. From the optimal profits above, I can derive the average amount of labor hired to cover domestic sales, export sales of the domestic average firm and FDI sales of the foreign average firm π eD,t e lD,t (z) = (σ − 1) wt



e lI,t (z ∗ ) = (σ − 1)



∗ Qt πI,t fI,t + (σ − 1) wt Zt



This implies that the total amount of production labor hired in the home economy in every period is  (σ − 1) ND,t



   ∗ Qt π eI,t fI,t π eD,t ∗ + + (σ − 1) NI,t wt wt Zt



To get total labor demand in the economy, I have to consider the ’investment’ labor hired by new ∗ entrants NE,t fE,t /Zt , by exporters NX,t fX,t /Zt , and by foreign FDI firms NI,t fI,t /Zt



LD t



   ∗ Qt π eI,t π eD,t fI,t ∗ = (σ − 1) ND,t + (σ − 1) NI,t + wt wt Zt NE,t fE,t ∗ fI,t + NI,t + Zt Zt   ∗ Qt π eI,t π eD,t NE,t fE,t ∗ ∗ fI,t = (σ − 1) ND,t + (σ − 1) NI,t ++ + σNI,t wt wt Zt Zt 



Since labor supply is fixed at LSt = Lt ,equilibrium is such that
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   σ−1 σ NE,t fE,t ∗ ∗ ∗ Lt = ND,t π eD,t + Qt NI,t π + NI,t fI,t eI,t + wt Zt σ ∗ ∗ (σ − 1) ND,t π eD,t + Qt NI,t π eI,t h i wt = NE,t fE,t ∗ f Lt − Zσt + N I,t I,t σ



(47)







Analogously for the foreign country, ∗



Lt =



A.6



σ−1 wt∗







∗ ∗ ND,t π eD,t +



1 NI,t π eI,t Qt



 +



  ∗ ∗ NE,t fE,t σ + + N f I,t I,t Zt∗ σ



Balanced Current Account



Notice that the Current Account does not correspond to Trade Balance as in standard open macro models, due to the existence or repatriated profits. Using the price index and the profits expressions, I have that



∗ 1 = ND,t (ρD,t (e zD )1−σ + NI,t (ρ∗I,t (e zI )1−σ



π eD,t =



1 1−σ eD,t Ct σρ



∗ π eI,t =



1 e∗1−σ I,t Ct Qt σ ρ



=⇒ −



ρe1−σ D,t =



wt fI,t Qt Zt



1 Ct σπD,t



=⇒



ρe∗1−σ = I,t



Qt ∗ πI,t Ct σe



+



σ wt fI,t Ct Zt



that can be plugged in the CAt as follows



∗ NI π eI,t = Qt NI∗ π eI,t



Thus,    σ−1 σ NE,t fE,t ∗ ∗ ∗ Lt = ND,t π eD,t + NX,t π eX,t + Qt NI,t π eI,t + + NX,t fX,t + NI,t fI,t wt Zt σ



A.7



Steady State



I drop the t subscript to identify steady state levels of the variables and assume a symmetric steady state such that fE = fE∗ , τ = τ ∗ , fI = fI∗ , L = L∗ , Z = Z ∗ = 1, C = C ∗ , L = L∗ , zeI = zeI∗ , ρeI = ρe∗I , ∗ ∗ e = 1. ND = ND , NE = NE∗ , , NI = NI∗ , π eD = π eD , NI = NI∗ , ve = ve∗ , w = w∗ , r = r∗ . Morover, Q = Q



How to solve for zeI . I first solve for zeI , using steady state average profits for different market segments. From (38) and using the Euler Equation for share holdings, and considering that in steady state Ct = Ct+s = C, I have that 30



" ve = β(1 − δ) ve =



C C



#



−γ



(e v+π e)



β(1 − δ) π e 1 − β(1 − δ)



Thus, the system  



ve = fE w



 ve =



free entry condition



β(1−δ) e 1−β(1−δ) π



(48)



Euler Equation for share holdings



implies fE w =



β(1 − δ) 1 − β(1 − δ)



 π eD +



NI π eI ND



 (A.1)



(49)



Using the optimal pricing rules , I can define steady state ratios of average prices    ∗ −1 ρeD w w zeI w = µ µ = ρeI zeD zeI zeD w∗



(50)



 −1  w zeI∗ w ρeD = µ = µ ρe∗I zeD zeI∗ zeD



(51)



The steady state FDI and Export zero-profit conditions are π eI = (∇ − 1) w∗ fI∗ (A.2) Rearranging π eI∗ =



C ∗1−σ C ρe − wfI =⇒ = ρe∗σ−1 (e πI∗ + wfI ) I σ I σ



(52)



one can notice that



  1−σ  ∗ 1−σ  1−σ C 1−σ  ∗σ−1 ∗ ρeD zeI ∗ π eD = ρe = ρeI (e πI + wfI ) ρeD = (e πI + wfI ) = (e πI∗ + wfI ) σ D ρe∗I zeD 



(53)



How to solve for ρeI . The law of motion for the total number of firms, implies that in steady state. NE =



δ ND 1−δ



that can be combined with the steady state aggregate accounting equation C = wL + ND π eD + NI π eI − wNE fE | {z } ND π e
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(54)



to obtain equation (55) and the corresponding equation for the foreign country: C 1−δ 1 − β(1 − δ) =L+ NE wfE − NE fE w δ | {z }| β(1 −{zδ) } ND



π e







 1 − β (1 − δ) − 1 NE fE = δβ   1 − β + δβ − δβ δ = L+ ND fE δβ 1−δ



C w



= L+



C∗ ∗ ∗ = L∗ + ΘND fE ; w∗



C = L + ΘND fE ; w



Θ≡



(55)



1−β (1 − δ)β



(56)



Dividing the price index of the home country 1 = ND ρe1−σ + +NI∗ ρe∗1−σ by ρe∗1−σ ND , I obtain D I I ρeI∗σ−1 = ND



1−σ ρeD + ρe∗I | {z }  



ρe∗σ−1 I ND



" =



z e∗ I z eD



zeI∗ zeD



1−σ



1−σ



 +



zmin zeI∗



k



k 



{z



ΨI ≡



zeI∗ zeD



(57) N∗ D ND



∗ ND ND



# = }



ΨI



" =



1 1−σ 1 z e∗ ∇ 1−σ I



 zeD ∇



| ρe∗σ−1 I ND



NI∗ ND |{z}







1−σ



 +



zmin zeI∗



k



∗ ND ND



#



I can combine the following equations  ∗  π eI = Cσ ρe1−σ − w∗ fI∗ I  π eI = w∗ fI∗ (∇ − 1) to obtain C∗ = ∇fI∗ ρeσ−1 σ I w∗ Now, Combining (56), (54), and (58)     



C∗ w∗



∗ ∗ = L∗ + ΘND fE



∗



C ∗ σ−1 eI σ w∗ = ∇fI ρ     ρeσ−1 = N ∗ Ψ∗ D I I
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(58)



∗ If ND = ND in steady state, then Ψ∗I ≡







z eI z eD



1−σ



+







z eD z eI



k 



∗ . and ND =



ρ eσ−1 I Ψ∗ I



I can define ρeI as a function of parameters and wages: ρeσ−1 L∗ + Θ I ∗ fE∗ Ψ | {zI }



= ∇fI∗ ρeσ−1 σ I



∗ ND



−1 1 L∗ ∇fI∗ σ − Θ ∗ fE∗ ΨI   1 1 ∗ ∗ ∇f σ − Θ f I L∗ Ψ∗I E 



= ρeσ−1 I



(59)



= ρe1−σ I



(60)







Ψ∗I



" ≡



ρeI



=



1 L∗



zeI zeD



1−σ



 +







zeD zeI



∇fI∗ σ



1  1−σ fE∗ − Θ ∗1 ΨI



(61)



k # (62)



In order to determine zeI , I can rewrite (49) as Θ1 fE w = π eD +



NI,t ND,t



NI 1 − (1 − δ)β π eI Θ1 ≡ ND (1 − δ)β



π eI = (∇ − 1) w∗ fI∗  ∗ 1−σ zeI π eD = (e πI∗ + wfI ) zeD k  k zmin,t ∇ σ−1 = (A.5) %V zeI,t 1



Plug (A.2), (A.4) and (A.5) in (A.1) and considering that zeD = ∇ σ−1 zmin !k 1 k ∇ σ−1 zmin [(∇ − + wfI ] + ∇ σ−1 (∇ − 1) w∗ fI∗ = Θ1 fE w = zeI  1−σ  k 2k zeI zmin 2 ∗ ∗ Θ1 fE w = ∇ w fI + ∇ σ−1 (∇ − 1) w∗ fI∗ zmin zeI  1−σ  k 2k fE zeI zmin Θ1 ∗ = ∇2 + ∇ σ−1 (∇ − 1) fI zmin zeI 2k fE ∇2 zeI1−σ + ∇ σ−1 (∇ − 1)zeI−k = Θ1 ∗ |{z} | {z } f ξ3 | {z I} ξ3 



zeI∗ zeD



1−σ



1) w∗ fI∗



ξ3



which has to be solved numerically.
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(63) (64) (65) (66)



A.8



How to determine endogenous variables ∗



Given zeI , I can determine ΨI in (62), then ρeσ−1 using (61) , and this allows me to reconstruct ND , I ∗



once I compute ΨI . Now, Ψ−1 eI that have been determined numerically. Thus, the I depends only on, z other relevant variables can be reconstructed as follows.



ND = ρeσ−1 Ψ−1 I I z eI w eI z eD w∗ ρ



ρeD =



=



using (54) z eI eI ∗ ρ z eD



using (34) and (37) for the average firm zeD



1 eD zeD µρ



w=



using optimal pricing (36)



C = [L + ΘND fE ] w; Θ ≡ NE =



δ 1−δ ND



1−β (1−δ)β



using (56) from the law of motion for the total number of firms (54)



NI = π eD = π eI =







zmin z eI



1−σ



1 eD σρ



1−σ



1 eI σρ



ve = fE w r=



1 β



k



−1



∇



k σ−1



ND



using (39)



C



using (35) for the average firm zeD



C − w∗ fI∗



using (43) from free entry condition from the steady state Euler equation for bonds
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Table 1: Relative importance of Export Sales and Multinational Sales



World G.D.P. World sales of foreign affiliates of MNFs As a % of world G.D.P. World exports of goods As a % of world G.D.P. FDI stock As a % of world G.D.P. Total Assets of Foreign Affiliates As a % of world G.D.P.



1982



1990



1996



2005



10,899 2,620 24.1% 2,247 20.6 % 647 5.9 % 2,108 19.3 %



21,898 6,045 27.1% 4,261 19.5 % 1,789 8.2 % 5,956 27.2 %



29,024 9,372 32.3% 6,523 22.5 % 3,238 11.2 % n.a. n.a.



44,674 22,171 49.6% 12,641 28.3 % 10,130 22.7 % 45,694 102.3 %



Current prices (billions of USD) and percentages. Source: UNCTAD, World Investment Report (Various issues)



Table 2: US Current Account 2005 (Millions USD)



Goods and services



Direct investment Other private U.S. Government Other TOTAL



Exports



Imports



Net



1,275,245



-1,991,975



-716,730



Receipts



Payments



Net



251,370 217,637 2,715 5,640



-116,953 -223,612 -113,559 -122,788



-134,417 -5,975 -110,844 -117,148



1,749,892



-2,455,328



-705,436
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Table 3: Parameters for calibration Parameter



Interpretation



β = 0.99 σ = 3.8 k = 3.4 zmin = 1 δ = 0.025 γ=2 L=1 P DV (fE ) = 1−β(1−δ) β(1−δ) fE = 0.036 fI = P DV (fE )/4 = 0.009 ρZ = 0.90



Discount factor Elasticity of substitution Shape parameter of the productivity distribution Location parameter of the productivity distribution Probability of death shock Parameter of relative risk aversion Endowment of workers Entry fixed cost Annualized FDI fixed cost Persistence parameter of the productivity shock



Table 4: Steady State levels of the main variables Steady State Values Interpretation NE = 0.026 New Entrants to Producer Ratio ND ND = 0.61 Share of Domestic producers NH NI = 0.39 Share of FDI producers NH zeD = 1.86 Average Productivity of Domestic Producers zeDO = 1.18 Average Productivity of local producers Average Productivity of FDI producers zeI∗ = 2.11 ρeD = 2.07 Average Real Price of Domestic sales ρeDO = 2.47 Average Real Price of ”local” sales ρe∗I = 1.82 Average Real Price of FDI sales π e = 0.18 Average profits of Home Firms π eD = 0.10 Average profits from domestic sales π eI = 0.12 Average profits from FDI sales G.D.P. = 3.24 Gross. Domestic Product CON S/G.D.P. = 2.94 Aggregate Consumption/G.D.P. 3.24 = 90.74% veNE /G.D.P. = 0.29/3.24 = 9% Aggregate ”Entry” Investment/G.D.P. π eND /G.D.P. = 0.70/3.24 = 21.60% Total Dividends/G.D.P. wL = 2.83 SD = 0.51 SI = 0.49



Labor schedule share of domestic sales by domestic firms share of domestic sales by foreign FDI firms
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Table 5: Model Summary: Financial Autarky



Price Indexes (1, 2)



∗ ∗ 1−σ ND,t ρeD,t 1−σ + NI,t ρeI,t =1 ∗ 1−σ ND ρeD,t + NI,t ρe1−σ = 1 I,t



π et = π eD,t +



Total Profits (3,4)



∗ π et∗ = π eD,t + wt fE,t Zt ;



NI,t eI,t ND,t π ∗ NI,t ∗ π eI,t ∗ ND,t



vet∗ =



Free Entry Conditions (5,6)



vet =



Profits for the average FDI firm (7, 8)



π eI,t = (∇ − 1) Qt ∗ π eI,t = (∇ − 1) NI,t ND,t



Share of FDI Firms (9, 10)



Euler Equations for Bonds (11, 12)



Euler Equations for Shares (13, 14)



∗ NI,t ∗ ND,t



−γ



(Ct )



−γ



(Ct∗ )



=







=







zmin,t z eI,t ∗ zmin ∗ z eI,t



∗ wt∗ fE,t Zt∗



wt∗ fI,t Zt∗ ∗ 1 wfI Qt Zt



k



k



k



∇ σ−1 k



∇ σ−1



h i −γ = β(1 + rt+1 )Et (Ct+1 ) h −γ i ∗ ∗ = β(1 + rt+1 )Et Ct+1



 (e vt+1 + π et+1 )   −γ ∗  Ct+s ∗ ∗ vet∗ = β(1 − δ)Et v e + π e ∗ t+1 t+1 C vet = β(1 − δ)Et







Ct+s Ct



−γ



t



Aggregate Accounting (15, 16)



Number of Firms (17, 18) Balanced CA (19)



Ct = wt L + ND,t π et − NE,t vet ∗ ∗ vet∗ π et∗ + NE,t Ct∗ = wt∗ L∗ + ND,t ND,t = (1 − δ)(ND,t−1 + NE,t−1 ) ∗ ∗ ∗ ND,t = (1 − δ)(ND,t−1 + NE,t−1 ) ∗ NI π eI,t = Qt NI∗ π eI,t
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Table 6: Model Summary: Bonds Trading



Euler Equations for bonds issued by H (11, 12)



h i  −γ −γ H 1 + ηBt+1 Ct = β(1 + rt+1 )Et (Ct+1 ) i h  −γ −γ H∗ ∗ (Ct+1 ) 1 + ηB,t+1 Ct = β(1 + rt+1 )Et QQt+1 t



Euler Equations for bonds issued by F (15, 16)



h  ∗−γ −γ i F ∗ t 1 + ηBt+1 Ct = β(1 + rt+1 )Et QQt+1 Ct+1 h  ∗−γ −γ i F∗ ∗ ∗ 1 + ηBt+1 Ct = β(1 + rt+1 )Et Ct+1



Net Foreign Assets (formerly Balanced Current Account) (19)



Labor market equilibrium (20, 21)



F H F Bt+1 + Qt B∗,t+1 = (1 + rt ) BtH + Qt (1 + rt∗ )B∗,t  1 1 ∗ ∗ ∗ ∗ + 2 (wt Lt − Qt wt Lt ) + 2 ND,t π eD,t eD,t − Qt ND,t π ∗ − 12 NE,t vet − Qt NE,t vet∗ − 12 (Ct − Qt Ct∗ )



Lt = σ−1 eD,t + NX,t π eX,t ) wt (ND,t π 1 + Zt (NE,t fE,t + σNX,t fX,t )  ∗ ∗ ∗ ∗ π eX,t L∗t = σ−1 + NX,t eD,t wt∗ ND,t π  1 ∗ ∗ ∗ ∗ + Z ∗ NE,t fE,t + σNX,t fX,t t



Bond Market Equilibrium (22, 23)



H H∗ Bt+1 + Bt+1 =0 F F∗ Bt+1 + Bt+1 =0
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Table 7: Model Comparison: Standard Deviations St. Dev.* Variable x ↓ σx



Relative to output σx /σyR



St. Dev.



Relative to output σx /σyR



σx



Quarterly time series: US 1954Q1-1985Q3* Output Consumption Investment Capital stock Trade Balance/ Output Real Exchange Rate****



1.71 0.84 5.38 0.63 0.45



1980Q1-2004Q2**



1.00 0.49 3.15 0.37



0.74 2.74



5.50



Model Generated St. Dev Only trade (GM05) Output (yR ) Consumption (CR ) Investment (e vR,E NE ) Entrants (NE ) Firms value (e vDR ND ) Stock of firms (ND ) CPI based Real Exchange Rate (qt )



0.79 0.46 3.50 3.63 0.38 0.27 0.0278



HFDI



1.00 0.59 4.57 3.64 0.48 0.27 0.035



1.60 1.06 3.95 3.01 0.54 0.42



1.00 0.66 2.4 1.86 0.34 0.26



0.54



0.34



* BKK92; ** Raffo (2006), *** as a percentage of the steady state level of the variable, *** CKM02.



Table 8: Model Comparison: Autocorrelations Variables -5 RERW B (Qt−i , Qt ) Only trade (GM05*) HFDI RERCP I (qt−i , qt ) Only trade (GM05) HFDI US Data (CKM03)  Output yR,t , yR,t−i Only trade (GM05) HFDI US Data (BKK92)



Autocorrelation lag (i) -4 -3 -2 -1



0



0.44 0.26



0.61 0.44



0.75 0.63



0.88 0.80



0.97 0.94



1.00 1.00



0.46 0.28



0.62 0.46



0.76 0.64



0.89 0.81



0.97 0.94 0.83



1.00 1.00



-0.2 0.38 -0.3



0.10 0.54 0.15



0.27 0.70 0.38



0.47 0.85 0.63



0.71 0.95 0.85



1.00 1.00 1.00
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Table 9: Model Comparison: Contemporaneous Correlations Variables x



Only trade (GM05) HFDI Data (BKK92)



Only trade (GM05) HFDI Data (CKM03)



Correlation(x,x*) eRE CR v YR , Y



∗ CR , CR



YR , YR∗



∗ ,q CR /CR



0.86 0.22 0.46



0.21 0.42 0.70



-0.99 0.72 -0.35



0.95 0.97 0.68



C, C ∗



Y, Y ∗



C/C ∗ , Q



Qt , Qt−1



0.92 0.45



0.44 0.40



0.71 0.87



0.97 0.94 0.83
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Figure 1: World FDI Flows, Export and G.D.P. 3000
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Figure 2: Timing of Entry NE,t-1+ ND,t-1 firms “die” before production with probability δ and the survivors produce
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Figure 3: Sales by Foreign Affiliates and Exports of Goods 25000
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Figure 4: Timing of Entry NE,t-1+ ND,t-1 firms “die” before production with probability δ and t-1



the survivors produce
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NE,t-1 firms pay a the fixed cost W fE/Z to draw a relative productivity z
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Figure 5: Temporary aggregate productivity increase in Home (Financial Autarky)
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Figure 6: A permanent aggregate productivity increase in Home (Financial Autarky)
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Figure 7: A permanent reduction of fE in Home (Financial Autarky)
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Figure A3. A permanent reduction of fE in Home
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Figure 8: A permanent reduction of fI in Home and fI∗ in Foreign (Bond Trading)
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